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FOREWORD FROM CHAIRPERSON 
OF ORGANIZING COMMITTEE

Dear	colleagues,

It	 �s	 my	 great	 pleasure	 to	 welcome	 all	 of	 you	 to	 the	 Second	 Internat�onal	
Sem�nar	on	An�mal	 Industry	2012,	 and	 to	 Jakarta	 the	cap�tal	 c�ty	of	Republ�c	of	
Indones�a.	Th�s	 sem�nar	 �s	 conducted	 by	 the	 Faculty	 of	An�mal	 Sc�ence	 -	 Bogor	
Agr�cultural	 Un�vers�ty	 �n	 collaborat�on	 w�th	 An�mal	 Sc�ent�st’s	 Assoc�at�on	 of	
Indones�a,	 Indol�vestock	 2012	 Expo	 and	 Forum,	 D�rectorate	 General	 of	 H�gher	
Educat�on	–	M�n�stry	of	Educat�on	and	Culture	Republ�c	of	Indones�a,	D�rectorate	
General	of	L�vestock	and	An�mal	Health	Serv�ces-M�n�stry	of	Agr�culture,	as	well	
as	Journal	of	An�mal	Sc�ence	and	Technology	(Med�a	Peternakan).

There	w�ll	be	131	papers	presented	dur�ng	the	sem�nar	cons�sted	of	12	papers	
from	�nv�ted	speakers,	and	119	papers	from	part�c�pants	�n	wh�ch	72	papers	w�ll	be	
presented	orally	and	47	papers	w�ll	be	presented	as	posters.	The	�nv�ted	speakers	
come	from	several	d�fferent	countr�es	 �nclud�ng	Austral�a,	England,	 Japan,	South	
Korea,	South	Afr�ca,	Sweden,	Sw�tzerland,	Un�ted	States	of	Amer�ca,	and	of	course	
Indones�a.	The	presenters	for	support�ng	papers	come	from	several	countr�es	namely	
Malays�a,	Tha�land,	Turkey,	 Iran,	 Irak	and	Pak�stan,	as	well	as	 from	22	d�fferent	
un�vers�t�es	and	research	�nst�tutes	�n	Indones�a.	

Th�s	 �s	a	great	opportun�ty	 for	all	of	us	 to	 share	knowledge	and	exper�ence	
regard�ng	the	advanced	development	of	an�mal	sc�ence	and	technology	�n	d�fferent	
part	of	the	world	espec�ally	related	to	the	recent	cl�mate	changes	wh�ch	may	�nterferes	
an�mal	product�on	system.	By	closely	collaborat�ng	and	shar�ng	�nformat�on	we	w�ll	
be	able	to	overcome	the	problems	better,	faster	and	more	comprehens�ve.

On	behalf	 of	 the	organ�z�ng	 comm�ttee,	 I	would	 l�ke	 to	 express	my	 s�ncere	
thanks	 to	 D�rectorate	 General	 of	 H�gher	 Educat�on	 -	 M�n�stry	 of	 Educat�on	 and	
culture	for	fund�ng	th�s	sem�nar	through	H�mpunan	Profes�	Grant,	also	to	PT.	Nap�ndo	
Med�a	Ashatama	for	partly	fund�ng	the	sem�nar	and	to	D�rector	General	of	An�mal	
L�vestock	and	An�mal	Health	Serv�ces	–	M�n�stry	of	Agr�culture	for	h�s	support	and	
collaborat�on.	Thanks	are	also	addressed	to	our	sponsors	namely	PT.	Nutreco,	PT.	
Che�l	Jedang,	PT.	S�nta	Pr�ma	Feedm�ll,	PT.	Kalt�m	Pr�ma	Coal,	CV.	Swen	IT.	Th�s	
sem�nar	�s	also	supported	by	some	un�ts	of	Bogor	Agr�cultural	Un�vers�ty	namely	
Department	of	Nutr�t�on	and	Feed	Technology,	Department	of	An�mal	Product�on	
and	Technology	-	Faculty	of	An�mal	Sc�ence,	Graduate	School,	D�ploma	Program,	
and	Graduate	Bus�ness	School.

Last	but	not	least,	I	would	l�ke	to	thank	the	organ�z�ng	comm�ttee	who	has	been	
work�ng	very	hard	to	make	th�s	sem�nar	a	successful	event.	For	all	part�c�pants,	I	
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apolog�ze	for	the	�nconven�ences	before,	dur�ng,	and	after	the	sem�nar.	I	w�sh	all	of	
you	w�ll	have	a	great	t�me	and	a	fru�tful	d�scuss�on.	Thank	you.

Jakarta,	July	5th,	2012
Cha�rperson	of	Organ�z�ng	Comm�ttee
Prof.	Komang	G.	W�ryawan,	Ph.D
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FOREWORD FROM CHAIRPERSON 
OF ORGANIZING COMMITTEE

Lad�es	and	Gentlemen,

Assalamuala�kum	warahmatullah�	wabarakatuh

F�rst	of	all,	I	would	l�ke	to	extend	my	warm	welcome	to	all	part�c�pants	of	the	
Second	Internat�onal	Sem�nar	on	An�mal	Industry	2012	to	Jakarta	Convent�on	Centre.		
Together	w�th	us	�n	th�s	sem�nar	are	delegates	from	var�ous	parts	of	the	world:	South	
Afr�ca,	Sw�tzerland,	Japan,	Austral�a,	UK,	Sweden,	South	Korea,	Pak�stan,		Un�ted	
States	of	Amer�ca,	Turkey,	Iran,	Irak,	Tha�land,	and	a	part	from	the	local	delegates,	
our	 colleagues	 from	 var�ous	 un�vers�t�es	 �n	 Indones�a:	 from	 Sabang	 to	 Merauke,	
representat�ves	from	the	government	l�vestock	serv�ce	agenc�es,	research	centre	as	
well	as	bus�nessmen.

It	 �s	 an	 honor	 for	 me,	 the	 Dean	 of	 Faculty	 of	 An�mal	 Sc�ence,	 Bogor	
Agr�cultural	Un�vers�ty	to	be	able	to	host	such	an	�mportant	sem�nar.	Let	me	beg�n	
by	acknowledg�ng	the	Nap�ndo	Med�a	Tama	L�m�ted	Corp.	and	An�mal	Sc�ent�st’	
Soc�ety	of	Indones�a	for	the�r	collaborat�on	�n	organ�z�ng	th�s	event.	In	th�s	spec�al	
occas�on	I	would	also	l�ke	to	express	my	apprec�at�on	to	Dr.	Ir.	Suswono,	MMA,	
the	 Indones�an	 M�n�ster	 of	 Agr�culture	 for	 h�s	 support	 and	 encouragement.	 We	
also	extend	our	grat�tude	to	D�rectorate	General	of	H�gher	Educat�on,	Indones�an	
M�n�stry	of	Educat�on	and	Culture	as	ma�n	sponsor	of	th�s	sem�nar.	My	apprec�at�on		
also	goes	to	all	�nv�ted	speakers	for	the�r	w�ll�ngness	to	share	the�r	knowledge	and	
v�s�on	w�th	us.	To	the	contr�butors	and	sponsors,	I	would	l�ke	to	express	my	great	
thanks.	To	all	members	of	steer�ng	and	organ�z�ng	comm�ttee,	I	would	l�ke	to	express	
my	deep	apprec�at�on	for	the�r	effort	to	make	th�s	event	successful.

Lad�es	and	Gentlemen,
Global	 cl�mate	 chang�ng	 �s	 a	 subject	 that	 �s	 very	 �ntense	 we	 hear	 lately.	 It	

affects	 all	 sectors	 of	 our	 l�fe	 �nclud�ng	 an�mal	 product�on	 system.	The	 ab�l�ty	 of	
our	 stakeholders	 to	 adapt	 to	 �t	 w�ll	 determ�ne	 our	 surv�val.	The	 emphas�s	 of	 the	
sem�nar	 �s	 on	 an�mal	 �ndustry	 as	 th�s	 sector	 �s	 seen	 as	 a	 leverage	 factor	 of	 the	
an�mal	product�on	system.	The	development	of	an�mal	�ndustry	�s	v�tal	�n	produc�ng	
s�gn�f�cant	contr�but�on	of	an�mal	product�on	system	as	a	whole.

The	 object�ve	 of	 th�s	 sem�nar	 �s	 pr�mar�ly	 to	 present	 the	 development	 of	
sc�ence	and	 technology	 �nnovat�ons	 �n	an�mal	 �ndustry,	 to	d�ssem�nate	 the	 results	
of	an�mal	research	on	l�vestock	product�on	�mprovement,	to	broaden	perspect�ves	
of	 stakeholders	on	potenc�es,	 prospects,	 and	constra�ns	on	an�mal	 �ndustry.	 Issue	
strateg�c	 w�th	 respect	 to	 an�mal	 breed�ng	 and	 genet�c,	 feed	 and	 nutr�t�on,	 an�mal	
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management	 and	 product�on,	 an�mal	 product’s	 technology,	 soc�o-econom�c	 and	
pol�cy,	as	well	as	an�mal	d�sease	and	�ts	prevent�on	w�ll	also	be	d�scussed	�n	depth.

Lad�es	and	Gentlemen,

As	we	are	all	aware,	the	�mpact	of	global�zat�on	upon	us	�s	becom�ng	man�fest.	
To	be	able	to	jo�n	the	ma�nstream,	we	have	to	�mprove	our	local	compet�t�veness	and	
un�queness	through	opt�mal�zat�on	of	our	local	resources	ut�l�zat�on.	What	needs	to	
be	strengthened	may	�nclude	pers�stency	of	culture	�dent�ty	s�nce	an�mal	product�on	
systems	�n	several	countr�es	are	not	only	soc�o,	technolog�c	or	econom�c	aspects	of	
the	people.	It	�s	a	culture	of	l�fe.

Lad�es	and	Gentlemen,

Over	 the	next	 two	days,	 I	bel�eve	you	w�ll	be	d�scuss�ng	 �ssues	and	matters	
regard�ng	 the	 empower�ng	 local	 resources	 for	 susta�nable	 an�mal	 product�on	 �n	
adapt�ng	to	cl�mate	change.	Th�s	sem�nar	w�ll	 �nclude	d�scuss�ons	based	on	more	
than	 119	 paper	 presentat�ons	 that	 cover	 �ssues	 and	 top�cs	 encompass�ng	 an�mal	
breed�ng	and	genet�c,	feed	and	nutr�t�on,	an�mal	management	and	product�on,	an�mal	
product’s	technology,	soc�o-econom�c	and	pol�cy,	as	well	as	an�mal	d�sease	and	�ts	
prevent�on.	I	bel�eve	you	w�ll	f�nd	such	top�cs	�nterest�ng.	Because	the	speakers	are	
well	known	�n	the�r	respect�ve	f�elds	and	w�ll	be	able	to	prov�de	you	w�th	the	current	
state	of	the	art	of	an�mal	�ndustry	development	�n	the�r	reg�on.

On	th�s	occas�on,	we	w�ll	have	the	opportun�ty	to	work	together	to	�mprove	our	
contr�but�on	to	an�mal	�ndustry	development	for	the	future.	We	have	been	fortunate	
enough	to	be	g�ven	a	great	opportun�ty	whereby	we	can	learn	from	each	other.	I	also	
hope	that	all	of	you	w�ll	use	th�s	opportun�ty	to	strengthen	the	ex�st�ng	network.	I	am	
sure	that	all	part�c�pants	w�ll	greatly	benef�t	from	th�s	sem�nar.	

Let’s	get	our	act	together	for	excellence	and	qual�ty	�n	research	so	that	we	can	
�mprove	our	contr�but�on	to	the	development	of	an�mal	�ndustry	�n	the	future.

Wab�llah�	tauf�q	wal	h�dayah
Wassalamuala�kum	warahmatullah�	wabarakatuh

Jakarta,	July	5th,	2012
Dr.	Ir.	Luk�	Abdullah,	M.Sc.Agr.
Dean
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SEMINAR PROGRAM

Thursday, 5 July 2012

Time
Ballroom
Event Speaker

08.00 – 09.00 Registration Secretariat
09.00 – 09.05 Opening Ceremony MC
09.05 - 09.15 Report  from Organizing Committee Prof. Komang G. Wiryawan

09.15 - 09.30 Welcome Address from Rector of Bogor Agricultural 
University IPB Prof. Hery Suhardiyanto

09.30-10.00 Opening and Keynote Speech by Minister of Agriculture 
of Republic Indonesia

Minister of Agriculture, 
Republic of Indonesia

10.00 – 10.10 Declaration of International Animal Science Student 
Association

10.10 – 10.20 Sponsorship Appreciation Committee
10.20 – 10.25 Photo Session Photographer
10.25 – 10.40 Coffee Break

Moderator : Prof. Dr. Ir. Muladno, M.Sc

10.40 – 10.05
Plenary 1 : 

Prof. Goran Anderson, Ph.D.
Animal genetic potency for climate change adaptation

11.05 – 11.30
Plenary 2 : 

Prof. Jong K. HaGM and non-GM rumen microorganisms in enhancing 
animal productivity

11.30 – 11.55
Plenary 3 : 

Dr. F. LeiberMitigation of fermentation gasses through modification of 
nutrient metabolism

11.55 – 12.20
Plenary 4 : 

Prof. Fukuda
Carrier protein in milk : basic and potential application

12.20 – 14.00 Lunch and Poster Session
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Time

Room A
Moderator : 

Prof. Cece Sumantri
(Genetic, Breeding and 

Reproduction)

Room B
Moderator: 

Dr. Ir. Idat G.P
(Feed and Nutrition)

Room C
Moderator:

Dr. Ir. Asnath M. Fuah
(Animal Manag. & Prod)

14.00 
- 

14.15

M. A. Yaman*; Yurliasni., 
Zulfan & M. Daud
Improvement The Genetic 
Potential of Local Chicken by 
Combination of Crossbreed-
ing, Selection Method,Cellular 
Analysis and Nutritional 
Requirements to Produce the 
Candidate of  Local Layer 

A. Hayirli*

Managerial and Nutritional 
Strategies to Minimize Lacta-
tional and Reproductive Losses 
in Heat-Distressed Dairy Cows.

V.S. Lestari* & 
S.N.Sirajuddin
Factors Affecting to Biosecu-
rity Adoption on Laying Hen 
Farmers

14.15 
- 

14.30

M.I.A.Dagong, *,  C. 
Sumantri, R.R. Noor, R. 
Herman & M. Yamin
Polymorphisms of Calpastatin 
(CAST) Gene and It’s Associa-
tion with Physical Meat Quality  
in the Local Sheep

I.Badarina*, D. Evvyernie, 
T.Toharmat, E.N Herli-
yana, L.K. Darusman 
Biodegradation of Coffee Husk 
Substrate During The Mycelial 
Growth of  Pleurotus os-
treatus and The  Effect  on In 
Vitro Digestibility

M. Ma’sum* & A. Saleh

The Perception of The Slaugh-
ter Cattle’s Farmers o Imple-
mentation of Artificial Insemina-
tion in Three Central Area of 
Slaughter Cattle in Indonesia

14.30 
- 

14.45

A. Anggraeni*, H. 
Hasinah, S.A. Arta, 
B.Tiesnamurti, R. Misri-
anti, &E. Andreas
Genetic Variation of the IGF and 
OPN Genes in Holstein-Friesian 
Dairy Cattle of Historical and 
Non-Historical Twins

D.Yulistiani*

Ruminal Fungi Colonization 
of Stem Tissue of Untreated 
and Urea Treated Rice Straw 
Varieties 

A. Budiman, I. Herna-
man*, & D. Latipudin 

Utilization Of Datura metel 
Linn. to Decrease Transporta-
tion Stress on Sheep

14.45 
- 

15.00

E. T. Margawati*, Paskah 
P. Agung & Muhamad 
Ridwan

Genetic Marker Approach for 
Confirming the Existing Twin-
ning Trait in PO Cattle

M. Amizi*, A., Yazid, M.E., 
A.Razak, M.N ,M. M. 
Ismail & M. A. Islam
Oil Palm Fronds (OPF) as 
Potential Affordable Source of 
Feeds for Ruminants for Small 
Holders

S. Baba* 

Barrier to Adoption of Biogas 
Technology in South Sulawesi 

15.00 
- 

15.15

E.M. Sari*, R.R.Noor, C. 
Sumantri. Margawati.E.T
Carcass Traits Association with 
GH/AluI Gene Polymorphism in 
Indonesian Aceh Cattle

Fatmawati

In Vitro Digestibility of Lam-
poyangan Grass  (Panicum 
Sarmentosum Roxb) in Form 
of Hay and Silage 

COFFEE BREAK
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Moderator :
M. Baihaqi, S.Pt.,M.Sc.

(Animal Prod. 
Technology)

Moderator :
Dr. Burhanudin Sundu
(Feed and Nutrition)

Moderator :
Dr. M. Amizi

(Socio economic)

15.30 
- 

15.45

I.I. Arief*, R.R.A. Ma-
heswari, T. Suryati  & 
N.Kurniawati

Protein Quality of Fermented 
Beef  by Lactobacillus Plan-
tarum 1b1

R.W.S. Ningrat &Khasrad

Effect of Waste Products on 
Ruminal Microbe Population 
and Rumen Charateristics In 
Vitro

A.Phianmongkhol*, T.I. 
Wirjantoro, C. Chailungka, 
C. Prathum & A. Leota-
ragul
Public Perception in Thai Native 
Chicken (Pradu Hang-Dum 
Chiang Mai) via Food Contests

15.45 
- 

16.00

H.R. Ansari-Renani*, J.P. 
Mueller, B. Rischkowsky, 
S.M. Seyed Momen, O. 
Alipour, M.Ehsani, S. 
Moradi
Cashmere Quality of Raeini 
Goats Kept by Nomads in Iran 

T. Rostini* & I. Zakir  

Evaluation of Complete Ration 
Silage on Performance and 
Quality of Goat Meat

M. M. Ismail* & M. Amizi

Trade Performance of Meat 
and Meat Preparation Sector 
in Malaysia : The Case of The 
Non-Ruminant Sector

16.00 
- 

16.15

Phianmongkhol, A. & T.I. 
Wirjantoro*
Various Properties of Salt Co-
agulated Cheese Produced by 
Calcium Chloride and Calcium 
Propionate

Adrizal*, A. Suprapto & 
Mirzah
The Potency of Sugar Cane 
Waste Product for Supporting 
Sustainable Beef Cattle Feed 
Resources at Integrated Farm-
ing Center in Solok Regency, 
West Sumatra

Rahmawati, Y.P* H. C. H. 
Siregar & L. Cyrilla
Productivity of Kalung Cricket 
(Gryllus Bimaculatus) 
Cultivation

16.15 
- 

16.30

Yamin, M.* &Rahayu, S

Wool Fibre of Local and 
Crossbred Sheep: Production, 
Processing Technique and 
Performance

M. Taghavi-Nezhad, 
D. Alipour, P.Zamani,& 
S.Yadegari
The Effect of Essential Oils of 
Spearmint on the In Vitro Ru-
men Fermentation, Growth and 
Deaminative Activity of Amino 
Acid Fermenting Bacteria

M. Ashfaq & S. Ali

Economic Losses Due to 
Delayed Conception of Dairy 
Animals Among Small Farmers 
in Pakistan

Moderator :
Prof. Erika B. Laconi
(Feed and Nutrition)

Moderator :
Dr. Anuraga Jayanegara 

(Feed and Nutrition)

Moderator:
Dr. Asep Sudarman
(Feed and Nutrition)

16.30 
- 

16.45

F.F. Munier* & H. Hartadi

Theobromine Content in Cocoa 
Pod Husk (T. cacao) Fer-
mented by Aspergillus spp. 
in Different of Chop Sizes and 
Fermentation Times

Hermon*,Suryahadi, K. G. 
Wiryawan, H .Soedarmadi 
Effect of Energy and Protein 
Contents of Dietary on Local  
Beef Cattle Performance

K. Fauziyah*, H. A. 
Sukria, Burhanuddin
A Model of Sustainable Rumi-
nant Feed Industry in Jepara, 
Central Java 
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16.45 
- 

17.00

A. Sofyan* & H. Herdian

Compariative Analysis of In Vi-
tro Silage Digestibility Prepared 
by Different Drying Method 

Riyanto, J*

Analysis of the Kinetics 
Fermentability, Degradability 
and Nutritive Value of Soybean 
Groats and Lemuru Fish Oil 
on In Vitro Rumen Gas and 
Methane Production

Nuraini*, S. A Latif, A. 
Djulardi
Evaluation of  Fermented  Prod-
uct  by Monascus purpureus  
in Diet On Performance and 
Quality of Meat Broiler 

17.00
-

17.15

B. Sesarahardian*

Effect of Prebiotic on Broiler 
Performance : A Meta-Analysis

Rofiq, M.N, S. Martono*,, 
M. Görgülü, & M. Boga

Combination Effect of Clove 
and Cinnamon Oil on In Vitro 
Rumen Gas and Methane 
Production

Nahrowi*, M. Ridla, 
A. Jayanegara, E.B. 
Laconi,&A.D. Lubis
Cell Wall Polysaccharides of 
Some Fungi and Its Potency as 
Novel Additive Source in Poulry

17.15
-

17.30

Suparjo*, E.B.Laconi, K.G. 
Wiryawan,D.Mangunwi-
djaya
Evaluation of Nutrient Digestibil-
ity Of Goats Fed on Biofer-
mented Cocoa Pods Using 
Phanerochaete Chryso-
sporium Supplemented By 
Mangan (Mn)  and Calsium (Ca)



x�Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

Friday, 6 July 2012

Time
Ballroom

Event Speaker
08.00 – 08.30 Registration Sekretariat
08.30 - 08.35 Opening MC

Moderator : Dr. Ir. M. Yamin, M.Sc
08.35 – 09.00 Plenary 5 : 

Dr. Arief DaryantoProspect and challenges of animal agribusiness in 
Indonesia

09.00 – 09.25 Plenary 6 : 
Prof. Dr. L.C. Hoffmann

Customer preference on meat commercial cut 
09.25 – 09.50 Plenary 7 :
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GM and Non-GM Rumen Microbes in Enhancing Animal 
Productivity

T. S. Park, J. K. Seo and Jong K. Ha 

Department of Agricultural Biotechnology, Research Institute for Agriculture and 
Life Sciences, College of Agriculture and Life Sciences, Seoul National University, 

Daehak-dong, Kwanak-gu, Seoul 151-742, Korea

Abstract

Rumen microbes has been extensively used for manipulating the rumen ecology. 
Genetically modified or non genetic modified are both the type of application for 
enhancing the ruminal fermentation and improving the performance of ruminants. 
Construction of genetic modified rumen microbes has been succeeded with adding the 
various kinds of traits, such as improving fiber digestion, detoxification or reducing 
methane production in the rumen. This modification strategy mainly targeted into 
the predominant ruminal bacteria including Butyrivibrio fibrisolvens, Streptococcus 
bovis and Prevotella ruminicola. However, directly introducing the GM microbes 
to the rumen ecology is very limited. Recombinant Butyrivibrio fibrisolvens which 
was transformed with fluoroacetate dehalogenase gene can protect the host animal 
from plant toxin poisoning. Since the usage of GM microbes has restricted in most 
countries for its potential risks, many research have been focused on another 
approach with Non-GM microbes. There are many researches for checking the effect 
of diverse Non-GM rumen microbes for enhancing the CLA production, mitigation 
of methane emission, and the possibility as probiotics through in vitro and in vivo. 
The results show that this alternative use of Non-GM rumen microbes can be an 
intense candidate for improving the animal productivity through manipulation of 
rumen ecology. We discussed about how the GM and Non-GM rumen microbes have 
been used during the last decade and its potential aspects to contribute to the animal 
productivity.

Keywords: animal productivity, genetic modified, rumen microbes

Introduct�on

Man�pulat�on	of	rum�nal	fermentat�on	has	been	one	of	the	preferred	methods	
�n	 �mprov�ng	 the	 performances	 of	 rum�nant	 an�mals	 and	 rumen	 m�crobes	 have	
been	 extens�vely	 used	 for	 man�pulat�ng	 rumen	 ecology.	 The	 contr�but�on	 of	
rumen	m�crobes	�n	�ts	ecology	has	been	part�ally	def�ned	w�th	predom�nant	rumen	
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bacter�a;	Butyrivibrio fibrisolvens,	Prevotella ruminicola	and	Streprococcus bovis	
wh�ch	occupy	a	 large	populat�on	 �n	 the	 rumen	and	 th�s	 fact	 allows	 them	 to	be	 a	
proper	 target	 for	genet�c	man�pulat�on	(Sel�nger	et al.,	1996;	Ek�nc�	et al,	2002).	
The	lead�ng	purposes	of	genet�c	man�pulat�on	of	predom�nant	rumen	m�crobes	are	
�ncreas�ng	 the	 f�brolyt�c	 act�v�ty,	 detox�f�cat�on,	 l�m�tat�on	of	 prote�n	degradat�on	
or	 �mprov�ng	m�crob�al	prote�n	synthes�s	 �n	 the	rumen	(Forano	and	Fl�nt.,	2000).	
Although	some	successful	ev�dences	have	been	reported	under	�n	v�tro	cond�t�ons,	
eff�cacy	of	genet�cally	mod�f�ed	rumen	m�cobes	has	been	marg�nal	under	 �n	v�vo	
cond�t�ons.	Usage	of	non-GM	rumen	m�crobes	can	be	an	alternat�ve	way	to	avo�d	
the	 potent�al	 r�sks	 of	 GM	 m�crobes.	 Some	 of	 recent	 areas	 of	 �nterest	 w�th	 	 non-
GM	rumen	m�crobes	are	�ncreas�ng	the	amount	of	CLA	and	m�t�gat�on	of	methane	
product�on.	Th�s	paper	w�ll	br�efly	d�scuss	potent�al�ty	of	GM	and	non-GM	rumen	
m�crobes	�n	enhanc�ng	an�mal	product�v�ty.

Genet�cally	mod�f�ed	rumen	m�crobes	

The	pr�nc�pal	purpose	wh�ch	genet�c	mod�f�cat�on	has	been	 �ntended	dur�ng	
several	decades	�s	add�ng	the	benef�c�al	tra�ts	(�mprovement	of	f�ber	d�gest�on	and	
am�no	 ac�d	 synthes�s,	 reduct�on	 of	 d�etary	 prote�n	 degradat�on	 and	 allev�at�on	 of	
effect	of	tox�c	mater�als)	(Gregg	et al.,	1994;	Teather.,	1985)	�nto	rumen	m�crobes	for	
the�r	eff�c�ent	fermentat�ve	act�on	�n	the	rumen.	Th�s	mod�f�cat�on	strategy	ma�nly	
targeted	�nto	the	predom�nant	rum�nal	bacter�a	�nclud�ng	B. fibrisolvens,	S. bovis	and	
P. ruminicola	(Forano	and	Fl�nt.,	2000).	These	efforts	resulted	�n	the	construct�on	of	
var�ous	k�nds	of	GM	m�crobes.

GM	m�crobes	often	 re-�ntroduced	 �nto	 the	 rumen	ecosystem	 for	 conf�rm�ng	
the	surv�val	rate	and	capac�ty	to	be	dom�nant	�n	�ts	env�ronment	but	the	per�od	of	
surv�val	was	qu�te	restr�cted,	bes�des	they	usually do not ma�nta�n the�r recomb�nantusually do not ma�nta�n the�r recomb�nant	do	not	ma�nta�n	the�r	recomb�nant	
tra�ts	 (Kobayash�	 and	Yamamoto.,	 2002;	Krause	et al.,	 2001).	 It	 �s	 bel�eved	 that	
fore�gn	f�brolyt�c	enzyme	genes	d�d	not	act	properly	�n	the	rumen	ecology.	Inh�b�t�on	
by	 ant�bacter�al-agent, bacter�oc�n, ex�sted �n the natural rumen ecology can beant�bacter�al-agent, bacter�oc�n, ex�sted �n the natural rumen ecology can be-agent,	 bacter�oc�n,	 ex�sted	 �n	 the	 natural	 rumen	 ecology	 can	 be	
partly	respons�ble	for	 th�s.	Desp�te	non-s�gn�f�cant	 �mpact	on	rumen	fermentat�on	
and	product�on	w�th	GM	m�crobes,	B. fibrosolvens	transformed	w�th	fluoroacetate	
dehalogenase	gene	 �s	 regarded	as	one	of	pos�t�ve	examples	 (Gregg	et al.,	 1998).	
Reta�n�ng	the	adequate	populat�on	of	recomb�nant	bacter�a	to	stab�l�ze	�n	the	rumen	
�s	cruc�al	factor	for	detox�f�cat�on.	In	th�s	exper�ment	GM	B. fibrisolvens	ma�nta�ned	
�ts	 populat�on	 above	 106	 cells	 per	 ml	 and	 th�s	 was	 enough	 to	 detox�fy	 the	 tox�c	
molecule	�n	the	rumen	ecology.

Desp�te	successful express�on of heterologous genes �n the rumen m�crobes,successful express�on of heterologous genes �n the rumen m�crobes,	express�on	of	heterologous	genes	�n	the	rumen	m�crobes,	
the	 GM	 m�crobes	 have	 not	 been	 d�rectly	 appl�ed	 to	 the	 an�mal	 �ndustry	 because	
of	 �ts	potent�al r�sks. Poss�ble gene transfer between rumen m�crobes and relatedpotent�al r�sks. Poss�ble gene transfer between rumen m�crobes and related	 r�sks.	Poss�ble	gene	 transfer	between	 rumen	m�crobes	and	related	
env�ronment or changes �n the tra�ts of rumen m�crobes are the most �mportant	 or	 changes	 �n	 the	 tra�ts	 of	 rumen	 m�crobes	 are	 the	 most	 �mportant	



5Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

factors	for	exam�nat�on	of	GMO’s r�sks Forano and Fl�nt., 2000). Though the r�sks’s r�sks Forano and Fl�nt., 2000). Though the r�skss	r�sks	Forano	and	Fl�nt.,	2000).	Though	the	r�sksr�sks	
of	GMO	are	vague, the acceptab�l�ty of GMO by the publ�c who d�rectly consumevague,	the	acceptab�l�ty	of	GMO	by	the	publ�c	who	d�rectly	consume	
the	an�mal	products	 �s	usually	 low.	Due	 to	 the	d�ff�culty	of	publ�c	agreement	on	
certa�n	evaluat�on	cr�ter�on,	assessment of GMO’s r�sk �s not yet fully constructed.assessment of GMO’s r�sk �s not yet fully constructed.	of	GMO’s r�sk �s not yet fully constructed.’s r�sk �s not yet fully constructed.s	r�sk	�s	not	yet	fully	constructed.	
Because	the	advantage	of	genet�c	mod�f�cat�on	�s	d�st�nct	and	eff�c�ent	use	of	th�s	
technology	can	be	benef�c�al	to	an�mal	�ndustry,	sc�ent�f�c	standard	�s	needed	for	the	
proper	ut�l�zat�on	of	GMO.	

Non-GM rumen m�crobeson-GM rumen m�crobesn-GM	rumen	m�crobes	

S�nce	the	usage	of	GM	m�crobes has restr�cted �n most countr�es due to the�rbes has restr�cted �n most countr�es due to the�r	has	restr�cted	�n	most	countr�es	due to the�rdue	to the�r	the�rthe�r	
potent�al	r�sks,	many	research	have	been	focused	on	another	approach	w�th	Non-
GM	m�crobes. M�crobes �solated from the rumen could be re-�ntroduced �nto thebes. M�crobes �solated from the rumen could be re-�ntroduced �nto the. M�crobes �solated from the rumen could be re-�ntroduced �nto the	M�crobes	 �solated	from	the	rumen	could	be	re-�ntroduced	 �nto	 the	
d�gest�ve	tract	of	rum�nants	hop�ng	to	enhance	d�gest�ve	funct�ons.	

Major	 bod�es	 of	 research	 results	 are	 w�th	 rumen	 bacter�a.	 Isolated	 rumen	
bacter�um	 Pseudobutyrivibrio xylanivorans	 Stra�n	 Mz5T	 was	 evaluated	 for	 �ts	
poss�ble	role	�n	the	rumen	ecology	through	�n	v�tro	stud�es	(ČEPELJNIKet al.,	2003).	
Th�s	stra�n	produced	butyrate	as	a	major	product	and	f�ber	degrad�ng	enzymes,	and	
bacter�oc�n	were	also	synthes�zed.	Character�st�cs	of	 th�s	stra�n	such	as	prov�d�ng	
enengy	 to	 the	 colonocyte	 and	 reduc�ng	pathogen�c	bacter�a	may	 fac�l�tate	 �t	 as	 a	
poss�ble	 cand�date	 for	prob�ot�cs.	Propionibacteria	 �s	 also	 the	 ava�lable	nom�nee	
for	the	prob�ot�cs.	Accord�ng	to	the	research	by	Ste�n	et al	(2006)	�ncreased	m�lk	
product�on	 and	 the	 molar	 percentage	 of	 prop�onate	 were	 detected	 �n	 da�ry	 cows	
after	the	treatment	of	Propionibacteria.	Young	calves	are	ma�n	targets	of	prob�ot�cs	
because	th�s stage �s �mportant for �nfants to develop the�r pre-gastr�c fermentat�veth�s	stage	�s	�mportant	for	�nfants	to	develop	the�r	pre-gastr�c	fermentat�vefermentat�veat�ve	
organs	wh�ch	are requ�red for the eff�c�ent degradat�on of forage. Dos�ng prob�ot�care	requ�red for the eff�c�ent degradat�on of forage. Dos�ng prob�ot�crequ�red for the eff�c�ent degradat�on of forage. Dos�ng prob�ot�cd for the eff�c�ent degradat�on of forage. Dos�ng prob�ot�c	for	the	eff�c�ent degradat�on of forage. Dos�ng prob�ot�ceff�c�ent	degradat�on of forage. Dos�ng prob�ot�cdegradat�on	of	forage. Dos�ng prob�ot�c.	Dos�ng	prob�ot�c	
m�xture	 compound	 wh�ch	 cons�sted	 of	 f�ve	 rumen	 m�crobes	 �ncreased	 ADG,	
�mproved	f�brolyt�c	act�on	and	decreased	�nc�dence	of	d�arrhea �n young Holste�nd�arrhea �n young Holste�n	�n	young	Holste�nHolste�n	
calves	(Aldana	et al.,	2009).	S�nce	da�ry	cows	need	proper	controll�ng for partur�t�oncontroll�ng for partur�t�on	for	partur�t�on	
and	calv�ng,	prob�ot�c	supplementat�on �s �n a pos�t�on to alter the rumen fermentat�on.supplementat�on �s �n a pos�t�on to alter the rumen fermentat�on.	�s	�n	a	pos�t�on	to	alter	the	rumen	fermentat�on.	
Megasphaera elsdenii	�s	well-known	lactate-ut�l�z�ng	bacter�um	and	A�kman	et al.	
(2011)	�noculated	th�s	bacter�a	 �nto	the	rumen	for	 the	purpose	of	reduc�ng	rumen	
ac�dos�s	 at	 the	 postcalv�ng	 per�od.	 Though	 rum�nal	 pH	 d�d	 not	 show	 s�gn�f�cant	
change,	dos�ng	the	bacter�um	resulted	�n	lower	acetate	:	prop�onate	rat�o	and	less	
fluctuat�on	of	rum�nal	pH	and	other	pos�t�ve	effects	on	the	an�mal	performance	such	
as	m�lk	product�on	and	energy	balance.	S�m�lar	pos�t�ve	response	to	the	add�t�on	of	
rumen	fung�	has	been	reported	prev�ously.	Rumen	fung�	secrete	var�ous	enzymes	to	
degrade	f�ber	components,	and	some	stud�es	tr�ed	to	use	rumen	fung�	as	prob�otcs.	
Piromyces	sp.	�solated	from	goat	�mproved	d�gest�b�l�ty and total VFA product�on �nd�gest�b�l�ty and total VFA product�on �n	and	total	VFA	product�on	�n	
v�tro,	but	the	same	culture	d�d	not	show	any	s�gn�f�cant	effect	for	he�fers	(Samanta	
et al.,	2008a,b)
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Interests	 �n	 CLA	 wh�ch	 has	 benef�c�al effect on humen health have beenbenef�c�al effect on humen health have been	 effect	 on	 humen	 health	 have	 been	
�ncreased	 from	 the	 decades	 upward	 (Wahle	 et al.,	 2004)	 and	 extens�ve	 research	
efforts	have been made to eluc�date the mechan�sm of CLA format�on �n the rumenhave been made to eluc�date the mechan�sm of CLA format�on �n the rumen	been	made		to	eluc�date	the	mechan�sm	of	CLA	format�on	�n	the	rumen	
and	 to	 f�nd	ways	of	 enhanc�ng	 the	process.	However,	 only	 a	 few	 stud�es	 looked	
at	poss�b�l�ty	of	us�ng	rumen	m�crobes	to	enhance	CLA	product�on	�n	the	rumen.	
Rumen	protozoa	are	able	to	synthes�ze	CLA	by	the	�somerase	act�v�ty	though	they	
cannot	 convert	 the	CLA	 to others �nclud�ng vaccen�c ac�d and stear�c ac�d (Or-to	 others	 	 �nclud�ng	vaccen�c	 ac�d	 and	 stear�c	 ac�d	 (Or-
Rash�d	et	al.,	2008).	Among	the	class�f�ed	rumen	bacter�a,	Butyrivibrio fibrisolvens	
wh�ch	�s	prevalent	�n	the	rumen	�somerl�zes	l�nole�c	ac�d	at	a	h�gher	rate	than	other	
rum�nal	m�crobes	(Ma�a	et al.,	2007).	B. fibrisolvens	MDT-5	�solated	from	rumen	
of	goat	by	Fukuda	et al	(2006)	was	used	as	CLA	enhancer	�n	the	rumen.	The	stra�n	
was	bel�eved	to	have	h�gh	l�nole�c	ac�d	�somerase	act�v�ty	and	no	CLA	reductase	
act�v�ty.	By	analogy	w�th	th�s	successful	result	of	MDT-5	wh�ch	show	�ncrement	of	
CLA	�n	pet	an�mals,	there	�s	poss�b�l�ty	of	obta�n�ng	benef�c�al	effects	by	us�ng	the	
same	stra�n	w�th	domest�c	an�mals,	although	�t	�s	uncerta�n	w�th	rum�nants	wh�ch	
already	have	CLA-produc�ng	bacter�a	�n	the�r	own	env�ronment.	

Methane	 �s	 major	 green	 house	 gas	 produced	 by	 d�verse	 act�v�t�es	 �nclud�ng	
agr�culture	 �ndustry.	 Among	 the	 agr�culture	 aspect, rum�nants take the greataspect, rum�nants take the great,	 rum�nants	 take	 the	 great	
possess�on of methane product�on through the�r enter�c fermentat�on. Therefore	 of	 methane	 product�on	 through	 the�r	 enter�c	 fermentat�on.	 Therefore	
reduc�ng	methane	emm�s�on	by	rum�nants	�s	emphas�zed.	Present	approaches	can	
be	 class�f�ed	 �nto	 largely	 two	 strateg�es.	F�rst	 approach	 �s	 through	 �mprov�ng	 the	
qual�ty	of	nutr�t�on	suppl�ed	to	the	an�mals,	so	that	more	product	may	be	produced	
per	 un�t	 of	 methane.	 Secondly,	 through	 the	 mod�f�cat�on	 of	 rumen	 fermentat�on	
us�ng	var�ous	methods	actual	product�on	of	methane	can	be	reduced	�n	the	enter�c	
fermentat�on (Iqbal	 (Iqbal	 et al.,	 2008).	 Homoacetogens	 are	 able	 to	 ut�l�ze	 H2	 com�ng	
from	fermentat�on	of	feeds	�n	the	rumen.	Remov�ng	hydrogen	from	the	mechan�sm	
wh�ch	 was	 naturaly	 used	 by	 methanogens	 to	 produce	 methane	 �s	 benef�c�al	 for	
an�mals,	because	 �f	homoacetogen	convert	 the	CO2	 to	acetate	w�th	hydrogen,	 the	
acetate	generates	energy	for	the	an�mal	and	contr�butes	to	the	an�mal product�v�ty.an�mal	product�v�ty.	
Lopez	et al.	(1999)	def�ned	the	compet�t�on	ab�l�ty	of	homoacetogen	�ncubated	w�th	
rum�nal	flu�d	�nclud�ng	methanogen	�n	v�tro.	W�thout	any	add�t�ves, homoacetogensadd�t�ves, homoacetogens,	homoacetogens	
d�d	 not	 reduce	 methane	 product�on,	 though	 the	 amount	 of	 methane	 was	 reduced	
after	treatment	w�th	2-bromoethanesulfon�c	ac�d.	Paul	et al.	(2011)	reported	about	
novel	sulphate-reduc�ng	bacter�um(SRB),	Fusobacterium sp,	and	character�zed	�ts	
ava�lable	role	�n	m�t�gat�ng	methane	product�on	�n	v�tro.	Sulphate	reduct�on	could	
be	 better	 opt�ons	 for	 remov�ng	 hydrogen	 from	 the	 rumen	 ecology	 because	 these	
bacter�a	could	compete	w�th	methanogens	and	homoacetogens	for	ut�l�zat�on	of	H2.	
After	�ncubat�on	w�th	novel	�solated	SRB,	concentrat�on	of	methane	was	reduced	
and	 the	 populat�on	 of	 SRB	 also	 �ncreased.	 Much	 more	 �nformat�on	 �s	 needed	 to	
apply	the	same	technology	to	pract�ce.
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Abstract

This paper addresses some of the requirements of modern consumers for fresh 
and processed meats. A focus is placed on the sensory quality attributes of meat 
tenderness, juiciness, flavour and odour and how these relate to the needs of the 
consumer. At the same time, cognizance is taken of the currentrequirements for healthy 
and nutritious food products, especially as pertaining to the lipid composition and 
the salt in the diet.Consumer desires for convenient and ready-to-eat meat products 
are discussed, as are some important issues surrounding process and/or production 
characteristics and their relation to animal welfare.

Keywords: meat, preference 

Introduct�on

An�mal	 producers	 around	 the	 world	 are	 currently	 faced	 w�th	 the	 common	
challenge	of	try�ng	to	feed	the	seven	b�ll�on	people	on	earth	w�th	an	ever-d�m�n�sh�ng	
supply	of	natural	resources.	Not	only	are	there	global	decreases	�n	the	amount	of	
su�table	 land	ava�lable	for	farm�ng,	butthere	are	also	a	number	of	other	un�versal	
hardsh�ps	be�ng	faced,	such	as	extreme	weather	patterns,	degradat�on	of	land	due	
to	unsound	farm�ng	pract�ces	and	�ncreases	�n	zoonot�c	d�seases.	The	only	manner	
by	wh�ch	the	product�on	of	meat	prote�n	can	be	�ncreased	�s	for	an�mal	producers	
to	 become	 more	 sc�ent�f�c	 �n	 the�r	 product�on	 methodolog�es.	 Th�s	 w�ll	 almost	
certa�nly	necess�tate	an	�ncrease	�n	the	�ntens�f�cat�on	of	an�mal	product�on	systems.	
Nonetheless,	modern	consumers	are	frequently	express�ng	avers�ons	to	consum�ng	
meat	that	�s	der�ved	from	an	�ntens�ve	‘factory-l�ke’	product�on	system.

The	 �ntens�f�cat�on	 of	 an�mal	 product�on	 �nvar�ably	 leads	 to	 theprov�s�on	
of	balanced	feeds	to	the	an�mals.	Th�s	br�ngs	the	needs	of	the	an�mals	�nto	d�rect	
oppos�t�on	 w�th	 those	 of	 humans,	 where	 both	 would	 be	 compet�ng	 for	 prote�n	
and	energy	resources	such	as	those	typ�cally	suppl�ed	by	cereals	and	other	crops.	
Add�t�onally,	a	strong	contender	for	these	energy	resources	�s	the	b�o-fuel	�ndustry.	
Th�s	has	caused	many	of	the	feedlot	�ndustr�es	to	use	metabol�c	enhancers	(D�keman,	
2007;	 Hansen,	 Fryl�nck&	 Strydom,	 2012)	 so	 as	 to	 �mprove	 the	 food	 convers�on	
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eff�c�ency	of	the	system.	On	the	other	hand,	the	use	of	ant�b�ot�cs	�n	feed	are	a	common	
pract�ce	�n	the	poultry	�ndustr�es,	and	to	a	lesser	extent	�n	the	pork	�ndustr�es(Sofos,	
2008).		The	use	of	st�mulants	and	ant�b�ot�cs,	however,	once	aga�n	leads	to	m�xed	
percept�ons	 among	 consumers,	 pr�mar�ly	 s�nce	 d�fferent	 countr�es	 may	 perm�t	 or	
ban	the	use	thereof.

Another	 major	 challenge	 faced	 by	 food	 producers	 �s	 to	 ensure	 that	 h�ghly	
per�shable	products	 reach	 the	market	 �n	a‘safe’	manner,	w�th	a	m�n�mal	decrease	
�n	qual�ty.	A	large	proport�on	of	the	meat	product�on	�n	the	world	�s	from	reg�ons	
that	 are	 s�tuated	 far	 from	 the	market,	 such	as	 �s	 the	 case	 �n	 the	South	Amer�cas.	
Such	s�tuat�onsdepend	cr�t�cally	on	the	ma�ntenance	of	 the	cold	cha�n	throughout	
transportat�on	so	as	to	m�n�m�se	post-harvest	waste.	The	transportat�on	of	meat	across	
the	globe	also	has	�mpl�cat�ons	�n	terms	of	the	costs	and	the	carbon	footpr�nt.	The	
latter,	�n	part�cular,	has	led	to	consumer	movements	�n	some	f�rst-world	countr�es	
that	promote	the	purchas�ng	of“locally	produced”foods	s�ncethese	are	perce�ved	to	
be	more	susta�nable	or	env�ronmentally-fr�endly.

Another	major	soc�o-econom�c	challenge	currently	be�ng	faced	relates	to	the	
fact	that	a	large	proport�on	of	the	world’s	people	do	not	possess	suff�c�ent	f�nanc�al	
means	to	purchase	h�gh-qual�ty	prote�n	sources,	such	as	those	produced	from	an�mals.	
In	stark	contrast,	another	port�on	of	the	world	populat�on	may	have	a	great	surplus	
of	f�nanc�al	resources	and	these	�nd�v�duals	can	often	be	h�ghly	cr�t�cal	�n	the�r	food	
cho�ces.	 In	 the	 latter	case,	extr�ns�c	cues	such	as	 the	carbon	footpr�nt	and	an�mal	
welfare	�ssues	assoc�ated	w�th	the	product�on	process	become	�ncreas�ngly	�mportant	
purchas�ng	dr�vers	(Grunert,	2006)	and	the	more	affluent	consumers	are	frequently	
w�ll�ng	to	pay	a	pr�ce	prem�um	for	the�r	cho�ces	(Bennett,	Anderson	&Blaney,	2002).	
Although	many	producers	have	a	strong	soc�al	respons�b�l�ty	towards	feed�ng	the	
world’s	populat�on,	they	are	also	faced	w�th	the	real�ty	of	hav�ng	to	be	econom�cally	
v�able.	 In	 other	 words,	 farmers	 w�ll	 not	 produce	 food	 unless	 �t	 �s	 econom�cally	
feas�ble	for	them	to	do	so.	Accord�ng	to	the	Un�ted	Nat�ons	Food	and	Agr�cultural	
Organ�zat�on	(FAO),	agr�cultural	output	w�ll	need	to	�ncrease	by	70%	by	2050	�n	
order	to	feed	the	world’s	populat�on.	Such	a	forecast	w�ll	requ�re	the	product�on	of	
another	b�ll�on	tonnes	of	food	gra�n	and	200	m�ll�on	tonnes	of	l�vestock	meat.	The	
key	 to	 �ncreas�ng	 food	product�on	 from	an�mals	w�ll	 rely	on	 the	 �mprovement	of	
product�v�ty	through	select�vely	us�ng	genet�c	technolog�es	to	breed	for	�ncreased	
an�mal	product�on	cr�ter�a	(Gao,	Zhang,	Hu	&	L�,	2007;	Allan	&	Sm�th,	2008).	These	
breed�ng	object�ves	should	s�multaneously	also	address	welfare-fr�endly	object�ves,	
such	as	enhanced	d�sease	res�stance	(Thomas,	Scollan&	Moran,	2011).	Other	means	
of	fulf�ll�ng	the	pred�cted	requ�rementsmay	�nclude	the	breed�ng	of	an�mals	that	are	
appropr�ate	or	well-su�ted	to	the�r	env�ronments	(S�lan�kove,	2000;Gregory,	2010;	
Cra�ne,	Elmore,	Olsen	&Tolleson,	2010;	Bell,	Charmley,	Hunter	&	Archer,	2011).

Although	 all	 �nd�cat�ons	 are	 that	 the	 pr�ce	 of	 meat	 as	 a	 prote�n	 source	 w�ll	
cont�nue	to	�ncrease	�n	the	future,	the	demand	for	th�s	commod�ty	�s	also	set	to	�ncrease.	
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The	�ncrease	�n	demand	�s	strongly	l�nked	to	the	huge	�ncrease	�n	buy�ng	power	from	
Ch�na	and	Ind�a.	The	wealth�er	consumer,	who	can	afford	red	meat,	 �s	frequently	
also	a	well-educated	and	travelled	person	who	places	value	on	the	qual�ty	aspects	of	
the	meat	(Martell�,	2009).	However,	th�s	perce�ved	qual�ty	�s	mult�-d�mens�onal	and	
�ncludes	sensory	qual�ty,	health�ness,	conven�ence	and	process	character�st�cs	l�ke	
an�mal	welfare	and	product�on	(frequently	‘organ�c’)	systems	(Grunert,	2006).	The	
pressure	on	red	meat	sales	due	to	the	worldw�de	econom�c	recess�on	has	caused	a	
reappra�sal	of	the	factors	wh�ch	�nfluence	�ts	appeal	to	consumers,	wh�ch	ult�mately	
all	comes	back	down	to	the	qual�ty	of	the	meat.		Accord�ng	to	Wood,	Enser,	F�sher,	
Nute,	R�chardson	&Sheard	 (1999),	 some	of	 the	 factors	determ�n�ng	meat	qual�ty	
�nclude	the	absence	of	m�crob�al	hazards,	the	prevent�on	of	an�mal	explo�tat�on,	the	
sensory	appeal	of	the	meat	and	the	perce�ved	health�ness,	espec�ally	�n	relat�on	to	
the	amount	and	type	of	fat.

Sensory	Qual�ty

Irrespect�ve	of	the	purchas�ng	ab�l�ty	of	the	consumer,	each	�nd�v�dual	�nev�tably	
wants	to	have	the	best	eat�ng	exper�ence	for	the�r	money.	In	the	lower	�ncome	groups,	
meat	�s	eaten	for	�ts	nutr�t�onal	value,	wh�le	�n	the	h�gher	�ncome	groups	�t	�s	often	
consumed	for	the	eat�ng	exper�ence	�tself.	In	fact,	the	consumpt�on	of	meat	�s	seen	
as	a	s�gn	of	prosper�ty	and	wealth.	Thus,	as	the	wealth	of	a	commun�ty	�ncreases,	
sodoes	the�r	meat	consumpt�on	(Aaslyng,	2009).	However,	the	type	and	amount	of	
meat	consumed	�s	�nfluenced	byother	factors,	such	as	gender,	age	and	mar�tal	status.	
Men	eat	more	meat	 �n	general	and	a	greater	proport�on	of	 red	meat	 than	women	
(rev�ewed	by	Aaslyng,	2009).	Add�t�onally,	older	people	 typ�cally	eat	more	meat	
�n	general	and	a	greater	proport�on	of	 red	meat	 than	ch�ldren.	Fam�l�es	also	 tend	
to	eat	more	meat	than	s�ngle	people.	Interest�ngly,	Aaslyng	(2009)	notes	that	less-
educated,	adult	men	exh�b�t	one	of	the	h�ghest	levels	of	meat	consumpt�on,	wh�le	
young,	well-educated	women	show	one	of	the	lowest	levels	of	consumpt�on.

It	 �s	 self-ev�dent	 that	 the	 trad�t�onal	manner	 �n	wh�ch	meat	 �s	 prepared	w�ll	
�nfluence	the	qual�ty	descr�ptors.	A	consumer	eat�ng	a	fresh	steak	w�ll	have	d�fferent	
qual�ty	 cues	 compared	 to	 one	 eat�ng	 a	 trad�t�onally	 dry/smoked	 or	 stewed	 meat	
product.		Although	a	large	amount	of	research	has	focused	on	the	qual�ty	attr�butes	
of	fresh	meat	(typ�cally	consumed	as	steaks),	the	des�re	for	greater	conven�ence	�n	
meal	preparat�on	has	also	resulted	�n	an	�ncrease	�n	the	consumpt�on	of	ready-to-eat	
meat	products.	The	qual�ty	attr�butes	of	these	would	also	d�ffer	and	be	more	focused	
on	 perce�ved	 health�ness	 (fat	 levels,	 cholesterol,	 salt	 concentrat�ons)	 and	 ease	 of	
preparat�on	and	consumpt�on,	w�th	t�me-sav�ng	be�ng	of	essence.

Ult�mately,	meat	�s	consumed	for	pleasure.	For	fresh	meats	such	as	steaks,	chops	
and	roasts,	three	sensory	attr�butes	are	of	major	�mportance	for	the	hedon�c	value	of	
the	meat:	tenderness,	ju�c�ness	and	flavour	(both	�n	the	presence	of	fr�ed	flavour	and	
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the	absence	of	off-flavours)	(Aaslyng,	2009).	These	three	attr�butes	have	rece�ved	a	
huge	research	focus	�n	the	past	and	w�ll	cont�nue	to	rece�ve	attent�on	�n	the	future.	
The	 value	 of	 each	 character�st�c	 also	 d�ffers	 w�th�n	 each	 s�tuat�on.	 For	 �nstance,	
when	meat	�s	very	tender,	then	the	value	placed	on	ju�c�ness	and	flavour	becomes	
more	�mportant.	However,	tenderness	�s	the	most	�mportant	of	the	three.	It	�s	now	
well	establ�shed	that	no	s�ngle	factor	�nfluences	these	character�st�cs,	but	that	�t	�s	
rather	a	cumulat�ve	effect	of	a	large	number	of	factors	that	are	extr�ns�c	and	�ntr�ns�c	
to	the	an�mal	�tself.		The	modern	sc�ent�f�c	an�mal	producer	w�ll	use	a	number	of	
technolog�es	(such	as	DNA	markers	for	meat	qual�ty	tra�ts)	and	product�on	systems	
(�ntens�ve	feedlot	that	restr�ct	movement	thereby	m�n�m�s�ng	the	effect	of	exerc�se	
on	muscle	 colour	 and	 toughness)	 to	 ensure	 that	 a	 fresh	product	 �s	 produced	 that	
meets	the	expected	hedon�c	value	deemed	appropr�ate	by	the	consumer.	However,	
�t	�s	also	known	that	a	number	of	negat�ve	act�v�t�es	along	the	supply	cha�n	could	
negate	these	technolog�es.Of	spec�al	�nterest	to	the	modern	d�scern�ng	consumer	�s	
the	welfare	status	of	the	an�mals	�n	trans�t	to	the	abatto�r	(see	sect�on	6).

The	aforement�oned	qual�ty	character�st�cs	are	all	appl�cable	to	cooked	meat.	
Pr�or	to	cook�ng,	the	meat	has	to	be	purchased	and	the	pr�mary	qual�ty	character�st�c	
at	th�s	t�me	�s	the	v�sual	appearance	(colour	of	the	meat).	The	colour	of	the	meat	�s	
determ�ned	by	numerous	extr�ns�c	and	�ntr�ns�c	factors	such	as	the	age	of	the	an�mal,	
the	env�ronment	�n	wh�ch	the	an�mal	was	ra�sed	(�.e.	whether	�t	was	exposed	to	a	
h�gh	 level	of	phys�cal	 act�v�ty),	 the	muscle	 type,	 the	concentrat�on	of	myoglob�n	
p�gments	and	 then	 the	chem�cal	state	of	 the	myoglob�n	 (Manc�n�,	2009;	Manc�n�	
&Hunt,	2005).	Other	factors	such	as	ante mortem	stress	also	lead	to	abnormal	colour	
developments,	such	as	dark,	f�rm	and	dry	(DFD)	or	pale	soft	and	exudat�ve	(PSE)	
meat.	The	former	 �s	 typ�cally	assoc�ated	w�th	 the	meatfrom	rum�nants,	wh�lst	 the	
latter	�s	more	frequent	w�th	that	from	monogastr�c	an�mals.	The	stressor	that	causes	
these	 abnormal	phenomenon	are	 typ�cally	 �nduced	by	human-an�mal	 �nteract�ons	
(Coleman	&	Hemsworth,	2012),	but	can	also	be	caused	by	other	 factors	 such	as	
extreme	weather	fluctuat�ons	(K�ng,	Wheeler,	Shackelford	&Koohmara�e,	2009).

After	 the	 meat	 has	 been	 purchased	 and	 cooked,	 the	 next	 �mportant	 qual�ty	
character�st�c	�s	the	tenderness.	Th�s	character�st�c	also	plays	a	very	�mportant	role	
�n	 the	 consumer’s	 w�ll�ngness	 to	 repurchase	 the	 same	 product	 (Aaslyng,	 2009).	
Although	�t	�s	well	recogn�sed	that	the	age	of	the	an�mal	plays	an	�mportant	role	�n	
determ�n�ng	the	tenderness	of	meat	(older	an�mals	have	more	heat	stable	collagen),	
most	an�mals	slaughtered	�n	�ntens�ve	product�on	un�ts	are	young	adults,	of	wh�ch	a	
large	proport�on	are	�ntact	males.	Age-�nduced	toughness	�s	thus	generally	of	lessor	
�mportance.	Other	 factors	such	as	ante mortem	 stress	also	play	an	 �mportant	 role	
(K�ng	et al.,	2009;	Terlouw,	Bourguet&De�ss,	2012)	�n	terms	of	tenderness.		When	
an�mals	exper�ence	stress,	they	frequently	try	and	move	away	from	the	stressor,wh�ch	
results	 �n	 the	metabol�sm	of	glycogen	reserves	pr�or	 to	death.	The	ent�re	aerob�c/
anaerob�c	metabol�sm	�s	�nfluenced,	caus�ng	thepost mortem	lact�c	ac�d	product�on	
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(measured	as	pH)	 to	dev�ate	 from	 the	norm	and	 result�ng	 �n	e�ther	DFD	or	PSE.	
Th�s	�n	turn�mpactson	the	act�v�ty	of	the	proteolyt�c	enzymes	that	are	respons�ble	
for	tender�s�ng	the	meat	(Dev�ne	et al.,	2006).	Numerous	strateg�es	may	be	appl�ed	
�n	an	attempt	 tonegate	 the	decrease	 �n	 tenderness,	 �nclud�ngelectr�cal	st�mulat�on,	
carcass	 suspens�on,	 ch�ll�ng	 reg�me,	 ag�ng,	use	of	 external	 enzymes,	mechan�cal,	
hydrodynam�c	shock,	pressure	and	pre-rigor	stretch�ng	(Thompson,	2002;	Farouk,	
W�klund	&Rosenvold,	2009).	Nonetheless,	all	of	these	methods	are	costly,	and	the	
qual�ty	of	the	end	product	st�ll	frequently	d�ffers	cons�derably	from	that	expected	of	
the	fresh	meat	product.	Of	spec�al	note	�n	th�s	regardare	the	Bosindicus	breeds	that	
are	known	to	have	h�gher	levels	of	calpastat�n,	the	�nh�b�tor	for	the	calpa�n	enzymes,	
caus�ng	the	meat	from	these	breeds	to	be	tougher	(Shackelford,	Koohmara�e,	M�ller,	
Crouse	&	Reagan,	1991;	Strydom,	2006).

Ju�c�ness	 �s	 an	 �mportant	 factor	 �n	 the	 eat�ng	 qual�ty	 of	 meat,	 although	 �ts	
�mportance	�s	determ�ned	by	the	spec�f�c	meat	product	be�ng	consumed.For	�nstance,	
ju�c�ness	 �s	 more	 �mportant	 when	 consum�ng	 a	 steak	 than	 �t	 �s	 when	 consum�ng	
that	meat	wh�ch	has	been	 cut	 �nto	 small	 str�ps	 for	 a	 stew.	Whereas	ante mortem	
stress	plays	an	�mportant	factor	�n	determ�n�ng	the	water-b�nd�ng	capac�ty	of	fresh	
muscle	(by	�nfluenc�ng	the	rate	of	decrease	of	muscle	pH	as	well	as	the	f�nal	pH),	the	
ma�n	factor	determ�n�ng	the	ju�c�ness	of	meat	�s	the	end-po�nt	temperature	dur�ng	
the	cook�ng	(Aaslyng,	2009).Increased	amounts	of	�ntermuscular	fat	also	�ncreases	
ju�c�ness,	espec�ally	when	the	meat	�s	cooked	at	a	h�gh	temperature.	Aaslyng	(2009)	
noted	that	the	most	�mportant	factor	to	�ncrease	the	ju�c�ness	of	meat	�s	to	educate	
the	consumer	on	not	over-cook�ng	 the	meat.	However,	ethn�c	d�fferences	 �n	food	
preparat�on	also	have	to	be	taken	�nto	account	when	address�ng	th�s	parameter.

The	flavour	of	any	meat	 �s	a	comb�nat�on	of	 �ts	 taste	and	aroma,	wh�ch	are	
strongly	 �nfluenced	 by	 add�t�onal	 factors	 such	 as	 mouthfeel	 and	 ju�c�ness.	 Raw	
meat	has	hardly	any	aroma	and	only	a	blood-l�ke	flavour.	Dur�ng	 the	appl�cat�on	
of	heat,	 a	 complex	 ser�es	of	 thermally-�nduced	 react�ons	occur	between	 the	non-
volat�le	components	of	the	lean	and	fatty	t�ssues	(Elmore	&Mottram,	2009).		Over	
1000	volat�le	compounds	have	been	�dent�f�ed	�n	meat.		Elmore	&Mottram	(2009)	
rev�ewed	 the	 two	 ma�n	 react�ons	 that	 result	 �n	 flavour	 development	 as	 meat	 �s	
cooked.	The	f�rst	 �s	 the	Ma�llard	react�on,	occurr�ng	between	the	reduc�ng	sugars	
and	am�no	ac�ds,	and	wh�ch	�s	respons�ble	for	the	typ�cal	meaty	flavour	and	savoury,	
roast	and	bo�led	character.	The	second	factor	�s	l�p�d	degradat�on	that	results	�n	fatty	
aromas	typ�cally	found	�n	cooked	meat.	Inev�tably,	�t	�s	also	the	fat	compos�t�on	that	
�s	respons�ble	for	the	flavour	and	aroma	d�fferences	between	spec�es	(Wasserman	&	
Talley,	1968).

The	d�et	has	a	strong	�nfluence	on	the	fatty	ac�d	compos�t�on	of	an�mals,	espec�ally	
when	cons�der�ng	monogastr�c	an�mals.	In	rum�nants,	the	rumen	m�croorgan�sms	�n	
the	d�gest�ve	system	have	a	major	�mpact	on	the	compos�t�on	of	fatty	ac�ds	leav�ng	
the	rumen	for	absorpt�on	�n	the	small	�ntest�ne	(Jenk�ns,	1993;	Doreau&Ch�ll�ard,	
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1997).	M�crob�al	enzymes		der�ved	from	Butyrivibriofibrisolvensare	respons�ble	for	
the	�somer�sat�on	and	hydrolys�s	of	d�etary	l�p�ds	and	the	convers�on	of	unsaturated	
fatty	 ac�ds	 (UFA)	 to	 var�ous	 part�ally	 and	 fully	 saturated	 der�vat�ves,	 �nclud�ng	
conjugated	l�nole�c	ac�d	(CLA:	C18:2	c�s-9,	t-11)	(c),	trans	vaccen�c	ac�d	(C18:1	t-
11) (VA) and stearic acid (C18:0).  Althoughlinoleic (C18:2 n−6) (LA) and linolenic 
(C18:3 n−3) (ALA) acids are the main UFA in the diet of ruminants, the processes 
occurr�ng	w�th�n	 the	 rumen	ensure	 that	 the	major	 fatty	ac�d	 leav�ng	 the	 rumen	 �s	
C18:0.	The	uptake	of	UFA	�nto	the	small	�ntest�ne	by	rum�nants	�s	s�m�lar	to	that	
�n	 non-rum�nant	 an�mals,	 but	 d�ffers	 �n	 the	 case	 of	 saturated	 fatty	 ac�ds	 (SFA)	
(Bauchart,	 1993).	 The	 �ntest�nal	 absorpt�on	 co-eff�c�ent	 of	 �nd�v�dual	 fatty	 ac�ds	
�s	h�gher	�n	rum�nants	than	�n	non-rum�nants,	rang�ng	from	80%	for	SFA	to	92%	
for	polyunsaturated	 fatty	ac�ds	 (PUFA)	 �n	convent�onal	 low	 fat	d�ets.	The	h�gher	
absorpt�on	eff�c�ency	of	SFA	by	rum�nants	has	been	attr�buted	to	the	greater	capac�ty	
of	the	b�le	salt	and	lysophosphol�p�dm�cellar	system	to	solub�l�se	fatty	ac�ds,	as	well	
as	the	ac�d	cond�t�ons	w�th�n	the	duodenum	and	jejunum	(pH	3.0–6.0).	The	low	pH	
�s	due	to	a	low	concentrat�on	of	pancreat�c	hydrogen	carbonate	wh�ch	reduces	the	
convers�on	of	SFA	�nto	�nsoluble	calc�um	salts	(wh�ch	cannot	be	absorbed	by	the	
enterocytes).	However,	tr�acylglycerol	resynthes�s	�n	rum�nants	takes	place	v�a	the	
glycerol-6-phosphate	 pathway	 due	 to	 the	 v�rtual	 absence	 of	 2-monoacylglycerol.	
The	resynthes�zed	l�p�d	�s	carr�ed	as	l�poprote�ns,	chylom�crons	and	very	low	dens�ty	
l�poprote�ns	 (VLDLP)	 �n	 the	 blood	 stream	 for	 uptake	 by	 the	 l�poprote�n	 l�pase	
enzyme	and	�ncorporat�on	�nto	the	t�ssues.		An	�mportant	d�fference	between	non-
rum�nant	and	rum�nant	an�mals	�s	that	�n	the	latter,	the	long	cha�n	PUFA,	C20	and	
C22,	are	not	�ncorporated	to	any	great	extent	�nto	tr�acylglycerols,	but	�nstead	are	
�ncorporated	�nto	the	membrane	phosphol�p�ds	and	w�ll	be	depos�ted	�n	s�gn�f�cant	
amounts	�n	the	�ntramuscular	t�ssue	(Enser,	Hallett,	Hewett,	Fursey&	Wood,1996;	
Offer,	Marsden,	D�xon,	Speake&	Thacker,1999).

Health�ness

The	past	number	of	years	has	been	character�zed	by	an	�ncrease	�n	consumer	
�nterest	�n	the�r	nutr�t�on	and	health,	wh�ch	has	resulted	�n	the	development	of	health	
d�rect�ves	by	governments	for	some	food	components,	espec�ally	fats	(S�mopoulos,	
2001).		

Beef,	Lamb	and	mutton	conta�n	h�gh	concentrat�ons	of	SFA,	so	much	so	that	
the�r	PUFA:SFA	rat�o	�s	lower	than	the	recommended	m�n�mum	value	of	0.45	for	
human	d�ets.		The	excess�veconsumpt�on	of	food	w�th	a	h�gh	proport�on	of	SFA	�s	
a	major	pred�spos�ng	factor	to	the	r�sk	of	coronary	heart	d�seases	(CHD),	hyperten-
s�on,	stroke,	d�abetes	and	obes�ty	�n	humans,	wh�ch	has	led	to	a	worldw�de	decl�ne	
�n	red	meat	consumpt�on	(Webb,	Casey	&	Van	N�ekerk,1994;	Moloney,	Mooney,	
Kerry	 &	Troy,	 2001).	 	Although	 the	 relat�onsh�p	 between	 d�etary	 fat	 and	 the	 �n-
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c�dence	of	d�seases	 assoc�ated	w�th	 the	modern	 l�festyle	 are	w�dely	documented,	
espec�ally	CHD	(Kr�tchevsky,	1998,	2000)	and	var�ous	cancers	(Wood	et	al.,	2003),	
th�s	has	also	been	challenged	�n	the	past	few	years	(McAfee	et	al.,	2010).		As	an	ex-
ample,	�n	a	meta-analys�s	and	rev�ew	of	ep�dem�olog�cal	cohort	stud�es,	no	�ndepen-
dent	assoc�at�on	could	be	found	between	the	consumpt�on	of	an�mal	fat	and	breast	
cancer	(Alexander,	Mor�moto,	M�nk	&	Lowe,	2010).		The	low	PUFA:SFA	rat�o	of	
rum�nants	 �s	 a	consequence	of	 the	extens�ve	b�ohydrogenat�on	of	 �ngested	PUFA	
by	the	rumen	m�croorgan�sms,	lead�ng	to	the	format�on	of	trans-MUFAs	and	SFA,	
wh�ch	are	then	�ncorporated	�nto	the	l�p�ds	�n	the	muscle	(Jenk�ns,	1993).		

The	degree	of	saturat�on	of	an�mal	fats	�s	�nfluenced	by	�ts	fatty	ac�d	compos�t�on	
(Webb	&	Casey,	1995).		Accord�ngly,	the	qual�ty	of	fat	�s	determ�ned	by	the	fatty	
ac�d	 compos�t�on,	 wh�ch	 affects	 the	 palatab�l�ty	 and	 shelf	 l�fe.	As	 ment�oned,	 a	
sh�ft	 �n	fatty	ac�d	compos�t�on	can	be	�nduced	by	means	of	d�etary	man�pulat�on,	
wh�ch	w�ll	subsequently	enhance	the	nutr�t�onal	qual�ty	of	red	meat	and	fat	qual�ty.		
D�etary	man�pulat�on	strateg�es	are	also	ava�lable	that	m�n�m�se	b�ohydrogenat�on	
of	 �ngested	 PUFA	 �n	 the	 rumen	 (Ch�kunya,	 Dem�rel,	 Enser,	Wood,	W�lk�nson	 &	
S�ncla�r,	2004).		

Another	aspect	that	has	been	the	focus	of	consumer	attent�on	as	perta�n�ng	to	
red	meat	�s	the	level	of	sod�um	(Na),	due	to	�ts	correlat�on	w�th	h�gh	blood	pressure.	
Ep�dem�olog�cal	stud�es	�nd�cate	a	pos�t�ve	assoc�at�on	between	excess�ve	�ntake	of	
Na,	blood	pressure	and	prevalence	of	hypertens�on	(Appel	et	al.,	2006).		However,	
the	Na	levels	�n	fresh	meat	are	low.	Rather,	�t	�s	frequently	the	h�gh	levels	of	salt	
(NaCl)	that	are	added	to	many	processed	meats	consumed	�n	the	western	d�et	that	
leads	to	an	elevat�on	�n	the	Na	levels.	However,	consumers	are	generally	not	always	
able	to	d�st�ngu�sh	between	the	Na	�n	fresh	meat	and	that	�n	processed	meat.

Conven�ence

W�th�n	the	current	soph�st�cated	world,	the	purchas�ng	behav�our	of	the	con-
sumer	has	changed.	Typ�cally	�n	an	econom�cally	v�brant	soc�ety,	t�me	�sofprem�um	
value	 and	 the	 modern	 consumer	 prefers	 the	 purchas�ng	 of	 a	 conven�ent	 product.	
Th�s	product	should	e�ther	be	a	ready-to-eat	(RTE)	one	or	�t	shouldbe	packaged	�n	
such	a	manner	that	�t	requ�res	m�n�mal	preparat�on	t�me.The	food	�ndustry	has	large-
ly	addressed	th�s	consumer	des�re	by	develop�ng	and	produc�ng	a	var�ety	of	RTE	
products	wh�ch	are	now	w�dely	marketed	�n	reta�l	outlets	across	 the	globe.	S�nce	
RTE	products	generally	requ�re	m�n�mal	process�ng	on	the	part	of	the	consumer,	the	
safety	standards	for	these	are	normally	str�ngent	and	are	most	often	addressed	by	the	
�mplementat�on	ofa	strong	HACCP	(Hazard	Analys�s	Cr�t�cal	Control	Po�nts)	plan	
�n	most	manufactur�ng	fac�l�t�es.	In	add�t�on,	a	number	of	novel	packag�ng	strate-
g�es	have	been	developed	to	extend	the	shelf-l�fe	of	RTE	products,	such	as	mod�f�ed	
atmospher�c	packag�ng	(McM�ll�n,	2008).
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W�th	food	safety	and	transparency	�n	m�nd,	most	countr�es	have	nowenactedfood	
labell�ng	regulat�ons	that	requ�re	that	certa�n	�nformat�on	be	d�splayed	on	packag�ng,	
wh�ch	�ncludes	(but	�s	not	l�m�ted	to)	a	full	�ngred�ent	l�st,	nutr�t�onal	compos�t�on	
data,recommended	da�ly	allowances	(RDAs),	as	well	as	the	declarat�on	of	certa�n	
common	 allergens.A	 great	 deal	 of	 research,	 however,	 has	 shown	 that	 consumers	
frequently	exper�ence	d�ff�culty	�n	understand�ng	much	of	the	�nformat�on	presented	
on	food	labels	(Shannon,	1993;	Sadler,	1999;	Kempden,	2011).	When	�nd�v�duals	
do	not	understand	labell�ng	or	�nformat�on	overload	ar�ses,	they	tend	to	avo�d	the	
presented	�nformat�on	altogether	(Kaswell&Padberg,	1992)	and	food	labels	become	
an	�neffect�ve	�nformat�on	source	and	do	not	serve	as	successful	purchas�ng	dr�vers	
(Kempden,	2011).

New	�nnovat�ve	mob�le	phone	technology	now	allows	consumers	to	select�vely	
acqu�re	add�t�onal	 �nformat�on	on	certa�n	character�st�cs	of	 food	products,	 and	 �n	
so	do�ng,	ass�sts	w�th	 the�r	 �nterpretat�on	of	food	labels.	Us�ng	such	appl�cat�ons,	
�nd�v�duals	are	able	to	scan	food	product	barcodes	�n	store	us�ng	the�r	cellular	phones	
and	they	can	thereafter	browse	�nformat�on	relat�ng	to	the	nutr�t�onal	compos�t�on	
of	the	product,	the	farm	of	or�g�n,	the	carbon	footpr�nt	and	other	pert�nent	content	
relat�ng	to	an�mal	treatment	and	env�ronmental	susta�nab�l�ty.	Another	technolog�cal	
trend	geared	towards	conven�ence	�s	shopp�ng	on-l�ne,	wh�ch	perm�ts	consumers	to	
choose	wh�ch	products	they	w�sh	to	purchase	w�thout	go�ng	�nto	the	store.

Although	there	has	undoubtedlybeen	an	�ncreased	preference	for	conven�ence	
foods,	there	has	also	been	a	recent	consumer	trend	towards	the	purchas�ng	of	‘home-
grown’or	 ‘locally-produced’	 products,	 typ�cally	 from	 weekend	 markets	 or	 farm-
stalls.	The	dr�v�ng	�deology	beh�nd	th�s	trend	�s	that‘home-grown’	and	‘local’	�s	best,	
w�th	all	attr�butes	 l�nked	to	 the	modern	concepts	of	organ�cally-produced,	carbon	
foot	pr�nt	and	so	forth,	wh�ch	encompasses	not	only	the	product�on	system	but	also	
the	value	cha�n	as	perta�n�ng	to	transport	and	packag�ng.	Underly�ng	the	purchas�ng	
of	these	products	�s	a	bel�ef	that	they	are	healthy	and	safe	to	consume	(Gellynck,	
Verbeke&Verme�re	 (2006),	 wh�ch	 may	 not	 always	 be	 the	 case,	 espec�ally	 where	
there	are	no	author�t�es	to	ensure	that	the	necessary	regulat�ons	are	adhered	to.

Process/product�on	character�st�cs

The	response	to	an�mal	welfare	�s	largely	a	c�t�zen	response	based	on	extr�ns�c	and	
�ntr�ns�c	cues	(Grunert,	2006).	However,	there	are	an	�ncreas�ng	number	of	consumers	
who	are	w�ll�ng	to	pay	more	for	a	product	that	�s	perce�ved	to	have	been	produced	�n	
an	eth�cal	manner,	that	�ncludes	accepted	standards	and	norms	as	perta�n�ng	to	an�mal	
welfare	(Bennett	et al.,	2002;	Napol�tano,	G�rolam�&Bragh�er�,	2010).	Of	course,	the	
cred�b�l�ty	of	the	authent�cat�on	author�ty	�s	of	utmost	�mportance	as	perta�n�ng	to	the	
consumer’s	w�ll�ngness	to	pay	for	the	product	be�ng	endorsed	(Martell�,	2009;	Van	
Loo	et al.,	2011).	An�mal	sc�ent�sts,	food	sc�ent�sts	and	consumers	all	have	d�fferent	
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�deas	 and	 percept�ons	 onthe	 def�n�t�ons	 ofmeat	 qual�ty.There	 are	 unquest�onably	
certa�n	congruenc�es	and	d�vergences	between	producers	and	consumers	(Sepúlveda,	
Maza&Pardos,	 2011),	 �nd�cat�ng	 that	 the	 flow	 of	 �nformat�on	 between	 these	 two	
ends	of	the	value	cha�n	requ�res	further	development.	To	an	an�mal	sc�ent�st,	qual�ty	
would	 be	 l�nked	 to	 product�on	 performance,	 wherethe	 welfare	 aspects	 would	 be	
underwr�tten	by	the	follow�ng	f�ve	bas�c	pr�nc�ples:	adequate	a�r,	water,	and	feed;	
safe	 hous�ng	 and	 suff�c�ent	 space;	 appropr�ate	 complex�ty	 of	 the	 env�ronment;	
regular	superv�s�on	and	effect�ve	health	care;	sens�ble	handl�ng.	On	the	other	hand,	
for	a	food	sc�ent�st,	qual�ty	would	be	l�nked	to	aspects	measurable	�n	the	product,	
such	as	pH,	colour,	chem�cal	compos�t�on	as	well	as	sensory	character�st�cs.	For	the	
consumer,	the	follow�ng	major	d�mens�ons	have	been	�dent�f�ed	wh�ch	are	cons�dered	
as	be�ng	relevant	to	the	qual�ty	of	an�mal	products:	sensory	character�st�cs,	�nclud�ng	
taste,	odour,	appearance,	texture;	health�ness,	as	an�mal-based	foods	are	assoc�ated	
w�th	 the�r	 compos�t�on;	 �ntake	of	essent�al	nutr�ents	but	 these	are	also	 frequently	
deemed	as	potent�ally	�mpa�r�ng	human	health	(e.g.	source	of	saturated	fatty	ac�ds,	
vector	of	�nfect�ons	or	pollutants);	conven�ence,	concern�ng	the	ease	of	preparat�on;	
and	process	 character�st�cs,	 deal�ng	w�th	 the	way	 food	products	of	 an�mal	or�g�n	
are	obta�ned,	 �nclud�ng	farm�ng	systems,	even	 though	these	aspects	may	have	no	
effects	 on	 the	 other	 qual�ty	 d�mens�ons	 (Grunert,	 Beach-Larsen	 &Bredal,	 2000).	
Each	d�mens�on	 a�ms	 to	 sat�sfy	 consumer	purchase	mot�ves	or	 values	w�th�n	 the	
correspond�ng	context	(Grunert,	2006).

The	 an�mal	 producer	 �s	 well	 aware	 that	 �f	 they	 were	 to	 ab�de	 by	 the	 bas�c	
pr�nc�ples	of	an�mal	welfare,	the	product�on	performance	of	the	an�mals	would	be	
�mproved.	In	da�ry	cattle,	for	�nstance,	close	human	�nteract�on	w�th	the	an�mal	w�ll	
result	�n	better	m�lk	y�eld	(Hemsworth,	Coleman,	Barnett,	Borg	&	Dowl�ng,	2002).		
In	young	g�lts,	a	pos�t�ve	exper�ence	w�th	the	stockperson	w�ll	result	�n	larger	l�tter	
s�zes	 (Hemsworth,	 Barnett,	 Coleman	 &	 Hansen,	 1989),	 however,	 	 an	 �mportant	
aspect	�n	th�s	regard	would	be	the	an�mal-stockperson	�nteract�on	and	the	att�tude	
of	the	latter	to	an�mals	(Hemsworth,	2003).It	�s	therefore	�n	the	best	�nterest	of	the	
producer	to	ensure	that	the	an�mal	�s	comfortable	and	has	all	�ts	needs	addressed.	It	
�s	also	well	known	that	the	an�mal	welfare,	espec�ally	as	relat�ng	to	the	ante mortem	
stress	exper�enced	by	an	an�mal,	w�ll	result	�n	a	decl�ne	�n	meat	qual�ty	(Mach,	Bach,	
Velarde&	Devant,	2008).	However,	�n	the	develop�ng	world	�n	part�cular,	producers	
frequently	have	no	 �nputs	 �nto	 the	value	cha�n	of	 the	an�mal	 leav�ng	 the	 farm	en 
route	to	the	abatto�r,	nor	do	they	have	any	�nput	on	the	act�v�t�es	assoc�ated	dur�ng	
the	offload�ng,	la�rage	and	ult�mately	stunn�ng	and	k�ll�ng	of	the	an�mal.Hoffman	
and	Lühl(2012),	for	�nstance,noted	that	there	were	numerous	factors	contr�but�ng	to	
the	stress	(bru�s�ng)	of	cattle	dur�ng	the�rtransportat�on	�n	Nam�b�a	that	were	outs�de	
the	 control	 of	 the	 producer.	Add�t�onally,	 Hoffman	 and	 F�sher	 (2010)	 found	 that	
the	 cond�t�on	 of	 the	 roads	 �nfluenced	 the	 stress	 exper�enced	 by	 p�gs	 en route	 to	
the	abatto�r.	S�m�larly,	Huertaset al.	(2010)	also	reported	that	the	cond�t�ons	of	the	
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road	�nfluenced	the	level	of	bru�s�ng	and	thus	the	welfare	of	cattle	 transported	to	
slaughterhouses	�n	Uruguay.	 	Alamet al.	(2010)	found	that	 the	treatment	of	cattle	
and	spent	water	buffalos	�n	Bangladesh	at	the	po�nt	of	sale	and	dur�ng	the	transport	
to	 the	abatto�r	d�d	not	adhere	 to	an�mal	welfare	gu�del�nes.	 	Most	of	 the	welfare	
malpract�ces	noted	was	caused	by	others	along	the	process/value	cha�n	and	not	the	
producer.It	�s	of	further	�nterest	to	note	that	as	from	1	January	2013,	all	countr�es	
export�ng	meat	�nto	the	EU	w�ll	have	to	meet	the	requ�rements	of	Counc�l	Regulat�on	
(EC)	No	1099/2009	(2009),	wh�ch	�ncludes	requ�rements	�n	the	follow�ng	areas:	the	
layout,	construct�on	and	equ�pment	of	slaughterhouses,	handl�ng	and	restra�n�ng	of	
an�mals	and	stunn�ng	and	slaughter	(Cass�dy,	2012).

In	 some	 cases,	 the	 modern	 marketplace	 �tself	 places	 requ�rements	 on	 the	
producers	 that	 are	 actually	 detr�mental	 to	 the	 an�mal’s	 welfare,	 for	 example,	 the	
regulat�ons	 found	 �n	 most	 countr�esrequ�r�ng	 that	 cattle	 be	 �dent�f�ed	 pr�or	 to	
be�ng	slaughtered.		Th�s	pract�ce	results	�n	the	excess�ve	handl�ng	of	cattle	dur�ng	
muster�ng	 �n	 Nam�b�a	 where	 the	 an�mals	 need	 to	 be	 hot	 branded	 for	 ownersh�p	
�dent�f�cat�on	 (Hoffman	 &Lühl,	 2012).	 In	 the	 rev�ew	 by	 Gregory	 (2008),	 �t	 was	
concluded	 that	 the	 add�t�onal	 handl�ng	 �mposed	 by	 check�ng	 l�vestock	 passports	
needs	to	be	recons�dered	and	that	the	use	of	remote	an�mal	�dent�f�cat�on	methods	
may	help	solve	an�mal	welfare	problems	assoc�ated	w�th	 the	 read�ng	of	ear	 tags.	
For	the	modern	consumer,	the	�dea	of	a	wet	market	where	l�ve	an�mals	are	kept	and	
slaughtered	�n	publ�c	�s	abhorrent,	not	only	from	the	perce�ved	�nhumane	treatment	
of	the	an�mals,	but	also	from	the	beast�al�ty	response	�nvoked	when	the	an�mal	�s	
butchered	�n	publ�c.	Gregory	(2008)	expands	on	the	welfare	�ssues	related	to	wet	
markets	such	as	excess	handl�ng	and	rud�mentary	care.

Conclus�on

It	�s	clear	that	as	the	prof�le	of	the	modern	consumer	changes,	the�r	requ�rements	
for	fresh	meat	and	meat	products	are	concurrently	mod�f�ed.		Today,	more	emphas�s	
�s	be�ng	placed	on	the	eth�cal	product�on	of	meat	and	�t	effect	on	the	env�ronment.	
Fortunately	for	the	an�mal	producer,	eth�cal	product�on	and	treatment	for	an�mals	
�s	pos�t�vely	correlated	w�th	good	welfare	pract�ces.	To	meet	the	�ncreas�ng	global	
demand	for	an�mal	prote�n,	producers	w�ll	need	to	become	more	sc�ent�f�c	�n	the�r	
product�on	systems	–	even	when	farm�ng	extens�vely.		An	area	where	there	w�ll	be	
a	rap�d	�ncrease	�n	the	near	future	w�ll	be	the	genet�c	select�on	of	an�mals	to	ensure	
that	the�r	performance	meets	the	requ�rements	of	the	consumer.
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Improving Local Feed Resource to Increase Nutrient Availability 
to Support Sustainable Agriculture

E.R. Ørskov
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Abstract

In temperate zones in so- called developed countries much of the agricultural 
land is used directly for animal feed e.g. grazing.Other crops are grown for winter 
feed e.g. grass for silage and hay, barley for grain and straw and also turnips and 
fodder beet.  In so-called developing countries in subtropical and tropical zones the 
main product is human food and the by-products are used are animal feed.  In some 
work it has been shown that it may be possible to improve the quantity and quality of 
by-products such as straw without affecting the quality and quantity of the primary  
products.  More work is needed on this aspect as plant breeders need to be involved.  
Also methods of using other means to increase nutrient availability for animals have 
been discussed such as using duck and fish in rice fields , manure for biogas  and 
composts e.g. total resource  management.

Keywords: feed evaluation, by-products

Introduct�on	

Animal Feed in so-called developed and developing countries 
In	 so-called	 developed	 countr�es	 much	 of	 the	 agr�cultural	 land	 �s	 used	 for	

produc�ng	feed	for	an�mals.		In	temperate	zones	an�mals		graze	�n	the	summer	and	
other	parts	of	the	land	are	used	to	prov�de	feed	for	an�mals		to	be	used	�n	the	w�nter	
where	an�mals	are	kept	�ndoors.		The	feed	for	w�nter	maybe	s�lage	made	from	land	
produc�ng	s�lage	from	grass	or	hay	from	good	qual�ty	grass.		Some	of	the	agr�cultural	
land	 can	 be	 used	 for	 fodderbeet	 and	 turn�ps	 for	 w�nter	 feed	 for	 an�mals.	 	 Some	
of	 the	gra�n	 	 �s	used	ma�nly	for	an�mals.	 	The	straw	may	be	used	as	an�mal	feed	
and	bedd�ng	�n	w�nter	and	the	barley	gra�n	used	for	concentrate		feed	for	the	farm	
an�mals.		Wheat	ga�n	�s	used	ma�nly	for	human	food.

In	 the	 follow�ng	 I	 w�ll	 concentrate	 more	 on	 an�mal	 feed	 from	 so-called	
develop�ng	countr�es	�n	trop�cal	and	subtrop�cal	areas	of	As�a	,	�nclud�ng	of	course	
Indones�a.		Here	the	ma�n	product	from	agr�cultural	land	�s	human	food	wh�le	the	
by-products	are	used	 for	 an�mal	 feed	 such	as	 	 r�ce	 straw,	wheat	 straw,	 r�ce	bran,	
wheat	bran,	cassava	 leaves,	 sk�n	of	cassava	 roots	etc.Wh�le	 farm	an�mals	ma�nly	
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cattle,	sheep	and	goats	may	be	graz�ng	th�s	would	generally	be	on		non	agr�cultural	
land	such	as	h�lls	and	mounta�ns	and	under	trees	�n	Agroforestry	systems	.		Most	of	
the	farmers	are	small	farmers	and	the	rural	populat�on	�s	far	greater	than	the	urban	
populat�on.

Improvement of local feed resources for animals
I	was	asked	to	speak	about	how	to	�mprove	local	feed	resources	and	here	of	

course	we	must	speak	about	the	ma�n	an�mal	feed	�.e.	the	by-products.		Here	I	have	
some	exper�ence	 from	years	 	 ago!	 	We	developed	a	very	 s�mple	 tool	 to	measure	
the	nutr�t�ve	value	of	feed	for	rum�nants	namely	the	nylon	bag	techn�que	(Ørskov	
and		McDonald	1979.)		Th�s	techn�que	made	�t	poss�ble	to	very	rap�dly	determ�ne	
the	nutr�t�ve	value	of	feed	for	rum�nants	and	one	quest�on	that	came	to	m�nd		was	
whether	�t	was	poss�ble	to	�mprove	the	nutr�t�ve	value	of	straw	w�thout	affect�ng	the	
qual�ty	and	quant�ty	of	gra�n.		We	tested	4	var�et�es	of	barley,	the	results	of	wh�ch	are	
g�ven	�n	Table	1	(Re�d	et al.,	1988).

The	straw	var�et�es	were	g�ven	ad	l�b�tum	to	steers	wh�ch		also	rece�v�ng	1.5	
kg	of	concentrate	da�ly.		It	was	very	clear	that	there	were	qu�te	large	d�fferences	�n	
l�ve	we�ght	ga�n	vary�ng	from	106	to	400g/day.		Also	d�gest�b�l�ty	var�ed	from	40.1	
to	48.4%	and	feed	�ntake	vary�ng	from	3.4	to	5.2	kg	per	day	

A	student	from	Ind�a	also	tested	2	var�et�es	of	r�ce	straw	(Wall�	et al	1998).		In	
the	exper�ment	descr�bed	�n	Table	1	there	were	no	d�fferences	�n	gra�n	y�eld			but		
on	the	whole,		plant	breeders	have	pa�d	no	attent�on	to	the	results	and	not	selected	
for	straw	qual�ty		putt�ng	all	attent�on	to	gra�n	y�eld	and	qual�ty.	In	Indones�a	r�ce	
straw	�s	probably	the	most	�mportant	source	of	roughage	and	plant	breeders	could	
pay	more	attent�on	 to	whether	 the	qual�ty	can	be	 �mproved	w�thout	affect�ng	 the	
quant�ty	and	qual�ty	of	r�ce	gra�ns.	There	may	well	be	other	by-products	as	ment�oned	
above	wh�ch	could	be	�mproved	by	select�on		w�thout	affect�ng	the	ma�n	product.	
As	ment�oned	before,there	are	s�mple	techn�ques	such	as		us�ng	nylon	bags	or	gas	
product�on	wh�ch	can	be	used	to	rap�dly	access	the	nutr�t�ve	value	of	the	feed.	Plant	

Table	1.	Effect	of	var�ety	of	barley	on	straw	ut�l�zat�on	by	steers	also	fed	1.5	kg	of	concentrate		
per	day

Var�ety Intake	dry	
matter	kg/d D�gest�b�l�ty Metabol�sable	

Energy	MJ/kg
Growth	rate	

g/d

Gerb�l 3.43 40.9 7.23 106
Igr� 3.56 41.21 7.16 126
Golden	Prom�se 4.43 45.2 7.35 198
Corg� 5.16 48.4 7.82 400
SE 0.18 		1.2 - 40
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breeders	and	an�mal	nutr�t�on	experts	need	to	work	together	to	�ncrease	the	value	of	
the	crop	by-products.

Storage of by-products
Dur�ng	parts	of	the	year	there	maybe	an	excess	of	by-products	so	storage	�s	

needed.		Aga�n	there	ex�st		many	methods	wh�ch	depend	on	type	of	feed,	cl�mate	etc.		
Straw	can	be	stored	eas�ly	�f	dry	and	straw	stacks	made	so	that	ra�n	cannot	penetrate	
them.	For	r�ce	straw	there	�s	somet�mes	a	problem	as	r�ce		�s	grown	�n	wet	f�elds.		
It	�s	also	poss�ble	to	store	�n	wet	form.	If	urea	�s	relat�vely	cheap	�t	can	be	used	to	
spray	on	the	straws	at	about	4%	of	dry	matter.	Then	the	wet	straw	conta�n�ng	urea	
can	be	covered	w�th	plast�c	the	urea	w�ll	hydrolyze	to	ammon�a	wh�ch	not	only	w�ll	
preserve	wet	straw	but	also	due	to	the	alkal�	make	�t	more	d�gest�ble	so	an�mals	can	
eat	much	more	of	�t,	maybe	50%	more	dry	matter	compared		to		untreated	straw.		
Some	by-products	h�gh	 �n	 soluble	 carbohydrate	maybe	preserved	as	 s�lage	 �f	 the	
carbohydrate	can	ferment	to	g�ve	a	low	pH.

Type of animal and animal products
For	many	small	farmers	small	rum�nants	e.g.	goats	and	sheep	are	very	�mportant.		

They	also	serve	as	secur�ty	or	a	type	of	bank.	The	feeds	for	small	rum�nants	are	often	
d�fferent	from		those	needed	by	large	rum�nants.	Goats	�n	part�cular	are	very	select�ve	
and	very	good	at	eat�ng	leaves	from	branches	of	trees	wh�ch		often	form		part	of	the�r	
food.		Many	trees	part�cularly	legum�nous	trees	e.g.	Leucaena,	Cal�andra,	Glyr�c�d�a	
etc,	 have	 add�t�onal	 advantages	 �n	 conta�n�ng	 tann�ns	 wh�ch	 have	 ant�-paras�t�c	
propert�es	and	help	to		reduce		problems	of	gut	nematodes	and	cocc�d�a	(Mu�	et al	
2005).		M�lk	from	goats	�s	generally	very	much	�n	demand.	In	many	areas	goat	k�ds	
are	g�ven	m�lk	from	cattle	as	goat	m�lk	can	be	sold	for	cons�derably		more	than	cattle	
m�lk.

If	r�ce	�s	the	ma�n	product	�t	�s	also	poss�ble	to	let	ducks	do	the	weed�ng	of	the	
f�eld	�nstead	of	us�ng	herb�c�des	and	pest�c�des.	Ducks	w�ll	excrete	manure	�n	the	
r�ce	f�eld	wh�ch	�n	turn	can	fert�l�ze	plankton	wh�ch	can	be	eaten		by	f�sh.		In	V�etnam	
(M�nh	et al	2006)	showed	that	us�ng	th�s	techn�que	farmers	�ncome		can	be	�ncreased	
several	fold	and	even	r�ce	y�eld		�s	�ncreased	w�thout	the		need	for	herb�c�des.

Another	aspect	wh�ch	can	�ncrease	�ncome	for	small	farmers	�s	�nstallat�on	of	
small	un�ts	for	b�ogas	product�on.	These	un�ts	are	very	�mportant	�n	V�etnam	and	
Ind�a	and	are		�ncreas�ng	�n	Indones�a.The	manure	from	an�mals		can	be	fermented	
to	y�eld	methane	for	cook�ng	and	the	b�ogas	slurry	can	be	used	as	a	fert�l�ser	or	�n	
some	areas	w�th	plenty	of	water	�t	can	go	through	f�sh	ponds	to	feed	the	plankton	
for	 f�sh	 product�on.Thereafter	 that	 the	 water	 from	 the	 f�sh	 pond	 can	 be	 used	 for	
fert�l�zer.
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Conclus�on

There	are	 several	opt�ons	ava�lable	 �n	 so-called	develop�ng	countr�es	 to	 �m-
prove	 the	 eff�c�ency	 and	 quant�ty	 of	 nutr�ents	 for	 susta�nable	 an�mal	 product�on.	
S�nce	 an�mal	 feed	here	 cons�sts	ma�nly	of	 crop	by-products	more	work	needs	 to	
be	done	to	understand	the	poss�b�l�t�es	of	 �mprov�ng	the	quant�ty	and	qual�ty	and	
by-products	w�thout	affect�ng	quant�ty	and	qual�ty	of	ma�n	products	for	human	con-
sumpt�on.		It	�s	also	necessary	to	know		how	best	to	preserve	and	�mprove	the	qual�ty	
of	by	products		externally		for	�nstance	by	us�ng		urea.	Other	opt�ons	depend	on	so�l,	
cl�mate	and	soc�o-econom�c	c�rcumstances.
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Abstract

There has been a history of dairy development programs in tropical Asia that 
have either failed or required major revisions, for a variety of reasons.  There have 
been obvious biological factors such as overestimating the level of performance of 
milking stock, or underestimating the required farm inputs to achieve targets for 
milk production and reproduction. All too often these programs suffer because of 
incorrect assumptions on the impact of the tropical environment on cow comfort, 
animal health, feed quality or cow appetites. However the most common reason is 
the lack of proper planning, both long and short term. This review discusses planning 
requirements for three scenarios, namely regional programs, “greenfield” sites and 
trouble shooting problems on existing farm developments.       

Keywords: dairy development programs, on farm dairy programs, planning

Introduct�on

The	 last	 20	 years	 of	 da�ry	 research,	 development	 and	 extens�on	 �n	 many	
Western	 countr�es	 has	 produced	 qu�te	 soph�st�cated	 da�ry	 product�on	 systems.	
Herd	s�zes	have	grown,	eff�c�ent	feed�ng	systems	have	evolved	and	many	farmers	
rout�nely	mon�tor	test	results	on	the�r	cows	for	m�lk	product�on,	compos�t�on	and	
qual�ty	 and	 for	mast�t�s.	They	 then	use	 th�s	 �nformat�on	 for	mak�ng	dec�s�ons	on	
cull�ng	m�lk�ng	cows	and	for	breed�ng	genet�cally	�mproved	stock.	H�gh	labour	costs	
have	led	to	much	mechan�sat�on,	such	as	mach�ne	m�lk�ng,	forage	conservat�on	and	
feed�ng	stock,	wh�le	cows	graz�ng	at	pasture	are	able	harvest	the�r	own	forages	more	
eff�c�ently	than	can	farmers.		Low	populat�on	pressures,	hence	relat�vely	cheap	land,	
have	allowed	farms	�n	Western	countr�es	to	expand	�n	both	s�ze	and	cow	numbers.

Unfortunately	th�s	has	not	been	the	case	for	small	holder	da�ry	farmers	�n	most	
As�an	countr�es.		Be�ng	�n	the	trop�cs,	feed	qual�ty	suffers	from	h�gh	temperatures,	
hum�d�t�es	and	often	strongly	seasonal	ra�nfall	patterns.	Da�ry	cows	are	temperate	
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an�mals	w�th	thermo	neutral	(comfort)	zones	closer	to	10°C	than	to	30°C.		Furthermore,	
h�gh	hum�d�t�es	reduce	feed	�ntakes	wh�ch	exaggerate	 the	adverse	effects	of	h�gh	
f�bre	forages	on	appet�te.		A	good	measure	of	heat	stress,	the	Temperature	Hum�d�ty	
Index,	shows	m�lk�ng	cows	�n	the	lowlands	of	the	hum�d	trop�cs	to	be	�n	the	“h�gh	
stress”	 and	 “reduced	 performance”	 zones	 for	 much	 of	 most	 days	 throughout	 the	
year.		Many	da�ry	spec�al�sts	correctly	argue	that	potent�ally	h�gh	performance	da�ry	
breeds,	such	as	Fr�es�ans,	may	not	necessar�ly	be	the	best	cattle	genotype	for	trop�cal	
reg�ons,	except	�n	h�ghland	areas	or	those	w�th	low	hum�d�t�es.

There	are	many	soc�o-econom�c	reasons	why	the	eff�c�ency	of	small	holder	da�ry	
farm�ng	�n	As�a	has	not	greatly	�mproved	over	the	last	two	decades.		Granted,	numbers	
of	cows	has	greatly	�ncreased	�n	most	As�an	countr�es,	largely	through	government	
support	for	soc�al	welfare	and	rural	development	programs.	The	�ncreased	demand	
for	m�lk	(accentuated	through	school	m�lk	programs)	and	the	concept	of	nat�onal	food	
secur�ty	are	the	dr�v�ng	forces	beh�nd	most	da�ry	development	�n�t�at�ves.		However	
�n	terms	of	feed	�nputs	per	kg	of	m�lk	produced	or	farm	m�lk	outputs,	�mprovements	
have	been	slow.		Th�s	�s	demonstrated	by	the	�nab�l�ty	of	v�rtually	all	da�ry	�ndustr�es	
�n	SE	As�an	 to	markedly	 �mprove	 the�r	self-suff�c�enc�es	 �n	m�lk	over	 the	 last	10	
years	(Moran	2009)	hence	reduce	the�r	rel�ance	on	�mported	da�ry	products.

In	 add�t�on	 to	 the	 above	 b�olog�cal	 constra�nts,	 the	 other	 major	 problem	 to	
ach�ev�ng	nat�onal	da�ry	development	product�on	targets	has	unfortunately	been	a	
common	human	fa�l�ng,	namely	an	 �nab�l�ty	 to	properly	plan	 for	 such	 �n�t�at�ves,	
�n	 the	 short	 as	 well	 as	 the	 long	 term.	Th�s	 paper	 d�scusses	 th�s	 problem	at	 three	
levels,	f�rstly	at	a	reg�onal	da�ry	program	level,	secondly	a	“greenf�eld”	or	new	farm	
development	 level	and	th�rdly,	 trouble	shoot�ng	an	ex�st�ng	da�ry	farm	that	 �s	not	
perform�ng,	even	to	expectat�ons.	Many	reg�onal	da�ry	development	projects	�nvolve	
the	construct�on	of	a	ser�es	of	med�um	to	large	scale	da�ry	farms	(say	from	200	to	
1000	m�lk�ng	cows)	frequently	on	a	“greenf�eld”	s�te	or	one	w�th	l�ttle	ex�st�ng	da�ry	
�nfrastructure.		The	th�rd	level	occurs	all	too	often	when	poor	plann�ng	has	resulted	�n	
a	new	or	ex�st�ng	farm	that	does	not	ach�eve	real�st�c	product�on	and	prof�t	targets.			

The	�mportance	of	long	term	plann�ng	�s	paramount	�n	any	da�ry	development	
program.	We	often	hear	the	comment	“Fa�l�ng	to	plan	�s	plann�ng	to	fa�l”.		Unfortu-
nately	th�s	appl�es	to	much	of	the	da�ry	development	around	trop�cal	SE	As�a.	

Plann�ng	da�ry	programs

Regional dairy programs
A	common	problem	w�th	many	reg�onal	da�ry	development	programs	 �s	 the	

des�re	to	�ntroduce	the	stock	long	before	the	�nfrastructure	has	been	fully	prepared	to	
support	them.	Import�ng	pregnant	da�ry	he�fers	prov�des	a	small	w�ndow	of	opportu-
n�ty	for	the�r	eventual	calv�ng	and	m�lk	product�on,	but	all	too	often	th�s	w�ndow	�s	
too	small	to	prepare	for	the�r	change	to	a	lactat�ng	cow,	requ�r�ng	opt�mum	feed�ng	
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and	herd	management	to	settle	�nto	the�r	new,	often	more	host�le,	env�ronment.	
F�gure	1	l�sts	ten	steps	that	should	be	followed	�n	any	large	scale	reg�onal	da�ry	

development	program.	It	�s	essent�al	to	organ�se	markets,	m�lk	processors,	phys�cal	
and	soc�al	�nfrastructure	before	�ntroduc�ng	stock.	The	actual	cost	of	m�lk	produc-
t�on	cannot	be	determ�ned	unt�l	the	stock	are	on	s�te	and	the�r	actual,	rather	than	the�r	
pred�cted,	levels	of	performance	and	requ�red	�nputs	can	be	quant�f�ed.	

An	add�t�onal	step	that	overr�des	the	success	of	all	those	�n	F�gure	1	�s	a	planned	
and	ongo�ng	supply	of	f�nances	 to	ensure	each	step	actually	occurs	“on	t�me	and	
on	budget”.	Th�s	requ�res	a	long	term	comm�tment	from	f�nanc�ers	well	before	the	
program	starts.	Th�s	budget	must	 �ncorporate	 real�st�c	 levels	of	cow	performance	
based	on	local	�nformat�on	or	est�mates	and	not	those	from	other,	generally	temperate	
and	hence	less	stressful,	env�ronments.		The	budget	obv�ously	needs	to	�ncorporate	a	
cash	flow	as	well	as	long	term	loan	repayments	and	should	not	plan	for	any	prof�ts	
for	several	years	�nto	the	programmed	development.

A “greenfield” or new farm development site
Convert�ng	a	greenf�eld	s�te	�nto	a	prof�table	and	susta�nable	da�ry	farm	also	

requ�res	careful	plann�ng.		The	steps	to	take	are	s�m�lar	to	those	�n	F�gure	1	except	
that	several	of	them	would	be	taken	for	granted.	For	example,	one	would	assume	
that	there	�s	an	ex�st�ng	market	and	m�lk	processors	(Steps	1	and	2)	or	at	least	one	
that	w�ll	def�n�tely	develop	�n	t�me	to	ut�l�se	the	raw	m�lk	from	the	new	farm.		En-
sur�ng	a	susta�nable	 feed	supply	 (Step	3)	and	su�table	staff	 (both	manager�al	and	
general	farm	staff,	Steps	4	and	5)	are	essent�al	pr�or	to	�ntroduc�ng	the	stock.		

Step	6,	tra�n�ng	the	staff,	could	be	taken	for	granted	as	that	would	have	been	
ascerta�ned	pr�or	to	the	project	start�ng.	The	bas�c	fac�l�t�es	must	be	constructed	be-
fore	the	stock	arr�ve.	Of	greatest	�mportance,	the	assurance	of	suff�c�ent	and	t�mely	
supply	of	f�nances	�s	essent�al	to	ensure	the	project	does	not	stall	at	any	step	along	
the	way.

Probably	the	most	�mportant	dec�s�on	that	needs	to	be	made	for	a	greenf�eld	
s�te	�s	the	proposed	stock�ng	capac�ty,	that	�s	the	number	of	m�lk�ng	cow	un�ts	to	
be	ma�nta�ned	per	ha	of	forage	product�on	area.		One	m�lk�ng	cow	un�t	�s	one	adult	
cow	plus	20%	of	�ts	replacement	he�fer,	that	�s	assum�ng	a	20%	replacement	rate	per	
annum.		The	farm	should	a�m	to	supply	as	much	of	the	annual	forage	requ�rements	
as	poss�ble,	to	g�ve	the	farm	management	team	more	control	over	the	supply	and	
qual�ty	of	such	forages	than	�f	they	have	to	be	purchased	off	farm.		The	hardest	part	
of	th�s	dec�s�on	process	�s	the	assumpt�on	of	annual	growth	rates	of	such	forages.		
Th�s	has	been	d�scussed	�n	deta�l	by	Moran	(2005),	who	has	concluded	that	to	ensure	
all	 forages	 can	 be	 grown	 on	 farm,	 such	 target	 stock�ng	 capac�t�es	 should	 range	
from	7	to	10	m�lk�ng	cow	un�ts	per	ha	forage	product�on	area.		Once	th�s	has	been	
dec�ded,	then	a	more	real�st�c	calculat�on	can	be	made	of	the	total	tonnages	of	forage	
that	need	to	be	purchased.		The	annual	requ�rements	for	the	other	major	da�ry	feed,	
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namely	concentrates	(e�ther	formulated	or	sourced	as	raw	�ngred�ents)	also	needs	to	
be	ascerta�ned	so	that	long	term	sources	can	be	assured	early	�n	the	project.		

F�gure	1.		The	ten	steps	to	be	followed	�n	any	reg�onal	da�ry	development	program

Net	cash	flow	means	an	est�mate	of	farm	expenses	as	well	as	farm	�ncome.		
The	major�ty	of	cash	 �s	generated	by	 the	sale	of	m�lk.	The	shape	of	 the	 lactat�on	
curve	(Moran	2005)	means	that	th�s	can	only	be	cons�stent	from	month	to	month	
w�th	careful	plann�ng	to	source	da�ry	stock	at	several	t�mes	dur�ng	the	early	years	of	
the	project,	and	not	all	at	once.		All	too	often	such	greenf�eld	projects	fa�l	altogether	
or	 requ�re	major	 cash	 flow	 rev�s�on	because	 all	 the	 stock	were	 �ntroduced	at	 the	
same	t�me.		
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Hitting the “white wall”
The	above	h�ghl�ghts	a	class�c	scenar�o	where	“new”	farmers	enjoy	a	rap�dly	

�ncreas�ng	cash	flow	when	all	cows	calf	down	over	a	short	t�me	frame.		The	farmer	
often	 then	 �ncreases	 h�s	 cash	 �nput,	 somet�mes	 �nto	 lower	 pr�or�ty	 �nvestments,	
neglect�ng	 the	 most	 �mportant	 ones,	 such	 as	 ma�nta�n�ng	 a	 h�gh	 qual�ty	 (hence	
h�gh	�ntake)	rat�on	as	cows	approach	m�d	and	late	lactat�on	and	ensur�ng	opt�mum	
reproduct�ve	 performance	 (us�ng	 fert�le	 bulls	 rather	 than	 depend�ng	 ent�rely	 on	
art�f�c�al	�nsem�nat�on	and	ensur�ng	all	f�eld	staff	develop	sk�lls	�n	heat	detect�on).		
Pers�stency	 of	 m�lk	 product�on	 (as	 quant�f�ed	 by	 the	 average	 monthly	 decl�ne	 �n	
m�lk	y�eld	from	peak)	�s	one	of	the	often	neglected,	key	measures	of	success	of	a	
feed�ng	program.		It	should	be	of	the	order	of	8%	rather	than	the	all	too	common	
12%	or	more	(Moran	2005).

All	too	often	herd	m�lk	product�on	rap�dly	decrease	as	cows	move	�nto	the�r	
less	product�ve	phases	of	the�r	lactat�on	phase,	reduced	cash	flows	follow	and	the	
farm’s	net	�ncome	decl�nes	to	such	an	extent	that	�t’s	long	term	v�ab�l�ty	may	be	at	
r�sk.		Such	scenar�os	are	rarely	made	publ�c	as	nat�onal	pr�de	can	be	at	stake,	hence	
�t	�s	often	repeated	by	new,	�nexper�enced	�nvestors	�n	da�ry	development.
		
Trouble shooting an existing dairy farm

Th�s	can	cause	the	b�ggest	problem	because	errors	�n	des�gn	and	construct�on	
of	fac�l�t�es,	shortfalls	�n	suppl�es	of	feeds,	part�cularly	forages,	and	�nadequac�es	�n	
manag�ng	the	stock	may	have	already	�ntroduced	constra�nts	on	potent�al	cow	and	
farm	performance.		We	w�ll	d�scuss	th�s	us�ng	a	theoret�cal	case	study	based	on	an	
actual	s�tuat�on.				

A	150	m�lk�ng	cow	free	stall	barn	farm	was	establ�shed	us�ng	pregnant	grade	
Fr�es�an	 he�fers,	 all	 �mported	 at	 the	 same	 t�me,	 �n	 a	 hot	 hum�d	 env�ronment	 �n	
trop�cal	SE	As�a.	Insuff�c�ent	area	was	allocated	to	forage	product�on	and	very	few	
staff	had	had	much	exper�ence	w�th	trop�cal	da�ry	farm�ng.	W�th�n	�ts	f�rst	5	months	
of	 operat�on,	 m�lk�ng	 stock	 were	 suffer�ng	 from	 severe	 we�ght	 loss,	 stock	 (cows	
and	 calves)	 were	 dy�ng,	 m�lk	 y�elds	 fell	 to	 average	 only	 7	 kg/d,	 cows	 were	 not	
cycl�ng	post-partum	and	there	were	�ncreas�ng	new	cases	of	mast�t�s	occurr�ng	every	
month.

Over	 the	follow�ng	5	months	the	farm	management,	w�th	consultant	adv�ce,	
were	 prepared	 to	 �nvest	 �n	 a	 ser�es	 of	 farm	 �mprovements	 wh�ch	 had	 dramat�c	
benef�c�al	 effects	of	 cow	and	 farm	performance.	M�lk	y�elds	 and	body	cond�t�on	
�ncreased	and	the	cows	started	cycl�ng.		These	farm	�mprovements	�ncluded:

•	 Develop�ng	more	area	for	forage	product�on
•	 Introduc�ng	 a	 m�xer	 wagon	 to	 allow	 for	 blend�ng	 the	 �ngred�ents	 and	

mechan�cal	feed	del�very
•	 Concentrat�ng	 on	 rat�on	 formulat�on	 to	 balance	 energy,	 prote�n	 and	 other	

nutr�ent	suppl�es
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•	 Introduc�ng	a	fermentable	energy	and	a	rumen	degradable	prote�n	source
•	 Incorporat�ng	a	small	amount	of	r�ce	straw	�n	the	d�et	to	prov�de	phys�cally	

effect�ve	f�bre
•	 Formulat�ng	lower	cost	rat�ons	to	reduce	feed	costs
•	 Improv�ng	new	born	calf	hyg�ene	and	colostrum	feed�ng
•	 Rout�nely	Cal�forn�an	Mast�t�s	Test�ng	cows	followed	by	ant�b�ot�c	treatment	

of	subcl�n�cal	mast�t�s	cases	and	cull�ng	chron�cally	�nfested	cows
•	 Purchas�ng	bulls	for	natural	mat�ng,	rather	than	plann�ng	to	pract�ce	art�f�c�al	

�nsem�nat�on
•	 Install�ng	 a	 water	 spr�nkler	 system	 and	 cool�ng	 fans	 for	 better	 cl�mate	

control
•	 Introduc�ng	record�ng	systems,	us�ng	both	note	books	and	computer	software,	

to	more	closely	mon�tor	da�ly	management	pract�ces	
•	 Establ�sh�ng	a	computer	system	to	quant�fy	m�lk	�ncome	less	feed	costs	and	

the	proport�on	of	feed	consumed	by	non-product�ve	stock	each	day
•	 Sell�ng	off	bull	calves	and	cull	stock
•	 In�t�at�ng	regular	faecal	and	blood	sampl�ng	and	vacc�nat�on	protocols	for	

better	d�sease	management
•	 Us�ng	 pregnancy	 d�agnos�s	 and	 record	 keep�ng	 for	 better	 reproduct�ve	

management
•	 Import�ng	pregnant	stock	w�th	a	range	of	expected	calv�ng	dates
•	 Improv�ng	on	farm	b�osecur�ty	

Over	a	12	week	per�od,	follow�ng	these	�mproved	management	pract�ces:
•	 The	number	of	cows	dy�ng	decreased	from	5	per	week	to	zero
•	 Feed	�ntakes	�ncreased	from	8.4	to	15.0	kg	DM/cow/day
•	 Average	m�lk	y�elds	�ncreased	from	6.4	to	13.6	L/cow/day
•	 Body	cond�t�on	scores	�mproved	from	2.3	to	5.6	un�ts	(out	of	8)
•	 The	farm	manager	s�gned	the	consultant	up	for	a	further	per�od
•	 The	owner	was	seen	more	often	w�th	a	sm�le	on	h�s	face

Importing dairy stock from overseas
Very	rarely,	�f	at	all,	can	da�ry	development	programs	rely	on	natural	�ncreases	

of	he�fers	to	populate	the	new	reg�ons.		Calf	mortal�t�es	are	just	too	h�gh	�n	most	SE	
As�an	countr�es.		For	example,	Moran	(2011)	rev�ewed	the	publ�shed	data	conclud�ng	
that	a	range	of	15	to	25%	pre-wean�ng	and	early	post-wean�ng	mortal�ty	rates	would	
be	typ�cal	on	many	trop�cal	da�ry	farms,	�n	contrast	to	the	3	to	5%	cons�dered	normal	
on	well	managed	da�ry	farms	�n	developed	temperate	countr�es.	Such	h�gh	mortal�ty	
rates	would	also	be	�nd�cat�ve	of	large	numbers	of	surv�v�ng	calves	that	have	suffered	
permanent	health	problems	lead�ng	to	reduced	l�fet�me	performance.	Therefore	the	
only	way	to	source	more	da�ry	stock	 to	 �mprove	farm	and	reg�onal	m�lk	outputs,	
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assum�ng	they	can	be	fed	adequately,	�s	through	an	act�ve	program	of	�mportat�on.		
Austral�a	and	New	Zealand	seem	to	be	the	countr�es	of	cho�ce,	although	Tha�land	
also	has	an	act�ve	da�ry	he�fer	export	market	espec�ally	to	Malays�a	and	V�etnam.

When	cons�der�ng	�mportat�ons	of	da�ry	he�fers,	there	are	two	major	dec�s�ons	
to	be	made,	namely	what	genotype	�s	the	most	su�table	and	what	age	should	they	
be	on	arr�val.		Unfortunately	all	too	often,	the	f�rst	�s	cons�dered	a	“g�ven”	by	many	
dec�s�on	makers	who	plan	da�ry	development	pol�c�es.		That	�s,	they	must	be	“black	
and	wh�te”!		If	the	da�ry	reg�on	�s	�n	the	h�ghlands	(say	above	800	to	1000	m	above	
sea	level)	and	or	�n	a	reg�on	w�thout	extremes	�n	temperature	and	hum�d�ty,	th�s	�s	
often	the	correct	dec�s�on.		However	there	seems	l�ttle	po�nt	�n	request�ng	Fr�es�an	
he�fers	out	of	dams	that	have	produced	5000	L	m�lk	per	lactat�on,	because	�t	�s	h�ghly	
unl�kely	that	the	�mported	he�fers	or	the�r	progeny	w�ll	be	managed	well	enough	to	
ach�eve	such	m�lk	y�elds,	part�cularly	�f	they	are	to	be	run	on	smallholder	farms.		In	
most	cases,	any	da�ry	genotype	�mported	from	a	developed	country	�s	l�kely	to	be	of	
h�gher	genet�c	mer�t	that	the	typ�cal	m�lk�ng	cow	�n	trop�cal	As�a.	

Jerseys	or	the�r	crosses	should	be	ser�ously	cons�dered	�n	trop�cal	da�ry	systems	
when	cl�mate	constra�nts	are	apparent	and/or	when	feed�ng	and	herd	management	�s	
very	much	sub	opt�mum.	They	are	smaller,	hence	have	lower	ma�ntenance	requ�re-
ments,	have	better	cl�mat�c	tolerance	(due	both	to	lower	m�lk	y�elds	and	phys�cal	
character�st�cs	such	as	sweat	gland	dens�ty	and	sk�n	colour)	and	often	better	repro-
duct�ve	performance.	In	areas	where	prem�ums	encourage	farmers	to	produce	m�lk	
w�th	h�gher	sol�ds	content,	Jerseys	also	outdo	Fr�es�ans.		There	are	other	da�ry	breeds	
that	seem	to	perform	better	than	Fr�es�ans	�n	the	torr�d	trop�cs	such	as	Brown	Sw�ss,	
or	synthet�c	breeds	such	as	Austral�an	Fr�es�an	Sah�wals	or	the	G�rolanda	(from	Bra-
z�l),	wh�le	the	purebred	Sah�wal	(from	Pak�stan)	just�f�es	further	cons�derat�on.

The	other	dec�s�on	to	make	�s	whether	to	�mport	pregnant	he�fers	or	yearl�ng	
(v�rg�n)	he�fers.		Pregnant	he�fers	are	the	most	favoured	because	farmers	get	“two	for	
the	pr�ce	of	one”,	assum�ng	the	foetus	�s	a	da�ry	genotype.		In	add�t�on	as	the	he�fer	
�s	pregnant	(at	least	d�agnosed	as	pregnant)	she	does	not	have	to	be	mated	soon	on	
arr�val	at	her	new	home	where	there	�s	no	guarantee	that	she	w�ll	eas�ly	conce�ve.			
However	w�th	only	a	few	months	to	adapt	to	her	new	env�ronment,	there	�s	also	no	
guarantee	that	that	he�fer	w�ll	become	a	long	term	member	of	the	m�lk�ng	herd	once	
she	calves	down.		All	too	often	one	hears	stor�es	of	very	h�gh	numbers	(up	to	30	or	
40%)	of	�mported	he�fers	be�ng	culled	and	slaughtered	after	hav�ng	only	one	calf.		
The	most	l�kely	reason	�s	that	her	poor	feed�ng	management	post-calv�ng	and	her	
h�gher	genet�c	propens�ty	to	ut�l�se	body	reserves	to	produce	m�lk,	have	comb�ned	to	
result	�n	anoestrus	for	many,	many	months	post	calv�ng.		Such	an�mals	have	become	
very	expens�ve	da�ry	beef	an�mals.		In	the	long	run,	yearl�ng	he�fers	may	be	better	
econom�c	propos�t�ons	than	pregnant	he�fers.	

Lastly	and	of	equal	�mportance	when	�mport�ng	da�ry	stock	�nto	trop�cal	As�a,	
are	�ssues	of	an�mal	health.		All	countr�es,	both	�mport�ng	and	export�ng	countr�es	
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have	d�sease	management	protocols.		Such	protocols	must	be	str�ctly	enforced	and	
regularly	 rev�ewed,	 �n	case	of	new	d�sease	outbreaks	 �n	countr�es	of	or�g�n.	Foot	
and	mouth	d�seases	and	brucellos�s	are	 the	 two	most	commonly	 talked	about	but	
there	are	others	to	cons�der.		In	one	recent	example,	two	d�seases,	namely	bov�ne	
v�ral	d�arrhoea	(BVD)	and	�nfect�ous	bov�ne	rh�notrache�t�s	(IBR)	were	�solated	�n	
v�rtually	every	aborted	foetuses	ar�s�ng	from	one	�mportat�on.		These	can	have	long	
last�ng	adverse	 �mpacts	on	cow	performance	so	requ�re	add�t�onal	surve�llance	to	
ensure	they	do	not	enter	the	country	w�th	the	cons�gnment.											

Conclus�ons

Da�ry	farm�ng	would	have	to	be	one	of	the	most	soph�st�cated	forms	of	l�ve-
stock	product�on	�n	the	world	and	should	only	be	undertaken	after	careful	and	log�-
cal	plann�ng,	and	w�th	expectat�ons	of	a	long	term	�nvestment	before	prof�ts	accrue.		
To	 be	 successful,	 such	 development	 programs	 must	 �nvolve	 sourc�ng,	 or	 at	 least	
seek�ng	support	from,	personnel	w�th	proven	exper�ence	�n	both	da�ry	farm�ng	prac-
t�ces	and	da�ry	farm	bus�ness	management.		Much	can	be	learnt	from	the	l�tany	of	
fa�led	da�ry	development	projects	 throughout	 trop�cal	As�a	so	 these	m�stakes	w�ll	
not	be	repeated,	as	unfortunately	occurs	all	too	often.					
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Introduct�on	

M�lk	�s	an	essent�al	and	perfect	food	for	mammal�an	�nfants	to	promote	the�r	
appropr�ate	 and	 healthy	 development	 dur�ng	 the	 lactat�on	 per�od.	 The	 b�olog�cal	
role	of	m�lk	�s	ensured	by	a	broad	spectrum	of	�ngred�ents	such	as	carbohydrates,	
l�p�ds,	prote�ns,	m�nerals,	and	v�tam�ns,	wh�ch	prov�de	a	r�ch	nutr�t�onal	source	and	
confer	pass�ve	 �mmun�ty	 to	newborns.	Bes�des,	 some	of	m�lk	components	 act	 as	
“messengers”	 to	 tr�gger	 �nnate	 behav�ors	 (e.g.,	 suckl�ng	 behav�or)	 (Schaal	 et al.,	
2003)	and	metabol�c	development	(e.g.,	thermogenes�s	�n	ad�pose	t�ssues)	(Hondares	
et al.,	2010)	�n	newborns.	Among	the	m�lk	components,	several	m�lk	prote�ns	play	
s�gn�f�cant	 roles	 �n	 carry�ng	 nutr�t�onal	 and	 b�oact�ve	 substances.	 Case�ns,	 the	
most	 abundant	 m�lk	 prote�ns,	 may	 be	 taken	 as	 carr�er	 prote�ns	 �n	 a	 broad	 sense,	
because	many	b�oact�ve	pept�des	are	encrypted	w�th�n	�ts	sequence	and	are	released	
by	 the	act�on	of	d�gest�ve	enzymes	 �n	 the	gastro�ntest�nal	 tract	of	 �nfants	 (Me�sel	
and	Bockelmann,	1999),	and	moreover	they	can	b�nd	calc�um	�ons.	However,	only	
carr�er	 prote�ns	 that	 are	 capable	of	 b�nd�ng	nutr�t�onal	 or	 b�oact�ve	 substances	 �n	
whey	are	focused	here.

Whey	�s	a	clear	and	e�ther	almost	no	color	or	shallow	yellow	l�qu�d	wh�ch	can	
be	obta�ned	by	a	removal	of	case�n	from	sk�mmed	m�lk,	conta�n�ng	carbohydrates,	
pept�des,	 prote�ns,	m�nerals,	 and	v�tam�ns.	 It	 �s	well	 known	 that	 the	major	whey	
proteins are immunoglobulins, serum albumin, α-lactalbumin, and β-lactoglobulin 
(lack�ng	�n	human	and	camel	m�lk),	however,	recent	proteom�c	research	revealed	that	
approx�mately	150	prote�ns	are	present	�n	bov�ne	whey	�nclud�ng	these	major	whey	
prote�ns	(D’Amato	et al.,	2009).	There	are	�ndeed	many	b�nd�ng	prote�ns	�n	m�lk,	
�nclud�ng	carbohydrate-,	�on-,	v�tam�n-,	and	l�p�d-b�nd�ng	prote�ns,	some	of	wh�ch	
are	supposed	to	be	carr�er	prote�ns.	Common	ab�l�t�es	of	the	carr�er	prote�ns	are	�n	
b�nd�ng	 and	 solub�l�zat�on	 of	 poorly	 water-soluble	 substances,	 wh�ch	 are	 w�dely	
d�verse,	and	hence	the�r	phys�olog�cal	funct�ons	usually	show	very	broad	spectra.

In	 th�s	 paper,	 bas�c	 knowledge	 of	 b�ochem�cal	 propert�es	 and	 phys�olog�cal	
funct�ons	of	major	carr�er	prote�ns	so	far	known	�n	m�lk	(Table	1)	are	rev�ewed,	and	
then	the�r	potent�al	use	for	appl�cat�on	�s	d�scussed.
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Carr�er	Prote�ns	�n	M�lk

α1-Acid glycoprotein
α1-Ac�d	glycoprote�n	(AGP)	�s	a	heav�ly	glycosylated	41	–	43	kDa	prote�n	w�th	

a	pI	of	2.8	–3.8	(Fourn�er	et al.,	2000).	Molecular	mass	of	prote�n	mo�ety	of	bov�ne	
AGP	�s	23	kDa,	therefore	�ts	carbohydrate	content	accounts	for	about	45%	of	the	
total	we�ght	of	the	whole	molecule.	AGP	�s	expressed	�n	hepatocytes	and	secreted	
�nto	 blood;	 �ts	 express�on	 level	 �ncreases	 several-fold	 �n	 acute	 phase	 response	 to	
system�c	react�on	caused	by	t�ssue	�njury,	�nflammat�on,	pathogen�c	�nfect�on,	and	
trauma	(Cec�l�an�	et al.,	2005).	It	�s	l�kely	that	several	AGP	�soforms	�n	m�lk	are	not	
der�ved	 from	blood	plasma	but	 from	mammary	ep�thel�al	 cells	 and	 somat�c	 cells	
(Gendler	et al.,	1982;	Cec�l�an�	et al.,	2005).	Extra-hepat�c	express�on	of	AGP	�n	
prote�n	and	mRNA	levels	has	been	reported	�n	a	w�de	var�ety	of	cells	and	organs,	
support�ng	 a	 hypothes�s	 that	 an	 acute	 phase	 response	 may	 take	 place	 �n	 extra-
hepat�c	cell	types	and	may	be	regulated	by	�nflammatory	med�ators	as	observed	�n	
hepatocytes	(Fourn�er	et al.,	2000).

The	ent�re	p�cture	of	phys�cal	funct�ons	of	AGP	rema�ns	unknown,	however,	�t	
�s	undoubted	that	one	of	the	most	�mportant	b�olog�cal	funct�ons	of	AGP	�s	�mmu-
nomodulat�on,	and	large	part	of	th�s	funct�on	�s	ow�ng	to	the	carbohydrate	mo�ety.	
On	 the	other	hand,	 the	prote�n	part	of	AGP	exh�b�ts	a	common	structural	 fold	of	
lipocalin, a protein superfamily, of which members share a conserved β-barrel that 
consists of eight anti-parallel β-strands (Fig. 1). There is an internal cavity in the 
β-barrel structure of lipocalin, and various small hydrophobic molecules can be cap-
tured	�n	there.	Indeed,	AGP	has	also	an	�nternal	cav�ty	as	�s	known	that	AGP	�n	blood	
plasma	�s	capable	of	b�nd�ng	w�de	var�ety	of	compounds	such	as	h�stam�ne	(Chachaj	
et al,	1980),	melaton�n	(Mor�n	et al.,	1997),	seroton�n	(Schm�d	et al.,	1973),	and	
van�llo�ds	(Szallas�et al.,	1992).	Furthermore,	AGP	can	b�nd	ma�nly	neutral	and	ba-
s�c	drugs	l�ke	tamox�fen	(Schm�d	et al.,	1973)	and	propanolol	(Alban�	et al.,	1984),	
v�a	hydrophob�c	and	electrostat�c	�nteract�ons,	suggest�ng	that	AGP	express�on	level	
�n	blood	may	affect	pharmacolog�cal	effects	of	exogenous	drugs	 (Fourn�er	et al.,	
2000).

AGP	�s	secreted	at	a	concentrat�on	of	162	±	63.7	mg/L	�n	bov�ne	colostrum	at	
12	h	postpartum,	but	�t	�s	no	longer	detectable	at	3	d	postpartum	(Cec�l�an�	et al.,	
2005).	Secret�on	of	AGP	from	neutroph�ls	�nto	m�lk	was	enhanced	w�th�n	15	m�n	
by	an	exposure	of	Zymosan	act�vated	serum	and	phorbol	12-myr�state	13-acetate,	
wh�ch	 m�m�cs	 �nflammatory	 act�vat�on	 (Rahman	 et al.,	 2008),	 �nd�cat�ng	 that	 at	
least	neutroph�ls-der�ved	AGP	�n	m�lk	�s	also	�nvolved	w�th	the	ant�-�nflammatory	
act�v�ty.	Natural	l�gands	of	AGP	�n	m�lk	are	unknown.

Apolipoprotein
Apol�poprote�ns	(apo-)	are	produced	by	hepatocytes	and	secreted	�nto	blood.	
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They	 form	 water-soluble	 macromolecules,	 l�poprote�ns	 �nclud�ng	 chylom�cron,	
very	low	dens�ty	l�poprote�n	(VLDL),	�ntermed�ate	dens�ty	l�poprote�n	(IDL),	low	
dens�ty	l�poprote�n	(LDL),	and	h�gh	dens�ty	l�poprote�n	(HDL),	mak�ng	complexes	
w�th	l�p�ds	(tr�glycer�des,	cholesterol,	and	phosphol�p�ds)	and	one	or	more	spec�f�c	
prote�ns	(Mahley	et al.,	1984).	They	play	cruc�al	role	�n	transport�ng	and	target�ng	
l�p�ds	to	the	appropr�ate	dest�nat�on	�n	the	body.	So	far	more	than	ten	classes	and	
subclasses	are	known:	apo	A	(apo	A-I,	apo	A-II,	apo	A-IV,	and	apo	A-V),	apo	B	(apo	
B48	and	apo	B100),	apo	C	(apo	C-I,	apo	C-II,	apo	C-III,	and	apo	C-IV),	apo	D,	apo	
E,	apo	H,	apo	J	(cluster�n),	apo	L,	and	apo	M.	S�nce	a	crystal	structure	of	human	apo	
E	has	f�rst	been	solved	to	be	an	unusually	elongated	(65	Å)	four-hel�x	bundle,	w�th	
the	hel�ces	apparently	stab�l�zed	by	a	t�ghtly	packed	hydrophob�c	core	that	�ncludes	
leuc�ne	z�pper-type	�nteract�ons	and	by	numerous	salt	br�dges	on	the	mostly	charged	
surface	 (W�lson	 et al.,	 1991),	 s�m�lar	 structures	 of	 human	 apo	A-I	 (Ajees	 et al.,	
2006;	F�g.	1),	human	apo	C-I	(Rozek	et al.,	1999),	and	human	apo	C-II	(MacRa�ld	
et al.,	2004)	have	been	reported.	Crystal	structure	of	recomb�nant	human	apo	M,	
wh�ch	�s	a	25-kDa	HDL-assoc�ated	apol�poprote�n,	�n	complex	w�th	a	fatty	ac�d	has	
recently	been	solved	to	be	the	typ�cal	l�pocal�n	fold	(Sevvana	et al.,	2009).

In	 bov�ne	 m�lk,	 apo	A-I,	 apo	A-II,	 apo	A-IV,	 apo	 C-III,	 apo	 E,	 apo	 H,	 and	
apo	J	have	been	found	by	proteom�c	analys�s	(Yamada	et al.,	2002;	Re�nhardt	and	
L�ppol�s,	 2008;	 D’Amato	 et al.,	 2009;	 Senda	 et al.,	 2011;	 Table	 1).	 Fong	 et al.	
(2007)	have	�dent�f�ed	apo	A-I	and	apo	E	to	be	m�nor	components	of	the	m�lk-fat-
globule	membrane	(MFGM),	wh�ch	�s	surround�ng	l�p�d	droplets	budded	off	from	
the	 ap�cal	 s�de	 of	 mammary	 ep�thel�al	 cells.	 Bes�des	 l�ver,	 express�on	 of	 several	
apol�poprote�ns	has	been	observed	�n	adrenals,	bra�n,	�ntest�ne,	test�s,	and	w�dely	�n	
other	per�pheral	t�ssues	(Elshourbagy	et al.,	1985;	Powell	et al.,	1987;	Boyles	et al.,	
1990),	but	express�on	�n	mammary	t�ssues	�s	not	ev�dent,	and	hence	apol�poprote�ns	
�n	 m�lk	 are	 most	 l�kely	 der�ved	 from	 blood	 as	 observed	 �n	 m�ce	 (Monks	 et al.,	
2001).	Phys�olog�cal	funct�ons	of	apol�poprote�ns	�n	m�lk	are	supposed	to	be	l�p�d	
solub�l�zer	and	transporter.

Lactoferrin
Lactoferr�n	 (Lf)	 �s	 a	 member	 of	 transferr�n	 superfam�ly	 along	 w�th	 serum	

transferr�n,	 ovotransferr�n,	 and	 melanotransferr�n,	 all	 of	 wh�ch	 funct�on	 �n	 �ron	
transport	and	�n	�nh�b�t�on	of	carbon�c	anhydrase	(García-Montoya	et al.,	2012).	Lf	
�s	produced	by	mucosal	ep�thel�al	cells	�n	var�ous	mammal�an	spec�es	and	secreted	
�nto	 b�olog�cal	 flu�ds	 �nclud�ng	 tears,	 sal�va,	 vag�nal	 flu�ds,	 semen,	 nasal	 and	
bronch�al	secret�ons,	b�le,	gastro�ntest�nal	flu�ds,	ur�ne,	m�lk,	and	colostrum	(García-
Montoya	et al.,	2012).	Lf	exh�b�ts	mult�ple	phys�olog�cal	 funct�ons	 �n	 relat�on	 to	
nutr�t�onal	 regulat�on	 and	 �nnate	 defense,	 such	 as	 regulat�on	 of	 �ron	 absorpt�on,	
�mmunomodulat�on,	ant�ox�dant	and	ant�m�crob�al	act�v�t�es,	and	ant�-carc�nogen�c	
and	ant�-�nflammatory	propert�es	(García-Montoya	et al.,	2012).
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Lf	�s	approx�mately	80	kDa	glycoprote�n	folded	�nto	two	symmetr�cal	lobes,	
N- and C-lobe, which are connected by a hinge region containing α-helix (Fig. 1). 
Each	robe	cons�sts	of	two	s�m�lar	doma�ns,	doma�ns	I	and	II,	wh�ch	are	composed	by	
α-helices and β-strands. Each lobe can bind di- and trivalent cations with very high 
aff�n�t�es,	e.g.,	1023	M−1	at	pH	7.4	for	Fe3+	(A�sen	et al.,	1978).	Lf	content	�n	human	
m�lk	�s	1	to	3	mg/ml,	of	wh�ch	only	3	to	5%	are	saturated	by	�ron	that	causes	the�r	
strong	chelat�ng	ab�l�ty	and	ant�m�crob�al	act�v�ty.

β-Lactoglobulin
β-Lactoglobulin (β-Lg), one of the major bovine whey proteins, is known to 

b�nd	ret�nol,	fatty	ac�ds,	and	a	w�de	var�ety	of	hydrophob�c	compounds	�nclud�ng	
seroton�n	 (Taher�-Kafran�	et al.,	 2011),	 however,	 �ts	 spec�f�c	 phys�cal	 funct�on	 �s	
still unclear. Molecular weight of β-Lg is approximately 36 kDa, as being a dimer 
under	phys�olog�cal	cond�t�ons,	but	�t	tends	to	d�ssoc�ate	�nto	monomers	at	pH	2	to	3	
(Sawyer and Kontopidis, 2000). β-Lg is also a member of the lipocalin superfamily. 
It	�s	synthes�zed	�n	mammary	gland	and	secreted	�nto	m�lk	at	a	concentrat�on	of	14.3	
±	4.6	g/L	�n	the	f�rst	m�lk�ng	sample,	and	then	�ts	concentrat�on	rap�dly	decreased	
over	several	days	and	reached	a	stable	value	of	2	 to	4	g/L	 �n	 the	mature	m�lk	 �n	
case	of	cows	(Lev�eux	and	Oll�er,	1999).	However,	 �t	 �s	not	detectable	 �n	human	
m�lk	through	the	overall	lactat�on	per�od,	supposed	to	be	the	major	reason	for	cow’s	
milk allergy in human infants. It should be pointed out that β-Lg is not universally 
d�str�buted	�n	mammal�an	m�lks,	as	�t	lacked	�n	human	and	camel	m�lks,	and	even	
exist, the ligand specificity is variable, e.g., horse and pig β-Lgs do not bind fatty 
ac�ds	 (Pérez	 et al.,	 1993).	 Judg�ng	 from	 these	 facts,	 a	 spec�f�c	 and	 s�gn�f�cant	
physiological function of β-Lg seems to be implausible, although several possible 
roles	�nclud�ng	ant�m�crob�al	act�v�ty	(Ouwehand	et al.,	1997),	carr�er	of	encrypted	
b�oact�ve	pept�des	(Mullally	et al.,	1997),	and	ret�nol	transport	(Perva�z	and	Brew,	
1985)	have	been	suggested.

Odorant-binding protein
Odorant-b�nd�ng	 prote�n	 (OBP),	 a	 member	 of	 the	 l�pocal�n	 superfam�ly,	

was	 f�rst	 d�scovered	 as	 an	 abundant	 prote�n	 �n	 bov�ne	 nasal	 mucosa	 �n	 the	 early	
1980’s	 (Pelos�	 and	 P�sanell�,	 1981).	To	 date,	 among	 mammals,	 OBPs	 have	 been	
found	�n	nasal	c�rcumstances	of	human,	bov�ne,	porc�ne,	rabb�t,	elephant,	dog,	rat,	
mouse,	and	porcup�ne.	OBP	�s	capable	of	b�nd�ng	several	odor	molecules,	such	as	
a	bell	 pepper	odor,	 2-�sobutyl-3-methoxypyraz�ne,	w�th	 sub-m�cromolar	 range	of	
d�ssoc�at�on	constants.	OBP	was	�n�t�ally	ass�gned	to	solub�l�ze	hydrophob�c	odor	
molecules	�n	aqueous	mucosal	layer	pr�or	to	the�r	reach	to	olfactory	receptor,	so-
called	“per�receptor	event”.	Although	�ntens�ve	stud�es	have	been	performed	to	date,	
the	phys�olog�cal	funct�on	of	OBP	�s	st�ll	unclear.

Recent	stud�es	revealed	the	presence	of	OBP-l�ke	prote�n	�n	bov�ne	colostrum	
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and	mature	m�lk	(D’Amato	et al.,	2009;	Fukuda	et al.,	2009).	Th�s	prote�n,	bov�ne	
colostral	OBP	(bcOBP),	showed	52%	of	sequence	s�m�lar�ty	aga�nst	bov�ne	nasal	
OBP.	Secret�on	of	bcOBP	�nto	m�lk	was	constant	on	the	day	of	partur�t�on	unt�l	at	
least	10	d	postpartum	at	a	concentrat�on	of	181	±	39	µg/L	(Japar�dze	et al.,	2012).	
Bes�des	m�lk,	bcOBP	occurred	�n	the	nasal	mucus,	sal�va,	amn�ot�c	flu�d,	vag�nal	
d�scharge,	and	blood	plasma.	Desp�te	�ts	low	concentrat�on,	the	d�str�but�on	pattern	
and	the	f�nd�ng	that	bcOBP	harbored	a	character�st�c	sequence	mot�f,	CxxxC,	wh�ch	
�s	conserved	among	�nsect	and	mammal	pheromone	b�nd�ng	prote�ns,	suggest	that	
bcOBP	 funct�ons	 as	 a	 pheromone	 carr�er	 (Japar�dze	 et al.,	 2012).	 In	 sow	 m�lk,	
an	 odorant-b�nd�ng	 prote�n	 was	 also	 found	 to	 be	 a	 potent�al	 pheromone	 carr�er	
(Gu�raud�e-Capraz	et al.,	2005).	Cross-react�v�ty	of	the	monoclonal	ant�body	aga�nst	
bcOBP	was	also	found	�n	the	colostrum	of	farm	an�mals	belong	to	Cetart�odactyla,	
such	as	sheep,	goat,	camel,	and	p�g	(Japar�dze	et al.,	2012).

Retinol-binding protein

Ret�nol-b�nd�ng	 prote�n	 (RBP),	 a	 member	 of	 the	 l�pocal�n	 superfam�ly,	 �s	
expressed	�n	var�ous	cells	and	t�ssues.	RBP	b�nds	ret�no�ds	�nclud�ng	v�tam�n	A	and	
ret�no�c	ac�d,	wh�ch	are	essent�al	for	mult�ple	phys�olog�cal	processes,	rang�ng	from	
v�s�on	 to	embryon�c	development,	w�th	h�gh	select�v�ty	and	aff�n�ty	 (Noy,	2000).	
RBP	�s	also	known	to	make	a	complex	w�th	transthyret�n	(see	below).	Among	RBP	
subtypes,	RBP4,	wh�ch	 �s	 synthes�zed	 �n	hepatocytes	 and	 ad�pocytes,	 �s	 secreted	
�nto	blood	and	transferred	to	var�ous	t�ssues	via	card�ovascular	system	and	�nto	m�lk.	
RBP4	�s	known	to	act	as	an	ad�pok�ne	w�th	�ts	�ncreas�ng	concentrat�on	�n	subjects	
w�th	�mpa�red	glucose	tolerance	or	type	2	d�abetes	(Cho	et al.,	2006).	Elevated	serum	
RBP4	causes	�nsul�n	res�stance,	wh�ch	seems	to	occur	by	an	�nd�rect	�nh�b�t�on	of	
�nsul�n	s�gnal�ng	�n	ad�pose	t�ssue	through	act�vat�on	of	pro-�nflammatory	cytok�nes	
�n	macrophages	(Norseen	et al.,	2012).

Dur�ng	gestat�on	per�od,	v�tam�n	A	has	a	s�gn�f�cant	�mpact	on	the	healthy	de-
velopment	of	lung	of	the	fetus	(Böhles,	1997).	Desp�te	that	the	nutr�t�onal	�mpor-
tance	of	v�tam�n	A	 �s	 relevant,	 �t	 �s	 st�ll	unclear	 that	RBP	 �n	m�lk	can	affects	 the	
nutr�t�onal	status	of	the	newborn	throughout	the	breastfeed�ng	per�od,	because	no	
clear	relat�onsh�p	has	been	observed	between	plasma	v�tam�n	A	level	�n	mother	and	
that	�n	her	neonate	(Bhaskaram	et al.,	2000;	Sca�fe	et al.,	2006).

Serum albumin

Serum albumin (SA) is an all-α protein whose dominative secondary structure 
is α-helix (Fig. 1). SA consists of three albumin domains, one of which contains five 
or six internal disulfide bonds. It belongs to albuminoid superfamily including α-
fetoprote�n	and	v�tam�n	D-b�nd�ng	prote�n	as	member	prote�ns.	Molecular	mass	and	pI	
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of	mature	bov�ne	serum	album�n	(BSA)	are	66	kDa	and	4.7,	respect�vely,	conta�n�ng	
17	 d�sulf�de	 br�dges	 and	 a	 free	 th�ol	 group.	 BSA	 �s	 supposed	 to	 be	 expressed	 �n	
hepatocytes	and	secreted	�nto	m�lk	via	the	bloodstream.	SA	can	b�nd	many	molecules	
�nclud�ng	monovalent	and	d�valent	�ons,	fatty	ac�ds,	hormones,	b�l�rub�n,	and	water	
molecule.	SA	poss�bly	plays	s�gn�f�cant	roles	�n	the	ma�ntenance	of	collo�d	osmot�c	
pressure	(Blunt	et al.,	1998)	and	�n	z�nc	transport	(Sm�th	et al.,	1979)	�n	blood,	but	
�ts	phys�olog�cal	funct�on	�s	controvers�al	�n	m�lk,	although	thyrox�ne	(Etl�ng	and	
Geh�n-Fouque,	1984),	z�nc,	and	copper	(Lönnerdal	et al.,	1982)	have	been	found	
assoc�ated	w�th	SA	�n	m�lk.

BSA	�s	known	as	one	of	the	major	m�lk	allergens	that	�nduce	�mmed�ate	allerg�c	
symptoms	 �n	 allerg�c	 ch�ldren	 (Goldman	 et al,	 1963a;	 Goldman	 et al,	 1963b).	
Conformat�onal	 or	 sequent�al	 ep�topes,	 wh�ch	 located	 on	 the	 loops	 connect�ng	
the α-helices, for the specific recognition of immunoglobulin E toward BSA are 
�ntegrated	by	enormous	number	of	the	�nternal	d�sulf�de	bonds	(Restan�	et al.,	2004).	
Although	�ncreas�ng	d�gest�b�l�ty	of	food	allergens	�nclud�ng	BSA	can	decrease	the�r	
allergen�c�ty	to	some	extent,	�t	�s	st�ll	challeng�ng	to	have	hypoallergen�c	foods	by	
technolog�cal	treatments.

Transthyretin
Transthyret�n	 (TTR),	 formerly	 prealbum�n,	 �s	 a	 homotetramer�c	 transporter	

prote�n	that	can	b�nd	thyrox�ne,	a	thyro�d	hormone	�ncreas�ng	the	cell	metabol�sm,	and	
RBP-ret�nol	complex	result�ng	�n	stab�l�zat�on	of	ret�nol-b�nd�ng	to	RBP	(Goodman	
and	Lesl�e,	1972;	Robb�ns,	1975).	Molecular	mass	of	the	monomer	�s	rang�ng	from	
14 to 16 kDa with glycosylation. Each monomer folds into a β-sandwich topology 
composed by two sets of four antiparallel β-sheets, which are connected by a short 
hel�cal	fragment	(Blake	et al.,	1978).	The	d�mer�c	structure	�s	shown	�n	F�g.	1.	The	
tetramer	�s	formed	by	assemble	of	the	two	d�mers	l�nked	by	hydrogen	bonds	and	
hydrophob�c	contacts.	TTR	�s	produced	�n	the	l�ver	and	excreted	�nto	blood	(Feld�ng	
and	Fex,	1982).	It	�s	most	probable	that	TTR	�s	secreted	�nto	m�lk	from	the	blood.

TTR	b�nds	and	transport	thyrox�ne	account�ng	for	15	to	20%	and	up	to	80%	of	
the	total	thyrox�ne	�n	the	blood	and	the	central	nervous	system,	respect�vely	(Hagen	
and	 Ell�ott,	 1973).	 On	 the	 other	 hand,	 TTR	 concentrat�on	 �n	 serum	 negat�vely	
responds	to	the	acute	phase	react�on	(D�ckson	et al.,	1982).	Unusually	low	levels	of	
TTR	�n	pat�ents	w�th	transthyret�n-assoc�ated	amylo�dos�s	and	a	port�on	of	at-r�sk	
�nd�v�duals	 for	 th�s	 cond�t�on	have	been	observed	 (Sk�nner	et al.,	 1985),	 lead�ng	
subsequent	 research	 effort	 for	 TTR	 to	 focus	 on	 the	 med�cal	 and	 cl�n�cal	 f�elds.	
Synthes�ze	of	TTR	observed	�n	the	gastro�ntest�nal	mucosa	of	human	fetus	(Gray	
et al.,	1985)	may	suggest	a	poss�ble	phys�olog�cal	funct�on	of	TTR	�n	m�lk	to	be	a	
thyrox�ne	transporter.
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Vitamin D-binding protein
V�tam�n	D-b�nd�ng	prote�n	(DBP),	also	known	as	Gc-globul�n,	b�nds	more	than	

90%	of	l�poph�l�c	25-hydroxyv�tam�n	D,	wh�ch	�s	the	pr�nc�pal	c�rculat�ng	v�tam�n	D	
metabol�te	�n	blood	(M�llen	and	Bodnar,	2008).	DBP	b�nds	act�n	as	well,	�nd�cat�ng	�t	
may	funct�ons	as	a	scavenger	of	monomer�c	act�n	released	dur�ng	cell	lys�s	(Harper	
et al.,	1987).	DBP	belongs	to	the	album�no�d	superfam�ly	as	same	as	SA.	Molecular	
mass	of	bov�ne	DBP	 �s	approx�mately	53	kDa	w�th	glycosylat�on.	DBP	was	 f�rst	
d�scovered	�n	bov�ne	colostrum	by	Holl�s	&	Draper	(1979).	Its	express�on	level	was	
evaluated	to	be	250	and	6	µg/mL	�n	bov�ne	colostrum	and	mature	m�lk,	respect�vely	
(Ena	et al.,	1992).	DBP	�s	synthes�zed	�n	the	l�ver	and	l�kely	to	be	secreted	�nto	m�lk	
via	the	bloodstream	(Holl�s	et al.,	1981).

Poss�ble	phys�olog�cal	funct�on	of	DBP	�n	m�lk	underl�es	normal	bone	forma-
t�on	�n	neonatal	calves,	 �n	 that	supplemented	v�tam�n	D	metabol�tes	promote	cal-
c�um	absorpt�on	�n	the	gastro�ntest�nal	tract	(M�tchell	and	Lyles	1990;	Cao	et al.,	
2009).	Normally	l�ttle	25-hydroxyv�tam�n	D	passes	�nto	breast	m�lk	from	the	blood	
that	causes	v�tam�n	D	def�c�ency	�n	the	newborns	(Kovacs,	2012).	V�tam�n	D	status	
�n	m�lk	does	not	affect	on	calc�um	concentrat�on	of	lactat�ng	mothers	accustomed	to	
a	low	calc�um	�ntake	(Prent�ce	et al.,	1997),	and	moreover	maternal	adaptat�ons	dur-
�ng	pregnancy	and	lactat�on	appear	to	prov�de	calc�um	to	fetus	and	neonate	w�thout	
rely�ng	on	v�tam�n	D	(Kovacs,	2012).	Therefore,	contr�but�on	of	DBP	to	osteogen-
es�s	of	neonates	seems	to	be	l�m�ted	just	�n	solub�l�zat�on	of	25-hydroxyv�tam�n	D	
espec�ally	�n	the	very	short	per�od	of	postpartum.

Poss�ble	Appl�cat�ons	of	Carr�er	Prote�ns	�n	M�lk

As	descr�bed	above,	carr�er	prote�ns	�n	m�lk	exh�b�t	a	w�de	var�ety	of	b�olog�cal	
funct�ons.	Safety	of	bov�ne	m�lk	�s	moreover	guaranteed	by	a	long	eat�ng	exper�ence,	
encourag�ng	 the�r	 appl�cat�on	 use	 �n	 var�ous	 areas	 �nclud�ng	 food	 �ndustry,	 drug	
development,	 and	 cl�n�cal	 treatment.	 Several	 types	 of	 poss�ble	 appl�cat�ons	 have	
to	date	been	exam�ned:	(�)	ant�b�ot�cs,	(��)	nutr�ent	and	drug	carr�ers,	(���)	�mmune	
bod�es,	and	(�v)	b�omarkers.

Desp�te	Lf	promotes	the	growth	of	health-benef�c�al	m�croorgan�sms	such	as	
Lactobacillus	and	B�f�dobacter�a	(Sherman	et al.,	2004),	�t	exh�b�ts	a	broad	spec-
trum	of	ant�m�crob�al	act�v�ty	aga�nst	Gram-pos�t�ve	and	-negat�ve	bacter�a,	fung�,	
yeast,	v�ruses,	and	even	paras�tes.	The	�ron	b�nd�ng	ab�l�ty	of	Lf	confers	ant�m�cro-
b�al	act�v�ty,	as	be�ng	sequester�ng	�ron	from	the	target	pathogen�c	bacter�a	(Zarem-
ber	et al.,	2007;	Valent�	et al.,	2011).	Also	Lf	and	�ts	pept�c	pept�de,	lactoferr�c�n,	
d�rectly	�nteract	w�th	cell	surface	of	Gram-negat�ve	bacter�al	and	can	damage	the�r	
outer	membrane	(Yamauch�	et al.,	1993).	Indeed,	many	commerc�al	uses	of	Lf	and	
�ts	der�vat�ves	have	already	ex�sted	on	the	bas�s	of	the	fact	that	they	exh�b�t	broad	
b�oact�v�t�es	 �nclud�ng	ant�m�crob�al,	 ant�cancer,	 ant�-�nflammatory,	 and	 �mmuno-
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modulatory	(García-Montoya	et al.,	2012).	In	terms	of	ant�m�crob�al	act�v�ty	of	Lf,	
for	example,	�t	offers	appl�cat�ons	�n	food	preservat�on	and	safety	w�th	decreas�ng	
bacter�al	counts	(Na�du,	2002).

Remarkable	ach�evements	have	recently	been	reported	�n	the	development	of	
nanopart�cles,	us�ng	m�lk	carr�er	prote�n	der�vat�ves,	wh�ch	can	del�ver	nutr�ents	or	
drugs	to	the	target	s�tes	eff�c�ently.	BSA-dextran	conjugates	prepared	by	Ma�llard	
react�on	can	b�nd	�buprofen	through	hydrophob�c	and	electrostat�c	�nteract�ons,	re-
sult�ng	�n	suppress�on	of	the	prec�p�tat�on	of	�buprofen	(L�	and	Yao,	2009).	Nanopar-
t�cles	of	the	BSA-dextran-�buprofen	complex	can	be	formed	by	heat	treatment.	BSA	
nanopart�cles	 coupled	 w�th	 cyclodextr�n	 were	 �nd�cated	 to	 be	 ava�lable	 for	 nasal	
del�very	of	ant�-Alzhe�mer	drug	tacr�ne	(Lupp�	et al.,	2011).	Octyl	mod�f�ed	SA	can	
form	a	core-shell	structure	�n	aqueous	med�a	by	self-assembl�ng	due	to	core	segre-
gat�on	and	a	comb�nat�on	of	�ntermolecular	forces	(Gong	et al.,	2009),	suggest�ng	
for	�ntravenous	water-�nsoluble	drug	del�very.	Electrostat�c	nanocomplexes	cons�st-
ing of β-Lg and pectin can entrap and protect docosahexaenoic acid molecules with 
a	very	good	collo�dal	stab�l�ty,	suggest�ng	that	they	are	useful	tools	for	enr�chment	
of	ac�d	non-fat	clear	dr�nks	(Z�met	and	L�vney,	2009).	Lf	conjugated	poly	(ethyl-
eneglycol)-poly	(lact�de)	nanopart�cles	was	demonstrated	to	promote	the	uptake	of	
�ntravenously	adm�n�strated	coumar�n-6	�nto	rat	bra�n	(Hu	et al.,	2009).

Taking advantage of the structural stability of β-barrel scaffold and the high 
structural	plast�c�ty	of	l�gand	b�nd�ng	s�te	of	l�pocal�n,	s�te-d�rected	random	muta-
genes�s	and	select�on	via	phage	d�splay	aga�nst	prescr�bed	molecular	targets	were	
done,	and	by	th�s	means	�t	was	poss�ble	to	confer	ant�body-l�ke	act�v�t�es	to	l�pocal�n	
(Skerra,	2008).	Th�s	art�f�c�al	l�pocal�ns	w�th	novel	l�gand	spec�f�c�t�es	were	termed	
as	“ant�cal�ns”,	wh�ch	have	advantages	�n	robustness,	monovalency,	flex�b�l�ty,	and	
broad	aff�n�t�es	towards	target	molecules,	compared	w�th	convent�onal	ant�bod�es.	
Th�s	approach	�s	h�ghly	potent�al	to	prov�de	many	appl�cat�ons	such	as	reagents	for	
b�ochem�cal	research	and	new	drugs	for	med�cal	therapy.	Recently,	a	new	ant�cal�n	
aga�nst	estrad�ol	was	successfully	establ�shed	us�ng	b�l�n-b�nd�ng	prote�n,	a	member	
of	the	l�pocal�n	fam�ly,	der�ved	from	Pieris brassicae	(L�u	et al.,	2012).	There	have	
so	 far	been	 reported	on	ant�cal�ns	constructed	by	us�ng	 the	b�l�n-b�nd�ng	prote�n,	
human	apo	D	(Vogt	and	Skerra,	2004;	E�ch�nger	et al.,	2007),	human	neutroph�l	ge-
lat�nase-assoc�ated	l�pocal�n	(NGAL)	(Goetz	et al.,	2002),	and	human	tear	l�pocal�n	
(Breustedt	et al.,	2005).

Several	m�lk	carr�er	prote�ns	are	h�ghly	expected	as	b�omarkers	for	mast�t�s.	
Apol�poprote�ns	are	expressed	�n	bov�ne	m�lk	w�th	exper�mentally	�nduced	col�form	
mast�t�s	(Boehmer	et al.,	2010),	and	furthermore,	express�on	level	of	�soforms	of	the	
bov�ne	prostagland�n	D	synthase	also	�ncrease	�n	bov�ne	m�lk	w�th	mast�t�s	(Baeker	
et al.,	2002).	Desp�te	no	d�rect	cl�n�cal	relevance	has	been	eluc�dated,	some	prote�ns	
found	�n	relat�on	to	human	d�seases	are	present	�n	m�lk.	Apo	A-I	local�zed	�n	bron-
ch�al	mucosa	was	found	as	a	b�omarker	of	chron�c	obstruct�ve	pulmonary	d�sease	
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(N�cholas	et al.,	2010).	Folate	b�nd�ng	prote�n	(FBP),	wh�ch	has	been	found	�n	hu-
man	and	bov�ne	m�lk	(Metz	et al.,	1968;	Ford	et al.,	1969),	�s	a	glycoprote�n	capable	
of	b�nd�ng	fol�c	ac�d	and	�ts	analogues.	FBP	serves	as	b�omarker	and	also	med�ates	
targeted	therap�es	�n	cancer	and	�nflammatory	d�seases,	because	�t	conta�ns	mult�ple	
N-glycosylat�on	s�tes	select�vely	expressed	�n	t�ssues	and	body	flu�ds	(Math�as	et al.,	
1996;	Leamon	et al.,	1999;	Smans	et al.,	1999;	Ja�swal	et al.,	2012).	NGAL,	also	
a	member	of	the	l�pocal�n	superfam�ly,	�s	expressed	�n	bov�ne	mature	m�lk	w�th	a	
concentrat�on	of	1	µg/mL	(van	Veen	et al.,	2006).	NGAL	�s	known	to	be	a	potent�al	
b�omarker	of	acute	renal	�njury	after	card�ac	surgery	(M�shra	et al.,	2005).

Conclus�ons		

Carr�er	prote�ns	�n	m�lk	are	essent�al	for	nutr�t�on	transfer,	espec�ally	of	poorly	
water-soluble	compounds,	from	mother	to	her	neonate.	The�r	structural	features	are	
l�kely	to	be	categor�zed	�nto	f�ve:	apo	A-I	type,	album�no�d	superfam�ly,	l�pocal�n	
superfam�ly,	transferr�n	superfam�ly,	and	transthyret�n	type,	w�th	the	molecular	mass	
rang�ng	from	10	to	80	kDa.	They	b�nd	l�gands	w�th	a	w�de	range	of	aff�n�t�es	ma�nly	
through	 hydrophob�c	 and	 electrostat�c	 �nteract�ons.	 Appl�cat�ons	 of	 m�lk	 carr�er	
prote�ns	exam�ned	to	date	are	not	pr�mar�ly	focused	on	solub�l�zat�on	and	del�very	of	
hydrophob�c	compounds,	but	on	ant�m�crob�al	and	�mmunolog�cal	act�v�t�es,	ow�ng	
to	the�r	�mportant	b�olog�cal	funct�ons.	Some	challenges	have	been	successful	�n	th�s	
context,	however,	a	lot	of	room	rema�ns	to	be	eluc�dated.	Potent�al	of	mod�f�ed	m�lk	
carr�er	prote�ns	for	nutr�ent	and	drug	carr�ers	and	of	natural	m�lk	carr�er	prote�ns	for	
b�omarkers	of	human	and	an�mal	d�seases	are	of	part�cular	�nterest	�n	the	future.
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In	develop�ng	countr�es,	most	people	depend	on	agr�culture.	Crops	and	l�vestock	
are	usually	produced	on	the	same	farm	w�th	small	plot	of	land.		Graz�ng	an�mals	�n	
open	grassland	also	ex�st	but	�ts	contr�but�on	�n	terms	of	an�mal	products	�s	relat�vely	
much	 less	when	compared	 to	m�xed	crop	an�mal	farm�ng	system	(Chantalakhana	
and	 Skunmun,	 2002).	 Furthermore	 they	 stated	 that	 most	 farmers	 �n	 develop�ng	
countr�es	can	be	class�f�ed	as	smallhorders,	mostly	l�ve	�n	rural	areas	and	some	�n	
per�-urban.		The	role	and	contr�but�on	of	an�mals	�n	rural	farms	are	far	more	complex	
than	that	�n	spes�al�zed		commerc�al	farm	s�nce	there	ex�st	so	close	and	soph�st�cated	
relat�onsh�ps	among	farm	fam�ly,	an�mals,	crops,	soc�al	and	agr�culture.

Agr�culture	must	become	more	product�ve	�f	�t	�s	to	feed	a	much	larger	world	
populat�on.	 In	 respond�ng	 to	 the	 daunt�ng	 env�ronmental	 challenges	 ahead,	 the	
comb�ned	effect	of	populat�on	growth,	strong	 �ncome	growth	and	urban�zat�on	 �s	
expected	to	result	�n	almost	the	doubl�ng	of	demand	for	food,	feed	and	f�ber (FAO,	2009)	

The	Role	of	L�vestocks

In	2050	world	populat�on	�s	projected	to	r�se	to	9.1	b�ll�on	from	a	current	6.7	
b�ll�on,	as	results	�t	requ�re	a	70-percent	�ncrease	�n	farm	product�on	(FAO,	2009).	
Based	on	FAO	(2008)	report,	the	l�vestock	sector	has	great		potent�al	to	contr�bute	
to	poverty	reduct�on	and	 the	ach�evement	of	 the	M�llenn�um	Development	Goals	
(MDG).	Agr�cultural	growth	can	be	h�ghly	effect�ve	�n	reduc�ng	poverty	as	the	largest	
share	of	 the	world’s	poor	 l�ve	 �n	 rural	areas.	L�vestock	prov�de	 food	and	 �ncome	
to	 the	major�ty	of	 the	1.2	b�ll�on	people	 l�v�ng	on	 less	 than	$1	per	day.	Demand	
for	l�vestock	products	�s	grow�ng	fast	�n	develop�ng	countr�es,	faster	than	demand	
for	staple	crops,	and	w�ll	cont�nue	to	do	so	�n	the	foreseeable	future.	Th�s	demand	
growth	 can	 prov�de	 s�gn�f�cant	 opportun�t�es	 for	 many	 rural	 and	 per�-urban	 poor	
to	�ncrease	returns	from	the�r	l�vestock	resources.	However,	effect�ve	and	coherent	
pro-poor	publ�c	pol�c�es,	allev�at�ng	both	�nst�tut�onal	and	techn�cal	constra�nts,	are	
cruc�al	to	cap�tal�se	on	the	pro-poor	opportun�t�es	offered	by	the	l�vestock	sector.

The	 FAO	 State	 of	 Food	Agr�culture	 (SOFA)	 2010-2011	 report	 stresses	 the	
�mportance	 of	 l�vestocks	 to	 the	 l�vel�hoods	 of	 around	 one	 b�ll�on	 poor	 people.	
L�vestock	prov�des	�ncome,	h�gh-qual�ty	food,	fuel,	draught	power,	bu�ld�ng	mater�al	
and	fert�l�zer,	thus	contr�but�ng	to	food	secur�ty	and	nutr�t�on.	For	many	small-scale	
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farmers,	l�vestock	also	prov�des	an	�mportant	safety	net	�n	t�mes	of	need.	However,		
the	FAO		stressed	the	need	for	substant�al	�nvestments	and	stronger	�nst�tut�ons	at	
global,	 reg�onal,	nat�onal	and	local	 levels,	 to	ensure	 that	cont�nued	growth	of	 the	
l�vestock	sector	contr�butes	 to	 l�vel�hoods,	meets	grow�ng	consumer	demand	and	
m�t�gates	env�ronmental	and	health	concerns	(FAO,	2010).	

The	 l�vestock	 sector	 �s	 one	 of	 the	 fastest	 grow�ng	 parts	 of	 the	 agr�cultural	
economy.	 L�vestock	 contr�butes	 40	 percent	 of	 the	 global	 value	 of	 agr�cultural	
product�on	 and	 supports	 the	 l�vel�hoods	 and	 food	 secur�ty	 of	 almost	 one	 b�ll�on	
people.	Globally,	l�vestock	contr�butes	15	percent	of	total	food	energy	and	25	percent	
of	d�etary	prote�n.	Products	from	l�vestock	prov�de	essent�al	m�cronutr�ents	that	are	
not	eas�ly	obta�ned	from	other	plant	food	products	(FAO,	2010).	

R�s�ng	 �ncomes,	 populat�on	 growth	 and	 urban�zat�on	 are	 the	 dr�v�ng	 forces	
beh�nd	a	grow�ng	demand	for	meat	products	�n	develop�ng	countr�es—and	they	w�ll	
cont�nue	to	be	�mportant.	To	meet	r�s�ng	demand,	global	annual	meat	product�on	�s	
expected	to	expand	from	228	currently	to	463	m�ll�on	tons	by	2050	w�th	the	cattle	
populat�on	est�mated	to	grow	from	1.5	b�ll�on	to	2.6	b�ll�on	and	that	of	goats	and	
sheep	from	1.7	b�ll�on	to	2.7	b�ll�on,	accord�ng	to	FAO	est�mates	(FAO,	2010).	

Strong	 demand	 for	 an�mal	 food	 products	 offers	 s�gn�f�cant	 opportun�t�es	
for	 l�vestock	 to	contr�bute	 to	econom�c	growth	and	poverty	 reduct�on.	But	many	
smallholders	 are	 fac�ng	 several	 challenges	 �n	 rema�n�ng	 compet�t�ve	 w�th	 larger,	
more	�ntens�ve	product�on	systems	(FAO,	2010).	

L�vestock	can	play	an	�mportant	role	�n	both	adapt�ng	to	cl�mate	change	and	
m�t�gat�ng	 �ts	 effects	 on	 human	 welfare,	 FAO	 sa�d	 (FAO	 2010).	 To	 real�ze	 the	
sector’s	potent�al	to	contr�bute	to	cl�mate	change	m�t�gat�on	and	adaptat�on	based	
on	enhanced	capac�t�es	to	mon�tor	report	and	ver�fy	em�ss�ons	from	the	l�vestock	
product�on	new	technolog�es	w�ll	need	to	be	developed.

Loss	of	Farm	An�mal	Genet�c	Resources	(FAnGR)	D�vers�ty

In	 general,	 Local	 breeds	 of	 domest�c	 an�mals	 are	 much	 better	 su�ted	 to	 the	
cond�t�ons	of	b�ot�c	and	ab�ot�c	stress	than	those	�mproved	breed.	In	add�t�on,	the	
local	breed	also	reflect	the	cultural	and	h�stor�cal	�dent�ty	of	commun�t�es	that	have	
developed	and	cont�nues	as	an	�ntegral	part	of	l�fe	and	trad�t�ons	of	var�ous	soc�et�es.		
A	long	w�th	the	advance	of	agr�culture	�ndustr�al�zed	through,	the	�nd�genous	breeds	
are	d�sappear�ng	�n	favor	of	modern	h�gh	product�v�ty	but	low	ecolog�cal	plast�c�ty	
(Max�m	et al.,	2011).

In	the	last	few	decates,	Farm	An�mal	GenetIc	(FAnGR)	d�vers�ty	has	rap�dly	
decl�ne,	ma�nly	due	to	chang�ng	market	demand	and	�ntens�f�cat�on	of	agr�culture.		
Agr�culture	 �s	 sh�ft�ng	 away	 from	 small	 product�on	 system	 to	 large	 commerc�al	
systems,	and	as	a	result,	select�on	goals	and	product�on	env�ronment	are	now	very	
s�m�lar	 throughout	 the	world	 (Prent�ce	and	Anzar,	2010).	Accord�ng	 to	 the	FAO,	
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approx�mately	20	percent	of	the	world’s	breed	of	cattle,	goat,	p�gs,	horses	and	poultry	
are	currently	at	r�sk	of	ext�nct�on,	and	at	least	one	l�vestock	breed	become	ext�nct	
per	month	over	the	past	several	years,	result�ng	�n	�ts	genet�c	character�st�cs	be�ng	
lost	forever	(Buerkle,	2007).		So	�t	�s	�mportance	to	conserve	and	ma�nta�n	an�mal	
genet�c	resources	 to	ensure	 the	ab�l�ty	 to	respond	to	select�on	plateaus,	consumer	
demand	changes	but	more	�mportantly	b�osecur�ty,	env�ronmental	and	food	safety	
and	potent�ally	useful	genes	ava�lable	�n	the	gene	pool	(Pere�ra	and	Marques,	2008;	
Andrab�	and	Maxwell,	2007)

Genet�c	 eros�on	 of	 domest�c	 an�mal	 d�vers�ty	 has	 placed	 30%	 of	 the	 world	
breeds	at	r�sk	of	ext�nct�on	often	as	a	results	of	goverment	pol�cy	/	programs.		Con-
servat�on	and	susta�nable	development	of	An�mal	Genet�c	Resources	 (AnGR)	 re-
qu�res	a	broad	focus	that	�ncludes	the	many	adapt�ve	breeds	that	surv�ve	well	�n	the	
low	external	�nput	agr�culture	typ�cal	of	develop�ng	countr�es	(Drucker	at al.,	2001).	

Major	Indones�a	FAnGR

The	 Bal�	 breed	 �s	 one	 of	 the	 four	 ex�st�ng	 �nd�genous	 cattle	 breeds	 (Aceh,	
Pes�s�r,	Madura	and	Bal�)	�n	Indones�a.	The	Sumban-Ongole	and	Javan-Ongole	may	
also	 be	 cons�dered	 local	 breeds.	Although	 no	 off�c�al	 h�stor�cal	 records	 ex�sts,	 �t	
�s	generally	accepted	 that	 the	Bal�	cattle	 �s	 the	domest�cated	d�rect	descendant	of	
the	w�ld	Banteng	st�ll	 surv�v�ng	as	an	endangered	spec�es	 �n	 three	Nat�onal	W�ld	
Reservat�on	 Parks	 (Ujung	 Kulon,	 Baluran	 and	 Blambangan)	 �n	 Java	 (Martojo,	
2012).	 	Bal�	cattle	st�ll	represents	27%	of	the	total	cattle	populat�on	�n	Indones�a,	
and	 �t	 �s	 cons�dered	 the	 p�llar	 breed	 for	 small	 farmers	 (Purwantara	 et al.,	 2012)	
In	oder	to	study	the	or�g�n	of		of	Indones�an	cattle	Muhamad	et al.	(2009)	ut�l�zed the	
Y-chromosomes	(Y),	m�tochondr�al	DNA	(mt)	and	autosomal	m�crosatell�te	alleles	
(μst).  They concluded that Bali cattle is clearly separate from other breeds of catle.  
Noor	et al.	(2001a)	us�ng	the	�soelectr�c	focuss�ng	method	concluded	that	the	Bal�	
cattle has a unique βBal�	haemoglob�n	band	that	does	not	ex�st	�n	Bos taurus	cattle	
(L�mmous�n,	S�mmental	and	Brangus).		Furthermore,	Hand�w�rawan	et al.	(2003)	
found	that	The	A	and	B	alleles	at	INRA035	m�crosatel�te	locus	are	monomorph�c	
and	can	be	used	for	a	spes�f�c	marker	for	Bal�	cattle.		Allele	A	at	locus	HEL9	that	
has	h�gh	frequency	(92.90%)	�n	Bal�	cattle	and	100%	�n	Banteng	can	also	be	used	a	
support�ng	marker.		All	of	the	stud�es	�nd�cate	that	Bal�	cattle	are	nat�ve	to	Indones�a	
and	have	been	domest�cated	�n	Indones�a.

In	general,	 the	product�v�ty	of	nat�ve	an�mals	 �n	 the	 trop�cs	 �s	 low,	but	 the�r	
adaptab�l�ty	and	surv�val	�n	poor	env�ronments	my	be	qu�te	sat�sfactory.		In	many	
trop�cal	countr�es,	attempts	to	�ncrease	product�v�ty	have	been	made	by	�mportat�on	
of	 an�mals	 from	 temperate	 areas	 and	 crossbreed�ng	 w�th	 nat�ve	 an�mal.	 	 Th�s	
�mportat�on	 and	 crossbreed�ng	 pol�cy	 has	 been	 based	 on	 compar�son	 of	 the	 h�gh	
product�on	 of	 breeds	 from	 developed	 countr�es	 (pr�mar�ly	 temperate)	 relat�ve	 to	
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the	product�on	of	nat�ve	breed	�n	less	developed	countr�es	(pr�mar�ly	trop�cal),	thus	
lead�ng	to	unreal�st�c	expectat�ons	of	the	potent�al	for	rap�d	�mprovement	(Barker,	
1995).		However,	wh�le	ga�ns	may	be	made	for	some	tra�ts	�n	the	crossbred	progeny,	
the�r	overall	performance	and	that	of	subsequent	generat�ons	may	not	be	better	than	
the	 nat�ve	 breed	 because	 of	 the�r	 �nab�l�ty	 to	 tolerate	 the	 adverse	 env�ronmental	
cond�t�ons,	for	example	poor	nutr�t�on	and	h�gh	temperature	(Noor	et al.,	1992).

Pure	 breed�ng	 of	 Bal�	 cattle	 can	 be	 found	 at	 Bal�	 Island,	 Sumbawa	 Island,	
Flores	Island	and	Bone	d�str�ct	of	South	Sulawes�	prov�nce.	Indones�an	government	
has	allocated	those	�slands	as	the	ma�n	source	of	Bal�	cattle.		Crossbreed�ng	program	
can	only	be	conducted	outs�de	areas.		However	due	to	�nd�scr�m�nate	crossbreed�ng,	
the	pure	Bal�	cattle	at	those	areas	have	been	contam�nated	w�th	other	breeds.,	�.e.	
S�mmental,	L�mous�ne,	Brangus,	Charola�s,	�nd�cat�ng	by	h�gh	frequency	of	abnormal	
appearances,	�nclud�ng	abnormal	color	patterns	and	horn	shapes	(Hand�w�rawan	et 
al.,	2003)		

The	most	recent	study	shows	that	the	percentage	of	abnormal	sperm	on	Bal�	
cattle	 bulls	 �s	 lower	 than	 those	of	Holste�n,	L�mous�ne	 and	S�mmental	 bulls.	 	 In	
add�t�on,	the	monomorph�sm	for	FSH	sub	beta,	FSH	receptor	and	GH	ex�st	�n	Bal�	
cattle	bulls	and	can	be	used	as	spec�f�c	markers	for	the	sperm	qual�ty.		These	three	
markers	are	closely	related	to	the	sperm	qual�ty	(Ishak,	2012).		Th�s	result	clearly	
shows	 that	 nat�ve	 and	 domest�c	 an�mal	 that	 exper�enced	 a	 long	 per�od	 of	 both	
natural	and	art�f�c�al	select�on	can	adopt	 the	cl�mate	change.	 	The	Bal�	offers	 the	
advantage	of	a	h�gh	res�stance	aga�nst	most	d�seases,	a	remarkable	ab�l�ty	to	grow	
on	low-qual�ty	fodder	and	a	h�gh	fert�l�ty	(McCool,	1991).	The	super�or�ty	of	Bal�	
cattle	�n	extens�ve	system	and	marg�nal	cond�t�ons		�s	also	exh�b�t	by	most	of	nat�ve	
and	domest�c	Indones�an	FAnGR.	L�st	of	Indones�an	FAnGR	that	can	be	expected	
surv�ve	�n	the	per�od	of	cl�mate	change	�s	presented	�n	Table	1.	

Global	C�mate	Change

Reports	have	�nd�cated	that	develop�ng	countr�es	are	more	vulnerable	 to	 the	
effects	of	cl�mate	change	due	to	the�r	h�gh	rel�ance	on	natural	resources,	very	l�m�ted	
capac�ty	to	adapt	�nst�tut�onally	and	f�nanc�ally,	and	h�gh	poverty	level	(Thornton	et 
al.,	2006).		Drucker	et al	(2007)	stated	that	the	harsh	effect	of	cl�mate	change	g�ve	
more	�mpact	�n	�ntens�ve	l�vestock	product�on	system,	such	as	pastoral	commun�t�es	
whose	 l�vel�hoods	 depend	 on	 cl�mat�c	 sens�t�ve	 resources.	 In	 the	 face	 of	 cl�mate	
challenges,	adaptat�on	of	d�fferent	l�vestock	spec�es	to	trop�cal	cond�t�ons	becomes	
cruc�al.	 	FAO’s	Comm�ttee	on	Genet�c	Resources	for	Food	and	Agr�culture	noted	
that	the	management	of	an�mals	under	natural	select�on	by	pastoral�sts	�n	marg�nal	
area	plays	an	essent�al	role	�n	the�r	adaptat�on	and	f�tness	�n	marg�nal	env�ronment	
(CGRFA,	2009).

In	 terms	 of	 global	 cl�mate	 change,	 �ncreas�ng	 res�stance	 to	 pathogens	 and	
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Table	1.	L�st	of	Indones�a	Major	Farm	An�mal	Genet�c	Resources	(FAnGR)

FAnGR Breed Invest�gators
Cattle Aceh Sar�	et al.	(2010);	Abdullah	et al.(2012)

Bal� Noor	et al.(2001a);	Sukmasar�	et al.	(2002);	N�jman	et al.	
(2003);	Mohamad	et al.	(2009);	Hand�w�rawan	et al.	(2003);	
Hand�w�rawan	and	Subandr�yo	(2004);	Purwantara	et al.	
(2012);	Martojo	(2012);	Ishak	(2012)

Kat�ngan Utomo	et al.	(2010);	Utomo	et al.	(2011)
Madura W�naya	(2010)
Pes�s�r Sarba�n�	(2004);	Jakar�a	et al.	(2007)
PO Hartat�	et al.	(2010)

Buffalo Spotted Yulnawat�	et al.	(2008)
Swamp	 Sumantr�	et al.	(2010);	M�sr�ant�	et al.	(2010)

Horse Manado Takaendengan	et al.	(2011a);	Takaendengan	et al.	(2011b)
Goat PE Zurr�yat�	el	al.	(2011)

Kacang Batubara	et al.	(2011a);	Batubara	et al.	(2011b)
Mar�ca Batubara		et al.	(2011a);	Batubara	et al.	(2011b)
Samos�r Batubara		et al.	(2011a);	Batubara		et al.	(2011b)
Jawarandu Batubara	et al.	(2011a);	Batubara	et al.	(2011b)
Muara Batubara	et al.	(2011a);	Batubara	et al.	(2011b)
Bengal� Batubara	et al.	(2011a);	Batubara		et al.	(2011b)
Jeneponto Rahardja	(2007)

Sheep	 K�sar Salamena	(2006)
Fat	Ta�led	 Noor	et al.	(2001b);	Maskur	and	Arman	(2010)
Th�n	Ta�led	 Dagong	et al.	(2011)
Garut Inounu	et al.	(2008);	Inounu	et al.	(2009);	Dagong	et al.	

(2011)
Ch�cken Kampung Sart�ka	et al.	(2004);	Sart�ka	et al.	(2005);	Ze�n	and	Sulandar�	

(2008);	Sart�ka	et al.	(2008);	Sulandar�	et al.	(2009);	Mu’�n	et 
al.	(2010);	Nataam�jaya	(2008);	

Pelung Iskandar	(2004)
Duck Alab�o Prasetyo	and	Susant�	(2007);	Rukm�as�h	et al.	(2011);	

Mat�taputty	et al.	(2011)
C�hateup Mat�taputty	et al.	(2011);	Rukm�as�h	et al.	(2011);
Tegal	 Prasetyo	and	Susant�	(2010)
Mojosar� Prasetyo	and	Susant�	(2007);	Prasetyo	and	Susant�	(2010)
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pests	to	chem�cal,	h�gh	freqency	of	ep�dem�cs	grow�ng,	�ncreas�ngly	heavy	pollu-
t�on,	 	reduct�on	of	genet�c	d�vers�ty	may	comprom�se	the	susta�nable	of	 l�vestock	
product�on.	Local	breeds	adapted	to	local	cond�t�ons,	are	often	the	most	su�ted	for	
prov�d�ng	env�ronmental	serv�ces,	such	as	management	of	landscape,	�nclud�ng	the	
ma�ntenance	 and	 promot�on	 of	 a	 part�cular	 type	 of	 vegetat�on,	 cross�ng	 corr�dor	
preservat�on	of	hab�tats	and	w�ldl�fe.		Local	breeds	may	contr�bute	to	the	prosper-
�ty	of	l�vestock	farmers,	even	�n	the	poor	area,	the	ecolog�cal	and	cultural	tour�sm	
(Max�m	et al.,	2011).		Furthermore	they	emphas�zed	that	protect�ng	local	breeds	can	
be	done	by	�dent�fy�ng	and	promot�ng	qual�ty	products.		Many	local	races	prov�de	
un�que	products	of	super�or	qual�ty	to	those	from	commerc�al	breeds.

The	harsh	effect	of	cl�mate	change	�s	expected	to	have	max�mum	�mpact	on	
vulnerable	pastoral	commun�ty	engaged	�n	extens�ve	l�vestock	product�on	system	�n	
dry	lands.	Osan�	and	Bebe	(2010)	emphas�zed	the	�mportance	of	for	the	select�on	of	
an�mal	�n	harsh	env�ronment.	Analys�s	of	progeny	h�story	records	also	prov�de	�nfer-
ences	relat�ng	to	the	repeatab�l�ty	of	k�d	surv�val	and	a	measure	of	the	env�ronmen-
tal	var�ance	and	can	be	used	to	pred�ct	future	performance	of	dams	(Falconer	and	
MacKay,		1996).	All	these	represent	useful	�nformat�on	for	the	select�on	of	dams	�n	
harsh	env�ronment.		Some	act�on	plan	that	could	be	appl�ed	�nclude	(�)	the	develop-
ment	of	s�mple	methods	to	character�ze	adapt�ve	tra�ts	�n	marg�nal	lands	(Hoffmann,	
2008);	(��)	foster�ng	part�c�patory	plann�ng	and	the	development	of	breed�ng	goals	
and	 the	des�gn	of	breed�ng	structures	 for	commun�ty	based	adaptat�on	 to	cl�mate	
change	(Osan�	and	Bebe,	2010);	(���)understand	herders	perspect�ve	on	how	exten-
s�ve	l�vestock	product�on	system	are	ta�lored	toward	explo�t�ng	structural	and	env�-
ronmental	unpred�ctab�l�ty	(Kratly,	2008),	and	f�nally	,	th�s	approach	w�ll	contr�bute	
to	the	strengthen�ng	of	l�vestock	keepers’	capac�ty	and	res�l�ence	(Hoffmann,	2008)

Conclus�on

Global	 cl�mate	 change	 represents	 a	 cr�t�cal	 challenge	 to	 FAnGR	 �n	 the	 21st	
century.	However,	Indones�a	has	many	nat�ve	and	domest�c	FAnGR	that	have	adapted	
to	harsh	trop�cal	cl�mate	and	cond�t�ons	for	a	long	t�me.		In	order	to	surv�ve	the	face	
of	cl�mate	change,	the	FAnGR	should	be	kept	pure	and	ut�l�zed	�n	susta�nable	way.
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Tropical Forages in Indonesia: Past experience and Future 
Opportunity

HM Shelton

University of Queensland, Australia

Overv�ew	of	Cattle	Industry	�n	Indones�a

Cont�nu�ng	 econom�c	 growth	 �n	 Indones�a	 �s	 encourag�ng	 h�gher	 beef	 con-
sumpt�on	w�th	annual	consumpt�oncurrently	around	500,000	tonnes,	or	around	2kg/
cap�ta.	Th�s	�s	low	by	compar�son	to	many	developed	countr�es	e.g.	33	kg/cap�taare	
consumed	annually	�n	Austral�a.The	Indones�an	Government’s	object�ve	�s	to	ra�se	
consumpt�on	even	further	to	5kg	(Dr	John	Ackerman,as	reported	�n	Beef Central).		

Between	 2004	 and	 2006,	 �mported	 beef	 accounted	 for	 about	 75%	 of	 total	
Indones�an	 demand	 (Beef	 Central).In	 response,	 the	 Indones�an	 government	 has	
�n�t�ated	a	program	to	boost	domest�c	beef	cattle	product�on	and	product�v�ty	called:	
“PengembanganSwasembadaDag�ngSap�	or	Self	Suff�c�ency	�n	Beef	Supply”.S�nce	
smallholder	product�on	accounts	for	over	80%	of	beef	product�on,	�t	�s	v�tal	that	the	
supply	capab�l�ty	of	smallholdersby	expanded.

The	debate	regard�ng	the	best	way	to	ach�eve	th�s	target	has	focussed	on	l�ft�ng	
beef	cattle	numbers.	The	v�ce-m�n�ster	for	Agr�culture	was	quoted	as	say�ng	that	from	
the	“census	for	Beef	Cattle	and	Buffaloes	�n	2011,	the	local	beef	cattle	populat�on	
�s	14.8	m�ll�on	head.	He	sa�d	that	“Indones�a	would	need	20	to	27	m�ll�on	head	of	
cattle	to	support	�ts	own	requ�rements.	That’s	roughly	the	s�ze	of	the	beef	herd	�n	
Austral�a”	(Dr	John	Ackerman	as	reported	�n	Beef Central).

However,	 the	 goal	 of	 l�ft�ng	 output	 �s	 as	 much	 about	 �ncreas�ng	 �nd�v�dual	
an�mal	performance	as	�t	�s	about	l�ft�ng	overall	cattle	numbers.	Expans�on	of	the	
smallholder	 sector�s	 ser�ously	 hampered	 by	 poor	 nutr�t�on	 wh�ch	 constra�ns	 both	
breed�ng	herd	product�v�ty	and	growth	rates	of	young	an�mals	to	slaughter	we�ght.
L�ft�ng	product�v�ty	of	both	these	parameters	requ�res	�mproved	nutr�t�on.

In	our	project	“Improv�ng	smallholder	cattle	fatten�ng	systems	based	on	forage	
tree	legume	d�ets	�n	eastern	Indones�a	and	northern	Austral�a”,	the	Austral�an	Centre	
for	 Internat�onal	 Agr�cultural	 Research	 (ACIAR)	 �s	 focuss�ng	 on	 �ncreas�ng	 the	
product�v�ty	 of	 cattle	 be�ng	 fattened	 for	 sale	 by	 smallholders.	 By	 �mprov�ng	 the	
nutr�t�onal	qual�ty	of	the�r	d�ets	us�ng	locally	produced	feeds,	we	a�m	to	double	the	
output	of	cattle	fatteners.	Th�s	has	been	�dent�f�ed	as	the	best	way to	�mprove	the	
l�vel�hoods	of	the	rural	poor,	who	are	otherw�se	largely	�nvolved	�n	produc�ng	food	
for	fam�ly	consumpt�on.	
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The	Problem	of	Poor	Nutr�t�on	

While the farm−gate price per kg live weight is similarfor Indonesian farmers 
and	northern	Austral�angraz�ers,	 there	are	many	add�t�onal	problems	�n	Indones�a	
v�z.	h�gh	calf	mortal�ty,	lack	of	good	qual�ty	bulls,	long	calv�ng	�nterval,	poor	growth	
rates	and	slaughter	of	product�ve	cows.

Indones�an	 farmers	 produce	 an	 �nfer�or	 product	 by	 all	 accepted	 �nd�cators	
(rate	of	l�vewe�ght	ga�n,	carcass	we�ght,	age,	dress�ng	%	(45%	�n	Indones�a	cf	54%	
�n	northern	Austral�a)	and	carcass	qual�ty	at	slaughter).	The	lower	product�v�ty	of	
Indones�an	cattle	can	be	related	pr�nc�pally	to	�nadequate	nutr�t�on,	although	other	
factors	may	also	be	�nfluent�al.	The	key	l�m�tat�ons	are:

•	 Seasonal	ra�nfall	together	w�th	lack	of	land	lead�ng	to	scarc�ty	of	forage	sup-
ply,	espec�ally	�n	the	dry	season.

•	 Insuff�c�ent	quant�ty	and	qual�ty	of	forage	fed	and	lack	of	understand�ng	of	
the	�mportance	of	good	nutr�t�on	to	ach�eve	better	an�mal	performance.

•	 H�gh	calf	mortal�ty	due	to	poor	cow	nutr�t�on	and	management
•	 Stunted	growth	 follow�ng	wean�ng,	when	cattle	 are	 free	grazed	on	nat�ve	

rangelands,	reduc�ng	growth	potent�al	even	when	an�mals	are	returned	to	a	
h�gher	qual�ty	d�et.

•	 Other	factors	�nclud�ng:	(a)	Breed	type:	cattle	�n	most	of	Eastern	Indones�a	
have	lower	potent�al	growth	rates	compared	to	trop�cally	adapted	cattle	�n	
northern	Austral�a;	(b)	poor	san�tat�on,	hous�ng	and	health	management	e.g.	
�nternal	paras�tes;	and	(c)	lack	of	suff�c�ent	water	of	appropr�ate	qual�ty

Of	 these	 l�m�tat�ons,	 the	 most	 �mportant	 �s	 poor	 an�mal	 nutr�t�on	 under	 the	
trad�t�onal	 �ntegrated	 crop/l�vestock	 feed�ng	 systems	 employed.	 Even	 �n	 tethered	
fattening systems, cattle typically gain only 0.15 to 0.25 kg per day or 27− 46 kg in 
6	months	of	�ntens�ve	feed�ng	pr�or	to	sale.	In	extens�ve	free	graz�ng	systems,cattle	
lose	we�ght	dur�ng	the	dry	season.

More	 and	 better	 qual�ty	 forage	 �s	 v�tal	 to	 �mprove	 all	 aspects	 of	 an�mal	
reproduct�ve	 and	 growth	 performance.	A	 faster	 rate	 of	 l�ve	 we�ght	 ga�n	 (LWG)	
would	mean	faster	turn	off,	h�gher	l�vewe�ght	and	dress�ng	percentage	at	slaughter,	
a	h�gher	qual�ty	product	and	therefore	greater	returns	per	kg	of	l�ve	we�ght.

The	 current	 m�n�mum	 l�vewe�ght	 for	 slaughter	 of	 250	 kg	 �s	 too	 small	 and	
contr�butes	to	the	low	dress�ng	percentage	(45%);	�t	�s	the	lowest	of	all	beef	cattle	
produc�ng	countr�es	for	wh�ch	product�on	data	are	collated.	The	average	for	trop�cal	
breeds	�n	northern	Austral�a	�s	54%.	It	�s	des�rable,	prof�table	and	techn�cally	poss�ble	
for	Indones�an	farmers	to	fatten	to	l�ve	we�ghts	of	>300	kg.

Improved	 forage	 supply	 �s	 central	 to	 ach�evement	 of	 each	 of	 these	 cattle	
development	goals.	
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Need	for	Planted	Forages	and	Importance	of	H�gh	Qual�ty	D�ets

There	has	been	l�ttle	farmer	�nterest	�n	planted	forages	�n	Indones�a	dur�ng	the	
per�od	 1960-1990)	 desp�te	 s�gn�f�cant	 �nvestments	 �n	 forage	 research	 dur�ng	 that	
per�od.	The	reasons	for	lack	of	�nterest	were:
(a)	 Low	value	for	an�mal	product,	ready	access	to	communal	graz�ng,	and	lack	of	

well-developed	beef	market	lead�ng	to	anon-commerc�al	att�tude	to	l�vestock,
(b)	S�nce	most	cattle	were	free	grazed,	early	work	focused	on	�mprov�ng	communal,	

pastures,	a	concept	that	has	generally	proved	unworkable	due	to	the	lack	of	graz-
�ng	control.	Some	success	was	ach�eved	w�th	the	�ntroduct�on	of	h�ghly	graz�ng	
tolerant	spec�es	e.g.	Stenotaphrumsecundatum	under	coconuts	(Shelton	and	Stur	
1990),	however	ga�ns	were	modest.

Interest	�n	planted	forages	�ncreased	dur�ng	the	m�d	to	late	90s	due	to	chang�ng	
c�rcumstances,	namely:
(a)	 Increas�ng	value	and	demand	for	an�mal	product	due	to	 �ncrease�n	the	wealth	

of	Indones�a’s	populat�on,	wh�ch	�n	turn	has	fostered	the	development	of	local	
markets,

(b)	Less	communal	land	ava�lable	and	thereforedecl�n�ng	access	to	free	forage,
(c)	 H�gh	labour	requ�rement	to	herd	free	range	an�mals.

Innovat�ve	smallholders	began	to	tether	the�r	cattle	and	feed	cut	and	carry	forage	
collected	from	communal	areas,	and	then	eventually	from	forages	del�berately	planted	
on	the�r	own	land.	In�t�ally,	farmers	were	predom�nantly	�nterested	�n	us�ng	grasses	
wh�ch	gave	h�gher	y�elds,	more	feed	per	un�t	area,	and	therefore	lower	labour	costs.	
Th�s	b�as	towards	feed�ng	grasses	rema�ns	today,	for	both	farmers	and	Government	
personnel.	 Dur�ng	 the	 two	 decade	 from	 190	 to	 2010,	 there	 has	 been	 much	 good	
research	work	done;	 f�rstly,	 compar�ng	 the	 su�tab�l�ty	 and	adaptab�l�ty	of	var�ous	
trop�cal	grasses	for	cut	and	carry	e.g.	Panicum maximum	cv.	S�muang	(purple	p�geon	
grass),	Pennisetumpurpurteum	‘Nap�er’,	and	the	Brachiaria	Hybr�d	‘Mulatto’;	and	
secondly,	 develop�ng	 successful	 part�c�patory	 approaches	 to	 ach�ev�ng	 uptake	 of	
planted	forages	by	smallholder	farmers	(Stur	et al.	2007).	There	were	a	number	of	
forage	projects	�n	Indones�a,	mostly	supported	by	Internat�onal	a�d	funds	e.g.	‘The	
Forages	for	Smallholders	Project’	(1995-2005)	supported	byAusAID	/	CIAT	funds,	
and	‘Pastures	for	Plantat�on	Crops’	(1988-1995)	supported	by	ACIAR.

As	 farmers	 became	 more	 commerc�ally	 or�ented,	 they	 needed	 to	 �mprove	
reproduct�ve	performance,	calf	and	weaner	management,	and	growth	rates,	�n	order	
to	speed	up	turn-off.	These	�mprovements	are	pr�nc�pally	ach�eved	by	feed�ng	h�gher	
qual�ty	d�ets.	Trop�cal	grasses	alone	are	�nsuff�c�ent	as	they	are	low	�n	prote�n	and	
d�gest�b�l�ty,	espec�ally	as	they	mature.The	response	of	farmers	was	to	supplement	
w�th	feed	concentrates	e.g.	r�ce	bran,	p�g	and	poultry	concentrates;	wh�le	th�s	ach�eved	
the	object�ve	of	better	an�mal	performance,	supplementat�on	w�th	concentrates	was	
expens�ve	and	reduced	prof�ts.	
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The	alternat�ve	was	to	make	greater	use	of	trop�cal	legume	forages	wh�ch	are	
naturally	h�gh	�n	prote�n	and	generally	of	h�gher	d�gest�b�l�ty	than	trop�cal	grasses;	
an	approach	that	�s	ga�n�ng	acceptance	but	st�ll	not	w�dely	pract�ced	or	understood.

The	 stylos(Stylosanthes guianensis, S. hamata, S. scabra)	 were	 the	 �n�t�al	
legumes	of	cho�ce	by	Government	agenc�es	due	to	the�r	qu�ck	growth	on	most	so�ls	
�nclud�ng	ac�d�c,	�nfert�le	sandy	so�ls.However,	they	are	not	as	h�gh	qual�ty	as	some	
other	legumes	due	to	the�r	h�gher	proport�on	of	f�brous	stem	when	mature,	and	they	
are	often	short	 term.	For	 these	reasons,	 there	has	been	 l�m�ted	use	of	herbaceous	
legumes,	although	another	ACIAR	project	(SMAR/2006/003LPS:	Integrat�ng	forage	
legumes	�nto	the	ma�ze	cropp�ng	systems	of	West	T�mor)�s	hav�ng	success	w�th	the	
�ntegrat�on	of	herbaceous	legumes	w�th	ma�ze	plant�ngs.

In	the	meant�me,	farmers	of	the�r	own	vol�t�on	began	to	make	greater	use	of	
forage	tree	legumes	(FTL)	(Gutter�dge	and	Shelton	1994;Shelton	et al.	2000),	most	
notably	leucaena	(Leucaena leucocephala),	sesban�a	(Sesbania grandiflora),	gl�r�-
c�d�a	(Gliricidia sepium)and	call�andra	(Calliandra calythyrsus).	But	other	spec�es	
were	also	used	e.g.	Acacia leucophloea�n	T�mor.

Role	of	Forage	Tree	Legumes	

It	 became	 apparent	 that	 forage	 tree	 legumes	 were	 more	 appropr�ate	 source	
of	legum�nous	forage	for	smallholders	for	several	reasons(Gutter�dge	and	Shelton	
1994):
•	 They	are	deep	rooted	and	have	the	ab�l�ty	to	prov�de	forage	through	the	dry	sea-

son	when	�t	�s	most	needed.
•	 They	are	true	perenn�als	and	do	not	requ�re	to	be	replanted	on	a	regular	bas�s.
•	 They	are	 read�ly	harvested	 and	 transported	 requ�r�ng	 less	 t�me	 for	harvest�ng	

even	than	grass.
•	 They	supply	mult�-purpose	products	for	households	e.g.	apart	from	forage,	they	

are	a	source	of	t�mber,	fuelwood	and	even	human	food.
•	 There	are	several	spec�es	of	forage	tree	legumes,	wh�le	�ntroduced,grow	natu-

rally	�n	Indones�a	�n	a	w�de	range	of	d�ffer�ng	env�ronments.
W�th	best	poss�ble	nutr�t�on	�nvolv�ng	substant�al	use	of	expens�ve	purchased	

concentrates,	the	potent�al	growth	rate	of	Bal�	cattle	�s	about	0.76	kg/d	or	139	kg	�n	6	
months (Mastika, 2003). With improved nutrition based on 30−40% of high−quality 
forage tree legumes (FTL) in the diet, Bali cattle are capable of 0.4−0.5 kg/d or 
73−91 kg in 6 months (Mastika, 2003). 

Qu�gley	and	Popp�	(2009)	reported	“that	the	potent�al	growth	rate	of	6	to	12	
month	old	Bal�	calves	can	be	l�fted	from	0.1	-	0.2	kg/d,	under	preva�l�ng	feed�ng	
scenar�os,	to	over	0.4	kg/d,	closer	to	the	potent�al	l�vewe�ght	ga�n	of	approx�mately	
0.65	kg/d	(F�gures	1	and	3).	S�mple	feed�ng	strateg�es	ava�lable	to	farmers	�nclude	
the	prov�s�on	of	 feeds	h�gh	 �n	prote�n,	 such	as	Leucaena leucocephala,	Sesbania 
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grandiflora or	copra	meal	and	r�ce	bran.	At	low	levels	of	�nclus�on	(10	g	DM/kg	
W/d)	these	prote�n	supplements	resulted	�n	f�nanc�ally	benef�c�al	�ncreases	�n	l�ve	
we�ght	ga�n”.	

To	ach�eve	these	levels,	�ncreased	access	to,	and	�mproved	knowledge	of,	the	
nutr�t�onal	value	of	FTL	�s	requ�red.	Th�s	approach	has	potent�al	to	not	only	�ncrease	
slaughter	we�ghts,	but	also	reduce	the	slaughter	of	product�ve	females.

F�gure	1.	 Average	da�ly	ga�n	of	weaned	 early	weaned	Bal�	 cattle	 (60-110	kg	 l�ve)	 fed	 a	
range	 of	 d�ets	 �n	 JawaT�mur,	 Nusa	Tenggara	 Barat,	 Nusa	Tenggara	T�mur	 and	
Sulawes�	Tengah	(Qu�gley	and	Popp�	2005).

F�gure	2.	 Average	da�ly	ga�n	of	weaned	 early	weaned	Bal�	 cattle	 (60-110	kg	 l�ve)	 fed	 a	
range	of	tree	legume	d�ets	�n	JawaT�mur,	Nusa	Tenggara	Barat,	Nusa	Tenggara	
T�mur	and	Sulawes�	Tengah	(Qu�gley	and	Popp�	2005).
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The	Key	Tree	Legume	Spec�es

As	ment�oned,	there	are	several	spec�es	of	FTL	be�ng	used	as	a	source	of	forage	
�n	Indones�a;	however	th�s	paper	w�ll	focus	on	two	of	the	h�ghest	qual�ty	spec�es,	
namely, Leucaena leucocephala	and	Sesbania grandiflora.	

Leucaena in Indonesia
The	trop�cal	legum�nous	shrub	Leucaena leucocephala	(leucaena)	�s	w�despread	

�n	Indones�a	where	�t	occurs	as	an	�nvader	of	d�sturbed	areas	where	so�l	and	cl�mate	
parameters	are	conduc�ve	to	�ts	growth.	Where	these	areas	overlap	w�th	rum�nant	
product�on,	some	farmers	have	evolved	feed�ng	systems	ut�l�z�ng	freshly	harvested	
leucaena	 as	 a	 much	 needed	 source	 of	 prote�n	 �n	 cattle,	 goat	 and	 buffalo	 d�ets.		
Leucaena	�s	espec�ally	w�despread	�n	the	seasonally	dry	Prov�nces	of	NTB	and	NTT	
and	�s	often	the	sole	feed	espec�ally	�n	the	dry	season.	There	�s	�mmense	potent�al	to	
�ncrease	the	use	of	th�s	valuable	underut�l�zed	forage.

Leucaena	was	promoted	�n	the	sem�-ar�d	�slands	of	Nusa	Tenggara	T�mur	pro-
v�nce	 �n	 eastern	 Indones�a	 �n	 the	1930s	 to	1960s	by	government	 �nst�tut�ons	 and	
NGOs	to	reduce	degradat�on	and	�ncrease	product�on	and	promote	susta�nable	agr�-
cultural	systems	(P�gg�n	and	Nul�k	2005).	They	reported	that	“the	Amaras�	system	
�n	T�mor	�s	based	around	the	use	of	leucaenaas	forage	for	tethered	cattle	and	goats.	
The	S�kka	system	�n	Flores	was	developed	�n	the	1960s	and	�nvolves	contour	rows	
of	leucaena	to	prevent	eros�on	and	create	�nd�rect	terraces	where	corn,	peanuts,	and	
mungbeans	are	grown	and	mulched	w�th	leucaena	cl�pp�ngs	from	the	hedgerows”.	

“These	systems	each	now	cover	about	50,000	hectares	or	70%	and	30%	of	the	
Amaras�	and	S�kka	areas	respect�vely,	contr�but�ng	substant�ally	to	farm	product�on,	
wood	supply,	and	stab�l�zat�on	of	the	resource	base.	G�ven	that	v�llager	fam�l�es	farm	
about	2	ha,	th�s	suggests	that	some	25,000	farm	fam�l�es	may	be	grow�ng	leucaena	
�n	both	Amaras�	and	S�kka”	(P�gg�n	and	Nul�k	2005).

Wh�le	the	above	examples	of	use	of	leucaena	by	smallholders	are	well	docu-
mented,	recent	�nvest�gat�ons	have	shown	that	the	feed�ng	of	leucaena	to	l�vestock	
�s	more	w�despread	than	prev�ously	thought.	For	�nstance,	we	v�s�ted	Bal�nese	v�l-
lages	�n	western	Sumbawa	(Jat�	Sar�),	v�llages	on	the	southern	coast	of	Sumba,	and	
v�llages	north	of	Seng�t�	on	 the	eastern	coast	of	Lombok,	 that	have	 for	extended	
per�ods,	 based	 the�r	 l�vestock	 feed�ng	around	 the	use	of	both	naturally	occurr�ng	
and	planted	leucaena.	The	Bal�nese	farmers	�n	Jat�	Sar�	�nformed	us	that	leucaena	
feed�ng	was	common	pract�ce	�n	Bal�	before	they	m�grated	to	Sumbawa	approx�-
mately	30	years	ago.	On	arr�val,	they	�n�t�ally	found	jobs	as	labourers	�n	the	shr�mp	
f�sher�es,	but	eventually	were	able	to	buy	land	and	use	the�r	prev�ous	exper�ence	to	
become	cattle	fatteners.

We	 have	 no	 doubt	 that	 s�m�lar	 pract�ces	 ex�st	 �n	 many	 other	 areas	 of	 those	
Prov�nces,	and	probably	�n	other	Prov�nces	of	Indones�a.
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The	potent�al	for	mak�ng	use	of	ex�st�ng	leucaena	areasfor	l�vestock	feed�ng,	
or	extend�ng	 the	area	of	 leucaena	by	new	plant�ngs,	 �s	enormous;	 there	are	 large	
areas	of	upl�fted	coral	landscapes,	�n	both	NTB	and	NTT	that	are	em�nently	su�table	
for	the	growth	of	leucaena.	Indeed	our	early	results	from	plant�ngs	�n	the	v�llage	of	
Kuanheum	and	Batulesav�llages	�n	T�mor	and	�n	Pamet�nganga	hamlet	�n	Kambataana	
v�llage,	Pandawa�subdr�str�ct	�n	Sumba,	demonstrate	th�s	conclus�on.

The	or�g�n	of	the	naturally	occurr�ng	var�ety	�s	not	known	and	may	be	one	of	the	
or�g�nal	g�ant	K-ser�es		provenances	d�str�buted	from	the	Un�vers�ty	of	Hawa��.	Our	
recent	work	�n	NTT	has	demonstrated	the	super�or�ty	of	cv.	Tarramba,an	Austral�an	
released	var�ety	(Gutter�dge	and	Shelton	1996),	compared	to	the	local	var�ety;	�t	�s	
h�gher	�n	palatab�l�ty,	y�eld,	and	psyll�d	tolerance.	Tarramba	leucaena	�s	currently	
be�ng	d�str�buted	w�dely	�n	NTT	and	now	NTB	as	part	of	the	ACIAR	project	referred	
to	above.	It	�s	�mperat�ve	that	local	seed	product�on	of	th�s	var�ety	�s	promoted	to	
ensure	�ts	w�despread	d�str�but�on	and	use.

Leucaena toxicity. Wh�lst	 leucaena	can	support	excellent	an�mal	growth	rates,	 �t	
possesses	an	ant�-nutr�t�ve	property	-	the	tox�c	non-prote�n	am�no	ac�d	m�mos�ne.	
However,	m�mos�ne	 �s	 read�ly	degraded	by	plant	and	rumen	m�crobe	enzymes	 to	
3-hydroxy-4(1H)-pyr�done	(3,4-DHP)	(Hegarty et al.	1964)	and	then,	�f	the	bacter�a	
Synergistes jonesii	 �s	 present,	 to	 harmless	 by-products	 wh�ch	 are	 l�kely	 to	 have	
nutr�t�onal	value	(Jones	and	Megarr�ty	1986).	In	the	absence	of	the	spec�f�c	gram	
negat�ve	bacter�a	S. jonesii,	undegraded	DHP	�s	absorbed	�nto	the	blood	stream	and	
�s	then	excreted	�n	ur�ne.	Wh�le	cl�n�cal	symptoms	�nclude	enlarged	thyro�d	glands,	
subcl�n�cal	tox�c�ty	�s	more	common	and	presents	as	reduced	appet�te	and	reduced	
an�mal	product�v�ty.	Subcl�n�cal	3,4-DHP	tox�c�ty	can	retard	an�mal	growth	by	30-
50%	(Jones	and	W�nter	1982;	Qu�rk et al.	 1988).	The	most	pract�cal	method	 for	
check�ng	the	protect�on	status	(presence	of	bacter�a	capable	of	degrad�ng	DHP)	of	
rum�nants	�s	analys�s	of	ur�ne	for	presence	of	DHP	(Graham	2010).	The	method	�s	
�nexpens�ve	and	conf�rms	not	only	the	presence	of	bacter�a	but	also	the�r	effect�veness	
�n	degrad�ng	DHP	when	rum�nants	are	consum�ng	h�gh	leucaena	d�ets.

As	 part	 of	 The	 Un�vers�ty	 of	 Queensland’s	 ongo�ng	 study	 �nto	 leucaena	
tox�c�ty,	 the	 Austral�an	 Centre	 for	 Internat�onal	 Agr�cultural	 Research	 (ACIAR)	
has	 funded	a	 survey	of	 the	 Indones�an	prov�nces	of	Nusa	Tenggara	Barat	 (NTB)	
and	Nusa	Tenggara	T�mur	(NTT).		The	a�m	was	to	determ�ne	the	local	protect�on	
status	of	rum�nants	to	leucaena	tox�c�ty	�n	twenty	v�llages	chosen	from	the	�slands	
of	Lombok,	Sumbawa,	Sumba	and	T�mor.

Prel�m�nary	ur�ne	 test	 results	 showed	 large	var�ab�l�ty,	 not	only	between	 �s-
lands,	but	 also	between	an�mals	 �n	 the	 same	v�llage	and	between	v�llages	on	 the	
same	�sland.	

On	every	�sland,	there	were	some	an�mals	excret�ng	h�gh	levels	of	tox�n	wh�le	
other	 an�mals	 consum�ng	 large	 amounts	 of	 leucaena	 were	 excret�ng	 no	 tox�n	 �n	
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the�r	ur�ne.	These	latter	an�mals	are	of	part�cular	�nterest	for	further	stud�es,	as	they	
possess	rum�nal	bacter�a	capable	of	complete	degradat�on	of	m�mos�ne	and	DHP.	
Interest�ngly,	there	were	also	an�mals	excret�ng	h�gh	amounts	of	ur�nary	DHP	tox�n	
�n	 ne�ghbour�ng	 v�llages,	 �n	 some	 cases	 less	 than	 1	 km	 apart.	 Cattle	 of	 Bal�nese	
v�llagers	 �n	Sumbawa	and	cattle	 �n	T�mor	w�th	well-establ�shed	 leucaena	feed�ng	
pract�ces,	 were	 excret�ng	 low	 amounts	 of	 tox�n,	 and	 showed	 protect�on	 aga�nst	
leucaena	tox�c�ty.	

A	 surpr�s�ng	 f�nd�ng	 was	 that	 goats	 and	 buffalos	 w�th�n	 Sumba,	 an	 �sland	
prev�ously	thought	to	be	unprotected	due	to	�ts	�solat�on	from	other	�slands,	showed	
low	or	no	tox�n	excreted	wh�le	on	h�gh	leucaena	d�ets.	

The	f�nd�ngs	of	th�s	survey	are	encourag�ng	and	w�ll	a�d	research	�nto	�mprov�ng	
current	 �noculat�on	 pract�ces	 to	 prevent	 tox�c�ty	 wherever	 leucaena	 feed�ng	 �s	
pract�sed.

Sesbania in Indonesia
Sesban�a	 (Sesbania grandiflora)	 �s	 a	 mult�-funct�on	 tree.	 Its	 ma�n	 use	 In	

southern	Lombok,	the	major	reg�on	for	goat	and	cattle	product�on,	�s	as	the	ma�n	
(and	somet�mes	the	only)	component	of	rum�nant	d�ets	(Dahlanudd�net al.	2005).	
It	was	or�g�nally	�ntroduced	to	Lombok	�n	the	1970s	as	part	of	a	nat�onal	program,	
a�med	�n�t�ally	at	�mprov�ng	so�l	fert�l�ty	and	replant�ng	barren	areas.	

Dahlanudd�net al.	 (2005)	 reported	 that	 “Sesban�a	 has	 the	 h�ghest	 nutr�t�ve	
value	and	�s	the	most	w�dely	used	of	all	tree	legumes	ava�lable	for	l�vestock	feed�ng	
�n	Lombok.	It	�s	planted	�n	s�ngle	rows	along	the	bunds	of	r�ce	padd�es.	The	leaves	
are	cut	and	fed	fresh	�n	a	cut-and	carry	system;	the	branches	are	dr�ed	for	f�rewood.	
Farmers	harvest	only	 the	s�de	branches	of	 the	 tree	 to	avo�d	 tree	mortal�ty,	and	 to	
make	the	trunk	stra�ght	for	pole	t�mber	when	cut	at	around	3	years	of	age.	Southern	
Lombok	has	l�m�ted	forest	resources,	mak�ng	sesban�a	the	ma�n	source	of	f�rewood	
and	t�mber	for	both	hous�ng	and	an�mal	pens”.

Dahlanudd�net al.	(2005)	reported	that	“sesban�a	�s	planted	on	approx�mately	
25%	of	r�ce	f�eld	bunds	on	Lombok,	mostly	on	the	southern	part	of	the	�sland	(wh�ch	
�s	 the	ma�n	 r�ce	 reg�on	 �n	Lombok).	Mature	 seeds	 that	 drop	naturally	dur�ng	 the	
dry	 season	 prov�de	 suff�c�ent	 seedl�ngs	 �n	 the	 early	 wet	 season	 for	 transplant�ng	
onto	the	bunds.	Each	farmer	plants	an	average	of	520	plants,	40-60cm	apart.	From	
an	est�mate	of	the	total	length	of	the	bunds	over	Lombok	�sland,	c�rca	65K	small	
farmers	plant	sesban�a”.	

The	 fact	 sheet	 on	 the	 trop�cal	 forages	 web	 s�te	 (www.trop�calforages.�nfo)	
�nd�cates	that“an	annual	dry	matter	y�eld	of	27	kg	of	green	leaf/tree	was	ach�eved	by	
harvest�ng	s�de	branches.	When	fed	to	rum�nant	an�mals,	�t	may	compr�se	up	to	70%	
of	total	forageallowance	dur�ng	the	dry	season.		Anecdotal	reports	of	h�gh	l�vewe�ght	
ga�ns	�n	cattle	are	common.		In	Ind�a,	m�lk	y�eld	was	�ncreased	by	8%	(9.2-9.9	l/day)	
when	cattle	were	fed	5	kg	fresh	leaf/day”.	However,	the	plant	conta�ns	canavan�ne,	
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the	nutr�t�onal	�mpl�cat�ons	of	wh�ch	are	unknown.	It	also	Conta�ns	low	quant�t�es	
of	condensed	tann�ns	and	the	seeds	are	po�sonous	to	f�sh.

The	 system	 has	 potent�al	 for	 expans�on	 to	 other	 areas	 of	 Lombok	 and	
Indones�a	 w�th	 s�m�lar	 agroecolog�cal	 cond�t�ons.Sesban�a	 plant�ng	 �s	 a	 valuable	
and	susta�nable	technology	that	f�ts	well	�nto	smallholder	farms.	It	allows	farmers	to	
produce	h�gh	qual�ty	forage.	However,	better	agronom�c	�nformat�on	�s	requ�red	on	
plant�ng	conf�gurat�on,	management	for	opt�mal	forage	and	wood	product�on,	and	
genet�c	d�vers�ty.

Empower�ng	Local	Resources	for	Susta�nable	An�mal	Product�on	Due	
to	Cl�mate	Change

The	theme	of	th�s	conference	�s	Empower�ng	Local	Resources	for	Susta�nable	
An�mal	Product�on	Due	to	Cl�mate	Change.	Forage	tree	legumes	contr�bute	to	th�s	
goal	�n	many	ways:

Contribution to sustainability
1.	 They	can	be	cruc�al	contr�butors	of	forage	to	the	product�v�ty	of	household	

rum�nants,	l�ft�ng	the	econom�c	returns	to	rural	fam�l�es,	and	�mprov�ng	the	
welfare	of	both	farmers	and	the�r	an�mals.	

2.	 They	are	 long-l�ved	perenn�als	 that	stab�l�ze	often	degraded	env�ronments	
protect�ng	them	from	eros�on	and	degradat�on.

3.	 Be�ng	legumes	they	contr�bute	N	to	the	�ntegrated	crop-l�vestock	systems	so	
common	�n	Indones�a.

4.	 They	prov�de	much	needed	forage	for	l�vestock	reduc�ng	graz�ng	pressure	
on	communal	lands.

Contribution to climate change
1.	 The	 �mprovement	 �n	 qual�ty	 of	 rum�nant	 d�ets	 by	 the	 add�t�on	 of	 forage	

tree	 legume	 fol�age	 reduces	 methane	 em�ss�ons.	 “CSIRO	 research	 shows	
that	 northern	 (Austral�an)	 cattle	 fed	 on	 a	 d�et	 of	 predom�nantly	 leucaena,	
a	 legume	 tree,	 em�t	 less	 methane	 than	 cattle	 graz�ng	 on	 trop�cal	 grasses”	
(Charmley	2011).

2.	 Substant�al	amounts	of	C	are	sequestered	�n	the	woody	frame	and	t�mber	of	
FTL.	 Research	 be�ng	 conducted	 at	 the	 Un�vers�ty	 of	 Queensland	 �nd�cate	
that	leucaena-grass	pastures	sequester	C	at	depth	�n	the	so�l	prof�le	(below	
60	cm)	and	can	store	370	–	400	t	ha-1	C	compared	w�th	270	t	ha-1	C	�n	grass	
only	 (buffel	 grass)	 pastures;	 however,	 the	 amounts	 are	 h�ghly	 dependent	
on	management	pract�ces,	so�l	type	and	cl�mate	(Kathryn	Conrad,	personal	
commun�cat�on).



73Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

Conclus�ons

The	Indones�an	Government	has	made	a	pr�or�ty	to	l�ft	cattle	product�v�ty	and	
move	towards	self-suff�c�ency	�n	beef	product�on.	Smallholders	are	cruc�al	to	th�s	
strategy	as	they	supply	a	h�gh	percentage	of	output.	The	best	way	to	ach�eve	th�s	
goal	�s	to	�mprove	the	amount	and	qual�ty	of	forages	used	by	farmers	to	feed	the�r	
cattle;	th�s	w�ll	have	a	d�rect	pos�t�ve	effect	on	reproduct�ve	eff�c�ency	of	females	
(by	l�ft�ng	calv�ng	percentages	and	reduc�ng	calf	mortal�ty)	and	the	rate	of	growth	
of	young	bulls	post	wean�ng	and	therefore	turn	off	from	smallholder	cattle	fatten�ng	
enterpr�ses.

Forage	tree	legumes	can	play	an	�mportant	role	as	they	are	commonly	present	
�n	rural	env�ronments,	they	are	perenn�al	and	supply	dry	season	forage,	and	many	
farmers	already	use	 them	 �n	 the�r	 feed�ng	programs.The	key	 tree	 legume	spec�es	
areLeucaena leucocephala	 and	 Sesbania grandiflora	 but	 other	 spec�es	 such	 as	
Gliricidia sepium	are	also	�mportant.	FTL	have	the	add�t�onal	advantage	of	promot�ng	
susta�nab�l�ty	of	an�mal	product�on	due	to	the�r	longev�ty	and	have	the	potent�al	to	
reduce	greenhouse	gases	v�a	the�r	C	sequestrat�on	capab�l�ty	and	to	reduce	methane	
em�ss�ons	from	rum�nants	consum�ng	h�gher	qual�ty	d�ets.
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I. Breeding and Genetics
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Abstract

The present research has been conducted in five stages: genetic selection, 
crossbreeding, cellular analysis, evaluating the nutritional requirements and egg 
production.  This research used 10 adult male chickens from crossing between 
female of Kampung chicken with male of laying chicken and 60 female Arab (silver 
and golden). Crossing carried out by artificial insemination and all parameters 
measured on offspring. The research design used was randomized factorial (2x4) 
and data was processed statistically using analysis of variance. To be able to show 
the maximum genetic potential then any growth stage of chicken during the selection 
process were examined by nutrient requirements mainly protein and energy balance 
using feed conversion and feed efficiency parameters. The treatments of energy: 
protein balance were; A (3000 Kcal:21%), B(2900 Kcal:20%), C(2800 Kcal:19%) 
and D(2700 Kcal:18%). Analysis of cellular parameters (protein, RNA and mRNA) 
in muscle tissue was performed on F3 derivatives of Kamaras to indentify as 
laying hens and also evaluated the ability of production.At the end of period, other 
parameters were measured:  egg production, egg quality (Haugh Unit and grade of 
eggs, egg shape and eggshell color). Research results showed that crossbreeding 
and selection based on the performance of the exterior on local chicken produced 
two type of local layer hen that meet the criteria of commercial laying hens:  medium 
and heavy type of Kamaras chicken. The cellular analysis results showed that 
chicken Kamaras has characteristics similar to the laying hens where the pectoral 
muscle growth was very slow. Egg production of both types of Kamaras chicken 
much higher than pure kampung chicken ranged between 144-170 egg/year. Egg 
quality analysis resulted that the Kamaras chicken (both medium and heavy type)  
produced eggs with high quality especially in terms of Haugh unit values (> 70), egg 
weight, eggshell thickness, grade (A) and quality of egg yolk (reddish yellow) better 
than Kampung chicken or Arab chicken. However, energy and protein content in diet 
significantly affected the egg production and egg quality in both type of Kamaras 
chicken.  In conclusion, the egg productivity and egg quality of Kamaras chicken as 
a the result of selection and crossbreeding program were better than other types of 
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local chickens. In fact, Kamaras could be developed as a candidate of local laying 
chicken for future.

Keywords: cellular analysis, crossbreeding, local chicken, nutritional requirements, 
selection method

Introduct�on

Breed�ng	program	of	local	an�mal	w�ll	be	able	to	support	econom�c	stab�l�ty	
and	 food	 secur�ty	 programs	 wh�ch	 are	 more	 valuable	 than	 the	 �mport	 of	 an�mal	
from	abroad.	Th�s		program	w�ll	st�mulate	the	Indones�an	people	to	produce	�ts	own	
products	and	have	alternat�ve	jobs	for	commun�ty.	One	of	the	great	potent�al	of	local	
an�mal	�n	Indones�a	�s	local	ch�cken	(ayam	kampung)	wh�ch	could	be	developed	by	
genet�c	�mprovement	to	reduce	the	dom�nance	of	�mported	ch�cken	(bro�ler	or	layer).	
Th�s	effort	w�ll	support	the	genet�c	development	of	local	ch�ckens	as	a	commerc�al	
layer	 ch�cken	 that	 �s	 more	 product�ve	 and	 prof�table	 for	 bus�ness	 act�v�ty.	These	
object�ves	could	be	ach�eved	by	a	susta�nable	strateg�c	approach	�nclud�ng	genet�c	
select�on	and	nutr�t�onal	adjustment	(M.	Aman	Yaman		et al.,	2000a:	2000b:	2010)	
and	up-grad�ng	technology	through	genet�c	approach	and	breed�ng	technology	(May,	
1971:	Br�llard,	2003).	

The	breed�ng	 technology	developed	 for	 local	ch�cken	select�on	should	have	
advantages	�n	terms	of	output,	appl�cat�ve	and	more	econom�cal	(Ansah	et al.,	1985:	
Bennew�tz	 et al.,	 2007).	The	 prev�ous	 stud�es	 of	 local	 ch�cken	 have	 categor�zed	
two	types	of	local	ch�cken	from	Aceh	Prov�nce	resulted		by		genet�c	select�on	us�ng	
exter�or	 parameters,	 namely	 (a)	 the	 type	 of	 potent�ally	 meat	 ch�cken	 and	 (b)	 the	
type	that	can	be	or�ented	as	lay�ng	hens.	The	prev�ous	results	also	showed	that	the	
average	local	ch�cken	eggs	only	produced	between	70	to	90	eggs	/year.	Unt�l	now,	
the	convent�onal	program	of	genet�c	select�on	for	local	ch�cken	have	not	been	able	
to	ra�se	the	potent�al	of	local	ch�ckens	as	product�ve	lay�ng	hens	(M.	Aman	Yaman	
et al.,	 2008:	 2009).	 In	 order	 to	 solve	 such	 problems,	 the	 appl�cat�on	 of	 genet�c		
programs	for	select�ng	local	ch�cken	needs	to	be	done	through	a	comb�nat�on	of	a	
more	 comprehens�ve,	 more	 effect�ve	 and	 appl�cable	 method	 us�ng	 crossbreed�ng	
program.	

In	pr�nc�ple,	to	st�mulate	the	gene	express�on	of	local	ch�cken	as	layer	requ�res	
the	 supply	 of	 nutr�ents	 accord�ng	 to	 the�r	 requ�rements	 s�nce	 the	 starter,	 grower,	
pre-lay�ng	 and	 lay�ng	 per�od	 (M.	 Aman	 Yaman	 et al.,	 2002:	 Watt�aux,	 2006).	
Development	of	methods	of	select�on,	crossbreed�ng	and	nutr�t�onal	approaches	�n	
an	effort	to	generate		a	new	stra�n	of	local	ch�ckens	for	egg	product�on	w�ll	be	h�ghly	
appropr�ate	for	a	local	ch�cken.	It	�s	poss�ble	to	perform	crossbreed�ng	program	us�ng	
art�f�c�al	�nsem�nat�on	to	�ncrease	the	express�on	of	genet�c	potent�al	(Szwaczkowsk�	
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et al.,	2000:	Sapp	et al.,	2004).	The	present	research	w�ll	focus	on	produc�ng	a	layer	
ch�ckens	resulted	by	crossbreed�ng	between	local	ch�cken,	Arab	ch�cken	and	Hy-
L�ne	Brown	layer.	The	comb�nat�on	of	breed�ng	and	nutr�t�onal	approach	could	be	
cons�dered	to	produce	a	new	stra�n	of	local	ch�cken	wh�ch	genet�cally	able	to	produce	
egg	h�gher	than	the	or�g�nal	local	ch�cken.	The	character�st�c	of	egg	produce	by	th�s	
ch�cken	also	must	be	qual�f�ed	for	market	standard	as	a	commerc�al	ch�cken	egg.

Mater�als	and	Methods

Ten	adult	male	selected	ch�ckens	(cross�ng	between	female	of	Kampung	ch�cken	
w�th	male	of	lay�ng	commerc�al	ch�cken)	and	s�xty	female	Arab	ch�cken	were	used	
to	evaluate	the	qual�ty	of	offspr�ng	as	a	cand�date	of	layer	ch�cken.		Crossbreed�ng	
was	 carr�ed	 out	 by	 art�f�c�al	 �nsem�nat�on	 and	 all	 parameters	 were	 performed	 on	
offspr�ngs	(F1	–	F3).	The	research	des�gn	used	was	random�zed	factor�al	(2x4)	and	
data	was	processed	 stat�st�cally	us�ng	analys�s	of	var�ance.	Evaluat�on	of	genet�c	
potent�al	was	performed	�n	any	growth	stage	of	ch�cken	dur�ng	the	select�on	process.	
The	effect	of	nutr�t�onal	adjustment	on	select�on	program	was	exam�ned	by	treatment	
of	prote�n	and	energy	balance	to	evaluate	feed	convers�on	parameter.

The	treatment	of	energy	and	prote�n	balance	were	A	(3000	Kcal:21%),	B(2900	
Kcal:20%),	C(2800	Kcal:19%)	and	D(2700	Kcal:18%).	At	90	days	of	age,	analys�s	
of	cellular	parameters	(prote�n,	RNA	and	mRNA)	�n	muscle	t�ssue	was	performed	on	
breast	muscle	sample	of	offspr�ng	(F3)	to	�ndent�fy	selected	ch�cken	as	a	cand�date	
of	 lay�ng	 ch�cken.	 At	 the	 end	 of	 per�od,	 other	 parameters	 were	 measured:	 egg	
product�on,	egg	we�ght,	haugh	un�t	(HU),	egg	grade,	egg	shape	and	eggshell	color.	

Sampl�ng	of	hatch�ng	egg	resulted	by	crossbreed�ng	to	produce	F1-F3	offspr�ng	
were	selected	by	the	follow�ng	cr�ter�a	;	eggshell	color	�s	redd�sh-wh�te,	oval	shape,	
egg	we�ght		from	35	to45	gram	and	fert�le.	Sample	of	breast	muscle	and	l�ver	t�ssue	
were	collected	from	ch�cken	to	evaluate	the	response	of	ch�cken	type	and	nutr�t�onal	
treatments	on	cellular	parameters	for	select�on	program	carr�ed	out	by	the	method	
of	 d�slocat�on	 neck	 (cerv�cal	 sp�ne	 fracture)	 and	 chem�cal	 analys�s.	 All	 sample	
t�ssue	was	preserved	by	�mmers�ng	�nto	l�qu�d	n�trogen	and	stored	at	-80°	C	unt�l	
analys�s.	Prote�n,	RNA	and	mRNA	contents	were	analyzed	by	chem�cal	treatment	
and	measured	by	spectrophotometer	(M.	Aman	Yaman	et al.,	2000).

Results	and	D�scuss�on

The	 present	 result	 showed	 that	 crossbreed�ng	 between	 local	 ch�cken,	 layer	
ch�cken	 and	 Arab	 ch�cken	 produced	 two	 types	 (heavy	 and	 med�um	 types)	 of	
product�ve	lay�ng	hen	(called	as	Kamaras	ch�cken)	w�th	a	spec�f�c	performance	and	
d�fference	�n	egg	product�v�ty	(Table	1).	Both	of	Kamaras	ch�ckens	have	a	s�m�lar	
body	shape	but	d�fference	�n	body	we�ght	dur�ng	mature	sex	and	dom�nant	color.	
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Heavy	type	ch�cken	has	a	black	dom�nant	color	and	gray	dotted,	wh�le	med�um	type	
has	a	black	dom�nant	color	and	wh�te/golden	dotted.	At	the	age	of	mature	sex,	body	
we�ght	was	1580	gram	(heavy	type)	and	1420	gram	(med�um	type).	The	average	of	
egg	product�on	of	both	types	of	Kamaras	ch�cken	ranged	between	171	to	177	eggs	
/year.	There	was	no	d�fference	�n	egg	qual�ty	of	both	types	of	ch�cken.	However,		the	
FCR	of	med�um	was	lower	(2.6	kg)	compared	to	the	heavy	type	ch�cken	(2.9	kg)	
dur�ng	90	days	of	rear�ng	per�od.	The	results	also	show	that	through	crossbreed�ng	
program	and	comb�nat�on	of	select�on	methods	produced	a	der�vat�ve	type	of	local	
ch�cken	wh�ch	has	an	ab�l�ty	 to	produce	eggs	was	h�gher	 than	 the	or�g�n	of	 local	
ch�cken	but	st�ll	has	a	s�m�lar	character�st�c	�n	egg	qual�ty.

Table	1.	Parameter	of	Kamaras	ch�cken	(female	l�ne)	resulted	by	cross	breed�ng	program	as		
a	cand�date	of	local	product�ve	lay�ng	hens	

Spec�f�cat�on Heavy	type Med�um	type

Body	shape Layer Layer

Dom�nant	color Black	and	gray	
dotted

Black	and	wh�te	
dotted

Body	we�ght		of		pra-laying	(gram) 1580 1420
F�rst	lay�ng	age	(week) 19	 18
Clutch		(egg/week) 5 4
Mean	of	egg	product�on	(egg/year) 177 171
Egg	we�ght	(gram) 35-47 32	-	43
Haugh	un�t 74 72

Egg	shell	color Creamy	wh�te Creamy	wh�te	
brown

Hatchab�l�ty	(%) 93 91
Feed	convers�on	rate	(FCR)	for	90	days 2.9 2.6

Comb�nat�on	select�on	program	and	mat�ng	strategy	to	explore	the	potent�al	of	
genet�c	dur�ng	breed�ng	process	w�ll	largely	affect	the	der�vat�ve	type	of	ch�cken	(M.	
Aman	Yaman	et al.,	2008	and	2009).	On	poultry	breed�ng	program,	the	dom�nant	
character�st�c	 that	 appears	 �n	 exter�or	 parameter	 followed	 by	 analys�s	 of	 cellular	
parameter	w�ll	be	used	as	a	very	useful	parameters	to	produce	a	new	type	of	ch�cken	
�n	 accordance	 w�th	 the	 breed�ng	 purpose	 (Brah,	 2005;	 Bennew�tz	 et al.,	 2007)	
�nclud�ng	 breed�ng	 program	 to	 st�mulate	 the	 �ncrease	 �n	 egg	 product�on	 and	 egg	
qual�ty	of	local	ch�cken.	The	comb�nat�on	of	select�on	program	on	a	local	ch�cken	
through	cellular	and	exter�or	parameters	�nfluenced	the	appearance	of	the	ch�cken	
peformance	 and	 egg	 product�on	 (Watt�aux,	 2006)	 .	 The	 present	 result	 approved	
that	crossbreed�ng	followed	by	a	str�ke	select�on	method	us�ng	local	ch�cken,	layer	
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ch�cken	and	female	Arab	produced	a	new	type	of	ch�cken	wh�ch	can	replace	the	role	
of	local	ch�ckens	as	lay�ng	hens	�n	the	future.

Analys�s	of	cellular	parameters	(Table	2)	�n	the	two	types	of	ch�cken	Kamaras	
showed	that	prote�n,	RNA	and	mRNA	contents	�n	the	pectoral	muscle	has	equal	to	
those	�n	commerc�al	lay�ng	hens.	These	�nd�cat�ons	show	that	the	ch�cken	Kamaras	
could	be	categor�zed	as	slow-grow�ng	type	of	ch�cken	s�m�lar	to	the	character�st�cs	of	
lay�ng	hens.	Cellular	content	�n	breast	muscles	of	poultry	could	be	used	as	a	reference	
for	 funct�onal	 select�on	of	 lay�ng	hens	 or	 bro�lers,	 �n	wh�ch	 the	 concentrat�on	of	
prote�n,	RNA	and	mRNA	of	ch�cken	breast	muscle	layer	�s	lower	than	bro�lers	due	
to	the	d�fferent	types	of	f�ber	muscle	(K�ta	et al.,	2002	and	M.	Aman	Yaman,	2010).	
The	 results	 of	 th�s	 study	 approved	 that	 the	 ch�cken	 Kamaras	 have	 a	 very	 strong	
character	as	lay�ng	hens	that	can	be	developed	�nto	a	product�ve	lay�ng	hens.

Table	2.	The	concentrat�on	Prote�n,	RNA	and	mRNA	contents	on	breast	muscle	of	Kamaras	
ch�cken	(F3)	resulted	by	crossbreed�ng	between	male	selected	ch�cken	and	female	
Arab	ch�cken

Parameter Med�um	type Heavy	type

Ch�cken	age	(days) 90 90
Body	we�ght	(gram) 857 993
Breast	muscle	we�ght	(gram) 17.15 18.49
Prote�n	(mg) 3023 3155
RNA	(mg) 12.93 13.24
mRNA	(ug) 3276 3340

It	was	also	observed	that	prote�n	and	energy	balance	�n	the	feed	s�gn�f�cantly	
affected	on	egg	product�on	rate	and	egg	qual�ty	(HU	value)	�n	both	type	of	Kama-
ras	ch�cken.	However,	there	was	no	�nfluence	of	ch�cken	type	(heavy	and	med�um	
types)	on	egg	product�on	of	Kamaras	ch�cken.	It	was	known	that		adjustment	of		pro-
te�n	and	energy	balance	�ncreased	the	number	of	eggs	and	egg	qual�ty.	The	egg	pro-
duct�on	of	Kamaras	ch�cken	fed	on		d�et	conta�n�ng	19%	of	crude	prote�n	and	2800	
Kcal	of	energy	s�gn�f�cantly	�ncreased	than	other	nutr�t�onal	treatments	(Table	3).	It	
was	also	�nformed	that	the	requ�rement	of	prote�n	and	energy	balance	was	d�fferent	
between	Kamaras	ch�cken	and	commerc�al	 layer	ch�cken.	In	general,	commerc�al	
lay�ng	hens	requ�re	17%	of	prote�n	and	2900	Kcal	of	energy	�n	rat�on.	It	was	due	to	
the	d�fference	�n	genet�c	character�st�c	as	the	result	of	crossbreed�ng	between	3	types	
of	ch�cken.	The	present	result	also	showed	that	breed	and	ch�cken	type,	genet�cally	
affected	the	egg	product�on	but	the	nutr�t�onal	balance	�n	part�cular;	prote�n,	energy	
and	m�nerals	�s	a	�mportant		factor	affect�ng	the	product�on	and	egg	qual�ty	of	lay-
�ng	hens	(K�no,	1993;	Bennew�tz	et al.,	2007).	The	two	types	of	Kamaras	ch�cken	
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produced	between	147-170	eggs/year	h�gher	than	or�g�n	ch�cken	(70-90	eggs	/	year).	
The	�nfluence	of	genet�c	character�st�c	from	the	Arab	and	layer	ch�ckens	as	male	and	
female	l�ne	dur�ng	crossbreed�ng	program	caused	an	�ncrease	�n	egg	product�on	of	
Kamaras	ch�cken.

Table	3.	The	effect	of	ch�cken	type	and	nutr�t�onal	treatment	on	number	and	egg	qual�ty	of	
Kamaras	ch�cken	(F3)	 resulted	by	crossbreed�ng	between	male	selected	ch�cken	
and	female	Arab	ch�cken

Type	of	
offspr�ng

Nutr�t�onal	
treatments

Number	of	
egg/year HU

Egg	
we�ght	

(g)

Egg
grade

Egg	yolk
color

Eggshell	
th�ckness	

(mm)

Heavy

A 157b 68b 33 A Redd�sh	yellow 0.33
B 162c 71b 35 A Redd�sh	yellow 0.34
C 167c 73b 36 AA Redd�sh	yellow 0.37
D 142a 64a 32 B yellow 0.32

Med�um

A 156b 67a 34 A Redd�sh	yellow 0.32
B 164c 70b 34 A Redd�sh	yellow 0.35
C 170c 73b 36 AA Redd�sh	yellow 0.36
D 147a 65a 32 B yellow 0.32

D�fferent	superscr�pt	�n	the	same	l�ne	means	s�gn�f�cantly	d�fferent	(P<0.05)

The	d�fferences	�n	prote�n	and	energy	balance	�n	rat�on		also	effected	egg	we�ght,	
shell	th�ckness,	albumen	he�ght,	yolk	color	of	egg.	It	was	also	observed	that		the	value	
of	HU	and	grade	eggs	on	both	types	of	ch�cken	Kamaras	was	s�gn�f�cantly	affected	
by	prote�n	and	energy	balance	�n	rat�on.		The	egg	we�ght	of	Kamaras	ch�cken	fed	on	
rat�on	conta�ned	19%	of	crude		prote�n	and	2800	kcal	of	energy	was	h�gher		and	�t	
was	also	followed	by	an	�ncrease	�n	egg	components,	egg	grade	and	HU.	The	results	
are	cons�stent	w�th	several	prev�ous	stud�es	that	nutr�t�onal	adjustment	resulted	�n	
�ncreased	egg	we�ght	and		albumen	qual�ty	that	have	an	�mpact	on	�ncreas�ng	the	
Haugh	Un�t	of	egg	(M.	Aman	Yaman	et al.,	2008:2009	and	2010).
	
Conclus�ons

Cross	breed�ng	program	between	selected	local	ch�cken,	Arab	ch�cken	and	Layer	
Hy	L�ne	Brown		has	produced	a	potent�al	local	lay�ng	ch�cken	called	as	Kamaras	
ch�cken.	The	th�rd	offspr�ng	of	crossbreed�ng	use	3	type	ch�ckens	generated	two	types	
of	local	lay�ng	ch�cken	(med�um	and	heavy	types)	w�th	the	h�gh	egg	product�on	than	
the	or�g�n	local	ch�cken.	It	was	also	known	that	the	egg	product�on		and	egg	qual�ty	
of	Kamaras	ch�cken	could	be	st�mulated	by	fed	on	rat�on	conta�n	19%	of	prote�n	and	
2800	Kcal	of	metabol�zable	energy	(ME).	
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In	conclus�on,	egg	product�on	and	egg	qual�ty	of		Kamaras	ch�cken	from	cross	
breed�ng,	genet�c	select�on	and	nutr�t�onal	adjusment	was	better	than	the�r	or�g�ns	so	
�t	could	potent�ally	be	developed	as	a	local	ch�cken	lay�ng.
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Abstract

Calpastatin (CAST) is an indigenous inhibitor of calpain that involved in 
regulation of protein turn over and growth. The objective of this research was to 
identify genetic polymorphisms in the part of intron 5 - entire exon 6 of CAST gene 
in local sheep and their association with meat quality and muscle composition. A 
PCR-SSCP method was carried out to identify genetic variation of CAST gene. In 
total 401 heads of sheep from 8 subpopulations were investigated, three groups 
of samples were thin tail sheep from Sukabumi, Jonggol and Kissar. The rest 
samples were Priangan sheep from Margawati and Wanaraja and fat tail sheep 
from Donggala, Sumbawa and Rote islands. Twenty one heads from Jonggol were 
used for meat and muscle identification. SSCP analysis revealed that three different 
SSCP patterns corresponded to three different alleles in the CAST locus (CAST-
1, 2 and 3 allele) with six different genotypes. Genetic variation between local 
sheep populations were calculated based on genotypic and allelic frequencies.
Most populations studied were polymorphic, with genotype frequencies of CAST-11, 
CAST-12, CAST-22, CAST-13, CAST-23, and CAST-33 were 29.7%, 38.2%, 24.2%, 
2.5%, 4.5% and 0.7% respectively. CAST-1 and 2 alleles were most commonly found 
in all populations with total frequency 95.8%, while rare allele was CAST-3 (4.2%) 
and only found in thin tail population.  Based on sequence analysis identified a non-
synonymous amino acid variation in exon 6 induced Gln/Leu substitusion. There 
was no association between CAST alleles and genotypes with meat quality. 

Key words: calpastatin, local sheep, meat quality, PCR-SSCP

Introduct�on

Local	sheep	�s	one	of	the	genet�c	resource	potent�al	to	be	developed.	Th�s	�s	
due	 to	 the�r	several	advantages	wh�ch	are	prol�f�c,	good	adaptab�l�ty	 to	 the	harsh	
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env�ronments,	d�sease	res�stance,	shorter	product�on	cycles	and	relat�vely	requ�res	
small	 cap�tal.	 In	 add�t�on,	 �n	 some	 densely	 populated	 areas	 l�ke	 Java,	 sheep	 are	
able	 to	subst�tute	 	 some	beef	 that	have	 to	be	 �mported	each	year.	Based	on	2008	
data,	spec�al	needs	of	sheep	�n	West	Java	alone	reach	the	range	of	3.343.365	heads	
(D�tjennak	2009).	The	amount	of	the	request	�nd�cates	that	the	prospects	for	sheep	
farm�ng	�s	st�ll	w�de	open.	

In	relat�on	to	sheep	development	efforts,	some	weaknesses	of	the	local	sheep	
�s	that		the�r	slaughter	we�ghts	and	da�ly	body	we�ght	ga�n	are	low	va�red	between	
54	-	174	g/head/day	(Yam�n	et al.	2009),	�n	add�t�on,	the	carcass	qual�ty	and	meat	
�s	also	h�ghly	var�able	and	do	not	meet	�nternat�onal	market	standards.	In	order	to	
solve	the	problem	the	genet�c	qual�ty	�mprovement	efforts	are	needed	to	�ncrease	
product�v�ty,	carcass	and	meat	qual�ty		so		the	�mpact	on	lamb	product�on	w�ll	�n-
crease	the	contr�but�on	of	lamb	to	total	meat	product�on	�n	the	country	that	currently	
only	around	5%		(D�tjennak	2009).	

Molecular	b�otechnology	advances	allow	the	select�on	can	be	done	at	the	DNA	
level	through	the	use	of	marker	genes	that	have	an	assoc�at�on	w�th	the	h�ghly	eco-
mom�c	tra�ts.	One	of	marker	genes	assoc�ated	w�th	body	we�ght	�n	local	sheep	was	
calpastat�n		(Sumantr�	et al.	2008).	Numerous	other	stud�es	have	also	shown	a	re-
lat�onsh�p	of	calpastat�n	gene	w�th	carcass	qual�ty	(Schenkel	et al.	2006),	and	meat	
qual�ty,	espec�ally	tenderness		(Casas	et al.	2006;		Cur�	et al.	2009).

Calpastat�n	(CAST)	�s	a	member	of	the	calpa�n-calpastat�n	system	�nvolv�ng	
three molecules of the enzyme μ-calpain, m-calpain and calpastatin that serves as 
both	calpa�n	�nh�b�tor.	Th�s	system	plays	a	�mportant	role	�n	d�verse	phys�olog�cal	
processes	such	as	regulat�on	of	prote�n	turn	over	and	growth	(Goll	et al.	1992),	and	
myoblast	m�grat�on	 (Ded�eu	et al.	 2003),	 therefore	 	CAST	 �s	bel�eved	as	a	good	
cand�date	gene	for		growth,	carcass	and	meat	qual�ty.

Informat�on	on	meat	qual�ty	based	on	var�ous	calpastat�n	gene	genotype	�n	the	
local	sheep	currently	�s	not	yet	ava�lable,	so	the	�nformat�on	�s	needed	�n	order	to	
descr�be	the	effect	of	th�s	gene	on	meat	qual�ty.		

Mater�als	and	Methods

Sample and Genotyping
Th�s	study	used	21	heads	of		Th�n	Ta�l	Sheep	(TTS)	from	UP3J	Jonggol	that	

reared	�ntens�vely.		Sheep	then	grouped	based	on	the�r	genotype	var�at�on	based	on	
Dagong	et.	al.	(2011)	methods.	A	pa�r	of	PCR	pr�mer,	forward:	5’-GTTATGAATT-
GCTTTCTACTC-3’	 and	 reverse:	 5’-ATACGATTGAGAGACTTCAC-3’	 was	 de-
s�gned	to	ampl�fy	part	of	�ntron	5	and	whole	exon	6	of	CAST	gene,	as	descr�bed	by	
Zhou et al. (2007). PCR amplification was carried out in 25 μl reaction containing 
50-100 ng genomic DNA, 0.25 μM of each primer, 200 μM dNTPs (Fermentas), 4.0 
μM  Mg2+,	0.5	U	of	Toptaq	DNA	polymerase	(Q�agen,	H�lden,	Germany),	and	1x	
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the	react�on	buffer.	The	cond�t�on	of	thermal	cycl�ng	cons�sted	of	pradenaturat�on	
at	95	oC	for	5	m�n,	followed	by	35	cycles	of	denaturat�on	95	oC	for	30	s,	anneal�ng	
56	oC	for	45	s,	and	extens�on	72	oC	for	45	s.	The	f�nal	extens�on	step	was	at	72	oC	
for	5	m�n.	Ampl�f�cat�on	was	carr�ed	out	�n	a	thermal	cycler	(Mastercycler	Personal	
22331,	Eppendorf,	Germany).	The	PCR	ampl�con	were	checked	on	1.5%	agarose	
gels	�n	0.5	x	TBE	buffer	conta�n�ng	10%	of	eth�d�um	brom�de	at	100	volt	for	45	m�n	
and	v�sual�zed	by	UV	trans�lum�nator.	A	SSCP	procedure	was	used	to	�dent�fy	var�a-
t�on	�n	the	ampl�con	of	CAST	locus.		The	sheep	that	have	been	known	to	represent	
the	CAST	genotype	then	slaughter		each		genotype	to	�dent�fy	the�r	phys�cal	meat	
charactrer�st�cs.	

Physical Meat Characteristics
Meat	qual�ty	was	measured	based	on	the	phys�cal	parameters	wh�ch	�nclude:		

pH	measurement	by	pH	meter	and	measured	after	ag�ng	for	24	hours.	Meat	tender-
ness	was	shown	by	the	enormous	strength	(kg/cm2)	requ�red	to	cut	the	meat	cores	
�nd�cated	 by	 the	 needle	 cutter	 Warner	 Bratzler	 Shear	 Force	 (WBSF)	 that	 moves	
over	the	scale	w�th	a	measurement	sens�t�v�ty	of	0.1	kg/cm2.		Water	Hold�ng	Capac-
�ty	was	measured	w�th	a	plan�meter	by	f�nd�ng	out	the	amount	of	water	(mg	H2O).	
Cook�ng	loss	was	measured	by	substract�ng		the	�n�t�al	we�ght	w�th	the	we�ght	after	
sample	cooked	at		80	°C	for	1	hour.		

Assoc�at�on	of	CAST	gene	polymorph�ms	w�th	 	phys�cal	meat	qual�ty	 	was	
analyzed	by	t-test		w�th	the	follow�ng	stat�st�cal	equat�on:

Where	:	

		 =		Mean	value	�n	genotype	1	and	genotype	2
n1	and	n2

					=	Number	of		sample	�n	genotype	1	and	genotype	2
																=	Total	var�ans

Phys�cal	meat	qual�ty	data	corrected	�n	advance	us�ng	the	follow�ng	stat�st�cal	
equat�on:	

Where	:
X�	correct�on	=	value	of	phys�cal	meat	character�st�cs	after	be�ng	corrected	by	sex	
and	age
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	standard		=	mean	of	phys�cal	meat	character�st�cs	of	standard	populat�on	
	observed		=	mean	of	phys�cal	meat	character�st�cs	of	observed	populat�on		

X�	observed	=	value	of		phys�cal	meat	character�st�cs		before	be�ng	corrected		by		 	
	 	 sex	and	age	

Results	and	D�scuss�on	

Differences of  physical meat characteristic  
Means	value	of		phys�cal	meat	qual�ty	from	d�fferent	CAST	genotypes	on	the	

local	sheep	are	shown	�n	Table	1.	There	was	no	s�gn�f�cant	d�fference	(P>0.05)	e�ther	
�n	 	 tenderness,	water	hold�ng	 capac�ty,	 cook�ng	 loss	 and	pH	 from	 three	d�fferent	
CAST	genotyes	(CAST-11,	CAST-12	and	CAST-22)	�n	local	sheep.	S�m�lar	results	
w�th	a	prev�ous	study	by	Zhou	et al.	(2008),	who	reported	that	all	allel�c	var�at�on	
(CAST-1,	2	dan	3)	or	var�at�ons	of	genotypes	were	�dent�f�ed	�n	the	CAST	locus	d�d	
not	s�gn�f�cantly	affect	the		lamb		tenderness.	

Tenderness	value	of	research	results	�n	the	range	2	-	3	�n	a	tender	category,		but	
no	d�fferences	among	the	three	genotypes.	In	contrast	to	some	prev�ous	stud�es	that	
�dent�f�ed	a	s�gn�f�cant	assoc�at�on	between	CAST	var�at�on	w�th	beef	tenderness.		
In	cattle,	CAST	gene	var�at�ons	have	been	used	commerc�ally	as	genet�c	markers.		
Two	markers	are	currently	ava�lable	commerc�ally	were	GeneSTAR Tenderness	and	
Igenity TenderGENE.	GeneSTAR	us�ng	SNP	G/A		�n	3’UTR	reg�on	(Barendse	2002),	

Tabel	1.	Mean	value	of	phys�cal	meat	character�st�cs	from	var�ous	CAST	genotypes	of	local	
Th�n	Ta�l	Sheep

Phys�cal	meat	
character�st�cs

Genotypes

CAST-11
(n=4) CV(%) CAST-12

(n=10) CV(%) CAST-22
(n=7) CV(%)

Tenderness	(Kg/
cm2)

3.16±0.72 22.78 2.98±0.79 26.51 2.49±0.71 28.81

Cook�ng	loss	(%) 49.54±3.24 6.54 43.76±3.61 8.25 46.32±6.53 14.10
Water	Hold�ng	
Capac�ty	(WHC)

117.31±13.70 11.68 99.46±19.83 19.94 103.73±19.27 18.58

(MgH2O)
Persentage	of	
WHC

39.10±4.56 11.66 33.15±6.60 19.91 34.57±6.42 18.57

(%	MgH2O)
pHult	(24	h) 5.57±0.07 1.26 5.75±0.31 5.39 5.80±0.32 5.54

Note:	CV	=	Coeff�c�ent	of		var�at�on	(standard	dev�at�on/mean	x	100%	)
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wh�le		Igenity TenderGENE	us�ng	SNP	G/C		�n	�ntron	5	reg�on	(Van	Eenennaam	et 
al.	2007).	

D�fferences	 �n	 CAST	 gene	 effect	 sheep	 meat	 tenderness	 and	 beef	 probably	
caused	by	the	fact	that		sheep	meat	�s		more	tender	due	to	the	rate	of	myof�br�ls		pro-
teolys�s	of	sheep	meat	�s	faster	than	beef	(Koohmara�e	et al.	1991),	therefore,		the	
d�fferences	�n	sheep	meat	tenderness	has	smaller	effect	on	meat	tenderness.	

Conclus�on

There	was	no	d�fference	between	phys�cal	meat	qual�ty	w�th	CAST	genotype	
var�at�on	�n	local	sheep.	
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Abstract

The application of DNA molecular techniques can be used to determine the 
mutation cases at DNA fragments associated with fertility traits in cattle. This study 
was aimed to identify genetic variants of Insulin Like Growth Factor 1 (IGF-1) and 
Osteopontin (OPN) genes to be considered as candidate genes controlling fertility 
traits in HF cattle of historical twins (27 heads) and non  historical twins (15 heads) 
from West Java, Indonesia. Historically twinning cattle was defined as either the 
cows ever calved twins (more) or their offspring (female and males). Investigation 
of genetic variants was done by applying PCR-RFLP method by using restriction 
enzyme of SnaB1 for The IGF-1 gene and Bsr1 for the OPN gene. Amplification 
produced DNA products of 249 bp (IGF-1 intron-1) and 290 bp (OPN intron-4).  
Genotyping on the IGF-1 gene locus Snab1 produced only one DNA fragment, 
meaning all the cows having the BB genotype (249 bp). Monomorphic of the IGF-
1 gene was probably due to no mutation (C/T) at the nucleotide as a cutting site. 
Instead, it was discovered genetic variants of the OPN gene locus Bsr1, resulting 
three DNA banding patterns, these genotypes were successively CC (200 and 90 
bp), CT (290, 200, 90 bp) and TT (290 bp). The proportion of CC, CT and TT 
genotypes in historical twinning cattle (30%: 56%: 14%) differed to those of non 
historical twinning one (20%: 40%: 40%). Former cattle had the amount of CC and 
CT genotypes higher than the latter uterine milk uterus fertility for embryo growth 
in HF dairy cows observed.

Keywords: Hostein Friesian, IGF-1 gene, OPN gene, PCR-RFLP, twinning
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Introduct�on

Product�v�ty	of	da�ry	cows	�s	strongly	determ�ned	by	the	level	of	the�r	fert�l-
�ty.	The	potency	of	a	cow	to	g�ve	tw�n	b�rths	needs	to	be	stud�ed	to	get	�nformat�on	
on	how	far	th�s	tra�t	can	be	�nher�ted.	The	�nher�tance	of	tw�n	b�rths	�n	cattle	had	a	
s�m�lar	pattern	to	quant�tat�ve	tra�ts,	�t	was	controlled	by	many	genes	and	�nteracted	
w�th	env�ronment	(L�en	et al.,	2000).	DNA	molecular	techn�ques	focus�ng	on	ge-
nom�c	analys�s	can	be	used	to	exam�ne	the	�ns�dences	of	mutat�on	of	the	sequences	
of	DNA	 fragments	 related	 to	 the	 changes	 �n	breed�ng	values	or	 performances	of	
valuable	tra�ts.

Genet�c	polymorph�sms	of	two	fert�l�ty	genes	�n	cattle,	�nclud�ng	the	IGF1	and	
OPN	genes,	us�ng	the	method	of	restr�ct�on	fragment	length	polymorph�sms	(RFLP)	
or	others	have	been	stud�ed.	The	IGF1	gene	�n	cattle	�s	located	�n	the	chromosome	5	
(BTA5),	of	wh�ch	conta�n�ng	QTL	reg�ons	of	controll�ng	tw�n	(mult�ple)	b�rths.	So	
th�s	gene	was	poss�ble	to	be	used	as	a	cand�date	gene	to	�ncrease	the	genet�c	potency	
of	cows	to	calve	tw�n	or	mult�ple	(L�en	et al.,	2000).	The	IGF1	gene	played	an	�m-
portant	role	�n	regulat�ng	foll�culogenes�s	and	poss�bly	be	�nvolved	also	�n	regulat-
�ng	mult�ple	ovulat�ons	�n	cows	(K�m	et al.,	2009).	Therefore,	the	IGF1	gene	could	
be	used	as	a	pos�t�onal	cand�date	gene	and	�ntron	2	IGF1	gene	was	h�ghly	s�gn�f�cant	
(P=	0.003)	assoc�ated	w�th	tw�nn�ng	tra�ts	�n	cattle	(K�m	et al.,	2009).	

Osteopont�n	 (OPN)	 gene	 �n	 cattle	 �s	 located	 �n	 the	 chromosome	 6	 (BTA6),	
closely	located	to	the	QTL	genes	of	m�lk	product�on	(Leonard	et al.,	2005).	The	bo-
v�ne	OPN	gene	cons�sted	of	6	exons	w�th	the	s�ze	of	about	7	kb	from	genom�c	DNAs	
(Gen	Bank	access�on	number:	NW_255516)	and	encoded	a	278-AA	prote�n	(Kerr	et 
al.,	1991).	Regulat�on	and	�mmed�ately	funct�onal	�mpl�cat�on	of	the	cond�t�ons	�n-
volv�ng	the	OPN	gene	gave	temporary	and	part�al	poss�b�l�t�es	as	the	result	of	jo�n-
�ng	act�v�t�es	�n	develop�ng	and	ensur�ng	the	ma�ntenance	of	a	pregnancy	(Johnson	
et al.,	2003).	The	object�ve	of	th�s	study	was	to	determ�ne	genet�c	polymorph�sms	
of	the	IGF1	and	OPN	genes	�n	HF	cattle	w�th	h�stor�cal	tw�n	and	non-h�stor�cal	tw�n	
ra�sed	by	small	da�ry	farmers	�n	Lembang	D�str�ct,	West	Java	Prov�nce.

Mater�als	and	Methods

Blood and DNA Samples
A	total	blood	sample	number	of	42	heads	of	HF	da�ry	cattle	cons�st�ng	27	heads	

of	h�stor�cal	tw�n	b�rth	cattle	and	15	heads	of	non-h�stor�cal	tw�n	b�rth	ones	as	the	
control.	Genom�s	DNA	was	extracted	from	fresh	blood	sampes	by	us�ng	standard	
phenol-chloroform	protocol	(Sambrook	and	Russel,	2001).

Amplification and Polymorphism Identification
Ampl�f�cat�on	 of	 IGF-1	 and	 OPN	 gene	 fragments	 was	 done	 by	 us�ng	 poly-
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merase	cha�n	react�on	(PCR)	methods.	Reagents	were	used	for	ampl�f�cat�on	of	both	
fragments	are	2	µl	of	DNA	sample,	25	pmol	of	each	pr�mers	(Table	1),	200	µM	of	
dNTPs	m�xture,	1	mM	of	MgCl2,	and	0.5	un�t	of	DreamTaq™	DNA	polymerase	w�th	
�ts	buffer	(Fermentas)	�n	25	µl	of	total	solut�ons.	Ampl�f�cat�on	process	was	runn�ng	
w�th�n	GeneAmp®	PCR	system	9700	(Appl�ed	B�osystems™)	w�th	the	cond�t�on	of	
pradenaturat�on	at	95°C	for	5	m�nutes,	35	cycles	cons�st�ng	of	denaturat�on	at	95°C	
for	30	second,	pr�mer	anneal�ng	at	60°C	for	45	second	and	extens�on	at	72°C	for	1	
m�nute,	and	the	f�nal	extens�on	at	72°C	for	5	m�nutes.

Polymorph�sm	�dent�f�cat�on	both	�n	IGF-1	and	OPN	gene	fragments	were	de-
tected	by	restr�cted	fragment	length	polymorph�sm	(RFLP)	methods.	The	restr�cted	
enzyme	wh�ch	used	for	IGF-1	gen	fragment	was	SnaBI	(New	England	B�olabs)	and	
for	OPN	was	BsrI	w�th	follow�ng	manufacture’s	�nstruct�ons.	The	product	of	RFLP	
methods	were	v�sual�zed	on	2%	agarose	gel	(w/v)	wh�ch	sta�ned	by	EtBr	(eth�d�um	
brom�de).	Allele	 �dent�f�cat�on	was	 followed	S�adkowska	et al.	 (2006)	 for	 IGF-1	
gene	and	Leonard	et al.	(2005)	for	OPN	gene.

Gene Sequence	(5’-3’) PCR	
Product

Restr�ct�on	
enzyme Reference

IGF-1 F:	ATT	ACA	AAG	CTG	CCT	GCC	CC 249	bp SnaBI S�adkowska	
et al.,	2006R:	ACC	TTA	CCC	GTA	TGA	AAG	GAA

OPN F:	GCA	AAT	CAG	AAG	TGT	GAT	AGA	C 290	bp BsrI Leonard	et 
al.,	2005R:	CCA	AGC	CAA	ACG	TAT	GAG	TT

Table	1.	Pr�mers	�nformat�on	were	used

Statistical Analysis
Genotype	 frequency	 represents	 the	 rat�o	 of	 a	 genotype	 to	 total	 populat�on.	

Allele	frequency	�s	a	rat�o	of	an	allele	to	the	overall	allele	at	a	locus	�n	the	populat�on.	
Mathemath�cs	 model	 genotype	 and	 allele	 frequency	 (Ne�	 and	 Kumar,	 2000)	 �s	
represented	as	follows:

Note	:
χii = iith genotype frequency
n��	 =	number	sample	of	��	genotype
n�j	 =	number	sample	of	�j	genotype
N		 =	total	sample
χi  = ith allele frequency 
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Results	and	D�scuss�on

Amplification and Genotyping of the IGF1 Gene Fragment
Ampl�f�cat�on	of	IGF-1	gene	fragment	was	successful	to	ampl�f�ed	the	249	bp	

fragment	were	located	�n	�ntron	1	of	IGF-1	gene.	Genet�c	polymorph�sm	of	the	IGF-
1	gene	was	detected	by	PCR-RFLP	method	by	S�adkowska	et al.	(2006)	through	the	
exam�nat�on	of	the	presence	of	a	C/T	base	trans�t�on	at	the	472	nucleot�de	pos�t�on	
�n	non-cod�gn	reg�on	of	Bos	taurus	IGF-1	gene.	The	subst�tut�on	of	C	to	T	produced	
a	new	SnaBI	(IGF-1|SnaBI)	restr�ct�on	s�te.	The	an�mals	were	genotyped	by	follow	
S�adkowska	et al.	(2006).	An�mal	w�th	homoz�got	TT	was	�nd�cated	by	the	presence	
of	two	fragments	�.e.	223	and	26	bp,	wh�le	the	genotype	homoz�got	CC	was	�nd�-
cated	by	absent	of	SnaBI	restr�ct�on	s�te	and	showed	only	one	fragment	�.e.	249	bp.	
The	heteroz�got	CT	was	�nd�cated	by	the	presence	of	three	fragments	�.e.	249,	223	
and	26	bp.

The	RFPL	analys�s	samples	show	that	the	genotype	of	HF	cattle	was	homoz�got	
CC.	The	allele	was	found	are	allele	C.	Th�s	result	caused	the	frequency	of	the	CC	
genotype	obta�ned	are	100%,	regardless	of	the	CT	and	TT	genotype	are	0%.	Th�s	
result	was	contrast	to	those	of	some	prev�ous	stud�es	by	detect�ng	the	presence	of	ge-
net�c	polymorph�sms	�n	the	bov�ne	IGF-1	gene.	Polymorph�sm	short	tandem	repeat	
(STR)	�n	the	5’flank�ng	reg�on	of	�ntron	3	on	IGF1	gene	was	�dent�f�ed	by	K�rkpat-
r�ck	 (2001).	S�ngle	strand	conformat�on	polymorph�sm	(SSCP)	 �n	 the	5’	 flank�ng	
reg�on	of	�ntron	1	on	IGF-1	gene	was	also	�dent�f�ed	as	a	trans�t�on	of	T/C	known	as	
RFLP|SnaB1	(Ge	et al.,	2001).	Two	polymorph�sms	of	the	IGF1	gene,	the	�nsert�on/
d�les�	TTTG	(InDel)	�n	�ntron	4	and	RFLP|DpnI	�n	�ntron	5	were	found	�n	Norway	
cattle	(L�en	et al.,	2000).

Amplification and Genotyping of the OPN Gene Fragment
Ampl�f�cat�on	 of	 the	 �ntron	 4	 OPN	 gene	 wh�ch	 located	 at	 the	 chromose	 6	

(BTA6)	�nvest�gated	�n	HF	cattle	resulted	�n	a	fragment	length	of	290	bp.	The	ampl�-
f�cat�on	product	was	then	restr�cted	by	BsrI	enzyme	to	detect	the	presence	of	po�nt	
mutat�on	�n	the	�ntron	4	OPN	gene.	Genet�c	polymorph�sm	of	the	OPN	gene	�n	th�s	
study	followed	the	methods	of	Leonard	et al.	(2005)	wh�ch	exam�ned	the	trans�t�on	
C/T	�n	the	5’	non-code	area	�n	the	�ntron	4	of	Bos taurus	OPN	gene	.

The	subst�tut�on	of	C	 to	T	produced	a	new	BsrI	 (OPN|BsrI)	 restr�ct�on	s�te.	
An�mal	w�th	homoz�got	CC	was	 �nd�cated	by	 the	presence	of	 two	 fragments	 �.e.	
200	and	90	bp,	wh�le	the	genotype	homoz�got	TT	was	�nd�cated	by	absent	of	BsrI	
restr�ct�on	s�te	and	showed	onlyone	fragment	�.e.	290	bp.	The	heteroz�got	CT	was	
�nd�cated	by	the	presence	of	three	fragments	�.e.	290,	200	and	90	bp.The	analys�s	
of	RFLP	on	the	OPN|SbrI	w�th�n	HF	cattles	w�th	h�stor�cal	tw�n	from	Pangalengan	
d�str�ct	show	that	there	was	found	three	genotypes,	namely	the	CC	genotype,	CT,	
and	the	TT	genotype.
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The	frequenc�es	of	the	occurrences	of	CC,	CT	and	TT	genotypes	of	the	OPN	
gene	of	HF	h�stor�cal	tw�n	cattles	from	Pangalengan	d�tr�ct	were	24,	52	and	24%	
repect�velly.	 For	 HF	 cattles	 from	 Lembang	 d�str�ct	 were	 found	 some	 �nterest�ng	
th�ngs.	 For	 non-h�stor�cal	 tw�nn�ng	 cattles	 as	 the	 controls	 were	 �dent�f�ed	 three	
genotypes,	namely	CC,	CT	and	TT	genotypes,	w�th	the	frequenc�es	of	the	occurences	
of	the	respect�ve	genotypes	were	succes�vely	20,	40	and	40%y.	For	h�stor�cal	tw�n	
an�mals	�n	th�s	locat�on	were	found	none	an�mal	hav�ng	the	TT	genotype	(0%),	so	
those	 h�stor�cal	 tw�n	 cattle	 had	 only	 two	 genotypes	 of	 CC	 (40%)	 and	 CT	 (60%)	
respect�vely.

Conclus�on

Genotyp�ng	on	the	�ntron	1	reg�on	of	IGF-1	gene	�n	the	BTA5	�n	HF	cattles	
of	both	h�stor�cal	tw�n	and	non-h�stor�cal	tw�n	resulted	�n	no	genet�c	polymorph�sm	
(monomorph�c)	as	the	DNA	fragment	represent�ng	solely	the	CC	genotype.	Th�s	�s	as	
�nd�cat�on	of	the	C/T	subst�tut�on	�n	the	�ntron1	IGF1	gene	m�ght	be	d�sappearence,	
so	th�s	gene	was	unable	to	be	funct�oned	as	a	cand�date	gene	�n	study�ng	tw�nn�ng	
tra�ts	�n	HF	cattles.

Genotyp�ng	on	the	�ntron	4	of	OPN	gene	�n	HF	cattles	w�th	h�stor�cal	tw�ns	and	
non-h�stor�cal	tw�ns	resulted	�n	three	genet�c	var�ance,	prov�d�ng	CC,	CT,	and	TT	
genotypes,	but	the�r	frequenc�s	was	var�ed.	Th�s	result	proved	that	the	C/T	trans�t�on	
�n	the	non-code	area	on	�ntron	4	of	OPN	gene	could	be	used	as	an	early	�nd�cator	as	
a	cand�date	gene	to	study	�ts	control	on	m�lk	uterus	secret�on	to	med�ate	tw�nn�ng	
b�rth	�n	�n	HF	cattle.

Table	2.	Genotype	and	allele	frequency	of	the	OPN	gene	�n	HF	h�stor�cal	tw�n	and	control	

Populat�on Cattle	(Head)
Genotype	Frequency	(%) Allele	Frequency	(%)	
CC CT TT C T

Pangalengan Non-tw�n	(0) - - - -
Sub	total	(17) 24	(4) 53	(9) 24	(4) 50 50
Tw�n	(10) 40	(4) 60	(6) 0	(0) 70 30

Lembang Non-tw�n	(15) 20	(3) 40	(6) 40	(6) 40 60
Sub	total	(25) 28	(7) 48	(12) 24	(6) 52 48

Total Tw�n	(27) 30	(8) 56	(15) 14	(4) 57 43
Non-tw�n	(15) 20	(3) 40	(6) 40	(6) 40 60
Total	(42) 26	(11) 50	(21) 24	(10) 51 49

Note:	(….)	was	blood	samples
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Abstract

Up to present, Indonesia still depends on importing of the beef cattle from 
overseas both for slaughtering and feedlot needs. The Ongole ascendant (PO) 
cattle is one of Indonesian beef cattle representatives that has adapted very long 
in Indonesia and has a potential source of meat production. Almost 1% PO cows 
in central Java delivered twin calves both by AI and nature fertilization. This study 
was designed to confirm the existence of genetic marker associating with twinning 
trait in PO cattle. Amount of 35 DNA samples were collected from PO cows with 
twin birth experiences and twin calves. Amount of 12 DNA control samples was also 
involved. Three pairs of primers for microsatellite genetic markers of BMS-1216; 
BM-321and RM103 were used for amplification of all DNA samples. PCR products 
were visualized through 8% ND PAGE. The result showed that all fragments with 
twinning experience were on right sizes of BMS1216 (143-165bp); BM-321 (108-
126bp) and RM 103 (114-144bp) of the Bovine chromosome 5. Even though negative 
samples delivered not clear bands but there were still in the right sizes of applied 
microsatellites. Microsatellite marker is only an early clue that obtained fragments 
might be bearing the putative locus associating with twin trait. Therefore in the 
coming study it needs to confirm the existence of candidate gene(s) associating with 
twinning traits by using SNP (Single Nucleotide Polymorphism) markers.

Keywords: genetic marker, twinning trait, PO cattle, confirmation
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Introduct�on

Trad�t�onal	genet�c	select�on	�n	l�vestock	has	been	conduct�ng	up	to	present	to	
select	 �mportant	 tra�ts	wh�ch	have	econom�c	values.	Th�s	manner	has	contr�buted	
many	advantages	�n	 l�vestock	development	 th�s	present.	However,	 th�s	 trad�t�onal	
select�on	manner	has	been	cons�dered	as	not	an	effect�ve	way	�n	breed�ng	program	
s�nce	th�s	select�on	�s	t�me	consum�ng	and	�nvolves	many	persons	to	measures	the	
performance	of	des�red	tra�ts.

In	the	past	20	years	ago,	there	was	a	great	chang�ng	�n	l�vestock	breed�ng	from	
quant�tat�ve	genet�cs	sh�ft�ng	to	molecular	genet�cs	w�th	emphas�zed	�n	the	�dent�f�-
cat�on	of	quant�tat�ve	tra�t	loc�	(QTL)	and	marker-ass�sted	select�on	(MAS).	In	that	
past,	advances	�n	molecular	genet�cs	have	lead	to	e�ther	the	�dent�f�cat�on	of	mult�ple	
genes	or	genet�c	markers	or	 s�ngle	gene	 assoc�ated	w�th	 spec�f�c	 tra�ts	 (Dekkers,	
2004).	In	add�t�on,	those	genet�c	markers	could	�dent�fy	QTL	or	genom�c	reg�ons	
that	affect	quant�tat�ve	tra�ts.

Genet�c	select�on	�n	cattle	for	some	d�ff�cult	tra�ts	or	the	tra�t	w�th	low	her�-
tab�l�ty,	such	as	reproduct�on,	 �t	has	 trad�t�onally	had	very	 l�ttle	success	(Allan	et 
al.,	2009).	The	advances	�n	DNA	technolog�es,	genet�c	select�on	of	tra�ts	w�th	low	
her�tab�l�ty	could	�mprove	reproduct�ve	eff�c�ency	more	rap�dly	�n	cattle.	One	�m-
portant	tra�t	of	reproduct�ve	tra�ts	�s	tw�nn�ng	b�rth	�n	�ndustry	of	cattle	producers.	
Th�s	tw�nn�ng	tra�t	�s	shown	very	small	percentage	�n	cattle	s�nce	cattle	�s	a	un�po-
rous	cattle	w�th	a	s�ngle	del�vered	calf	�n	each	b�rth.	As	reported	byKom�sarek andKom�sarek	and	
Dorynek	(2002), the acc�dence of tw�nn�ng b�rth �s smaller (about 1%) �n beef cattle2002),	the	acc�dence	of	tw�nn�ng	b�rth	�s	smaller	(about	1%)	�n	beef	cattle	
and	more	than	4%	�n	da�ry	cattle	then	�ncreased	�n	more	age	�n	cows.

The	QTL	study	assoc�ated	w�th	tw�nn�ng	tra�t	was	reported	�n	chromosome	5	
of	bov�ne	by	us�ng	genome-w�de	l�nkage	analys�s(L�en	et al.,	2000).M�crosatell�te	
markers	have	been	used	�n	�n�t�al	genome	mapp�ng	(De	Atley	et al.,	2008)	and	also	
used	 to	 �dent�fy	 the	 locat�on	 of	 Quant�tat�ve	Tra�t	 Locat�on	 (QTL).	 Even	 though	
today	�t	most	efforts	�nvolved	SNP	(S�ngle	Nucleot�de	Polymorph�sm)	marker	�n	ge-
nome	mapp�ng.	M�crosatell�tes	have	been	�dent�f�ed	�n	both	cod�ng	and	non-cod�ng	
reg�ons	of	the	genome	and	have	been	ut�l�zed	to	detect	QTL	(Sellner,	et al.,	2007).

Our	observat�on	of	tw�nn�ng	b�rth	�n	Ongole	ascendant	(PO)	at	one	d�str�ct	of	
Grobogan	regency	�n	central	Java,	�t	was	often	occurred	and		del�vered	every	year.	
Owners	or	stakeholders	of	tw�nn�ng	b�rth	have	fert�l�zed	the�r	cows	by	us�ng	e�ther	
bull	(naturally)	or	AI	(Art�f�c�al	Insem�nat�on),	(unreported	data).Based	on	that	�n-
format�on,	th�s	study	was	des�gned	to	conf�rm	those	cows	whether	the	tw�nn�ng	tra�t	
affected	genet�cally	or	by	chance.	All	DNA	samples	of	cows	del�ver�ng	tw�n	b�rth	
were	used	for	conf�rm�ng	the	cand�date	gene	(s)	assoc�ated	w�th	tw�nn�ng	b�rth	�n	
PO	cattle	by	appl�cat�on	of	m�crosatell�te	markers.	
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Mater�als	and	Methods

DNA Genome Samples
Samples	of	DNA	were	collected	from	fresh	blood	of	35	cows	del�ver�ng	tw�n-

n�ng	b�rth	at	 some	d�str�cts	under	Grobogan	 regency	of	Central	 Java	Prov�nce	 �n	
2011.	As	 12	 DNA	 control	 samples	 (PO	 w�thout	 tw�n	 background)	 were	 also	 �n-
cluded.	A	mod�f�ed	method	of	h�gh	salt	(Montgomery	and	S�se,	1990)	was	used	to	
extract	the	DNA	samples.

PCR Optimization and Amplification
In	pr�or	to	DNA	ampl�f�cat�on,	�t	was	performed	opt�m�zat�on	of	PCR	�n	order	

to	get	su�table	anneal�ng	temperatures	of	three	pa�rs	of	m�crosatell�te	pr�mers	us�ng	a	
PCR	grad�ent	(Techne,	UK).	The	work	of	PCR	was	conducted	based	on	the	su�table	
anneal�ng	 temperatures.	Three	pa�rs	of	pr�mers	 for	m�crosatell�te	genet�c	markers	
were	BMS-1216	(Access�on	No.	G18633);	BM-321	(Access�on	No.	G18515)	and	
RM103	 (Access�on	 No.U10391)	 drawn	 from	 NCBI,	 see	 Table	 1.	 Those	 pr�mers	
were	used	for	ampl�f�cat�on	of	all	DNA	samples.	The	PCR	reagent	cons�sted	of	2	
µl DNA template; 4 µl of 10 ρm primer; 2.5 µl of buffer for Taq polymerase; 2 µl 
of	25mM	MgCl2,	2	µl	of	2.5	mM	dNTP,	0.3	µl	Taq	Polymerase	(1	un�t	per	1	µl)	,	
and	added	dd-H2O	up	to	25	µl	of	total	volume.	A	program	of	PCR	was	performed	as	
follow�ng	procedure:	2	m�n	at	94	ºC	as	�n�t�al	denaturat�on,	followed	by	30	cycles	
of	30	sec	at	94	ºC,	45	sec	at	54/59	ºC,	and	30	sec	at	72	ºC,	w�th	a	subsequent	5	m�n	
f�nal	extens�on	at	72	ºC.

Table	1.	Nucleot�des	of	the	Used	Pr�mers

Pr�mer F/R Pr�mer	Sequens Acc	No. Anneal�ng	
(°C)

BMS1216	
F	 GCCTGCATGTGTCTGTGG	

G18678	 59
R	 TCTGTGTCGGAATACCCTCC	

RM103	
F	 TCTGTGCACTTTACATTTAACAGA	

U10391	 54
R	 GTGGTCTATTGAACTTTTGTTCAGA	

BM321	
F	 AAGGGTCAGACAAAACTTAGCA	

G18515	 54
R	 ATCCTTGCCCTAATTCTCATTC	

Sources: Ihara	et al.	(2004).

Visualization of Targeted Fragment
PCR	products	were	v�sual�zed	through	8%	ND-PAGE	(Non-Denatur�ng	Poly-

Acrylam�de	Gel	Electrophores�s).	Targeted	fragments	were	detected	by	conf�rm�ng	
the	emerged	bands	w�th	the	100bpDNA	ladder.	The	r�ght	s�zes	of	band	performance	



100 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

�nd�cated	 the	cand�date	 locus	of	 the	cand�date	of	des�red	gene	encod�ng	 the	 tw�n	
b�rth	tra�t.	

Results	and	D�scuss�on

Samples	of	DNA	collected	for	th�s	study	were	drawn	from	all	cows	del�ver�ng	
tw�n	calves	and	some	of	tw�n	calves.	Total	of	DNA	samples	was	35	and	stored	at	-
20oC.	Opt�m�zat�on	of	PCR	for	conf�rm�ng	the	closely	su�table	anneal�ng	temperatures	
was	conducted	to	all	three	pr�mer	pa�rs	of	chosen	m�crosatell�te	genet�c	markers	by	
us�ng	a	grad�ent	PCR.	The	obta�ned	anneal�ng	temperatures	were	54	oC	(RM	103;	
BM	321)	and	59	oC	(BMS	1216).

Based	 on	 those	 anneal�ng	 temperatures,	 each	 of	 DNA	 samples	 (35)	 were	
ampl�f�ed	w�th	the	ment�oned	above	of	PCR	program	and	PCR	react�on	us�ng	3	pa�rs	
of	 genet�c	m�crosatell�te	pr�mers.	Therefore,	 �t	was	 found	105	 fragments	bear�ng	
cand�date	locus	that	expected	conta�n�ng	genes	encod�ng	tw�nn�ng	tra�t	�n	PO	cattle,	
see	F�gure	1.

F�gure	1.	Ampl�f�cat�on results on 8% ND-PAGE us�ng pr�mers of BMS 1216(a), RM 103Ampl�f�cat�on	results	on	8%	ND-PAGE	us�ng	pr�mers	of	BMS	1216(a),	RM	103	
(b),	BM	321	(c).	M:	100bp	DNALadder;	No.	1	to	7;	1	to	9:	DNAsamples	of	PO	
cattle.

F�gure	1	showed	representat�ve	fragments	of	the	PO	DNA	tw�n	samples.	The	
results	of	DNA	ampl�f�cat�on	showed	that	all	fragments	or	bands	were	on	r�ght	s�zes	
of	BMS1216	(143-165bp);	BM-321	(108-126bp)	and	RM	103	(114-144bp)	on	the	
Bov�ne	chromosome	5.	Th�s	f�nd�ng	�nd�cates	that	the	all	DNA	samples	m�ght	bear	
the	putat�ve	 locus	of	 tw�nn�ng	 tra�t	 that	encoded	by	 tw�nn�ng	gene(s).	The	whole	
fragments	showed	at	the	same	pattern	of	monomorphyc	double	bands.		
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Therefore,	 allele	 frequency	of	 the	 three	m�crosatell�te	markers	 �s	 a	 hundred	
percent	of	monomorphyc.	 In	 th�s	study,	 there	was	not	found	spec�f�c	allele(s)	 for	
tw�nn�ng	tra�t	s�nce	the	tw�nn�ng	tra�t	�s	�nfluence	by	mult�	genes	(Kom�sarek	and	
Dorynek,	2002).	Tw�nn�ng	tra�t	therefore	could	be	assoc�ated	w�th	e�ther	h�gh	ovu-
lat�on	rate	(Meuw�ssenMeuw�ssen	et al.,	2002;	AllanAllan	et al.,	2009)	or	h�gher	m�lk	product�on	
(Fr�cke	and	W�ltbank,	1999;	W�ltbank	et al.,	2000;	Weller	et.al.,	2008;)	or	could	be	
assoc�ated	w�th	growth	tra�t.

As	comparat�on,	negat�ve	samples	of	PO	DNA	or	w�thout	tw�nn�ng	b�rth	ex-
per�ence	were	also	ampl�f�ed	w�th	 those	 three	m�crosatell�tes.	However	 the	result	
seemed	to	be	a	weak	approval	of	e�ther	bear�ng	or	w�thout	bear�ng	the	putat�ve	locus	
of	tw�nn�ng	tra�ts	(F�gure	2).	Compared	to	the	tw�nn�ng	sample,	12	DNA	samples	
w�thout	tw�nn�ng	background	d�d	not	show	a	s�gn�f�cant	d�fference	between	tw�n-
n�ng	and	negat�ve	(control)	samples.	

Th�s	f�nd�ng	�s	st�ll	a	rough	report	as	an	�n�t�al	clue	that	the	whole	DNA	samples	
der�ved	from	all	cows	and	calves	showed	as	early	proof	for	tw�nn�ng	b�rth	tra�ts.	Th�s	
f�nd�ng	m�ght	be	supported	by	the	source	of	collected	DNA	samples	were	der�ved	
from	cows	w�th	tw�nn�ng	h�story	�n	the�r	l�ve	and	tw�n	calves.

F�gure	2.	Negat�ve	(control)	samples	ampl�f�cat�on results on 8% ND-PAGE us�ng pr�mersampl�f�cat�on	results	on	8%	ND-PAGE	us�ng	pr�mers	
of	BMS1216,	RM103,	and	BM321.

Ident�f�ed	locus	�n	th�s	study	was	st�ll	a	w�der	locat�on	of	des�red	gene	of	tw�n-
n�ng	b�rth.	The	�nc�dence	of	tw�nn�ng	b�rth	�s	assoc�ated	w�th	the	h�gh	of	ovulat�on	
rates	 �n	 cattle	 (Allan	 et al.,	 2009).	 Genom�c	 scans	 for	 ovulat�on	 rates	 have	 been	
stud�ed	�n	select�on	of	cattle	populat�on	to	�ncrease	the	�nc�dence	of	tw�nn�ng	rate	
(Kappes	et al.,	2000).Tw�nn�ng	tra�t	�s	mult�ple	genes	that	can	be	traced	by	�mple-
mentat�on	of	molecular	genet�cs	of	m�crosatell�te.	Advances	�n	molecular	genet�cs	
could	�dent�fy	mult�ple	genes	or	genet�c	markers	assoc�ated	w�th	genes	that	affect	
tra�ts	of	�nterest	�n	l�vestock,	�nclud�ng	genes	for	s�ngle-gene	tra�ts	and	QTL	or	ge-
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nom�c	reg�ons	that	affect	quant�tat�ve	tra�ts	(Dekkers,	2004).	In	add�t�on,	th�s	molec-
ular	genet�cs	has	advantage	�n	enhanc�ng	the	select�on	response	of	part�cular	tra�ts	
that	are	d�ff�cult	 to	�mprove	by	convent�onal	select�on	such	as	tra�ts	w�th	a	lower	
her�tab�l�ty	or	tra�ts	for	wh�ch	the	measurement	of	phenotype	�s	d�ff�cult,	expens�ve	
and	only	poss�ble	late	�n	l�fe,	or	not	poss�ble	on	select�on	cand�dates.

Therefore,	th�s	result	needs	to	be	further	stud�ed	w�th	emphas�zes	on	us�ng	SNP	
markers.	Nowadays,	most	efforts	�nvolve	a	S�ngle	Nucleot�de	Polymorph�sm	(SNP)	
marker.	The	SNP	marker	could	detect	mutat�on	of	by	e�ther	�nsert�on	of	delet�on	of	
s�ngle	nucleot�de.				

Conclus�on

Based	 on	 the	 apply�ng	 of	 three	 m�crosatell�te	 markers	 �n	 the	 conf�rm�ng	 of	
tw�nn�ng	tra�ts	�n	PO	cattle	�t	showed	that	all	DNA	samples	emerged	the	r�ght	s�ze	
of	targeted	fragments	�n	the	same	pattern	of	monomorphyc	bands.	Th�s	�s	an	early	
�nd�cat�on	 that	 the	 obta�ned	 fragments	 m�ght	 be	 bear�ng	 putat�ve	 locus	 encod�ng	
tw�nn�ng	tra�t.	Further	study	�n	S�ngle	Nucleot�de	Polymorph�sm	(SNP)	m�ght	be	
necessary	to	conf�rm	the	ex�stence	of	the	tw�n	gene(s)	�n	PO	cattle.
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Abstract

This study was conducted in order to identify polymorphism of growth hormone 
gene in the exon five and to determine the association of GH/AluI polymorphism 
with carcass quality in Aceh cattle. A total of 42 DNA genome samples were 
extracted from two Aceh cattle population, i.e., Banda Aceh (12), Aceh Besar (30), 
and the PCR-RFLP was used to amplify 404 bp of GH gene. The result showed that 
the LL genotype was the only genotype found in Aceh cattle population, and the 
alele frequency of alel L is 1. This finding indicated that there was not evidence of 
polymorphism of GH/AluI in Aceh cattle, and there was not correlation of GH/AluI 
gene with carcass quality of Aceh cattle. It could be affected by small number of 
sampling size. However, this study suggests that GH gene could be possible used as 
genetic marker.

Keywords: Aceh cattle, GH gene, PCR-RFLP, Polymorphism

Introduct�on

The	 enhancement	 of	 beef	 cattle’s	 product�v�ty	 �n	 Indones�a	 w�ll	 be	 more	
appropr�ate	�f	�t	�s	done	through	a	select�on	wh�ch	�s	not	only	based	on	the	phenotype,	
but	 also	 comb�ned	 w�th	 d�rect	 select�on	 on	 the	 level	 of	 DNA	 wh�ch	 codes	 the	
phenotype	 �n	 wh�ch	 the	 qual�ty	 needs	 to	 be	 �mproved.	The	 bov�ne	 genome	 map	
made	based	on	markers	on	genome	DNA	uses	molecular	techn�que	such	as	RFLP,	
m�crosatell�te,	m�n�satell�te,	PCR-RFLP,	and	PCR-SSCP	make	�t	poss�ble	to	�dent�fy	
gene	locus	wh�ch	are	respons�ble	for	tra�t	var�at�ons	hav�ng	econom�c	values.

GH	gene	as	a	genet�c	marker	�s	frequently	used	�n	researches	because	growth	
hormone	gene	(GH)	�s	one	of	 the	genes	wh�ch	�nfluence	growth	(D�	Stas�o	et al.	
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2005).	Casas	et al.	(2004)	reported	that	QTL	for	growth	tra�ts,	carcass	compos�t�on	
and	beef	qual�ty	was	spread	on	chromosome	1,	2,	3,	16,	17,	19,	20,	21	and	26.	GH	
gene	has	a	great	role	 �n	beef	cattle’s	performance	(Bre�er.	1999),	hence	�t	 �s	very	
�nterest�ng	to	�dent�fy	GH	gene	polymorph�sm	on	Aceh	cattle.

Mater�als	and	Methods

Th�s	research	�ncluded	f�eld	and	laboratory	act�v�t�es.	F�eld	act�v�ty	was	con-
ducted	�n	Banda	Aceh	and	Aceh	Besar	slaughterhouses.	The	DNA	extract�on	and	
character�zat�on	of	GH/Alu	 I	gene	d�vers�ty	was	conducted	 �n	An�mal	Molecular	
Genet�cs	 Laboratory,	 Faculty	 of	 An�mal	 Sc�ence,	 Bogor	 Agr�culture	 Un�vers�ty,	
whereas	the	exam�nat�on	of	carcass	and	meat	qual�ty	was	carr�ed	out	�n	Rum�nans�a	
Besar	Laboratory,	Department	of	An�mal	Product�on	and	Technology.	Th�s	act�v�ty	
was	done	�n	October	2009	-	November	2010.	

Blood Sample of Aceh Cattle
Th�s	research used	Aceh	cattle’s	meat	(muscle)	�n	wh�ch	th�s	cattle	�s	local	ones	

or�g�nat�ng	 from	Aceh	prov�nce.	Twelve	 (12)	 samples	were	 taken	 �n	RPH	Banda	
Aceh,	and	th�rty	(30)	samples	from	RPH	Antassalam,	Aceh	Besar		(Table	1).	The	
sample	used	was	longisimus dorsi muscle	on	the	12th	–	13th	r�b.	The	cattle	slaughtered	
were	bred	trad�t�onally,	�n	wh�ch	dur�ng	dayt�me,	they	were	herded,	and	put	�n	stalls	
at	n�ghts.	The	slaughter	was	done	trad�t�onally.	

Table	1	The	number	of	meat	sample	used	for	GH/AluI	gene	analys�s	

Populat�on Number
RPH	Banda	Aceh 12
RPH	Aceh	Besar 30

Total 42

Genome DNA Extraction (Meat)
DNA	extract�on	was	done	from	the	meat.	The	extract�on	procedure	followed	

phenol-chloroform	method	(Sambrook	et	al.	1989).	

GH Gene Amplification 
The	ampl�f�cat�on	of	GH	gene	fragment	was	done	us�ng	PCR	(polymerase chain 

reaction)	method.	The	PCR	mach�ne	used	was	thermal	cycler	(Ependorf 5332).	The	
arrangement	of	pr�mers	used	can	be	seen	�n	Table	2.
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Table 2 Pr�mers GH/AluI (Gen Bank M57764.1, Gordone	2		Pr�mers		GH/AluI	(Gen	Bank	M57764.1,	Gordon	et al.,	1983)

Locus Temperature	
annealing

Product	
PCR Sequences	of	Pr�mers	

GH/AluI 59	ºC 404	bp F:5’-TAGGGGAGGGTGGAAAATGGA-3’
R:5’-GACACCTACTCAGACAATGCG-3’

Genotype Determination Using PCR-RFLP
The	 genotype	 determ�nat�on	 of	 each	 �nd�v�dual	 was	 done	 us�ng	 restriction 

fragment length polymorphism (RFLP)	wh�ch	was	v�sual�zed	on	agarose	gel	1.5%	
w�th	the	buffer	of	0,5x	TBE	(tr�s	borat	EDTA),	funct�oned	on	100	V	for	40	m�nutes,	
and	colored	w�th	eth�d�um	brom�de	on	UV trans illuminator. AluI	was	ut�l�zed	as	a	
cutter	enzyme	for	the	target	gene	fragment.

Data Analysis
Gene	Frequency. The	genotype	 frequency	was	 the	 rat�o	of	 the	number	of	 a	

certa�n	 genotype	 towards	 populat�on	 number.	 Allele	 frequency	 was	 the	 rat�o	 of	
a	 certa�n	 allele	 towards	 the	 whole	 allele	 �n	 a	 locus	 �n	 a	 certa�n	 populat�on.	 The	
frequency	of	each	allele	�n	each	locus	was	counted	based	on	Ne�	dan	Kumar	(2000)	
formula:	

X�	=	(2n�� + ∑n�j)	/	(2N)

Results	and	D�scuss�ons

GH Gene Amplification Results 
The	 ampl�f�cat�on	 of	 growth	 hormone	 (GH)	 gene	 fragment	 done	 on	 Aceh	

cattle	showed	pr�mers	forward	on	the	pos�t�on	of	�ntron	4	and	pr�mers	reverse	on	
the	pos�t�on	of	 flak�ng	 reg�on	3	 (F�gure	1).	The	GH	gene	 fragment	ampl�f�cat�on	
was	conducted	us�ng	thermal	cycler	(Ependorf 5332)	mach�ne	on	the	temperature	
of	anneal�ng	63	oC.	

F�gure	1.	Pr�mers	forward	pos�t�on,	pr�mers	reverse	and	PCR	GH	gene	product
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The	result	of	gene	fragment	ampl�f�cat�on	v�sual�zed	on	agarose	gel	1.5%	�s	
presented	on	F�gure	2.	The	length	of	GH	gene	fragment	ampl�f�cat�on	�s	404	bp.	

F�gure	2.	V�sual�zat�on	of	GH	gene	fragment	ampl�f�cat�on	result	on	agarose	gel	1.5%	(M:	
marker	100	bp,	1	-11:	research	sample)

The	ampl�f�cat�on	results	conducted	by	Gordon	et al.	(1983), Yao(1983),	Yao	et al.	(1996),	
Ge	et al.	 (2003) and Zak�zadeh(2003)	and	Zak�zadeh	et al.	 (2006)	w�th	 the	 same	pr�mers	 showed	 that	
anneal�ng	pr�mers	GH/AluI	gene	fragment	on	59	ºC	for	80	seconds,	65	ºC	for	30	
second,	 and	 57	 ºC	 for	 60	 seconds	 resulted	 �n	 good	 PCR	 product.	The	 anneal�ng	
temperature	used	�n	th�s	research	was	63	ºC	for	45	second	to	obta�n	opt�mal	PCR	
product	so	that	�t	can	be	read	clearly.

Identification of GH gene variants using PCR-RFLP 
The	determ�nat�on	of	GH	gene	genotype	�n	th�s	research	was	carr�ed	out	us�ng	

PCR-RFLP		w�th	AluI	as	the	cutter	enzyme.	AluI	enzyme	recogn�zed	AG|CT	cutt�ng	
s�te.	Based	on	the	sequence	of	GH	gene	DNA	fragment	be�ng	ampl�f�ed,	two	AluI	
cutt�ng	s�tes	were	obta�ned;	they	are	fragments	w�th	the	length	of	87,	132,	and	185	
wh�ch	are	knows	as	leucyne	allele	(L)	(P�cture	3).

The	cutt�ng	us�ng	AluI	enzyme	on	AluI	GH	gene	fragment	as	much	as	404	bp	
only	resulted	�n	one	k�nd	of	fragment:	a	fragment	wh�ch	can	be	cut	(two	bars)	known	
as	LL	genotype,	whereas	the	fragment	wh�ch	cannot	be	cut	(one	bar)	known	as	VV	
genotype	and	comb�ned	fragment	 (three	bars)	knowns	as	LV	genotype	cannot	be	
found	�n	th�s	research	(F�gure	3).

The	v�sual�zat�on	result	us�ng	agarose	1.5%	shows	that	GH/AluI	locus	on	the	
Aceh	cattle	sample	populat�on	be�ng	observed	�s	un�form.	The	genotype	found	on	
Aceh	cattle	�n	th�s	research	�s	LL	genotype.	Based	on	the	analys�s,	the	LL	genotype	
frequency	was	one	(1).	Th�s	made	the	LV	and	VV	genotype	frequency	zero	(0).	Based	
on	Ne�	dan	Kumar	(2000)	equ�t�on,	allele	L	frequency	�s	1	and	V	allele	frequency	�s	
0.	Th�s	result	�s	l�kely	caused	by	the	very	l�m�ted	research	samples.	
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F�gure	 3.	V�sual�zat�on	 of	 GH|AluI	 gene	 fragment	 PCR-RFLP	 on	 aragose	 gel	 1.5%	 (M:	
Marker	100	bp,	1-16:	research	sample)

Analysis Results on Aceh Cattle’ Carcass and Meat Quality
The	value	of	parameter	average	of	Aceh	cattle	carcass	and	meat	qual�ty	can	be	

seen	on	Table	3.	The	pH	value	of	the	meat	�n	th�s	research	has	the	average	of	5.46,	
wh�ch	shows	the	pH	range	of	normal	meat	5.4	–	5.8.	The	meat	color	�s	�n	category	I	
(score	1	–	5)	accord�ng	to	SNI	(Indones�an	Nat�onal	Standard,	2008).	The	degree	of	
tenderness	4	-5	�s	cons�dered	moderate,	not	too	tender	and	not	too	tough.

Table	3		The	results	of	Aceh	cattle’s	meat	and	carcass	qual�ty	

Parameter n Average	±	standard	
dev�at�on

Indones�an	Nat�onal	
Standard	

We�ght	(kg) 42 301.88	±	125.59 -
Eye	muscle	area	(cm2) 42 34.19	±	3.51 -
pH 42 5.46	±	0.39 5.4-5.8
Tenderness	(kg/cm2) 42 4.79	±	1.74 4-5
Cook�ng	loss	(%) 42 35.38		±	6.24 -
DMA	(%) 42 29.94	±	4.55 -
Meat	color 42 3.8	±	1.81 1-5

	
The	 research	 results	 �dent�fy	 that	Aceh	 cattle’s	 carcass/meat	 has	 f�ner	 meat	

f�ber	and	�ts	color	�s	red.	The	qual�ty	and	meat	structure	greatly	depend	on	types	of	
meat	and	locat�on.	Marbl�ng	�s	also	very	�nfluenced	by	the	breed�ng	system	and	food	
g�ven.

Conclus�ons
Based	on	th�s	research	results,	�t	can	be	�dent�f�ed	that	the	use	of	GH/AluI	only	

resulted	�n	LL	genotype	and	monomorph�c,	so	that	�t	cannot	be	used	as	a	marker	to	
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assoc�ate	w�th	the	carcass	qual�ty	on	Aceh	cattle.	Th�s	phenomenon	�s	l�kely	due	to	
the	 l�m�ted	number	of	samples	and	 the	ex�stence	of	natural	select�on	 towards	LV	
and	VV	genotype	as	the	consequence	of	Aceh	cattle	adaptat�on’s	to	the	local	env�-
ronment.	Thus,	a	further	research	�s	st�ll	necessary,	by	us�ng	more	samples	and	�f	
d�vers�ty	�s	found,	sequenc�ng	needs	to	be	done	so	that	�t	results	�n	more	accurate	
research	results.	
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Abstract

Good replacement stock has an essential role to improve animal productivity 
and to ensure the sustainability of domestic small-scale dairy cattle farming. This 
study was done in HF dairy farmers as the members of two Milk Collection Units 
(of 23 MCUs) at North Lembang Milk Cooperation Unit (NLMCU). Research was 
located in the selected dairy cattle area of having dense cow population, high milk 
production and prospective region in a mountainous field of Lembang Subdistrict, 
West Java. Farmers as samples were dominated by small-scale ownerships by 
commonly applying a low input system. A recorder was contracted to record daily 
milk yield (morning and evening) of individual lactating cows in a rotation manner 
for one record per cow per month during five months of lactation from June to 
October in 2010. The total number of lactating cows recorded in the accordance of 
the recorder capability was 180 heads. The observed cows varied in the status of 
early lactation (1-4) and lactation period (1-5).  Averages of test day milk from the 
1st to 5th months (TD1-TD5) were successively 17.2 ± 4.2, 16.0 ± 3.9, 14.8 ± 3.4, 
13.4 ± 2.6, and 13.0 ± 2.3 l/d. Cumulative milk production for 5 months of lactation 
(CMP 5mo.) was calculated as the sum of the multiplication of each standardized 
TD (TD2-TD6) x 30 (number of days each month).  The resulted showed the average 
of the estimated CMP 5mo. was 2296 ± 469 lt. (1200-3780 lt.). Cows with CMP 
5mo. above 2296 lt. could be considered as good replacement stocks.  As the results 
of this evaluation was still early, data of completed milk yield and related lactation 
traits should be continually collected to get more precisely information in identifying 
qualified replacement stocks to ensuring the improvement of dairy cattle milk yield 
and productivity.

Key words:  dairy cattle, milk yield, replacement stock, small dairy farmer
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Introduct�on

Nat�onal	 da�ry	 cattle	 populat�on	 currently	 was	 around	 407,767	 hds	 (DGLS,	
2010).		The	h�ghest	populat�on	was	�n	East	Java	Prov�nce	by	141,199	hds	(34.6%),	
followed	by	Central	Java	by	190,562	hds	(34.4%),	and	West	Java	by	120,768	hds	
(29%).		Java	�s	well	known	as	the	Island	w�th	the	densest	populat�on	and	the	h�ghest	
�ntens�f�ed-land	use.	Th�s	cond�t�on	made	the	da�ry	bus�nesses	were	mostly	carr�ed	
out	under	an	�ntegrated	crop-l�vestock	system,	of	wh�ch	the	sources	of	forages	as	
an�mal	feed�ng	d�rectly	�nfluenced	by	the	ava�lab�l�ty	of	agr�cultural	and	�ndustr�al	
crops	by-products	(Devendra,	1999;	Anggraen�	and	Sofyan,	2008).		

Small-scale	 da�ry	 farmers	 commonly	 faced	 many	 constra�nts	 such	 hav�ng	
l�m�ted	land	and	cap�tal	bes�de	of	unwell	keep�ng	�n	breed�ng	and	farm�ng	pract�ces	
(Kusman�ngs�h	 et al.,	 2008).	 Cattle	 were	 commonly	 kept	 �n	 a	 freestall	 hous�ng	
system	from	where	the	suppl�es	of	feed�ng	and	�nput	product�on	closely	related	to	the	
outs�de.	Th�s	caused	of	most	of	small	da�ry	farmers	more	l�kely	tak�ng	the	dec�s�on	of	
ma�nta�n�ng	only	lactat�on	cows	compared	to	he�fers	and	calves	(female).		Lactat�ng	
cow	was	cons�dered	d�rectly	generate	�ncome	through	the	sal�ng	on	the�r	m�lk	y�eld	
every	day,	so	they	could	pay	da�ly	cost	of	�nput	product�on.

Produc�ng	replacement	stoks	(RSs),	espec�ally	young	lactat�ng	cows	to	replace	
cows	hav�ng	a	low	product�v�ty	and	to	renew	old	cows,	was	therefore	an	essent�al	
aspect	�n	the	effort	to	�ncrease	domest�c	fresh		m�lk	product�on.	Prov�s�on	of	female	
cattles	as	RSs	w�th	a	h�gh	genet�c	potency	to	express	m�lk	y�eld		�n	the	h�gh	agro-
ecosystem	�n	central	da�ry	area	�n	Java	then	should	get	attent�on.	The	a�m	of	th�s	
research	was	to	�dent�fy	young	lactat�ng	cows	to	be	cons�dered	as	qual�f�ed	RSs	by	
produc�ng	m�lk	30%	above	the	average	�n	small	da�ry	farmers.

Mater�als	and	Methods

Th�s	f�eld	research	was	carr�ed	out	�n	a	h�ghland	of	the	central	da�ry	reg�on	�n	
the	North	Lembang	M�lk	Cooperat�on	Un�t	(MCU),	Lembang	D�str�ct,	West	Java.		
Research	locat�on	was	selected	for	the	reason	of	hav�ng	h�gh	dens�ty	of	da�ry	cows	
and	 a	 low	 rate	 of	 an�mal	 mutat�on.	 Da�ry	 farm�ngs	 stud�ed	 were	 represented	 by	
small-scale	da�ry	cattle	farm�ngs	as	the	members	of	the	North	Lembang	MCU.		HF	
lactat�ng	cows	observed	came	from	two	M�lk	Collect�ng	Groups	(MCGs)	of	Gunung	
Putr�	and	Nagrak	from	the	total	of	the	ex�st�ng	23	MCGs.	These	two	MCGs	were	
selected	as	hav�ng	the	densest	populat�on	and	reach�ng	h�gh	m�lk	y�eld	compared	
to	 those	of	 other	MCGs.	 HF	 lactat�ng	 cows	 stud�ed	were	 �dent�fed	by	 purpos�ve	
sampl�ng.

Test	day	m�lk	y�elds	(morn�ng	and	afternoon)	or	m�lk	TDs	were	recorded	for	
�nd�v�dual	cow	per	month	dur�ng	f�ve	months	of	lactat�on	observed.	Data	were	re-
corded	 rotat�onally	 by	 a	 contracted	 recorder,	 from	 July	 to	 November,	 2010.	 Re-
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corded	cows	were	selected	�n	more	s�m�lar	status	of	 lactat�on,	by	cons�der�ng	the	
b�olog�cal	aspects	of	early	months	or	stages	of	lactat�on	and	lactat�on	per�ods.	The	
total	number	of	cows	recorded	for	the�r	m�lk	TDs	�n	one	month	depended	on	the	
recorder’s	capab�l�ty.		Prev�ous	analys�s	showed	that	recorded	m�lk	TDs	data	were	
d�str�buted	w�th�n	early	lactat�ons	at	1-5	months	and	lactat�on	per�ods	of	1-5	t�mes.		
The�r	effects	on	m�lk	TDs	were	�nvest�gated.	

Based	 on	 the	 prev�ous	 analys�s	 showed	 months	 of	 lactat�on	 s�gn�f�cantly	
affected	on	m�lk	TDs	 (P<0.01),	 so	 �ts	 effects	were	 standard�zed	 to	 the	 ranges	of	
2-6	months	 (TD2-TD6)	of	 lactat�on.	Th�s	was	done	by	 formerly	 est�mat�ng	m�lk	
TD	curve	of	�nd�v�dually	lactat�ng	cow	w�th	regard�ng	to	develope	an	appropr�ate	
regress�on	equat�on	(l�near	or	quadrat�c)	�n	develop�ng	su�table	correct�on	factors.		
Part�al	 cumulat�ve	 m�lk	 product�on	 for	 5	 months	 (CMP	 5mo.)	 of	 each	 cow	 was	
calculated	as	the	sum	of	the	mult�pl�cat�on	of	each	standard�zed	TD	(TD2-TD6)	x	30	
(number	of	days	�n	one	month).	Cows	hav�ng	CMP	5	mo	of	30%	above	the	average	
were	then	�dent�f�ed	as	qual�f�ed	RSs.		

Results	and	D�scuss�on	

General Research Condition

Research Location. North	Lembang	MCU	was	well	known	for	the	potency	of	the�r	
HF	cows	 �n	produc�ng	h�gh	m�lk	 �n	central	da�ry	area	 �n	Lembang	D�str�ct,	West	
Java.	Th�s	MCU	superv�sed	a	large	number	of	small	da�ry	farmers	as	the	members.		
Most	work�ng	area	of	 th�s	MCU	were	 located	h�gh	land	at	 the	alt�tude	of	around	
1,200-1,257	m	asl.		Cl�mate	had	the	temperature	�n	a	range	of	15.6	-	16.8	oC	dur�ng	
ra�ny	season	and	30.5	-	32.7	oC	for	dry	season.		Ra�nfall	was	around	1,800-2,500	
mm	per	year.		Ensm�nger	(1971)	stated	Bos taurus	da�ry	cows	could	produce	m�lk	
opt�mally	at	the	ranges	of	temperature	of	10-15.6	°C	and	hum�d�ty	of	50-70%.		Cows	
st�ll	produced	more	m�lk	at	the	temperature	up	to	21.1	oC.

Dairy Farmers. Da�ry	 cattles	 were	 commonly	 ra�sed	 at	 a	 small-scale	 by	 da�ry	
farmers.		The	North	Lembang	MCU	had	22	work�ng	area,	23	M�lk	Collect�ng	Groups	
(MCGs),	and	603	M�lk	Collect�ng	Un�ts	(MCUs).		MCUs	were	bu�lt	to	fac�l�tate	the	
collect�ng	fresh	m�lk	from	the	farmers.		The	two	selected	Gunung	Putr�	and	Nagrak	
MCGs	 were	 �dent�f�ed	 w�th	 the�r	 HF	 lactat�ng	 cows	 produced	 m�lk	 y�eld	 around	
12.7	lt/d	and	15.9	lt/d	respect�vely.		

Management. An�mals	were	very	commonly	kept	�n	pens	w�th	the�r	locat�on	sepa-
rated	from	the	houses,	e�ther	beh�nd	or	bes�de	of	farmers’	houses.	The	s�ze	of	hous-
�ng	of	mature	cow	was	around	1.5	m	x	2.0	m.	Roof�ng	was	made	by	any	mater�als	
such	 as	 t�les,	 z�nc,	 asbestos,	 and	 the�r	 comb�nat�on.	Wall	mostly	 opened	 through	
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Table	1.		Da�ly	m�lk	y�eld	of	HF	lactat�ng	cows	by	lactat�on	per�od

outs�de.	Floor	used	a	var�ety	of	mater�als	such	as	cement,	wood,	rubber	and	the�r	
comb�nat�on.	 	Rubber	was	used	as	 the	base	of	 floor	for	 fac�l�tat�ng	farmers	more	
easy	�n	clean�ng	pens	and	keep�ng	an�mals	not	eas�ly	sl�pped.	Water	resources	were	
from	local	water	dr�nk�ng	company	or	well	and	used	for	dr�nk�ng	and	bath�ng	an�-
mals	as	well	as	clean�ng	pens.		

Feeding Animal. Feed�ng	an�mals	h�ghly	depended	on	agr�cultural	and	�ndustr�al	
crops	by	products.		Farmers	fed	an�mals	by	m�xtur�ng	concentrate.	Some	add�t�onal	
feed�ng	as	prote�n	and	energy	sources	were	used,	such	as	bran,	soybean,	cassava	
pulp,	and	beer.	Feed�ng	forages	to	an�mals	var�ed	w�dely.	Generally,	farners	gave	
w�ld,	elephant	and	K�ng	grasses.	Forages	were	cut	from	the�r	own	garden	or	com-
mun�ty	land	or	from	the	sourround�ng.		Some	farmers	rent	grass�ng	land	from	Local	
Government	Forestry.		Farmers	had	the	d�ff�culty	to	obta�n	forages	dur�ng	the	dry	
season,	so	the	effort	of	f�nd�ng	forages	could	be	expanded	farther	even	�n	other	d�s-
tr�cts.				

Milk Production
Total	HF	lactat�ng	cows	recorded	on	the�r	m�lk	TDs	were	184	hds.		By	plott�ng	

m�lk	TDs	�nto	f�ve	months	of	lactat�on	resulted	general	pattern	of	these	m�lk	TDs	
cont�nually	decreas�ng	by	progress�ng	lactat�on.	Decreas�ng	trends	occured	for	all	
lactat�on	per�ods	(1-5).	The	averages	of	test	day	m�lk	y�elds	(TD1-TD5)	were	suc-
ces�vely	15.2,	14.8,	13.8,	12.5,	and	12.2	lt	at	the	f�rst	lactat�on;	and	17.4	,	16.1,	14.9,	
13.4,	and	13.0	lt	at	the	f�fth	lactat�on.	

By	d�str�but�ng	m�lk	TDs	�nto	d�fferent	early	months	of	lactat�on	(1-5)	showed	
that	those	m�lk	TDs	were	expanded	from	the	f�rst	up	to	the	e�ght	months	of	lacta-
t�on	(Table	2).		HF	lactat�ng	cows	stud�ed	seem�ngly	showed	of	hav�ng	m�lk	TDs	
curves	close	to	the	normal	m�lk�ng	curve.	By	progress�ng	months	of	lactat�on,	m�lk	
TDs	cont�nually	decreased.		The	averages	of	m�lk	TDs	(TD1-TD8)	for	all	lactat�on	

Lactat�on	
per�od

Number	
of	an�mal	

(hds)

	Test	Day	M�lk	Y�eld	(L�tre)	

TD1 TD2 TD3 TD4 TD5

1 34 15.2	±3.0 14.8±3.2 13.8±2.9 12.5±2.3 12.2±2.3
2 39 17.3±4.4 16.6±4.3 14.9±3.2 13.6±3.0 13.2±2.4
3 35 18.0±4.8 16.4±4.3 15.0±3.9 13.6±2.8 13.2±2.6
4 24 18.0±5.1 16.5±3.9 15.6±3.6 13.8±2.5 13.4±2.1
5 22 17.4±4.1 16.1±3.9 14.9±3.5 13.4±2.3 13.0±2.0

Average 184 17.2±4.2 16.0±3.9 14.8±3.4 13.4±2.6 13.0±2.3
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per�ods	were	succes�vely	18.2,	17.5,	16.6,	15.5,	14.3,	14.0,	13.1,	and	12.3	lt.		
M�lk	TDs	of	HF	lactat�ng	cows	�n	th�s	study	were	h�gher	compared	to	those	

of	HF	cows	ma�nta�ned	�n	Col�mber	MCG	as	another	MCG	�n	the	North	Lembang	
MCU	(Sukandar,	2010).	HF	cows	were	reported	�n	produc�ng	m�lk	TDs	(TD1-TD10)	
succes�vely	15.4±4.3,	18.5±3.8,	18.0±5.0,	16.6±7.7,	16.2±4.4,	14.5±2.8,	14.1±3.7,	
12.3±2.0,	11.9±6.9,	and	10.6±4.0	lt/d.

TD	 m�lk	 y�leds	 of	 HF	 cows	 �n	 th�s	 study	 were	 also	 lower	 than	 those	 da�ly	
m�lk	y�elds	of	Holste�n	he�fers	kept	�n	Braz�l	�n	1988-1991,	by	report�ng	m�lk	TD1-
TD10	succes�vely	21.8,		23.6,	23.3,	22.1,	20.9,	19.7,	18.3,	17.3,	16.0,	and		15.0	lt/d.	
(Machado	et al.,	1999).	The	d�fferences	poss�bly	caused	by	some	kactors	such	as	
an�mals	m�lk�ng	ab�l�ty,	management	and	env�ronment.						

Standardization of Milk Production
As	 prev�ously	 escr�bed,	 the	 exc�st�ng	 d�fferences	 of	 the	 months	 (stages)	 of	

lactat�on	and	lactat�on	per�ods	of	observed	HF	lactat�ng	cows	requ�red	the	exam�n�ng	
the�r	 effects	 on	 recorded	 m�lk	TDs.	 D�fferences	 �n	 the	 early	 months	 of	 lactat�on	
certa�nly	made	a	major	�nfluence	on	da�ly	m�lk	y�leds	among	lactat�ng	cows	stud�ed.		
The	s�gn�f�cantly	effect	of	d�fferent	months	of	lactat�on	on	m�lk	TDs	(TD1-TD5),	

Table	2.	Da�ly	m�lk	y�eld	of	HF	 lactat�ng	cows	based	on	early	months	of	 latat�on	 (m�lk	
TD1-TD8)

Month	of	
lactat�on

1st	
Month

2nd	
Month

3rd	
Month

4th	
Month

5th	
Month

6th	
Month

7th	
Month

8th	
Month

Average 18.2 17.5 16.6 15.5 14.3 14.0 13.1 12.3
SD 4.52 4.37 3.51 3.58 3.09 2.88 2.80 2.64
Record 55 86 120 154 154 99 68 34

Table	 3.	 Da�ly	 m�lk	 y�elds	 of	 HF	 lactat�ng	 cows	 standard�zed	 �nto	TD2-TD6	 months	 of	
lactat�on

Descr�pt�on:		The	effects	of	lactat�on	per�od	on	�nd�v�dual	standard�zed	da�ly	m�lk	y�elds		(TD2-TD6)	
were	not	s�gn�f�cant	(P>0.05).

Lactas�on	
Per�od

Σ Cow 
(Hds)

Standard�zed	Test	Day	M�lk	Y�eld	(L�tre) Average
(L�tre)TD	2 TD	3 TD	4 TD	5 TD	6

1 34 16.3±0.7 15.2±0.7 14.0±0.6 13.0±0.5 12.3±0.4 14.2±0.6
2 39 17.9±0.7 17.0±0.6 15.3±0.5 14.0±0.5 13.2±0.4 15.5±0.5
3 35 19.1±0.7 17.0±0.7 15.2±0.6 14.0±0.5 13.2±0.4 15.7±0.6
4 24 18.5±0.8 16.8±0.8 15.8±0.7 14.4±0.6 13.5±0.5 15.8±0.7
5 22 18.4±0.8 17.0±0.8 15.5±0.7 14.3±0.6 13.1±0.5 15.7±0.7
S�gn�f�cancy			 ns ns ns ns ns -
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that	was	�dent�f�ed	prev�ously,	were	then	standard�zed	to	2-6	months	of	lactat�on.	
Standard�zat�on	of	m�lk	TDs	was	more	frequently	developed	by	a	quadrat�c	equat�on.		
The	averages	of	da�ly	m�lk	y�elds	as	the	result	of	standard�zat�on	�nto	TD2-TD6	was	
presented	(Tabel	3).

Further		exam�nat�on	of	the	�nfluence	of	d�fferent	lactat�on	per�ods	(1-5)	on	the	
standard�zed	m�lk	TDs	(TD2-TD6)	proved	that	not	one	of	th�s	effect	was	s�gn�f�cant	
(P>0.05).	Th�s	�mpl�ed	that	standard�zat�on	was	not	requ�red	to	the	lactat�on	per�-
ods.

Cumulative Milk Production
Cumulat�ve	m�lk	product�on	of	f�ve	months		of	lactat�on	after	standard�zed	to	

the	months	of	lactat�on	of	TD2-TD6	was	abbrev�ated	by	CMP	5	mo.	CMP	5	mo.	
for	each	lactat�ng	cow	from	the	total	HF	lactat�ng	cows	of	154	hds	were	evaluated.	
The	est�mated	CMP	5	mo.	of	�nd�v�dual	HF	cows	were	then	be	ranked,	start�ng	from	
the	h�ghest	to	the	lowest	ones.	The	average	of	the	est�matef	CMP	5	mo.	of	the	HF	
lactat�ng	cows		were	by	2,296	±	469	lt	w�th	a	range	between	1,200-3,780	lt.	 	By	
cons�der�ng	the	qual�f�ed	RSs	as	those	HF	lactat�ng	cows	hav�ng	CMP	5	mo.	of	30%	
above	the	average,	 therefore	 those	qual�f�ed	RSs	should	reach	CMP	5	mo.	above	
2,985	lt.	These	qual�f�ed	RSs	were	�dent�f�ed	for	10	hds,	succes�vely	for	the	HF	cows	
No.	4218,	A00046,	56,	3707,	A.03000,	8354,	2965,	101	138,	31	424,	36	173,	102	
361,	and	102	096.		The	f�rst	rank	was	for	the	cow	of	No.	3780	w�th	CMP	5	mo	of	
4,218	lt.,	wh�le	the	lowest	was	for	the	cow	of	No.	096	w�th	CMP	5	mo.	by	3,015	lt.

HF	cows	posses�ng	CMP	5	mo.	more	 than	2,296	 l�ters	could	be	cons�dered	
as	qual�f�ed	RSs.		However,	to	ensure	more	cows	ava�lable	be	used	as	good	RSs	�n	
regard�ng	to	replace	the	cows	of	less	product�ve	and	the	old	ages,	then	HF	lactat�ng	
cow	w�th	CMP	5	mo.	exceed�ng	the	average	of	2,296	±	469	could	be	poss�ble	to	
be	 cons�dered	 as	 good	 RSs.	 By	 �nclud�ng	 the	 cows	 w�th	 CMP	 5	 mo.	 above	 the	
average	as	good	RSs	could	guarantee	more	good	RSs	were	ava�lable	for		small	da�ry	
farmers.	 	These	RCs	could	cons�drerably	produce	opt�mal	m�lk	under	small-scale	
da�ry	farm�ngs.		From	th�s	research	results,	a	follow�ng-up	act�on	was	requ�red	for	
collect�ng	more	data	�n	da�ly	m�lk	y�elds	and	related	tra�ts	to	�ndent�fed	good	RSs	
better.		Lacat�ng	cows	that	could	be	�dent�f�ed	accurately	as	good	RSs	became	a	key	
factor	of	ensur�ng	susta�nable	of	small-scale	da�ry	farm�ngs	�n	our	country.

Conclus�on

•	 The	number	of	HF	lactat�ng	cows	�dent�f�ed	as	qual�f�ed	RSs	for	hav�ng	CMP	5	
mo)	30%	above	the	average	denden	closely	to	the	average	TD	m�lk	y�elds	of	the	
cows	�n	the	targetted	locat�on.

•	 HF	lactat�ng	cows	class�f�ed	as	qual�f�ed	RSs	�n	th�s	research	locat�on	(Gunung	
Putr�	and	Nagrak	MCGs)	�f	the�r	est�mated	CMP	5	mo.	exceeded	2,985	lt.	
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•	 Qual�f�ed	HF	RSs	�n	th�s	research	were	�dent�f�ed	for	10	an�mals,	from	wh�ct	at	
the	f�rst	rank	was	for	the	cow	No.	3780	(CMP	5	mo.	=	4,218	lt.)	and	at	the	tenth	
rank	was	for	the	cows	No.	102	096	(CMP	5	mo.	=	3,015).
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Abstract	

The Walik chicken is one of the rare indigenous chickens in Indonesia owned 
frizzling feathers. Since the external genetic information of Walik chickens is very 
limited, therefore, the study on the qualitative traits of such rare indigenous chicken 
is necessary to support their comprehensive repertoire that would be useful for their 
preservation efforts and potency development. Thirty six Walik chickens (15 cocks, 
21 hens), and 42 Walik chickens (16 cocks, 26 hens) from Sumedang and Bogor 
District, respectively, were used in this study. The variety on base color of feather, 
color of the plumage, flick feather, feather pattern, shank color, and comb types of 
the chickens were identified based on Hutt (1949), and Somes (1988). The frequency 
of autosomal genes, sex-linked genes, and feather pattern were quantified based on 
Nishida et al. (1980), and Stanfield (1982). The Walik chickens from Sumedang and 
Bogor District population have shown predominantly similarities on the plumage 
color (i), the wild feather pattern (e+), single comb (p), and white/yellow shank 
(Idid). However, the Walik chickens from Bogor District population were dominated 
by the strip feather/B (52%), and the silvered-flick feather/S (54%). The Walik 
chickens from Sumedang District population were dominated by the plain feather/b 
(54%), and golden flick feathers/s (84%). The low frequency occurence of some 
qualitative traits could be useful for selection in order to conserved the rare traits. 
Further studies on the quantitative traits, and the molecular analysis need to be 
done to complete a set of characterization of the Walik chickens.

Key words: qualitative traits, walik chicken

Introduct�on

The	 Walik	 ch�cken	 �s	 chategor�zed	 as	 one	 of	 the	 rare	 �nd�genous	 ch�ckens	
�n	 Indones�a	 based	 on	 the�r	 small	 populat�on	 number,	 very	 l�m�ted	 data	 of	 the�r	
morpholog�cal	 features	 and	b�olog�cal	parameters,	 and	very	 l�m�ted	data	on	 the�r	
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current	ut�l�zat�on	(Sart�ka	&	Iskandar,	2007).	The		Walik	ch�cken	own	a	fr�zzl�ng	type	
of	feather	(Sart�ka	&	Iskandar,	2007),	and	has	var�ous	names	based	on	the	geograph�c	
reg�on	of	sampl�ng,	such	as	Walik	or	Rintit	ch�ckens	�n	West	Java.	The	monogen�c	
tra�ts	based	on	p�gmentat�on	d�fferences,	and	comb	types		are	one	of	approach	that	
can	 be	 used	 to	 descr�be	 the	 genet�c	 var�at�ons	 �n	 ch�ckens.	The	 qual�tat�ve	 tra�ts	
of	 the	 ch�ckens	 also	 have	 �mportant	 econom�c,	 cultural,	 and	 rel�g�ous	 funct�on,	
therefore	the	spec�f�c	character�st�cs	must	be	carefully	�dent�f�ed	and	cons�dered	�n	
develop�ng	breed�ng	programs.	In	term	of	Walik	ch�cken	�n	Indones�a,	t�ll	now,	the	
data	on	the�r	qual�tat�ve	tra�ts	�s	very	l�m�ted.	Therefore,	the	object�ve	of	th�s	study	
was	to	�dent�fy	the	qual�tat�ve	tra�ts	of	the	Walik	ch�cken	populat�ons	cared	under	
trad�t�onal	 farm�ng	 system	 �n	West	 Java	 to	 prov�de	 base	 l�ne	 data	 that	 would	 be	
useful	for	the�r	conservat�on	efforts	and	potency	development. 

Mater�als	and	Methods

The	study	areas	were	selected	based	on	purpos�ve	sampl�ng	method.	The	�n�t�al	
survey	to	�dent�fy	the	�nd�v�dual	households	kept	the	Walik	ch�ckens	was	done	by	
�nterv�ew�ng	the	head	of	v�llages,	and	the	oldest	people	�n	a	soc�ety	who	know	well	
the	people	�n	the	study	areas	as	descr�bed	on	the	snow	ball	methods.	Th�rty	s�x	Walik 
ch�ckens	 (15 cocks, 21 hens) from 4 v�llages (Padanaan, Palasah, Ujungjaya dan15	cocks, 21 hens) from 4 v�llages (Padanaan, Palasah, Ujungjaya dancocks, 21 hens) from 4 v�llages (Padanaan, Palasah, Ujungjaya dan,	21	hens) from 4 v�llages (Padanaan, Palasah, Ujungjaya danhens)	 from	4	v�llages	 (Padanaan, Palasah, Ujungjaya danPadanaan,	Palasah,	Ujungjaya	dan	
Keboncau) �n Sumedang D�str�ct, and 42 (16 cocks, 26 hens)	�n	Sumedang	D�str�ct,	and	42	(16 cocks, 26 hens)16	cocks, 26 hens)cocks, 26 hens),	26	hens)hens)	Walik	ch�ckens	from	9	
locat�ons	 (	(Kampung	Cangkrang,	Desa	C�karawang,	Kampung	Carang	pulang,	Desa	
S�tugede,	Desa	Babakan	Lebak,	Desa	Babakan	L�o,	Desa	C�beureum	Dramaga,	Desa	
Neglasar�,	and	Desa Kahur�pan)	�n Bogor D�str�ct, West Java, Indones�a were used�n	Bogor	D�str�ct,	West	Java,	Indones�a	were	used	
�n	th�s	study.	The	var�ety	on	base	color	of	feather,	color	of	the	plumage,	fl�ck	feather,	
feather	pattern,	shank	color,	and	comb	types	of	the	ch�ckens	were	�dent�f�ed	based	
on	Hutt	 (1949),	 and	Somes	 (1988).	The	 frequency	of	 autosomal	genes	 (plumage	
color	 and	 comb	 types),	 sex-l�nked	 genes	 (var�ety	 on	 base	 color	 of	 feather,	 fl�ck	
feather,	and	shank	color),	and	feather	pattern	were	quant�f�ed	based	on	N�sh�da	et 
al.,	(1980),	and	Stanf�eld	(1982).	

Results	and	D�scuss�on

The	frequency	d�str�but�on	pattern	of	the	qual�tat�ve	tra�ts	�n	Wal�k	ch�ckens	�s	
presented	on	Table	1.	The	Walik	ch�ckens,	e�ther	from	Sumedang	and	Bogor	D�str�ct	
have	shown	predom�nantly	s�m�lar�t�es	on	 the	plumage	color	 (�),	 the	w�ld	feather	
pattern	 (e+),	 s�ngle	comb	(p),	and	wh�te/yellow	shank	 (Id�d).	However,	 the	Walik	
ch�ckens	 from	 Bogor	 D�str�ct	 populat�on	 were	 dom�nated	 by	 the	 str�p	 feather/B	
(52%),	 and	 the	 s�lvered-fl�ck	 feather/S	 (54%).	Whereas	 the	Wal�k	 ch�ckens	 from	
Sumedang	D�str�ct	populat�on	were	dom�nated	by	 the	pla�n	 feather/b	 (54%),	 and	
golden	fl�ck	feathers/s	(84%).
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The	 coloured	 plumage	 of	 brown,	 black,	 and	 m�xture	 were	 predom�nantly	
observed	 among	 Walik ch�ckens	 to	 wh�te	 colour	 e�ther	 �n	 Bogor	 or	 Sumedang	
D�str�ct	 populat�on	 (Table	 1).	 P�gmentat�on	 d�fferences,	 wh�ch	 are	 attr�butable	 to	
melan�n,	produce	a	var�ety	of	plumage	colours	�n	the	ch�ckens.	The	presence	and	
level	of	melan�n	p�gments	such	as	tr�chochrome	�s	related	to	feather	colour	and	�s	
cons�dered	to	be	�nd�cat�ve	of	genet�c	d�fferences	among	certa�n	plumage	colours	
(Smyth,	1991).	There	are	2	k�nds	of	melan�ne,	namely	eumelan�ne	and	pheomelan�ne.	
Eumelan�ne	forms	the	black	and	blue	colour	of	feather,	whereas	the	pheomelan�n	
forms	the	red-brown,	salmon	and	dark	yellow	(Brumbraugh	and	Moore,	1968).	The	
str�p	base	color	of	feather	present	�f	the	d�str�but�on	of	melan�ne	on	seconday	feather	

Table	2.	Frequency	D�str�but�on	of	Qual�tat�ve	Tra�ts	�n	Wal�k	Ch�ckens	found	�n	Sumedang	
and	Bogor	D�str�ct,	West	Java,	Indones�a

Qual�tat�ve	Tra�ts
Gene	Frequency

Sumedang
(n=36)

Bogor
(n=42)

Plumage	Color
					qI 0 0.01
					q� 1.00 0.99
Var�ety	on	base	color	of	feather
				qZB	 0.47 0.52
				qZb	 0.54 0.48
Fl�ck	feather
				qZS 0.16 0.54
				qZs 0.84 0.47
Feather	pattern
			qE 0.20 0.10
			qe+ 0.43 0.51
			qe 0.37 0.38
Comb	type
			qP 0.24 0.17
			qp 0.76 0.83
Shank	color
			qZId 0.5 0.79
			qZ�d 0.5 0.21

qI=	wh�te,	q�=	colored-plumage,	qZB=	str�p;	qZb=	pla�n,	qZS=	s�lver,	qZs=	golden,	qE=	black,	qe+	
=	w�ld,	qe=	columb�an,	qP=	pea,	qp=	s�ngle,	qZId=	wh�te/yellow;	qZ�d=	black/green.
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�s	blocked.		The	var�ety	of	base	color	of	feather	�s	the	sex	l�nked	gene	that	w�ll	be	
found	as	ZBW	and		ZBZB	or	ZBZb,	respect�vely	�n	male	and	female	(Hutt,	1949).	

The	 relat�vely	 low	 frequency	of	 the	wh�te	plumage	colour	 (Tabel	1)	 can	be	
attr�buted	to	the	fact	that	wh�te	ch�ckens	(espec�ally	cocks)	are	�mportant	components	
�n	trad�t�onal	rel�g�ous	of	the	commun�ty,	therefore	they	are	read�ly	to	be	sold.	Large	
var�at�on	 �n	 plumage	 colour	 on	 the	 �nd�g�nous	 ch�cken	 populat�on	 �s	 �nd�cat�ve	
of	 unconsc�ous	 select�on	 effort.	Ensm�nger	 (1992)	 stated	 that	 plumage	 color	 and	
pattern,	sk�n	color,	shank,	and	comb	type	are	�nher�ted	by	s�ngle	pa�rs	of	genes	that	
able	to	�nfluence	the	preference	of	the	consumers.	However,	t�ll	know	there	was	a	
very	 l�m�ted	data	 that	 the	var�at�on	 �n	plumage	colour	of	 the	 �nd�g�nous	ch�ckens	
�n	Indones�a	�s	ma�nly	due	to	the	lack	of	consc�ous	select�on	or	breed�ng	programs	
towards	cho�ce	of	colour.	

Our	f�nd�ng	also	showed	that	the	s�ngle	comb/p	predom�nates	w�th	a	frequency	
of	76%,	and	83%	for	Walik	ch�ckens	�n	Sumedang	and	Bogor	D�str�ct	populat�on,	
respect�vely,	to	pea	comb	(24%,	and	17%).	The	h�gher	frequency	of	s�ngle	to	pea	
comb	 �nd�cated	 that	 Wal�k	 ch�ckens	 are	 ma�nly	 recess�ve	 for	 comb	 type.	 If	 the	
heterozygote	genot�pe	has	any	relat�ve	advantages,	�mprovement	of	the	stock	would	
be	slow	to	med�um	s�nce	only	17%	and	24	%	posessed	the	pea	comb	that	�s	generally	
regarded	as	the	dom�nant	comb	type.	

The	h�gher	frequency	of	wh�te/yellow	shank	color	(79%)	to	black/green	color	
(21%)	of	Walik	ch�ckens	�n	Bogor	D�str�ct	populat�on	�s	�n	l�ne	w�th	the	report	of	
Sart�ka	 &	 Sofjan	 (2007)	 who	 found	 	 the	 wh�te/yellow	 sk�n	 was	 dom�nant	 �n	 the	
�nd�g�nous	ch�ckens	�n	Indones�a.	The	melan�ne	on	ep�derm�s	relates	 to	 the	black	
color	 of	 ch�cken	 shank,	 whereas	 the	 l�pochrome	 on	 	 ep�derm�s	 and	 melan�ne	 on	
derm�s	relate	to	the	green	color	of	ch�cken	shank	(Jull,	1951).	It	has	been	generally	
assumed	that	the	red	junglefowl	�s	the	sole	w�ld	ancestor	of	the	domest�c	ch�cken	
(Crawford,	1990,	Fum�h�to	et al.	1994,	Romanov	&	We�gend,	2001,	Sulandar�	&	
Ze�n,	2008).	However,	Er�ksson	et al.,	(2008)	demonstrates	that	though	the	wh�te	
sk�n	allele	or�g�nates	from	the	red	junglefowl	(Gallus	gallus),	the	yellow	sk�n	allele	
or�g�nates	from	a	d�fferent	spec�es,	most	l�kely	the	closely	related	to	grey	junglefowl	
(Gallus	sonnerat��).	Therefore,	the	molecular	character�st�cs	�s	also	�mportant	to	be	
observed	to	complete	a	set	of	�dent�f�cat�on	and	character�zat�on	of	the	�nd�g�nous	
ch�ckens	 �n	 Indones�a,	ma�nly	 the	Walik	 ch�ckens.	The	 rear�ng	of	Walik	 ch�ckens	
e�ther	�n	Sumedang	and	Bogor	D�str�cts	�s	also	an	�ntegral	part	of	the	smallholder	
farm�ng	system,	where	they	kept	by	the	rural	poor	to	fulf�ll	mult�ple	funct�on.	Th�s	
could	also	become	a	sources	of	var�at�on	of	the	qual�tat�ve	tra�ts	of	ch�ckens	s�nce	
the	presence	or	absence	of	the	caroteno�d	p�gments,	pr�mar�ly	xanthophylls,	�n	the	
feed	�s	also	respons�ble	for	the	d�vers�ty	�n	sk�n	colour	of	ch�ckens	(Er�ksson	et al.	
2008).	

Ind�genous	ch�ckens	of	the	trop�cs	are	�mportant	reservo�rs	of	useful	genes	and	
posses	a	number	of	adapt�ve	 tra�ts	 (Horst,	1989).	However,	d�verse	human	needs	
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�n	 the	 form	 of	 select�ve	 breed�ng	 for	 d�st�nct	 phenotypes	 also	 contr�buted	 to	 the	
d�vers�ty	of	the	present	day	ch�cken	populat�os	ma�ntaned	�n	d�fferent	parts	of	the	
trop�cs	(Dess�e	et al.,	2011).	From	our	f�nd�ngs,	we	pred�ct	that	the	Walik	ch�cken	
have	 a	 h�gh	 s�m�lar�ty	 w�th	 the	 Kampong	 ch�cken	 wh�ch	 naturally	 have	 e+	 gene,	
as	 descr�bed	 by	 N�sh�da	 et al.	 (1980).	We	 also	 pred�ct	 that	 the	 Walik	 hens	 from	
Sumedang	D�str�cts,	wh�ch	were	dom�nated	by	the	pla�n	feather	(54%),		have	shown	
s�m�lar�t�es	w�th	 the	S�ngle Rhode Island Red that ma�nly was developed as theS�ngle	Rhode	 	 Island	Red	 that	ma�nly	was	developed	as	 the	
meat	produc�ng	ch�ckens.	The	fore�gn	gene	from	Barred	Plymouth	Rock	was	also	
�dent�f�ed	based	on	the	str�p	feather	of	Wal�k	ch�cken	from	Bogor	D�str�ct	populat�on.		
H�stor�cally,	the	Barred	Plymouth	Rock	are	developed	as	egg	produc�ng	ch�ckens.	
We�gend	and	Romanov	(2001)	stated	that	the	�dent�f�cat�on	and	character�zat�on	of	
the	ch�cken	genet�c	 resources	generally	 requ�res	 �nformat�on	on	 the�r	populat�on,	
adaptat�on	to	a	spec�f�c	env�ronment,	possess�on	of	tra�ts	of	current	and	future	value	
and	soc�oecultural	�mportance,	wh�ch	are	cruc�al	�nputs	to	dec�s�ons	on	conservat�on	
and	ut�l�zat�on.	Therefore	we	recommend	that	the	further	stud�es	on	the	quant�tat�ve	
tra�ts,	�n	term	of	egg	and	meat	product�on	need	to	be	done	to	pred�ct	the	ut�l�zat�on	
potenc�es	of	Walik	ch�cken.	

Conclus�ons

The	Walik	ch�ckens	from	Sumedang	and	Bogor	D�str�ct	populat�on	have	shown	
predom�nantly	s�m�lar�t�es	on	 the	plumage	color	 (�),	 the	w�ld	 feather	pattern	 (ee+),	
s�ngle	comb	(p),	and	wh�te/yellow	shank	(Id�d).	However,	the	Walik	ch�ckens	from	
Bogor	 D�str�ct	 populat�on	 were	 dom�nated	 by	 the	 str�p	 feather/B	 (52%),	 and	 the	
s�lvered-fl�ck	feather/S	(54%).	Whereas	the	Wal�k	ch�ckens	from	Sumedang	D�str�ct	
populat�on	were	dom�nated	by	the	pla�n	feather/b	(54%),	and	golden	fl�ck	feathers/s	
(84%).	The	low	frequency	occurence	of	some	qual�tat�ve	tra�ts	could	be	useful	for	
select�on	 �n	order	 to	conserved	 the	 rare	 tra�ts.	Further	 stud�es	on	 the	quant�tat�ve	
tra�ts,	and	the	molecular	analys�s	need	to	be	done	to	complete	a	set	of	�dent�f�cat�on	
and	character�zat�on	of	the	Walik	ch�ckens.
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Abstract
  
Mesocritus (M.) auratus (Syrian hamster) is not only used a laboratory animal 

especially in medical research, but also is looked after as a pet animal. Genetic 
information can be obtained by studying body morphometry of Syrian hamster, and 
quantitative characteristics can be useful for conservation and breeding development. 
Body size characteristics of Syrian hamster is becoming the focus of this study. It 
is, therefore, this study is conducted to classify Syrian hamster into large, medium 
and small body sizes on the basis of factor analysis (FA) and principal component 
analysis (PCA). Hotelling T2-statistic showed differences in linear measurement 
of body surface between male and female Syrian hamsters (P<0.01). Results of FA 
showed that variable affecting the body size of male M. auratus in this study was body 
length; however, it did not influence the body size of female significantly. Body length 
in male hamsters, therefore, can be used as a reference in a selection program based 
on  body size measurements that are not directly related to body weight. Body length 
is also found as discriminatory variable for body size, and the chest width was the 
discriminatory variable for body shape for both male and female. The distribution 
of colors that occur in each body size class indicated that M. auratus still has a 
variety in coat colors.  Results of clustered diagram show that the crowd in body 
shape of male is greatly different from that of female Syrian hamsters. Classification 
the male and female Syrian hamster can be performed based on the value of first 
factor scores (SF-1) for practical purposes, as well as the body size.  Both male and 
female Syrian hamster can be classified  into large, medium  and small groups, and 
each hamster individual data have SF-1 score and it own body score. It is concluded 
that classification of body size in M. auratus based on factor analysis and principal 
component analysis showed the same results. 

Keywords: body measurement, classification, factor analysis, Mesocricetus auratus, 
principal component analysis
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Introduct�on
	
Mesocricetus (M.) auratus	(Syr�an	hamster)	was	the	f�rst	spec�es	wh�ch	was	

used	as	 a	 laboratory	an�mal	 at	 a	un�vers�ty	 �n	 Jerrusalem	 �n	1930	 (Hafez,	1970).		
Sanders	and	Sandadura	(1992)	reported	that	M. auratus	was	the	appropr�ate	labora-
tory	an�mal	for	study�ng	the	effect	of	bo�led	coffee	on	hypercholesterolem�a.		Born-
hop	et al.	(2003)	also	used	M. auratus	�n	observ�ng	Lum�nescent	Lanthan�de	Che-
late	Contrast	Agents	for	detect�ng	early	-	stage	mal�gnant	les�ons	�n	Syr�an	hamster	
cheek	pouch.		Most	of	M. auratus	had	been	used	as	laboratory	an�mals	�n	med�cal	
research,	 nowadays,	 the	 an�mals	 are	becom�ng	popular	 as	pet	 an�mal,	 and	 �t	 had	
been	used	as	pet	an�mals	�n	England	s�nce	1880	(Grz�mek,	1975).

Genet�c	 �nformat�on	 can	 be	 obta�ned	 by	 study�ng	 body	 morphometry	 of	 M. 
auratus.		Character�st�cs	�n	body	s�ze	and	shape	of	M. auratus	�s	determ�ned	through	
Pr�nc�pal	Component	Analys�s	 (PCA);	Factor	Analys�s	 (FA)	 �s	used	 to	determ�ne	
factors	for	class�fy�ng	body	s�ze	on	the	bas�s	of	relat�ons	between	body	s�ze	var�bles	
wh�ch	are	�ndependent	each	other	(Gaspersz,	1992).		The	last	analys�s	can	be	v�ewed	
as	an	expans�on	analys�s	of	PCA.		The	or�g�nal	var�ables	can	be	used	as	a	factor	�f	
total	var�ab�l�ty	was	approx�mately	80	-	90%	(Gaspersz,	1992).

Quant�tat�ve	character�st�cs	can	be	useful	 for	conservat�on	and	breed�ng	de-
velopment.	Body	s�ze	of	M. auratus	�s	�ncluded	�n	med�um	s�ze	(Henwood,	2007),	
but	the	hobby�st	l�ke	hamster	w�th	small	s�ze;	as	a	result,	body	s�zes	of		M. auratus	
�s	becom�ng	the	focus	of	th�s	study.	Therefore,	th�s	study	�s	conducted	to	class�fy	
M. auratus	�nto	large,	med�um	and	small	body	s�zes.		Class�f�cat�on	through	FA	and	
PCA	(Gaspersz,	1992)	was	carr�ed	out	on	the	bas�s	of	l�near	s�zes	of	body	surfaces	
wh�ch	�nclude	body	length	(X1),	chest	w�dth	(X2),	pelv�c	w�dth	(X3)	and	wr�st	c�r-
cumference	of	front	arm	or	front	leg	(X4).

Mater�als	and	Methods

The	 exper�ment	 was	 conducted	 �n	 the	 Laboratory	 of	 An�mal	 Genet�cs,	
Department	 of	 An�mal	 Product�on	 and	 Technology,	 Faculty	 of	 An�mal	 Sc�ence,	
Bogor	 Agr�cultural	 Un�vers�ty,	 Bogor.	 Syr�an	 hamsters	 used	 �n	 th�s	 exper�ment	
were	58	heads	(24	males	and	34	females)	at	the	mature	body	age.	Other	mater�als	
used	were	vern�er	cal�per	and	thread	for	measur�ng	l�near	var�ables	of	body	surface.	
Hotell�ng	T2-stat�st�c	 was	 used	 to	 compare	 l�near	 measurements	 of	 body	 surface	
between	 males	 and	 females	 w�th	 the	 formula	 suggested	 by	 Gaspersz (1992). IfGaspersz	 (1992).	 If	
the	results	reject	H0	hypothes�s,	the	two	average	values	of	l�near	var�ables	of	body	
for	were	d�fferent	and	the	test	were	cont�nued	w�th	FA (Factor Analys�s) and PCA	(Factor	Analys�s)	and	PCA	
(Pr�nc�pal	Component	Analys�s). The	FA	used	was	calculated	on	the	bas�s	of	formula	
suggested	by	Gaspersz (1992Gaspersz	(1992)	as	follows	: Xp		=		cp1	F1	+	cp2	F2	+		.	.	.	+		cpmFm + Єp	
w�th	descr�pt�on: Xdescr�pt�on: X:	Xp=	random	var�ables; c;	cc�j=	parameters	reflect�ng	the	�mportance	of	
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jth	factor	�n	compos�t�on	from	�th	respons; �n FA was known as we�ght�ng (load�ng);	�n	FA	was	known	as	we�ght�ng	(load�ng)	
from	�th	respons	at	the	same	factor	of	jth; Fj=	the	same	factor	of	jth; ЄЄp=	error	from	�th	
respons,	�n	FA	was	known	as	�th	spec�f�c	factor	wh�ch	was	random; �= 1, 2, 3,4 (p=;	�=	1,	2,	3,4	(p=	
4);	j=	1,	2,	3,	4	(m=	4); p=	numbers	of	var�ables	measured.	 Factor	score	(SF)	was	
calculated	us�ng	formula	of	Gaspersz	(1992)	as	follows:	SF= CSF=		C’

	K
-1		(Xj-X	);		j=	1,	2,	.	

.	,	n;	w�th	descr�pt�on: SF= matr�x for factor score (descendant from covar�ance); Cdescr�pt�on: SF= matr�x for factor score (descendant from covar�ance); C:	SF=	matr�x	for	factor	score	(descendant	from	covar�ance); C	CC’=	
matr�x	for	we�ght�ng	factor	(descendant	from	covar�an); K	KK-1=	�nvers	from	covar�an	
matr�x	K; X	XXj=	vector	for	observat�on	of	jth	�nd�v�du; X= vector average value from;	X= vector average value fromX=	vector	average	value	from	
var�able	 X; n= sample s�ze.;	 n=	 sample	 s�ze. Class�f�cat�on	based	 on	 body	 measurements	 	 (small,	
med�um	and	b�g	or	large)	was	conducted	us�ng	formula	recommended	by	Gaspersz	
(1992)	wh�ch	were:	large	group	�f	SF	>	SF	+	sSFs,	med�um	group	�f	SF	–	sSF		<	SF	
<	SF	+	sSF,	small	group	�f	SF	<	SF	–	sSF,	w�th	descr�pt�on: SF= factor score, SF=: SF= factor score, SF=	SF= factor score, SF=SF=	factor	score, SF=, SF=	SF=	
average	of	factor	score, sSF= standard dev�at�on of factor score.,	sSF= standard dev�at�on of factor score.sSF=	standard	dev�at�on	of	factor	score.. Pr�nc�ple	Component	
Analys�s	(PCA)	by	Gaspersz(1992),	equat�on	model	for	body	parts	were:	Yp= aYp=	a1pX1	
+	a2pX2	+	a3pX3	+a4pX4;	w�th descr�pt�on:Yp= p	descr�pt�on:Yp= p:Yp=	pth	pr�nc�ple	component	(p=	1,	2,	3,	
4); X	XX1=	body	length, X,	XX2=	chest	g�rth, X,	XX3=	pelv�c	w�dth, X,	XX4=	wr�st-c�rcumference.-c�rcumference.	
Class�f�cat�on	on	the	bas�s	of	body	l�near	s�ze	that	was	observed	(small,	med�um	and	
large)	was	conducted	us�ng	Garpersz	(1992)	formula	large	group:		�f	yh1	>	y1	+	sy1;	
med�um	group:	�f		y1	–	sy1	<	yh1		<	y1	+	sy1	and small	group		�f	yh1	<		y1	–	sy1. Data	was	
processed	us�ng	stat�st�cal	software	of	M�n�tab.M�n�tab.

Results	and	D�scuss�on
	 	
Table	 1	 demonstrates	 descr�pt�ve	 stat�st�cs	 for	 body	 l�near	 s�ze	 var�ables	 of	

Syr�an	hamster.	T2-Hottel�ng	stat�st�c	 showed	 that	 there	were	d�fferences	 �n	body	
l�near	s�zes	between	male	and	female	Syr�an	hamster	(P<0.01).	These	d�fferences	
were	 also	 observed	 by	 Fox	 et al.	 (1984).	The	 h�ghest	 body	 l�near	 s�ze	 var�ables	
�nfluenc�ng	body	s�zes	of	male	and	female	hamsters	was	obta�ned	on	the	bas�s	of	
communal�ty	at	Factor	Analys�s.

Tabel	1.	Average	and	standard	dev�at�on	for	body	l�near	s�zes	of	male	and	female	Syr�an	
hamster	(Mesocricetus auratus)	(cm)

Sex Body	length Chest	g�rth Pelv�c	w�dth Wr�st	c�rcumference

♂
9.45±0.70	(7.41%)1 1.87±0.15	(8.02%)1 1.12±0.09	(8.04%)1 1.54±0.14(9.1%)1

(n=24)2 (n=24)2 (n=24)2 (n=24)2

♀
9.22±0.55	(5.97%)1 1.88±0.22(11.7%)1 1.10±0.12	

(10.91%)1 1.69±0.09	(5.33%)1

(n=34)2 (n=34)2 (n=34)2 (n=34)2

1	(%)=	coeff�c�ent	of	var�ance;	2	n=		sample	numbers.
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Table	2	showed	 the	communal�ty	 (proport�on	of	var�ab�l�ty	of	each	var�able	
or�g�n)	 �n	body	 l�near	 s�ze	var�ables	of	Syr�an	hamster.	The	 results	demonstrated	
that	 the	 body	 length	 (X1)	 was	 expressed	 as	 a	 factor	 F1	 of	 	 body	 s�ze	 �n	 	 males.		
Var�able	 affect�ng	 the	 body	 s�ze	 of	 male	 Syr�an	 hamster	 �n	 th�s	 study	 was	 body	
length	(X1).	Th�s	var�able	had	a	value	of	0.70		wh�ch	was	the	pr�mary	factor	affect�ng	
the	body	s�ze	of	male	s�gn�f�cantly.	Accord�ng	to	Pontoh	(2007),	a	we�ght�ng	factor	
value	clos�ng	to	+1	or	-1	can	be	used	as	pr�mary	factor.	Body	length	of	male	Syr�an	
hamster	showed	a	pos�t�ve	relat�onsh�p	between	the	closeness	of	the	body	length	and	
the	F1-factor.		The	h�gher	the	body	length	then	the	body	s�ze	w�ll	be	greater	�n	male.	
The	results	demonstrated	that	the	body	length	(X1)	was	expressed	as	a	factor	F1	of		
body	s�ze	�n		females.	We�ght�ng	factor	of	body	length	(X1)	on	the	F1	factor	had	the	
greatest	value,	 �e.	-0.55.	Accord�ng	to	Ha�r,	Jr.	et al.	 (1998),	 the	we�ght�ng	factor	
was	greater	than	±	0.50,	but	was	not	greater	than	±	0.55;	so	the	stat�st�cal	value	of	
the	we�ght�ng	factor	has	no	effect.	The	results	stated	that	body	length	was	the	ma�n	
factor	determ�n�ng	body	-	s�ze	�n	males,	but	not	�n	females.

Body	length	�n	male,	therefore,	can	be	used	as	a	reference	�n	a	select�on	pro-
gram	based	on		body	s�ze	measurements	that	are	not	d�rectly	related	to	body	we�ght.	
L�near	s�ze	of	the	body	�n	Syr�an	hamster	observed	was	assoc�ated	w�th	the	cond�-
t�on	of	the	body	skeleton.	

Table	2.		Factor	we�ght�ng	(correlat�on	between	or�g�nal	var�able	w�th	factor),	E�gen	value	
(λ), total variance (%), cumulative variance (%) and body size communality score 
of	male	&	female	Syr�an	hamster	(Mesocricetus auratus)

Var�ables	measured	(Male)
Factor Communal�ty	

scoreF1 F2 F3 F4
Body	length	(X1) 	0.70 -0.01 -0.00 -0.01 0.49
Chest	g�rth	(X2) -0.01 -0.13 	0.08 -0.01 0.02
Pelv�c	w�dth	(X3) 0.04 -0.05 -0.03 	0.06 0.01
Wr�st	c�rcumference	(X4) -0.05 -0.09 -0.10 -0.03 0.02
Eigen value (λ) 0.50 	0.03 	0.01 	0.00 0.54
Total	var�ance	(%) 91.1 5 3 0.9 100
Var�ables	measured	(Female) F1 F2 F3 F4
Body	length	(X1) -0.55 -0.04 	0.01 -0.01 0.31
Chest	g�rth	(X2) 	0.15 -0.16 	0.04 -0.01 0.05
Pelv�c	w�dth	(X3) 	0.01 -0.08 -0.09 	0.00 0.01
Wr�st	c�rcumference	(X4) -0.02 -0.01 	0.00 	0.08 0.01
Eigen value (λ) 	0.33 	0.03 	0.01 	0.01 0.38
Total	var�ance	(%) 87 8.6 2.5 1.9 100

F1=	1st	factor,	F2=		2nd	factor,	F3=	3rd	factor,	F4=	4th	factor
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D�scr�m�natory	var�able	for	body	s�zes	of	male	and	female	Syr�an	hamster	were	
body	length	(X1)	based	on	the	h�ghest	E�gen	value	on	body	s�ze	equat�on	(Table	3).	
Ever�tt	 and	 Dunn	 (1998)	 stated	 that	 the	 f�rst	 pr�nc�pal	 component	 represents	 the	
overall	s�ze	of	the	body	must	expla�n	the	total	var�ab�l�ty	between	50%-95%.	The	
f�rst	pr�nc�pal	component	�s	the	body	s�ze.	D�scr�m�natory	var�able	for	body	shape	
of	male	and	female	Syr�an	hamster	were	chest	w�dth	(X2).	Ever�tt	and	Dunn	(1998)	
stated	that	the	second	pr�nc�pal	component	represents	the	overall	body	shape,	must	
expla�n	the	total	d�vers�ty	of	at	least	1%.

Class�f�cat�on	the	male	Syr�an	hamster	can	be	performed	based	on	the	value	
of	f�rst	factor	scores	(SF-1)	�n	Table	2;	can	be	d�v�ded	�nto	large	group	w�th	SF-1		>	
1.01	(f�ve	heads),		med�um	group	w�th	SF-1		-1.01	to	+	1.01	(13	heads)	and	small	
group	w�th	SF-1	<	-1.01	(s�x	heads).	Class�f�cat�on	the	female	Syr�an	hamster	can	
be	performed	based	on	the	value	of	f�rst	factor	scores	(SF-1)	that	can	be	d�v�ded	�nto	
large	group	w�th	SF-1	>	1.06	(f�ve	heads),		med�um	group	w�th	SF-1	-0.94	to	+	1.06	
(13	heads)	and	small	group	w�th	SF-1	<	-0.94	(s�x	heads).		

Class�f�cat�on	based	on	the	score	of	body	s�ze	based	on	Table	3	demonstrates	
that	male	w�th	a	score	value	>	10.03	(f�ve	heads)	�s	for	large	group,	a	score	value	
8.63	to	10.03	(13	heads)	�s	for	med�um	group	and	a	score	value	<	8.63	(s�x	heads)	�s	
for	small	group.		The	class�f�cat�on	for	the	females	results	�n	the	score	value	>	9.02	
(f�ve	heads)	for	the	large	group,	the	score	value	:	7.88	to	9.02	(23	heads)	for	the	me-
d�um	group	and	the	score	value	<	7.88	(s�x	heads)	for	the	small	group.	D�str�but�on	
of	Agout�	Non	Golden	(ANG),	Agout�	Golden	(AG),	and	Non	Agout�	(NA)	�n	each	
group	of	Syr�an	hamster	�nd�cated	that	the	coat	color	was	not	related	to	body	s�ze.		

Conclus�on
Var�able	that	affects	the	body	s�ze	of	male	M.	auratus	�n	th�s	study	was	body	

length;	however,	 �t	d�d	not	 �nfluence	 the	body	 s�ze	of	 female	 s�gn�f�cantly.	Body	
length	was	found	as	well	as	d�scr�m�natory	var�able	for	body	s�ze	of	male	and	fe-
male.	D�scr�m�natory	var�able	for	body	shape	of	male	and	female	M.	auratus	were	

Table	3.		Body	 s�ze	 and	 shape	 equat�ons	 w�th	 the	 total	 d�vers�ty	 and	 E�gen	 values	 �n	 the	
Syr�an	hamsters	(Mesocricetus auratus)	male	and	female

Sex Equat�on Total	
D�vers�ty

E�gen	
Value

Male S�ze				=								X1	–	0.02X2	+	0.06X3	–	0.07X4 91.1% 0.50
Shape	=	0.04X1	+	0.80X2	+	0.28X3	+	0.53X4 5.0% 0.03

Female S�ze				=	0.96X1	–	0.26X2	–	0.01X3	+	0.04X4					 87.0% 0.33
Shape	=	0.24X1	+	0.86X2	+	0.44X3	+	0.06X4 8.6% 0.03

X1=	body	length,	X2=	chest	w�dth,	X3=	pelv�c	w�dth,	X4=		wr�st	c�rcumference
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chest	w�dth.	The	d�str�but�on	of	colors	that	occur	�n	each	body	s�ze	class	�nd�cated	
that	M.	auratus	st�ll	has	a	var�ety	�n	coat	colors.		Class�f�cat�on	of	body	s�ze	�n	M.	
auratus	based	on	factor	analys�s	and	pr�nc�pal	component	analys�s	showed	the	same	
results.
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Introduct�on

The	 Legund	 ch�cken	 �s	 the	 rare	 Indones�an	 nat�ve	 ch�cken	 that	 �s	 naturally	
devo�d	 of	 feathers	 on	 �ts	 neck	 due	 to	 the	 autosomal	 �ncomplete	 dom�nant	 naked	
neck	 (Na)	 gene.	 Th�s	 gene	 �s	 not	 only	 respons�ble	 for	 defeather�ng	 the	 neck	
reg�on,	 but	 also	 restr�cts	 the	 feather�ng	 areas	 around	 the	 body	 by	 20-30%	 �n	 the	
heterozygous	(Nana)	and	up	to	40%	�n	the	homozygous	(NaNa)	genotype.	Due	to	
the	assoc�at�on	w�th	the	reduct�on	�n	feather	coverage,	�mproved	heat	tolerance	and	
better	adaptab�l�ty,	surv�vab�l�ty,	and	product�b�l�ty	under	heat	stress	cond�t�ons,	the	
Na	can	be	used	as	a	marker	gene	that	�s	econom�cally	�mportant	�n	modern	breed�ng	
system.	However,	the	character�st�c	of	th�s	ch�cken	has	been	poorly	character�zed	
to	 date	 �n	 Indones�a	 due	 to	 the�r	 small	 populat�on	 number,	 very	 l�m�ted	 data	 of	
the�r	phenotyp�c	character�st�cs,	 and	b�olog�cal	parameters,	 and	very	 l�m�ted	data	
on	the�r	current	ut�l�zat�on.	Therefore,	 the	purposes	of	 th�s	study	were	 to	observe	
the	phenotyp�c	character�st�cs,	the	�nfluence	of	�mported	breed	and	the	pur�ty	level	
of	nat�ve	gene	of	the Legund	ch�cken	populat�ons	cared	under	trad�t�onal	farm�ng	
system	�n	West	Java.	The	research	f�nd�ngs	w�ll	be	very	�mportant	to	prov�de	base	
l�ne	 data	 that	 would	 be	 useful	 for	 the	 desa�n�ng	 the�r	 conservat�on	 program	 and	
�mprovement	of	ut�l�ty	development. 

Mater�al	and	Methods

Th�rty	one	(3	cocks	and	28	hens),	and	32	(8	cocks	and	24	hens)	Legund ch�ckens	
respect�vely	from	Subang,	and	Bogor	D�str�ct	populat�ons,	West	Java,	Indones�a	were	
observed	�n	th�s	study.	The	purpos�ve	sampl�ng	method	was	used	to	select	the	study	
areas.	The	�dent�f�cat�on	of		�nd�v�dual	households	owned	the	Walik	ch�ckens	was	
done	by	us�ng	the	snow	ball	method.	The	phenotyp�c	character�st�cs	such	as	var�ety	
on	base	color	of	feather,	color	of	the	plumage,	fl�ck	feather,	feather	pattern,	shank	
color,	and	comb	types	of	 the	ch�ckens	were	 �dent�f�ed	based	on	Hutt	 (1949),	and	
Somes	(1988).	The	frequency	of	autosomal	genes	(feather	color	and	comb	types),	
sex-l�nked	genes	(feather	feature,	feather	sh�ne,	and	shank	color),	and	feather	pattern	
were	quant�f�ed	based	on	N�sh�da	et al.,	(1980),	and	Stanf�eld	(1982).	Pred�ct�on	of	
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�ntrogress�on	rate	of	�mported	breeds	(Rhode Island Red,	White Leghorn and	Barred 
Plymouth Rock),	and	pur�ty	level	of	nat�ve	gene	were	calculated	based	on	N�sh�da	
et al.	(1980).	

Results	and	D�scuss�on

The	control	of	gene	const�tut�on	on	phenotyp�c	character�st�c	of	Legund	ch�cken	
e�ther	on	Subang	or	Bogor	D�str�ct	populat�on	was	��	E+	B_	ss	Id_	P.	However,	we	
d�dn’t	f�nd	a	s�ngle	comb	(pp)	of	Legund	ch�ckens	on	Subang	D�str�ct	populat�ons	
(Table	1).	

Table 1. Frequency D�str�but�on of Phenotype Character�st�cs �nle	1.		Frequency	D�str�but�on	of	Phenotype	Character�st�cs	�n	Legund	Ch�ckens	found	�n	
Subang	and	Bogor	D�str�ct	Populat�ons,	West	Java,	Indones�a	

Phenotyp�c	
Character�st�csaracter�st�cscter�st�cster�st�cscs Loc�c� Genotypesypespess

(Phenotypes)Phenotypes)enotypes)ypes)pes)s)) Geneses
Gene	Frequency

Subang Bogor

Feather	color I	>	� I	–	(Wh�te) qI 0.02 0.03
��	(Colored) q� 0.98 0.97

Feather	pattern E	>	e+	>	e E_	(Black) qE 0.03 0.10
e+	(W�ld) qe+ 0.97 0.90
ee	(Colomb�an) qe 0.00 0.00

Feather	feature B	>	b B_	(Barred) qB 0.96 0.89
(Sex	l�nkage) Bb	(No	barred) qb 0.04 0.11

Feather	sh�ne S	>	s S_	(S�lver) qS 0.37 0.21
(Sex	l�nkage) ss	(Gold) qs 0.63 0.79

Shank	color Id		>	�d Id	(Wh�te	/	Yellow) qId 0.65 0.52
(Sex	l�nkage) �d	(Black	/	Grey) q�d 0.35 0.48

Comb	type P	>	p P_	(Pea) qP 1.00 0.53
pp	(S�ngle) qp 0.00 0.47

The	 feather	 colour	 of	 Legund	 ch�ckens	 was	 expressed	 as	 brown�sh,	 red,	
black,	wh�te,	and	barred	or	show	a	m�xture	of	colours	wh�ch	are	found	to	be	h�ghly	
phenotyp�c	var�ab�l�ty.	Th�s	var�at�on	may	result	�n	�ncreas�ng	of	the�r	surv�val	under	
local	cond�t�ons.	The	relat�vely	low	frequency	of	the	wh�te	plumage	colour	(Tabel	
1))	can	be	attr�buted	to	the	fact	that	wh�te	ch�ckens	(espec�ally	cocks)	are	�mportant	
components	 �n	 trad�t�onal	 rel�g�ous	 of	 the	 commun�ty,	 therefore	 they	 are	 read�ly	
to	 be	 sold.	 In	 term	 of	 genot�pe,	 we	 had	 d�ff�cul�ty	 to	 recogn�ze	 the	 heteroz�gous	
and	homoz�gous	genot�pe	of	Legund	 ch�ckens	 �n	 the	 f�eld	 as	 the	owners	 appl�ed	
a	 very	 poor	 breed�ng	 record.	 However	 the	 frequency	 d�str�but�on	 of	 feather	 was	
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dom�nated	by	the	barred	feather,	e�ther	on	Subang	D�str�ct	or	Bogor	D�str�ct,	0.96	
and	0.89,	respect�vely	(Table	2).	Horst	(1988)	stated	that	�n	homozygous	cond�t�on,	
naked	 neck	 ch�ckens	 have	 a	 completely	 bare	 neck	 whereas	 �n	 the	 heterozygous	
cond�t�on	they	have	a	bare	neck	w�th	a	tuft	of	feathers.	S�nce	Na	�s	a	major	‘marker’	
gene	�dent�f�ed	by	qual�tat�ve	cr�ter�a	(v�sual,	b�ochem�cal	or	serolog�cal)	that	may	
show	assoc�at�on	w�th	quant�tat�ve	tra�ts,	e�ther	because	of	ple�otropy	(Johnson	and	
Rendel,	1968),	or	because	of	l�nkage	w�th	other	genes	(Crawford,	1990),	therefore	
the	further	�nvest�gat�on	of	sex	l�nkage	genes	on	that	ch�ckens	should	be	done	based	
on	a	complete	breed�ng	record.	
	
Table	2.	The	Compar�son	of	Introgress�on	Rate	of	Imported	Breeds	(Q)	Rhode	Island	Red	

(SR),	Wh�te	Leghorn	(WL)	and	Barred	Plymouth	Rock	(BR)	to	Legund	Ch�ckens	
�n	Subang	and	Bogor	D�str�ct	Populat�on

Populat�on
Introgress�on	Rate QSR	+	QWL	+	

QBR
Pur�ty	Level	of	

Nat�ve	Gene	(%)QSR QWL QBR

Subang -0.31 0.02 0.94 0.65 35
Bogor -0.37 0.03 0.86 0.52 48

We	also	pred�ct	that	the	the	gene	of	Barred	Plymouth	Rock	ma�nly	�nfluenced	
the	Legund	ch�ckens	�n	both	populat�on.	The	�ntrogress�on	rate	of	Barred	Plymouth	
Rock	 (QBR)	 to	 the	 Legund	 ch�ckens	 populat�ons	 was	 h�ghest	 (0.94)	 followed	 by	
Wh�te	leghorn	(QWL)	and	Rhode	Island	Red	(QSR)	(Table	2).	Th�s	f�nd�ng	�s	congruent	
w�th	the	Legund	ch�ckens	that	�s	predom�nated	by	the	barred	feather	(B_)	(Table	1),	
as	a	spec�al	character	of	Barred	Plymouth	Rock.		We	then	pred�cts	that	the	Legund	
ch�ckens	are	pr�mar�ly	developed	by	 the	 farmers	as	meat	producers,	 event	 �n	 the	
f�eld	the	farmers	ut�l�ze	th�s	ch�ckens	for	dual	purposes	of	meat	and	egg	producers.	
Further	 study	 on	 the	 morpholog�cal	 features	 and	 product�v�t�es	 of	 the	 ch�ckens	
should	be	done	to	pred�ct	the�r	product�on	potency.

The	pur�ty	level	of	nat�ve	gene	�n	Legund	ch�cken	at	Subang	D�str�ct	populat�on	
was	 lower	 (35%)	 than	 that	 of	 Bogor	 D�str�ct	 populat�on	 (48%).	 N�sh�da	 et al.	
(1980)	found	that	the	pur�ty	level	of	nat�ve	gene	�n	Indones�an	�nd�genous	ch�cken,	
ma�nly	 Kampong	 ch�cken	 was	 28-55% (46% for West Java). The d�fferences of28-55%	 (46%	 for	West	 Java).	The	 d�fferences	 of	
breed�ng	pract�ces	 to	 �mprove	ch�cken	product�v�t�es	appl�ed	by	 the	 farmers	may	
result	on	 th�s	d�fferences.	Recent	 f�nd�ngs	show	 that	Na	gene	 result	a	better	heat	
tolerance	and	better	adaptab�l�ty,	surv�vab�l�ty,	and	product�b�l�ty	under	heat	stress	
cond�t�ons.	The	gene	 �s	 clearly	 expressed	under	 unfavourable	 cond�t�ons	 such	 as	
h�gher	temperatures	(Cahaner	et al.,	1993),	smaller	d�urnal	or	seasonal	fluctuat�ons	
and	under	poor	management	cond�t�ons	 (Islam	&	N�sh�bor�	2009).	Therefore	 the	
ex�stency	of	such	gene	must	be	ma�nta�ned	and		can	be	used	as	a	marker	gene	that	�s	
econom�cally	�mportant	�n	modern	breed�ng	system.	The	breed�ng	program	that	also	
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ma�nta�n	Na	gene	must	be	set	up	to	support	the	the	conservat�on	and	ut�l�zat�on	of	
Legund	ch�ckens	�n	Indones�a.

Conclus�ons

The	control	of	gene	const�tut�on	on	phenotyp�c	character�st�c	of	Legund	ch�cken	
e�ther	on	Subang	or	Bogor	D�str�ct	populat�on	was	��	E+	B_	ss	Id_	P.	The	�ntrogress�on	
rate	of	Barred	Plymouth	Rock	(QQBR)	to	the	Legund	ch�ckens	populat�ons	was	h�ghest	
(0.94)	followed	by	Wh�te	 leghorn	(QWL)	and	Rhode	Island	Red	(QSR).	The	pur�ty	
level	 of	 nat�ve	gene	 �n	Legund	 ch�cken	 at	Subang	D�str�ct	 populat�on	was	 lower	
(35%)	 than	 that	of	Bogor	D�str�ct	populat�on	 (48%).	Ma�nta�n�ng	 the	Na	gene	 �s	
needed	to	support	the	conservat�on	efforts	and	�mprovement	of	ut�l�zat�on	of	Legund	
ch�ckens	�n	Indones�a.
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Abstract

Calpastatin (CAST) is an indigenous inhibitor of calpain that involved in  
regulation of  protein turn over and growth. The objective of this research was to 
compare the morfometric performances of  thin tail sheep with difference of CAST 
genotipees. PCR-RFLP method was carried out to identify genetic variation of  
CAST gene. Based on the identification, variation of CAST gene that found were 
MM and MN with the single Calpain genotype variation, TT. Nine thin tail sheeps 
from Jonggol were used for this research. The sheeps clustered based on the 
variation CAST gene, 5 sheeps were MM genotype and 4 sheeps were MN genotype.  
Variation of CAST gene gave significantly differences in morfometric performances.  
Sheeps with MM genotype have longer body length, heart girth, wither depth, and 
rump width than sheep with MN genotype. Sheeps with MM genotype had longer 
Ossa vertebrae cervicales Ossa vertebrae thoracicaeOssa vertebrae lumbales, Os 
vertebrae sacrales and Os scapulae.

Keywords: calpastatin, thin tail sheep, morfometric performances

Introduct�on

Th�n	ta�l	sheep	�s	one	of	the	Indones�an	nat�ve	sheep	that	have	potent�al	to	be	
developed.	Although	the	adult	an�mal’s	body	we�ght	�s	relat�vely	small	compared	
w�th	sheep	ta�l	fat,	but	th�n	ta�l	sheep	are	well	adaptable	to	the	l�m�ted	ava�lab�l�ty	of	
food	and	h�gh	temperature	and	ch�ld	sheep		mortal�ty	are	relat�vely	low	(Subandr�yo,	
2003).

Progress	 �n	molecular	b�ology	allow	 l�vestock	 select�on	efforts	 can	be	done	
at	 the	 gene	 level,	 �e	 by	 look�ng	 for	 the	 d�vers�ty	 of	 genes	 that	 control	 l�vestock	
product�v�ty.	One	marker	genes	assoc�ated	w�th	we�ght	ga�n	�n	the	local	sheep	genes	
�s	gene	that	controll�ng	regulat�on	of	calpa�n	and	calpastat�n	synthes�s	(Sumantr�	et 
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al.,	2008).	Accord�ng	to	Camau	et al.	(2007),	calpa�n	and	calpastat�n	are	�ncluded	�n	
the	calpa�n	system.	Calpa�n	system	�s	enzymes	that	contr�bute	�n	meat	tenderness	by	
proteolyt�c	post-slaughter.	Calpa�n	system	has	three	members	of	the	prote�n	that	�s	
µ-calpa�n,	m-calpa�n	and	calpastat�n.	Act�v�ty	of	µ-calpa�n	and	m-calpa�n	�s	affected	
by	Ca2+	�ons.	The	funct�ons	calpa�n	enzyme	on	l�ve	an�mal	�s	to	degrade	prote�ns	�n	
the	myof�br�l	myof�br�llar	structure	format�on	(Scanes,	2003).

Calpastat�n	 �s	 an	 enzyme	 to	 �nh�b�t	 prote�n	degradat�on	 muscle	 cells	 by	 the	
enzyme	µ-calpa�n	and	m-calpa�n.	Increased	calpastat�n	act�v�ty	can	�ncrease	muscle	
mass	 (hypertrophy)	 accompan�ed	 by	 a	 decrease	 �n	 meat	 tenderness.	 Calpastat�n	
assoc�ate	w�th	myostat�n	regulate	muscle	growth	rate,	so	the	d�vers�ty	of	calpastat�n	
gene	�s	expected	to	affect	the	local	sheep	growth	propert�es,	and	therefore	var�at�ons	
�n	calpa�n	system	genes	�n	sheep	w�ll	not	only	�nfluence	the	rate	of	postmortem	meat	
tenderness	but	also	expected	to	�nfluence	muscle	growth.	

The	 object�ve	 of	 th�s	 research	 was	 to	 study	 the	 comparat�ve	 morphometry	
performance	of	th�n	ta�l	sheep	�n	the	d�fferent	var�at�ons	of	calpastat�n	genotypes.	

Mater�als	and	Methods

Th�s	research	used	th�n	ta�l	sheep	from	the	Jonggol	An�mal	Sc�ence	Teach�ng	
and	Research	Un�t	(JASTRU).	Based	on	the	prel�m�nary	research	for	the	detect�on	
of	 calpa�n	 and	 calpastat�n	 gene	 d�vers�ty	 obta�ned	 calpastat�n	 gene	 var�at�ons,	
that	 should	have	3	var�at�ons	of	 the	genotypes	MM,	MN	and	NN,	obta�ned	only	
2	 var�at�ons	 genot�pee,	 MM	 and	 MN,	 and	 NN	 gene	 var�at�on	 was	 not	 found.	 M	
denotes	the	normal	calpastat�n	allele,	whereas	N	�nd�cates	that	mutat�on	calpastat�n	
allele.	Samples	taken	from	sheep	that	had	calpastat�n	genotypes	MM	and	MN	w�th	
the	same	calpa�n	genotype	(TT).	Sheep	w�th	MM	calpstat�n	genotype	obta�ned	of	
5	samples,	wh�le	for	sheep	w�th	MN	genotype	obta�ned	4	samples.	Sheep	selected	
were	male	w�th	a	th�n	ta�l	sheep	ready	for	slaughter	age	�s	�n	the	range	of	1	to	1.5	
years	(I1).

The	study	was	conducted	�n	Apr�l	to	August	2011	at	the	Outdoor	Laboratory	
of	Small	Rum�nants,	An�mal	Product�on	and	Technology	Department,	Faculty	of	
An�mal	Sc�ence,	Bogor	Agr�cultural	Un�vers�ty.	

Measurements	 on	 l�ve	 an�mals	 were	 body	 we�ght	 and	 morphometr�cs	
performances.	 The	 morphometr�cs	 performances	 were	 measured	 body	 frame	
conformat�on.	 Body	 frame	 conformat�on	 Measurement	 used	 tuberos�ty	 and	 the	
processus	 that	clearly	v�s�ble	 �n	 l�ve	sheep.	Th�s	measurement	was	carr�ed	out	 to	
study	the	pattern	of	development	and	growth	of	both	overall	and	per	body	part	of	
sheep.	Parameters	observed	�n	measurements	of	morphometry	were:

a.	 Pr�mary	Morphometr�cs
-	 Body	length	 	 	 -	W�ther	depth
-	 Body	he�ght	 	 	 -	W�ther	w�dhth
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-	 H�ps	le�ght	 	 	 	 -	Rump	w�dth
-	 Hearth	g�rth

b.	 Part	of	Columna vertebralis
- Ossa vertebrae cervicales  -	Ossa vertebrae lumbales
- Ossa vertebrae thoracicae		 -	Os vertebrae sacrales

c.	 Extr�m�ty	Length
- Os scapula	 	 	 	 -	Os femoris
- Os humerus		 	 	 -	Ossa tibia-fibula
- Ossa radius-ulna   -	Ossa metatarsalia
- Ossa metacarpalia

The	data	obta�ned	were	analyzed	us�ng	Student’s	t	test,	two-ta�led	hypothes�s		
to	compare	d�fferences	of	calpastat�n	gene	var�at�ons	between	MM	and	MN.	
Mathemat�cal	model	accord�ng	to	Steel	and	Torr�e	(1991)	was:

explanat�on :	:
t	 :	T value to be compared w�th the t table to determ�ne the acceptanceT	value	to	be	compared	w�th	the	t	table	to	determ�ne	the	acceptance		
	 	 of	the	hypothes�s

			:	The average d�fference �n sample a and bThe	average	d�fference	�n	sample	a	and	b
				:	D�fference �n the average of populat�on a and bD�fference	�n	the	average	of	populat�on	a	and	b

					:	Standard error valueStandard	error	value

Results	and	D�scuss�on

Morphometr�c	 measurements	 used	 to	 determ�ne	 rate	 of	 l�vestock	 growth.	
Morphometr�c	performance	of	sheep	w�th	d�fferences	of	calpastat�n	genotypes	are	
presented	 �n	Table	 1.	 Body	 we�ght,	 da�ly	 body	 we�ght	 ga�n,	 he�ght,	 chest	 he�ght	
and	w�dth	of	the	h�ps	d�d	not	show	s�gn�f�cant	d�fferences.	Body	length	of	th�n	ta�l	
sheep	MM	genotype	s�gn�f�cantly	longer	than	MN	genotype.	The	ma�n	components	
that	affect	body	 length	are	 the	 jo�nts	of	 the	sp�ne	 (vertebrae	Columna).	Columna	
vertebre	arranged	from	Ossa vertebrae cervicales, Ossa vertebrae cervicales, Ossa 
vertebrae lumbales and	 Os vertebrae sacrales.	Based	on	the	measurement,	all	part	
of	Columna vertebralis of	MM	genotype	th�n	ta�l	sheep	s�gn�f�cantly	longer	than	the	
MN	genotype,	so	muscle	formed	on	a	commerc�al	cuts	of	neck,	rack	and	lo�n	w�ll	be	
longer	when	compared	w�th	the	MN	genotype.	

Hearth	g�rth	and	w�ther	depth	are	parameters	that	�nd�cate	the	d�mens�ons	of	
r�b	cage	(r�b	cage).	Based	on	the	measurements,	MM	genotype	of	 th�n	 ta�l	sheep	
had	s�gn�f�cantly	larger	hearth	g�rth	and	longer	w�ther	depth	than	the	MN	genotype.	
It	showed	that	MM	genotype	of	the	th�n	ta�l	sheep	had		r�b	cage	d�mens�ons	larger	
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than	the	MN	genotype.	MM	genotype	of	Th�n	ta�l	sheep	had	a	longer	Os scapulae	
compared	w�th	MN	genotype.	Os	scapula	s�zes	would	g�ve	a	�nfluence	of	shoulder	
percentage.

Tabel	1.	Morphometr�c	performance	of	sheep	w�th	d�fferences	of	calpastat�n	genotypes

Parameters
Calpastat�n	Genotypes

MM	(n=5) CV	(%) MN	(n=4) CV	(%)

Pr�mary	Morphometr�cs
Body	we�ght	(kg) 20.56	+	2,27	a 12.77 19.12	+	2.09	a 10.93
Body	length	(cm) 54.13	+		2.83a 5.22 51.28	+	2.22	b 4.32
Body	he�ght	(cm) 56.46	+	2.54	a 4.50 55.81	+	1.67	a 2.99
H�ps	he�ght	(cm) 57.69	+	1.95	a 3.38 57.30	+	2.28	a 3.98
Heart	g�rth	(cm) 63.17	+	2.76	A 4.36 59.86	+	2.30B 3.84
W�ther	depth	(cm) 26.18	+	1.17	a 4.49 25.04	+	1.19	b 4.74
W�ther	w�dth	(cm) 14.64	+	0.38	a 2.57 14.59	+	0.47	a 3.22
Ramp	w�dth	(cm) 13.03	+	0.73	A 5.62 11.83	+	0.58	B 4.91
Part	of	Columna vertebralis
Ossa vertebrae cervicales (cm) 11.59	+	0.64	a	 5.48 11.01	+	0.49b	 4.47
Ossa vertebrae cervicale	(cm) 18.48	+	0.96	a	 5.22 17.51	+	0.75	b	 4.28
Ossa vertebrae lumbales (cm) 11.32	+	0.59	a	 5.20 10.73	+	0.45	b	 4.16
Os vertebrae sacrales (cm) 7.99	+	0.41	a	 5.18 7.58	+	0.34	b	 4.46
Part	of	Extr�m�ty
Os scapula (cm) 21.72	+	0.96	A	 4.40 20.64	+	0.84B	 4.07
Os humerus (cm) 15.82	+	0.70	a	 4.40 15.64	+	0.47	a	 2.99
Ossa radius-ulna(cm) 14.98	+	0.67	a	 4.45 14.82	+	0.44	a 2.96
Ossa metacarpalia (cm) 10.05	+	0.44	a	 4.39 9.93	+	0.30	a	 3.05
Os femoris (cm) 13.09	+	0.38	a	 2.92 12.94	+	0.39	a	 2.99
Ossa tibia-fibula (cm) 20.74	+	0.93	a	 4.49 20.50	+	0.64	a	 3.11
Ossa metatarsalia (cm) 15.93	+	0.54	a 3.37 15.92	+	0.47	a 2.97

D�fferent	superscr�pt	letters	on	the	same	l�nes	suggested	a	s�gn�f�cant	d�fference	between	treatments	
(P	<0.05),	superscr�pt	cap�tal	letter	stat�ng	the	d�fference	h�ghly	s�gn�f�cant	(P	<0.01),	n	=	number	of	
samples	(ta�l),	KK=	coeff�c�ent	of	var�ance	(standard	dev�at�on	/	average	x	100%).

	
H�ps	 W�dth	 �nd�cate	 the	 d�stance	 between	 the	 pub�s	 (Os pubis)	 to	 the	

h�p	 band	 (Ossa membri pelvini).	 Th�s	 parameter	 �nd�cate	 the	 d�stance	 be-
tween	 the	 feet,	 wh�ch	 �s	 the	 st�fle	 area	 muscle	 depos�t�on.	 H�ps	 W�dth	 of	
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MM	 genotype	 of	 th�n	 ta�l	 sheep	 were	 larger	 than	 that	 of	 MN	 genotype.	
Based	on	the	overall	data,	th�n	ta�l	sheep	w�th	MM	genotype	had	larger	morphometr�	
performance	than	MN	genotype.	It	suggested	that	calpastat�n	had	potent�al	to	�nflu-
ence	the	growth	of	bones,	espec�ally	�n	body	ax�s.	It	was	closely	related	to	the	func-
t�on	of	calc�um	as	bone	format�on	and	calpa�n	enzyme	whose	act�v�ty	�s	�nfluenced	
by	the	concentrat�on	of	�ons	Ca2+.

Conclus�ons

Th�n	ta�l	sheep	w�th	MM	genotype	had	larger	morofometr�	performance	than	
MN	genotype.	It	suggested	that	calpastat�n	had	potent�al	to	�nfluence	the	growth	of	
bones,	espec�ally	�n	body	ax�s.
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II. FEED AND NUTRITION
Sub Theme: Agrostology
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Abstract

Most of the land in Indonesia used for food-crops production belongs to acid 
soil characterized by low phosphorus (P), and low pH.  Rock phosphate (RP) and 
scallop shell meal as phosphorus source, combined with manure maybe a promising 
technique to overcome those problems. A field experiment was conducted on an 
acid soil (low pH and low available Bray II extractable P) to evaluate the effect 
of manure, manure ‘plus’ (RP and scallop shell meal, combined with manure), and 
inorganic fertilizer on corn production and nutrient uptake of stover.  A completely 
randomized block design with 3 replicates was used.  The treatments were manure 
(T1), manure ‘plus’ (T2), RP+ZA (T3), SP+urea (T4), manure+RP+ZA (T5), 
manure+SP+urea (T6), manure ‘plus’+RP+ZA (T7), manure ‘plus’+SP+urea 
(T8).  Dosage of manure was 1 ton/ha.  Dosage of N, and P was 200 kg N/ha, and 
150 kg P2O5/ha, respectively.  All plot received basal fertilization of KCl (150 kg 
K2O/ha). Zea mays saccharata was cut at ground level on 70 days after planting 
and analyzed for dry matter yield, nitrogen and phosphorus uptake. Result showed 
that corn production and nutrient uptake, significantly influenced by the treatment.  
Manure ‘plus’ (T2) resulted nutrient uptake of stover significantly higher compared 
to manure (T1). Manure ‘plus’ combined with inorganic fertilizers (T7, T8) resulted 
in significantly higher of corn production and nutrient uptake  compared to T1 and 
T2, and tend to be higher compared to the other treatments. Therefore, manure 
‘plus’ (RP+scallop shell meal+manure) could improve the quality of manure and 
increased corn production and nutrient uptake in acid soil.

Key words: manure, nitrogen, phosphorus, scallop shell meal, Zea mays 
saccharata
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Introduct�on	

Crop-l�vestock	system	(CLS)	has	been	used	by	farmers	�n	Indones�a.	The	char-
acter�st�c	of	CLS	�s	crops	y�eld	for	food,	stover	for	rum�nant	feed	and	manure	can	be	
used	as	organ�c	fert�l�zer.	Farmyard	manure	�s	trad�t�onally	w�dely	used	for	�mprov-
�ng	so�l	fert�l�ty,	but	s�nce	�t	�s	relat�vely	low	�n	phosphorus	�n	relat�on	to	n�trogen	
and	potass�um,	�t	�s	often	supplemented	w�th	a	phosphat�c	fert�l�zer	or	w�th	a	m�xed	
fert�l�zer	w�th	a	h�gh	phosphate	component	(Ann,	1993).	Superphosphate	fert�l�z-
er	(SP)	has	been	w�dely	used	to	�mprove	food	crop	product�on	on	non-product�ve	
lands	�n	Indones�a.	However,	the	h�gh	cost	of	SP	�s	now	focus�ng	attent�on	on	rock	
phosphate	(RP)	fert�l�zer	and	scallop	shell	meal	as	P	sources.	In	add�t�on,	Luk�wat�	
(2002)	 showed	 that	 RP	 and	 SP	 fert�l�zer	 �ncreased	 ma�ze	 gra�n	 y�eld,	 dry	 matter	
(DM)	stover	y�eld	of	ma�ze	stover	over	those	of	the	control	that	d�d	not	rece�ve	P	
fert�l�zer.	F�nely	ground	RP	�s	an	apat�te	m�neral	not	read�ly	soluble	�n	water,	and	
when	added	to	ac�d	cond�t�on,	the	solub�l�zat�on	of	RP	�s	�ncreased.	Therefore,	and	
expens�ve	P	source	(SP)	can	be	replaced	by	RP	when	the	appl�cat�on	of	the	latter	�s	
comb�ned	w�th	amon�um	sulphate	fert�l�zer	(Luk�wat�	et al.,	2001)	or	decompos�-
t�on	process	of	organ�c	mater�als	(Sum�da	and	Yamamoto,	1997).	Comb�nat�on	of	
manure	‘plus’	and	�norgan�c	fert�l�zer	as	be�ng	an	alternat�ve	strategy	for	more	rat�o-
nal	and	susta�nable	agr�culture.	The	object�ve	of	the	research	was	to	�nvest�gate	the	
�nfluence	of	manure	and	manure	‘plus’	comb�ned	w�th	�norgan�c	fert�l�zer	(N,	P)	on	
sweet	corn	y�eld	and	nutr�ent	uptake	of	stover	�n	the	ac�d	so�l.	

Mater�als	and	Methods	

A	f�eld	exper�ment	of	completely	random�zed	block	des�gn	w�th	three	block	
as	repl�cates	was	conducted	�n	Semarang-Central	Java	Indones�a,	dur�ng	70	days	on	
ac�d	so�l	w�th	the	follow�ng	pH	values	5.15	(block	I),	5.30	(block	II),	and	5.11	(block	
III).	Ava�lable	P	(Bray-I)	was	2.17	(block	I),	1.48	(block	II),	and	1.18	ppm	(block	
III).	So�l	n�trogen	content	(%N)	were	0.132	(block	I),	0.164	(block	II),	and	0.142	
(block	III).	Thus	the	so�l	was	ac�d,	low	�n	both	of	P	and	N	content.	The	exper�ment	
was	conducted	on	350	m2		d�v�ded	�nto	24	plots.		Each	plot	s�ze	was	3m	x	3m	or	9	
m2.	The	treatments	cons�sted	of	P	fert�l�zers	from	two	sources;	RP-27	and	SP-18.	
N�trogen	fert�l�zers	from	two	sources;	urea	and	amon�um	suplphate.		Level	of	both	P	
and	N	fert�l�zers	was	at	66	kg	P/ha	and	100	kg	N/ha,	respect�vely.		Level	of	manure	
and	manure	‘plus’	at	1	ton/ha.	Manure	made	from	cattle	dung	and	ur�ne	m�xed	w�th	
waste	of	forage	of	straw	waste,	wh�le	�t	comb�ned	w�th	P	and	scallop	shell	meal	as	P	
source	was	called	manure	‘plus’.	A	basal	appl�cat�on	fert�l�zer	was	KCl	at	125	K/ha,	
was	appl�ed	to	each	plot.		The	treatments	of	fert�l�zat�on	were	T1	(manure),	T2	(ma-
nure	‘plus’),	T3	(RP	+	AS),	T4	(SP	+	urea),	T5	(manure	+	RP	+	ZA),	T6	(manure	+	
SP	+	urea),	T7	(manure	‘plus’	+	AS),	T8	(manure	‘plus’	+	urea).		Sweet	corn	seed	
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was	d�bbled	�nto	small	holes,	spaced	100	x	50	cm.		Each	plot	conta�ned	30	plants	
from	15	holes	plant�ng.	The	 sweet	 corn	was	harvested	 at	 70	days	 after	 plant�ng.		
After	harvest�ng	of	sweet	corn,	the	stover	was	cut	close	to	the	ground	and	measured	
for	DM	y�eld,	n�trogen	and	phoshorus	uptake.		The	analyses	of	var�ance	for	sweet	
corn	y�eld,	DM	y�eld,	N	and	P	uptake	of	stover	were	made	us�ng	the	general	l�near	
model	procedue	of	SAS.		S�gn�f�cant	d�fferences	among	the	treatments	were	calcu-
lated	us�ng	DMRT.		

Results	and	D�scuss�on	

Result	 showed	 that	 	 sweet	 corn	 y�eld,	 DM	 y�eld,	 N	 and	 P	 uptake	 of	 sweet	
corn	 stover	 (Table	 1)	 were	 s�gn�f�cantly	 (P<0.05)	 �nfluenced	 by	 the	 treatments.	
Table	1	 showed	 that	manure	 ‘plus’	 (T2)	 resulted	 sweet	 corn	y�eld	and	DM	y�eld	
non-s�gn�f�cantly	 d�fferent	 compared	 to	 manure	 (T1).	The	 appl�cat�on	 of	 manure	
‘plus’comb�ned	w�th	�norgan�c	fert�l�zer	(T7	and	T8)	resulted	�n	s�gn�f�cantly	d�f-
ferent	of	sweet	corn	y�eld	and	DM	y�eld	of	stover	compared	to	manure	and	manure	
‘plus’	only	(T1	and	T2).		Inorgan�c	fert�l�zer	(T3	and	T4)	resulted	�n	non-s�gn�f�cant	
d�fference	on	sweet	corn	y�eld	compared	to	T1	and	T2.	Dry	matter	product�on	w�th	
SP+urea	(T4)	showed	s�gn�f�cantly	h�gher	compared	to	T1	and	T2.		Dry	matter	pro-
duct�on	of	T3	showed	a	s�gn�f�cant	d�fference	compared	to	T1	and	tend	to	h�gher	
compared	to	T2.	Manure	+	SP	+	urea	(T6)	resulted	�n	s�gn�f�cantly	h�gher	of	corn	
product�on	compared	to	T1	and	T2,	wh�le	T5	s�gn�f�cantly	d�fferent	compared	to	T1	
and	tend	to	h�gher	compared	to	T2.		However,	the	appl�cat�on	of	manure	comb�ned	
w�th	�norgan�c	fert�l�zer	(T5	and	T6)	resulted	�n	s�gn�f�cant	d�fferent	of	DM	y�eld	of	
stover	compared	w�th	T1,	T2,	T3	and	T4.	Appl�cat�on	of	both	manure	and	manure	
‘plus’	resulted	�n	s�m�lar	sweet	corn	y�eld,	and	DM	y�eld	of	stover	compared	�n	the	
same	comb�nat�ons	of	�norgan�c	fert�l�zers,	�.e.	T5	vs	T7,	and	T6	vs	T8.		Comb�na-
t�on	of	N	and	P	 fert�l�zers	 from	d�fference	sources	 resulted	 �n	 s�m�lar	 sweet	corn	
y�eld,	and	DM	y�eld	of	stover,	�.e.	T3	vs	T4.

Appl�cat�on	of	manure	and	manure	‘plus’	comb�ned	w�th	�norgan�c	fert�l�zers	
T5,	T6	and	T7,	T8	resulted	�n	N	and	P	uptake	of	sweet	corn	stover	non-s�gn�f�cantly	
d�fferent.	 	Appl�cat�on	of	T5,	T6	and	T7,	T8	 resulted	N	and	P	uptake	 tend	 to	be	
h�gher	compared	w�th	�norgan�c	fert�l�zer	only	(T3,	T4).	Comb�nat�on	between	or-
gan�c	and	�norgan�c	fert�l�zer	resulted	nutr�ent	uptake	tended	to	be	h�gher	compared	
to	�norgan�c	only.	The	appl�cat�on	of	manure	and	manure	‘plus’	comb�ned	w�th	�n-
organ�c	fert�l�zers	(T7	and	T8)	resulted	�n	s�gn�f�cantly	d�fferent	of	phosphorus	and	
n�trogen	uptake	of	sweet	corn	stover	compared	to	manure	and	manure	‘plus’	only	
(T1	and	T2).	Inorgan�c	fert�l�zer	(T3	and	T4)	resulted	�n	s�gn�f�cantly	d�fferent	on	
N	and	P	uptake	of	sweet	corn	stover	compared	to	T1	and	non-s�gn�f�cantly	d�fferent	
compared	to	T2.
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Inorgan�c	fert�l�zers	(T3	and	T4)	resulted	�n	h�gher	on	sweet	corn	y�eld,	DM	
product�on,	N	and	P	uptake	of	stover	compared	to	organ�c	fert�l�zers	(T1	and	T2).		
So�l	 fert�l�ty	 �s	 more	 l�m�ted	 w�thout	 �norgan�c	 fert�l�zers	 (ntrogen	 and	 phospho-
rus),	and	only	us�ng	manure	or	manure	‘plus’	(M�n	et al.,	2002).	Nutr�ent	content	
(P,	N)	of	manure	‘plus’	 (T2)	was	 �ncreased,	because	made	from	manure	w�th	RP	
and	scallop	shell	meal	added.	The	agronom�c	effect�veness	of	RP	can	be	enhanced	
through	ac�d	cond�t�on	 (Bat�ono	and	Kumar,	2002;	Luk�wat�,	2002).	Sum�da	and	
Yamamoto	(1997)	showed	 that	decompos�t�on	process	of	organ�c	mater�als	could	
released	organ�c	ac�ds,	and	decreased	pH	and	redox	potent�al	m�ght	have	�ncreased	
the	ava�lab�l�ty	of	plant	nutr�ents	wh�ch	h�gh	solub�l�ty	 �n	ac�d	cond�t�on.	 	There-
fore,	manure	‘plus’	(T2)	resulted	�n	h�gher	of	sweet	corn	y�eld,	DM	product�on,	and	
nutr�ent	uptake	compared	to	manure	(T1)	only.	Comb�nat�on	between	manure	and	
manure	‘plus’	w�th	N	and	P	fert�l�zers	�ncreased	the	ava�lb�l�ty	of	so�l	nutr�ent	�.e	N	
and	P	for	sweet	corn	plant	(Luk�wat�	et al.,	2010).	Comb�nat�on	between	manure	
or	manure	 ‘plus’	w�th	 �norgan�c	 fert�l�zers	 (N	and	P)	could	 �mprove	nutr�ent	bal-
ance	for	sweet	corn	plant.	Appl�cat�on	of	both	manure	or	manure	‘plus’	resulted	�n	
s�m�lar	sweet	corn	y�eld,	DM	y�eld	and	nutr�ent	uptake	of	stover	compared	�n	the	
same	comb�nat�on	of	�norgan�c	fert�l�zers.		The	dosage	of	both	organ�c	and	�norgan�c	
fert�l�zers	were	not	d�fferent,	respect�vely.	Comb�nat�on	of	N	and	P	fert�l�zers	from	
d�fferent	sources	resulted	 �n	s�m�lar	of	sweet	corn	y�eld,	and	DM	y�eld	of	stover.		
The	dosage	of	 those	fert�l�zers	were	not	d�fferent,	 respect�vely.	 	Therefore,	sweet	
corn	y�eld,		DM	and	nutr�ent	uptake	response	to	those	fert�l�zat�on	were	not	d�ffer-
ent	as	well.		The	same	result	reported	by	Toth	et al.	(2006).	N	and	P	–	based	manure	
appl�cat�ons	d�d	not	d�ffer	�n	ab�l�ty	to	supply	nutr�ents	for	crop	growth.	Luk�wat�	et 
al.	(	2001)	reported	that	P	fert�l�zers	(SP,	RP)	�n	comb�nat�on	w�th	N	fert�l�zers	(AS,	

Table	1.	Product�on	of	sweet	corn	and	dry	matter,	n�trogen	and	phosphorus	uptake	of	stover	
w�th	manure	‘plus’	and	�norgan�c	fert�l�zer	

D�fferent	superscr�pt	�n	the	same	column	means	s�gn�f�cantly	d�fferent	(P<0.05).

Treatments Sweet	corn	
(kg/m2) Dry	matter N	uptake	

(g/m2) P	uptake

Manure	(T1) 0.63c 139.90e				 	2.01d	 0.72c

Manure	‘plus’	(T2) 0.81bc 161.43de 3.07c 1.01b

RP	+	AS	(T3) 1.02abc	 170.49cd 3.17c 0.88b

SP	+	urea	(T4) 1.05abc 199.96bc 3.36bc 0.91b

M	+	RP	+	AS	(T5) 1.15ab	 222.74ab 3.84ab 1.14ab

M+SP+urea	(T6) 1.31a 248.79ab 4.11ab 1.42a

M‘plus’+	AS	(T7) 1.36a 269.87ab 4.82ab	 1.39a

M’plus’+	urea	(T8) 1.51a 279.49a 5.38a	 1.21ab
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urea)	resulted	�n	s�m�lar		DM	y�eld	and	crude	prote�n	content	of	Setaria splendida.		
Accord�ng	to	Nass�r	(2001),	react�ve	RP	when	�t	was	d�rectly	appl�ed	at	�n�t�al	rates	
of	between	80-360	kg	P2O5/	ha,	not	only	�ncreased	y�elds	of	corn,	but	resulted	�n	
s�m�lar	y�elds	than	SP	and	also	�ncreased	so�l	pH.		Phosphorus	fert�l�zers	could	�n-
crease	the	plant	growth,	espec�ally	�f	the	P	nutr�ent	�s	a	major	l�m�t�ng	factor	to	the	
plant	product�on	(Luk�wat�,	2002).		Comb�nat�on	between	manure	or	manure	‘plus’	
w�th	�norgan�c	fert�l�zer		could	�mprove		nutr�ent	balance	for	sweet	corn	plant.

Conclus�ons		

Manure	‘plus’	resulted	�n	h�gher	of	sweet	corn	y�eld,	dry	matter	y�eld	and	nu-
tr�ent	uptake	of	 stover	 compared	 to	manure	only.	Organ�c	 fert�lzers	 (manure	and	
manure	‘plus’)	comb�ned	w�th	�norgan�c	fert�l�zes	resulted	�n	h�gher	of	sweet	corn	
y�eld,	DM	y�eld	and	nutr�ent	uptake	of	stover	compared	to	appl�cat�on	both	of	or-
gan�c’	or	�norgan�c	fert�l�zers	separatedly.		Therefore,	organ�c	fert�lzer	could	�ncrease	
sweet	corn	y�eld,	DM	y�eld,	and	nutr�ent	uptake	�n	ac�d	so�l,	�f	�t	�s	comb�ned	w�th	
�norgan�c	fert�l�zer.	
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Abstract

Indigofera zollingeriana is a shrubby legume that has been studied since 2009 
at Department of Animal Science and Technology, Bogor Agricultural University. 
Observation of agronomical parameters was conducted to investigate forage 
regrowth patern, herbage production and cutting management. Some soil ecological 
parameters were also observed to recognize rhizo effect on chemical and biological 
soil properties. Evaluation of nutrinional parameters were conducted as well to 
investigate utilization of nutritional value of the legume. Agronomical study revealed 
I. zollingeriana is a branchy regrowing plant that showed appropriate harvesting 
time at 60 days, easy to grow with tea growing structure model, and produced about 
6-10 ton DM ha-1 harvest-1. Cultivation of I. zollingeriana significantly increased 
20% of soil organic carbon, P-solubilizing bacteria colony, stablized soil-P and -N 
consentration and soil pH. Meanwhile investigation of nutritional aspects revealed 
highly nutritional value indicated by high protein content and digestibility; good 
utilizable fiber, high dry matter digestibility, low tannin and saponin content. 
According to these results, I. zollingeriana is able to be developed as one of promising 
shrubby legume to improve livestock production in Indonesia due to nutritional, 
agronomical and ecological reasons.

Keywords: Indigofera zollingeriana, legume crop, nutrition value, forage 
production

Introduct�on

S�gn�f�cant	problem	�n	rum�nant	an�mal	product�on	system	�s	low	nutr�t�on	�n-
take	 that	 cause	 low	 an�mal	 product�v�ty.	About	 70%	 of	 forages	 used	 by	 farmers	
or�g�nates	 from	local	grasses	 that	has	been	known	 low	 �n	prote�n	content	 (7-9%)	
and	h�gh	crude	f�ber,	and	most	of	them	low	�n	d�gest�b�l�ty.		To	�mprove	feed	qual�ty	
and	nutr�t�on	�ntake,	farmers	use	concentrate	as	add�t�onal	menu	�n	rum�nant	rat�on.	
However	use	of	 concentrate	has	 led	 reg�onally	 to	 �ncrease	of	 feed	 raw	mater�als	
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pr�ce	and	uncerta�nty	�n	qual�ty.	Farmers	have	d�ff�cult�es	�n	controll�ng		feed	qul�ty	
due	to	not	only	var�at�on	of	feed	mater�al	qual�ty	but	also	�ts	low	ava�lab�l�ty	�n	the	
market.	Th�s,	 �n	 turn	 leads	 to	 	reduct�on	of	an�mal	product�on,	part�cularly	 	da�ry	
product�on.	Importat�on	of	some	feed	mater�als	l�ke	soybean	meal	has	�n	some	cases	
solved	the	problem,	however	farmers	are	not	able	to	access	the	mater�als	as	the	con-
sequence	of	pr�ce	and	ava�lab�l�ty.	Use	of	other	agro�ndustr�al	waste	becomes	more	
trad�ng	�ssue	rather	then	techn�cal	aspect.	But	st�ll	farmer	do	not	have	b�g	chance	to	
access	h�gh	and	stable	qual�ty	of	raw	feed	mater�als.

Recommendat�on	 to	 use	 more	 concentrate	 port�on	 rum�nant	 an�mals	 more	
problem	ra�se	 �n	controll�ng	 feed	ava�lab�l�ty	and	qual�ty.	Seek�ng	 local	 raw	feed	
mater�als	or�g�nat�ng	from	h�gh	qual�ty	forages	such	as	legumes	become	an	alterna-
t�ve	to	suplement	even	subst�tute		concentrate	feed	raw	mater�als.	The	recent	suc-
cess	w�th	Leucaena as	a	new	h�gh	qual�ty	forage	spec�es	for	northern	Austral�a	has	
prompted	a	search	for	other	legume	tree	and	shrub	spec�es	su�table	for	�ntroduct�on	
to	other	graz�ng	system	(Blunt	and	Jones,	1977;	Clem	et al.,	1993).		It	�s	a	good	ex-
ample	that	may	�nsp�re	farmer	�n	Indones�a.

Use	of	legume	part�cularly	tree	or	shrub	legume	spec�es	may	reduce	feed	cost	
and	contr�butes	to	env�ronment.		Legume	�s	able	to	�mprove	so�l	fert�l�ty	through		b�-
olog�cal	n�trogen	f�xat�on	(Danso	et al.,	1992)	and	other	symb�ot�c	solub�l�z�ng	bac-
ter�a.	Many	stud�es	about	legume-m�chorr�zal	fung�	symb�os�s	revealed	benef�ts	for	
P	ef�c�ency.	One	of	prom�s�ng	legume	we	have		stud�ed	�s	I. zollingeriana.	The	sc�-
ent�f�c	name	of	th�s	legume	crops	has	determ�ned	by	our	colleague	at	Indones�an	In-
st�tute	of	Sc�ence	(LIPI).	Th�s	shrub	legume	may	be	as	one	of	prom�s�ng	forage	crop,	
wh�ch	conf�rms	nutr�t�onally	h�gh	qual�ty	(Abdullah,	2010;	Abdullah	and	Suhar�na,	
2010;	Tar�gan	et al.,	2010)	)	and	farmers	beg�n	w�dely	establ�sh	the	legume	crop	�n	
Indones�a	to	�mprove	goats	m�lk	product�on.

Th�s	paper	a�ms	to	descr�be	 the	role	of	I. zollingeriana	 	as	a	source	of	h�gh	
qual�ty	forage,	and	�ts	role	on	so�l	ecology.

Mater�al	and	Methods

Agronomy	study	about	I. zollingeriana has	been	conducted	s�nce	year	2009	
at	research	stat�on	of	Bogor	Agr�cultural	Un�vers�ty	to	�nvest�gate		effect	of	fol�ar	
fert�l�zer	on	forage	product�on	�mprovement	and	the	role	of	the	crops	�n	ma�nta�n�ng	
so�l	 fert�l�ty	(Abdulah,	2010;	Abdullah	and	Suharl�na,	2010).	Some	chem�cal	and	
b�olog�cal	 so�l	 propert�es	 were	 observed	 to	 �nvest�gate	 the	 effect	 of	 Ind�gofera’s		
rh�zosphere	on	N,	P	and	P-solubel�z�ng	bacter�a	(Suharl�na,	2010).	Comp�led	data	
based	on	in vitro	test		�n	�nvest�gat�on	of	nutr�t�onal	value	of	Ind�gofera	leaf	�n	da�ry	
goat	rument	(Jov�ntry,	2011)	was	extracted	for	th�s	paper.	Bes�sed,	in vivo	exper�ment	
�nvolv�ng	I. zollingeriana	as	subst�tut�ng	feedstuff	to	commerc�al	concentrate	was	
carr�ed.	In	form	of	pellet,	�ts	leaf	was	fed	to	2	groups	of	da�ry	goats	cons�st�ng	of	
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th�rd	 per�od	 of	 lactat�ng	 saanen	 and	 second	 per�od	 of	 lactat�ng	 etawah	 crossbred	
(Apd�n�,	2011).	Data	are	extracted	and	used	for	d�scuss�on	of	the	paper.

Results	and	D�scuss�on

Persistent Forage Production 
Forage	product�on	�s	an	�mportant	parameter		 �nd�cat�ng	the	potent�al	of	dry	

matter	ava�lable	to	rum�nants.	Observat�on	of	I. zollingeriana	forage	b�omass	pro-
duct�on	for	9	t�mes	of	defol�at�on	carr�ed	out		w�th	�nterval	of	60	days	showed	that	
dry	forage	product�on	ranged	between	6-10	tons	/ha/crop.	Var�at�ons	occur	due	to	the	
season	and	�ntens�ty	of	branch�ng	format�on		and	�ntens�ve	leaf	development.	Th�s	
leads	to	overlapp�ng	leaves,	so	that	the	effect�veness	of	photosynthes�s	�s	reduced.	
Although	forage	product�on	fluctuated,	but	�t	st�ll	showed	h�gher	average	y�elds	than	
those	of	other	 legume	spec�es	such	as	Gliricidia	and	Calliandra.	 I. zollingeriana	
forage	product�v�ty	�s	affected	by	defol�at�on	�ntens�ty.	As	d�scussed	earl�er,	defol�a-
t�on	w�th	a	he�ght	of	1	m	showed	a	more	pers�stent	product�on	(F�gure	1.)

			

F�gure	1.	I. zollingeriana	forage	product�on	dur�ng	the	per�od	of	observat�on	w�th	defol�at�on	
for	9	t�mes	(defol�at�on	�ntens�ty	60	days).

High Quality Forage Source
Ind�gofera	 has	 both	 des�rable	 agronom�c	 character�st�cs	 and	 h�gh	 nutr�t�ve	

value	 to	 be	 useful	 as	 forages.	The	 nutr�t�on	 value	 of	 a	 feed	 �s	 determ�ned	 by	 �ts	
ab�l�ty	to	prov�de	the	nutr�ents	requ�red	by	an	an�mal	for	�ts	ma�ntenance,	growth	
and	reproduct�on.	Farmers	have	recogn�sed	for	decades	that	some	Ind�gofera	spec�es 
offer	cons�derable	potent�al	nutr�t�on	(Table	1.)	 for	 �mprov�ng	 the	product�v�ty	of	
goat.	Nutr�t�on	value	of	 Ind�gofera	 as	 shown	 �n	Tabel	1	var�ed	depended	on	 so�l	
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fert�l�ty	 and	appl�cat�on	of	 fol�ar	 fert�l�zer	 (Abdullah,	2010).	Tr�als	 carr�ed	out	 at	
L�vestock	Research	Center	�n	Medan	showed	�mproved	da�ly	ga�n		of	local	goat	and	
local	x	Boer	cross	bred	dur�ng	feed�ng	program	w�th	Indigofera	(Tar�gan,	2009).	

Forage	qual�ty	of	 Ind�gofera	changed	depended	on	defol�at�on	management.	
Interval	defol�at�on	every	60	days	showed	a	best	quant�ty	and	qual�ty	forage	(Abdul-
lah	and	Suharl�na,	2010)	than	90	days	(Tar�gan,	2009).	The	�ntens�ty	of	defol�at�on	
was	�nvest�gated	as	h�gh	as	1m	to	1.5	m	above	ground,	wh�ch	produced	h�ghest	herb-
age	product�on	and	nutr�t�ve	value.	In vivo exper�ment	us�ng	pelleted	Ind�gofera’s	
leaf	for	both	two	groups	of	lactat�ng	Etawah	crossbred	and	Saanen	revealed	h�gh	
pers�stence	of	m�lk	product�on	pr�or	a	month	of	dry	per�ods.	Rat�on	w�th	commer-
c�al	concentrate	produced	lower	m�lk	(379	ml/head)	than	rat�on	conta�n�ng	pelleted	
Ind�gofera’s	leaf	(762	ml/head)	a	month	pr�or	a	month	of	dry	per�ods	(Apd�n�,	2011).	
Use	of	Ind�gofera	leaf	�n	lactat�ng	does	reduced	feed	cost	for	about	US$	0.39	dolar/L	
of	m�lk	(Abdullah	et al.,	2012).

Ecologically Beneficial
Legumes	produce	most	b�olog�cally	f�xed	n�trogen	and	are	therefore	cruc�al	to	

ma�nta�n�ng	the	N-balance	�n	nature.	A	very	h�gh	y�eld�ng	legum�nous	crops	can	add	
up	to	500	kg	of	n�trogen	to	the	so�l	per	hectare	per	year	was	est�mated	(NAS	1979).	
Study	on	the	ecolog�cal	funct�on	of		I. zollingeriana	revealed	the	legume	could	be	
expected	 to	 ma�nta�n	 so�l	 fert�l�ty.	Th�s	 �s	 ev�dent	 from	 prev�ous	 stud�es,	 that	 	 I. 

Tabel	 1.	 Nutr�t�on	 value	 of	 Ind�gofera	 zoll�nger�ana	 recorded	 dur�ng	 agronom�c	 study	
fert�l�zer	appl�cat�on	and	nutr�t�onal	(in vitro)	study

Source:	Abdullah,	2010;	Jov�ntry,	2011,	*	Suharl�na,	2010	us�ng	supram�n	as	N	source.

Parameters
Value

W�thout	fert�l�zer W�th	fert�l�zer	
Crude	prote�n		(%) 27.68±0.75	 31.31±1.04*
Tann�n	(%) 		0.36±0.05		 		0.61±0.01
Sapon�n	(%) 		0.41±0.02	 		1.17±0.07
NDF	(%) 38.30±1.72	 51.05±1.55
ADF	(%) 28.62±0.82		 45.29±1.10
Ca	(%) 		1.16±0.02		 		1.78±0.06
P		(%) 		0.26±0.01		 		0.31±0.01
K	(%) 		1.31±0.11			 		1.42±0.08
Mg	(%) 		0.46±0.02			 		0.51±0.04
IVDMD	(%) 75.44±2.02				 85.50±4.24
IVOMD	(%) 72.06±2.81		 80.65±3.16
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zollingeriana	plants	can	ma�nta�n	the	content	of	N	and	ava�lable	P	�n	so�l,	and		�m-
proved	so�l	organ�c	C	content	and	P-solub�l�z�ng	bacter�a	populat�on	(Table	2).

Conclus�ons

I. zollingeriana	 �s	 a	 shrubby	 legume	spec�es	 that	plays	an	 �mportant	 role	 �n	
�mprov�ng	the	qual�ty	of	feed	and	ma�nta�n	so�l	qual�ty.	The	results	prov�de	�nformat�on	
that	these	plants	can	be	recommended	as	a	source	of	h�gh	qual�ty	forage	for	rum�nants.	
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Abstract

Weeds compete with rice for sunlight, nutrients and water, and may reduce 
the yield. However, in traditional rice farming systems farmers utilize many kinds 
of weeds for food, forage or household purposes.  Rice weeds are also utilized to 
feed ruminants.The aims of this research were to explore the weed diversity of rice 
field in various regions and rice farming systems in Java.  Field researches were 
conducted in November 2011 – January 2012. Designated research areas:  West 
Java: Cianjur (upland) and Karawang (lowland); Central of Java: Karanganyar 
(upland) and Brebes (lowland); East Java: Malang (upland) and Gresik (lowland).  
Locations of plots have been selected according the principles of stratified random 
sampling. Weed assemblages were sampled in fields of intensive and extensive 
farming systems as well as in fallowed areas before weeding time in two seasons. 
The result showed that approximately 295 species of weeds growth in rice field 
and terrace area. Dominant weed species present at the terrace in experimental 
site were Cynodondactylon, Eleusineindica, and Fimbristylismiliaceae. Potency of 
weed for ruminant feed gains approximately 903,5 g/m2 at terrace area.

Keywords: potency, ruminant feed, weeds diversity

Introduct�on	

Increas�ng	the	level	of	r�ce	self-suff�c�ency	of	Indones�a	led	to	an	�ncrease	�n	
the	�ntens�ty	of	r�ce	(Oryza sativa	L.)	cropp�ng	�n	many	areas	s�nce	the	1970s.	In	
Indones�a,	r�ce	cult�vat�on	covers	a	total	of	about11.5	m�ll�on	hectares	throughout	
the	arch�pelago,	on	Java	alone	around	5.4	m�ll�on	hectares	(Nat�onal	Development	
Plann�ng	Board,	2003).About	70%	of	the	area	compr�se	�rr�gated	r�ce	f�elds,	wh�ch	
have	 been	 est�mated	 to	 be	 100	 t�mes	 more	 product�ve	 than	 upland	 ra�n-fed	 r�ce	
farm�ng	upland	r�ce	(Fa�rhurst	and	Dobermann,	2002).

One	consequence	of	cropp�ng	�ntens�f�cat�on	�n	�rr�gated	systems	�s	a	sh�ft	and	
an	�ncrease	�n	weeds	populat�ons.	Weeds	compete	w�th	r�ce	for	sunl�ght,	nutr�ents	
(Nyarko	and	Datta,	1993)	and	water,	and	causes	loss	of	y�eld	by	about	10-50%	(Ch�n	
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et al, 2000).	Weed	management	therefore	poses	a	s�gn�f�cant	challenge	to	Indones�an	
farm�ng	 systems.	Herb�c�de	 treatments	 change	 the	weed	commun�ty	 compos�t�on	
�nterrelated	 to	 crop	 product�v�ty	 (Ulber	 2010).	 A	 new	 approach	 to	 b�od�vers�ty	
fr�endly	 management	 �s	 therefore	 to	 enhance	 the	 benef�ts	 der�ved	 from	 des�rable	
weed	spec�es	w�th	h�gh	value	for	the	farmer	and	the	agroecosystem.	The	use	of	weed	
spec�es	�s	poss�bly	the	most	eff�c�ent	management	to	overcome	problems	of	pollut�on	
through	herb�c�de	usage,	slow	breakdown	or	burn�ng.	Weed	plants	and	vegetat�on	
vary	enormously	�n	morphology,	phytomass	and	spec�es	compos�t�on	depend�ng	on	
hab�tat	cond�t�ons	and	land-use	(Soerjan�	et al.,	1987).	Due	to	the�r	chem�cal	and	
phys�cal	character�st�cs	weeds	may	or	may	not	be	grazed	by	rum�nants.	The	feed�ng	
value	of	r�ce	f�eld	weeds	�s	l�ttle-known	�n	sc�ent�f�c	l�terature	but	the	local	farmers	
have	cons�derable	knowledge	wh�ch	should	be	comb�ned.	The	ma�n	object�ves	of	
the	present	study	were		to	assess	character�st�cs	of	farm�ng	systems	�n	Java	and	to	
evaluate	the	potent�al	of	r�ce	weed	b�omass	as	rum�nant	feed.

Mater�als	and	Methods	

The	research	was	done	�n	October	2011	unt�l	March	2012	�n	lowland	(0-100	m)	
and	upland	areas	(>400	m)of	r�ce	f�eld	�n	Java,	�.e.	Karawang	(33	–	53	masl),	Brebes	
(26	–	44	masl),	Gres�k	(14	–	41	masl),	C�anjur	(527	–	856	masl),	Karanganyar(403	
–	714	masl)	and	Malang	(526	–	684	masl).		In	each	of	the	s�tes,	su�table	landscape	
sect�ons	of	 ca.	5	km	x	5	km	s�ze	were	 selected	and	15	plots	 located	 there�n.The	
weeds	were	sampled	�n	cult�vated	areas,	fallowed	areas	and	on	r�ce	f�eld	terraces.

Fresh	 b�omass	 was	 measured	 from	 weed	 sources	 �n	 each	 plot	 by	 plac�ng	
squareframes	s�zed	30	cm	x	30	cm.		The	weeds	were	sampled	on	three	plots	on	each	
r�ce	f�eld	and	terrace	�n	each	d�str�ct.		Weed	samples	were	collected	�n	each	plot,	cut	
and	we�ghed	as	fresh	b�omass.		The	samples	were	dr�ed	at	60°C	for	48	h	and	we�ghed	
as	dry	b�omass.

Results	and	D�scuss�on

Overview 
The	study	revealed	that	r�ce	farm�ng	systems	�n	Indones�a	are	dependent	on	

elevat�on.		In	upland	areas	cont�nuous	water	supply	throughout	the	years	fac�l�tated	
weed	control	and	reduced	herb�c�de	appl�cat�on.		Herb�c�des	were	commonly	appl�ed	
�n	 lowland	 areas.	The	 proport�on	 of	 farmers	 who	 used	 herb�c�des	 on	 the�r	 farms	
was	60%	or	more	�n	the	lowland	areas	wh�le	less	than	15%	of	the	farmers	appl�ed	
herb�c�des	�n	the	upland	areas	(Table	1).		Weed	b�omass	source	s�tes	�n	upland	areas	
were	mostly	on	terraces	as	a	result	of	cont�nuous	control	�n	r�ce	f�eld	area	wh�le	�n	the	
lowlands	the	most	�mportant	weed	b�omass	sources	were	fallows.		Manual	weed�ng	
was	common	pract�ce	to	reduce	weeds	�n	almost	every	r�ce	f�eld	area.	Weed�ng	�s	
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usually	done	two	t�mes,	spec�f�cally	20	and	40	days	after	transplant�ng	of	r�ce	plants,	
w�th	the	except�on	of	Gres�k.		

In	Gres�k,	d�rect	seed�ng	was	pract�ced	due	to	a	shortage	of	labor	and	the	h�gher	
costs	of	r�ce	transplant�ng.		Manual	weed�ng	�n	Gres�k	would	commonly	be	done	
s�multaneously	w�th	 r�ce	plant	 th�nn�ng	 to	 reduce	 labor	 costs.	 	Labor	 for	manual	
weed�ng	�s	becom�ng	�ncreas�ngly	scarce.		Therefore	the	appl�cat�on	of	herb�c�des	�n	
the	f�rst	t�llage	�ncreases	to	erad�cate	all	weeds	that	emerged	�n	the	t�me	of	fallow.		In	
add�t�on,	poor	ma�ntenance	of	the	�rr�gat�on	�nfrastructure	reduces	water	ava�lab�l�ty	
for	r�ce	product�on	�n	the	dry	season	and	�ncreases	surface	water	sand	flood�ng	�n	
r�ce	f�eld	areas	�n	the	ra�ny	season.		

Weed Biomass
Weed	b�omass	�s	the	most	�mportant	�nd�cator	of	feed	ava�lab�l�ty	for	rum�nant	

�n	r�ce	f�eld	area.	There	was	a	s�gn�f�cant	d�fference	�n	weed	b�omass	among	r�ce	
f�eld	areas,	w�th	upland	areas	(C�anjur,	Karanganyar	and	Malang)	produc�ng	h�gher	
b�omass	 values	 than	 lowland	 areas	 (Karawang,	 Brebes,	 Gres�k)	 (Table	 2).	There	
were	no	s�gn�f�cant	d�fferences	between	the	locat�ons	of	eastern,	central,	or	western	
Java,	respect�vely.		Fresh	weed	b�omass	�n	the	f�rst	r�ce	grow�ng	season	(early	ra�ny	
season)	y�elded	891-2369	g/m2(Table	2).		Weed	b�omass	var�es	enormously	between	
reg�ons	 and	 even	 between	 small	 farms	 �n	 the	 same	 v�llage	 due	 to	 d�fferences	 of	
env�ronmental	factors	and	farm�ng	management.	The	results	showed	that	h�gh	values	
of	fresh	weed	b�omass	had	the	potent�al	to	supply	rum�nant	feed	�n	Java	although	
var�ab�l�ty	�n	water	reg�me	affected	the	populat�ons	and	growth	of	weed	spec�es.		

Fresh	weed	b�omass	�n	Javanese	r�ce	f�elds	d�ffered	from	that	found	byRoder	
et al.	(1998)	who	measured	220-990	g/m2/year	of	fresh	weed	b�omass	over	the	r�ce	
grow�ng	season	�n	northern	Laos.	There	are	many	factors	affect�ng	the	weed	b�omass	

Table	1.		Character�st�cs	of	r�ce	farm�ng	systems

Parameters

D�str�ct

West	Java Central	of	Java East	Java

C�anjur Karawang Karang-
anyar Brebes Malang Gres�k

Herb�c�de	
appl�cat�on	(%)

13.33 60 0 66.67 6.67 66.67

Manual	weed�ng	(%) 71.5 100 100 100 100 93.3
T�me	of	fallow	
(weeks)

3-4 6-10 3-5 3-8 3-4 10-14

Weed	b�omass	
source

Terrace Fallowed	
area

Terrace Fallowed	
area	and	
terrace

Terrace Fallowed	
area	and	
terrace
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between	 countr�es,	 such	 as	 seasonal	 and	 cl�mat�c	 var�at�on	 as	 well	 as	 d�fferent	
farm�ng	management	systems	(Machado,	2005).		Yakup	(2007)	reported	that	weed	
�nfestat�on	 �n	 r�ce	 farms	 �ncreased	 along	 w�th	 elevat�on.	 Common	 weeds	 �n	 the	
upland	 r�ce	 f�eld	 areas	 �n	West	 Java	 are	Myriophyllum aquaticum and	 Sagittaria 
guayanenesis wh�le	�n	lowland	areas	Leersia hexandra, Sacciolepis interrupta and	
Ipomea aquatic are	common	(Yakup,	2007).

The	comb�nat�on	of	herb�c�de	appl�cat�on	and	manual	weed�ng	�n	the	lowland	
r�ce	f�eld	areas	of	Karawang,	Brebes	and	Gres�k	resulted	�n	a	s�gn�f�cantly	h�gher	
degree	of	weed	suppress�on.	Var�ab�l�ty	of	surface	water	cond�t�on	affects	the	growth	
ofr�ce	weed	 commun�t�es	 (Jura�m�	 et al.,	 2011).	Hence,	weed	b�omass	 �n	 upland	
areas�s	concentrated	on	terraced	s�tes	s�nce	weeds	have	been	suppressed	on	about	
70%	of	 the	r�ce	f�eld	areas	 through	pond�ng	surface	waters.	 In	all	 lowland	areas,	
r�ce	weeds	were	found	to	grow	ma�nly	�n	t�mes	of	fallow	and	the	values	were	not	
s�gn�f�cantly	d�fferent	from	each	other.		

There	 were	 b�olog�cally	 small	 but	 stat�st�cally	 s�gn�f�cant	 d�fferences	 �n	 the	
compar�son	of	dry	matter	percentage	�n	each	locat�on.	In	the	lowland	areas	h�gher	dry	
matter	values	were	found	than	�n	the	upland	area.	Cutt�ng	t�mes	and	plant	structural	
compos�t�on	seems	to	affect	product�on	y�elds	(Yolcu	et al.,	2006).

Conclus�ons		

	 Select�ng	 weed	 spec�es	 su�table	 for	 rum�nant	 feed	 supply	 and	 product�on	
�n	a	part�cular	reg�on	(based	on	agro-pastoral	farm�ng)	�s	very	�mportant	to	susta�n	
an�mal	 product�on	 both	 econom�cally	 and	 ecolog�cally.	 R�ce	 weeds	 have	 the	
potent�al	 to	 y�eld	 substant�al	 amounts	 of	 b�omass	 �n	 fallowed	 areas	 and	 terraces.		
R�ce	weed	b�omass	 �n	upland	areas	 �s	currently	h�gher	 than	�n	 lowland	areas	due	
to	the	comb�nat�on	of	herb�c�de	appl�cat�on	and	manual	weed�ng	�n	the	lowlands.

Table	2.	Weed	b�omass	�n	r�ce	f�eld	areas

Parameters

D�str�ct

West	Java Central	of	Java East	Java

C�anjur Karawang Karang-
anyar Brebes Malang Gres�k

Character�st�c	of	
reg�on

Upland Lowland Upland Lowland Upland Lowland

Fresh	we�ght	(g) 2369.0a 900.1b 1912.2a 922.3b 2130.7a 890.7b

Dry	we�ght	(g)	 284.3a 140.1b 245.8a 151.3b 258.3a 127.5b

Dry	matter	(%) 12.0d 15.6a 12.9c 16.4a 12.1d 14.3b	

D�fferent	superscr�pt	�n	the	same	l�ne	means	s�gn�f�cantly	d�fferent	(P<0.05)
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X�nq�ng	et al.	(2006)	suggested	four	pr�nc�ples	for	select�ng	appropr�ate	spec�es	as	
feed,	�.e.	b�ogeograph�cal	match�ng	of	spec�es,	ecolog�cal	match�ng,	product�on	y�eld	
and	forage	qual�ty.It	�s	essent�al,	therefore,	to	further	study	the	phytogeograph�cal,	
ecolog�cal,	 b�olog�cal	 and	 funct�onal	 tra�ts	 of	 the	 Javanese	 w�ld	 plants	 of	 r�ce	
f�elds.		
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Faculty of Animal Science, Bogor Agricultural University,  Bogor, 
West Java 16680. Indonesia. 

E-mail:  pancadewi_fapetipb@yahoo.com

Abstract

The purpose of this research was to study mineral balance of Brachiaria 
humidicola pasture which was  introduced  with creeping legumes. Plants  materials  
used  consisted of B humidicola, three kinds of  legumes, i.e. Pueraria  javanica, 
Centrosema  pubescens and Calopogonium mucunoides, NPK fertilizer, manure and  
Soil Potential Microorganisms were obtained from Agrostology Laboratory, Faculty 
of Animal Science, Bogor Agricultural University. The experiment used block 
randomized  design with eight treatments and four replications.  AThe treatments 
were P1: Control  (Pasture concisted of Brachiaria humidicola), P2: B. humidicola 
introduced with Pueraria  javanica, Centrosema pubescens and Calopogonium 
mucunoides with NPK fertilizer of NPK), P3: B. humidicola with P.javanica, 
P4: B. humidicola with C. Pubescens, P5: B. humidicola with C. mucunoides, 
P6: B. humidicola with P. javanica and C. Pubescens, P7: B. humidicola with P. 
javanica and C.  mucunoides, P8: B. humidicola with P. javanica, C. pubescens 
and C. Mucunoides. P3 until P8  used NPK half doses, manure and soil potential 
microorganisms. Parameters observed were level and intake of N, P, K, Ca, Mg from 
forage, blood serum, and sheep feces, dry matter consumption. The data were analyzed 
with analysis of variance  and the differences between treatments were analyzed 
with Duncan Multiple Range Test (DMRT). Consumption of N in each treatment 
was  not sufficient for the needs of N from a sheep everyday, except P3, P4 and P7. 
Consumption of P in all treatments was  not  sufficient. Consumption of K and Mg 
for all  treatments were  sufficient. Consumption of Ca in each treatment was  not 
sufficient,  except P4. The mineral imbalance of P and Ca occurred in all treatments 
except P2, N for P1, and P6, Mg for P5 and P8. The mineral balance occured on K. To 
solve the problem of  mineral imbalance can be done with the addition of organic or  
inorganic fertilizers in pasture.

Keywords: pasture, legume and grass, mineral balance
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Introduct�on

Excellent	qual�ty	forages	could	result		the	best	product�on	of	rum�nants.		Rum�-
nants	can	consume	a	w�de	var�ety	of	forages	plants.	Feed�ng	of	legume	forage		w�ll	�n-
crease		the		prote�n	�ntake	needed			by	rum�nants.		H�gh	m�neral	uptake	such	as	N,	P,	
Ca	from	pasture	can	�ncrease	the	qual�ty	of	forage	(Kart�,	2010).	The	lack	of	m�neral	
content	from	the	forage	�n	Pastures	can	result	�n	m�neral	def�c�ency,		espec�ally	for		
pregnant	sheep	because	 the	m�nerals	are	 also	used	for	 the	 development	 of	 the	fe-
tus.		Brachiaria humidicola	has	an	average	prote�n	content	of	6.6%	and	55%	TDN	
(Vendram�n�	et al,	2008),	wh�le	the	TDN	requ�rement	for	pregnant	sheep	was	86%	
and	14.16%	prote�n	(NRC,	1985)	 	at	 the	age	of	4	months	 	pregnancy	w�th	a	body	
we�ght	20-30	kg.	Based	on	these		requ�rement,		the	add�t�on		of	feed	�n		the	pasture	
�s	necessary.		One	of	them	�s	by	�ntroduc�ng	creep�ng	legume.		The	purpose	of	th�s	
research	was	to	study	m�neral	balance	of	B. humidicola pasture	wh�ch	�s 	�ntroduced	
w�th	creep�ng	legume.	

Mater�als	and	Methods	

The	mater�als	used	cons�sted	of		pasture	of	B. humidicola, three kinds of  creep-
�ng	 legumes,	 �.e.	Pueraria  javanica,	Centrosema  pubescens	 and	Calopogonium 
mucunoides, NPK	 fert�l�zer,	 manure	 and	 	 So�l	 Potent�al	 M�croorgan�sm	 obta�ned	
from	Agrostology	Laboratory,	Faculty	of	An�mal	Sc�ence,	Bogor	Agr�cultural	Un�-
vers�ty.	The	exper�ment	used	block	 random�zed	des�gn	w�th	e�ght	 treatments	and	
four	repl�cat�ons.		The	treatments	were	P1:	Control		(Pasture of  Brachiaria humidi-
cola),	P2:	B. humidicola	�ntroduced	w�th	Pueraria  javanica,	Centrosema  pubescens	
and	Calopogonium mucunoides and	fert�l�zed	w�th	NPK),	P3:	B. humidicola	w�th	
P.javanica, P4:	B. humidicola	w�th	C. Pubescens, P5:	B. humidicola	w�th	C. mucuno-
ides, P6:	B. humidicola	w�th	P. javanica	and	C. Pubescens, P7:	B. humidicola	w�th	P. 
javanica	and	C.  mucunoides, P8:	B. humidicola	w�th	P. javanica,	C. pubescens	and	
C. Mucunoides. P3	unt�l	P8	used	NPK	half	doses,	manure	and	so�l	potent�al	m�cro-
organ�sms.	Parameters	observed	were	level	and	�ntake	of	N,	P,	K,	Ca,	Mg	from	for-
age,	blood	serum,	and	sheep	feces,	dry	matter	consumpt�on.	The	data	were	analyzed	
w�th	analys�s	of	var�ance	and	the	d�fferences	between	treatments	were	analyzed	w�th	
Duncan	Mult�ple	Range	Test	(DMRT).

Results	and	D�scuss�on	
Consumpt�on	 of	dry	 matter	�n	 the	treatment	 of	P2-P8	�s	 h�gher	 when	 com-

pared	w�th	 controls.	The	 h�ghest	dry	 matter	�ntake	at	P4	 treatment.	Introduct�on	
of	legumes	can	�ncrease	dry	matter	�ntake.	Consumpt�on	of	dry	matter	of	P2-P8	h�gher	
than	the	control	due	to	the	�ntroduct�on	of	legume.	Intake	of	N,	P,	K,	Ca	was	h�gher	
�n	P2-P8	compared	w�th	controls.	Intake	of	N,	P,	Ca	was	h�ghest	�n		P4,	K	�ntake	�n	P3,	
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Mg	�ntake	�n	P3	and	P7.	Mg	�ntake	was	lowest	�n	P5.	Introduct�on	of		legumes	can	�n-
crease	the	�ntake	of	N,P,	K,	Ca	and	Mg.	Uptake	of	N,	K,	Ca,	Mg	were	h�gher	�n		P3-
P8	compared	w�th	P2	and	control.	N	uptake	was	 	h�ghest	 �n	P4	and	P6,	P	uptake	�n	
P3,	P5,	 P6	and	P8,	K	uptake	was	 h�ghest	 �n	 P3,	 P4	uptake	 on	 Ca	 and	 Mg	 uptake	 �n	
P3,	P4,	P6,	P7.	 Introduct�on	of	 legumes	can	 �ncrease	 the	uptake	of	N,	P,	K,	Ca,	Mg.	
M�neral	 retent�on	 of	 N,	 P,	 and	Mg	were	 h�gher	 �n	treatment	P3-P8.	 M�neral	reten-
t�on	of	N,	P,	K,	Ca	and	the	h�ghest	�n	P6,	P7,	P5,	P6	and	P4.	Introduct�on	of	legumes	
can	�ncrease	the	retent�on	of	m�neral	N,	P,	K,	Ca	and	Mg.	

Table	2.	 M�neral balance (w�thout ur�ne) �n�neral	balance	(w�thout	ur�ne)	�n	B. humidicola	pasture	 wh�ch	 �s	 �ntroduced	
w�th	legume	creep�ng

P1:	Control	(Pasture of Brachiaria humidicola),	P2:	B. humidicola	�ntroduced	w�th	Pueraria  javanica,	
Centrosema  pubescens	and	Calopogonium mucunoides and	fert�l�zed		w�th	NPK),	P3:	B. humidicola	
w�th	P. javanica, P4:	B. humidicola	w�th	C. Pubescens, P5:	B. humidicola	w�th	C. mucunoides, P6:	B. 
humidicola	w�th	P. javanica	and	C. Pubescens, P7:	B. humidicola	w�th	P. javanica	and	C.  mucunoides, 
P8:	B. humidicola	w�th	P. javanica,	C. pubescens	and	C. Mucunoides.

Treatments
M�neral	Balance(g)

N P K Ca Mg
P1 -0.49 -0.55 3.26 -6.54 1.11
P2 0.65 0.21 11.81 -7.92 0.59
P3 4.27 -0.33 15.23 -13.25 0.78
P4 10.95 -0.36 12.48 -12.34 0.2
P5 0.95 -0.47 10.33 -11.53 -0.11
P6 -0.14 -0.72 8.22 -19.44 0.66
P7 3.88 -0.73 13.41 -12.26 0.68
P8 2.75 -0.51 11.86 -11.13 -0.12

N�trogen	balance	�n	P1	and	P6	showed	a	 negat�ve	 value	means	 there	 �s	�mbal-
ance	of	n�trogen,	and	�nd�cat�ng	that	so�l	�n	th�s	treatment	�s		def�c�ency	w�th	n�tro-
gen.	 Magnes�um	 balance	�n	P5	and	P8	showed	a	 negat�ve	 value	means	 there	 �s	�m-
balance	of	magnes�um,	and	�nd�cat�ng	that	so�l	�n	th�s	treatment	�s		def�c�ency	w�th	
magnes�um.	 Phosphorus	 �mbalance	 �n	all	 treatments	except	P2.	 P2	�s	 the	treatment	
�s	g�ven	w�th	NPK	fert�l�zer	w�th	a	h�gher	P	levels	compared	w�th	other	treatments.	
The	m�neral	�mbalance	occurred	on	Ca,	but		m�neral	balance	occurred	on	K.	M�n-
eral	balance	can	be	�mproved	by	the	�ntroduct�on	of	legume	and	fert�l�zer	P	and	Ca	
by	us�ng	organ�c	or	an	organ�c	fert�l�zers	�n	pasture.	If	not	done	can	cause	m�neral	
def�c�enc�es	of	Ca	and	P,		and	result�ng	�n	decreased	growth.
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Conclus�ons		

Consumpt�on	of	N	�n	each	treatment	was	not	suff�c�ent	for	sheep	requ�rement,	
except	P3,	P4	and	P7.	Consumpt�on	of	P	�n	al	treatments		were	not		suff�c�ent.	Con-
sumpt�on	of	K	and	Mg	for	all		treatments	were	suff�c�ent.	Consumpt�on	of	Ca	�n	each	
treatment		was	not	suff�c�ent,	except	P4. Introduct�on	of	legumes	can	�ncrease	con-
sumpt�on	of	dry	matter,	�ntake,	uptake	and	retent�on	of	m�neral	N,	P,	K	Ca	and	Mg

The	m�neral	 �mbalance	of	P	and	Ca	occurred	 �n	all	 treatments	except	P2,	N		
for	P1	and	P6,	Mg	for	P5	and	P8.	The	m�neral	balance	occured	on	K.	To	solve	the	
problem	of		m�neral	 �mbalance	can	be	done	w�th	add�t�on	of	organ�c	or	anorgan�c	
fert�l�zers	�n	pasture.
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Abstract

Grasses productivity is affected by soil water availability. Arbuscular 
Mycorrhizal Fungi (AMF) was inoculated to support plant to overcome drought 
stress during its growth.The aim of this study was to understand the role of  
Arbuscular Mycorrhizal Fungi (AMF) to support growth and the production of 
grasses in drought stress condition. Three species of tropical grasses: Chloris 
gayana, Paspalum notatum, /and Paspalum dilatatum were used. The research 
used completely randomized design with 4 treatments consisting of M0S0= without 
mycorrhizal and daily watering, M0S1= without mycorrhizal and without watering; 
M1S0 = with mycorrhiza and daily watering; M1S1= with mycorrhizal and without 
watering. and 5 replications. The four treatments research were as follows; Each type 
of grasses were obsereved in a separate study. The result showed that mycorrhizal 
played significant role in improving growth and root dry weight biomass of Chloris 
gayanain drought condition. Paspalum notatum is the most adaptive grass in the 
drought condition. Chloris gayana has the growth and a better production than 
Paspalum dilatatum.

Keywords: Arbuscular Mycorrhizal Fungi (AMF), Chloris gayana, drought stress, 
forage, Paspalum dilatatum, Paspalum notatum

Introduct�on	

The	l�vestock	sector	development	can	not	be	separated	from	the	prov�s�on	of	
h�gh	qual�ty	forage	and	susta�nable.	More	than	60%	of	feed	consumed	by	rum�nants	
�s	forage,	e�ther	�n	fresh	or	�n	dr�ed	form.	Green	fodder	can	be	grasses,	legumes	or	
other	types	of	leaves.	The	types	of	forage	can	be	adm�n�stered	alone	or	m�xed	w�th	
grass	or	legume	be	g�ven	only	�n	the	form	of	grass.

The	forage	�s	one	source	of	forage	for	graz�ng	and	appropr�ate	use	as	forage	
cut	 because	of	 �ts	 ab�l�ty	 to	 regrow	after	 the	 cutt�ng	or	 graz�ng.	Trop�cal	 grasses	
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such	 as	 Chlorisgayana, Paspalumdilatatum	 and	 Paspalumnotatum�s	 are	 spec�f�c	
tolerant	grasses	spec�es	(Nahak,	2011).	They	have	good	adaptab�l�ty	to	defol�at�on	
and	regrouwth.	However	some	of	trop�cal	grasses	spec�es	do	not	adapt�ve	to	drought	
cond�t�on,	wh�ch	ma�nly	showed	suffer	�n	growth	and	produce	low	herbage	and	�ts	
qual�tyAva�lab�l�ty	 of	 feed	grass	 that	 �s	 st�ll	 lack�ng	 �s	ma�nly	 �nfluenced	by	 so�l	
cond�t�ons,	cl�mate	and	water	ava�lab�l�ty.

Water	�s	needed	for	plant	growth	�n	opt�mum	level.	Ava�lab�l�ty	of	water	�n	the	
so�l	�s	ma�nly	determ�ned	by	the	�ntens�ty	and	d�str�but�on	of	ra�nfall,	wh�ch	�n	turn	
affects	ground	water	pool	and	nutr�ent	supply.	Water	shortage	 �s	one	of	 the	ma�n	
problems	for	the	growth	and	development	of	a	plant.	Shortage	of	water	�nternally	
at	the	plant	resulted	�n	a	decrease	d�rect	and	magn�f�cat�on	of	cell	d�v�s�on.	In	the	
vegetat�ve	growth	stage,	the	water	used	by	plants	for	cell	d�v�s�on	and	enlargement	
are	�nd�catedby	the	�ncrease	�n	plant	he�ght,	d�ameter	magn�f�cat�on,	mult�pl�cat�on	
leaf,	and	root	growth	(Sasl�,	2004).

At	 th�s	 t�me	 �n	 Indones�a	 forage	 crops	 can	 be	 developed	 on	 the	 dry	 so�l	
cond�t�ons.	Haryad�	and	Yahya	(1988)	descr�bes	drought	stress	�n	plants	can	be	caused	
by	two	th�ngs:	(1)	lack	of	water	�n	the	root	zone,	(2)	the	rate	of	evapotransp�rat�on	
�s	h�gher	than	the	rate	of	water	absorpt�on	by	roots	of	plants	that	need	h�gh	water	on	
the	leaves.	Plants	exper�enc�ng	drought	stress	are	stunted,	due	to	the	ava�lab�l�ty	of	
water	�n	plants	and	so�l	affect	so�l	nutr�ent	uptake	by	plant	roots.

One	of	alternat�ve	that	can	be	appl�ed	to	several	types	of	plants	cult�vated	�n	
water	stress	 �s	overcome	by	 the	use	Arbuskula	Mycorrh�zal	Fung�	 (AMF)	on	 the	
plant.	 The	 symb�os�s	 between	AMF	 and	 �ts	 host	 plant	 �s	 a	 symb�ot�c	 mutual�sm	
(mutually	benef�c�al).	Th�s	symb�os�s	�nvolves	the	prov�s�on	of	photosyntate	by	the	
host	for	the	fungus	and	host	plant	otherw�se	acqu�re	nutr�ents	and	water	from	the	
ground	taken	by	�ts	hyfa.	Th�s	assoc�at�on	d�d	not	lead	to	�nfect�on	of	the	roots	of	
d�sease

Kart�	 (2005)	 expla�ns	 that	 the	 role	 of	 mycorrh�zal	 add�t�on	 to	 �mprov�ng	
nutr�t�onal	status	of	plants,	may	also	�ncrease	drought	res�stance.	Rungkat	(2009)	
expla�ns	 that	 the	 mycorr�zal	 plants	 usually	 grow	 better	 than	 plants	 that	 do	 not	
mycorr�zal.	Mycorrh�zae	have	a	 role	 for	growth	and	crop	product�on,	namely:	a)	
�ncrease	the	absorpt�on	of	nutr�ents,	b)	protect	host	plants	from	the	damag�ng	effects	
caused	by	drought	stress,	c)	be	able	to	adapt	qu�ckly	to	the	contam�nated	so�l,	d)	
can	protect	plants	from	root	pathogens	e)	can	�mprove	the	product�v�ty	of	the	so�l	
and	 stab�l�ze	 so�l	 structure	of	 the	 so�l.	 In	 the	 trop�cal	 grass	 plants	 on	 the	growth	
of	mycorrh�zal	�nfluence	�s	also	qu�te	good.	Object�ve	of	the	present	study	was	to	
know	the	effects	of	drought	and	the	add�t�on	of	mycorrh�zal	fung�	on	growth	and	
product�v�ty	arbuskula	some	trop�cal	grasses	Chloris gayana, Paspalum dilatatum 
and	Paspalum notatum.
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Mater�als	and	Methods	

The	locat�on	of	research	was	conducted	at	the	Faculty	of	An�mal	Sc�ences	�n	
Greenhouse,	Agrostolog�	Laboratory,	Laboratory	of	Da�ry	Cattle	Nutr�t�on,	Faculty	
of	An�mal	Sc�ence,	Bogor	Agr�cultural	Un�vers�ty.	Implementat�on	of	the	recearch	
began	�n	July	2010	to	July	2011.

Mater�als	 used	 �n	 th�s	 study	 were:	 Pols	 Chlorisgayana, Paspalumnotatum, 
Paspalumdilatatum,	Latosol	so�l,	and	NPK	and	KCl	fert�l�zer,	and	FMA	obta�ned	
from	the	Forest	and	Env�ronmental	B�otechnology	Research	Center	of	B�olog�cal	
Resources	LPPM	IPB.	Equ�pment	used	were	scales,	pots,	water�ng	tools,	p�eces	of	
stone,	plast�c,	shovel	so�l,	brown	envelopes,	sc�ssors,	solat�p,	ruler	and	oven.

Data	were	 stat�st�cally	anal�zed	us�ng	completely	 random�zed	des�gn	w�th	4	
treatments	cons�st�ng	of	M0S0=	w�thout	mycorrh�zal	and	da�ly	water�ng,	M0S1=	
w�thout	 mycorrh�zal	 and	 w�thout	 water�ng;	 M1S0=	 w�th	 mycorrh�za	 and	 da�ly	
water�ng;	M1S1=	w�th	mycorrh�zal	and	w�thout	water�ng,	and	5	repl�cat�ons.	The	
four	treatments	research	were	as	follows;.	Each	type	of	grasses	were	obsereved	�n	
a	separate	study.	The	followed	by	the	Duncan’s	Mult�ple	Range	Test	to	determ�ne	
s�gn�g�cant	d�fferences.

Results	and	D�scuss�on	

Effect of Treatment of Groundwater Levels
The	mo�sture	of	so�l	content	 that	descr�bes	 the	amount	of	ava�lable	water	 �s	

absorbed	by	plant	roots	for	growth	to	an	extent	where	the	water	becomes	ava�lable	
and	 the	 plants	 have	 w�thered.	 Average	 percentage	 of	 so�l	 mo�sture	 content	 �n	
rh�zosphere	of	Paspalum notatum, Paspalum dilatatum,	and	Chloris gayana	at	the	
t�me	 of	 harvest,	 are	 shown	 �n	 Table	 1.	 The	 data	 were	 collected	 at	 the	 cond�t�on	
of		permanent	w�lt�ng	po�nt	(M1S1	and	M0S1).	Based	on	analys�s	of	var�ance	the	
treatments	s�gn�f�cantly	�nfluenced	(P<0.01)	so�l	water	content	of	the	rh�zosphere	of	
Paspalum notatum, Paspalum dilatatum, and	Chloris gayana.	

The	h�ghest	value	of	so�l	mo�sture	content	on	the	treatment	�nd�cated	by	the	
treatment	of	M0S0	and	M1S0	on	Chloris gayana	 (36.0%	and	39.9%),	Paspalum 
notatum	 (66.9%	 and	 65.3%),	 and	 Paspalum dilatatum(38,1%	 and	 42.4%).	 In	
add�t�on,	�t	�s	shown	that	the	treatment	of	M1S1	and	M1S0	treated	has	less	water	
ava�lab�l�ty	compared	to	those	of	M0S1	and	M0S0.	Th�s	�nd�cated	effect�ve	role	of		
mycorrh�zae	�n	grass	crops	�n	term	of	water	absorpt�on.	

In	 Chloris Gayana,	 M0S0	 treatment	 resulted	 �n	 h�ghest	 value	 of	 so�l	 water	
content	on	day	12th,	whereas	M1S0	prov�de	 the	h�ghest	value	on	day	16	 to	day	
20,	th�s	suggests	an	�ncrement	effect	of	mycorrh�zal	so�l	water	content	after	a	few	
days	on	�nfected	plants	(F�gure	1a).	In	Paspalum dilatatum	so�l	water	content	was	
affected	 by	 the	 treatment	 on	 day	 12th,	 whereas	 the	 lowest	 treatment	 occurred	 on	
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day	24th	at	M0S0,	M0S1,	M1S0,	and	M1S1,	�t	�nd�cated	that	the	response	levels	the	
h�ghest	water	Paspalum dilatatum	plants	occurred	on	day	12th	and	the	lowest	so�l	
water	content	levels	near	the	permanent	w�lt�ng	po�nt	(F�gure	1b).

that less water is available. Evapotranspiration effect on soil water availability, 

evapotranspiration is a combination of evaporation from the soil surface and transpiration of 

plants through the roots of plants evaporates into the atmosphere to the leaf stem (BMG, 

2006). According Djondronegoro et al., (1989), crop production is strongly influenced by the 

availability of such water comes from rainfall. Treatment effect on soil water content of 

plants Chloris Gayana, M0S0 treatment gives the highest value of soil water content on day 

12th, whereas treatment M1S0 provide the highest value on day 16 to day 20 (Figure 8), this 

suggests that the increasing influence of mycorrhizal soil water content after a few days on 

infected plants. 

The treatment effect on Paspalum dilatatum plants to soil water content on the 

treatment observation showed the highest value on day 12th, whereas the lowest treatment 

occurred on day 24th at M0S0, M0S1, M1S0, and M1S1 (Figure 9), it indicates that the 

response levels the highest water Paspalum dilatatum plants occurred on day 12th and the 

lowest water levels near the permanent wilting point. 

 

 
Figure 1     Figure 2   Figure 3 
 
Figure 1-3 Effect of Soil Moisture Treatment of Plants Chloris Gayana: M0S0 = no 
mycorrhizal  and watered every day; M0S1 = without mycorrhizal and not watered. M1S0 = 
with  mycorrhizal and watered every day; M1S1 = with mycorrhizal and no watered 
 
Conclusions   

 
The results of the sensitivity index calculations showed that plants of tropical grass,  

with a total value of the grass Paspalum notatum highest with a value of 27, followed by  the 

Chloris gayana to the value of 10, and Paspalum dilatatum to the value 6, the indicating that  

plants tolerant Paspalum notatum has the most good value when compared with the  other 

two grass species. 

 

 
 
 

	 							(a)	 	 	 	 				(b)	 	 	 	 (c)

F�gure	1.	Effect	of	so�l	mo�sture	treatment	of	plants	Chloris gayana:	M0S0=	no	mycorrh�za	
and	watered	every	day;	M0S1=	w�thout	mycorrh�zal	and	not	watered;	M1S0=	w�th		
mycorrh�zal	and	watered	every	day;	M1S1=	w�th	mycorrh�zal	and	not	watered

Conclus�ons		

The	 role	 of	 mycorrh�za	 was	 effect�ve	 �n	 ma�nta�n	 so�l	 water	 content	 �n	
both	 Paspalum notatum	 and	 Paspalum dilatatum,	 but	 �t	 was	 	 not	 effect�ve	 �n	
Chlorisgayana.
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Table	2.	 M�neral balance (w�thout ur�ne) �n�neral	balance	(w�thout	ur�ne)	�n	B. humidicola	pasture	 wh�ch	 �s	 �ntroduced	
w�th	legume	creep�ng

Treatment
Percentage	so�l	mo�sters	(%)

Chloris gayana Paspalum notatum Paspalum dilatatum
M0S0 36.0±8.0A 66.9±2.5A 38.1±15.2A

M0S1 27.9±5.0B 26.2±1.1C 10.4±4.3C

M1S0 39.9±8.1A 65.3±3.8A 42.4±8.0A

M1S1 27.2±10.5B 32.5±4.7B 27.7±6.6B

Descr�pt�on:D�fferent	 letters	 �n	 the	 same	 column	 �nd�cate	 s�gn�f�cantly	 d�fferent	 effect	 (P<0.01).	
M0S0:	w�thout	mycorrh�zal	and	watered	every	day;	M0S1:	w�thout	mycorrh�za	land	flush�ng;	M1S0:	
the	mycorrh�zae	and	watered	every	day;	M1S1:	w�th	the	mycorrh�zal	and	not	watered.	
D�fferent	plant	conducted	a	separate	study.
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to	all	my	fr�ends	esspec�ally	my	parents,	Alhurr�yah	fr�ends	and	also	INTP	44	Fapet	
IPB.
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Abstract		

Climatic change increase the sea level that causes soil salinization. High salt 
concentration in soils inhibits crop growth and production The lower limit of sat-
uration extract electrical conductivity of saline soil is conventionally set at 4 dS 
m-1. The research was conducted to evaluate mineral concentration of five forage 
grasses (Panicum maximum, Setaria sphacelata, Euchlaena mexicana, Brachiaria 
brizantha, and Cynodon plectostachyus) at non saline soil (EC = 0,5 dS m-1) and 
saline soil (EC= 11 dS m-1). The experiment design in this research using split plot 
with forage grasses as main plots and different salinity level of soil (non saline 
and saline) as sub plots. Sodium concentration of herbage increased significantly 
(P<0.05) at saline soil. Herbage nitrogen concentration was not different between 
non saline and saline soil, except for B. brizantha. Forage grasses had similar con-
centration of phosphorous at different salinity level of soil, except for S. sphacelata. 
Potassium concentration of P. maximum S. sphacelata, E. mexicana, B. brizantha, 
and C. plectostachyus herbage was significantly lower (P<0.05) at saline soil.  In 
conclusion, high salt concentration at saline soil reduced potassium uptake. Sodium 
uptake was higher at saline soil than non saline soil.

Keywords: mineral concentration, saline soil, non saline soil, forage

Introduct�on

The	effect	of	global	warm�ng	�s	cl�mat�c	change	that	�ncrease	the	sea	level.	It	
was	reported	that	the	�ncreas�ng	of	sea	level	was	3	mm/year.		Increas�ng	sea	level	
causes	so�l	sal�n�zat�on	along	 the	coast	area	of	 �sland.	The	sea	water	 that	conta�n	
h�gh	concentrat�on	of	sod�um	w�ll	be	�ntrus�on	to	the	so�l	along	the	coast.		The	h�gh	
temperature	w�th	low	ra�nfall	w�ll	cause	sod�um	move	toward	the	top	so�l	that	affect	
the	plant	growth.		Abrol	(1988)	reported	the	salt	affected	areas	�n	Indones�a	was	ap-
prox�mately	13.2	m�ll�on	ha.		

Three	ma�n	groups	of	salt	affected	areas	are	sal�ne	so�l,	sal�ne-sod�c	so�l	and	
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sod�c	so�l.		Sal�ne	so�l	conta�ns	suff�c�ent	neutral	soluble	salts	that	adversely	affect	
the	growth	of	most	crop	plants.	The	soluble	salts	are	ma�nly	sod�um	chlor�de	and	
sod�um	sulfate	w�th	EC	(electr�cal	conduct�v�ty)	more	 than	4	dS/m	and	ESP	(ex-
change	sod�um	percentage)	less	than	15.		Sal�ne-sod�c	so�l	has	EC	more	than	4	dS/m	
and	ESP	more	than	15.	Sod�c	so�l	has	EC	less	than	4	dS/m	and	ESP	more	than	15	
(Majerus,	1996).	In	relat�on	to	crop	growth,	Abrol	(1988)	class�fy	so�l	sal�n�ty	�nto	
f�ve	classes.	There	are	non	sal�ne	so�l,	sl�ghtly	sal�ne	so�l,	moderately	sal�ne	so�l,	
strongly	sal�ne	so�l	and	very	strongly	sal�ne	so�l.	Sal�ne	so�l	has	EC	between	0–2	
dS/m,	sal�n�ty	effects	are	negl�g�ble.	Sl�ghtly	sal�ne	so�l	has	EC	between	2–4	dS/m,	
y�elds	of	sens�t�ve	crops	may	be	restr�cted.		Moderately	sal�ne	so�l	has	EC	between	
4–8	dS/m,	y�elds	of	many	crops	are	restr�cted.	Strongly	sal�ne	so�l	has	EC	between	
8–16	dS/m,	only	tolerance	crops	y�eld	sat�factor�ly.	Only	a	few	crops	y�eld	sat�sfac-
tor�ly	at	EC	more	than	16	dS/m	or	very	strongly	sal�ne	so�l.

The	effect	of	soluble	salt	at	so�l	to	plant	growth	�s	very	complex.	Sal�n�ty	w�ll	
cause	 �on�c	 stress,	 osmot�c	 stress	 and	 secondary	 stress.	Accumulat�on	 of	 sod�um	
(Na)	and	chlor�de	(Cl-)	at	leaves	harm	the	plant	growth.	The	h�gh	osmot�c	pressure	
hampers	the	plant	water	uptake,	result�ng	the	phys�olog�cal	drought.	Excess�ve	so-
d�um	�ons	at	the	root	surface	may	d�srupt	plant	potass�um	uptake	that	�s	v�tal	for	the	
ma�ntenance	of	cell	turgor,	membrane	potent�al	and	the	act�v�ty	of	many	enz�mes	
(X�ong	 and	 Zhu,	 2002).	Wang	 et al.	 (2002)	 reported	 the	 total	 chlorophyll	 of	 el-
ephant	grass	decrease	from	181	at	control	to	125	at	so�l	w�th	EC	10	dS/m.	Increas�ng	
NaCl	at	l�qu�d	med�a	from	0	to	100	mM	s�gn�f�cantly	decrease	leaf	area,	chlorophyll	
content	and	photos�ntet�c	rate	of	Leucaena leucocephala 	and	Centrosema pubes-
cens (Kusm�yat�	et al., 2009a).	Sal�n�ty	also	affects	nutr�ent	uptake.	Kusm�yat�	et 
al. (2009b)	reported	�ncreas�ng	NaCl	concentrat�on	from	0	mM	to	300	mM	at	l�qu�d	
med�a	s�gn�f�cantly	decreased	n�trogen	(N),	phosphorous	(P)	and	potass�um	(K)	up-
take	at	shoot	and	root	of	elephant	grass	and	k�ng	grass.	

The	 exper�ment	 was	 des�gned	 to	 evaluate	 herbage	 m�neral	 concentrat�on	
(n�trogen,	 phosphorous,	 potass�um	 and	 sod�um)	 of	 Panicum maximum, Setaria 
sphacelata, Euchlaena mexicana, Brachiaria brizantha, and Cynodon plectostachyus 
at	sal�ne	so�l compare w�th	non	sal�ne	so�l.	The	obta�ned	results	can	contr�bute	to	a	
better	knowledge	of	understand�ng	the	phys�olog�cal	effect	of	sal�n�ty	to	develop	a	
tolerant	plant.

Mater�als	and	Methods

The	exper�ment	was	conducted	at	greenhouse	�n	An�mal	Agr�culture	Faculty,	
D�ponegoro	 Un�vers�ty,	Tembalang	 Campuss	 –	 Semarang.	 Spl�t	 plot	 des�gn	 w�th	
completely	random	des�gn	was	used	to	arrange	the	exper�ment.		The	ma�n	plot	was	
forage	grasses	(R1=	Panicum maximum, R2=	Setaria sphacelata, R3=	Euchlaena 
mexicana, R4=	Brachiaria brizantha, and R5=	Cynodon plectostachyus).		The	sub-
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plot	was	so�l	sal�n�ty	level	(T1=	non	sal�ne	so�l,	T2=	sal�ne	so�l).		There	were	three	
repl�cat�ons.		

Pols	of	each	forage	grass	were	planted	at	pot	that	conta�n	10	kg	of	so�l.	The	
f�rst	cut	was		one		month	after	plant�ng	to	make	un�form	plant�ng	mater�al.	Fert�l-
�zer	dosage	are	use	60	kg	N/ha/cutt�ng,	150	kg	P2O5/ha	and	100	kg	K2O/ha.	Grasses	
were	cut	8	weeks	after		the	f�rst	cut.	Herbage	was	cut	5	cm	above	the	surface	of	the	
so�l.		Shoot	mater�al	were	we�ghed	and	dr�ed	�n	open	a�r	for	one	week.	Dr�ed	t�ssues	
were	re-we�ghed	and	ground	to	pass	through	a	1	mm	screen	for	subsequent	t�sssue	
analys�s.

Forage	N	contents	were	measured	by	Kjedahl	method	(AOAC,	1975).	Phos-
phorous	was	analyzed	by	spectrophotometer	method	(Sulaeman	et al.,	2005).	Wh�le	
potass�um	and	sod�um	content	were	measured	by	flamefotometry	(Sulaeman	et al.,	
2005).	The	m�neral	concentrat�on	(N,	P,	K,	and	Na)	were	calculated	�n	term	of	g/kg	
dry	matter	 (DM).	The	results	were	analyzed	us�ng	analys�s	of	var�ance,	 then	fol-
lowed	 by	 LSD	 test	 to	 compare	 the	 d�fferent	 m�neral	 concentrat�on	 between	 non	
sal�ne	and	sal�ne	so�l	at	each	forage	grass	(Steel	and	Torr�e,	1980).

Results	and	D�scuss�on

Non	sal�ne	so�l	was	latosol	so�l	 that	was	taken	from	Tembalang	sub	d�str�ct,	
Semarang	c�ty,	Central	Java.	Wh�le	sal�ne	so�l	was	taken	from	Kal�or�	sub-d�str�ct,	
Rembang–Central	 Java.	 Sal�ne	 so�l	 was	 class�fy	 as	 alluv�al	 type.	 Electr�cal	 con-
duct�v�ty	of	sal�ne	so�l		was	11.1+0.35	dS/m	w�th	pH	8.3+0.11.	Accord�ng	to	Abrol	
(1988),	the	electr�cal	conduct�v�ty	of	sal�ne	sa�l	�s	class�f�ed	as	strongly	sal�ne	so�l.			
Non	sal�ne	so�l	had	EC	0.5+0.01	dS/m	and	pH	6.81+0.01.

Analys�s	of	var�ance	showed	that	n�trogen	of	herbage	were	s�gn�f�cantly	d�ffer-
ent	between	forage	grasses	(P<0.05)	(Table	1).		Herbage	n�trogen	concentrat�on	was	
not	d�fferent	between	non	sal�ne	and	sal�ne	so�l,	except	for		B. brizantha (Tabel	1). 

Table	1.		N�trogen	concentrat�on	of	grasses	at	d�fferent	levels	of		so�l	sal�n�ty

Means	followed	by	a	d�fferent	letter	at	the	same	row	or	column	were	s�gn�f�cantly	d�fferent	at	the	0.05	
probab�l�ty	level	accord�ng	to	LSD	test.	Number	followed	by	a	d�fferent	letter	at	the	same	spec�es	of	
grass	was	s�gn�f�cantly	d�fferent	at	the	0.05	probab�l�ty	level	accord�ng	to	LSD	test.

Grasses Non	sal�ne	so�l Sal�ne	so�l Mean
P. maximum 18.99±0.38a 19.96±0.81a 19.48±1.70a

S. sphacelata 18.87±0.74a 19.00±1.21a 18.94±0.90a

E. mexicana 18.55±0.84a 19.31±0.96a 18.93±0.93a

B. brizantha 19.42±1.20a 14.46±1.58b 16.94±3.32b

C. plectostachyus 15.62±0.29a 15.21±0.54a 15.42±0.46c

Mean 18.29±1.94a 17.59±2.82a
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N�trogen	was	absorbed	by	plant	�n	the	form	of	n�trate	(NO3
-)	and	ammon�um	

(NH4
+).	N�trate	move	to	the	root	surface	ma�nly	by	mass	flow.		Mass	flow	reference	

to	the	movement	of	water	together	w�th	d�ssolved	electrolytes	(�ons)	through	the	so�l	
(T�sdale	and	Nelson,	1975).	The	reduct�on	of	herbage	N	concentrat�on	at	sal�ne	so�l	
compared	w�th	non	sal�ne	so�l	of		B. brizantha 	and		C. Plectostachyus were	25%	and	
2%	respect�vely,	wh�le	there	were	no	reduct�on	of	N	concentrat�on	at	P. maximum,  
S. Sphacelata and	E. Mexicana 

Forage	grasses had	s�m�lar	concentrat�on	of	phosphorous	at	d�fferent	sal�n�ty	
level	of	so�l,	except	for	S. sphacelata	(Table	2).	Reduct�on of phosphorous concen-Reduct�on	of	phosphorous	concen-
trat�on	was	ranged	from	4%		to	10%.	Plants absorb most of the�r phosphorous as thePlants	absorb	most	of	the�r	phosphorous	as	the	
pr�mary	orthophosphate	�on	(H2PO-).	Phosphorous	moves	from	so�l	to	roots	by	�on	
d�ffus�on	process.		Plant	absorb	P	by	contact	exchange	(T�sdale	and	Nelson,	1975).		
N�trogen	and	phosphorus	uptake	of	forage	grasses	was	not	d�fferent	between	non	
sal�ne	and	 sal�ne	 so�l.	At	 sal�ne	 so�l,	 forage	grasses	 st�ll	 can	absorb	n�trogen	and	
phosphorous	because	the	water	was	ava�lable.	At	 th�s	exper�ment,	water	at	sal�ne	
so�l	was	ma�nta�ned	at	f�eld	capac�ty.			

Table	2.	Phosphorous	concentrat�on	of	grasses	at	d�fferent	levels	of		so�l	sal�n�ty

Means	followed	by	a	d�fferent	letter	at	the	same	row	or	column	were	s�gn�f�cantly	d�fferent	at	the	0.05	
probab�l�ty	level	accord�ng	to	LSD	test.	Number	followed	by	a	d�fferent	letter	at	the	same	spec�es	of	
grass	was	s�gn�f�cantly	d�fferent	at	the	0.05	probab�l�ty	level	accord�ng	to	LSD	test.

Grasses Non	sal�ne	so�l Sal�ne	so�l Mean

P. maximum 1.79±0.29a 1.50±0.29a 1.66bc

S. sphacelata 1.99±0.05a 1.78±0.06b 1.89abc

E. mexicana 2.46±0.48a 2.27±1.07a 2.36a

B. brizantha 2.21±0.04a 2.01±0.80a 2.11ab

C. plectostachyus 1.44±0.36a 1.38±0.21a 1.41c

Mean 1.98a 1.79a

Potass�um	concentrat�on	of	P. maximum S. sphacelata, E. mexicana, B. brizan-
tha, and C. plectostachyrus	herbage	was	s�gn�f�cantly	lower	at	sal�ne	so�l	(P<0.05)	
(Table	3).	Potass�um concentrat�on reduct�on ofPotass�um	concentrat�on	reduct�on	of		P. maximum, S. Sphacelata, E. Me-
xicana  B. brizantha		and  C. plectostachyus 	are	48%,	74%,	55%,	55%,	and	34%.		

Sod�um	concentrat�on	of	f�ve	grasses	herbage	�ncreased	s�gn�f�cantly	at	sal�ne	
so�l	(P<0.05)	(Table	4).	Sal�ne	so�l	has	h�gh	concentrat�on	of	NaCl.	H�gh	sal�n�ty	
�n	growth	med�a	cause	excess�ve	sod�um	at	the	root	surface.	Sod�um	at	h�gh	con-
centrat�on	has	a	strong	 �nh�b�tory	effect	on	potass�um	uptake	by	root	 (X�ong	and	
Zhu,	2002).	Sod�um	and	chlor�de	shoot	concentrat�on	�ncreased	and	K	decreased	as	
the	external	NaCl	concentrat�on	�ncreased	(Teakle	et al.,	2006).	Th�s	cond�t�on	w�ll	
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cause	nutr�ent	�mbalances	and	def�c�enc�es.	Paksoy	et al. (2010)	reported	K	appl�ca-
t�on	to	plant	growth	med�a	s�gn�f�cantly	�ncreased	m�neral	content	of	okra	seedl�ng	
under	sal�ne	cond�t�on.	Tolerant	plants	had	more	K	uptake	than	the	suscept�ble	ones.		
Potass�um	had	an	�mportant	role	�n	salt	tolerance	(Rub�o	et al.	2004).	Sal�n�ty w�llal�n�ty	w�ll	
cause	 �on�c	 stress,	 osmot�c	 stress	 and	 secondary	 stress.	Accumulat�on	 of	 sod�um	
(Na+)	and	chlor�de	(Cl-)	at	leaves	harm	the	plant	growth.	Excess�ve	sod�um	�ons	at	
the	root	surface	may	d�srupt	plant	potass�um	uptake	that	�s	v�tal	for	the	ma�ntenance	
of	 cell	 turgor,	membrane	potent�al	 and	 the	act�v�ty	of	many	enz�mes	 (X�ong	and	
Zhu,	2002).

The	percentage	enhancement	of	sod�um	concentrat�on	were	ranged	from	488%	
to	877%	at	sal�ne	so�l	compared	w�th	non	sal�ne	so�l.	Sod�um	concentrat�on	at	P. 
maximum was 488%,	wh�le	B. Brizantha was 877%	at	sal�ne	so�l	compared	w�th	non	
sal�ne	so�l.		Among	the	f�ve	grasses	that	were	tested	at	th�s	exper�ment,		P. maximum	

Table	3.	Potass�um	concentrat�on	of	grasses	at	d�fferent	levels	of	so�l	sal�n�ty

Means	followed	by	a	d�fferent	letter	at	the	same	row	or	column	were	s�gn�f�cantly	d�fferent	at	the	0.05	
probab�l�ty	level	accord�ng	to	LSD	test.	Number	followed	by	a	d�fferent	letter	at	the	same	spec�es	of	
grass	was	s�gn�f�cantly	d�fferent	at	the	0.05	probab�l�ty	level	accord�ng	to	LSD	test.

Grasses Non	sal�ne	so�l Sal�ne	so�l Mean
P. maximum 21.19±2.77a 10.95±0.91b 15.42b

S. sphacelata 38.59±4.48a 10.01±3.33b 24.42a

E. mexicana 20.04±3.85a 		8.90±1.04b 14.47b

B. brizantha 13.31±0.32a 		5.97±1.80b 		9.64c

C. plectostachyus 21.56±2.96a 14.03±2.62b 17.80b

Mean 22.94a 9.86b

Table	4.	Sod�um	concentrat�on	of	grasses	at	d�fferent	levels	of		so�l	sal�n�ty

Means	followed	by	a	d�fferent	letter	at	the	same	row	or	column	were	s�gn�f�cantly	d�fferent	at	the	0.05	
probab�l�ty	level	accord�ng	to	LSD	test.	Number	followed	by	a	d�fferent	letter	at	the	same	spec�es	of	
grass	was	s�gn�f�cantly	d�fferent	at	the	0.05	probab�l�ty	level	accord�ng	to	LSD	test.

Grasses Non	sal�ne	so�l Sal�ne	So�l Mean
P. maximum 1.15±0.35b 		6.77±1.65a 3.96c

S. sphacelata 1.16±0.35b 		8.86±1.89a 5.01b

E. mexicana 0.99±0.03b 		9.09±0.75a 5.04b

B. brizantha 1.19±0.39b 11.63±0.81a 6.41a

C. plectostachyus 1.15±0.36b 10.57±1.34a 5.86ab

Mean 1.13b 9.38a
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showed	the	most	tolerant	plant.		P. maximum	was	capable	to	suppress	the	uptake	of	
sod�um,	also	suppressed	the	reduct�on	of	potass�um	uptake.	
 
Conclus�on

It	could	be	concluded	that	n�trogen	concentrat�on	�n	herbage	of	Panicum maxi-
mum, Setaria sphacelata, Euchlaena mexicana and Cynodon plectostachyus was	not	
d�fferent	between	non	sal�ne	and	sal�ne	so�l.	Herbage	phosphorous	concentrat�on	of		
Panicum maximum, Euchlaena mexicana, Brachiaria brizantha, and Cynodon plec-
tostachyus was	s�m�lar	at	non	sal�ne	and	sal�ne	so�l.	H�gh	salt	concentrat�on	at	sal�ne	
so�l	reduced	potass�um	uptake	and	�ncreased	sod�um	uptake	of	Panicum maximum, 
Setaria sphacelata, Euchlaena mexicana, Brachiaria brizantha, and Cynodon plec-
tostachyus.		Among the f�ve grasses that were tested at th�s exper�ment,Among	the	f�ve	grasses	that	were	tested	at	th�s	exper�ment,		P. maximum	
showed	the	most	tolerant	plant.
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II. FEED AND NUTRITION
Sub Theme: Feed Technology
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Abstract

Theobromine is one of alkaloid in cocoa pod husk (CPH).  Fresh CPH has 
high theobromine content reach 0.40% (400.000 ppm) which is fresh CPH portiontheobromine content reach 0.40% (400.000 ppm) which is fresh CPH portioncontent reach 0.40% (400.000 ppm) which is fresh CPH portion 
in ruminant ration more than 30%  to be affected of health.  This research aim was 
to know the change of theobromine content of CPH with different chop sizes weretheobromine content of CPH with different chop sizes werecontent of CPH with different chop sizes were 
fermented in the different time of incubation by Aspergillus spp.  Three species of 
Aspergillus spp. were used in this research i.e. A. niger, A. oryzae and A. ficuumficuum 
BPT.  There were 4 chop sizes i.e.; irrigular size (A1), 1x5 cm (A2), 3x5 cm (A3), and 
5x5 cm (A4).  The incubation times were; 0, 5, 7, and 9 days, with three replications.  
The solely parameter was theobromine content which were prepared according totheobromine content which were prepared according to content which were prepared according to 
AOAC (1990) and analyze using HPLC (Chen et al., 2008).  The result of research 
showed that CPH fermented using A. niger, the lowest of theobromine content fortheobromine content for content for 
chop size A2 and incubated 9 days was 38.088 ppm.  CPH fermented using A. oryzae 
had the lowest of theobromine content in Atheobromine content in Acontent in A2 and 9 days only 36.215 ppm.  CPH 
fermented with A. ficuum had the lowest of theobromine content in Aficuum had the lowest of theobromine content in A had the lowest of theobromine content in Atheobromine content in A content in A2 and 9 days 
reach 42.914 ppm.  It was concluded that the best of CPH fermented for reducing ofCPH fermented for reducing offermented for reducing ofermented for reducing of 
theobromine content for 1x5 cm (A content for 1x5 cm (A2) chop size with 9 days fermentation, fermentedchop size with 9 days fermentation, fermentedwith 9 days fermentation, fermented 
by A. oryzae. 

Keywords: theobromine, cocoa pod husk, Aspergillus spp., chop sizes, incubationtheobromine, cocoa pod husk, Aspergillus spp., chop sizes, incubation, cocoa pod husk, Aspergillus spp., chop sizes, incubation 
times

Introduct�on		 	 	 	 	 	 	 	 	 	

Cocoa	pod	husk	(CPH)	ut�l�zat�on	�s	expected	to	be	capable	of	feed	fulf�ll�ng	the	
rum�nant	an�mal	requ�rement	yearly,	so	the	an�mal	w�ll	not	be	lack�ng	of	nutr�ents	for	
�ts	l�fe	and	product�on.		Th�s	cond�t�on	has	reason	because	cocoa	trees	have	fru�t	�n	
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a	long	year	wh�ch	�s	CPH	abundant	ava�lable	�n	harvest	season.		Ut�l�zat�on	of	fresh	
CPH	as	feed	supplement	has	l�m�t�ng	factor	wh�ch	one	alkalo�d	�s	theobrom�ne.	CPH	
has	h�gh	of	theobrom�ne	content or	3,7-d�methylxanth�ne (Mahyudd�n	and	Bakr�e,	
1993;	Aregheore, 1999). The h�gh concentrat�on theobrom�ne affected the health ofAregheore,	1999). The h�gh concentrat�on theobrom�ne affected the health of).	The	h�gh	concentrat�on theobrom�ne affected the health of	theobrom�ne affected the health oftheobrom�ne	affected the health ofaffected	the	health	of	
an�mal	(Gold�ng,	1985).	The	theobrom�ne contenttheobrom�ne content	content of CPH	about	0.17-0.20% (Wong0.17-0.20%	(Wong	
and	Hassan,	1988), wh�le �n cocoa beans reached 1.5-3.0%, and �n dry cocoa beans8), wh�le �n cocoa beans reached 1.5-3.0%, and �n dry cocoa beans),	wh�le �n cocoa beans reached 1.5-3.0%, and �n dry cocoa beanswh�le	�n	cocoa	beans	reached	1.5-3.0%, and �n dry cocoa beans1.5-3.0%, and �n dry cocoa beans.5-3.0%, and �n dry cocoa beans5-3.0%, and �n dry cocoa beans.0%, and �n dry cocoa beans%,	and	�n	dry	cocoa	beans	
reached	1.8% (W�llson, 1999)..8%	(W�llson,	1999)..		

Decreas�ng	of	theobrom�ne content can be done w�th fermentat�on method us-theobrom�ne	content can be done w�th fermentat�on method us-content	can	be	done	w�th	fermentat�on	method	us-
�ng	m�crobe	agent	such	as	fung�.	 	Some	researchers	used	A. niger	as decomposeras	decomposer	
of	CPH	�n	sol�d	fermentat�on	process	(Yamaoka-Yano and Mazzafera, 1999; Huq,(Yamaoka-Yano	and	Mazzafera,	1999;	Huq,	
2006)	or	A. oryzae. oryzae (Lub�s	et al.,	2002).		They	found	that	CPH	theobrom�ne contenttheobrom�ne	contentcontent	
were	reduced	due	to	the	role	of	enzyme	act�v�ty	that	secreted	by	Aspergillus spp.

Based	on	those	results,	�n	th�s	research	we	used	A. niger, A. oryzae and	A. fi-fi-
cuum �n	sol�d	fermentat�on	w�th	CPH	as	a	substrate.	The	a�m	of	th�s	research	was	
to	decrease	theobrom�ne content of CPH �n Laboratory scale that subsequently thetheobrom�ne content of CPH �n Laboratory scale that subsequently the		content	of	CPH	�n	Laboratory	scale	that	subsequently	the	
fermented	CPH	would	used	for	alternat�ve	forage,	and	also	we	stud�ed	about	storage	
t�me	of		fermented	CPH	as	feed.

Mater�als	and	Methods

Th�s	exper�ment	was	fermented	CPH	us�ng	three	of	Aspergillus	spp.�.e.	A. ni-
ger, A. oryzae and	A. ficuum,	�n	four	types	of	chop	s�zes	�.e.	�rregular	s�ze	(A1)	as	
control,	1	x	5	cm	(A2),	3	x	5	cm	(A3),	and	5	x	5	cm	(A4)	and	four	k�nds	of	�ncubat�on	
t�mes	�.e.	0,	5,	7	and	9	days.	CPH	was	a�r	dr�ed	for	8	hours	after	chopp�ng,	wh�le	
powder	fung�	were	used	as	much	as	1%	and	then	added	urea	1%	of	CPH	we�ght.		
Urea	d�ssolved	w�th	ster�le	water	�n	rat�o	1	:	10	parts.		Fresh	CPH	used	1	kg	every	
treatment	wh�ch	th�s	was	spread	�n	plast�c	box	(the	f�rst	coat�ng).		CPH	sprayed	w�th	
urea	and	�noculated	of	Aspergillus spp.,	the	next	w�th	same	procedure	was	done	for	
the	second	and	th�rd	coat�ngs.		

After	complet�on	of	 fermentat�on process, CPH was removed and to be a�r-fermentat�on	process, CPH was removed and to be a�r-process,	CPH	was	removed	and	 to	be	a�r-
dr�ed	for	6	hours.	The	we�gh�ng	of	CPH	and	to	be	cont�nued	w�th	samples	dry�ng	
us�ng	oven	�n	temperature	of	55	oC	for	4	days.	About	100	g	of	fermented	CPH	was	
dr�ed	us�ng	freeze	dryer	for	4	days.	Dr�ed	CPH	was	ground	w�th	the	mortal	wh�ch	
was	surrounded	by	�ce	to	ma�nta�n	opt�mal	temperature	and	theobrom�ne content,theobrom�ne	content,content,	
and	then	followed	by	analys�s	of	theobrom�ne content of CPH. Analys�s of theobro-theobrom�ne	content of CPH. Analys�s of theobro-content	of	CPH.		Analys�s	of	theobro-theobro-
m�ne	content was recommended by EFSA (2008) us�ng H�gh-Performance L�qu�dcontent	was	recommended	by	EFSA	(2008)	us�ng	H�gh-Performance	L�qu�d	
Chromatography (HPLC).

Results	and	D�scuss�on

Theobrom�ne	as	alkalo�d	compound	cause	b�tter	�n	cocoa	beans	and	CPH.		Al-Al-
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kalo�d	�s	organ�c	component	from	plant	wh�ch	has	conta�n	of	n�trogen,	commonly	as	
alkal�s	and	�t	has	b�ology	act�v�ty.	The	alkalo�d	�n	plant	has	funct�on	for	attact	of	pest	
(Ur�ch,	1994).	Fermentas�	treatment can decrease CPH theobrom�ne content. CPHtreatment	can	decrease	CPH	theobrom�ne content. CPHtheobrom�ne	content. CPHcontent.		CPH	
non	fermented	has	h�gher	of	theobrom�ne content (Table 1).theobrom�ne	content (Table 1).content	(Table 1).(Table 1).e	1).).		

Note:	A1=	�rregular	s�ze,	A2=	1	x	5	cm,	A3=	3	x	5	cm,	A4=	5	x	5	cm.

Table	1.	Theobrom�ne content of cocoa pod husk fermented byTheobrom�ne	content	of	cocoa	pod	husk	fermented	by	A. niger (ppm)

Incubat�on	
t�mes	(days)

Treatment	of	chop	s�zes	
Average

A1 A2 A3 A4
0 157.560 134.410 171.554 186.193 162.429
5 76.008 71.093 78.857 81.778 76.934
7 38.545 38.103 46.680 52.697 44.006
9 38.477 38.088 43.837 45.727 37.507

Average 77.648 70.424 85.232 91.599

The	f�nd�ng	results	showed	that	fermentat�on process affected the decreas�ngfermentat�on process affected the decreas�ng	process	affected	the	decreas�ng	
of	CPH	theobrom�ne	content.		In	A. niger	fermentat�on treatment, there was an effectfermentat�on	treatment,	there	was	an	effect	
on	CPH theobrom�ne content due to d�fferences of chop s�zes and �ncubat�on t�mes.CPH	theobrom�ne	content	due	to	d�fferences	of	chop	s�zes	and	�ncubat�on	t�mes.		
Reduc�ng	of	CPH	chop	s�ze	was	parallel	to	reduc�ng	of	theobrom�ne content. Thetheobrom�ne content. The	content.	The	
A2	and	A4	chop	s�zes	showed	average	of	the	lowest	and	the	h�ghest	of	theobrom�ne	
content,	respect�vely.	On	the	other	s�de,	�ncreas�ng	of	�ncubat�on	t�me	was	�nversed	
w�th	decreas�ng	of	average	of	theobrom�ne	content.	The lowest average of theobro-The	lowest	average	of	theobro-
m�ne	content was ach�eved through fermentat�on at 9 days of �ncubat�on (reduced	was	ach�eved	through	fermentat�on	at	9 days of �ncubat�on (reduced9	days	of	�ncubat�on	(reduced	
76.91%).	From	th�s	exper�ment,	 the	 lowest	of	 theobrom�ne	content	(38.088	ppm)	
was	ach�eved	�n	A2	chop	s�ze	when	�ncubated dur�ng 9 days.�ncubated	dur�ng	9	days.

Fermentat�on us�ngermentat�on	us�ngus�ng	A. oryzaeoryzae �n	treatment	of	chop	s�zes	and	�nc�bat�on	t�mes	
showed	effect	to	decreas�ng	of	CPH	theobrom�ne	content that was presented �n Ta-content	that was presented �n Ta-that	was	presented	�n	Ta-
ble	2.	Reduc�ng of CPH chop s�ze had correlat�on w�th reduc�ng of theobrom�neReduc�ng	of	CPH	chop	s�ze	had	correlat�on	w�th	 reduc�ng	of	 theobrom�netheobrom�ne	
content.	The	A2	chop	s�ze	showed	average	of	the	lowest	theobrom�ne	content,	wh�le	
A4	was	the	h�ghest	theobrom�ne	content.	The	longer	�ncubat�on	t�me	supported	re-
duc�ng	theobrom�ne content. The lowest average of theobrom�ne content was occurtheobrom�ne content. The lowest average of theobrom�ne content was occur	content.	The lowest average of theobrom�ne content was occurThe	lowest	average	of	theobrom�ne	content was occur	was	occur	
at	9 days fermentat�on (reduced 23.81%). From th�s exper�ment, the lowest of theo-9	days	fermentat�on	(reduced	23.81%).		From	th�s	exper�ment,	the	lowest	of	theo-
brom�ne	content	(36.215	ppm)	was	ach�eved	�n	A2	chop	s�ze	when	�ncubated dur�ng�ncubated	dur�ng	
9	days.

The	 f�nd�ng	 results	 showed	 that	 fermentat�on CPH us�ngfermentat�on CPH us�ng	CPH	us�ngus�ng	A. ficuum affected	
the	decreas�ng	of	theobrom�ne	content	(Table 3). Decreas�ng of CPH chop s�ze hadTable	3).	Decreas�ng of CPH chop s�ze hadDecreas�ng of CPH chop s�ze had	of CPH chop s�ze hadof	CPH	chop	s�ze	had	
relat�on	w�th	decreas�ng	of	theobrom�ne content. The Atheobrom�ne content. The A	content.	The	A2	chop	s�ze	showed	average	
of	the	lowest	for	theobrom�ne	content.	On	the	other	s�de,	�ncreas�ng	of	�ncubat�on	
t�me	was	�nversed	w�th	decreas�ng	of	average	of	theobrom�ne	content.	The lowestThe	lowest	
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average	 of	 theobrom�ne	 content was ach�eved through fermentat�on at 9 days of	 was	 ach�eved	 through	 fermentat�on	 at	 9 days of9	 days	 of	
�ncubat�on	(decreased	28.09%).		From	th�s	exper�ment,	the	lowest	of	theobrom�ne	
content	(36.512	ppm)	was	ach�eved	�n	A2	chop	s�ze	when	�ncubated dur�ng 9 days.�ncubated	dur�ng	9	days.

The	average	for	 theobrom�ne	content	 �n	CPH	non	fermentat�on	(0	day)	was	
192.556	ppm	(192.556	mg/kg),	kg).	Th�s	value	was	lower	from	reported	by	Haryat�Haryat�	
and	Harjosuw�to	(1984);	Wong and Osman (1988) about 0.17-0.20% (1,700-2,000Wong	and	Osman	(1988)	about	0.17-0.20%	(1,700-2,000	
mg/kg),	 but	 EFSA	 (2008)	 reported	 h�gher	 reach	 0.40%	 (4,000	 mg/kg).	 D�fferentD�fferent	
of	theobrom�ne	content for non fermented CPH was caused by d�fferent treatmentcontent	for	non fermented CPH was caused by d�fferent treatmenton	fermented	CPH	was caused by d�fferent treatmentwas	caused	by	d�fferent	treatment	
of	chop s�ze. Th�s research, CPH was chopped and a�r dr�ed dur�ng 8 hours wh�chchop	s�ze. Th�s research, CPH was chopped and a�r dr�ed dur�ng 8 hours wh�ch.	Th�s	research,	CPH	was	chopped	and	a�r	dr�ed	dur�ng	8	hours	wh�ch	
was	 decrease	 water	 content	 and	 followed	 by	 decreas�ng	 of	 theobrom�ne content.theobrom�ne	 content..		
The	cocoa	bean	had	theobrom�ne	content h�gher reached 1.5-3.0% (15,000-30,000content	h�gher	reached	1.5-3.0% (15,000-30,0001.5-3.0% (15,000-30,000.5-3.0% (15,000-30,0005-3.0% (15,000-30,000.0% (15,000-30,000%	(15,000-30,000	
mg/kg) (Harr�son, 2001), wh�le dry beans had theobrom�ne content lower only 1.8%)	(Harr�son, 2001), wh�le dry beans had theobrom�ne content lower only 1.8%Harr�son,	2001),	wh�le dry beans had theobrom�ne content lower only 1.8%wh�le	dry	beans	had theobrom�ne content lower only 1.8%had	theobrom�ne	content lower only 1.8%content	lower	only	1.8%	
(18,000	 mg/kg)	 (W�llson,	 1999)..	 The	 CPH	 theobrom�ne	 content was the lowestcontent	 was	 the	 lowest	
among	3	var�et�es	of	Aspergillus	spp.	after	fermentat�on	process	that	was	A. niger	�n	
A2	w�th	�ncubat�on	of	9 days (45.052 ppm).9	days	(45.052	ppm).

Reduc�ng	 of	 CPH	 theobrom�ne	 content caused by decompos�ng act�v�ty ofcontent	 caused	 by	 decompos�ng	 act�v�ty ofact�v�ty	 of	
Aspergillus spp.	wh�ch	was	dur�ng	fermentat�on	process	to	result	heat	(�ncreas�ng	

Note:	A1=	�rregular	s�ze,	A2=	1	x	5	cm,	A3=	3	x	5	cm,	A4=	5	x	5	cm.

Table	2.	CPH	theobrom�ne	content	KBK	nonfermented	and	fermented	w�th	A. niger (ppm)

Incubat�on	
t�mes	(days)

Chop	s�zes
Average

A1 A2 A3 A4
0 181.891 191.058 195.084 197.083 191.279
5 62.904 64.337 67.120 75.050 67.353
7 53.275 53.926 53.600 58.360 54.790
9 46.016 36.215 46.880 53.096 45.552

Average 86.022 86.384 90.671 95.897

Note:	A1=	�rregular	s�ze,	A2=	1	x	5	cm,	A3=	3	x	5	cm,	A4=	5	x	5	cm.

Table	3.	CPH	theobrom�ne	content	KBK	nonfermented	and	fermented	w�th	A. ficuum	(ppm)

Incubat�on	
t�mes	(days)

Chop	s�zes
Average

A1 A2 A3 A4
0 175.409 156.430 214.776 223.609 192.556
5 68.566 69.884 81.920 91.207 77.894
7 62.146 66.348 75.749 88.566 73.202
9 45.052 42.914 58.360 80.048 56.593

Average 87.793 83.894 107.701 120.858
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of	substrate	temperature).	Bes�de	that	occured	hydrolys�s	�n	CPH	substrate.	In	th�s	
step,	 theobrom�ne d�ssolve �n cell l�qu�d and came out together w�th evaporat�ontheobrom�ne	d�ssolve �n cell l�qu�d and came out together w�th evaporat�ond�ssolve	 �n	cell	 l�qu�d	and	came	out	 together	w�th	evaporat�on	
process.	Rohan	(1963)	and	Alamsyah	(1991)	were	reported	that	theobrom�ne con-theobrom�ne	con-con-
tent	 reduce	dur�ng	 fermentat�on	process	 because	 soluble	 �n	 cell	 l�qu�d	 and	d�ffu-
s�on	�n	cocoa	bean	n�b.	D�ffus�on	process	w�ll	stop	�f	occur	balance	of	theobrom�netheobrom�ne	
content	�n	cocoa	bean. Decreas�ng of CPH theobrom�ne content was relat�vely low.	Decreas�ng	of	CPH	theobrom�ne content was relat�vely lowtheobrom�ne	content	was	relat�vely	low	
between	A. niger	compared	A. ficuum.	Th�s	case	had	relat�t�on	w�th	ab�l�ty	A. niger 
to	ut�l�ze	theobrom�ne as energy source. Accord�ng to Asano et al. (1993) and Hak�ltheobrom�ne	as	energy	source.	Accord�ng	to	Asano	et	al.	(1993)	and	Hak�l	
et	al.	(1999)	that	A. niger niger had	ab�l�ty	to	ut�l�ze	theobrom�ne as energy source th-theobrom�ne	as	energy	source		th-
rough	methylxanth�nes	degradat�on.

Conclus�ons		 	 	 	 	 	 	 	 	 	
												

The	chop	s�ze	of	1x5	cm	and	�ncubat�on	t�mes	of	9	days	affected	decreas�ng	of	
CPH		theobrom�ne content. The best of CPH fermented for reduc�ng of theobrom�netheobrom�ne content. The best of CPH fermented for reduc�ng of theobrom�ne	content.		The	best	of	CPH fermented for reduc�ng of theobrom�neCPH	fermented for reduc�ng of theobrom�nefermented for reduc�ng of theobrom�neermented	for	reduc�ng	of	theobrom�ne	
content	 for	 chop s�ze 1x5 cm (Achop	 s�ze	 1x5	 cm	 (A2)	 w�th	 9	 days	 fermentat�on,	 fermented	 by	 A. 
oryzae.
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Abstract	

In vitro digestibility of silage was influenced sample preparation methods 
because silage contained volatile compounds had potentially losses during 
preparation. An experiment had been conducted to evaluate different methods for 
preparing of a silage sample which was used in vitro digestibility studies. King 
grass (Pennisetum hybrid) silage were sampled at 21 d incubation for in vitro gas 
production analysis. Sample preparation was conducted by oven drying at 60°C 
while freeze drying method at -20°C and both of them conducted during 20 hours. 
The variables measured were in vitro dry matter and organic matter digestibility 
(IVDMD and IVOMD), gas production, volatile fatty acids (VFA) production. The 
experiment was arranged on completely randomized design with t-test analysis. 
Results showed that either IVDMD or IVOMD from silage dried by oven and freeze 
drying methods were similar. Production of volatile fatty acid (VFA) and acetate: 
propionate ratio (C2:C3) had also no differences between silage prepared by oven 
and freeze drying methods. However, total gas production from silage during 48 
hours incubation affected by drying methods significantly (P<0.05). Gas production 
of freeze dried silage (Y) could be predicted by gas production from oven dried 
silage (X) as followed the equation was Y=1.0846X+0.7947 (R2=0.997). It was 
concluded that oven drying method could be used for the sample preparing method 
of silage at the in vitro digestibility analysis. 

Key words: freeze drying, gas production, in vitro digestibility, oven drying, silage

Introduct�on

S�lage	 �s	 def�ned	 as	 forage	 that	 �s	 preserved	 �n	 the	 controlled	 fermentat�on	
(McDonald	et al.,	1991).	It	�s	a	complex	rout�ne	preparat�on	to	determ�ne	chem�cal	
const�tut�on	and	character�sat�on	of	s�lage	products.	Due	 to	s�lage	 �s	a	product	of	
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m�crob�al	fermentat�on	act�v�ty	wh�ch	produce	volat�le	and	unstable	chem�cal	com-
pound	such	as	ammon�a,	volat�le	fatty	ac�ds,	and	lact�c	ac�d	(Rêgo	et al.	2010).		To	
overcome	the	problems,	many	researchers	often	use	a	freeze	dry�ng	techn�que	for	
a	better	sample	preparat�on	�n	future	analys�s	(Grabber,	2009).		However,	there	are	
l�m�tat�ons	 apply�ng	 th�s	 method	 �nclud�ng	 relat�vely	 expens�ve	 equ�pment,	more	
complex	sample	preparat�on,	etc.	On	the	other	hand,	there	are	some	relat�vely	s�m-
ple	preparat�on	methods	to	proceed,	such	as	oven	dry�ng	(Kamarlo�y	and	Yansar�,	
2008)	or	freeze	dry�ng	(Calabrò	et al..	2005,	Grabber,	2009).	

It	�s	necessary	to	�nvest�gateeffects	of	substrate	preparat�on	(�.e.	freeze	versus	
oven	dr�ed)	on	in vitro	d�gest�b�l�ty	of	k�ng	grass	(Pennisetum hybrid)	on	the	bas�s	of	
in vitro	gas	product�on	techn�que.	Th�s	�s	because	sample	preparat�on	method	pro-
duced	h�ghly	s�gn�f�cant	�nfluence	on	in vitro	degradat�on	test.	Calabrò	et al.	(2005)	
�nd�cated	that	there	was	s�gn�f�cant	�nteract�on	between	sample	method	preparat�on	
and	fermentab�l�ty	parameters.	Total	gas	product�on	�s	known	to	g�ve	a	good	est�ma-
t�on	of	d�gest�b�l�ty	(Beuv�nk	and	Kogut,	1993).	Th�s	method	�s	also	able	to	pred�ct	
fract�ons	of	 rumen	fermentable	organ�c	matter,	crude	prote�n	and	starch	escap�ng	
rumen	degradat�on	as	well	as	in vitro	organ�c	matter	d�gest�b�l�ty	(DeBoever	et al.,	
2005).	

Therefore,	the	object�ve	of	th�s	study	was	to	�nvest�gate	the	effect	of	sample	
preparat�on	method	on	k�ng	grass	s�lage	d�gest�b�l�ty	based	on	determ�nat�on	of	in 
vitro	dry	matter	and	organ�c	matter	d�gest�b�l�ty,	 total	gas	and	volat�le	 fatty	ac�ds	
product�on	us�ng	gas	product�on	techn�que.	

Mater�als	and	methods

S�lage	was	made	from	k�ng	grass	(Pennisetum hybrid).	Grass	was	w�lted	for	
24	hours	to	�ncrease	dry	matter	(DM)	content.	Feed	mater�als	were	chopped	w�th	
shredded	s�ze	1-3	cm.	Inoculants	1%	(v/w)	was	added	�nto	grasses	and	water	was	
also	added	to	adjust	mo�sture	content	up	to	75%.	After	m�x�ng	homogenously,	all	�n-
gred�ents	were	packed	�n	plast�c	bag	(5	kg/pack)	and	�ncubated	for	21	days.	Samples	
were	prepared	by	two	methods	of	dry�ng.	The	f�rst	group	was	dr�ed	by	oven-dry�ng	
(60°C)	for	20	h,	and	the	other	one	was	dr�ed	by	freeze-dry�ng	method	us�ng	a	freeze	
dryer	 Leybold-Heraeus	 GT	 Lyovac	 type-2	 (Peterswan	 Ltd.,	 Ed�nburgh)	 at	 -20°C	
for	20	h.		Samples	were	then	ground	w�th	a	mortar	and	s�eved	by	a	f�lter	(1.0	mm	
screen�ng).

Evaluat�on	 of	 s�lage	 d�gest�b�l�ty,	 volat�le	 fatty	 ac�ds	 (VFA)	 and	 ammon�a	
(NH3)	product�ons	were	measured	by	the	total	gas	product�on	us�ng	Menke	et al.	
(1979)	that	was	mod�f�ed	by	Jayanegara	et al.	(2009).	In vitro	DM	and	organ�c	mat-
ter	(OM)	d�gest�b�l�ty	(IVDMD	or	IVOMD)	were	measured	accord�ng	to	Blümmel	
et al.	(1997)	method.	In vitro	d�gest�b�l�ty	was	determ�ned	by	calculat�ng	degrada-
t�on	percentage	of	DM	or	OM	after	�ncubat�on	for	24	h.
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	Ground	s�lage	samples	(380	mg,	DM	86.4%)	were	placed	�nto	the	syr�nge	to	
the	pre-�ncubat�on	for	24	h	at	39°C.	Rumen	flu�d	(10	ml)	and	buffer	solut�on	(20	
ml)	were	�nserted	�nto	syr�nge	w�th	saturated	CO2.	Compos�t�on	of	buffer	solut�on	
per	 100	 ml	 rumen	 flu�d	 (Menke	 et al.,	 1979)	 cons�sted	 of	 macrom�nerals	 (23.7	
ml),	 m�cro-m�nerals	 (0.012	 ml),	 b�carbonate	 buffer	 solut�on	 (23.7	 ml),	 resazur�n	
4%	(0.122	ml),	reduc�ng	solut�on	(4.96	ml)	and	d�st�lled	water	(47.5	ml).	Rumen	
flu�d	 was	 taken	 from	 f�stulated	 beef	 cattle	 (Ongole	 crossbred)	 wh�ch	 had	 been	
cond�t�oned	to	feed�ng	standard	(feed	compos�t�on	cons�sted	of	60%	forage	and	40%	
concentrate).	Gas	product�on	k�net�cs	was	calculated	based	on	exponent�al	equat�on	
(Ørskov	and	McDonald,1979).	The	est�mated	value	of	a,	b,	c	were	calculated	by	
f�tt�ng	curve	method	us�ng	Neway	Software	(Rowett	Research	Inst�tute,	Aberdeen,	
UK)	�nstalled	at	M�crosoft	Off�ce	Excel	2007®	that	was	developed	by	Chen	(1997).	

VFA	was	analysed	us�ng	gas	chromatography	method	(Fr�ggens	et al.,	1998)	and	
NH3	analys�s	us�ng	spectrophotometr�c	method	(Broder�ck	and	Kang,	1980).

Evaluat�on	of	 in vitro	d�gest�b�l�ty	and	fermentab�l�ty	were	arranged	on	fac-
tor�al	completely	random�zed	des�gn	w�th	2	factors	of	 treatments.	Each	treatment	
cons�sted	of	3	repl�cat�ons	w�th	2	sub	samples.	Pangola	grass	(Digitaria decumbens)	
was	used	as	standard	sample	and	each	syr�nges	conta�n�ng	s�lage,	standard	samples	
and	blank	were	randomly	allocated	�n	the	�ncubator.	Incubat�on	was	carr�ed	out	for	
48	h	and	gas	product�on	was	observed	at	0,	1,	2,	4,	6,	8,	12,	18,	24,	36	and	48	h	after	
�ncubat�on.		Data	of	IVDMD	and	IVOMD,	gas	product�on,	VFA	total,	acetate	(C2),	
prop�onate	 (C3),	 butyrate	 (C4),	 and	 NH3	were	 analyzed	 w�th	 analys�s	 of	 var�ance	
(ANOVA)	and	�f	among	the	treatments	showed	s�gn�f�cant	d�fferences	(P<0.05)	fol-
lowed	by	t-test	(Gomez	and	Gomez,	2007).

Results	and	d�scuss�ons
	
Effect	 of	 dry�ng	 methods	 on	 in vitro	 IVDMD	 and	 IVOMD	 were	 shown	 at	

Table	1.		IVOMD	and	IVDMD	of	s�lages	prepared	by	freeze	dry�ng	method	were	
5-6%	h�gher	than	those	of	s�lages	prepared	by	oven	dry�ng	method.	However,	dry-
�ng	methods	had	no	s�gn�f�cant	�nfluences	on	those	var�ables.	In vitro d�gest�b�l�ty	of	
s�lage	could	be	�nfluenced	by	many	factors	wh�ch	were	sample	preparat�on	methods	
and	chem�cal	component	of	feedstuff.	

Fresh	or	freeze-dr�ed	s�lages	tended	to	be	more	fermentable	than	oven-dr�ed	
s�lage	 (Calabrò	et al.,	2005,	Grabber	et al.,	2009),	 the	nutr�t�ve	value,	 espec�ally	
prote�n	and	crude	f�ber	�n	s�lage,	was	closely	related	to	in vitro	degradab�l�ty	(De-
Boever	 et al.,	 2005).	 In	 many	 cases,	 overheat�ng	 affected	 solub�l�ty	 of	 nutr�ents.	
Prote�ns were b�nd�ng to NDF content �n s�lage �f dry�ng temperature was more thanrote�ns	were	b�nd�ng	to	NDF	content	�n	s�lage	�f	dry�ng	temperature	was	more	than	
70°C (Cone°C (Cone	(Cone et al.,	1996).	Because	of	sample	was	dr�ed	at	low	temperature	(60°C),60°C),	
there	was	no	s�gn�f�cant	alterat�on	of	total	nutr�ent	solub�l�ty	�nd�cated	by	a	s�m�lar-
�ty	�n	d�gest�b�l�ty	of	oven-dr�ed	sample	to	that	of	freeze-dr�ed	sample.	Calabrò	et 
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al.	(2005)	reported	that	there	were	no	d�fferences	�n	OM	degradab�l�ty	(707	vs	708	
g/kg)	from	s�lage	dr�ed	by	freeze-	and	oven-	dry�ng	(65°C).	VFA	and	ammon�a	were	
read�ly	vapor	by	�ncreas�ng	temperature	�n	dry�ng	chamber.	Unstable	chem�cal	com-
pound	(VFA	and	NH3)	could	be	exhausted	after	s�lo	was	opened	and	s�lage	was	dr�ed	
(Rêgo	et al.,	2010).	To	ma�nta�n	volat�le	or	unstable	compounds,	�n	s�lage	could	be	
conserved	by	freeze	dry�ng	(Grabber,	2009).		D�fferences	of	dry�ng	methods	were	
s�gn�f�cantly	�nfluence	k�net�cs	of	gas	product�on	dur�ng	48	h	�ncubat�on.	Gas	pro-
duct�on	was	h�gher	for	freeze-dr�ed	sample	than	that	of	oven-dr�ed	sample		(F�gure	
1A).	Th�s	result	�nd�cated	that	gas	product�on	from	s�lage	was	h�gher	when	�t	was	
prepared	by	freeze-dry�ng	than	by	oven-dry�ng.	

Gas	product�on	obta�ned	from	freeze-dr�ed	s�lage	(Y)	could	be	est�mated	by	
that	 from	 oven-dr�ed	 s�lage	 (X)	 follow�ng	 the	 equat�on:	 Y=1.085X+0.795	 (R2=	
0.998)	(F�gure	1B).	Th�s	equat�on	showed	a	s�gn�f�cant	analys�s	based	on	cons�stent	
�ncreases	�n	gas	product�on	from	both	s�lages	prepared	by	d�fferent	methods.	Oven-
dr�ed	s�lages	could	be	used	as	est�mat�on	of	gas	product�on	produced	by	freeze-dr�ed	
s�lages.	De�num	and	Maassen	(1994)	stated	that	forage	dr�ed	at	at	70	oC	produced	

1IVDMD:	 in vitro	Dry	Matter	D�gest�b�l�ty,	 2IVOMD:	 in vitro	Organ�c	Matter	D�gest�b�l�ty,	 3Gas	
Product�on	from	Soluble	Fract�on	(a)	and	Potent�al	Soluble	Fract�on	(b),	and	Rate	of	Gas	Product�on	
(c),	*	Mean	w�th	d�fferent	superscr�pt	at	same	row	showed	s�gn�f�cant	d�fference	(P<0.05).

Table	1.	In vitro	d�gest�b�l�t�es,	gas	product�on	parameters,	product�on	of	volat�le	fatty	ac�d	
(VFA)	and	amon�a	(NH3)	from	s�lage	prepared	by	oven	and	freeze	dry�ng

Var�able
Dry�ng	Methods

Oven	(60	°C) Freeze	Dry	(-20	°C)
In vitro	d�gest�b�l�ty
IVDMD1	 (%) 43.74±3.18 46.29±8.62
IVOMD2	 (%) 50.61±3.01 53.83±10.55
Gas	product�on3

a (ml/h) -0.450±0.401 -0.518±0.479
b (ml/h) 48.32±2.623 50.746±4.675
a+b (ml/h) 47.87±2.517 50.227±4.580
c (ml/h)* 0.032±0.006b 0.025±0.003a

Total	VFA (mM) 161.11±63.74 162.99	±	79.10
Acetate	(C2) (mM) 114.11±47.86 109.79	±	54.89
Prop�onate	(C3) (mM) 34.89±11.93 39.25±17.61
Butyrate	(C4) (mM) 12.11±5.31 13.96	±7.94
Rat�o	C2:C3 3.20±0.63 2.75±0.39

NH3	 (mg/100	ml) 32.13±3.68 32.08±4.68



191Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

less	nutr�ent	destruct�on,	but	dry�ng	up	to	105	oC	caused	more	prote�n	bound	to	NDF	
fract�on	and	�ncreased	other	compound	losses.	Th�s	was	due	to	Ma�llard	react�on	to	
occur	between	am�no	ac�d	(prote�n)	and	glucose	that	strengthened	chem�cal	l�nkage	
�n	those	fract�ons	and	less	fermentable	�nd�cated	by	lower�ng	gas	product�on.

Var�ables	of	soluble	(a)	and	�nsoluble	fract�on	(b)	showed	non-s�gn�f�cant	d�f-
ferences	between	sample	prepared	by	both	dry�ng	methods.	However,	gas	produc-
t�on	rate	(c)	data	was	able	to	show	nutr�ent	loses	produced	by	oven-dry�ng	method.	
Fresh	s�lage	(200	mg)		produced	gas	(45.6	ml)	h�gher	than	dr�ed	s�lage	(32.4	ml)	at	
24	h	�ncubat�on	(Calabrò	et al.,	2005).	Dry�ng	at	low	temperature	was	able	to	keep	
volat�le	compound	�n	s�lage,	and	th�s	type	of	s�lage	could	be	s�m�lar	to	that	of	fresh	
s�lage.		Metabol�tes	�n	s�lage	were	dom�nated	by	organ�c	ac�ds	such	as	lact�c,	acet�c,	
prop�on�c,	and	butyr�c	ac�ds,	N-ammon�a	(McDonald	et al.,	1991).

There	were	no	 s�gn�f�cant	d�fferences	between	oven-	 and	 freeze-	dry�ng	 for	
s�lage	prepar�ng	method	on	total	VFA,	acetate,	prop�onate,	butyrate	and	ammon�a.	
Average	product�ons	of	acetate,	prop�onate	and	butyrate	were	112.0,	37.1,	and	13.1	
mM,	respect�vely,	w�th	average	rat�o	of	acetate	(C2)	and	prop�onate	(C3)	was	2.98	
and	ammon�a	product�on	was	around	32.0	mg/100	ml.	Calabrò	et al.	(2005)	reported	
that	freeze-	and	oven-	dry�ng	produced	d�fferent	effects	on	corn	s�lage,	but	were	not	
stat�st�cally	s�gn�f�cant.	The	results	showed	that	total	VFA	(90.90	vs	82.94	mmol/g	
OM),	acetate	(65,60	vs	54.56	mmol/g	OM),	prop�onate	(23.4	vs	22.26	mmol/g	OM),	
butyrate	(1.99	vs	3.03	mmol/g	OM).	Moreover,	those	d�fferences	value	showed	that	
not	s�gn�f�cant	d�fferences.	Based	on	fermentab�l�ty	var�ables,	there	were	s�m�lar�ty	
�n	responses	between	the	two	methods.	Volat�le	compound	produced	by	m�crobes	
dur�ng	ens�lage	was	not	s�gn�f�cantly	lost	when	s�lage	sample	was	prepared	by	oven	
dry�ng	(60	°C,	20	h).	A	h�gher	dry�ng	temperature	caused	many	losses	of	compound	
�n	 fresh	 forage	decrease	 �n	d�gest�on	 rate,	conversely	a	 lower	dry�ng	 temperature	
(50-70°C)	caused	less	several	loses	(De�num	and	Maasen,	1994).

F�gure	1.	Gas	product�on	k�net�cs	(A)	and	relat�onsh�p	of	gas	product�on	(B)	from	s�lage	
prepared	by	freeze	and	oven	dry�ng
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Conclus�on

There	were	no	d�fferences	between	oven-dr�ed	(60	°C,	20	h)	and	freeze-dr�ed	
(-20	°C,	20	h)	samples	on	�n	v�tro	d�gest�b�l�ty	and	fermentab�l�ty.		Gas	product�on	of	
freeze-dr�ed	s�lage	(Y)	could	be	pred�cted	by	that	from	oven-dr�ed	s�lage	(X)	us�ng	
the	follow�ng	equat�on:	Y=1.085X+0.795	(R2=0.998).	It	was	concluded	that	oven-
dry�ng	(60	°C,	20	h)	method	can	be	used	for	prepar�ng	s�lage	samples	�n	 in vitro	
d�gest�b�l�ty	analys�s.	
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Abstract

A meta-analysis of results from broiler chicken trials was conducted from 
several countries between 2003-2012 to demonstrate the effects of dietary prebiotic 
versus basal diets on feed consumption, weight gain, body weight gain and feed 
conversion of broiler chicken. A number of thirty seven references (peer reviewed 
papers) was collected to analyse by using statistical meta-analysis. Criteria for 
selecting studies were : 1) pen trial, 2) prebiotic dosage, 3) negative and/or positive 
control, 4) antibiotic inclusion, 5) replication, 6) result and discussion. Results 
were averaged “by treatment” using paired T-test to compare the use of dietary 
prebiotic on broiler performance. Compared with negative control, the final body 
weight and body weight gain of broiler chicken with the inclusion of prebiotic give 
significan effects (P<0.05) and was found to be 2.22 % and 2.83 % greater than 
unsupplemented. However, dietary prebiotic slight improve (P>0.05) 1.974 % feed 
intake and 1.153 % feed conversion. Comparisons between this present of meta-
analysis and those done previously on another prebiotic trial suggest that dietary 
prebiotic may improve broiler performance.

Keywords: broiler, chicken, meta-analysis, prebiotic

Introduct�on

A	preb�ot�c	compound	�s	def�ned	as	a	nond�gest�ble	food	�ngred�ent	that	can	
be	ut�l�zed	by	�ntest�nal	m�croflora,	wh�ch	benef�c�ally	affects	the	host	(G�bson	and	
Roberfro�d,	1995).	Ol�gosacchar�des	as	preb�ot�cs	are	carbohydrates	composed	of	
short	cha�n	of	monosacchar�des.	Some	are	thought	to	enhance	the	growth	of	benef�c�al	
organ�sms	�n	the	gut	and	others	are	thought	to	funct�on	by	compet�ng	w�th	pathogen�c	
bacter�a	for	attachment	s�tes	�n	the	lumen	(K�m	et	al.,	2011).	Ol�gosacchar�des	are	
carboh�drates	 that	y�eld	2	 to	10	monosacchar�des	upon	hydrolys�s	 (Ben�tes	et	al.,	
2008).	
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However,	 certa�n	 ol�gosacchar�des	 such	 as	 fructo-ol�gosacchar�des,	 galacto-
ol�gosacchar�des	 and	 mannan-ol�gosacchar�des	 due	 to	 the�r	 un�que	 chem�cal	
structures,	are	res�stant	to	d�gest�ve	enzymes	�n	the	upper	d�gest�ve	tract	of	a	host	
enter	�n	the	h�ndgut,	fermented	by	the	�ntest�nal	m�croflora	and	trans�t	unchanged	�nto	
the	large	�ntest�ne	(Rehman	et al.,	2007).	Preb�ot�cs	have	�nd�rect	favorable	effects	
on	the	host	�mmun�ty.	They	st�mulate	the	growth	of	lact�c	ac�d-produc�ng	bacter�a.	
These	bacter�a	can	�nfluence	the	�mmune	system	by	produc�ng	�mmunost�mulat�ng	
compounds	(Houshmand	et al.,	2012).	Mannan-ol�gosacchar�des	(MOS)	are	present	
�n	 the	 cell	 wall	 of	 yeast	 and	 have	 been	 shown	 to	 alter	 m�crob�al	 populat�ons	 �n	
l�vestock	(B�ggs	et al.,	2007).	MOS	have	un�que	funct�ons	as	a	compet�t�ve	b�nd�ng	
s�te,	the	bacter�a	b�nd	to	�t	and	are	carr�ed	out	of	the	gut	rather	than	b�nd�ng	to	the	
�ntest�ne	(Gr�ggs	and	Jacob,	2005).	Inul�n,	a	preb�ot�c	polyfructan,	extracted	from	
ch�cory	(Chicorium intybus) that contains β (2 → 1) glycosidic bond and resistant 
to	host-der�ved	d�gest�ve	enzymes	(Rehman	et	al.,	2007).	But,	the	major	preb�ot�cs	
of	 �nterest	 as	 poultry	 feed	 add�t�ves	 are	 fructo-ol�gosacchar�de	 and	 mannan-
ol�gosacchar�de	(Shanmugasundaram	and	Selvaraj,	2012).	

However,	 there	were	 �ncons�stency	and	 �nconclus�ve	data	of	 the	appl�cat�on	
of	preb�ot�cs	on	bro�ler	performance	 (Gr�ggs	and	 Jacob,	2005).	An	alternat�ve	 to	
f�nd	out	th�s	problem	�s	the	meta-analys�s	approach	that	allows	�ntegrat�ng	d�fferent	
var�ables	and	establ�sh�ng	systemat�c	responses	adjusted	to	the	d�vers�ty	of	ava�lable	
exper�mental	publ�cat�ons	(Andrette	et al.,	2012).	Therefore,	th�s	study	was	performed	
us�ng	meta-analys�s	to	�nvest�gate	the	relat�onsh�p	of	several	preb�ot�cs	on	bro�ler	
ch�ckens	performance.

Mater�als	and	Methods

Literature Preparation
Indexed	publ�cat�ons	w�th	�n	v�vo	exper�mental	results	on	bro�ler	feed	supple-

mented	w�th	preb�ot�cs	were	selected.	The	search	strategy	to	select	the	publ�cat�ons	
was	to	consult	d�fferent	onl�ne	data	sources	w�th	key	words	�n	Engl�sh.	The	ma�n	
cr�ter�a	for	select�ng	publ�cat�ons	were	a)	d�ets	w�th	preb�ot�cs	compar�ng	w�thout	
preb�ot�cs,	b)	research	w�th	no	challenge	treatment,	c)	effects	of	preb�ot�cs	on	bro�ler	
ch�cken	performance.	After	the	select�on	of	the	publ�cat�ons,	the	performance	var�-
ables	such	as	feed	�ntake,	body	we�ght,	body	we�ght	ga�n	and	feed	convers�on	were	
tabulated	to	perm�t	the	descr�pr�ve	analys�s	of	stud�es	�ncluded	�n	the	database.	

Description of the Database
The	database	composed	from	37	art�cles	publ�sed	(peer	rev�ewed	journal)	be-

tween	2003	and	2012.	The	most	frequent	pre�od�cals	�n	the	database	were	Journal	of	
Poultry	Sc�ence	(32.43	%	of	the	papers),	Br�t�sh	Poultry	Sc�ence	(29.73	%),	Journal	
of	An�mal	Phys�ology	and	An�mal	Nutr�t�on	(10.81	%),	South	Afr�can	Journal	of	
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An�mal	Sc�ence	(8,11	%),	Journal	of	Appl�ed	Poultry	Research	(5.41	%),	Interna-
t�onal	Journal	of	Poultry	Sc�ence	(5.41	%),	Austral�an-As�an	Journal	of	An�mal	Sc�-
ence	(5.41	%),	Braz�l�an	Journal	of	Poultry	Sc�ence	(5.41	%)	and	Journal	of	An�mal	
and	Veter�nary	Advances	(5.41	%).	Most	of	the	exper�ments	were	conducted	�n	Eu-
ropean	(43.24	%	of	the	papers),	Austral�an	(24.32	%	of	the	papers)	and	Amer�can	
(18.92	%	of	the	papers)	�nst�tut�ons.

The	stud�es	�ncluded	�n	the	database	total	13,928	bro�lers,	w�th	an	average	of	
376	bro�lers	per	paper.	The	genet�cs	were	descr�bed	�n	86.49	%	of	the	papers	(40.54	
%	Cobb	and	35.14	%	Ross).	Most	(59.46	%)	of	the	papers	used	male	bro�lers,	13.51	
%	used	m�xed	lots	and	27.03	%	d�d	not	descr�be	bro�ler	sex	�n	the	study.	The	fac�l�-
t�es	used	�ncluded	floor	(32.43	%)	and	cages	(51.35	%)	and	16.22	%	of	the	authors	
d�d	not	present	the	�nstallat�on	type.	Average	temperature	�n	exper�mental	fac�l�t�es	
was	28.18	oC	(rang�ng	from	18	-	35	oC).	No	�nformat�on	about	stress	caused	by	env�-
ronmental	cond�t�ons	(heat,	cold	or	hum�d�ty)	or	san�tary	challenge	was	presented	�n	
database	papers.	Vacc�nat�on	(for	Mareks,	Cocc�vac,	ND,	IB	or	IBD)	was	descr�bed	
�n	7	stud�es	under	analys�s.	However,	only	data	from	an�mals	vacc�nated	�n	the	pre-
tr�al	per�od	were	cons�dered	for	analys�s.	The	other	papers	d�d	not	descr�be	the	pro-
cedures	for	an�mal	vacc�nat�on.	Corn	and	soybean	meal	were	the	ma�n	�ngred�ents	
(70.27	%),	where	wheat	based	d�ets	(18.92	%)	also	used	for	bro�ler	d�ets.	

Statistical analysis
The	meta	analys�s	cons�dered	only	the	preb�ot�c	that	was	evaluated	�n	two	or	

more	than	two	�ndependent	stud�es.	The	effect	s�ze	was	calculated	for	each	study	:	
effect	=	mean	of	the	group	fed	preb�ot�c	–	mean	of	control	group/mean	of	control	
group	(Far�a-F�lho	et al.,	2006).	Stat�st�cal	analys�s	was	performed	us�ng	47	pa�rs	data	
on	l�teratures	for	each	of	parameters	and	conduct�ng	pa�red	t-tests	and	probab�l�ty	of	
stat�st�cal	s�gn�f�cance.

Results	and	D�scuss�on

Fourty	 seven	 exper�mental	 data	 from	 th�rty	 seven	 art�cles	 (2003-2012)	 was	
collected	and	d�v�ded	�nto	4	preb�ot�cs,	FOS,	GOS,	MOS	and	Inul�n.	Some	of	art�cles	
wh�ch	 conduct�ng	 research	 us�ng	 ch�to-ol�gosacchar�des,	 Aspergillus	 preb�ot�cs,	
�somalto-ol�gosacchar�des,	 stachyose	 d�d	 not	 used	 as	 meta-analys�s	 data	 because	
�nsuff�c�ent	art�cles		that	report	the	effect	of	those	preb�ot�cs	on	bro�ler	ch�cken.

No	s�gn�f�cant	d�fferences	was	seen	of	meta-analys�s	of	the	use	of	preb�ot�cs	
on	feed	�ntake	of	bro�ler	ch�ckens	compa�r�ng	w�th	control	d�et.	Table	1	showed	that	
average	feed	�ntake	was	2634.46	g/b�rds	�n	the	basal	d�ets	versus	2686.48	g/b�rds	�n	
the	basal	d�ets	and	preb�ot�c	add�t�on.	The	use	of	preb�ot�c	g�ve	1.974%	�mprovement	
compared	w�th	basal	d�et	w�thout	any	supplementat�on	of	preb�ot�cs	but	d�d	not	g�ve	
any	s�gn�f�cant	effect	(P>0.05)	on		feed		�ntake		of		bro�ler		ch�ckens.	It	was	reported	
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that	 d�etary	 preb�ot�c	 from	 FOS	 or	 MOS	 d�d	 not	 �mprove	 feed	 �ntake	 of	 bro�ler	
ch�ckens	(K�m	et al.,	2011;	Sw�atk�ew�cz	et al.,	2011).	The	use	of	preb�ot�cs	may	
reduce	feed	�ntake	of	bro�ler	ch�ckens	(B�ggs	et	al.,	2007)	wh�le	others	have	reported	
no	s�gn�f�cant	effects	(Yang	et al.,	2008a;	Abdel-Raheem	et al.,	2011).

The	 use	 of	 preb�ot�cs	 g�ve	 s�gn�f�cantly	 effect	 (P<0.05)	 on	 body	 we�ght	 by	
2.22%	 �mprovement,	 compared	 	 to	 basal	 d�ets	 w�thout	 any	 preb�ot�cs.	 Table	 1	
showed	 that	 body	 we�ght	 of	 bro�ler	 ch�cken	 fed	 preb�ot�cs	 was	 2080.93	 g/b�rds,	
h�gher	than	bro�ler	ch�cken	fed	basal	d�ets	(2035.78	g/b�rds).	It	was	reported	that	the	
use	of	preb�ot�cs	may	�mprove	body	we�ght	of	bro�ler	ch�ckens	(Ort�z	et al.,	2009;	
Houshmand	et al.,	2011).	In	contrast,	however,	another	research	reported	that	preb�-
ot�cs	added	�n	bro�ler	feed	d�d	not	�mprove	body	we�ght	(Rehman	et al.,	2008).

In	 the	present	meta-analys�s,	body	we�ght	ga�n	was	greater	(P<0.05)	for	 the	
bro�ler	 ch�cken	 d�ets	 w�th	 preb�ot�c	 add�t�on.	 From	Table	 1,	 �t	 showed	 that	 body	
we�ght	ga�n	of	bro�ler	ch�ckens	fed	preb�ot�cs	was	917.15	g	and	2.83%	h�gher	than	
bro�ler	 ch�ckens	 fed	 basal	 d�et	 w�thout	 any	 preb�ot�cs	 add�t�on	 (891.94	 g).	 K�m	
et al.	 (2011)	observed	 that	body	we�ght	ga�n	were	 �mproved	 �n	bro�lers	 fed	d�ets	
supplemented	w�th	0.25%	FOS	and	0.025%	MOS	compa�r�ng	w�th	basal	d�et.	Th�s	
result	also	s�m�lar	w�th	Xu	et al.	(2003);	Abdel-Raheem	et al.	(2011)	and	Yang	et 
al.	(2008b).

Nons�gn�f�cant	(P>0.05)	changes	of	feed	convers�on	rat�o	of	bro�ler	ch�ckens	
us�ng	preb�ot�c	d�ets	were	1.153%	or	0.02	po�nt	compared	 to	basal	d�ets	w�thout	
any	preb�ot�cs.	Table	1	showed	 that	 feed	convers�on	rat�o	of	bro�ler	ch�ckens	fed	
preb�ot�cs	was	1.67	compared	w�th	basal	d�ets	(1.69).	K�m	et al.	(2011)	observed	
that	 d�etary	 FOS	 or	 MOS	 d�d	 not	 �mprove	 feed	 convers�on	 of	 bro�ler	 ch�ckens.	
Another	result	reported	that	the	use	of	MOS	have	no	effects	on	FCR	(Yang	et al.,	
2007;	Houshmand	et al.,	2012).	

From	 the	 meta-analys�s	 data	 �nd�cated	 that	 there	 were	 �ncons�stency	 results	
of	 the	use	of	preb�ot�cs	on	bro�ler	performance.	In	one	hand,	 �t	was	reported	that	
the	 use	 of	 preb�ot�cs	 could	 �mprove	 bro�ler	 performance,	 but	 �n	 the	 other	 hand,	
add�t�on	of	preb�ot�cs	on	bro�ler	d�ets	d�d	not	have	any	s�gn�f�cant	effect	on	bro�ler	

Table	1.	Meta-analys�s	of	the	effect	of	preb�ot�cs	on	feed	�ntake	of	bro�ler	ch�cken

Stat�st�cal	
Analys�s

Feed	Intake Body	We�ght BWG FCR

W�thout W�th W�thout W�th W�thout W�th W�thout W�th
Overall	
average 2634.46 2686.47 2035.78 2080.93 891.94 917.15 1.69 1.67

D�fference	
(%) 1.974 2.22 2.83 1.153

t-value	
(Pa�red	test) P>0.05 P<0.05 P<0.05 P>0.05
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performance.	Th�s	var�ab�l�ty	on	the	effect�veness	of	preb�ot�cs	may	be	due	to	the	
effect	of	d�fferent	factors:	type	and	�nclus�on	level	of	preb�ot�cs,	type	of	d�et,	an�mal	
characters	 and	degree	of	hyg�ene	 �n	husbandry	cond�t�ons	 (Verdonk	et al.,	 2005;	
B�ggs	et al.,	2007).	

The	lack	of	benef�c�al	effects	of	the	preb�ot�c	also	related	to	stress	factors	be-
cause	of	temperature,	hum�d�ty	and	stock�ng	dens�ty	(Houshmand	et al.,	2012).	En-
v�ronmental	challenge	and	d�sease	also	 the	ma�n	factor	of	 the	effect	of	preb�ot�c.	
Yang	et al.	(2008a)	reported	that	the	use	of	MOS	could	�mproved	the	bro�ler	perfor-
mance	of	the	E. coli	challenged	b�rds	more	than	FOS	d�d	by	the	end	of	the	exper�-
ment,	whereas,	w�th�n	the	unchallenged	b�rds,	FOS	largely	�ncreased	the	BWG	of	
b�rds	compared	to	MOS.

Conclus�on

The	meta-analys�s	performed	�n	th�s	study	allowed	us	to	address	and	system-
at�cally	quant�fy	the	effects	of	preb�ot�cs	on	bro�ler	performances.	F�nally,	�t	can	be	
concluded	that	the	use	of	preb�ot�cs	could	�mprove	body	we�ght	and	body	we�ght	
ga�n	but	not	feed	�ntake	and	feed	convers�on	rat�o.	Also,	�t	can	be	cont�nued	to	analy-
s�s	the	use	of	MOS	as	feed	add�t�ve	on	bro�ler	performance	due	to	suff�c�ency	and	
cons�stency	of	the	data.
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Abstract

Feed availability and quality are among the main problem in animal production 
in Indonesia, whereas agricultural and agroindustrial by products are very potential 
feedstuffs. On the other hand, there are lack of accurate data and information of local 
feedstuffs quantity and availability. The aims of this research are to identify local 
feedstuff availability, to evaluate its carrying capacity, and to develop model of feed 
industry in Jepara . It is expected that the present research may provide a basic data 
and information for feed industry development in Indonesia. Survey method was 
used in this study, primary and secondary data were descriptively analyzed. Location 
of this research was determined with purposive sampling method and number of 
respondents with randomized sampling. The results showed that the production of 
available local feedstuffs were: soybean straw was 98% of total production, cassava 
leaf was 98%, rice bran was 100%, and fermented soybean (tempe) by product 
was 100%. The optimal carrying capacity of Jepara based on the real production 
was 27480.79 AU. Model of sustainable ruminant feed industry was designed based 
on integrated farming that consist of feedmill, agroindustrial industry, feed raw 
material industry, organic fertilizer and bioenergy industry. Recomended feedmill 
capacity in Jepara is 577.20 tons/month to produce concentrate for 9620 beef cattle. 
Based on this study, Pakis aji, Mlonggo, and Bangsri are recommended for feedmill 
establishment.

Keywords: Jepara, model of feed industry, ruminant
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Introduct�on

Feed	ava�l�b�l�ty	and	qual�ty	are	among	of	the	ma�n	problem	�n	an�mal	product�on	
�n	Indones�a.	Whereas	agr�cultural	and	agro�ndustr�al	by	products	are	very	potent�al	
feedstuffs.	On	the	other	hand,	there	are	lack	of	accurate	data	and	�nformat�on	of	local	
feedstuffs	quant�ty	and	ava�lab�l�ty.	The	compet�t�ve	market	very	supported	feedm�ll	
development	(Sukr�a dan Kr�snan, 2009). Based on character�st�c of an�mal farm�ng,(Sukr�a	dan	Kr�snan,	2009).	Based	on	character�st�c	of	an�mal	farm�ng,	
rum�nant	depends	on	b�olog�cal	prosess	and	natural	resources	so	goverment	have	
to	concern	w�th	local	potent�al	feedstuff.		The a�ms of th�s research was to �dent�fyThe	a�ms	of	th�s	research	was	to	�dent�fy	
local	feedstuff	ava�lab�l�ty,	to	evaluate	�ts	carry�ng	capac�ty,	and	to	develop	model	of	
feed	�ndustry	�n	Jepara.	It	�s	expected	that	the	present	research	may	prov�de	a	bas�c	
data	and	�nformat�on	for	feed	�ndustry	development	�n	Indones�a.	

Mater�als	and	Methods	

Survey	 method	 was	 used	 �n	 th�s	 study,	 pr�mary	 and	 secondary	 data	 were	
descr�pt�vely	 analyzed.	 Locat�on	 of	 th�s	 research	 was	 determ�ned	 w�th	 purpos�ve	
sampl�ng	 method	 and	 number	 of	 respondents	 were	 dec�ded	 w�th	 random�zed	
sampl�ng.	Potent�al,	effect�ve,	and	real	product�on	of	agr�cultural	by	product	was	
calculated	based	on	Dry	Matter	(DM),	Crude	Prote�n	(CP),	Total	D�gest�ble	Nutr�ent	
(TDN).	The	potent�al	product�on	(ton	DM)	was	calculated	w�th	formula:	w�de	of	crop	
area	(ha)	x	DM	product�v�ty	(ton/	ha)	and	product�on	of	agro�ndustr�al	by	product	
was	calculated	w�th	formula:	total	of	by	product	(ton)	x	DM	(%)	(Tabrany,	2006).	
The	effect�ve	product�on	was	calculated	w�th	 formula:	 the	potent�al	product�on	x	
proper	use	factor.	The	proper	use	factor	of	r�ce	straw	was	70%,	corn	straw	was	75%,	
peanut	straw	was	60%,	soybean	straw	was	60%,	sweet	potato	leaf	was	80%,	cassava	
leaf	was	30%,	and	sugar	cane	sprout	leaf	was	80%	(Reksohad�projo,	1984).	The	real	
product�on	was	calculated	w�th	formula:	the	effect�ve	product�on	x	feedstuff	used	
factor	of	Jepara.	Carry�ng	capac�ty	was	calculated	by	d�v�d�ng	product�on	(ton/year)	
based	on	DM,	CP,	and	TDN	w�th	nutr�ent	consumpt�on	for	1	an�mal	un�t	(AU)	(ton/
year)	(Syamsu,	2006)	w�th	assumpt�on	that	1	AU	consumes	9,59	kg/day	DM,	1,151	
kg/day	CP,	and	5,71	kg/day	TDN	(NRC, 1988). Analys�s of model of susta�nable(NRC,	1988).	Analys�s	of	model	of	susta�nable	
rum�nant	 feed	 �ndustry	 cons�st	 of	 populat�on	 and	 nutr�ent	 consumpt�on	 analys�s,	
feedstuff	ava�l�b�l�ty	evaluat�on,	and	feedstuff carry�ng capac�ty analys�s.	carry�ng	capac�ty	analys�s.

Results	and	D�scuss�on

Product�on	 of	 agr�cultural	 by	 product	 �n	 Jepara	 cons�sted	 of	 ava�lable	 and	
unava�lable	product.	The	ava�lable	product�on	became	feed	use	factor	of		agr�cultural	
by	product,	 feed	use	factor	of	 	 r�ce	straw	was	70%,	corn	straw	was	91%,	peanut	
straw	was	95%,	soybean	straw	was	98%,	sweet	potato	leaf	was	90%,	cassava	leaf	
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was	98%,	and	sugar	cane	sprout	leaf	was	95%.	Because	of	the	product�on	based	on	
CP	(%DM)	was	the	lowest	product�on,	so	�t	became	a	l�m�t�ng	factor	�n	product�on	
of	agr�cultural	by	product	�n	Jepara.	Product�on		of	agr�cultural	by	product	�n	Jepara	
was	showed	�n	Table	1.

The	result	showed	that	product�on	of	agr�cultural	by	products	�n	Jepara	were	
ava�lable	 among	 January	 w�th	 March	 and	 May	 w�th	 October.	 Lack	 of	 feedstuff	
happened	at	Apr�l,	November,	and	December.	The	real	product�on	was	ava�lable	and	
explo�ted	agr�cultural	by	product.	Real	product�on	�n	Jepara	was	37,23%	of	effect�ve	
product�on,	 wh�le	 62,77%	 of	 product�on	 was	 explo�ted	 for	 another	 �ndustr�es.	
Product�on	of	agro�ndustr�al	by	product	�n	Jepara	(ton	CP/year)	was	3.440,08	cons�st	
of		r�ce	bran	was	3.401,54,	soybean	cake	(tahu)	by	product	was	14,48	and	fermented	
soybean	(tempe)	by	product	was	24,05.			

 Carry�ng	 capac�ty	 Jepara	 was	 capab�l�ty	 of	 Jepara	 to	 prov�de	 rum�nant	
feedstuff	�n	form	of	agr�cultural	and	agro�ndustr�al	by	product	that	accomodate	for	a	
number	of	rum�nant	�n	Jepara.	The	result	of	carry�ng	capac�ty	showed	that	based	on	
potent�al	product�on,	Jepara	could	accommodate	40.156,46	AU,	based	on	effect�ve	
product�on	36.207,88	AU,	and	based	on	 real	product�on	27.480,79	AU.	Carry�ng	
capac�ty	based	on	real	product�on	was	opt�mum	populat�on	that	could	be	accomoded	
by	 Jepara	 based	 on	 ava�lable	 and	 explo�ted	 feedstuff.	 Based	 on	 real	 product�on,	
Jepara	excessed	about	8.781,21	AU.

	 Nalumsar�,	Bateal�t,	and	Mayong	Sub-d�str�ct	were	potent�al	agr�cultural	by	
product	center	�n	Jepara.	Develop�ng	Feedstuff		�ndustry	could	support	th�s	potency,	
�t	managed	 agr�cultural	 by	product	 as	 crude	 f�ber	 (CF)	 source,	wh�le,	 alternat�ve	
feedm�ll	locat�on	were	Pak�s	Aj�,	Mlonggo,	and	Bangsr�	Sub-d�str�ct.	

Tabel	1.	Product�on	Potent�al		of	Agr�cultural	by	Product	Based	on	CP	(%DM)	Jepara	(tons/
year)

Feedstuffs
Product�on	CP	(%DM)

Potent�al	
Product�on

Effect�ve	
Product�on

Real	
Product�on

R�ce	Straw 7,540.44 5,278.31 3,694.81
Corn	Straw 1,683.70 1,262.78 1,149.13
Soybean	Straw 6.23 3.74 3.66
Peanut	Straw 3,377.82 2,026.69 1,925.36
Sweet	Potato	Leaf 68.43 54.75 49.27
Cassava	Leaf 2,374.11 712.23 697.99
Sugar	Cane	Sprout	 731.16 584.93 584.79
Total 15,781.89 9,923.42 3,694.81
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In	general,	Jepara	has	potent�al		for	develop�ng	beef	cattle	and	buffalo	(Tabrany,	
2006)	so	model	of	feedm�ll	�ndustry	was	recommended	to	produce	concentrates	feed	
for	beef	cattle.	Jepara	had	9.620	beef	cattles,	they	were	dom�nated	Ongole	hybr�d		
w�th	we�ght	200	kg,	a	beef	cattle	consumed	3%	of	we�ght	DM	and	1%	of	we�ght	
concentrate	(T�llman	et al,	1991)	so	concentrate	consumpt�on	was	needed	by	beef	
cattles	�n	Jepara	was	19,24	ton/day	or	577,2	tons/month.

The	susta�nable	feed	�ndustry	was	develop�ng	of	susta�nable	feed	�ndustry;	�t	
was	 an	 effort	 to	 manage	 resources	 conservat�on	 trough	 technology	 development	
and	based	on	 �nst�tut�on	 �n	order	 to	prov�de	ava�lable	 feed	 �n	Jepara.	Develop�ng	
of	 susta�nable	 feed	 �ndustry	based	on	eff�c�ency	and	zero	waste	pr�nc�ple.	Model	
of	susta�nable	feed	�ndustry	based	on	�ntegrated	farm�ng	�n	Jepara	was	showed	�n	
F�gure	1.

F�gure	1.	Model	of	Suta�nable	Rum�nant	Feed	 Industry	Based	on	 Intregated	Farm�ng	 �n	
Jepara

	
F�gure	1	showed	that	�ntregated	farm�ng	cons�sted	of:
1.	 Feedstuff		�ndustry	that	managed	and	processed	agr�cultural	by	product.	Jepara	

had	real	product�on	of	agr�cultural	by	product	8.105,01	tons/year	and	carry�ng	
capac�ty	19.292,36	AU	so	�t	prov�ded	feed	for	5.772	AU	beef	cattles.

2.	 Agr�cultural	�ndustry	that	managed	and	processed	agr�cultural	product	from	lo-
cal	farmer,	whereas	�ts	ma�n	product	and	by	product	became	feedstuff	for	feed-
m�ll.	

3.	 Feedm�ll	that	produced	concentrates	577,2	tons/month	for	9.620	beef	cattles..	
Alternat�ve	feedm�ll	locat�on	were	Kecamatan	Pak�s	Aj�,	Mlonggo,	and	Bangsr�	
Sub	D�str�ct.	

4.	 Organ�c	fert�l�zer	and	b�oenergy	�ndustry	that	managed	feces	became	organ�c	
fert�l�zer	and	b�oenergy.	9.620	beef	cattles	produced	192.400	kg/day	sol�d	feces	
and	 86.580	 wet	 feces	 w�th	 assumpt�on	 that	 a	 beef	 catle	 produced	 20	 kg/day	
sol�d	feces	and	9	kg/day	wet	feces.	If	3	beef	cattles	prov�ded	energy	for	a	fam�ly,	
so	Jepara	could		prov�de	energy	for	3.206	fam�l�es.
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Conclus�ons	
	
The	most	ava�lable	agr�cultural	by	product	�n	Jepara	were	soybean	straw	was	

98%,	cassava	leaf	was	98%,	r�ce	bran	was	100%,	and	fermented	soybean	(tempe)	
by	produc	was	100%.	Carry�ng	capac�ty	of		Jepara	based	on	potent�al	product�on	
was	 40.156,46	AU,	 effect�ve	 product�on	 was	 36.207,88	AU,	 and	 real	 product�on	
was	27.480,79	AU.	Model	of	susta�nable	feed	�ndustry	based	on	�ntegrated	farm�ng	
cons�sted	of	feedstuff	�ndustry,	agr�cultural	�ndustry,	feedm�ll,	organ�c	fert�l�zer	and	
b�oenergy	�ndustry.	Feedm�ll	was	recommended	to	produce	concentrates	for	9.620	
beef	cattles	that	need	577,	20	ton/month.	Recommended	alternat�ve	feedm�ll	loca-
t�on	were	Pak�s	Aj�,	Mlonggo,	and	Bangsr�	Sub-d�str�ct.
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Abstract

This research aimed to find out the physical quality of silage sugarcane 
shoots with the addition of Effective microorganism (EM-4). This research was 
conducted in the Laboratory of animal science and in the Laboratory of Chemistry 
and Microbiology the Faculty of Agriculture Sriwijaya University. Shoots of sugar 
cane were cut into pieces as long as pieces 2-3 cm and dried up to obtain water 
levels 60-70%,then the addition of EM4 was done according to dose treatment and 
stored for 21 days. Physical observation, temperature and the amount of lactic acid 
bacteria were analyzed descriptively while the measurement of the degree of acidity 
and percentage fungi of used Completely Randomized Design with 5 treatments 
and 3 replications. The treatments were: T0= shoots of sugar cane without 
treatment (control), T1= shoots of sugar cane+4%EM4 (v/w), T2= shoots of sugar 
cane+6%EM4 (v/w), T3= shoots of sugar cane+ 8%EM4 (v/w), T4= shoots of sugar 
cane+10%EM4 (v /w). The results showed that the temperature of silage sugar cane 
ranges from 27.5-29oC.The ever increasing doses of EM4 showed a yellowish green 
color. The flavor was sour and fresh fragrant, the increase in the amount of lactic 
acid bacteria, significantly affect (P<0.05) pH (4.3-5.2) and the percentage of fungi 
(0.52-2.29%). The conclusion of this research is with increasing the dose of the 
effective microorganism 4 treatment up to 10 % can retain physical qualities of 
shoots of sugar cane shoots silage.

Key words: effective microorganism-4, physical quality, silage, sugar cane shoot

Introduct�on

Cane	�s	ch�ef	source	of	sugar	confect�on	replace	ra�n	large	trop�cal	countr�es	
and	subtrop�cal	.	Plantat�on	�n	pt	nusantara	(PTPN)	v��	�n	love	sweet	south	sumatra	
cane	crop	product�on	�n	2010	reached	69.23	ton/hectares	from	the	acreage	of	 the	
sugar	cane	plantat�ons	12.715	and	produce	14%	shoots	of	sugar	cane	from	produc-
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t�on	 (Koeshartowo,	2011).	Shoots	of	 sugar	 cane	 �s	waste	not	much	used	by	pro-
ducers	sugar	potent�ally	as	prov�d�ng	fodder	potent�al.	Bes�des,	plant	cane	ord�nary	
harvested	season	so	that	can	be	used	as	an	alternat�ve	a	grass	subst�tute	who	�n	the	
season	persed�aannya	greatly	reduced.		Accord�ng	to	Muchtar	et al.	(1983)	declar�ng	
that	shoots	of	sugar	cane	as	a	grass	subst�tute	elephant	not	g�ve	negat�ve	�nfluence	
aga�nst	cattle	cut	and	da�ry.

Shoots	of	sugar	cane	can	be	g�ven	�n	the	form	of	fresh	or	dr�ed.	But	weakness	
of	shoots	of	sugar	cane	was	to	have	the	nature	of	qu�ck-dry�ng,	w�lt	and	yellow	�n	
t�me	relat�vely	qu�ckly,	therefore	necessary	preservat�on	as	s�lage.	Pray�tno	(2010)	
reported	that	�ngred�ents	nutr�ents	shoots	of	sugar	cane	processed	better	than	g�ven	
fresh.	Sumas�h	et	al.	(2009)	declar�ng	that	s�lage	�s	the	storage	and	ferment�ng	for-
age	 fresh	 �n	 anaerob�c	 cond�t�on	 w�th	 the	 help	 of	 lact�c	 ac�d	 bacter�a.	 Compos�-
t�on	nutr�t�onal	value	�n	s�lage	w�ll	exper�ence	change	namely	carbohydrates	should	
abate,	but	prote�n	rough	on	s�lage	good	w�ll	not	undergo�ng	many	changes.

Effect�ve	 m�croorgan�sm	 4	 (EM-4)	 �s	 a	 m�xture	 of	 var�ous	 m�croorgan�sms	
wh�ch	can	be	ut�l�zed	as	a	source	of	�noculum	�n	�mprov�ng	feed	qual�ty.	Ut�l�zat�on	
of	the	EM-4	as	a	source	of	m�krob�a	�n	sugar	cane	shoots	�n	s�lage	laborator�s	can	
�mprove	nutr�t�on	and	expected	to	play	a	role	�n	overcom�ng	the	constra�nts	of	lack	
of	feed	dry	all	season.

Mater�als	and	Methods	

Th�s	 research	 was	 carr�ed	 out	 at	 the	 farm	 as	 well	 as	 Enclosure	 Exper�ment	
Laboratory	of	Nutr�t�on	and	Chem�cal	Laboratory	and	M�crob�ology	Agr�cultural	
Faculty	of	Agr�culture	Un�vers�ty	of	Sr�w�jaya	for	4	months.

The	mater�als	used	�n	th�s	research	�s	der�ved	from	the	shoots	of	sugar	cane	sugar	
cane	plantat�ons	love	sweetly	d�str�ct	of	suspects	ogan,	�l�r	effect�ve	m�croorgan�sm-
4	(em-4)	der�ved	from	palembang	c�nde	market	and	chem�cals	and	equ�pment	for	
analys�s	.

The making of silage shoots of sugar cane
The	shoots	sugar	cane	f�rst	cleaned	then	w�ll	be	cut	w�th	2-3	cm	and	d�ker�ng	

ang�nkan	to	the	water	level	60-70%.	Each	sample	was	em-4	�n	accordance	w�th	the	
dose	of	the	treatment.	Later	�ncluded	�n	�nto	the	plast�c	bags	to	dense	and	bound	to	
happen	anaerob�c	cond�t�on	and	depos�ted	for	21	days.	After	the	fermentat�on	of	the	
21	days	f�n�shed,	the	sample	measure	temperature	�t	�s,	and	then	opened	and	was	
taken	�mmed�ately	samples	analyzed.

Research design and data analysis
The	des�gn	that	was	used	�n	th�s	study	�s	a	random�zed	des�gn	complete	(RAL)	

cons�st�ng	of	5	and	3	t�mes	a	recycl�ng	treatment:



208 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

T0		=	Shoots	sugar	cane		w�thout	treatment	(control)
T1		=	Shoots	sugar	cane	+	4%	EM-4	(v/w)
T2		=		Shoots	sugar	cane	+	6%	EM-4	(v/w)
T3		=		Shoots	sugar	cane	+	8%	EM-4	(v/w)	
T4		=			Shoots	sugar	cane	+	10%	EM-4	(v/w)	
Data	�s	processed	and	analyzed	w�th	the	f�ngerpr�nt	of	the	deskr�ft�f	var�ety	�n	

accordance	w�th	the	draft	�s	used,	If	the	treatment	effect	�s	real	then	conducted	tests	
�n	Mult�ple	Areas	of	Advanced	Mult�ple	Range	Test	Duncan	 (DMRT)	 (Steel	and	
Torr�e,	1991).

Variable
The	var�ables	observed	ware	 the	phys�cal	character�st�cs	 �nclud�ng	 tempera-

ture,	 color,	 aroma	and	 texture	of	 a	 percentage	of	 the	 fung�	 (Yusmad�,	 2008),	 pH	
(AOAC,	1990),	and	the	amount	of	lact�c	ac�d	bacter�a	(Fard�az,	1987).

Results	and	D�scuss�on	

Characteristics of Silage
The	temperature	of	the	sugar	cane	shoots	dur�ng	the	process	of	s�lage	ens�lase	

ranges	from	27.5-29	oC,	temperature	�s	a	character�st�c	of	a	good	s�lage.	Th�s	�s	�n	
accordance	w�th	statement	Ok�ne	et al.	(2005),	wh�ch	reported	good	qual�ty	s�lage	
�s	produced	at	temperatures	between	25	to	37	oC.	The	d�fference	�n	temperature	�s	
due	to	the	ex�stence	of	the	act�v�ty	of	m�cro-organ�sms	that	produce	carbon	and	heat	
product�on	due	to	the	process	of	resp�rat�on	�n	the	�n�t�al	phase	(phase	aerob�c)	ens�-
lase	so	that	the	format�on	of	carbon	d�ox�de	(CO2),	water	(H2O)	and	heat	(Coblentz,	
2003).

Research	results	show	that	sugarcane	shoots	aromat�c	 treatment	T0,	T1,	T2,	
and	T3	 �s	an	aromat�c	ac�d,	whereas	 treatment	T4	was	 flavorful	 fragrant	 fermen-
tat�on.	The	d�fference	�n	th�s	fragrance	guess	because	the	h�gher	the	level	the	use	
of	EM-4	to	10%	dose	(T4),	lead�ng	to	an	�ncreased	number	of	lact�c	ac�d	bacter�a	
(Table	1),	�n	wh�ch	the	bacter�a	that	produce	fragrant	aroma	of	ferment�ng.	Smells	
sour	on	treatment	of	T0,	T1,	T2,	and	T3	�s	allegedly	the	end	product	of	fermenta-
t�on	lact�c	ac�d	not	only	alone,	but	also	produces	butyr�c	and	acet�c	ac�d,	alcohol.	
Abdelhad�	et al.	(2005),	stat�ng	the	character�st�cs	of	good	s�lage	�s	aromat�c	ac�ds	
and	fragrant	fermentat�on	(Abdelhad�	et al.,	2005).

Color	observat�on	s�lage	sugarcane	shoots	on	each	treatment	hav�ng	the	same	
color	from	fresh	green	before	ens�lase	to	green	yellow�sh.	The	add�t�on	of	the	EM-4	
to	10%	of	the	dose	of	the	accelerat�ng	phase	of	anaerob�c,	as	more	and	more	add�ng	
EM-4	to	dose	10%	then	the	more	the	amount	of	lact�c	ac�d	bacter�a	too	wh�ch	helps	
speed	up	anaerob�c	phase.	Coblentz	(2003)	States	that	the	�ncrease	�n	temperature	
can	affect	the	structure	of	s�lage	for	example	color	change	s�lage	becomes	dark.
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The	research	results	of	texture	for	s�lage	sugarcane	shoots	s�lky-textured	show	
that	unt�l	rather	del�cate.	The	add�t�on	of	the	EM-4	at	a	dose	of	10%	(T4)	can	f�ne-
tune	 the	 texture	of	 sugar	cane,	 s�lage	at	 the	helm	had	expected	 the	EM-4	can	be	
rough	f�bers	and	degrades	the	Flex	bond	l�gnoselullosa,	so	that	the	texture	of	s�lage	
sugarcane		shoots	becomes	ref�ned.	Th�s	�s	�n	accordance	w�th	statement	Darmawan	
(2010),	 wh�ch	 reported	 the	 use	 of	 EM-4	 �n	 fermentat�on	 can	 lower	 the	 levels	 of	
crude	f�ber.	Good	s�lage	w�ll	see	a	ref�ned	texture	(Ratnakomala	et al.,	2006;	R�dla	
et al.,	2007).	

Stat�st�cal	results	show	the	add�t�on	of	the	EM-4	at	the	helm	of	d�fferent	s�lage	
sugarcane	real	(P>0.05)	aga�nst	the	percentage	of	fung�.	T4	treatment	has	the	lowest	
percentage	of	fung�	(0.52%)	wh�le	the	h�ghest	on	treatment	T0	(2.29%).	The	add�-
t�on	of	the	EM-4	to	10%	of	the	dose	of	the	accelerat�ng	phase	of	anaerob�c,	because	
the	h�gher	the	add�t�on	of	EM-4	to	10%	of	the	dose	the	h�gher	the	amount	of	lact�c	
ac�d	bacter�a	too	wh�ch	helps	speed	up	anaerob�c	phase	so	that	the	fungus	cannot	
grow	 w�th	 fert�le,	 wh�le	 �n	 treatment	T0	 (control)	 �s	 allegedly	 a	 longer	 phase	 of	
aerobnya	because	�t	�s	not	added	to	the	EM-4	so	slow	lact�c	ac�d	bacter�a	evolved	as	
a	result	of	fung�	can	ut�l�ze	aerob�c	phase	to	grow	and	thr�ve.	Fungal	growth	on	th�s	
research	only	at	the	top	of	the	course,	because	dense	less	than	perfect,	so	the	process	
of	resp�rat�on	cont�nued	as	a	result	formed	CO2,	H2O	and	heat.	Water	that	�s	formed,	
caus�ng	d�ff�cult	go�ng	anaerob�c	cond�t�ons,	so	that	fung�	grow	and	develop.	Th�s	
fungus	w�ll	produce	m�kotoks�n/tox�ns	 that	can	 �nterfere	w�th	 the	health	of	cattle	
(Coblentz,	2003).

pH Silage Shoots of Sugar Cane
The	 results	 showed	 the	add�t�on	of	d�verse	EM-4	s�lase	 �n	 the	 sugar	cane	

Tabel	1.	The	phys�cal	character�st�cs,	pH		and		total		of	lact�c	ac�d	bacter�a	s�lage	shoots	of			
														sugar	cane

Treatment Tempera-
ture	 Colour Aromat�c Texture pH %	fung� ∑ LAB 

T0 29 Green	
yellow�sh

Ac�d rather	
del�cate

5.2±0.1c 2.29±0.25b 3.4	x	108

T1 28 Green	
yellow�sh

Ac�d rather	
del�cate

4.6±0.1b 2.24±0.20b 4.1	x	108

T2 28 Green	
yellow�sh

Ac�d rather
del�cate

4.5±0.0b 2.16±0.44b 4.6	x	108

T3 28 Green	
yellow�sh

Ac�d rather
del�cate

4.5±0.0b 1.49±0.87b 4.9	x	108

T4 27.5 Green	
yellow�sh

Fragrant ref�ned 4.3±0.0a 0.52±0.41a 5.2	x	108

Note:	d�fferent	supercr�pt	shows	s�gn�f�cant	(P<0.05).
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d�fferent	real	(P>0.05)	�n	degrees	ac�d	(pH).	The	result	showed	that	the	cont�nued	
degrees	ac�d		(pH)	s�lase	th�s	research	�s	var�ed	�n	sugar	cane	cr�ter�a	from	good	to	
bad.	The	qual�ty	of	a	good	s�lase	found	�n	treatment	T4	(4.3)	and	the	qual�ty	of	poor	
for	 treatment	T0	 (5.2).	Macaulay	 (2004)	 sa�d	 that	 can	 s�lase	 the	qual�ty	of	be�ng	
�nducted	�nto	four	categor�es,	wh�ch	�s	well	(pH	3.2-4.2),	good	(pH	4.2-4.5),	bad	
(pH	4.5-4.8),	and	very	bad	(>	4.8).	The	add�t�on	of	the	EM-4	pH	affect	the	qual�ty	
of	s�lage,	because	the	h�gher	the	award�ng	of	EM-4	to	10%	dose,	then	the	greater	
the	decrease	�n	pH.	A	decrease	�n	the	pH	of	the	s�lage	�s	�nfluenced	by	lact�c	ac�d	
bacter�a	dur�ng	the	process	of	ens�lase.	W�th	the	large	number	of	lact�c	ac�d	bacter�a	
conta�ned	�n	the	s�lage	sugarcane	leaf	would	be	more	effect�ve	to	fac�l�tate	the	pro-
cess	of	ens�lase	and	w�ll	cont�nue	to	progress	unt�l	the	pH	�s	low	enough	to	�nh�b�t	
the	growth	of	m�koorgan�sme	predom�nantly	adverse	(Lopez,	2000).

Total Lactic Acid Bacteria
Lact�c	ac�d	bacter�a	are	a	group	of	bacter�a	that	are	capable	of	convert�ng	car-

bohydrates	(glucose)	�nto	lact�c	ac�d.	Bakter�s�dal	effects	of	lact�c	ac�d	are	assoc�-
ated	w�th	a	decrease	�n	the	pH	of	the	env�ronment	be�ng	3	to	4.5	so	that	the	growth	
of	other	bacter�a	�nclud�ng	pembusuk	bacter�a	w�ll	be	hampered.	The	largest	amount	
of	lact�c	ac�d	bacter�a	�n	treatment	of	T4	(5.2	x	108	CFU/gr),	wh�le	the	lowest	treat-
ment	T0	(3.4	x	106	CFU/gr).	The	d�fference	�n	the	amount	of	lact�c	ac�d	bacter�a	�s	
affected	by	pH	of	s�lage.	the	pH	w�ll	determ�ne	wh�ch	m�croorgan�sms	are	act�ve	�n	
mak�ng	s�lage.	Lact�c	ac�d	bacter�a	shows	opt�mal	act�v�ty	at	pH=	4.3	(Woolford,	
1984).	Treatment	 w�th	 add�t�onal	 t4	 EM-4	 to	 10%	 placeman	 phænogamous	 dur-
�ng	the	lowest	ens�lase.	W�th	the	number	of	lact�c	ac�d	bacter�a	conta�ned	�n	s�lage	
shoots	of	sugar	cane	of	�nh�b�t�ng	the	growth	w�ll	ma�nly	m�koorgan�sme	�s	harmful.	
Chen	and	We�nberg	(2008),	declare	s�lage	good	dom�nated	by	work�ng	lact�c	ac�d	
bacter�a	and	produces	lact�c	ac�d	on	the	contrary,	the	process	of	fermentat�on	s�lage	
a	 less	well	 cause	clostr�d�a	develops	character�zed	by	h�gh	 levels	of	butyr�c	ac�d	
(elfer�nk	et al.,	2000).

Conclus�ons		

Based	on	the	research	�nconclus�ve	that	�ncreases	�n	dosages	effect�ve	m�croor-
gan�sm-	4	treatment		of	10%	dosages	can	�mprove	the	phys�cal		qual�ty	of		of	s�lage	
shoots	of	sugar	cane.
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Abstract	

Sago (Metroxylon sago Rottb.) waste up till now had not been exploited in 
optimal and only partly small are applied as component of feed, especially for 
ruminant. The potential of sago as animal feed is quite large and will increase in 
value when processed into wafer complete ration. This experiment was conducted 
to study chemical and physical quality of sago waste based wafer complete ration 
which were preserved in various different periods. Determination of chemical 
and physical variables of wafer complete ration were color, texture, smell, water 
content, specific density, water activity, and storage capacity. Data were analyzed 
by analysis to completely randomized factorial design with two factors (A: the levels 
of sago waste used in wafer complete ration 10.20, 30, and 40%, B: storage time 
of 2, 4, 6, and 8 weeks). The results indicated that the wafer complete ration with 
various different formulations did not affect specific density and water activity. 
A significant different (P<0.05)  was observed in water content with the highest 
water value in ration containing 40% sago waste. The period of preservation effect 
was significant (P<0.05) on water content, density and specific density, but did not 
influence water activity texture and smell. The preserved wafer complete ration for 
six weeks were still in good condition, but after eight weeks the wafer started to 
change in physical texture. It is concluded that sago waste based wafer complete 
ration has high quality in terms of physical and has storage capacity to keep in good 
condition for six weeks.

 
Keywords: complete ration, sago waste, wafer

Introduct�on

Sago	 (Metroxylon sago	 Rottb.)	 waste,	 up	 t�ll	 now,	 had	 not	 been	 explo�ted	
�n	opt�mal	and	only	partly	small	are	appl�ed	as	component	of	feed,	espec�ally	for	
rum�nant.	The	potent�al	of	sago	as	an�mal	feed	�s	qu�te	 large	and	w�ll	 �ncrease	�n	
value	when	processed	�nto	wafer	complete	rat�on.	Wafer	complete	rat�on	�s	a	feed	
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phys�cally	formed	to	a	compact	and	conc�se	wh�ch	�s	expected	to	ease	�n	handl�ng	
and	 transportat�on,	 has	 complete	 nutr�t�onal	 content,	 and	 use	 relat�vely	 s�mple	
technology	so	easy	to	apply	(Tr�syul�ant�	et al.,	2003).	Wafer	complete	rat�on	�s	feed	
process�ng	technology,	espec�ally	�n	the	dry	season.	Bas�c	research	and	appl�cat�ons,	
�n	part�cular	regard�ng	the	potent�al	of	�mprov�ng	the	qual�ty	of	sago	waste	as	feed,	�t	
unt�l	now	st�ll	not	w�dely	appl�ed.	Therefore,	stud�es	on	the	ut�l�zat�on	of	sago	waste	
are	cont�nuously	st�ll	very	necessary.	Most	research	has	so	far	d�rected	sago	waste	�n	
the	ut�l�zat�on	of	sago	waste	as	raw	mater�al	for	b�ofuels	and	fung�	or	bacter�a	growth	
substrate	for	 the	product�on	of	extracellular	enzymes	(Akmar	&	Kennedy,	2001).	
However,	the	use	of	�nformat�on	sago	waste	as	raw	mater�al	for	the	manufacture	of	
a	complete	wafer	as	a	l�vestock	feed	rat�on	�s	st�ll	very	l�m�ted.	

Observ�ng	 th�s,	 a	 study	 needs	 to	 be	 done	 on	 the	 potent�al	 of	 sago	 waste	 as	
raw	mater�al	for	the	manufacture	of	a	complete	wafer;	th�s	�s	an	effort	to	rat�on	the	
supply	and	�mplementat�on	of	strateg�es	that	feed	technolog�cal	�nnovat�on-or�ented	
economy	that	�s	capable	of	prov�d�ng	complementary	feed	at	any	t�me.	Th�s	study	
a�ms	 to	 determ�ne	 the	 qual�ty	 and	 phys�cal	 propert�es	 of	 wafer-based	 complete	
rat�ons	of	sago	waste	res�due	made	up	of	d�fferent	formulat�on	and	d�fferent	storage	
t�me.	

Mater�als	and	Methods

Experimental equipment
Equ�pment	used	�n	th�s	study	were	felt	wafer	h�drol�c	mach�ne	(temperature	of	

150	oC,	pressure	200-300	kg/cm2	for	15-20	m�nutes),	mach�ne	m�xer,	hammer	m�ll,	
m�x�ng	conta�ner,	AW	meter,	and	termoh�grometer.

Complete rations formulation
Complete	rat�on	used	�n	th�s	study	were	concentrates	conta�n�ng	raw	mater�als,	

such		as	coconut	cake,	r�ce	bran,	sago,	molasses,	v�tam�ns,	m�nerals	and	sago	waste.	
Rat�on	treatments	cons�sted	of	:	P1=	rat�on	conta�n�ng	10%	sago	waste,	P2=	rat�on	
conta�n�ng	 40%	 sago	 waste,	 P3=	 rat�on	 conta�n�ng	 30%	 sago	 waste,	 P4=	 rat�on	
conta�n�ng	 40%	 sago	 waste.	 Complete	 rat�on	 wafer	 formulat�ons	 were	 prepared	
us�ng	 the	method	of	 tr�al	and	error.	Rat�on	of	a	complete	wafer	compos�t�on	was	
shown	�n	Table	1.

Preparing wafer complete rations
Wafer	complete	rat�on	was	prepared	as	follows	:	(a)	all	concentrated	sources	of	

raw	mater�al	was	dr�ed	by	the	sun,	(b)	all	raw	mater�als	for	concentrate	were	m�lled	
us�ng	a	hammer	m�ll	to	mash	s�ze,	(c)	treated	feed	mater�als	(sago	waste)	was	m�xed	
w�th	molasses	as	an	adhes�ve	mater�al	(5%)	unt�l	blended,	after	be�ng	m�xed	w�th	
the	concentrate	to	be	a	complete	rat�on,	m�x�ng	was	done	manually,	(d)	complete	
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rat�on	was	�ncorporated	�nto	rectangular	molds	measur�ng	25	cm	x	25	cm	x	5	cm.	
After	hot	compress�on	was	performed	at	a	temperature	of	150	oC w�th a pressure	w�th	a	pressure	
of	200-300	kg/cmkg/cm2	for	15-20	m�nutes,	cool�ng	was	done	by	plac�ng	sheets	of	wafer	
�n	the	open	a�r	for	24	hours	unt�l	the	mo�sture	content	and	the	we�ght	was	constant,	
then	the	results	were	put	�n	sacks.

Table	1.	Compos�t�on	of	wafer	complete	rat�on

Feed	Mater�al
Treatment

P1 P2 P3 P4

Sago	waste	(%) 10 20 30 40
R�ce	bran	(%) 33.5 30 25 20
Coconut	cake	(%) 25 23.5 23.5 23.5
Sago	(%) 25 20 15 10
Molasses	(%) 5 5 5 5
V�tam�n	(%) 0.5 0.5 0.5 0.5
M�nerals	(%) 1 1 1 1

100 100 100 100

P1=	rat�on	conta�n�ng	10%	sago	waste,	P2=	rat�on	conta�n�ng	40%	sago	waste,	P3=	rat�on	conta�n�ng	
30%	sago	waste,	P4=	rat�on	conta�n�ng	40%	sago	waste.

Wafer tester
Wafer	test�ng	are:	(a)	wafer	that	has	been	made	to	cut	the	s�ze	of	5	cm	x	5	cm	

x	2	cm	samples	were	then	taken	for	the	prox�mate	analys�s	(dry	mater�al,	ash,	crude	
prote�n,	crude	f�ber,	crude	fat,	Beta-N, and TDN), test�ng the phys�cal propert�esBeta-N, and TDN), test�ng the phys�cal propert�es,	and	TDN),	 test�ng	 the	phys�cal	propert�es	
(water	content,	dens�ty	and	water	act�v�ty).	The	wafer	was	then	stored	for	2,	4,	6,	
and	8	weeks.	Treated	wafer	that	would	be	stored,	was	placed	�n	a	sackt	to	determ�ne	
the	d�fference.	

Statistical analysis
The	data	obta�ned	from	the	results	of	the	study	were	analyzed	us�ng	completely	

random�zed	 factor�al	 des�gn	 w�th	 two	 factors	 (A:	 rat�on,	B:	 storage	 t�me)	w�th	 3	
repl�cat�ons;	�f	s�gn�f�cantly	d�fferent	occurred,	the	data	w�ll	be	tested	further	w�th	
Orthogonal	Contrast	Test	(Steel and Torr�e, 1995).(Steel	and	Torr�e,	1995).		

Observed variables 
Observed	var�ables	�n	determ�n�ng	the	qual�ty	and	phys�cal	propert�es	of	the	

wafer	 was	 done	 by	 analyz�ng	 the	 nutr�ents	 of	 complete	 rat�on	 wafer	 (prox�mate	
analys�s),	wafer	content	 (AOAC,	1984),	dens�ty	wafer	 (Tr�syul�ant�	et al.,	2003),	
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water	act�v�ty	(Syar�ef	and	Hal�d,	1993)	,	texture	and	storage	capac�ty	(2,	4,	6,	and	
8	weeks).

Results	and	D�scuss�on

Chemical composition of wafer complete rations
Chem�cal	compos�t�on	of	wafer	complete	rat�ons	and	sago	waste	(dry	matter,	

ash,	crude	prote�n,	crude	f�ber,	crude	fat,	Beta-N,	and	TDN)	of	four	treatments	was	
shown	�n	Table	2	and	Table	3.

Table	2.	Chem�cal	compos�t�on	of	wafer	complete	rat�ons

Treatment

P1 P2 P3 P4

Dry	matter	(%) 87.03 86.02 86.08 85.09
Ash	(%	DM) 5.44 5.53 5.67 6.03
Crude	prote�n	(%	DM) 14.92 15.13 14.33 13.53
Crude	f�ber	(%	DM) 12.73 11.93 11.23 11.53
Crude	fat	(%	DM) 5.74 6.51 7.06 7.61
Beta-N (% DM)	(%	DM) 58.36 59.56 60.26 58.06
TDN	(%	DM) 71.17 71.93 70.48 69.03

Results	of	analys�s:	Nutr�t�onal	Laboratory,	Department	of	An�mal	Husbandry,	Unsy�ah	 (2011). P1=	(2011).	P1=P1=	
rat�on	conta�n�ng	10%	sago	waste,	P2=	rat�on	conta�n�ng	40%	sago	waste,	P3=	rat�on	conta�n�ng	30%	
sago	waste,	P4=	rat�on	conta�n�ng	40%	sago	waste.

Table	3.	Chem�cal	compos�t�on		of	sago	waste

Dry	matter	
(%)

Ash	
(%	DM)

Crude	fat	
(%	DM)

Prote�n	
(%	DM)

Crude	f�ber	
(%	DM)

Carbohydrate	
(%	DM)

85.29 4.30 0.16 4.99 33.33 50.61

Results	of	analys�s:	Nutr�t�onal	Laboratory,	Department	of	An�mal	Husbandry,	Unsy�ah	 (2011)	(2011)

Water levels
Wafer	 complete	 rat�ons	 w�th	 a	 k�nd	 of	 d�fferent	 compos�t�on	 of	 sago	 waste	

s�gn�f�cant	affected	(P<0,05)	mo�sture	content.	The	water	content	of	the	compos�t�on	
of	the	res�due	on	the	wafer	w�th	real	sago	40%		was	h�gher	when	compared	to	other	
wafer	sago	waste.	Wafer	complete	rat�ons	w�th	a	compos�t�on	of	dreg	sago	10%	had	
fewer	cav�t�es	caus�ng	evaporat�on	that	occured	over	the	res�stor,	wh�le	the	wafer	
w�th	a	compos�t�on	of	40%	had	the	sago	waste	cav�t�es	that	were	more	numerous	
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and	large	caus�ng	evaporat�on	was	runn�ng	fast.	Mo�sture	contents	of	each	treated	
wafer		was	�nd�cated	�n	Table	4.

Table	4.	Water	content	value	of	wafer	complete	rat�ons

Treatment
Storage	t�me

2	weeks 4	weeks 6	weeks 8	weeks

P1 13.44±0.12a 14.00±0.34 14.07±0.87 14.30±0.77
P2 14.34±0.20 13.59±0.55	b 14.90±0.61 15.80±0.61
P3 14.44±0.15 14.35±0.45	b 13.89±0.15 14.56±0.67
P4 13.00±0.56	a 14.45±0.67 13.56±0.54 14.12±0.65

The	value	of	flats	w�th	d�fferent	superscr�pts	�n	the	same	column	showed	a	s�gn�f�cantly	d�fferent	(P	
<0.05).	P1=	rat�on	conta�n�ng	10%	sago	waste,	P2=	rat�on	conta�n�ng	40%	sago	waste,	P3=	rat�on	
conta�n�ng	30%	sago	waste,	P4=	rat�on	conta�n�ng	40%	sago	waste.

Storage	t�me	of	wafer	complete	rat�ons	affected	s�gn�f�cantly	(P<0.05)	water	
content.		Average	value	of	the	h�ghest	water	levels	�n	storage	was	for	2	weeks,	because	
the	wafers	absorb	water	from	the	env�ronment.	Average	value	for	s�x	weeks	was	not	
stable,	th�s	was	caused	by	hum�d�ty	and	temperature	values	that	changed	frequently.	
The	 �nteract�on	 between	 factor	A	 (wafer	 complete	 rat�on)	 and	 factor	 B	 (storage	
t�me)	were	not	s�gn�f�cantly	d�fferent	 to	water	content	although	P2	 treatment	had	
the	h�ghest	water	content	wh�ch	was	equal	to	15.80±0.61.	Storage	cond�t�ons	were	
l�kely	to	�ncrease	the	water	content.	Th�s	occurred	due	to	the	�nfluence	of	hum�d�ty,	
and	amb�ent	temperature	dur�ng	the	storage	per�ods.	The	act�v�ty	of	m�croorgan�sms	
can	be	on	tap	on	the	water	content	of	8-12%,	so	that	the	feed	mater�al	was	not	easy	
to	mold	and	rot	(Verma	et al.1996).

Wafer density
Dens�ty	 of	 the	 wafer	 determ�ned	 the	 d�mens�onal	 stab�l�ty	 and	 phys�cal	

appearance	of	a	complete	wafer	feed	(Jayusmar	et al.,	2002).	Wafer	dens�ty	was	a	
measure	of	the	cohes�veness	of	the	sheet	and	the	part�cle	s�ze	depended	on	the	dens�ty	
of	mater�als	used	and	the	amount	of	pressure	exerted	dur�ng	the	four	sheets	of	wafer	
manufactur�ng	process.	Wafers	that	have	a	h�gh	dens�ty	of	the	feed	would	prov�de	
a	sol�d	and	hard	texture;	so	�t	would	be	eas�ly	�n	both	the	storage	and	handl�ng	of	
shocks	dur�ng	transportat�on	and	was	expected	to	last	longer	�n	storage	(Tr�syul�ant�	
et al.,	2003).	Rat�on	of	a	complete	wafer	dens�ty	value	was	�nd�cated	�n	Table	5.

Wafer	complete	rat�ons	w�th	d�fferent	compos�t�on	of	sago	waste	had	no	effect	
on	dens�ty.	Week-long	storage	of	two	bonds	between	the	part�cles	of	the	mater�al	
was	 st�ll	 strong.	 Wafer	 dens�ty	 decreased	 at	 week	 4	 to	 week	 8.	 The	 �nteract�on	
between	 factor	 A	 (wafer	 complete	 rat�ons)	 and	 factor	 B	 (storage	 t�me)	 d�d	 not	
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s�gn�f�cantly	affect	the	dens�ty	of	the	wafer	feed.	The	lowest	dens�ty	value	obta�ned	
was	 �n	 treatment	 P3	 wh�ch	 was	 0.45±0.04	g/cm3,	 wh�le	 the	 h�ghest	 0.78±0.04	g/
cm3.	Dens�ty	values	were	not	stable	due	to	h�gh	relat�ve	hum�d�ty	caused	the	l�qu�d	
condensed	on	the	surface	of	the	mater�al;	so	that	the	surface	mater�al	became	wet,	
and		was	very	conduc�ve	to	m�crob�al	growth	and	damage.	

Table	5.	Wafer	complete	rat�ons	dens�ty	w�th	var�ous	storage	t�mes	(g/cm3)

Treatment
Storage	t�mes

2	weeks 4	weeks 6	weeks 8	weeks

P1 0.50±0.01	b 0.56±0.05	b 0.48±0.02	a 0.52±0.00	b

P2 0.78±0.04	c 0.65±0.06	c 0.58±0.05	b 0.50±0.08	a

P3 0.66±0.05	c 0.45±0.04	a 0.49±0.06	b 0.49±0.09	b

P4 0.78±0.33	c 0.52±0.06	a 0.51±0.01	a 0.61±0.00	b

The	value	of	flats	w�tth	d�fferent	supperscr�pts	�n	the	same	column	showed	a	s�gn�f�cantly	d�fferent	at	
(P<0.05).	P1=	rat�on	conta�n�ng	10%	sago	waste,	P2=	rat�on	conta�n�ng	40%	sago	waste,	P3=	rat�on	
conta�n�ng	30%	sago	waste,	P4=	rat�on	conta�n�ng	40%	sago	waste.

F�gure	1.	Wafer	complete	rat�ons	dens�ty	w�th	var�ous	storage	t�mes.	P1=	rat�on	conta�n�ng	
10%	sago	waste,	P2=	rat�on	conta�n�ng	40%	sago	waste,	P3=	rat�on	conta�n�ng	
30%	sago	waste,	P4=	rat�on	conta�n�ng	40%	sago	waste.
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Water activities
Wafers	w�th	a	var�ety	of	d�fferent	compos�t�on	of	sago	waste	d�d	not	s�gn�f�cantly	

affect	the	act�v�ty	of	water	(Table	6).	Storage	t�me	d�d	not	s�gn�f�cantly	affect	the	
act�v�ty	of	water.	Water	act�v�ty	at	the	beg�nn�ng	of	week	2	to	8	was	st�ll	h�gh.	Water	
act�v�ty	was	 the	amount	of	 free	water	used	 for	grow�ng	m�croorgan�sms	 (Syar�ef	
and	Hal�d,	 1993).	Storage	up	 to	4	weeks	d�d	not	 change	 the	 color	 to	black.	The	
�nteract�on	between	factor	A	and	factor	B	showed	no	s�gn�f�cantly	d�fferent	results.	
The	lowest	water	act�v�ty	obta�ned	at	P1	was	equal	to	0.60±0.05.	Th�s	was	because	
the	hum�d�ty	was	low,	the	l�qu�d	surface	of	the	mater�al	would	evaporate	a	lot;	so	
that	m�crob�al	growth	was	hampered	by	dehydrat�on	and	a	dark	surface	mater�al.	

Tabel	6.	Wafer	complete	rat�ons	of	water	act�v�ty	w�th	var�ous	storage	t�mes

Treatment
Storage	t�me

2	weeks 4	weeks 6	weeks 8	weeks

P1 0.60±0.05 0.75±0.08 0.79±0.00 0.72±0.00
P2 0.72±0.02 0.73±0.03 0.79±0.00 0.75±0.00
P3 0.69±0.09 0.70±0.06 0.80±0.08 0.77±0.07
P4 0.70±0.06 0.74±0.07 0.82±0.07 0.80±0.01

The	value	of	flats	w�ts	d�fferent	supperscr�pts	�n	the	same	column	showed	a	s�gn�f�cantly	d�fferent	at	
(P<0.05).	P1=	rat�on	conta�n�ng	10%	sago	waste,	P2=	rat�on	conta�n�ng	40%	sago	waste,	P3=	rat�on	
conta�n�ng	30%	sago	waste,	P4=	rat�on	conta�n�ng	40%	sago	waste.

Conclus�on

Wafer	 complete	 rat�ons	 w�th	 d�fferent	 compos�t�on	 of	 sago	 waste	 does	 not	
affect	the	spec�f�c	grav�ty,	dens�ty	of	water	act�v�ty,	but	affected	water	levels	w�th	the	
h�ghest	value	found	�n	the	wafer	w�th	a	compos�t�on	of	40%	sago	waste.	Storage	for	
8	weeks	old	greatly	�ncreases	the	water	content,	lower	spec�f�c	grav�ty	and	dens�ty,	
but	does	not	affect	the	act�v�ty	of	water.		The	wafers	stored	up	to	6	weeks	�s	st�ll	�n	
a	good	cond�t�on,	but	at	8	weeks	of	storage,	the	surface	of	the	wafer	start	to	ranc�d	
black.
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Abstract

The aim of this research was to evaluate the quality of vegetable waste 
silages, using rice bran, onggok (cassava flour waste) and pollard as carbohydrate 
sources. Vegetable waste was collected from local traditional market, consisted 
of corn husk, chinese cabbage dan cabbage. Research was held in Randomized 
Block Design consisted of six treatments with 3 replications. Treatments were 
(T1) vegetable waste+rice bran, (T2) vegetable waste+rice bran+rice straw, (T3) 
vegetable waste+onggok, (T4) vegetable waste+onggok+rice straw, (T5) vegetable 
waste+pollard, (T6) vegetable waste+pollard+rice straw. Lactobacillus plantarum 
1A-2 was used as innoculant. The quality of silages was evaluated by measuring 
pH, temperature, population of lactic acid bacteria and lactic acid production. 
Nutrient characteristic was determined by proximate and fiber analysis. Results 
showed that pH of silages were not affected by treatments, but silage treated with 
rice bran, with or without rice straw addition, had higher temperature compared 
with others (29oC or 28,3oC). The highest population of lactic acid bacteria (1.9 x 
107cfu/ml) was found in silage using rice straw and onggok (T4), but highest lactic 
acid production (0,91) was measured in silage using rice straw and rice bran (T2). 
In general, the use of rice bran as carbohydrate sources gave highest lactic acid 
production followed by pollard and onggok. Different carbohydrate source gave 
different nutrients characteristic. Silage with highest protein content was measured 
in silage with pollard as carbohydrate source, followed with rice bran and onggok. 

Keywords: Lactobacillus plantarum 1A-2, onggok, pollard rice bran, vegetable 
waste silages

Introduct�on
	

Forage	�s	major	feed	for	rum�nant,	but	�ncreas�ngly	d�ff�cult	to	obta�n	due	to	
compet�ng	 land	uses	w�th	human	 �nterests.	Therefore,	 �t	 �s	necessary	 to	 f�nd	new	
resources	that	can	subst�tutes	the	forage.	Vegetables	waste	�s	a	potent�al	feed	source	
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for	rum�nant,	to	overcome	lack	of	grass,	espec�ally	�n	dry	season.	Vegetable	waste	�s	
part	of	the	vegetables	that	are	not	consumed	by	humans,	usually	already	d�scarded	
by	 traders,	 so	has	no	econom�c	value.	Trad�t�onal	 farmers	already	g�ve	vegetable	
waste	to	the�r	cattle,	but	�ts	h�gh	water	content	made	�t	eas�ly	decayed	and	cannot	be	
stored	for	long	per�od.	Th�s	l�m�tat�on	�ncreased	the	cost	and	d�ff�cult�es	�n	handl�ng	
because	 farmers	 have	 to	 take	 vegetable	 waste	 from	 trad�t�onal	 market	 everyday.	
Treatment	�s	necessary	to	�mprove	the	qual�ty	and	the	nutr�t�onal	value	of	vegetable	
waste	as	feed.	

S�lage	product�on	 �s	a	method	of	mo�st	 forage	preservat�on	wh�ch	 �s	w�dely	
used	all	over	the	world	(Saele,	2002).	It	�s	based	on	natural	fermentat�on	when	lact�c	
ac�d	bacter�a	(LAB)	ferment	water	soluble	carbohydrates	to	organ�c	ac�ds,	ma�nly	
lact�c	ac�d,	under	anaerob�c	cond�t�ons.	As	a	result,	the	pH	decreases,	�nh�b�t�ng	det-
r�mental	anaerobes,	and	so	the	mo�st	forage	�s	preserved	(Merry	and	Dav�es,	1999).	
A	comb�nat�on	of	anaerob�c	cond�t�on	and	ac�d�ty	protects	the	forage	from	the	pro-
l�ferat�on	of	deleter�ous	bacter�a	and	fung�,	and	�t	also	�ncreases	the	palatab�l�ty	of	
the	forage	due	to	lact�c	ac�d	product�on	(Yang	et al.,	2001,	We�nberg	et al.,	2003,	
F�lya,	2003).

In	terms	of	storage,	s�lage	�s	more	durable	because	of	spo�lage	bacter�a	do	not	
res�stant	to	low	pH,	so	�ts	ava�lab�l�ty	and	qual�ty	of	feed	can	be	assured.	S�lage	can	
also	be	used	as		prob�ot�cs	and	organ�c	ac�d	sources	for	l�vestocks		as	an	alternat�ve	
to	ant�b�ot�cs.	In	order	to	�mprove	the	ens�l�ng	process	and	to	obta�n	a	h�gh-qual�ty	
fermented	product,	var�ous	chem�cal	and	b�olog�cal	add�t�ves	have	been	developed	
and	used	dur�ng	s�lage	fermentat�on.	The	b�olog�cal	add�t�ves	are	advantageous	be-
cause	they	are	safe	and	easy	to	use,	non-corros�ve	to	mach�nery,	do	not	pollute	the	
env�ronment	and	are	regarded	as	natural	products	(F�lya	et al.,	2000;	We�nberg	and	
Muck,	1996).	Seale	et al.	(1986)	found	that	sugar	�s	a	l�m�t�ng	factor	�n	produc�ng	
good-qual�ty	fermented	products.	Sugar	ma�nly	serves	as	a	carbon	source	for	m�cro-
organ�sms.	Molasses,	lactose	and	a	m�xture	of	cereal	gra�ns	and	malt,	dextrose,	corn	
or	tap�oca	flour	have	been	used	as	add�t�ves	(Zahar	et al.,	2002).

A	successful	ens�l�ng	process	requ�res	a	m�n�mum	concentrat�on	of	fermentable	
sugars	(3-5%	�n	DM).	However,	the	major�ty	of	carbohydrates	�n	plants	are	�n	the	
form	of	f�brous	polymers	that	make	up	the	cell	wall	and	are	not	fermented	by	lact�c	
ac�d	bacter�a	(LAB).	In	order	 to	obta�n	 the	necessary	 level	of	fermentable	water-
soluble	carbohydrates	(WSC)	for	the	lact�c	fermentat�on	�n	crops	wh�ch	are	low	�n	
WSC,	the	use	of	carbohydrate	sources	has	been	suggested.

Research	 on	 the	 ens�l�ng	 of	 vegetable	 waste	 �s	 st�ll	 l�m�ted,	 and	 the	 effects	
of	d�fferent	add�t�ves	may	vary	from	one	to	another,	result�ng	var�ety	of	result�ng	
s�lages.	Therefore,	the	object�ve	of	th�s	exper�ment	was	to	evaluate	the	qual�ty	of	
vegetable	waste	s�lages,	us�ng	r�ce	bran,	onggok	(cassava flour waste)	and	pollard	
as	carbohydrate	sources.
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Mater�als	and	Methods

Vegetable	waste	 was	 collected	 from	 local	 trad�t�onal	market	 �n	 Bogor,	 con-
s�sted	of	corn	husk,	ch�nese	cabbage	and	cabbage.	After			chopp�ng,	vegetable	waste	
was	a�r	dr�ed	to	decrease	water	content.	It	was	sprayed	w�th	Lactobacillus planta-
rum	1A-2	as	an		�nnoculum	and	d�v�ded	�nto	equal	port�ons	for	the	appl�cat�on	of	
treatments.	All	�nnocula	were	d�luted	w�th	d�st�lled	water,	so	that	they	were	appl�ed	
at	the	same	rate	(10	ml	of	solut�on/kg	of	vegetable	waste).	

Exper�ment	was	held	�n	a	random�zed	block	des�gn		cons�sted	of	s�x	treatments	
w�th	3	repl�cat�ons.	Treatments	were	(T1)	vegetable	waste	+	r�ce	bran,	 (T2)	veg-
etable	waste	+	r�ce	bran	+	r�ce	straw,	(T3)	vegetable	waste	+	onggok,	(T4)	vegetable	
waste	+	onggok	+	r�ce	straw,	(T5)	vegetable	waste	+	pollard,	(T6)	vegetable	waste	
+	pollard	+	r�ce	straw.	

		 Each	treatment	was	packed	�nto	±15	L	plast�c	drum	as	s�los	�n	tr�pl�cate	and	
sealed.	S�los	were	stored	at	room	temperature.	After	45	days	ens�led,	each	s�lo	were	
sampled	for	chem�cal	and	m�crob�al	analyses.	The	DM	content	was	determ�ned	by	
oven	dry�ng	for	48	h	at	60	oC.	After	dry�ng,	samples	were	ground	through	a	1-mm	
screen	m�ller,	and	stored	�n	glass	bottle	at	room	temperature	for	chem�cal	(prox�-
mate	and	 f�ber)	analys�s.	The	qual�ty	of	 s�lages	was	evaluated	by	measur�ng	pH,	
temperature,	populat�on	of	lact�c	ac�d	bacter�a	and	lact�c	ac�d	product�on.	Nutr�ent	
character�st�c	was	determ�ned	by	prox�mate	and	f�ber	analys�s	at	Laboratory	of	Feed	
Technology,	IPB.	

Another	port�on	of	or�g�nal	sample	was	d�luted	w�th	autoclaved	d�st�lled	water	
and	blended	�n	h�gh-speed	blender	for	30	s.	The	d�luted	samples	were	enumerated	
for	LAB	on	pour-plates	us�ng	MRS	agar	(DeMan,	Rogosa,	and	Sharpe)	w�th	TPC	
(Total	Plate	Count)	method,	 cult�vated	at	30	 °C	 for	48	hours	 (mod�f�cat�on	 from	
Cappuc�no	and	Sherman,	1983).	Colon�es	were	counted	from	plates	of	appropr�ate	
d�lut�ons	conta�n�ng	a	m�n�mum	of	30	colon�es.	pH	was	�mmed�ately	measured	from	
the	rema�nder	of	d�luted	sample.

Results	and	D�scuss�on

Qual�ty	of	s�lage	can	be	observed	from	the	phys�cal	character�st�cs	of	the	re-
sult�ng	s�lage.	After	45	days	of	ens�l�ng,	vegetable	waste	s�lage	�n	th�s	study	exh�b�t-
�ng	a	yellow�sh	green	color,	fresh	aroma	and	not	sl�my.	There	was	only	a	few	fungal	
contam�nat�on	v�sually	observed	on	the	surface	of	the	s�lage	due	to	aerob�c	cond�-
t�ons.	Those	phys�cal	character�st�c	�nd�cated	a	successful	fermentat�on	process.	Use	
of	r�ce	bran,	onggok	(cassava	byproduct),	and	pollard	as	source	of	carbohydrates	�n	
each	treatment	resulted	�n	only	a	l�ttle	color	d�fferences	of	s�lages.	S�lage	us�ng	ong-
gok	had	a	l�ghter	color	wh�le	s�lage	us�ng	pollard	and	r�ce	bran	had	a	darker	color.	
Phys�cal	appearance	of	vegetable	waste	s�lages	from	each	treatment	can	be	seen	�n	



224 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

F�gure	1.	Phys�cal	appearance	of	vegetable	waste	s�lages.	T1=	vegetable	waste	+	r�ce	bran;	
T2=	vegetable	waste	+	 r�ce	bran	+	 r�ce	 straw;	T3=	vegetable	waste	+	onggok;	
T4=	vegetable	waste+	onggok	+	r�ce	straw;	T5=	vegetable	waste	+	pollard;	T6=	
vegetable	waste	+	pollard	+	r�ce	straw.	

Other	var�ables		for	evaluat�ng	s�lage	qual�ty	�s	the	chem�cal	(temperature,	pH	
and	lact�c	ac�d	product�on)	and	m�crob�olog�cal	(LAB	populat�on)	character�st�cs	of	
s�lage	presented	�n	Table	1.	Temperature	of	s�lage	at	the	end	of	fermentat�on	var�ed	
between	treatments.	The	h�ghest	temperature	was	recorded	(29	oC)	on	s�lage	w�th	
r�ce	bran	add�t�on	(T2),	wh�ch	was	s�gn�f�cantly	h�gher	compared	to	others.

Value	of	pH,	lact�c	ac�d	product�on,	and	populat�on	LAB	were	not	s�gn�fantly	
affected	by	carbohydrate	sources	add�t�on.	Vegetable	waste	s�lages	treated	w�th	ong-

Note:	LAB=	Lact�c	Ac�d	Bacter�a;	T1=	vegetable	waste	+	 r�ce	bran;	T2=	vegetable	waste	+	 r�ce	
bran	+	r�ce	straw;	T3=	vegetable	waste	+	onggok;	T4=	vegetable	waste	+	onggok	+	r�ce	straw;	T5=	
vegetable	waste	+	pollard;	T6=	vegetable	waste	+	pollard	+	r�ce	straw.

Treatments

T1 T2 T3 T4 T5 T6

Temperature	
(oC)

28.33±0.01b 29.00±0.00b 27.00±0.00a 27.33±0.57a 27.33±0.57a 27.00±0.00a

pH 3.91±0.01 3.94±0.04 3.42±0.46 3.55±0.42 3.91±0.09 3.72±0.19
Lact�c	ac�d	
(%)

0.41±0.10 0.30±0.05 0.23±0.01 0.29±0.11 0.30±0.06 0.36±0.11

LAB	(cfu/g) 7.10x108±	
4.98x108	

10.40x109±	
4.10x108

6.97x108±	
3.59x108

16.5x109±	
8.97x108

6.71x108±	
2.08x108

5.48x108±	
3.06x108

Table	1.	Chem�cal	and	m�crob�olog�cal	character�st�cs	of	vegetable	waste	s�lages
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gok	gave	the	lowest	pH	value	(3.42	and	3.55),	wh�le	the	h�ghest	pH	value	was	ob-
ta�ned	from	s�lages	treated	w�th	r�ce	bran	(3.91	and	3.94).	Th�s	cond�t�on	may	relate	
to	the	ac�d�ty	of	onggok	wh�ch	was	lower	than	r�ce	bran	and	pollard.	A	pH	range	of	
3.7-4.2	was	generally	cons�dered	to	be	benef�c�al	for	crop	preservat�on	(Kung	and	
Shaver,	2001),	but	accord�ng	to	Bates	et al.	(1996),	pH	ranged	between	3	and	4	was	
st�ll	cons�dered	adequate.

H�gh	qual�ty	s�lage	�s	l�kely	to	be	ach�eved	when	lact�c	ac�d	�s	the	predom�nant	
ac�d	produced,	as	�t	�s	the	most	eff�c�ent	fermentat�on	ac�d,	and	reduces	s�lage	pH	
(McDonald	et al.,	2002),	thus	lact�c	ac�d	product�on	was	correlated	w�th	pH	value.	
H�gher	lact�c	ac�d	product�on	would	result	�n	lower	pH	value,	but	�n	th�s	exper�ment,	
some	s�lages	w�th	 low	 lact�c	ac�d	product�on	also	had	 low	pH	value.	Lact�c	ac�d	
product�on	�n	th�s	study	was	ranged	between	0.23–0.41%,	w�th	no	s�gn�f�cant	d�ffer-
ences	among	treatments.	S�lages	treated	w�th	onggok	(T3)	had	the	lowest	lact�c	ac�d	
product�on	compared	to	other	carbohydrate	sources.	Accord�ng	to	Coblentz	(2003),	
onggok	have	low	WSC	content	(3%),	wh�le	r�ce	bran	and	pollard	have	h�gher	WSC	
content	(5%	and	12%).	Low	WSC	content	means	low	nutr�ent	sources	served	for	
LAB	to	produce	lact�c	ac�d.
	 Lactobacillus plantarum	1A-2	added	as	�noculants	dur�ng	s�lage	mak�ng	to	
�ncrease	populat�on	of	lact�c	ac�d	bacter�a,	�n	order	to	st�mulate	lact�c	ac�d	fermenta-
t�on,	accelerate	the	decrease	�n	pH,	and	thus	�mprove	s�lage	preservat�on	of	homo	
-	fermentat�ve	lact�c	ac�d	bacter�al	stra�ns.	These	bacter�a	produce	large	amounts	of	
lact�c	ac�d	�n	the	s�lage	�n	a	short	t�me	and	stab�l�ze	�t	w�th	m�n�mal	losses	(F�lya,	
2003).	In	general,	d�fferent	carbohydrate	sources	had	not	�nfluenced	populat�on	of	
lact�c	ac�d	bacter�a	s�gn�f�cantly.	The	h�ghest	populat�on	of	LAB	was	observed	�n	
s�lages	w�th	onggok	add�t�on	(T4)	(16.5	x	109	cfu/g),	wh�le	pollard	add�t�on	(T6)	
produced	s�lages	w�th	the	lowest	populat�on	of	LAB	(5.48	x	10	cfu/g	8).	

Note:	DM=	Dry	Matter;	CP=	Crude	Prote�n;	CF=	Crude	F�ber;	EE=	Ether	Extract;	NFE=	Non	F�ber	
Extract;	T1=	vegetable	waste	+	r�ce	bran;	T2=	vegetable	waste	+	r�ce	bran	+	r�ce	straw;	T3=	vegetable	
waste	+	onggok;	T4=	vegetable	waste	+	onggok	+	r�ce	straw;	T5=	vegetable	waste	+	pollard;	T6=	
vegetable	waste	+	pollard	+	r�ce	straw.

Nutr�ent
(%)

Treatments

T1 T2 T3 T4 T5 T6
DM 86.57 88.44 88.54 90.75 91.64 87.21
Ash 26.46 15.37 2.52 7.59 5.84 9.61
CP 7.51 9.40 3.56 4.59 14.52 13.45
CF 25.79 28.15 14.26 19.76 10.99 16.41
EE 1.70 0.30 0.12 1.01 0.19 1.15

NFE 25.11 35.22 68.08 57.80 60.10 46.59

Table	2.	Nutr�ent	compos�t�on	of	vegetable	waste	s�lages
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Ens�l�ng	 has	 been	 a	 preferent�al	 method	 �n	 ma�nta�n�ng	 the	 energy	 content	
of	forages,	ensur�ng	a	good	nutr�t�onal	value	when	used	as	feed	(Vervaeren	et al.,	
2010).	Table	 2	 shows	 nutr�ent	 character�st�cs	 of	 vegetable	 waste	 s�lages	 after	 45	
days	of	ens�l�ng.	Use	of	pollard	as	carbohydrate	source	gave	the	h�ghest	CP	content	
(14.52%)	 than	other	 treatments,	wh�le	 the	use	of	onggok	prov�ded	 the	 lowest	CP	
content	of	vegetable	waste	s�lages	(3.56%).	Th�s	result	�s	correlated	w�th	CP	content	
of	carbohydrate	sources	added	�n	s�lage	product�on.	Pollard	has	CP	content	around	
15%,	wh�le	r�ce	bran	and	onggok	have	only	CP	content	around	11%	and	2%	(Furqa-
an�da,	2004).	Sap�enza	and	Bolsen	(1993)	stated	 that	CP	content	of	qood	qual�ty	
s�lage	 ranged	 between	 10.50%-15.20%.	Above	 the	 opt�mum	 range	 w�ll	 result	 �n	
poor	s�lage	qual�ty	and	cannot	be	stored	for	a	long	t�me	due	to	b�ochem�cal	reac-
t�ons	between	am�no	ac�ds	and	sugars	caus�ng	the	Ma�llard	react�on	wh�ch	produced	
brown	s�lage.

The	 contents	 of	 CF	 and	 EE	 �n	 vegetable	 waste	 treated	 w�th	 r�ce	 bran	 were	
the	h�ghest	�n	all	s�lages	(28.15%	and	1.70)	as	pred�cted,	because	r�ce	bran	had	the	
h�ghest	CF	and	EE	content	compared	w�th	other	carbohydrate	sources	used	�n	th�s	
exper�ment.	S�lage	w�th	EE	content	more	than	2%	w�ll	be	eas�ly	contam�nated	and	
class�f�ed	as	bad	qual�ty	of	s�lage	(Sap�enza and Bolsen, 2003). The h�ghest EE �nSap�enza	and	Bolsen,	2003).	The	h�ghest	EE	�n	
th�s	exper�ment	was	1.70%	�nd�cat�ng	a	good	qual�ty	of	s�lage.

F�ber	compos�t�ons	of	s�lages	were	not	affected	s�gn�f�cantly	by	treatments	
(Table	3).	The	use	of	r�ce	straw	as	s�lage	mater�al	�ncreased	the	value	of	NDF,	com-
pared	 w�th	 s�lages	 w�thout	 r�ce	 straw	 (T2	 vs	T1,	T4	 vs	T3,	T7	 vs	T6),	 and	 also	
�ncreased	 l�gn�n	 content	 of	 s�lages	 except	 for	T2.	 Neutral	 detergent	 f�ber	 (NDF)	
�s	related	to	the	f�ll�ng	effects	of	feeds	�n	the	rumen.	Pollard	add�t�on	(T5	and	T6)	
resulted	�n	the	lowest	NDF,	ADF,	cellulose	and	l�gn�n	contents	�n	s�lage,	but	exh�b-
�t�ng	the	h�ghest	level	of	hem�celluloses	(33.09%).	Use	of	onggok	as	carbohydrate	
source	result�ng	�n			the	h�ghest	cellulose	content	(49.55%)	and	lowest	hem�cellu-
loses	(4.18%).	

Note:	NDF=	Neutral	Detergent	F�ber;	ADF=	Ac�d	Detergent	F�ber;	T1=	vegetable	waste	+	r�ce	bran;	
T2=	vegetable	waste	+	r�ce	bran	+	r�ce	straw;	T3=	vegetable	waste	+	onggok;	T4=	vegetable	waste	+	
onggok	+	r�ce	straw;	T5=	vegetable	waste	+	pollard;	T6=	vegetable	waste	+	pollard	+	r�ce	straw.

F�ber	(%)
Treatments

T1 T2 T3 T4 T5 T6
NDF 58.77 72.69 58.28 76.44 52.96 56.33
ADF 51.59 49.65 33.37 72.26 19.87 32.43
Hem�cellulose 7.18 23.04 24.91 4.18 33.09 23.90
Cellulose 33.44 30.41 23.71 49.55 16.70 22.38
L�gn�n 10.77 10.24 9.03 18.14 2.67 5.27

Table	3.	F�ber	compos�t�on	of	vegetable	waste	s�lages
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Conclus�ons

Phys�cal	character�st�c	of	vegetable	waste	s�lages	was	good,	w�th	a	yellow�sh	
green	colour	and	good	aroma,	�nd�cat�ng	that	fermentat�on	process	was	successful.	
Use	of	r�ce	bran,	onggok	(cassava	byproduct),	and	pollard	as	carbohydrate	sources	
for	ens�l�ng	vegetable	waste	d�d	not	show	s�gn�f�cant	d�fferences	�n	chem�cal	and	
m�crob�olog�cal	character�st�cs,	nutr�ent	and	f�ber	compos�t�ons	of	resulted	s�lages.	
It	can	be	concluded	that	all	carbohydrate	sources	used	�n	th�s	exper�ment	can	be	use	
as	s�lage	add�t�ve	result�ng	�n	a	good	vegetable	waste	s�lage.
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Abstract

An experiment was conducted with 80 unsexed broilers of the Arbor Acress 
strain to evaluate utilization of fermented product by Monascus purpureus in 
broiler diet on performance and carcass quality.  This study involved a completely 
randomized design (CRD) with 5 treatments (0, 5, 10, 15, and 20% of fermented 
product by Monascus purpureus  in diets) and 4 replicates per treatment.  Diets were 
isonitrogenous (22% crude protein) and isocaloric (3000 kcal/kg diet). Measured 
variables were performances (feed consumption, weight gain, feed conversion), 
quality of meat carcass (fat and cholesterol).  Data were analyzed by analysis of 
variance for CRD. Increasing fermented product by Monascus purpureus levels 
in the diets increased feed consumption, weight gain but decreased (P<0.01) feed 
conversion, meat carcass (fat and cholesterol).  In conclusion, up to 20% of fermented 
product by Monascus purpureus could be included for the broiler diet to increased 
performances and decreased 33.88% cholesterol of meat broiler.  

Keywords: feed conversation, fermentation, meat cholesterol, Monascus purpureus

Introduct�on	

Product fermented high carotenoids (β carotene and monacolin) based on by-
product	could	be	used	as	alternat�ve	poultry	d�et,	subt�tuted	convent�onal	feed	stuffs	
st�ll	 �mport.	In	Indones�a	some	of	corn,	soybean	meal	and	f�sh	meal		are	st�ll	 �m-
ported	from	abroad.		It	resulted	�n	a	h�gh	cost	of	d�ets	for	poultry.		The	ut�l�zat�on	of	
waste	mater�als	from	agr�cultural	or	�ndustr�al	wastes	(by-products)	�s	often	appl�ed	
to	overcome	the	problem	of	feed	shortage	�n	poultry	�ndustry.	Feed	d�vers�f�cat�on	
�n	the	poultry	d�et	�s	one	of	many	attempts	to	reduce	the	cost	of	feed	�n	the	poultry	
�ndustry. 

Another	advantage	us�ng	fermented	product	h�gh	monacol�n	was	reduced	egg	
and	meat	cholesterol,	so	egg	and	meat	safe	to	eat	for	anyone	�nclud�ng	people	w�th	
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hypercholesterolemia.	Results	of	the	research	before,	reported	that	ut�l�zat�on	fer-
mented	products	by	Monascus purpureus	(h�gh		monacol�n)	subst�tuted	corn	40.06%	
and	decreased	cholesterol	of	meat	35.09	respect�vely	(Nura�n�,	2012).	E�senbrand	
(2005)	reported	that	used	of	2.4	g/day	product		fermented	w�th	Monascus purpureus 
conta�n�ng	10	mg	monacol�n	(lovastat�n)	for	12	weeks	decreased		total	cholesterol,	
LDL	cholesterol,	tr�glycer�des	and	�ncreased	HDL	cholesterol	blood	serum	of	rats.	
Accord�ng	Endogrul	(2004),	monacol�n	or	lovastat�n	�s	secondary	metabol�tes	pro-
duced	by	M. purpureus	as	hypocholesterolem�a	agent.	

Substrate	for	fermented	product	h�gh	caroteno�d		can	used	sol�d	substrate	based	
on	agro	waste/waste	agr�cultural	products	such	as	waste	of	(sago,	cassava	and	tofu)	
are	w�dely	ava�lable	�n	the	area	of	West	Sumatra	(Nura�n�	et al., 2009).	Wastes	are	
potent�ally	 large	 to	 be	 used	 as	 an�mal	 feed,	 because	 h�gh	 ava�lab�l�ty,	 wh�le	 st�ll	
conta�n�ng	 nutr�ent	 content	 and	 not	 compete	 w�th	 human	 needs.	 The	 success	 of	
a	 sol�d	 med�a	 fermentat�on	 of	 caroteno�d	 fung�	 �s	 depend	 on	 the	 g�ven	 opt�mum	
cond�t�ons	such	as:	substrate	compos�t�on,	substrate	th�ckness,	�noculum	dose	and	
durat�on	 of	 �ncubat�on.	 Result	 of	 the	 research	 before	 reported	 that	 the	 opt�mum	
cond�t�ons	of	M. purpureus	to	produce	r�ch	monacol�n	and	to	�ncrease	the	nutr�ent	
content	of	fermented	products	were		compos�t�on	of	substrate	conta�n	of	a	m�xture	
of	80%	r�ce	bran	and	20%	tofu	waste,	the	th�ckness	of	the	substrate	1-2cm,	�noculum	
dose	10%	and	long	�ncubat�on	8	days.	Nutr�ent	content	of	fermented	product	by	M. 
purpureus	�ncreased	�f	compare	w�th	before	fermentat�on.	Prote�n	content	�ncreased	
from	14,85%		to	20,22	%,	monacol�n	�ncreased	from	0	mg/kg	to	400,71	mg/kg.	So	
that	th�s	exper�ment	want	to	study	the	effect	of	feed�ng	fermented	product	by		M. 
purpureus	 (h�gh	caroteno�d	monacol�n)	 �n	the	d�et	on	performance	and	qual�ty	of	
meat	bro�ler.	

Mater�als	and	Methods	
								
One	hundred	(100)	4	days	old	CP	707	bro�ler	ch�cks	were	study	�n	th�s	exper�-

ment.	The	ch�cks	were	�nd�v�dually	we�ghed	and	randomly	selected	and	allocated	
to	each	of	 the	f�fe	d�fferent	 level	of	fermented	product	by	M. purpureus.	Product	
fermented	conta�n	60%	r�ce	bran	w�th	40%	tofu	waste	then	added	aquades	(water	
content	70%),	st�rr�ng	evenly,	ster�l�zed		the	mater�al	30	m�nute	after	bo�l�ng	water,	
then	allowed	to	reach	room	temperature.	Inoculated	w�th	10%	�noculum	M. purpu-
reus	and	�ncubated	for	8	days	(Nura�n�	et al.,	2009).	After	the	fermentat�on	products	
are	harvested,	dr�ed	by	us�ng	sunl�ght.	Own	d�ets	were	formulated	from	�ngred�ents	
such	as	corn,	soybean	meal,	f�sh	meal,	r�ce	bran,	product	fermented	by	M. purpu-
reus,	coconut	o�l	and	CaCO3.	The	bro�lers	were	g�ven	a	d�et	w�th	22%	crude	prote�n	
and	3000	ME	kcal/kg	feed.	Compos�t�on	of	 rat�on	and	 the�r	nutr�ent	content	 	are	
presented	�n	Table	1	and	2.
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The	 exper�mental des�gn used was Completely Random�zed Des�gn (CRD)exper�mental	 des�gn	 used	 was	 Completely	 Random�zed	 Des�gn	 (CRD)	
w�th	5	treatments	were:	0%,	5%,	10%,	15%,	and	20%		of	fermented	product	�n	the	
d�et	and	4	repl�cat�ons.	The	var�able	observed	were		feed	�ntake	(g/b�rd),	we�ght	ga�n	
(g/b�rd),		feed	convers�on,		meat	cholesterol(mg/100g),	meat	fat	(%).	Data	obta�ned	
was	subjected		to	analys�s	of	var�ance.	Where	s�gn�f�cant	d�fferences	occurred,	the	
means	w�ll	be	separated	us�ng	Duncan	mult�ple	range	test	(DMRT).

Results	and	D�scuss�on	

Feed	Consumpt�on,	Body	We�ght	Ga�n	and	Feed	Convers�on:		The	effect	of		
feed�ng	 fermented	product	by	M. purpureus	 on	performance	and	qual�ty	of	meat	
bro�lers	are	presented	�n	Table	3.	Increas�ng	product	fermented	by	M. purpureus	�n	

Table	1.	Compos�t�on	of	rat�on	treatments	(%)

Feedstuff
Treatments	(%)

A B C D E
Corn 52.50 50.50 48.50 46.50 44.50
R�ce	Bran 9.75 7.50 5.25 3.00 0.50
Soybean	Meal 12.00 11.00 10.00 9.00 8.00
F�sh	Meal 23.00 23.00 23.00 23.00 23.00
Coconut	O�l 2.25 2.50 2.75 3.00 3.50
RBTWF 0.00 5.00 10.00 15.00 20.00
Topm�x 0.50 0.50 0.50 0.50 0.50
Amount 100 100 100 100 100

Note:	RBTWF=		R�ce	Bran-Tofu	Waste	Fermented.

Table	2.	Ingred�ent	content	and	energy	metabol�sm	of	rat�on	treatments

Ingred�ent
Treatments	(%)

A B C D E
CrudeProte�n	(%) 22.04 22.04 22.05 22.6 22.03
Ether	Extract	(%) 4.90 5.14 5.37 5.61 6.09
Crude	F�ber	(%) 4.87 5.23 5.59 5.95 6.26
Cals�um	(%) 1.04 1.02 1.00 0.98 0.96
Phosphor	(%) 0.59 0.58 0.57 0.56 0.55
ME	(Ccal/kg) 3,003.30 3,003.75 3,004.20 3,004.65 3,022.50

Note:	ME=	Metabol�sm	Energy.
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the	bro�ler	d�et	were	s�gn�f�cantly	(P<0.05)	affected	feed	consumpt�on,	we�ght	ga�n,	
feed	convers�on	meat	cholesterol	and	meat	fat.

Feed	consumpt�on	of	bro�ler	h�ghest	at	the	treatment	us�ng	20%	product	fer-
mented	by	M. purpureus,	 �t	 showed	 that	 the	 fermented	product	by	M. purpureus	
preferred	(palatable)	up	to	20%	�n	the	d�et,	eventhough	w�th		reduct�on	of	corn	and	
soybean	meal	�n	each	of	these	treatments.	Th�s	�s	caused	by	fermentat�on	w�th	M. 
purpureus	produced	a	d�st�nct�ve		flavor	that	�s	preferred	b�rd	(palatable).	In	accor-
dance	w�th	the	op�n�on	of	Murugesan	et al.	(2005),	fermentat�on	products	have	a	
preferred	flavor	and	has	a	few	v�tam�ns	(B1,	B2,	and	B12)	that	are	preferred	when	
compared	to	or�g�nal	mater�al.			

The	effect	of	feed�ng	fermented	product	by	M. purpureus on	we�ght	ga�n, the	
present	data		demonstrated	that	treatment	fed	PF	20%	and	PF	15%	(986.99g/b�rd	
and	959.70g/b�rd,	respect�vely)	h�gher	than		(P<0.05)	as	compared	to	b�rds	fed	PF	
10%,	5%,	and	PF	0%	(893.69g/b�rd,858.72g/b�rd	and	782.42g/b�rd,	respect�vely).	
H�gh	we�ght	ga�n	of	bro�ler,	�t	mean	h�gh	feed	nutr�ent	�n	the	d�et		wh�ch	use	to	pro-
duce	meat,	so	�t	can	�ncrease	we�ght	ga�n.	Accord�ng	Gunawardana	et al.	(2008),	
we�ght	ga�n	�s	�nfluenced	by	feed	�ntake,	espec�ally	prote�n	�ntake.	H�gh	we�ght	ga�n	
�nd�cate	that	the	product	fermented	by	M. purpureus	unt�l	level	20%	�n	bro�ler	d�ets	
that	reduce	the	use	of	corn	and	soybean	meal	(40.34%	and	35.67%,	respect�vely)	
was	st�ll	preferred	(palatable)	by	l�vestock.	In	add�t�on,	the	h�gh	we�ght	ga�n	�n	treat-
ment	E	(20%	PF)	compared	to	treatment	A	(0%	PF)	due	to	the	product	fermented	
by	M. purpureus	produced	unsaturated	fatty	ac�d	were	ole�c	ac�d	(omega	9),	l�nole�c	
ac�d	(omega	6)	and	l�nolen�c	ac�d	(omega	3)	(L�n	et al., 2005).		Accord�ng		Grobas	
and	Mateos	(1999),	1.5%	to	2%	l�nole�c	ac�d	�s	needed	for	b�rds	dur�ng	growth	or	
the	product�on	phase	of	the	f�rst	egg	lay�ng	per�od.	L�nole�c	ac�d	def�c�ency	�n	the	
d�et	can	reduce	egg	product�on.

Table	3.	Bro�ler	performance	fed	fermented		r�ce	bran-tofu	waste	by	Monascus purpureus

Parameter
D�et

				0%	PF 				5%	PF 		10%	PF 	15%	PF 		20%	PF

Feed	Consumpt�on	
(g/b�rd)

1911.45c±	
19.58

1993.50b±	
19.02

2052.30b±	
19.46

2091.60ab±	
19.13

2115.40a±	
19.00

We�ght	Ga�n	(g/b�rd)	 782.42c±	
12.38

858.72bc±	
11.40

893.69b±	
12.35

959.70ab±	
12.29

986.99a±	
11.30

Feed	Convers�on 2.45d±0.03 2.32c±0.02 2.29b±0.03 2.19ab±0.02 2.14a±0.02
Meat	Cholesterol	
(mg/100g)

114.04a±	
10.11

105.42b±	
11.23

93.14c±10.34 88.12d±	
11.67

75.40e±	
10.34

Meat	Fat	(%)	 12.42a±1.23 11.22a±1.26 10.19ab±1.24 9.90b±1.30 8.79b±1.26

Note:	Means	�n	the	same	row	w�th	d�fferent	superscr�pt	d�ffer	s�gn�f�cantly	(P<0.05);	PF=	product	
fermented	by	Monascus purpureus.
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The	low	feed	convers�on	rat�o	at	treatment	E	than	�n	treatment	A	�s	caused	by	
feed	 �ntake	 and	 we�ght	 ga�n	 also	 d�ffered	 s�gn�f�cantly	 (P<0.05).	Accord�ng	Var-
kooh�	et al.	(2010),	feed	convers�on	rat�o	�s	the	rat�o	between	feed	�ntake	�n	produc-
�ng	a	number	of	meat.	Feed	convers�on	can	be	used	as	a	p�cture	of	the	product�on	
coeff�c�ent,	the	smaller	value	mean	more	eff�c�ent	use	of	feed	to	produce	meat.	

Meat Cholesterol and Meat Fat
The	data	of	meat	cholesterol	and	meat	fat	showed	that	 the	treatment	fed	PF	

20%		had	lower	mean	value	(P<0.05)	of	meat	cholesterol	and		meat	fat	than	the	treat-
ment	PF	15%,	PF	10%,PF	5%	and	PF	0%.	Low	cholesterol	of	meat	bro�ler	�n	treat-
ment	E	compared	to	other	treatments,	assoc�ated	w�th	the	use	of	fermented	product	
r�ch	monacol�n.	Increas�ng	fermented	product	by	M. purpureus �n	the	d�et	caused	
the	h�gher	content	of	caroteno�ds	monocol�n.		Monacol�n	�s	hyphocholesterolem�a	
agent.	Accord�ng	to	Erdogrul	and	Az�rak	(2004)	that	red	yeast	r�ce	(fermentat�on	by 
M. purpureus)		produced	monacol�n	that	can		�nh�b�t	the	act�on	of	the	enzyme-CoA	
reductase	Hydroks�metyl	Glutaryl	(HMG	Co-A	reductase)	that	play	a	role	�n	the	for-
mat�on	of	mevalonat	�n	the	synthes�s	of	cholesterol	so	that	cholesterol	�s	not	formed.	
The	results	of	th�s	study	showed	that	fermented	product	by	M. purpureus	unt�l	level	
20%	decreased	meat	cholesterol	33.88%.
										
Conclus�on

Increas�ng	fermented	product	by	Monascus purpureus	�n	the	d�et	can	�mproved	
the	performance	and	meat	qual�ty	of	bro�ler.	Feed�ng	fermented	product	by	M. pur-
pureus	up	to	20%	�n	bro�ler	d�et	obta�ned	986.99	g/b�rd	body	we�ght,		feed	conver-
s�on	rat�o	2.14	can	reduced	meat	cholesterol		33.88%.
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Abstracts

Garlic is one spice herbal that can be used to reduce levels of fat and 
cholesterol in the human blood. This materials can also be applied to reduce fat 
and cholesterol content of meat products through the manipulation of animal diets. 
The study objective was to identify the cholesterol content of meats and carcass 
yield  of broiler fed  different level of garlic meals. The experiment was used 100  
day old chicks (DOC) of broiler. It was designed by Completely Randomized Design 
with 5 treatments and 4 replicates. Differences every treatment were tested with 
Duncan’s multiple range test. Experimental diets used were: control diet (R0); 
inclusion of 1.5% garlic meal (R1); inclusion of 3% garlic meal (R2); inclusion 
of 4.5% garlic meal (R3); and inclusion of  6% garlic meal (R4).  Feed and water 
were offered ad libitum, birds were slaughtered at 42 days old.  The result showed 
that feed treatments had significant effect (P<0.05) on cholesterol content of meat 
with the value as 123.20mg/100g (R0); 123.00mg/100g (R1); 102.95mg/100g (R2); 
73.29mg/100g (R3); and 58.69mg/100g (R4). The inclusion of 6% of garlic meal in 
the diets reduced cholesterol contents from 123.2 mg/100g (R0) to 58.69mg/100g 
(R4),  or reducing to be 47.26%.   While the carcass yields (carcass persentage, 
components, and abdominal fat), actually an increased but not  to significant effects. 
Increasing of garlic meal in the broiler ration reduced the cholesterol content of the 
broiler meats. 

Keywords: broiler, carcass, garlic meals, meat cholesterol 

Introduct�on

H�gh	qual�ty	meat	assoc�ated	w�th	the	feed	qual�ty	and	ma�ntenance	manage-
ment.	Qual�ty	of	the	feed	affects	the	qual�ty	of	meat	produced.	The	bro�ler	ch�cken	
as	well	known	to	be	more	eff�c�ent	�n	convert�ng	feed	to	an�mal	product.	The	nature	
of	the	bro�ler	meat	of	wh�ch	�s	a	h�gh	fat	and	water	contents.	H�gh	water	content	�n	
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meat	�s	one	of	the	factors	that	support	the	development	of	fung�	or	m�cro-organ�sms	
that	can	reduce	the	meat	qual�ty	(Ketaren,	1989).	In	add�t�on	bro�ler	meat	are	also	
known	to	conta�n	h�gh	levels	of	fat	and	h�gh	cholesterol,	thereby	reduc�ng	the	level	
of	palatab�l�ty	for	people	suffer�ng	from	heart	d�sease	and	cholesterol.	To	overcome	
th�s	constra�nt	the	man�pulat�on	of	feed	needed	to	�mprove	the	qual�ty	of	meat	pro-
duced,	one	of	the	local	feed	�ngred�ents	that	can	be	added	to	�mprove	the	qual�ty	of	
an�mal	meat	�s	garl�c.	The	�nclus�on	of	garl�c	�n	ch�cken	d�ets	may	reduce	the		fat	and	
cholesterol	of	the	produced.

Garl�c	 (Allium sativum)	 �s	 w�dely	 d�str�buted	 and	 used	 �n	 all	 parts	
of	 the	 world	 as	 a	 sp�ce	 and	 herbal	 remedy	 for	 the	 prevent�on	 and	 treat-
ment	 of	 a	 var�ety	 of	 d�seases,	 rang�ng	 from	 �nfect�ons	 to	 heart	 d�seases.	 In	
the	 past	 two	 decades,	 part�cular	 attent�on	 has	 been	 focused	 on	 the	 cholester-
ol-lower�ng	 act�v�ty	 of	 garl�c.	 Garl�c	 that	 had	 metabol�c	 effects	 may	 decrease	
blood	glucose,	blood	cholesterol	and	tr�acylglycerol	(Hor�e	et al.,	1991).	W�bowo	
(1989)	stated	that	garl�c		may	accelerate	growth	and	�ncrease	the	we�ght	ga�n.		Bor-
d�a	et al.	(1975)	reported	that	the	essent�al	o�ls	of	on�on	and	garl�c	can	prevent	fat-
�nduced	hyperl�pem�a.	A	marked	 reduct�on	of	 serum	cholesterol	 levels	 (53%	and	
34%)	were	observed	�n	rats	fed	a	d�et	supplemented	w�th	2	or	3%	garl�c	powder.	
S�m�lar	effects	of	garl�c	were	found	�n	rats	fed	d�ets	conta�n�ng	e�ther	cholesterol	or	
lard.	Plasma	and	l�ver	cholesterol		as	well	as	total	l�ver	l�p�ds	were	reduced	by	about	
30%	by	garl�c	supplementat�on,	whereas	plasma	tr�acylglycerols	were	reduced	only	
�n	the	group	fed	lard	(Chashn�dl	et.al.,	1982).	Depressed	hepat�c	cholesterol	levels	�n	
ch�ckens	fed	2%	garl�c	for	14	d	were	observed	by	Sklan	et al.	(1992).	Var�ous	garl�c	
extracts	exh�b�ted	hypocholesterolem�c	effects	on	ch�ckens,	ma�nly	through	the	�n-
h�b�t�on	of	the	key	enzymes	�n	cholesterol	and	l�p�d	synthes�s	(Quresh�	et al.,	1983).	
Konjufca	et al.	(1997)	found	that	the	essent�al	o�ls	of	garl�c	can	reduce	cholesterol	
content	of	meat	bro�ler.	The	object�ve	of	th�s	study	was	to	�dent�fy	the	cholesterol	
content	of	 	meats	and	carcass	compost�on	 	of	bro�ler	 fed	d�fferent	 level	of	garl�c	
meals

Mater�als	and	Methods

Chicken and Housing
A	total	of	100	one-day-old	ch�cks	(DOC)bro�ler	m�xed	sex	(males	and	females)	

stra�n	Arbor	Arcres	CP	707	was	used.	Ch�ckens	were	kept	�n	20	plots	w�th	the	s�ze		
for	each	plot	1	x	1	x	0.5	m	and	placed	5	ch�cks.	Each	plot	was	equ�pped	w�th	a	
feed	and	dr�nk�ng	water.	The	treatments	were	randomly	d�str�buted	among	the	plots.	
Dur�ng	the	exper�ment	all	of	the	ch�cken	were	g�ven	ad-l�b�tum	feed�ng	and	dr�nk�ng	
water.	The	ch�cken	was	we�ght	�nd�v�dually	at	the	beg�n�ng	of	the	exper�ment		and	
at	s�x	day	�nterval	thereafter.

The	 ch�ckens	 were	 reared	 up	 to	 41	 days	 old	 and	 were	 we�ght	 �nd�v�dually.	
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At	42	days	old	the	ch�ckens	were	depr�ved	of	feed	for	8	hours	and	all	the	ch�cken	
were	w�ght	�nd�v�dually	pr�or	to	slaughter.	After	slaughter,	feather	were	removed	by	
d�pp�ng	the	ch�cken	�n	to	the	warm	water	(approx.60-70	oC).	Carcass	y�eld	was	we�ght	
of	dead	ch�cken	w�thout	feather,	head,	neck,	legs,	and	d�gest�ve	organs.	The	ch�ckens	
were	cut	�nto	the	parts	accord�ng	to	standar	procedure	of	d�ssect�on	(Jensen,	1989).	
Var�able	determ�ned	were	carcass	we�ght,	carcass	components,	abdom�nal	fat,	and	
cholesterol	content	of	breast	meat.	The	meat	samples	for	cholesterol	analys�s	was	
taken	from	the	breast	meat	as	much	as	100g	of	each	treatment.	Cholesterol	analyzes	
performed	by	the	method	of	L�eberman-Burchrad	(Tranggono	et al.,	1989).

Diets and Treatments
The	control	d�ets	was	performed	to	be	met	the	nutr�ent	requ�rement	w�th	prote�n	

and	metabolyzable	energy	w�th	21%	and	3000	kcal	respect�vely.	The	d�et	was	fed	
as	crumbles	form	and	was	spec�ally	prepare	for	th�s	research.	The	compos�t�on	and		
analyzed	value	of	the	d�ets	�n	shown	�n	Table	1.	The	d�ets	used	�n	th�s	exper�ment	were	
not	separated	between	starter	and	grower	d�ets	accord�ng	to	NRC	(1994)	recomended.		
The	 ch�ckens	 were	 fed	 s�m�lar	 feed	 compos�t�on	 througout	 the	 exper�ment.	 Feed	
�ngred�ents	used	and	the	compos�t�on	of	treatment	rat�ons	are	l�sted	�n	Table	1.

Table	1.	D�ets	Compos�t�on	and	Nutr�ent	Content	of	the	Feed	Treatmens

D�ets
Treatments	

R0 R1 R2 R3 R4
Yellow	corn 52 51 50 49.5 49
R�cebran 7 6.5 6 7 6.5
Coconut	meals 10 10 10 11.5 11.5
Soybean	gra�n 15 15 15 13.5 12
F�sh	meal 15 15 15 13.0 14
Topm�x 1 1 1 1 1
Garl�c	meal 0 1.5 3.0 4.5 6.0
Nutr�ent	Contents*):
Crude	prote�n	(%) 21.01 21.02 21.02 20.02 20.01
Crude	fat	(%) 1.08 1.07 1.71 1.05 1.04
ME	(kcal/kg) 3,009 3,022 3,034 3,007 3,004
Crude	f�ber	(%)	 4.57 4.51 4.45 4.70 4.67
Ca	(%) 0.33 0.33 0.33 0.29 0.31
P	(%) 0.09 0.09 0.09 0.09 0.08

	*)	Based	of	feeds	analys�s	�n	the		Nutr�t�on	Laboratory	An�mal	Sc�ence	Department,	Arg�cultural	
						Faculty	Tadulako	Un�vers�ty,	Palu	(2010)
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The	d�etary	treatment		are	as	follows:	R0=	control	d�ets	w�thout	�nclus�on	garl�c	
meals;	R1=	d�ets	w�th	the	�nclus�on	garl�c	meals	1.5%;	R2=	d�ets	w�th	the	�nclus�on	
garl�c	meals	3.0%;	R3=	d�ets	w�th	the	�nclus�on	garl�c	meals	4.5%;	R4=	d�ets	w�th	the	
�nclus�on	garl�c	meals	6.0%.
	
Design Experiment and Statistical Analysis

The	exper�ment	�ncluded	5	d�etary	treatments,	and	the	exper�mental	des�gn	�s	
Completely	Random�zed	Des�gn	w�th	5	treatment	and	4	repl�cates.	Data	from	the	
exper�ments	were	analyzed	by	us�ng		analys�s	of	var�ance	accord�ng	to	the	type	de-
s�gn	was	used,	�f	there	�s	a	d�fference	between	the	treatments	followed	by	Duncan	
Mult�ple	Range	Test	(Steel	and	Torr�e,	1991).

Results	and	D�scuss�on

Cholesterol Contents
Results	of	cholesterol	contents	that	�nfluenced	by	�nclus�on	of	garl�c	meal	�n	

the	d�ets	as	shown	�n	F�gure	1.

F�gure	1.	Mean	of		cholesterol	content		of	meats	of	each	treatment	�n	mg/100g

Results	of	var�ance	analys�s	showed	that	garl�c	 treatment	had	s�gn�f�cant	ef-
fect	 (P<0.05)	on	meat	cholesterol.	 It	was	found	a	decrease	of	cholesterol	content	
of	the	meats	by	�ncreas�ng	of	d�etary	garl�c	meals	�n	the	d�ets.	The	treatment	that	
�nclus�on	of	4.5%		and	6%	of	garl�c	meal	�n	the	d�ets		had	cholesterol	contents	s�g-
n�f�cantly	lower	compared	to	control	d�ets.	Th�s	�s	poss�ble	because	the	component	
�n	garl�c-conta�n�ng	sulfur	called	allicin	reduced	the		development	of	cholesterol	�n	
the	meat.	Keusgen	(2002)	found	that	garl�c	conta�ns	allicin,	a	component	that	acts	
as	an	ant�bacter�al.	Allicin	from	fresh	garl�c	extract	has	a	w�de-rang�ng	ant�bacter�al	
act�v�ty	for	both	gram	negat�ve	and	gram	pos�t�ve.	Allicin	�s	not	formed	on	the	�ntact	
plant	garl�c,	because	garl�c	conta�ns	aliin	and	enzymes	�ntact	al�nase.	When	garl�c	�s	
chopped	or	crushed	then	reacts	w�th	the	enzyme	al�nase	to	be	form	alicin.	The	use	
of	garl�c	�n	the	form	of	pasta	3.8%	�n	the	d�ets	can	reduce	cholesterol	18%	and	23%,	
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respect�vely	�n	bro�ler	and	layer	ch�ckens	�n	an	age	of	12	weeks	had	been	carr�ed	out	
for	4	weeks	(Quresh�	et al.,	1983).	Th�osulfanat	compounds	�n	garl�c	are	formed	due	
to	enzyme	act�v�ty	alinase	of	aliin	(an	am�no	ac�d	conta�n�ng	sulfur),	through	�t	can	
be	�nfluenced		the	alicin	content	and	resulted	lower	cholesterol	levels	�n	the	blood	
(Wahyuono	1999).	Mamonto	(1992)	stated	that	there	�s	a	relat�onsh�p	between	blood	
cholesterol	and	meats	cholesterol,	decreased	of	blood	cholesterol		w�ll	be	followed	
by	a	decrease	�n	cholesterol	of	meat.	Th�s	statement	was		appl�ed	by	Jaya	(1997)		
that	resulted		the	add�t�on	of	1%	garl�c	�n	bro�ler	feed	can	reduce	about	17.10	mg/dl	
(8.97%)	and	blood	cholesterol	levels	around	13.02	mg/dl	(7.06%)	cholesterol	levels	
of	meat.	Another	exper�ment	was	done	by		Eckner	et al	(1993)	that	found	the	�nclu-
s�on	of	garl�c	extract	 �n	 the	ch�cken	d�ets	could	be	 reduced	 the	 tr�glycer�de,	 total	
cholesterol,	and	phosphol�p�ds	�n	the	blood.		Garl�c	extract	was	also	reported		have	a	
f�br�nolyt�c	effect,	�ncrease	the	mob�l�ty	of	cholesterol	and	tr�glycer�des	(Schne�der,	
1985),	and	as	ant�aterogen�k	wh�ch	prevents	 the	occurrence	of	atheroscleros�s	by	
prevent�ng	ox�dat�on	of	LDL	(He�nle	and	Betz,	1994).	Effects	of	h�pocholestrolem�a		
�n	 the	garl�c	probably	 caused	by	 the	presence	of	 al�c�n	 as	 a	b�oact�ve	 compound	
(Borek,	2001).	

Carcass Yields
Results	of	carcass	y�elds	that	cons�st	of	carcass	percentage,	abdom�nal	fat,	and	

carcass	component	as	shown	�n	Table	2.	The	results	of	var�ance	analys�s	showed	that	
the	treatment	prov�ded	no	s�gn�f�cant		effect	on	carcass	compos�t�on,	abdom�nal	fat	
and	carcass	components.	Th�s	�s	probably	caused	by	the	content	and	qual�ty	of	d�ets	
consumed	relat�vely	the	same	nutr�ents	content,	result�ng	relat�ve	the	same	of	body	
we�ght	and	ult�mately	result	�n	s�m�lar	carcass	component	as	well.	Jull	(1979)	states	
that	the	percentage	of	bro�ler	carcass	�n	the	range	of	65%-75%		based	on	l�ve	we�ght,	

Table	2.	The	mean	of	carcass,	abdom�nal	fat,	and	carcass	component	for	each	treatment

Carcass	y�elds	(%)
Treatments

P-value
R0 R1 R3 R3 R4

Carcass 66.76 66.82 67.26 68.88 69.29 0.28
Abdom�nal	fat 2.21 1.51 1.24 1.14 0.99 3.01
Carcass	
components:

Breastmeat 38.30 39.67 38.51 38.84 37.15						 0.89
Drumst�ck 15.57 14.48 14.95 14.96 14.77						 0.83
Th�gh 13.89 13.96 13.61 13.45 14.18						 0.40
Back 21.36 20.78 21.36 21.17 22.31						 0.60
W�ngs 10.88 11.11 11.56 11.58 11.59						 1.99
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wh�le	the	results	of	th�s	study	�s	�n	the	range	from	65.55	to	70.15%,	sl�ghtly	lower.	
Bud�ansyah	(2003)	reported	that	carcass	components	relat�ve	to	body	we�ght	ga�n	
equal	to	the	percentage	of	carcasses	that	would	produce	no	d�fferent.	

Although	there	�s	no	s�gn�f�cant	d�fference	among	the	treatments	effect	on	car-
cass	y�eld,	but	the	h�gher	used	of	garl�c	powder	�n	the	rat�on	resulted	a	h�gher	per-
centage	of	carcasses.	Increase		the	percentage	of	carcass	due	to	the	�ncrease	�n	body	
we�ght,		the	h�gher	body	we�ght	resulted	the	greater	percentage	of	carcass	as	well	
(S�regar	et al.,	1980).	Th�s	�nd�cated	that	garl�c	had	fungt�on	to	become	a	growth	
promotor.	 Substances	 that	 play	 role	 as	 a	 growth	 promoter	 �n	 garl�c	 �s	 scordinin.	
Phys�olog�cal	effects	of	scordinin	was	tested		by	W�bowo	(1989)	on	m�ce,	that	�nd�-
cated	that	�t	�ncrease	growth	and	body	we�ght.		In	contrast,		the	results	of	abdom�nal	
fat	content	showed	reduced	w�th	the	�ncreas�ng	of	garl�c	meals	�n	the	d�ets.			

Conclus�on

There	were	reduc�ng		of		cholesterol	contents	of	bro�ler	meats	by	�nclus�on	of	
garl�c	meal	�n	the	d�ets.	The	use	of	garl�c	meal	up	to	a	level	of	6%			�n	the	rat�on	of	
bro�ler	was	reduced	s�gn�f�cantly	cholesterol	contents	of	meats	from	123.2	mg/100g	
to	58.69	mg/100g,	or	reduc�ng	47.26%.			Wh�le	the	carcass	y�elds	(carcass	persentage,	
components,	and	abdom�nal	fat),	actually	an	�ncreased	but	not		to	s�gn�f�cant	effects.	
Increas�ng	of	garl�c	meal	�n	the	bro�ler	rat�on	reduced	the	cholesterol	content	of	the	
bro�ler	meats.	
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Abstract

As a complete nutrient product, the egg of Alabio duck contains high cholesterol, 
therefore it needs some attention. This research was conducted to reduce this 
cholesterol level and at the same time to improve its deposit of omega -3 and omega- 
6 in the egg,  by providing fiber ration containing fish oil, corn oil, and  zinc (Zn).   
The experimental design being used was factorial of 2x5x2 with 100 ducks.  The 
first factor was fiber (F) and the second one was oil and Zn  (O). Results showed 
that the treatments were effective enough in reducing cholesterol and improving the 
omega -3 and omega- 6 of the egg.  The best product was shown by treatment of 
F1O4 containing  6 %  fiber (F1) with  2% fish oil + 4% corn oil  + Zinc (O4), either 
in single or interaction, in decreasing cholesterol and LDL cholesterol at the same 
time improving  HDL cholesterol in plasma, omega -3 (linolenate), and omega -6 (omega -6 ( 
linoleate) of the Alabio duct egg.e) of the Alabio duct egg. of the Alabio duct egg. duct egg.

Keywords: Alabio duck, Cholesterol, HDL, LDL, Omega-3 and- 6

Introduct�on

The	egg	of Alab�o (	Alab�o	(Anas plathyryncho, Borneo)	duck	has	been	a	b�g	cho�ce	
of	 consumers	 as	 �t	 has	h�gh	nutr�ent	 contents,	 such	as	13.1%	prote�n,	14.5% fat,	 fat,	
0.5	%	carbohydrate,	1	%	ash,	and	19.9	g/100	g	calory	(B�yatmoko (2007B�yatmoko	(2007a). Th�s.	 	Th�s	
duck	egg		contr�butes	as	much	as	54.14%	out	ot		total	egg	product�on	w�th	67.32 %67.32	%	
product�v�ty �n South Kal�mantan (B�yatmoko, 2007	�n	South	Kal�mantan (B�yatmoko, 2007	(B�yatmoko,	2007b).	However, s�nce egg conta�nsHowever,	s�nce	egg	conta�ns	
h�gh	cholesterol,	 �t	becomes	a	health	concern	(Fron�ng	et al.,	1990).	 	Cholesterol	
�s	part	of	egg	yolk	(5.2%),		65.5	%	tr�glycer�de,	and	28.3	%	phosphol�p�de	(S�ra�t,	
1986).		Amrullah	(2004)	reported	that		cholesterol	�n	an	egg	ranged	from	198	to	208	
mg/egg,	even		r�ched	270	mg/egg	(Cotter�l	et. al.1977).	
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One	of	the	efforts	of	reduc�ng	cholesterol	�s	thru	gastrointestinal	system,	by	
b�nd�ng	pancreat�c	b�le	mechan�sm.	Supplementat�on	of	f�sh	o�l	and	plant	o�l	could	
lessen	egg	cholesterol	as	a	result	of	h�pol�p�d�m�c	effect,	and	�mprove	omega-3	and-
6	(Supr�yatna,	1999).	Rat�on	r�ch	of	omega-3	comes	from	f�sh	o�l,	wh�le,	omega-
6	 	 rom	corn	o�l.	Taneja	et al.,(1995)	descr�bed	 that	 add�t�on	of	 f�sh	o�l	 and	 corn	
o�l	 w�thout	 buffer	 supplementat�on	 could	 g�ve	 negat�ve	 �mpact	 on	 other	 nutr�ent	
absorpt�on.		Z�nc	as	a	buffer,	has	several	roles,	such	as	�n	cellular	act�v�ty,	synthes�s	
and	metabol�sm	of	prote�n (Lloyd, 1978). The absence of buffer would cause lost ofprote�n		(Lloyd,	1978). The absence of buffer would cause lost of		The	absence	of	buffer	would	cause	lost	of	
appet�te	lead�ng	to			anorex�a,		slow	growth	and	product�on,	as	well	as	m�sabsorbs�on	
of	nutr�ent,	�nclud�ng	l�p�d.		

The	object�ve	of	th�s	research	was	to	decrease	cholesterol	and	�mprove	omega-
3	and	omega-6	�n	Alab�o	duck	egg	thru	the	�nclus�on	of	f�ber	rat�on	conta�n�ng	f�sh	
o�l,	corn	o�l,	and	z�nc.		

Mater�als	and	Methods

Th�s	 research	 was	 carr�ed	 out	 for	 three	 months	 ut�l�s�ng	 100	Alab�o	 ducks.ducks.		
Exper�mental	des�gn	be�ng	used	was	random�sed	block	�n	factor�al	of		2	x	5	and	2	
repl�cat�on	w�th	f�ve	ducks	for	each	repl�cat�on.	D�ets	were	formulated	as	 �so	ca-
lory-prote�n	based	on	product�on	stage,	conta�n�ng	18%	CP (crude prote�n) and EMCP	(crude	prote�n)	and	EM	
(energy	metabol�c)	of	2750	kcal/kg.		Factors �mplemented were:Factors	�mplemented	were:	

F�rst	Factor,	levels	of	f�ber	(F),	were	F1=		6%	and F2= 8%.and	F2= 8%.2=	8%.	
Second	Factor,	levels	of	o�l	(O),	were		
O1			=				6%	f�sh	o�l		+		Zn
O2			=				4%	f�sh	o�l		+		2	%		corn	o�l	+		Zn
O3			=				3%	f�sh	o�l		+		3	%	corn	o�l	+		Zn	
O4			=				2%	f�sh	o�l		+		4	%	corn	o�l	+		Zn
O5			=				6%		corn	o�l	+		Zn
Var�ables	evaluated	were	cholesterol,	HDL-plasma	cholesterol,	LDL-plasma	

cholesterol,	omega-3,	and	omega-6.	Data	were	analysed	as	Anova,	�f	there	�s	found	
a	s�gn�f�cant	d�fference,	followed	by	DMRT.		

Results	and	D�scuss�on		

Cholesterol	contents	(Table	1)	of	the	egg	were	not	affected	(p>0.05)	by	�nter-
act�on	of	f�ber	and	o�l	levels.	However,	f�ber	level	or	o�l	d�et	treatment	s�gn�f�cantly	
(p<0.01) affected egg cholesterol. F�ber of 6% (F1) and 2% f�sh o�l + 4% corn o�l+p<0.01)	affected	egg	cholesterol.		F�ber of 6% (F1) and 2% f�sh o�l + 4% corn o�l+F�ber	of	6%	(F1)	and	2%	f�sh	o�l	+	4%	corn	o�l+	
Zn	(O4)	were	cons�dered	as	the	best	treatment.	Supplementat�on	of		f�sh	o�l	and	corn	
o�l	wh�ch	are	r�ch	MUFA and PUFA were able to decrease the cholesterol as theyMUFA	and	PUFA	were	able	to	decrease	the	cholesterol	as	they	
have	hypol�p�dem�c	effect, decreas�ng the capac�ty transfer of LDL and �ncreas�ng,	decreas�ng	the	capac�ty	transfer	of	LDL and �ncreas�ngLDL	and	�ncreas�ng	
plasma	HDL	thus	lower�ng	the	egg	cholesterol	(Abbey	et. al.,1990).				
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The	same	pattern	happened	�n	h�gh dens�ty l�poprote�n (HDL), the �nd�v�dual�gh	dens�ty	l�poprote�n		(HDL),	the �nd�v�dualthe	�nd�v�dual		
factors	showed	s�gn�f�cant	d�fferences	(p<0.05)	(Table	2). The 6% f�ber d�et (F1). The 6% f�ber d�et (F1)	The	6% f�ber d�et (F1)6%	f�ber	d�et	 (F1)	
was	 the	best	 �n	 �mprov�ng	plasma	HDL	(215.890	mg.dl-1), wh�le the 2 % f�sh o�l	wh�le	 the	2 % f�sh o�l2	%	f�sh	o�l	
+	4	%	corn	o�l	+	Zn	 (O4)	 �ncreased	 the	h�ghest	HDL	(248.575	mg.dl-1).	F�sh	o�l	
plays	some	roles	of	reduc�ng	transfer	capac�ty	of	LDL	cholesterol	and	plasma	les�t�n	
(cholesterol	acyltransferase),	as well as st�mulat�ng thromboxane and �mprov�ng theas	well	as	st�mulat�ng thromboxane and �mprov�ng thest�mulat�ng	thromboxane	and	�mprov�ng	the	
rat�o	of	HDL2HDL3	(Abbey	et.al., 1990).	

The	 plasma	 low	 dens�ty	 l�poprote�n	 (LDL)	 cholesterol	 showed	 s�gn�f�cant	
respond	(p<0.05)	on	the	�nteract�on	of	f�ber	and	o�l	supplementat�on	�n	lower�ng	the	
LDL	(Table 3). The best comb�nat�on was found �n F1O4 w�th the lowest LDL (13.58e	3).	The	best	comb�nat�on	was	found	�n	F1O4	w�th	the	lowest	LDL (13.58LDL	(13.58	
mg.dl-1).	Mechan�sm	of	cholesterol	reduct�on	by	f�sh	o�l	was	effect�ve	�n	reduc�ng	
plasma	 LDL,	 play�ng	 a	 role	 as	 ant�agregas�on	 and	 reduc�ng	 	 plasma	 tr�glycer�de	
(Er�tsland	et. al.,	1994	and	S�ncla�r,	1996)	as	a	result	of	the	ox�dat�on	of	EPA	dan	
DHA	(Jandacek	et. al.,1991).		Bes�des,	th�s	supplementat�on	altered	the	structure	of	
LDL	and	LDL	receptor	�n	the	hepat�c	cells	to	be	act�ve	to	uptake	the	LDL	cholesterol,	
thus	lower�ng	the	plasma	LDL	cholesterol	�n	the	egg	(Schectman	et al.,1996).	

The	omega-3	(Table	4)	was	also	affected	s�gn�f�cantly	(p<0.01)	by	the	�nteract�on	
of	f�ber	and	o�l.	The	best	comb�nat�on	was	contr�buted	by	F1O4 (6% f�ber+ 2 % f�shF1O4	(6%	f�ber+	2	%	f�sh	

Table	1.		Averages	of	Alab�o	Duck	Egg	Cholesterol	(mg.g-1)	w�th	F�ber	and	O�l	D�ets

F�ber	levels	(F)	
(%)

O�l	and	Zn	(O)
Averages

O1 O2 O3 O4 O5
F1 11.768 7.434 7.428 6.333 7.296 8.051A

F2 12.253 7.560 7.673 7.003 7.362 8.370B

Averages 12.010c 7.497b 7.550b 6.668aa 7.329b 8.210

Note		D�fferent	superscr�pts	w�th�n	coloumns	were	d�fferent	very	s�gn�f�cantly	(p<0.01)	and	w�th�n	
rows	(p<0.05).

Table	2.	Averages	of	Alab�o	Duck	Egg	HDL	Cholesterol	(mg.dl-1)	w�th	F�ber	and	O�l	D�ets	

Note		D�fferent	superscr�pts	w�th�n	coloumns	were	d�fferent	very	s�gn�f�cantly	(p<0.01)	and	w�th�n	
rows	(p<0.05).

Level	of	f�ber	
(F1)

O�l	and	Zn	(O)
Averages

O1 O2 O3 O4 O5
F1 195.000 195.860 213.220 253.820 221.550 215.890A

F2 196.880 195.270 195.010 243.330 216.660 209.430B

Averages 195.940a 195.565a 204.115b 248.575c 219.105c 212.660
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o�l	+	4	%	corn	o�l	+	Zn	(236.2	mg.100	g-1).	Th�s h�gh level of omega-3 was due toTh�s	h�gh	level	of	omega-3	was	due	to	
the fact that corn oil contain α linolenic dan linoleic (Kreutler, 1980). There wereThere	were	
two	reasons	for	the	lower�ng	effect;	f�rst,	the	h�gh	f�ber	content	(8%) �n F2O1 and(8%)	�n	F2O1	and	
F2O2,	dan	second,	the	level	of		z�nc	(29 ppm) as l�m�ted factor.(29 ppm) as l�m�ted factor.29	ppm)	as		l�m�ted	factor.			

The best comb�nat�on �ncreased the omega-6 was g�ven by F1O5 (6% f�ber +he	best	comb�nat�on	�ncreased	the	omega-6	was	g�ven	by	F1O5 (6% f�ber +F1O5	(6%	f�ber	+		
6%	corn	o�l	+	Zn	(O4)	that	was	2669	mg.100	g-1	(Table	5).	The �ncrease of omega- 6The	�ncrease	of omega- 6	omega- 6-	6	
�n	an	egg	would	be	l�nearly	correlated	to	the	level	of omega-6 PUFA be�ng consu-	omega-6	PUFA	be�ng	consu-
med	from	the	d�et.	Sca�fe	et al., (1994)	stated	that	omega- 6 �n d�et �s absorbed and-	6	�n	d�et	�s	absorbed	and	

Table	3.	Averages	of	Alab�o	Duck	Egg	LDL	Cholesterol	(mg.dl-1)	w�th	F�ber	and	O�l	D�ets

Note:	 D�fferent	 superscr�pts	 w�th�n	 the	 same	 rows	 and	 coloumns	 were	 d�fferent	 s�gn�f�cantly	
(p<0.05)

Level	of	f�ber	
(F)

O�l	and	Zn	(O)
Averages

O1 O2 O3 O4 O5
F1 57.098e 32.449d 15.36b 13.58a 15.51b 26.799
F2 16.828c 32.555d 38.745e 15.223b 16.5c 23.970
Averages 36.963 32.502 27.052 14.401 16.005 25.384

Table	4.	Averages	of	Alab�o	Duck	Egg	Omega-3	(mg.100	g-1)	w�th	F�ber	and	O�l	D�ets	

Note:	 D�fferent	 superscr�pts	 w�th�n	 the	 same	 rows	 and	 coloumns	 were	 d�fferent	 s�gn�f�cantly	
(p<0.05)

Level	of	F�ber	
(F)

O�l	and	Zn	(O)
Averages

O1 O2 O3 O4 O5
F1 192.5c 179.3ab 177.8ab 236.2e 170.6ab 191.28
F2 169.3ab 168.3ab 166.3a 202.5d 181.4bc 177.56
Averages 180.90 173.80 172.05 219.35 176.0 184.42

Table	5.		Averages	of	Alab�o	Duck	Egg	Omega-6	(mg.100	g-1)	w�th	F�ber	and	O�l	D�ets

Note:	 D�fferent	 superscr�pts	 w�th�n	 the	 same	 rows	 and	 coloumns	 were	 d�fferent	 s�gn�f�cantly	
(p<0.05)

Level	of	F�ber	
(F)

O�l	and	Zn	(O)
Averages

M1 M2 M3 M4 M5
F1 1773.1c 1604.6b 2072d 2632e 2669e 2150.14
F2 1750.1b 1332.8a 1644b 1756b 1763.1b 1649.13
Averages 1761.60 1468.70 1858.00 2194.00 2216.05 1899.63



248 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

depos�ted	w�thout	any	changes. However, �ts depos�t �n the egg was found h�gh only.		However,	�ts	depos�t	�n	the	egg	was	found	h�gh	only	
�n	the	corn	o�l	w�th	a	certa�n	proport�on.				

Conclus�on

The	 �nclus�on	 of	 f�ber	 rat�on	 w�th	 f�sh	 o�l,	 corn	 o�l,	 and	 z�nc	 was	 effect�ve	
�n	 reduc�ng	cholesterol,	at	 the	same	 t�me	 �ncreas�ng	 the	omega-3	and	omega-6	of	
Alab�o	duck	egg.	The	best	recommendat�on	was	g�ven	to	the	rat�on	conta�n�ng	6%	
f�ber	and	2%	f�sh	o�l	+	4%	corn	o�l	+	Z�nc,	 as	 �ts	 �nteract�on	or	as	 �nd�v�dual	 �n	
lower�ng	cholesterol	and	LDL	and	�ncreas�ng	the	plasma	HDL	cholesterol	as	well	as	
omega-3	(	l�nolen�c)	and	omega-6 ( l�nole�c) �n Alab�o duck egg.omega-6	(	l�nole�c)	�n		Alab�o duck egg.	duck	egg.
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Abstract

Chicken offal, spoiled egg and commercial fish feed were used as feed in 
cultured ponds of catfish and tilapia in and around Penang, Malaysia.  The total 
aerobic bacteria, coliform and fecal coliform was investigated on catfish (Clarias 
gariepinus) , tilapia (Tilapia mossambica) and its water. A total of 48 samples (12 
intestine of catfish, 12 intestine of tilapia, 24 water samples) were taken from 8 pond 
in and around Penang, Malaysia.  All fish samples fed by chicken offal or spoiled egg 
were heavily contaminated by total aerobic bacteria (5 to 7.26 log10 cfu/gr), coliform 
(2800 to 11000 MPN/gr) and fecal coliform (3 to 430 MPN/gr). Meanwhile, fish fed 
by commercial pellet were less contaminated by total aerobic bacteria (5.33 to 6.58 
log10 cfu/gr), coliform (7 to 11000 MPN/gr) and fecal coliform (3 to 110 MPN/gr). 
Chicken offal and spoiled egg polluted the water in aquaculture system more than 
commercial fish feed. The highest l evel of total aerobic bacteria, coliform, fecal 
coliform in pond water were 7.21 log10 cfu/ml, 11000 MPN/ml and 2800 MPN.ml. 
The bacteria load of chicken offal and spoiled egg might contaminate catfish, tilapia 
and its water. These will be a concern for quality and safety of catfish and tilapia in 
term of   nutrition and human health.

Key words: chicken offal, spoiled egg, catfish, tilapia, bacteriological quality
 

Introduct�on	

In	Malays�a,	catf�sh	and	t�lap�a	were	the	�mportant	aquaculture	products	and	
marketed	for	domest�c	consumpt�on	(FAO,	2012).	The	pr�ces	of	those	f�shes	were	
more	cons�stent	compared	to	mar�ne	f�sh.	Thus,	the	demand	of	catf�sh	and	t�lap�a	
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tended	to	�ncrease	�n	the	last	decade.	However,	some	problems	have	been	met.	Those	
were	the	l�m�ted	land,	the	r�s�ng	of	product�on	costs,	lack	of	sk�lled	labor,	the	threat	
of	d�seases,	the	h�gh	food	safety	and	qual�ty	requ�rements.	These	�ssues	made	the	
aquaculture	development	to	be	more	d�ff�cult	(FAO,	2012).	The	r�s�ng	of	product�on	
cost	can	be	reduced	by	replac�ng	the	commerc�al	pellet	feed	w�th	cheaper	feed	such	
as	food	waste	from	restaurant,	ch�cken	offal,	spo�led	egg	or	others.			

In	 Malays�a,	 ch�cken	 offal	 and	 spo�led	 egg	 have	 been	 found	 to	 be	 used	 as	
feed	for	catf�sh	and	t�lap�a.	However,	 the	study	about	 the	effect	of	 those	feed	for	
m�crob�olog�cal	aspect	�n	catf�sh	and	t�lap�a	has	not	yet	been	done.	To	f�ll�ng	th�s	
gap,	the	present	study	w�ll	�nvest�gate	m�crob�olog�cal	aspect	�n	catf�sh	and	t�lap�a	
wh�ch	fed	by	d�fferent	type	of	feed.	The	object�ve	of	th�s	study	was	to	�nvest�gate	the	
bacter�olog�cal	qual�ty	of	ch�cken	offal	and	spo�led	egg	as	feed	for	catf�sh	and	t�lap�a	
rear�ng	�n	Penang,	Malays�a.	The	bacter�olog�cal	aspects	stud�es	were	total	aerob�c	
count,	coliform	count	and	fecalcoliform	count	�n	the	�ntest�nes	of	f�sh	and	water	of	
ponds.	Fapohunda	et	al.	(1994)	reported	that	the	ver�f�cat�on	of	the	m�crob�olog�cal	
qual�ty,	 such	as	coliform	 and	 fecalcoliform,	 could	expla�n	whether	 the	harvest	or	
product�on	presents	a	health	hazard	or	not	 to	human.	Coliform	and	 fecalcoliform	
were	reported	to	be	the	most	heav�ly	contam�nate	the	�ntest�nal	tract	of	f�sh	(Salle,	
1964).	

Mater�als	and	Methods	

Catf�sh	and	t�lap�a	were	obta�ned	from	8	ponds	located	�n	Penang	-Malays�a	
�n	November	2008	–	September	2009.	Sampl�ng	was	done	3	t�mes	v�s�t�ng	for	each	
ponds.	Dur�ng	each	v�s�t	5-6	 l�ve	catf�sh	and	 t�lap�a	were	purchased	 from	ponds,	
placed	�n	ster�le	plast�c	bags	and	transported	�n	polystyrene	box	to	the	laboratory.	On	
arr�val	at	the	laboratory,	the	�ntest�nes	of	f�sh	samples	were	pooled	and	analyzed	for	
Aerob�c	Plate	Count	(APC),	coliform	and	fecal coliform.	Water	samples	were	also	
obta�ned	from	the	ponds	where	both	catf�sh	and	t�lap�a	were	reared.	Th�s	sampled	
and	kept	�n	ster�le	jar	at	4	oC	dur�ng	transportat�on	to	the	laboratory.	The	ponds	were	
stud�ed	based	on	the	type	of	feed	g�ven	to	the	f�sh.	The	feed	types	were	ch�cken	offal	
for	catf�sh	feed,	spo�led	egg	for	t�lap�a	feed	and	commerc�al	f�sh	pellet	feed	for	both.	
The	ch�cken	offal	was	steamed	and	gr�nded	before	feed	to	the	f�sh.	The	spo�led	egg	
was	m�xed	w�th	other	�ngred�ents	and	was	formed	to	pellet.		

The	 �ntest�nes	 of	 catf�sh	 and	 t�lap�a	 were	 taken	 asept�cally	 and	 chopped	 by	
us�ng	ster�le	kn�fe.	Twenty	f�ve	grams	of	�ntest�nes	was	m�xed	w�th	225	ml	of	1.5%	
Pepton	Water	(Oxo�d)	and	homogen�zed	by	us�ng	stomacher	(Intersc�ence)	for	120	
sec.	The	d�lut�on	was	prepared	by	p�pet�ng	1	ml	of	al�quot	and	m�xed	w�th	9	ml	of	
1.5%	Pepton	Water	(Oxo�d).	The	d�lut�on	was	done	from	10-1	unt�l	10-6.		About	100	
ml	of	al�quot	was	spread	on	Plate	Count	Agar	(Merck)	and	�ncubated	at	37oC	for	
24-48	hours.	Total	number	of	colon�es	were	counted	and	calculated	as	BAM	Manual	
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Protocol	(Matur�n	et al.,	2001).	Total	aerob�c	count	was	expressed	as	log	cfu/g.	
Coliform	 and	 fecalcoliformcount	 were	 determ�ned	 by	 us�ng	 MPN	 method	

(Feng	et al.,	2002).	One	ml	of	10-1	unt�l	10-5	d�lut�on	of	�ntest�nes	and	water	samples	
were	transferred	�nto	three	tubes	of	Lauryl	Sulfate	Tryptose	(LST)	Broth	(Oxo�d)	
and	�ncubated	at	37oC	for	24h.	Approx�mately,	10	µl	of	broth	from	pos�t�ve	tubes	
were	transferred	�nto	10	ml	of	Br�ll�ant	Green	Lactose	B�le	(BGLB)	broth	(Merck)	
and	�ncubated	at	37oC	for	24	hours.	Turb�d	tubes	w�th	gas	were	cons�dered	as	pos�-
t�ve	and	col�form	count	were	expressed	as	MPN/g	or	MPN/ml.	Fecalcoliform	count	
was	determ�ned	by	transferr�ng	10	µl	of	BLGB	broth	from	pos�t�ve	tubes	�nto	three	
tube	of	EC	broth	(Merck)	and		was	�ncubated	at	44-45	oC	for	24	hours.	Tubes	show-
�ng	gas	and	turb�d�ty	were	cons�dered	pos�t�ve	for	the	presence	of	fecalcoliform	and	
these	were	expressed	as	MPN/g	or	MPN/ml.	E. coli	cultures	(Food	M�crob�ology	
Laboratory,	School	of	Industr�al	Technology,	USM)	were	used	as	control.

Statistical Analysis 
The	d�fference	�n	APC,	coliform	and	fecal coliform	ponds	was	determ�ned	by	

us�ng	one-way	ANOVA,	SPSS	software	for	W�ndows	Vers�on	13. 

Results	and	D�scuss�on

In	present	study	the	m�crob�olog�cal	qual�ty	of	catf�sh	and	t�lap�a	fed	by	us�ng	
ch�cken	offal,	spo�led	egg	and	commerc�al	feed	were	evaluated.	Our	results	showed	
that	total	aerob�c	count	on	�ntest�nal	of	catf�sh	and	t�lap�a	fed	bych�cken	offal	and	
t�lap�a	fed	by	spo�led	egg	were	observed	relat�vely	h�gher	compared	to	catf�sh	and	
t�lap�a	fed	by	commerc�al	 f�sh	feed.	The	aerob�c	plate	count	ranged	from	5.00	 to	
7.26	log10	CFU/gcatf�sh	fed	w�th	ch�cken	offal,	5.97	to	6.69	log10	CFU/gcatf�sh	fed	
w�th	 commerc�al	 feed,	 5.33	 to	 6.58	 log10	 CFU/g	 t�lap�a	 fed	 spo�led	 egg,	 5.11	 to	
6.11	 log10	CFU/g	 t�lap�a	 fed	commerc�al	 f�sh	 feed.	Later	on,	 the	 f�sh	wh�ch	were	
not	 ev�scerated	 properly,	 the	 bacter�a	 m�ght	 spread	 and	 contam�nate	 through	 the	
apparatus	 of	 the	 f�sh	 �ntest�nal	 such	 as	 �ntest�nal	 wall	 and	 �ntest�nal	 cav�ty.	 The	
proteolyt�c	enzymes	or�g�nated	from	�ntest�nes	and/or	the	�ns�de	of	�ntest�nal	canal	
m�ght	act	for	the	spo�lage	process	(Andrej�	et al.,	2006).

In	water	samples,	ch�cken	offal	and	spo�led	egg	showed	to	be	relat�vely	h�gher	
on	total	aerob�c	count	compared	to	commerc�al	f�sh	feed.	There	were	no	s�gn�f�cant	
d�fferences	between	type	of	feed	on	catf�sh,	t�lap�a	and	water	(P>0.05).	The	aerob�c	
plate	count	�n	water	samples	ranged	from	6.00	to	7.21	log10	CFU/g	for	water	obta�ned	
from	the	pond	use	ch�cken	offal,	6.00	to	6.9	log10	CFU/gfor	pond	use	commerc�al	
feed,	5.32	to	6.58	log10	CFU/g	for	water	obta�ned	from	the	pond	use	spo�led	egg,	
5.05	to	6.18	log10	CFU/g	for	pond	use	commerc�al	feed.	

Ch�cken	 offal	 was	 more	 contam�nate	 the	 water	 �n	 pond	 compare	 to	 spo�led	
egg.	 Other	 study	 reported	 that	 ch�cken	 loaded	 by	 aerob�c	 bacter�a	 (Cohen	et al.,	
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2007).	Spo�led	egg	was	formed	as	pellet	to	feed	t�lap�a.	The	pellet	form	could	fed	
t�lap�a	eff�c�ently	and	reduced	the	rema�ned	feed	�n	water.	Thus,	the	contam�nat�on	
�n	water	was	observed	less	than	ch�cken	offal	wh�ch	was	not	formed	�n	pellet.	The	
form	of	pellet	�n	f�sh	feed	can	s�gn�f�cantly	reduce	pollut�on	caused	by	f�sh	feed�ng	
and	�mprove	both	the	feed	eff�c�ency	as	well	as	f�sh	health	(Agr�culture	F�sher�es	
and	Conservat�on	Technology,	2004).

The	 detected	 values	 of	 coliform	 �n	 �ntest�nal	 of	 catf�sh	 and	 t�lap�afed	 by	
us�ng	 ch�cken	 offal	 and	 spo�led	 egg	 showed	 to	 be	 relat�vely	 h�gher	 compared	 to	
commerc�al	f�sh	feed.	These	were	observed	also	 �n	water	samples.	Thus,	ch�cken	
offal	and	spo�led	egg	m�ght	be	the	source	of	col�form.	There	were	s�gn�f�cant	d�fferent	
between	�ntest�nes	of	catf�sh	fed	ch�cken	offal	and	catf�sh	fed	commerc�al	f�sh	feed	
(P<0.01).	These	were	observed	�n	t�lap�a	and	water	samples	also.				

F�gure	1.	D�str�but�on	of	Aerob�c	Plate	Count	 �n	catf�sh,	 t�lap�a	and	water	obta�ned	from	
pond	�n	Penang

Coliform	count	was	1100	MPN/g	�n	the	�ntest�nes	of	catf�sh	fed	w�th	ch�cken	
offal,	from	240	to	750	MPN/g	�n	catf�sh	fed	w�th	ch�cken	offal,	from	2800	to	11000	
log	MPN/g	t�lap�a	fed	spo�led	egg,	from	7	to	11000	MPN/g	t�lap�a	fed	commerc�al	
f�sh	feed.	Other	study	found	that	ch�cken	and	spo�led	egg	loaded	by	coliform	(Cohen	
et al.,	2007;	Theronet al.,	2003).	 The	compos�t�on	of	the	�ntest�nal	flora	�s	related	�n	
vary�ng	degree	to	the	level	of	contam�nat�on	of	water	and	food	�n	the	env�ronment	
(Geldre�ch	et al.,	1966).

F�gure	2.	Coliform	count	�n	catf�sh,	t�lap�a	and	water	obta�ned	from	pond	�n	Penang
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Coliform	count	ranged	from	2100	to	11000	log	CFU/g	�n	water	samples	from	
pond	use	ch�cken	offal,	110	to	1100	log	CFU/g	from	catf�sh	pond	fed	w�th	ch�cken	
offal,	40	to	1100	log	CFU/g	from	t�lap�a	pond	fed	spo�led	egg,	70	to	110	log	CFU/g	
from	t�lap�a	pond	fed	commerc�al	f�sh	feed.	Ch�cken	offal	and	spo�led	egg	used	as	
feed	m�ght	cause	the	�ncrease	of	coliform	�n	water.	Ch�ckenand	spo�led	egg	wh�ch	
conta�ned	w�th	coliform	(Cohenet al.,	2007;	Theron	et al.,	2003)	can	transm�te	to	the	
water	(Pearson	et al.,	1987).

Intest�nes	of	catf�sh	were	h�ghly	contam�nated	w�th	 fecalcoliform	 (F�gure	3)	
w�th	the	mean	level	of	20	MPN/g,	followed	by	�ntegst�nes	of	t�lap�a	w�th	the	mean	
level	of	3.67	MPN/g.		Other	stud�es	found	that		fecalcoliform	was	observed	�n	catf�sh	
and	t�lap�a	from	the	pond	(Saber	et al,	2004;	Leung	et al.,	1992).	

The	mean	for	fecalcoliform	count	�n	catf�sh	fed	w�th	ch�cken	offal	(20	MPN/
gr)	was	relat�vely	h�gher	compare	to	fecalcoliform	�n	catf�sh	fed	w�th	commerc�al	
f�sh	feed	(9	MPN/g).	In	water	samples	from	those	s�tes,	the	s�gn�f�cant	d�fference	
was	observed.	The	mean	of	fecalcoliform	�n	pond	water	(fed	w�th	ch�cken	offal)	was	
48	MPN/g	wh�ch	was	h�gher	than	those	fed	w�th	commerc�al	f�sh	feed	(8.3	MPN/g).	
Ch�cken	and	egg	could	be	the	sources	for	the	presence	of	fecalcoliform	(Schwa�ger	
et al.,	2008;	Cohen	et al.,	2007).

In	 t�lap�a,	 fecalcoliform	were	no	s�gn�f�cant	d�fferent	between	 t�lap�a	 fed	by	
us�ng	spo�led	egg	and	commerc�al	f�sh	feed.	Th�s	was	also	observed	�n	water	samples.	
The	mean	values	were	3.67	MPN/g	(t�lap�a	fed	spo�led	egg),	3	MPN/g	(t�lap�a	fed	
commerc�al	feed),	3	MPN/g	(water	of	pond	use	spo�led	egg)	and	3	MPN/g	(water	of	
pond	use	commerc�al	feed).	

F�gure	3.	Fecalcoliform	count	�n	catf�sh,	t�lap�a	and	water	obta�ned	from	pond	�n	Penang

Conclus�ons	

The	results	of	th�s	study	showed	that	us�ng	ch�cken	offal	and	spo�led	egg	as	
feed	to	catf�sh	and	t�lap�a	cause	heav�ly	contam�nat�on	by	total	aerob�c	bacter�a	(5	to	
7.26	log	cfu/g),	coliform	(2800	to	11000	MPN/g)	and	fecalcoliform	(3	to	43	MPN/
g).	These	were	relat�vely	h�gher	compared	to	f�sh	fed	by	commerc�al	pellet	wh�ch	
had	total	aerob�c	bacter�a	(5.33	to	6.69	log	cfu/g),	coliform	(7	to	11000	MPN/g)	and	
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fecalcoliform	(3	to	11	MPN/g).	Ch�cken	offal	and	spo�led	egg	polluted	the	water	�n	
aquaculture	system	more	than	commerc�al	f�sh	feed.
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Abstract

Two types of diet, glucogenic and lipogenic, were equally tested to 24 broiler 
chicken in completely randomized design for four weeks to evaluate their effects on 
body weight, feed intake, feed conversion ratio (FCR), carcass, and whole carcass 
weight.  Diets were designed to contain 1.05% and 7.0% of palm oil, as glucogenic 
and lipogenic ones, respectively. Both diets were formulated as isoprotein (22%) 
and isocaloric (3050 kcal/kg) to overcome the environment temperature of 25.8- 
30.40C, around the poultry housing at campus. The birds were weighed at the 
beginning, weekly, and at the end of the diet application. The difference of these 
body weights were calculated as body weight gain (BWG). Feed intakes were 
accumulated  weekly to the end. The FCR was calculated as the ratio of feed intake 
to body weight gain. Carcass and whole carcass were then compared to their body 
weight gain for each diet. Results showed that even though there were no significant 
differences (p>0.05), however, BWG in glucogenic diet chicken were 2.3% higher 
than that of in lipogenic diet birds. While, the feed intake in lipogenic diet chicken 
were significantly higher (p<0.05) than that of in glucogenic diet birds. Accordingly, 
the FCR was also significantly higher (p<0.05) in lipogenic diet of broiler chicken.   
None of carcass variables was significantly different, however, the glucogenic diet 
birds were 10.6% heavier than that of the lipogenic diet birds. Having higher in  
BWG, carcass weights, and carcass ratios, yet, lower in Feed intake and FCR, it 
can be concluded that glucogenic diet fed to broiler chickens was more efficient 
in overcoming the environment temperature, therefore the production performance 
was better than that of lipogenic diet.

Key words: glucogenic, lipogenic, production performance, broiler chicken
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Introduct�on

Glucogen�c	and	l�pogen�c	d�ets	refer	to	the	level	of	fat	source	be�ng	�ncluded	
�n	the	d�et,	the	h�gher	fat	content,	�t	�s	as	l�pogen�c	d�et.	Th�s,	even	was	clearly	d�f-
ferenc�ated	from	one	another	by	the	�nclus�on	of	0	and	2.5%	of	fat	from	palm	o�l	�n	
Glucogen�c	and	l�pogen�c	d�ets,	respect�vely	(vanKnegsel	et,	2007).	Feed�ng	both	
d�ets	or	even	a	comb�nat�on	or	m�xed	d�et	would	come	up	w�th	certa�n	consequences	
relat�ng	to	the	stage	of	the	phys�olog�cal	cond�t�on	of	the	an�mal.		Glucogen�c	source	
for	b�rds	�s	usually	der�ved	from	am�no	ac�d,	conta�n�ng	h�gh	prote�n	d�et,	as	well	as	
�t	was	out	of		D-glucose.	Wh�le,	l�pogen�c	source	could	be	from	glucose	and	tr�glyc-
erol.	Therefore,	glucose,	am�no	ac�d,	and	glycerol	are	the	keys	for	l�p�d	metabol�m	
�n	non	rum�nants	(Larson,	1985).	

Heat	stress	env�ronment	may	lead	to	product�on	and	phys�olog�cal	�mpa�rment.		
Des�gn�ng	proper	d�et	�s	a	key	to	ma�nta�n	these	performances.	H�gh	dens�ty	d�ets	
made	of	d�fferent	source	or	d�fferent	 level	of	certa�n	 �ngred�ent,	such	as	palm	o�l	
may	be	expected	to	keep	product�on	performance.	Therefore,	�t	was	cruc�al		to	eval-
uate	the	effects	of	the	glucogen�c	and	l�pogen�c	d�ets	on	the	performance	of	bro�ler	
ch�cken	under	the	env�ronment		temperature,	28-31	oC.

Mater�als	and	Method

Animals and Diets
Twenty	 four	bro�ler	 ch�cken	were	allocated	 �nto	 two	d�fferent	d�ets	 �n	com-

pletely	random�zed	des�gn.	As	the	purpose	of	th�s	small	study	was	to	evaluate	be-
tween	 glucogen�c	 and	 l�pogen�c	 therefore	 there	 was	 no	 control	 d�et.	 There	 were	
three	repl�cat�ons	and	four	b�rds	for	each	repl�cat�on.		B�rds	be�ng	used	were	at	one	
week	day	old	at	the	beg�nn�ng	of	the	treatment	for	four	weeks.

All	�ngred�ents	for	both	d�ets	were	the	same,	w�th	the	except�on	of	the	level	
of	each	feedstuff.		These	d�ets	were	composed	w�th	the	same	level		of	crude	prote�n	
(CP),	that	was	22%	(�soprote�n)	and	the	same	level	of	metabol�zable	energy	(ME),	
that	was	3050	kcal/kg	(�socalor�c).	The	fat	content	der�ved	from	palm	o�l	were	1.05	
and	7.0%	for	glucogen�c	and	l�pogen�c	d�ets,	respect�vely.		Env�ronment	tempera-
tures	were	recorded	at	am,	noon,	and	pm	us�ng	thermometer.
										

Data Collection and Statistical Analysis
Collect�ng	 data	 were	 conducted	 weekly	 for	 feed	 �ntakes	 and	 body	 we�ghts.		

Body	we�ght	ga�n	(BWG)	was	calculated	by	the	d�fference	at	the	week-	four	and	
week-one.	Feed	 �ntakes	 (FI)	were	accumulated	by	weeks	all	 the	way	 to	 the	end.		
Feed	 convers�on	 rat�o	 (FCR)	 was	 calculated	 as	 rat�o	 of	 feed	 consumed	 to	 body	
we�ght.	Carcass	and	whole	carcass	(abdom�nal	organs	�ncluded)	we�ghts	were	as-
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sessed	at	the	end	of	the	exper�ment.	Carcass	rat�os	were	calculated	by	compar�ng	
toward	body	we�ght.

	Data	of	body	we�ght	ga�n,	feed	�ntake,	FCR,	carcass	we�ghts	were	presented	as	
the	means	w�th	standard	dev�at�on	and	were	analyzed	us�ng	a	Pa�red	t-	test	(Myers,	
1986).

Results	and	D�scuss�on

Nutrient intakes
Look�ng	at	 the	d�et	 compos�t�on	and	nutr�ent	content	 (Table	1),	 �t	 �s	known	

that	both	d�ets	have	relat�vely	the	same	ether	extract	contents,	3.48%	and	3.61%,	
respect�vely	 were	 for	 glucogen�c	 (1.5%	 palm	 o�l)	 and	 l�pogen�c	 (7.0%	 palm	 o�l)	
d�ets.		These	ether	extract	levels	were	lower	than	that	of	�n	rat�on	conta�n�ng	lower	
corn	gluten	meal	(3%)	and	about	the	same	amount	of	soybean	meal	(24.50%),	was	
5.92%	(Sug�harto	et al.,	2010).

The	data	revealed	that	there	were	sl�ght	d�fferences,	even	though	not	s�gn�f�cant	
(p>0.05)	�n	nutr�ent	�ntakes	between	both	d�ets	�n	bro�ler	ch�cken	(Table	2).		As	�n	
dry	matter	 �ntake	of	glucogen�c	d�et	b�rd	was	 a	10.29	g	h�gher	 (0.6%),	 �ts	 crude	
prote�n	and	metabol�zable	energy	were	quant�tat�vely	h�gher	as	well,	even	though	
they	conta�ned	the	�soprote�n	and	�soenergy.	However,	the	ether	extract	�ntake	of	the	
l�pogen�c	d�et	b�rd	was	sl�ghtly	h�gher	(3.1%)	for	as	much	as	1.82	g.		Th�s	�ntake	
suggested	that	the	l�pogen�c	d�et	compr�s�ng	7%	fat	�n	the	concentrate	resulted	�n	

Table	1.		D�et	compos�t�on	for	bro�ler	ch�cken

Compos�t�on Glucogen�c L�pogen�c
Corn	Gluten	meal,	% 4.96 13.16
Corn	gra�n,		% 60 44.17
Soy	bean	meal,		% 25 24.73
F�shmeal	,	% 7.91 10
Palm	O�l,	% 1.05 7.0
Calc�um	Carbonate,	% 1.08 0.94
Nutr�ents:
Dry	Matter,	% 85.12 78.49
EE,	% 3.48 3.61
CP,	% 22 22
ME,	Kcal/kg 3,050 3,050
Ca,	% 0.69 0.68
P,	% 0.47 0.45
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such	amount	of	ether	extract	content	that	was	h�gh	enough	to	make	a	small	d�fference	
�n	�ts	�ntake	compared	to	that	of	�n	glucogen�c	d�et	b�rds.

Production performance and Environment Temperature
The	results		(Table	3)	showed	that	body	we�ght	ga�n	�n	glucogen�c	d�et	bro�ler	

was	a	l�ttle	b�t	heav�er	for	29.6	g	or	2.28%	than	that	of	the	l�pogen�c	d�et.		However,	
the	feed	�ntake	was	greater		s�gn�f�cantly	(p<0.05)	for	as	much	as	157.63	g,	equaled	
to	7.94%	�n	l�pogen�c	d�et	ch�cken.	However,	�n	terms	of	bulk�ness,	the	dry	matter	
�ntake	�n	glucogen�c	d�et	was	quant�tat�vely	h�gher	(10	g)	�n	Table	2.	On	the	other	
hand,	glucogen�c	d�et	was	s�gn�f�cantly	more	eff�c�ent	(p<0.05)	�n	convert�ng	�nto	
body	we�ght	ga�n.	Th�s	number	(1.54)	�s	about	�n	the	same	range	as	�n	the	FCR	of	
fasted	and	unfasted	b�rds,	were	1.49-1.54,	respect�vely	(Sug�harto	et al.,	2010).		Th�s	
FCR	�s	also	close	to	the	FCR	of	ch�cken	kept	�n	d�fferent	dens�ty,	were	about	1.55-	
1.66	(Sunart�	et al.,	2010).			Th�s	suggested	that	the	energy	ava�lab�l�ty	�n	glucogen�c	
d�et	�s	about	at	the	r�ght	level	as	�t	�s	�n	both	fasted	and	unfasted	b�rds	to	cover	the	
energy	requ�rement	�n	fulf�ll�ng		these	b�rds’	body	we�ghts.		It	seemed	that	the	lower	
level	of	palm	o�l	content	�n	glucogen�c	d�et	was	more	eff�c�ent	for	the	bro�ler	kept	
dur�ng	th�s	env�ronment	temperature	(25.8-30.4	oC;	average	of	27.9	oC).	Wh�le,		�n	
34	oC,	bro�ler	fed	8%	palm	o�l	or	8%	soybean	o�l		had	FCR	of	1.89-2.19	(Zulk�fl�	et 
al,	2007).	

Table	2.	Nutr�ent	�ntakes	of	glucogen�c	and	l�pogen�c	d�ets	�n	bro�ler	ch�cken

Nutr�ent	Intakes Glucogen�c L�pogen�c
Dry	Matter,	g 1,690.41±37.63 1,680.12±58.17
Ether	Extract,	g 58.83±1.31 60.65±2.1
Crude	Prote�n,	g 371.89±8.28 369.63±12.80
Metabol�zable	Energy,	kcal 5,155±114.76 5,124.	37±177.42

Note:	S�gn�f�cant	d�fferences	(p<0.05)	between	treatments.

Table	3.	 Body	we�ght	ga�n,	 feed	 �ntake,	 and	FCR	of	bro�ler	 ch�cken	 fed	glucogen�c	and	
l�pogen�c	d�ets

Var�able Glucogen�c L�pogen�c
Pre-treatment		body	we�ght,	g 195.03±7.0 174.50±15.39
Post-treatment	body	we�ght,	g 1488.89±20.44 1438.75±96.34
Body	we�ght	ga�n,	g 1293.85±27.4 1264.25±111.72
Feed	Intake,	g 1985.92±43.49a 2140.55±10.96b

FCR 1.54±0.0a 1.73±0.11b
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Insp�te	of	hav�ng	been	the	�soenergy	d�ets,	w�th	the	h�gher	ether	extract	(EE)	
content	 (3.61%)	 �n	 l�pogen�c	 d�et,	 mak�ng	 �ts	 energy	 ava�lab�l�ty	 m�ght	 be	 	 a	 b�t	
slower	to	be	converted	�nto	body	we�ght.		Therefore,	th�s	m�ght	be	the	cause	that	the	
b�rds	w�th	th�s	d�et	consumed	more	feed,	consequently,	w�th	the	lower	body	we�ght,	
made	the	FCR	�s	h�gher	�n	l�pogen�c	d�et.	These	data	were	�n	coherent	relat�onsh�p	
when	cons�der�ng	the	h�gher	body	we�ght	ga�n,	lower	feed	�ntake,	therefore	smaller	
feed	convers�on	rat�o	was	found	�n	glucogen�c	d�et	b�rds.	

Carcass weights and ratios
Carcass	we�ght	of	b�rds	fed	glucogen�c	d�et	was	sl�ghtly	d�fferent	by	111.8	g	

or	11.87%	h�gher	quant�tat�vely,	than	that	of	l�pogen�c	d�et	b�rds	(Table	4).	Whole	
carcass	was	also	quant�tat�vely	h�gher	by	127	g	or	11.86%	�n	glucogen�c	d�et	b�rds.		
In	fact,	both	we�ghts	of	carcass	belonged	to	 the	b�rds	w�th	glucogen�c	d�ets	were	
heav�er	than	that	of	�n	l�pogen�c	d�et.	In	add�t�on,	the	rat�os	of	body	we�ght	ga�n	to	
carcass	or	whole	carcass	were	h�gher	(0.82	and	0.93)	�n	th�s	glucogen�c	d�et	b�rds,	
compared	 to	 carcass	 rat�o	 �n	 l�pogen�c	 d�et	 bro�ler.	The	 glucogen�c	 carcass	 were	
h�gher	 than	 	 that	of	 �n	bro�ler	ch�cken	(around	0.66)	w�th	Ca-PFA	as	reported	by	
Dew�	et al.	(2011).		

Th�s	suggested	that	the	h�gher	the	read�able	starch	such	as	�n	corn	gra�n	(60%)	
�n	glucogen�c	d�et,	the	eas�er	�t	would	be	metabol�zed	and	converted	�nto	body	we�ght	
and	carcass	�n	bro�ler	ch�cken	w�th	lower	feed	�ntake	�n	the	average	env�ronment	
temperature	 of	 27.9	 oC.	 However,	 these	 carcass	 we�ghts	 were	 lower	 than	 that	 of	
bro�ler	ch�cken	(1242.39–1425.44	g)	kept	�n	the	average	env�ronment	temperature	
of	28.39	oC	as	reported	by	Sunart�	et al.	(2010).

Table	4.	Carcass	we�ght	of	bro�ler	ch�cken	fed	glucogen�c	and	l�pogen�c	d�ets

Var�ables Glucogen�c L�pogen�c

Carcass,	g 1,054±155.40 942.2±140.10
Whole	carcass,	g 1,198.3±145.43 1,071.3±124.80
Carcass:BWG	 0.82±0.03 0.75±0.10
Whole	carcass:BWG 0.93±0.11 0.85±0.09

Conclus�on

Regard�ng	to	feed	�ntake,	body	we�ght,	feed	convers�on	rat�o,	carcass	we�ght,	
and	 carcass	 rat�o	 to	 body	 we�ght,	 �t	 �s	 obv�ous	 that	 the	 glucogen�c	 d�et	 conta�n-
�ng	1.5%	palm	o�l	and	60%	corn	gra�n	�s	eff�c�ent	and	could	be	appl�ed	for	bro�ler	
ch�cken	under	env�ronment	temperature.
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Comparison of Mycotoxin Binders in The Aflatoxin B1-
Contaminated Broiler Diets
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Abstract

Mycotoxin contaminations in poultry feed have been the second major stumbling 
block in feed industry after increasing price of conventional feedstuff. Among over 
300 mycotoxins identified, aflatoxins B1 have been a main concern for animal 
nutrionist, particularly in tropical regions. The use of mycotoxin binders to replace 
fungicide or mold killer has been long practiced in poultry diet. An experiment 
was conducted to determine the effect of mannan-polysaccharides extracted from 
copra meal in an attempt to bind mycotoxin in broiler diets. Three hundred broiler 
chicks were used and were allocated to treatment diets in brooder cages from days 
1 to 14. On days 15, eighty birds were transferred into the individual metabolism 
cages for faecal collection and digestibility studies. The rest of the birds were then 
allocated into floor cages for the bird performance parameters. The treatments diets 
were: (1) control diet, (2) control diet + 0.10% bentonite, (3) control diet + 0.02% 
yeast mannan, (4) control diet + 0.02% copra mannan (CM) and (5) control diet + 
0.05% CM. The diets were mixed with or without aflatoxin B1. The feeds and water 
were offered ad-libitum. Total faecal collection was done for three consecutive 
days for digestibility measurements. A completely randomized factorial design was 
used to test the effect of 5 diets in the presence of two levels of aflatoxin B1 on 
bird performance by using 4 replicate cages. Coefficient of feed digestibility was 
significantly improved due to diet treatments where contaminating the feed with 0.3 
ppm aflatoxins B1 impaired feed digestibility. There was an interaction between diet 
treatments and level of aflatoxins B1 in coefficient of feed digestibility (P<0.05). 
A decreased digestibility was only found in contaminated diet when the diet was 
not supplemented with mycotoxin binders. The use of 0.05% CM improved feed 
efficiency. In conclusion, 0.05% CM in the diet can be effectively in broiler diets. 

Key words: aflatoxin B1, broiler, copra mannan, mycotoxin binder



264 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

Introduct�on

Mycotox�n	contam�nat�ons	�n	poultry	feed	have	been	the	second	major	stum-
bl�ng	block	�n	feed	�ndustry	after	�ncreas�ng	pr�ce	of	convent�onal	feedstuff.	A	sur-
vey	conducted	by	FAO	�nd�cated	that	25%	of	world’s	gra�n	was	contam�nated	by	
mycotox�ns	(Devegowda	and	Murthy,	2005).	Among	over	300	mycotox�ns	�dent�-
f�ed (Y�ann�kour�s and Jouany, 2002), aflatox�ns B	(Y�ann�kour�s	and	Jouany,	2002),	aflatox�ns	B1	have	been	a	ma�n	concern	for	
an�mal	nutr�t�on�st, part�cularly �n trop�cal reg�ons. The use of mycotox�n b�nders tot�on�st,	part�cularly	�n	trop�cal	reg�ons.	The	use	of	mycotox�n	b�nders	to	
replace	fung�c�de	or	mold	k�ller	has	been	long	pract�ced	�n	poultry	d�et.	

In	the	market,	the	use	of	clay	as	a	mycotox�n	b�nder	has	been	long	used,	such	
as	 benton�te	 and	 zeol�te.	 However,	 Chestnut	 (1992)	 reported	 the	 weaknesses	 of	
these	mycotox�n	b�nders	when	used	�n	an�mal	feed.	These	mycotox�n	b�nders	have	
been	reported	to	be	effect�ve	for	aflatox�ns	only	and	also	b�nd	other	essent�al	nutr�-
ents	that	are	useful	for	an�mal	growth.	Use	of	mannan	polysacchar�de	from	yeast	
to	b�nd	mycotox�ns	has	been	pract�ced	for	more	than	three	decades.	Hashm� et al.,Hashm�	et	al.,	
(2006)	found	that	mannan	from	Saccharomyces	cerev�s�ae	could	reduce	mortal�ty	
rate	from	47,5	%	to	30%	�n	poultry	fed	d�et	conta�n�ng	300	ppb	aflatox�n.	Copra	ma-
nan	extracted	from	coconut	may	have	the	same	property	as	found	�n	yeast	mannan.	
Accord�ngly,	a	study	was	conducted	to	determ�ne	the	eff�cacy	of	copra	mannan	as	
mycotox�n	b�nder	�n	poultry	d�et.

Mater�al	and	Methods

Mannan extraction
The	method	of	Kusakabe	and	Takash�	(1988)	was	used	to	extract	beta	mannan	

from	copra	meal	 that	was	purchased	 locally.	About	16	 l�ters	of	24%	NaOH	were	
added	to	2	kg	of	copra	meal	�n	a	25	l�ters	sta�nless	steel	bucket.	The	m�xture	of	copra	
meal	w�th	NaOH	was	occas�onally	st�rred	for	24	hours	at	room	temperature.	The	
slurry	was	then	f�ltered	through	a	porous	cloth	bag.	The	f�ltrate	was	neutral�zed	w�th	
12	N	H2SO4	unt�l	the	pH	of	the	solut�on	was	about	5.5.	The	resultants	prec�p�tate	
(copra	mannan)	be�ng	collected	by	centr�fugat�on,	was	d�alysed	aga�nst	tap	water	to	
remove	salts.	The	leftover	res�due	that	was	�dent�f�ed	as	copra	mannan	by		Kusakabe	
and	Takash�	(1988)	was	quant�f�ed	and	expressed	as	a	g/kg	copra	meal.	

Animals and Feed
An	 exper�ment	 was	 conducted	 at	 poultry	 house	 at	 Un�vers�ty	 of	 Tadulako,	

Palu,	Indones�a	for	6	weeks.	Three	hundred	unsexed	bro�ler	ch�cks	were	used	�n	th�s	
exper�ment.	The	b�rds	were	placed	 �n	brooder	cages	based	on	 the	 treatment	d�ets	
for	14	days	before	transferr�ng	them	�nto	floor	pens. On days 15, e�ghty b�rds were	On	days	15,	e�ghty b�rds were	b�rds	were	
transferred	 �nto	 the	 �nd�v�dual	metabol�sm	cages	 for	 faecal	collect�on	and	d�gest-
�b�l�ty	stud�es.	The	rest	of	the	b�rds	were	then	allocated	�nto	floor	cages	for	the	b�rd	
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performance	parameters.	The	treatments	d�ets	were:	(1)	control	d�et,	(2)	control	d�et	
+	0.10%	benton�te,	(3)	control	d�et	+	0.02%	yeast	mannan,	(4)	control	d�et	+	0.02%	
copra	mannan	(CM)	and	(5)	control	d�et	+	0.05%	CM.	The	d�ets	were	m�xed	w�th	
or	 w�thout	 aflatox�n	 B1.	The	 feeds	 and	 water	 were	 offered	 ad-libitum.	Total	 fae-
cal	collect�on	was	done	for	three	consecut�ve	days	for	d�gest�b�l�ty measurements.est�b�l�ty	measurements.	

Table	1.	Compos�t�on	of	the	exper�mental	control	d�et	(g/kg)

Ingred�ents Starter	d�et	 Grower	d�et
Full	fat	soybean	meal	 249.8 189.7
Ma�ze	 602.0 621.0
F�sh	meal	 130.0 130.0
Palm	o�l 2.7 21.2
D�calc�um	phosphate 10.3 25.9
Salt 0.7 6.6
Meth�on�ne 1.0 2.5
Lys�ne 1.5 1.1
V�tam�ne	and	M�neral	M�xture	 2.0 2.0
Calculated	compos�t�on:
Crude	prote�n 229.5 210.0
Crude	f�bre 28.5 25.4
AME	(MJ/kg) 13.39 13.40
Lys�ne 12.3 11.1
Meth�on�ne	+	cyst�ene 9.0 9.2

Table	2.	Exper�mental	d�ets

D�ets Aflatox�ns Repl�cat�ons
Control	d�et	(D1) - 4

+ 4
Control	d�et	+	0.02%	copra	mannan	(D2) - 4

+ 4
Control	d�et	+	0.05%	copra	mannan	(D3) - 4

+ 4
Control	d�et	+	0.02%	yeast	mannan	(D4) - 4

+ 4
Control	d�et	+	0.1%	Benton�te	(D5) - 4

+ 4
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A	completely	random�zed	factor�al	des�gn	was	used	to	test	the	effect	of	5	d�ets	�n	
the	presence	of	two	levels	of	aflatox�n	B1	on	b�rd	performance	by	us�ng	4	repl�cate	
cages.	

Statistical analysis
A	completely	random�zed	factor�al	des�gn	was	used	w�th	f�ve	d�fferent	d�ets,	

two	level	of	aflatox�ns	and	four	repl�cate	cages	per	treatment.	Seven	to	e�ght	b�rds	
were	placed	�n	each	cage	Data	were	analyzed	by	analys�s	of	var�ance.	D�fferences	
among	treatments	were	tested	for	s�gn�f�cance	by	us�ng	Mult�ple	Range	Duncan	Test	
(Steel	and	Torr�e,	1980).

Results	and	D�scuss�ons

Data	of	the	effect	of	aflatox�n,	mycotox�n	b�nders	and	�nteract�on	of	aflatox�n	
and	mycotox�n	b�nders	on	bro�ler	performance	are	shown	�n	Table	3,	4,	and	5.

Table	3.	Effects	of	aflatox�n	B1	on	bro�ler	performance

Treatments BWG	
(g) FCR DMD	

(%)
Faecal	

mo�sture	(%)
W�thout	aflatox�n 2,201 1.72 79.0a 68.8b

0.3	ppm	aflatox�n	B1 2,177 1.74 78.1b 70.7a

SEM 23.5 0.03 0.4 0.3

Note:	 Values	 w�th	 the	 d�fferent	 superscr�pt	 w�th�n	 a	 column	 are	 s�gn�f�cantly	 d�fferent	 (P<0.05).	
BWG:	body	we�ght	ga�n;	FCR:	feed	convert�on	ras�o;	DMD:	dry	matter	d�gest�b�l�ty.

Table	4.	Effects	of	mycotox�n	b�nders	on	bro�ler	performance

Note:	 Values	 w�th	 the	 d�fferent	 superscr�pt	 w�th�n	 a	 column	 are	 s�gn�f�cantly	 d�fferent	 (P<0.05).	
BWG:	body	we�ght	ga�n;	FCR:	feed	convert�on	ras�o;	DMD:	dry	matter	d�gest�b�l�ty.

Treatments BWG	
(g) FCR DMD	

(%)
Faecal	

mo�sture	(%)
Control	(Con) 2,129 1.79a 77.4b 73.0a

Con.	+	0.02%	copra	mannan 2,168 1.75ab 78.5ab 68.8b

Con.	+	0.05%	copra	mannan 2,235 1.68b 78.9a 68.2b

Con.+	0.02	%	yeast	mannan 2,246 1.68b 78.9a 68.9b

Con.	+	0.1%	benton�te 2,165 1.78a 78.9a 69.9b

SEM 29.8 0.02 0.6 0.5
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Although	 �t	 has	 been	bel�eved	 that	 contam�nat�on	of	 the	d�et	w�th	 aflatox�n	
could	deter�orate	feed	qual�ty	and	thus	b�rd	performance,	add�t�on	of	0.3	ppm	afla-
tox�n	B1	�n	bro�ler	d�ets	d�d	not	�mpa�r	bro�ler	performance	�n	the	present	study.	Th�s	
m�ght	be	due	to	a	low	concentrat�on	of	aflatox�n	g�ven	to	the	b�rds	or	a	shorter	chal-
lenged	t�me	(42	days).	Accord�ng	to	Devegowda	and	Murthy	(2005),	a	decreased	
body	we�ght	ga�n	was	observed	when	the	b�rds	were	fed	a	d�et	conta�n�ng	2.5	ppm	
aflatox�n.	Th�s	concentrat�on	�s	far	above	the	concentrat�on	of	aflatox�n	offered	to	
the	b�rds	�n	th�s	present	study.	To	asses	such	speculat�on,	an	exper�ment	w�th	a	lon-
ger	t�me	of	exper�ment	and	a	h�gher	concentrat�on	of	aflatox�n	�s	needed.

The	more	prom�s�ng	f�gure	found	�n	th�s	present	study	�s	that	there	�s	an	�m-
provement	�n	the	feed	eff�c�ency	of	b�rds	fed	d�ets	supplemented	w�th	mycotox�n	
b�nder.	Th�s	 f�nd�ng	clearly	supports	prev�ous	 reports	of	Murthy	and	Devegowda	
(1995).	Among	mycotox�n	b�nders	used	�n	th�s	current	study,	the	use	of	e�ther	0.05%	
copra	mannan	or	yeast	mannan	could	 s�gn�f�cantly	 �mprove	 feed	eff�c�ency.	Th�s	
�mprovement	was	not	found	when	the	b�rds	were	offered	d�et	w�th	only	0.02%	copra	
mannan.	Th�s	may	�nd�cate	that	0.02%	copra	mannan	was	not	effect�ve	enough	to	
b�nd	more	aflatox�n	�n	the	d�ets	supplemented	w�th	0.3	ppm	aflatox�n.	The	use	of	
0.1%	benton�te	also	d�d	not	�mprove	feed	eff�c�ency.	

Interact�on	between	mycotox�n	b�nders	and	aflatox�n	treatments	was	found	�n	
dry	matter	d�gest�b�l�ty	and	faecal	mo�sture.	A	decrease	�n	dry	matter	d�gest�b�l�ty	
and	 faecal	 mo�sture	 only	 took	 place	 when	 aflatox�n-contam�nated	 d�et	 was	 not	
supplemented	w�th	mycotox�n	b�nders.	In	conclus�on,	the	use	of	0.5%	copra	mannan	
can	be	used	as	effect�vely	as	other	commerc�al	mycotox�n	b�nders.	Supplementat�on	
of	the	d�et	w�th	mycotox�n	b�nders	decreased	mo�sture	content	of	the	faeces.	

Table	5.	 Effects	 of	 �nteract�on	 between	 aflatox�n	 and	 mycotox�n	 b�nder	 on	 bro�ler	
performance

Note:	 Values	 w�th	 the	 d�fferent	 superscr�pt	 w�th�n	 a	 column	 are	 s�gn�f�cantly	 d�fferent	 (P<0.05).	
BWG:	body	we�ght	ga�n;	FCR:	feed	convert�on	ras�o;	DMD:	dry	matter	d�gest�b�l�ty.

Parameters

Treatments

SEMD1 D2 D3 D4 D5

+ - + - + - + - + -

BWG	(g) 2,141 2,117 2,223 2,113 2,201 2,269 2,267 2,226 2,172 2,158 15.1
FCR 1.79 1.79 1.71 1.78 1.70 1.66 1.66 1.71 1.75 1.81 0.01
DMD	(%) 78.9a 75.8b 79.0a 77.9a 79.0a 78.9a 79.0a 78.8a 79.0a 78.9a 0.3
Faecal-	
mo�sture	
(%)

70.1a 75.9b 69.6a 68.1a 66.8a 69.6a 67.9a 69.8a 69.7a 70.0a 0.2
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Abstract

Three mineral feeds composed mainly of three locally available materials 
(limestone originated from Bukit Kamang, freshwater oyster shell and bone ash) 
were investigated to improve their nutritive values as mineral sources for diet of 
Kampong laying hens. The first formula was enriched with micro minerals (P1). 
The second was enriched with micro minerals and supplemented with vitamin (P2). 
The third was supplemented with both micro minerals and vitamin and amino acid 
DL-methionin (P3). The minerals were mixed at the level of 6% into basal diet. 
Two other diets were used as controls. The first was basal diet mixed with 6% of 
mixture limestone, oyster shell and bone ash (P4), while the second was basal diet 
mixed with a commercial mineral feed (P5). The five experimental diets were then 
fed to 150 Kampong laying hens. The hens were divided into 3 groups based on 
body weight: heavy, medium and light. Each group was subdivided into 5 subgroups 
in accordance with number of treatments, so that each treatment consisted of 3 
replicates containing of 10 hens. Parameter measured included: feed intake, egg 
production, FCR, eggshell quality, mineral retention and mineral composition of 
tibia bone. The results showed that laying performances of Kampong hens were 
significantly improved, when local mineral feeds were fortified with micro minerals, 
vitamin and amino acid. The hens fed with diet supplemented with local mineral feed 
and enriched with micro minerals, vitamin and amino acid showed no significantly 
different performances with that of supplemented with commercial mineral feed.

Keywords: Kampong laying hens, limestone and freshwater oyster shell, mineral 
feed 

Introduct�on

Center	for	�ntens�ve	rear�ng	of	Kampong	lay�ng	hens	�n	West	Sumatra	are	lo-
cated	�n	three	sub	d�str�cts:	Talaw�	(Sawahlunto	c�ty),	Sul�k�	(L�ma	Puluh	Kota	d�s-
tr�ct)	and	Tanjung	Emas	(Tanah	Datar	d�str�ct).	Farmers	kept	the	hens	of	about	1000	
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–	 2000	 b�rds	 each	 �n	 �nd�v�dual	 cages	 made	 from	 wood	 and	 bamboos.	The	 eggs	
produced	�n	term	of	s�ze	and	shell	strength	were	found	poorer	than	that	of	egg	from	
free-scaveng�ng	Kampong	hens	(Anwar	and	Khal�l,	2005).

Poultry	under	�ntens�ve	product�on	systems	are	part�cularly	suscept�ble	to	m�n-
erals,	v�tam�n	and	am�no	ac�d	def�c�enc�es.	Lay�ng	hens	need	3-4%	Ca	�n	the	d�et	
dur�ng	product�on	per�od	ma�nly	for	eggshell	format�on	(Scholtyssek,	1987).	Calc�-
um	metabol�sm	and	shell	format�on	�s	dependent	upon	enzyme	systems	and	var�ous	
trace	m�nerals	are	requ�red	as	co-enzymes.	There	are	s�x	cr�t�cal	m�cro	m�nerals	that	
are	frequently	def�c�ent	�n	d�et	for	lay�ng	hens,	�.e.:	cupper	(Cu),	selen�um	(Se),	�o-
d�ne	(I),	�ron	(Fe),	manganese	(Mn)	and	z�nc	(Zn)	(NRC,	1994).	Other	m�cro	nutr�-
ents	that	are	related	w�th	m�neral�zat�on	process	and	frequently	def�c�ent	�n	d�et	for	
lay�ng	hens	are	v�tam�n	D	and	B12	and	sulfur-conta�n�ng	am�no	ac�d.	V�tam�n	D	�s	
essent�al	for	normal	shell	calc�f�cat�on	(Pla�mast	and	K�jparkorn,	2010)	and	v�tam�n	
B12	�s	an	 �ntegral	part	of	d�fferent	enzyme	systems	(McDowell,	1989),	wh�le	me-
th�on�ne	�s	generally	the	f�rst	l�m�ng	am�no	ac�d	�n	corn-soybean	d�et	and	adequate	
sulfur	am�no	ac�ds	must	be	present	�n	the	d�et	for	max�mum	egg	s�ze	(M�les	et al.,	
1986,	Abd	El-Maksoud	et al.,	2011).

Inclus�on	of	m�neral-v�tam�n-am�no	ac�d	 �n	a	prem�x	 �n	 formulated	d�et	has	
become	�nd�spensable	pract�ce	because	feed	�ngred�ents	do	not	conta�n	all	essent�al	
m�nerals,	v�tam�ns	and	am�no	ac�d.	Such	prem�x	m�ght	be	produced	from	locally	
ava�lable	m�neral	feedstuffs	by	fort�fy�ng	w�th	essent�al	m�cro	m�nerals,	v�tam�n	and	
am�no	ac�d.The	prov�nce	of	West	Sumatra	abounds	w�th	m�neral	feed	sources	�n	the	
form	of:	l�mestone,	fresh	water	oyster	shell	and	bone	meal.	One	of	the	most	�nten-
s�vely	explo�ted	l�mestone	h�ll	depos�t	�s	named	Buk�t	Kamang,	located	at	Kamang	
Mud�k	v�llages,	Kamang	Magek	sub	d�str�ct,	Agam	d�str�ct.	The	meal	products	not	
only	conta�ns	h�gh	calc�um	(Ca)	of		about	38-40%	but		are	also	r�ch	on	m�cro	m�n-
erals	of	 �ron	(Fe),	manganese	(Mn)	and	selen�um	(Se)	(Khal�l	and	Anwar,	2007).	
Fresh	water	oyster	(Corbicula sp)	was	abundantly	found	�n	fresh	water	bod�es	 �n	
West	Sumatera.	The	shell	parts	wh�ch	are	used	as	feed	�n	coarse	ground	form	conta�n	
about	26-30%	calc�um	(Khal�l,	2003).	Bone	meal	�s	produced	by	small-scale	home	
�ndustr�es	and	conta�ned	of	relat�vely	h�gh	Ca	and	P	of	about	20.8	%	and	12.5%,	
respect�vely	(Anwar	and	Khal�l,	2005).	

The	 present	 research	 a�med	 to	 study	 the	 effect	 of	 supplementat�on	 of	 local	
m�neral	formula	conta�n�ng	Buk�t	Kamangs’	l�mestone,	fresh	water	oyster	shell	and	
bone	meal	w�th	m�cro	m�nerals	of	Zn,	Cu	and	I	and	v�tam�n	(D	and	B12)	and	sulfur	
am�no	ac�d	(meth�on�ne)	on	the	lay�ng	performances	of	Kampong	hens.

Mater�als	and	Methods

Four	m�neral	feeds	were	formulated	wh�ch	composed	ma�nly	of	three	locally	
ava�lable	mater�als:	Buk�t	Kamangs’	 l�mestone,	fresh	water	oyster	shell	and	bone	
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meal.	The	f�rst	formula,	called	as	local	m�neral,	composed	only	of	Buk�t	Kamangs’	
l�mestone,	fresh	water	oyster	shell	and	bone	meal.	The	second	was	the	local	m�neral	
fort�f�ed	w�th	m�cro	m�nerals	of	Zn,	Cu	and	I.	The	th�rd	was	the	local	m�neral	fort�-
f�ed	w�th	both	m�cro	m�nerals	and	v�tam�ns	of	D3	and	B12.	The	fourth	was	the	local	
formula	enr�ched	w�th	m�cro	m�nerals,	v�tam�ns	and	am�no	ac�d	of	meth�on�ne.	The	
nutr�ent	compos�t�ons	of	the	formulas	were	just�f�ed	to	the	standard	requ�rements	for	
lay�ng	hens	recommended	by	We�nre�ch	et al.	(1994).

Each	 m�neral	 formula	 was	 m�xed	 �n	 the	 level	 of	 6%	 w�th	 basal	 d�et.	 Basal	
d�ets	were	prepared	by	us�ng	three	ma�n	component	of	commerc�al	layer	concen-
trate,	corn	and	r�ce	bran	�n	the	level	of	20,	42	and	32	%,	respect�vely.		Another	d�et	
was	m�xed	w�th	a	commerc�al	m�neral	prem�x	(MINERAL	B12	produced	by	EKA	
FARMA,	Semarang)	and	cons�dered	as	control;	so	that	there	were	�n	total	f�ve	ex-
per�mental	d�ets	as	treatments:	
Treatment	1	(P1)	:	Basal	d�et	+	local	m�neral	
Treatment	2	(P2)	:	Basal	d�et	+	local	m�neral	+	m�cro	m�nerals
Treatment	3	(P3)	:	Basal	d�et	+	local	m�neral	+	m�cro	m�nerals	+	v�tam�ns
Treatment	4	(P4)	:	Basal	d�et	+	local	m�neral	+	m�cro	m�nerals	+	v�tam�ns	+	am�no		
	 	 ac�d.
Treatment	5	(P5)	:	Basal	d�et	+	commerc�al	m�neral	feed.

The	nutr�ent	and	energy	compos�t�ons	were	just�f�ed	to	the	standard	requ�rements	
of	 Kampong	 lay�ng	 hens	 dur�ng	 product�on	 per�od	 recommended	 by	 Mulyono	
(1999).	

The	exper�mental	d�ets	were	offered	to	120	Kampong	lay�ng	hens	for	24	weeks.	
The	hens	were	d�v�ded	�nto	three	groups	based	on	body	we�ght:	l�ght	(1150-1349	g/
b�rd),	med�um	(1350-1499	g/b�rd)	and	heavy	(1500-1800	g/b�rd).	Each	group	wh�ch	
composed	of	40	b�rds	was	then	subd�v�ded	�nto	5	subgroups	�n	accordance	w�th	the	
number	of	treatments,	so	that	each	exper�mental	un�t	cons�sted	of	8	b�rds.	Parameters	
measured	�ncluded:	body	we�ght,	feed	�ntake,	feed	convers�on	rat�o	(FCR),	hen-day	
egg	product�on,	number	and	we�ght	of	egg	product�on,	eggshell	qual�ty	(we�ght	and	
percentage	of	eggshell),	m�neral	retent�on	and	we�ght	and	m�neral	compos�t�on	of	
t�b�a	bone.	All	data	were	subjected	to	stat�st�cal	analys�s	us�ng	var�ance	analys�s	�n	
a	completely	block	des�gn	w�th	5	treatments	and	3	blocks	as	repl�cates.	Duncan’s	
Mult�ple	Range	(DMRT)	was	appl�ed	to	separate	means.	D�fferences	were	cons�dered	
s�gn�f�cant	at	P<0.05	(Steel	and	Torr�e,	1981).

Results	and	D�scuss�on

Laying Performances
Results	 �n	Table	 1	 show	 that	 total	 feed	 �ntake	 for	 24	 weeks	 ranged	 17,655	

-18,109	 g/b�rd,	 wh�le	 da�ly	 feed	 �ntake	 ranged	 105	 g–108	 g/b�rd.	These	 data	 d�d	
not	d�ffer	s�gn�f�cantly	(P>0.05).	Th�s	m�ght	be	occurred	because	m�neral,	v�tam�n	
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and	am�no	ac�d	d�d	not	have	profound	�nfluence	on	body	we�ght	and	feed	�ntake	of	
b�rds

Lay�ng	performances	�n	terms	egg	product�on	and	feed	convers�on	rat�os	were	
s�gn�f�cantly	(P<0.05)	affected	by	the	treatments.	Kampong	hens	fed	d�et	conta�n�ng	
local	m�neral	(P1)	showed	the	lowest	egg	product�on	�n	term	of	number,	total	we�ght	
and	hen-day	egg	product�on	and	the	poorest	feed	ut�l�zat�on	eff�c�ency.	Supplemen-
tat�on	of	local	m�neral	w�th	m�cro	m�nerals,	v�tam�ns	and	am�no	ac�d	(P2,	P3	and	P4)	
�mproved	lay�ng	performances	(P<0.05).	Egg	product�on	�ncreased	about	16.1	egg/
b�rd,	from	47.7	(P1)	to	63.9	egg/b�rd		(P2,	P3	and	P4),	total	egg	mass	518.3	g/b�rd	
(from	2167.8	to	2686.1	g/b�rd	),	hen-day	egg	product�on	10%	(from	28.0	to	38.0%),	
wh�le	feed	convers�on	rat�os	decreased	of	about	1.49	(from	8.16	to	6.67).	Prev�ous	
study	w�th	commerc�al	lay�ng	hens	showed	that	supplementat�on	of	local	m�neral	
w�th	m�cro	m�nerals	Zn,	Cu	and	I	�mproved	lay�ng	performances	(Khal�l,	2010).	The	
benef�c�al	effects	of	Cu,	Zn	and	I	supplementat�on	on	lay�ng	performances		of	com-
merc�al	layers	were	reported	by	Sw�atk�ew�cz	and	Korelesk�	(2008),	El-Husse�ny	et 
al.	(2009)	and	Cepul�ene	et al.	(2008).

Although	the	results	were	not	s�gn�f�cantly	d�fference,	supplementat�on	of	lo-
cal	m�neral	w�th	m�xture	of	m�cro	m�nerals,	v�tam�ns	and	am�no	ac�d	gave	pos�t�ve	
effect	on	 lay�ng	performances.	As	presented	 �n	Table	3,	Kampong	hens	 fed	w�th	
d�ets	conta�n�ng	local	m�neral	and	fort�f�ed	w�th	m�cro	m�nerals	and	v�tam�ns	(P3)	
or	 m�xture	 of	 m�cro	 m�nerals,	 v�tam�ns	 and	 am�no	 ac�d	 (P4)	 showed	 h�gher	 egg	
product�on	and	lower	feed	convers�on	rat�o	than	those	of	fed	w�th	d�et	conta�n�ng	
m�neral	formula	fort�f�ed	w�th	only	m�cro	m�nerals	(P2).	When	local	m�neral	were	
enr�ched	completely	w�th	m�xture	of	m�cro	m�nerals,	v�tam�ns	and	am�no	ac�d	(P4),	
lay�ng	performance	were	found	not	s�gn�f�cantly	d�fferent	w�th	those	of	commerc�al	

Table	1.	Feed	�ntake,	feed	convers�on	rat�o	and	egg	product�on	of	Kampong	lay�ng	hens	fed	
d�ets	conta�n�ng	d�fferent	m�neral	formula	sources	for	24	weeks

Exper�mental	d�ets	w�th	m�neral	formula	sources:

P1 P2 P3 P4 P5

In�t�al	body	we�ght,	g/b�rd	 1,423.3 1,400.0	 1,373.3 1,443.3 1,393.3
F�nal	body	we�ght,	g/b�rd 1,650.0 1,816.7 1,640.0 1,683.3 1,653.3
Total	feed	�ntake,	g/b�rd 1,7685.1 18,109.0 17,869.3 17,654.6 17,931.6
Da�ly	feed	�ntake,	g/b�rd 105.3 107.8 106.4 105.1 106.7
Egg	product�on,	eggs/b�rd 47.8c 60.2b 60.7b 70.8ab 74.4a

Egg	product�on,	g/b�rd 2,167.8c 2,551.2b 2,660.8b 2,846.2ab 3,294.4a

Hen-day	egg	product�on,	% 28.0c 35.9b 36.1b 42.1ab 44.3a

Feed	convers�on	rat�o 8.16c 7.09b 6.71b 6.20ab 5.44a

Note:	a,	b,	c,	d	–	values	�n	the	rows	w�th	d�fferent	superscr�pt	d�ffer	s�gn�f�cantly	(P<0.05).
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prem�x	(P5).	Kampong	hens	fed	on	the	d�ets	conta�n�ng	local	m�neral	and	fort�f�ed	
w�th	m�cro	m�nerals,	v�tam�ns	and	am�no	ac�d	 (P4)	 (average:	71	eggs/b�rd;	2846	
g/b�rd;	42%,	respect�vely)	showed	not	s�gn�f�cantly	d�fferent	�n	feed	ut�l�zat�on	eff�-
c�ency	and	egg	product�on	�n	term	of	number,	total	we�ght	and	hen-day	egg	produc-
t�on	w�th	those	fed	w�th	d�et	conta�n�ng	commerc�al	prem�x	(P5)	(74	egg/b�rd;	3294	
g/b�rd;	44%).

Egg Weight and Eggshell Quality 
The	results	of	egg	we�ght,	qual�ty	of	eggshell	and	m�neral	retent�on	are	pre-

sented	�n	Table	2.	Average	egg	we�ght	ranged	38.7	to	40.5	g/egg.	There	were	not	
s�gn�f�cant	effect	(P>0.05)	of	supplementat�on	of	local	m�neral	w�th	m�cro	m�nerals,	
v�tam�ns	and	am�no	ac�d.	Lack	of	�nfluence	of	m�cro	m�neral	and	v�tam�n	supple-
mentat�on	on	egg	we�ght	were	also	reported	by	some	researcher.	Mabe	et al.	(2003)	
reported	that	the	add�t�on	of	60,	60	and	10	mg/kg	of	Zn,	Mn	and	Cu,	respect�vely,	
to	basal	d�et	d�d	not	s�gn�f�cantly	�nfluence	egg	we�ght	�n	commerc�al	lay�ng	hens.		
Abdallah	et al	(1994)	suggested	that	remove	supplemental	�ron	or	some	other	k�nds	
of	m�nerals	(Cu,	Zn	or	Mn)	from	lay�ng	hens	d�ets	d�d	not	affect	the	egg	we�ght	of	
hens.	Kato	et al.	(2003)	reported	that	supplementat�on	of	v�tam�n	B12	at 10μg/kg in 
a	corn	soy	based	d�et	�n	Lohmann	lay�ng	hens	dur�ng	the	second	cycle	of	product�on		
gave	no	s�gn�f�cant	effect	on	egg	mass.

The	data	presented	�n	Table	2	also	show	that	fort�fy�ng	local	m�neral	w�th	m�cro	
m�nerals,	 v�tam�ns	 and	 am�no	 ac�d	 d�d	 not	 s�gn�f�cantly	 (P>0.05)	 �nfluence	 shell	
we�ght,	shell	th�ckness,	shell	per	cent	and	m�neral	and	ash	content	of	shell.	These	
results	were	conf�rmed	by	Holoubek	et al.	 (2002)	who	reported	 that	 the	add�t�on	

Table	2.	Average	egg	we�ght,	shell	we�ght,	per	cent	of	shell	we�ght	and	shell	th�ckness	of	
Kampong	lay�ng	hens	fed	d�ets	conta�n�ng	d�fferent	m�neral	formula	sources	for	
24	weeks

Value	�n	�tal�c	parentheses:	standard	dev�at�on	(SD)	(±).

	Parameter
Exper�mental	d�ets	w�th	m�neral	formula	sources

P1 P2 P3 P4 P5

Egg	we�ght,	g/egg		
40.5 39.7 42.0 38.7 39.7
(4.2) (0.8) (4.1) (1.1) (2.4)

Eggshell	we�ght,	g/egg	
3.8 4.5 3.7 3.5 3.8

(0.4) (1.8) (0.1) (0.3) (0.2)

Per	cent	egg	shell,	%
8.7 8.6 8.6 8.5 8.8

(0.5) (0.2) (0.5) (0.6) (0.6)

Eggshell	th�ckness,	mm
0.48 0.50 0.49 0.49 0.50
-0.01 (0.00) (0.01) (0.01) (0.00)
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of	m�cro	m�nerals	of	Cu	and	Fe	to	feed	m�xture	has	not	s�gn�f�cant	�mpact	on	the	
qual�ty	of	egg	shell	of	commerc�al	layers.

It	�s	concluded	that	the	nutr�t�ve	values	of	local	m�neral	formula	composed	of	
Buk�t	Kamangs’	l�mestone,	fresh	water	oyster	shell	and	bone	meal	were	�mproved	
by	 fort�fy�ng	 w�th	 m�cro	 m�nerals,	 v�tam�ns	 D	 and	 B12	 and	 meth�on�ne.	 Lay�ng	
performances	of	Kampong	hens	fed	d�et	conta�n�ng	local	m�neral	and	fort�f�ed	w�th	
m�cro	m�nerals,	v�tam�ns	and	meth�on�ne	were	found	not	s�gn�f�cantly	d�fferent	w�th	
those	fed	d�et	supplemented	w�th	commerc�al	m�neral	feed.	
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Abstract

Katuk leaves extract (Sauropusandrogynus L. Merr) is a medicinal plant that 
has been studied because it has many benefits. Katuk leaves in animal feed can be 
used in the form of meal and extract. The advantages of Katuk Leaves Extract (KLE) 
in the diet are easy to store, need in a relatively small amount and low fiber content. 
This experiment was conducted using one hundred fifty six female Japanese quails 
starting at 4 weeks old and raised uptill 10 weeks of age. The parameters observed 
were the content of cholesterol, fat, vitamin A and E in the meat, liver, and eggs. The 
treatments were control diet (R0); control diet with 0.15% KLE (R1) and control 
diet with 0.30% KLE (R2). The quails were divided into 3 treatment groups with 
4 replications (13 quails in each replicate). The data of quail performances were 
analyzed by a completely randomized designed and further with Duncan’s test if 
there were any significant differences in the treatments. The data of the cholesterol, 
fat, vitamin A and E inthe meat, liver, and eggs were analyzed descriptively. The 
advantages of giving KLE in quails’ diet were decreased the content of cholesterol, 
fat in the liver and eggs, and increasedthe vitamin A and Econtentin the meat and 
eggs. 

Keywords: cholesterol, katuk (Sauropusandrogynus L. Merr), quails, vitamin A, 
vitamin E 

Introduct�on	

The	 level	of	cholesterol	 �ntake	h�gher	 than	 the	 level	of	need	along	w�th	 the	
l�festyle	of	the	people	who	tend	to	consume	lots	of	fatty	foods.Food	�ntake	w�th	h�gh	
cholesterol	 cont�nuously	 causesthe	 �ncreas�ng	 levels	 of	 cholesterol	 �n	 the	 blood.	
Excess	cholesterol	(hypercholesterolem�a)	causes	harmful	health	effects.	Prevent�on	
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of	h�gh	cholesterol	�n	body	such	as	by	eat�ng	an�mal	food	products	that	low	�n	fat	
and	cholesterol.	Katuk	plants	(Sauropus androgynus L. Merr)	�s	an	alternat�ve	plant	
that	can	decrease	the	cholesterol	egg	yolk	and	layer	carcasses	(Ibrah�m,	2004).	The	
purpose	of	extract�on	process	�s	to	take	some	or	all	substance	�n	the	plant.	Subekt�	
(2007)	reported	there	were	act�ve	compounds	that	contr�bute	of	decreas�ng	cholesterol	
�n	egg	yolks,	l�ver	and	carcass	treatment	probably	caused	by	phytosterol	part�cularly	
st�gmasterol	h�gh.	Katuk	leaves	conta�n	phytosterols	2.43	g/100	g	and	466	mg/100	
g	dry	fresh	able	to	decrease	serum	of	cholesterol,	eggs,	carcasses,	and	l�ver	�n	qua�l	
(Subekt�,	2007).	Phytosterols	wh�ch	covers	sterols	and	stanols	of	plantsare	found	�n	
plants	as	fats.	Katuk	leaves	also	conta�n	v�tam�ns	A	and	E.	The	content	of	v�tam�n	
A	wh�ch	�s	qu�te	h�gh	at	4337.34	µg/g	can	prov�de	yolk	color	better.	The	fuct�on	of	
v�tam�n	E	such	as	for	av�an	reproduct�on,	�mprove	performance	and	strengthen	the	
status	�munoglob�n.

Mater�als	and	Methods	

The	exper�ment	was	conducted	from	June	to	September	2009.	Th�s	research	
used	qua�l	(Coturnix coturnix japonica)	8-week-old	female	as	many	as	208	an�mals,	
were	placed	 �n	 battery	 cages	 and	d�v�ded	 �nto	3	 treatments	w�th	4	 repl�cates	 (13	
qua�ls	�n	each	repl�cate).	The	Treatment	d�ets	were	control	d�et	(R0);	R0	+	0.15%	
KLE	(R1);	R0	+	0.30%	KLE	(R2).The	f�rst	prosess	of	extract�on	was	preparat�on	of	
mak�ng	Katuk	Leaves	Meal	(KLM)	showed	�n	F�gure	1	and	F�gure	2	presentedthe	
prosess	of	Katuk	Leaves	Extract	(KLE).	The	preparat�on	of	KLEused	70%	ethanol	
solvent.The	analys�s	method	for	cholesterol	content	�n	meat,	l�ver	and	eggs	based	
on	the	L�ebermann-Burchad	(Kle�ner	and	Dott�,	1962).	The	analys�s	method	for	fat	
content	�n	meat,	l�ver	and	eggs	made			by	sochlet	method.V�tam�n	A	and	E	content	
�n	meat,	l�ver	and	qua�l	eggs	were	analyzed	by	HPLC	method	(H�gh	Performance	
L�qu�d	Chromatography).The	exper�mental	des�gn	used	a	completely	random�zed	
des�gn.
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The	nutr�ent	content	of	control	d�et	and	katuk	leaves	extract	presented	�n	Table	
1,	the	nutr�ent	content	of	treatment	based	on	calculat�ons	presented	�n	Table	2.

Table	1.	The	Nutr�ent	Content	of	The	Control	D�et	and	Katuk	Leaves	Extract	(As	fed)

Nutr�ent	(%)
Mater�al

Control	D�et* KLE**

Dry	Matter (%)	(%) 87.59 70.35
Ash (%)	(%) 10.45 5.65
CP (%)	(%) 18.21 19
F�ber (%)	(%) 9.58 0.21
Fat (%)	(%) 5.61 2.40
Beta-N (%)	(%) 43.74 43.21
Ca (%)	(%) 3.58 0.05
P (%)	(%) 1.25 0.03
Bruto	Energy	(Kal/g)(Kal/g)) 3980 3122

*			Based on Analys�s ITP Laboratory, IPB 2010Based	on	Analys�s	ITP	Laboratory,	IPB	2010
**	Based	on	Analys�s	F�sh	Nutr�t�on	Laboratory,	FPIK,	IPB	2011
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Table	2.		The	Nutr�ent	Content	of	Treatment	Based	on	Calculat�ons

Nutr�en
D�et

Control	D�et 0.15%	ETDK 0.30%	ETDK

Dry	Matter (%)	(%) 87.59 87.56 87.54
Ash (%)	(%) 10.45 10.44 10.44
CP (%)	(%) 18.21 18.21 18.21
F�ber (%)	(%) 9.58 9.57 9.55
Fat (%)	(%) 5.61 5.61 5.60
Beta-N (%)	(%) 43.74 43.74 43.74
Ca (%)	(%) 3.58 3.57 3.57
P (%)	(%) 1.25 1.25 1.25
Bruto	Energy	(Kal/g)(Kal/g)) 3980 3978 3977

Results	and	D�scuss�on	
	
Analys�s	 of	 the	 cholesterol	 content	 (F�gure	3)	 �n	meat,	 l�ver	 and	 eggs	were	

conducted	when	the	qua�ls	at	14	weeks	old.	The	content	of	cholesterol	�n	the	l�ver	
and	eggs	decreased	by	�ncreas�ng	levels	of	KLE	�n	feed.	The	g�v�ng	of	KLE	0.15%	
�n	feedcould	decreasethe	cholesterol2.92%	of	the	control,	wh�le	�ncreas�ng	the	level	
of	0.30%	KLEcouldlower	22.81%	of	control.The	decreat�onof	cholesterol	content	
�n	eggs	by	g�v�ng	KLE	0.15%	as	many	as	13.86%	of	control,	by	�ncreas�ng	the	level	
0.30%	KLE	cholesterol	content	decreased	below	R1	 (0.15%	KLE)	of	19.86%	of	
control.

The	 percentage	 decrease	 �n	 the	 cholesterol	 content	 �n	 meat,	 l�ver	 and	 eggs	
respect�vely	 8.3%,	 22.55%,	 35.58%	 from	 the	 qua�l	 that	 gave	 feedcontrol	 d�et.	
The	lower�ng	�n	cholesterol	content	w�th	g�v�ng	KLEwas	�nfluenced	by	the	act�ve	
compound	 (phytosterols)	 that	 conta�ned	 �n	 the	 katukleaves.Wh�le	 the	 role	 of	
phytosterols,	espec�ally	st�gmasterol	can	lower	cholesterol	�n	egg	yolks,	l�ver,	and	
qua�l	carcass	treatment	(Subekt�,	2007).	The	levels	of	cholesterol	�n	l�ver	appeared	
s�gn�f�cantly	 h�gher	 than	 the	 meat	 and	 eggs,	 th�s	 �s	 because	 the	 l�ver	 �s	 where	
cholesterol	synthes�s	�n	add�t�on	to	the	ma�n	gut,	sk�n,	test�s,	and	aorta.	In	add�t�on	
�t	�s	the	h�ghest	organ	role	�n	cholesterol	synthes�s.

F�gure	4	shows	the	fat	content	of	meat,	l�ver	and	eggs	after	14-week-old	qua�l.	
The	same	trend	of	decrease	�n	cholesterol	�n	the	l�ver	and	eggs	also	occurs	�n	fat.	
Fat	content	�n	the	l�ver	by	g�v�ng	0.15%	KLEcould	decrease	3.21%	of	control,	and	
by	 g�v�ng	 0.30%	 KLE9.62%	 fat	 could	 be	 decreased.	 It	 also	 occured	 �n	 the	 egg,	
wh�ch	 fell	6.93%	and	16.02%	of	 control	by	g�v�ng	KLE	 respect�vely	0.15%	and	
0.30%	�n	the	feed.	The	decreat�onof	fat	�n	l�ver	content,	meat	and	eggs	due	to	lower	
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cholesterol,	because	cholesterol	�s	a	l�p�d	that	has	a	s�m�lar	molecular	shape	fat,	or	
cholesterol	were	�ncluded	spec�al	types	of	l�p�ds	called	stero�ds.

		

The	g�v�ng	0.15%	and	0.30%	KLE	�n	the	rat�on	of	the	l�ver	and	eggs	tend	to	
be	 lower	 than	 the	 group	 w�thout	 g�v�ng	 KLE	 (R0),	 �t	 �s	 presumably	 because	 the	
act�ve	compounds	conta�ned	�n	extracts	of	katuk	leaves	�s	extracted	perfectly.	The	
�ncreas�ng	content	of	v�tam�n	A	on	meat	(F�gure	5)	w�th	0.15%	and	0.30%	KLE	�n	
feed	as	many	as	2.44%	and	16.81%.The	�ncreas�ngv�tam�n	A	of	0,30%	KLE(R2)	two	
t�mes	larger	than	the0,15%	KLE(R1)	because	the	content	of	v�tam�n	A	�s	depos�ted	
large�n	meat.	F�gure	5	shows	that	the	v�tam�n	A	content	of	the	h�ghest	�n	the	eggs	
depos�ted,	�t	�s	poss�ble	because	the	an�mals	that	produce	l�vestock	products,	�f	g�ven	
the	treatment	�t	�s	shown	the	greatest	�nfluence	on	the	result�ng	product.The	same	
trend	�s	shown	�n	an	�ncrease	�n	v�tam�n	E	(F�gure	6).	The	content	of	v�tam�n	E	�n	the	
l�ver	by	g�v�ng	0.15%	and	0.30%	KLEtend	to	be	lower	than	the	qua�ls	d�dn’t	feed	
KLE	(R0)	occured	also	�n	the	study	Subekt�	(2003).	

F�gure	3.	 Cholesterol	 Content	 �n	 Meat,	 L�ver,	
and	Egg	Qua�l

F�gure	4.	L�p�d	Content	 �n	Meat,	L�ver,	and	Egg	
Qua�l

F�gure	5.	 V�tam�n	 A	 Content	 �n	 Meat,	 L�ver,	
and	Egg	Qua�l

F�gure	6.	V�tam�n	E	Content	 �n	Meat,	L�ver,	and	
Egg	Qua�l
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Conclus�ons		

The	advantages	of	g�v�ng	KLE	�n	qua�ls’	d�et	were	decreased	the	content	of	
cholesterol,	fat	�n	the	l�ver	and	eggs,	and	�ncreased	the	v�tam�n	A	and	Econtent�n	the	
meat	and	eggs.

References

Ibrah�m,	M.	A.	,	2004.	Evaluat�on	of	grant�ng	leaves	katuk	(Sauropus	androgynus)	
�n	the	rat�on	on	egg	yolk	cholesterol	levels	of	lay�ng	hens	and	carcasses.	The-
s�s.	Faculty	of	An�mal	Sc�ence,	Bogor	Agr�cultural	Un�vers�ty,	Bogor.

Subekt�,	S.	,	2003.	The	qual�ty	of	eggs	and	ch�cken	carcass	local	katuk	leaf	meal	fed	
�n	the	rat�on.	Thes�s.	Graduate	School,	Bogor	Agr�cultural	Un�vers�ty,	Bogor.

Subekt�,	S.	,	2007.	Sterol	component	�n	leaf	extracts	katuk	(Sauropus	androgynus	L.	
Merr)	and	the	relat�on	to	the	reproduct�ve	system	of	qua�l.	D�ssertat�on.	Gradu-
ate	School,	Bogor	Agr�cultural	Un�vers�ty,	Bogor.



282 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

The Effects of Dietary Energy Sources on Immune Organs of 
Broilers Exposed to Heat Stress

T. Pasaribu,  R. Palupi, M. Prayuwidayati, K. G. Wiryawan, A. Sudarman, & 
R. Mutia

2Department of Nutrition and Feed Technology, Faculty of Animal Science, 
Bogor Agricultural University, Indonesia

e-mail: widayub@gmail.com

Abstract

The aim of this experiment was to study the effect of palm oil addition as 
energy source in the ration on the percentage of limfoid gland,  thymus gland and  
bursa fabricius  of broilers exposed to heat stress. The research was conducted in 
Experimental Station, Faculty of Animal Science, Bogor Agricultural University, 
in November to December 2011. The experiment was conducted in a Completely 
Randomized Design (CRD) consisting of two treatment rations with three replications. 
The treatments were  as follow: R1 = ration with 22% crude protein and 3050 kcal 
Metabolism Energy containing 1% palm oil; R2= ration with 22% crude protein 
and 3050 kcal Metabolism Energy containing 7% palm oil.  The parameter observed 
were limfoid gland percentage, thymus gland percentage and bursa fabriosis 
percentage. The result of the experiment showed that the addition of palm oil in the 
ration until 7% DM basis in broiler’ration did not significantly  affect the lymphoid 
organ percentage, thymus gland percentage, and the bursa fabriosis percentage in 
broilers exposed to heat stress. It could be concluded that addition of palm oil as 
energy sources in the ration gives  similar effect on broilers exposed to heat stess.

Keywords: broiler, heat stress, lymphoid  organ, thymus gland, and bursa fabriosis

Introduct�on	

Global	 cl�mate	 change	 has	 s�gn�f�cant	 effects	 on	 agr�culture	 product�on,	
�nclud�ng	poultry	product�on.	Heat	stress	�s	one	of	b�g	concern	�n	poultry	�ndustry,	
espec�ally	�n	trop�cal	and	sub-trop�cal	countr�es.	It	has	been	well	known	that	heat	
stress	 could	 reduce	 the	 product�v�ty	 and	 �ncrease	 the	 mortal�ty	 of	 the	 ch�cken,	
that	w�ll	 �n	 turn	affects	 the	performance	of	poultry	 �ndustry.	H�gh	env�ronmental	
temperature	could	hamper	the	average	da�ly	ga�n	of	the	ch�cken,	as	results	of	lower	
appet�te	and	feed	�ntake.	
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Bro�ler	ch�cken	�s	known	as	a	homoeotherm�c	an�mal.	Body	temperature	regu-
lat�on	of	th�s	an�mal	was	d�rectly	affected	by	env�ronmental	temperature.	Therefore,	
as	part	of	�ts	thermoregulat�on,	bro�ler	ch�cken	should	control	feed	�ntake	to	meet	
the	need	for	ma�ntenance,	product�on,	and	heat	product�on	(Furlan	&	Macar�,	2002).	
Object�ve	of	th�s	exper�ment	was	to	study	the	effect	of	palm	o�l	add�t�on	as	energy	
source	�n	the	rat�on	on	the	percentage	of	l�mfo�d	gland,		thymus	gland	and		bursa	
fabr�c�us		of	bro�lers	exposed	to	heat	stress.

Mater�als	and	Methods

The	 exper�ment	 was	 conducted	 �n	 Exper�mental	 Stat�on,	 Faculty	 of	An�mal	
Sc�ence,	Bogor	Agr�cultural	Un�vers�ty,	from	November	to	December	2011.	Twenty	
four	of	1	week	old	ch�ckens	were	used	�n	th�s	exper�ment.	The	bro�ler	ch�ckens	were	
then	d�v�ded	�nto	two	groups	and	the	treatment	rat�on	arrangement	was	presented	�n	
Table	1.

Table	1.	D�etary	treatment	formulat�on

Ingred�ents R1	(%) R2	(%)
Corn	Gluten	meal
Corn	gra�n
Soybean	meal
F�sh	meal
O�l
Calc�um	Carbonate

													4.96
											60.00
											25.00
													7.91
             1.05
													1.08

															13.16
															44.17
															24.73
															10.00
																	7.00
																	0.94

Total 										100 															100
Metabol�sm	Energy	(kcal/kg)
Dry	Matter,	%
Crude	Prote�n,		%
Ca,	%
P,		%

								3050
													85.12
													22.00
															0.687
															0.465

													3050
																	78.49
																	22.00
																			0.682
																			0.454

The	exper�ment	was	conducted	�n	a	Completely	Random�zed	Des�gn		cons�st-
�ng	of	2	 treatment	 rat�ons	w�th	3	 repl�cat�ons.	Each	exper�mental	un�t	cons�sts	of	
4	bro�ler	 ch�ckens.	The	 treatments	were	 	 as	 follow:	R1	=	 rat�on	w�th	22%	crude	
prote�n	and	3050	kcal	Metabol�sm	Energy	conta�n�ng	1%	palm	o�l;	R2=	rat�on	w�th	
22%	crude	prote�n	and	3050	kcal	Metabol�sm	Energy	conta�n�ng	7%	palm	o�l.	The	
parameter	observed	were	l�mfo�d	gland	percentage,	 thymus	gland	percentage	and	
bursa	fabr�c�us		percentage.	All	data	collected	were	subject	to	analys�s	of	var�ance,	
followed	by	Duncan’s	Mult�ple	Range	Test	(Steel	and	Torr�e,	1995).
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Results	and	D�scuss�ons	
	
	Average	da�ly	env�ronmental	temperature	and	hum�d�ty	observed	at	afternoon	

dur�ng	the	exper�ment	was	30.38	oC	and	80.35%	respect�vely.		Whereas,	comforts	
zone	poultry	product�on	�s	25	–	28	°C	for	temperature	and	60%	-	70%	for	hum�d�ty.	
Th�s	h�gh	env�ronmental	temperature	cond�t�on	caused	the	bro�ler	ch�ckens	exposed	
to	heat	stress	dur�ng	the	exper�ment.	Th�s	s�tuat�on	also	supported	by	low	average	
da�ly	feed	�ntake	as	well	as	h�gh	water	�ntake.		

Data	on	the	percentage	of	thymus	gland,	percentage	of	lymph,	and	percentage	
of	bursa	fabr�c�us		at	the	end	of	the	exper�ment	were	presented	on	Table	2.	It	could	
be	seen	from	the	table	that	long	term	heat	stress	caused	bro�ler	ch�cken	d�ff�cult	to	
ach�eve	the	standard	body	we�ght,	because	s�gn�f�cant	amount	of	energy	�n	the	d�et	
w�ll	be	used	for	heat	product�on	and	heat	d�ss�pat�on.	Heat	stress	also	has	deter�orated	
effects	on	phys�olog�cal	organs	such	as	lymph,	thymus	gland,	and	bursa	fabr�os�s.

Table	 2.	 Percentage	 of	 thymus	 gland,	 lymph,	 and	 bursa	 fabr�c�us	 at	 the	 end	 of	 the	
exper�ment

D�etary	treatment Lymph	(%) Thymus	gland	(%) Bursa	fabr�c�us	(%)

R1	(carbohydrate	as	
energy	sources) 0.22 0.71 0.14

R1	(palm	o�l	as	energy	
sources) 0.21 0.78 0.11

The	 d�fference	 of	 energy	 sources	 d�d	 not	 s�gn�f�cantly	 affect	 (P>0.05)	 the	
percentage	of	thymus	gland,	percentage	of	lymph,	and	percentage	of	bursa	fabr�c�us		
at	the	end	of	the	exper�ment.	No	s�gn�f�cantly	d�fferent	�n	these	parameters	probably	
because	 of	 no	 d�fference	 �n	 energy	 content	 of	 the	 d�etary	 treatments	 dur�ng	 the	
exper�ment.		T�zard	(1998)	stated	that	bursa	fabr�c�us		�s	lympho�d	organs	that	funct�on	
to	support	growth	and	d�fferent�at�on	of	cells	of	ant�body	system.		Moreover,	R�ddell	
(2004)	stated	that	bursa	fabr�c�us		wh�ch	�s	located	�n	dorsal	part	of	cloacae	produce	
Cell	B	wh�ch	�s	then	synthes�zed		the	plasma	cell	and	ant�body.	Therefore,	th�s	organ	
�s	very	�mportant	�n	body	�mmune	system.	

Conclus�on
 
D�fference		energy	sources	�n	the	d�et	of	bro�lers		exposed	to	heat	stress	d�d	not	

s�gn�f�cantly	affect	the	lympho�d	organ	percentage,	thymus	gland	percentage,	and	
the	bursa	fabr�c�us		percentage.
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Abstract

Tea waste (Camelia sinensis) has high protein and crude fiber resources and it 
has been reported that 30% in the ration could give good performance in growing 
rabbit. Problem with the waste is lag of Zn absorption due to lignin content so it 
will effect to the reproduction. The objective of this study was to evaluate the effect 
of level Zn supplementation on ration containing 30% tea waste on   reproduction 
performance of young rabbit does.  Twenty young rabbit does were assigned to four 
pellet complete rations and synchronization of estrus with such a dose of PGF2α.  
The treatments were  control with  Comercial ration  ; R1  was  ration with 30% tea 
waste ;  R2 was R1 plus  50 ppm Zn and  R3 was R1 plus 100 ppm Zn. Parameters  
observed were  pregnant and lactation feed intake (g/head/d),  frequency of first 
matting to pregnant,  the  pregnant presentation,  length of pregnant (day), litter 
size, birth weight, weaning weight, milk production and mortality pre weaning.  
Completely Randomized Design was used with four treatments and five replications.  
Result showed that the treatments  were not significant  affected yet to  the feed intake 
and all performance reproduction of young rabbit does.  It was concluded  that  30% 
of tea waste plus Zn could be used as source of protein and mineral for  rabbit does 
reproduction ration where the result condition same with control ration.

Keywords: rabbit does, tea waste, Zn supplementation

Introduct�on
Tea	waste	as	a	byproduct	of	manufacture	 	soft	dr�nks	 �ndustry	has	potent�al	

to	use	as	source	of	 feed,	because	of	 the	ava�lab�l�ty	and	 	nutr�t�onal	value.	Some	
stud�es	has	been	reported	that	tea	waste	can	be	used	�n	rabb�t	rat�on	up	to	more	than	
30%		w�thout	a	negat�ve	�mpact	on	performance	(Khot�jah	et al.,	2004).	However,	
the	 effect	 of	 the	 rat�on	 has	 not	 been	 evaluated	 for	 the	 reproduct�ve	 performance	
of	 rabb�t.	A	 good	 reproduct�on	 performance	 by	 us�ng	 cheap	 rat�on	 �s	 one	 of	 the		
breeders	goal.	



287Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

Green	tea	waste	has		h�gh	prote�n		and	f�ber	content.	As	a	roughage	they	has		
29.01%	l�gn�n	content		(Ist�rahayu,	1993).	Accord�ng	to	James	(1990),	f�bers	w�th	
h�gh	l�gn�n	content	could	b�nd	some	m�nerals	as	a	result	of	carboxyl,	hydroxyl	and	
methoxyl	–	l�gn�n	bound,	so	that	�nterfer�ng	the	m�neral	absorpt�on	wh�ch	�s	very		
�mportant	for	the	reproduct�on	pathway.	One	of	the	essens�al	m�nerals	for	the		re-
product�on	metabol�sm		�s	Zn.	The	funct�ons	of		Zn	are	has	affect	to	the		growth,	
reproduct�on,	bone	and	blood	format�on,	metabol�sm	of	nucle�c	ac�ds,	prote�ns	and	
carbohydrates.	Z�nc	acts	as	essent�al	components	or	enzymes	act�vators	and	called		
metalloenz�m	(Scott	et al.,	1982).	Z�nc	plays	a	role	�n	the	process	of	cell	develop-
ment	wh�ch		needed	by	somat�c	cells	dur�ng	pregnancy	and	wean�ng.	The	m�neral		
also	�nvolves		�n	the	process	of	prote�n	synthes�s	for	the	m�lk	product�on.	It	�s	re-
ported	that	Zn	def�c�ency	dur�ng	pregnant		resulted		�n	b�rth	defects	and	fetal	death	
(Lutwak-Mann	 and	 McIntosh,	 1971).	 Z�nc plays a cr�t�cal role �n the repa�r andZ�nc	 plays	 a	 cr�t�cal	 role	 �n	 the	 repa�r	 and	
ma�ntenance	of	the	uter�ne	l�n�ng	follow�ng	calv�ng,	speed�ng	the	return	to	normal	
reproduct�ve	funct�on	and	estrus.	Z�nc	def�c�ency occurred dur�ng the standard do-def�c�ency	occurred		dur�ng	the	standard	do-
s�ng	per�od	of	gu�del�ne	 rabb�t	 developmental	 tox�c�ty	 stud�es	may	be	 assoc�ated	
w�th	a	modest	 �ncrease	 �n	 resorpt�on	 rate	and	a	 trans�ent	 �nh�b�t�on	of	embryon�c	
growth	(P�tt	et al.,	1997).	So	that	the	presence	of	Zn	�n	the	rat�on	�s	very	�mportant	
to	note.	Tea	waste	ut�l�zat�on	�n	such	a	mount		of		reproduct�ve		rat�on	requ�res		ad-
d�t�onal	essenc�al	m�neral	such	Zn.	Th�s	study	was	a�med	to	evaluate	the	effect	of	
level	Zn	supplementat�on	�n	rat�on	conta�n�ng	30%	tea	waste	on	reproduct�on	per-
formance	of		young	rabb�t	does.

Mater�als	and	Methods

Animals and diets
A	total	of	20	young	rabb�ts	does	of	New	Zealand	Wh�te	cross	breed	were	used.	

The	 rabb�ts	 were	 housed	 �n	 �nd�v�dual	 cages	 �n	 the	 same	 room,	 rece�v�ng	 rat�on	
and	 water	 ad	 l�b�tum.	Treatments	 were	 made	 up	 of	 commerc�al	 rat�on	 and	 basal	
d�ets	vary�ng	 �n	supplemental	z�nc	contents,	prov�ded	as	z�nc	sulfate	 (ZnSO4)	as	
descr�bed	�n	Table	1.

Experimental design
The	 exper�mental	 des�gn	 was	 Completely	 Random�zed	 Des�gn,	 w�th	 four	

treatments	and	f�ve	repl�cat�ons.	The treatments were control w�th Comerc�al rat�on;The	treatments	were control w�th Comerc�al rat�on;		control	w�th	Comerc�al	rat�on;	
R1		was		rat�on	w�th	30%	tea	waste;		R2	was	R1	plus	50	ppm	Zn	and		R3	was	R1	
plus	100	ppm	Zn.		Parameters		observed	were		pregnant	and	lactat�on	feed	�ntake	(g/
head/day),	frequency	of	f�rst	matt�ng	to	pregnant,	the		pregnant	presentat�on,		length	
of	pregnant	 (day),	 l�tter	 s�ze,	 b�rth	we�ght,	wean�ng	we�ght,	m�lk	product�on	 and	
mortal�ty	pre	wean�ng.		
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Table	1.			Rat�on	formulat�on	and	the�r	chem�cal	compos�t�on	as	DM	bas�s		
	

Feedstuff
Treatment	Rat�on

K R1 R2 R3

Tea	waste		(%) C 30 30 30
Soybean	meal	(%) O 20 20 20
Yellow	corn	(%) M 26 26 26
Wheat	bran	(%) E 17.5 17.5 17.5
Molases	(%) R 5 5 5
Palm	O�l		(%) C 0.5 0.5 0.5
CaCO3	(%) I 1 1 1

ZnSO4(ppm) A
L 0 50 100

Dry	matter	(%) 86.45 88.31 88.31 88.31
Ash	(%) 		7.40 		6.15 		6.15 		6.15
Crude	prote�n	(%) 16.59 21.92 21.92 21.92
Crude	f�ber	(%) 		9.75 10.58 10.58 10.58
NFE	(%) 46.00 44.39 44.39 44.39
Ca	(%) 		0.82 		1.33 			1.33 		1.33
P	(%) 		0.35 		0.46 		0.46 		0.46
Zn	(ppm) 70.00 50.00 100.00 150.00
NDF	(%) 38.67 55.73 55.73 55.73
ADF	(%) 16.77 22.2 22.2 22.20
Gross	energy	(kkal/kg) 4164	 3879	 3879	 3879	

Synchronization of estrus and Mating
The	an�mal	were	treated	by	synchron�zat�on	of	estrus	w�th	PGF2	alpha	hormone	

�nject�ons	and	then	mated	naturally.	The	check�ng	of	pregnancy	were	done	�n	12-
14	days	after	�nject�on.	The	parameter	observed	were	collected	dur�ng	two	months	
evaluat�on.

Results	and	D�scuss�on
	

The	means	of	dry	matter	�ntake	of		d�fferent		phys�olog�cal	status		were	shown	�n	
Table	2.	Da�ly	dry	matter	feed	�ntake		�n	all	phys�olog�cal	status	were	nots�gn�f�cant		
d�fferent	�n		all	treatments.	The	average	of	dry	matter	�ntake	ranged	from	84.14	to	
121	g/head/d		and	result	showed	that		tea	waste	supplemented	Zn	tended	to	�ncrease	



289Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

compared	to	the	commerc�al	rat�on.		Does	rabb�ts	supplemented	w�th	50-	100	ppm	
z�nc,	as	well	as	non-supplemented	an�mals.		

Table	2.		Dry	matter	Intake	�n	D�fferent	Phys�olog�cal	Status

Phys�olog�cal	
Phases

Treatments

K R1 R2 R3
----------------------------g/head/day-----------------------------

Pre	pregnant 85.0±18.32 105,55±14.00 93.560±27.57 104.22±22.61
Pregnant 84.14±21.88 90.47±5.05 95.02±21.14 94.11±14.35
Lactat�on 94.07±34.41 110.70±25.29 103.60±39.86 121.01±36.84

Performance Reproduction

The	frequency	of	f�rst	mat�ng	to	be	pregnant	ranged	from	1	–	1.33	t�me.	Length	
of		pregnancy	ranged	from	31.33	to	32.5		days.	The	data	showed	as	the	normal	range	
accord�ng	to	Sm�th	and	Mangkoew�djojo	(1988).	The		b�rth	we�ght	from	does	treat-
ed	by		30%	tea	waste	w�th	0-100	ppm	Zn	supplementat�on	(R2)	d�d	not	s�gn�f�cantly	
d�fferent	compared	to	control	d�et	(commerc�al)	(Table	3).	The	total	number	of	k�ts	
born,	weaned	and	total	body	we�ght	of	k�ts	were	s�m�lar		among	the	treatments.	

Table	3.		Performance	Reproduct�on	of	Young	Rabb�ts	Does

Parameters
Treatments	

K R0	 R1 R2

Frequency	of	f�rst	matt�ng	to	pregnant 		1.00 1.00 		1.33 1.00
P
Pregnant	presentat�on 100.00 100.00 	66.67 100.00

Length	of	pregnant	(day) 		32.00 32.50 	31.33 31.33
L�tter	s�ze	 				5.70 6.75 	7.00 		7.00
B
B�rth	we�ght	(g/head) 		51,58						 33,80						 41,97						 39,43				

Wean�ng	we�ght	(g/head) 220.04 205.38 149.28 136.95
M�lk	product�on	(g/does/day) 		62.23 		61.72 		70.60 		67.60
Pre	wean�ng		Mortal�ty	(%) 					5.00 		62.50 42.5 		34.39

		L�tter	s�ze	were	not		s�gn�f�cantly	d�fferent	�n		all		treatments,	but	there	was	
a	tendency	to	�ncrease		l�tter	s�ze	w�th	�ncreas�ng	Zn	�n	the	rat�on.	Presence	of	Zn		
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could	ma�nta�n	 the	cell	d�v�s�on,	 so	 that	pre	natal	d�sab�l�ty	and	mortal�ty	can	be	
reduced	(Lutwak-Mann	and	McIntoch,	1971).

The	treatment	d�d	not	g�ve	s�gn�f�cantly	d�fferent	effects	on	the	mother’s	m�lk	
product�on.	There	was	an	�ncreas�ng	of	13.45%	�n	the	waste	tea	rat�on	and	8.63%	
m�lk	product�on	of	comerc�al	rat�on.	Suplementas�	Zn	had	affected	to	the		m�lk	pro-
duct�on	and	growth	 (Bayu,	2004);	 the	adequacy	of	Zn	vary	depend�ng	on	phys�-
olog�cal	cond�t�ons,	such	as	the	amount	of	Zn	that	must	be	absorbed	to	replace	the	
endogenous	expend�ture,	network	format�on,	growth	and	m�lk	secret�on	(Rev�ana,	
2004).

Pre-wean�ng	mortal�ty	of	k�t	affected	by	b�rth	we�ght,	env�ronmental	cond�t�ons,	
feed	and	does	m�lk	product�on	and	mother�ng	ab�l�ty		(Junus,	1982).		The	h�ghest	k�t	
mortal�ty	were	�n	R0	and	the	lowest	�n	the	treatment	of	the	commerc�al	rat�on.	There	
was	a	reduct�on	�n	k�t	mortal�ty		on	rat�on	wh�ch		treatment	w�th	Zn	supplementat�on,	
where	�n		Zn	suplementat�on		the	mortal�ty	reduce	from	42.9%	to	37%.	Th�s	value	
was	 h�gher	 than	 Lebas	 et al.	 (1984)	 reported,	 where	 	 pre-wean�ng	 mortal�ty	 on		
Europe	Rabb�t	farm	was	20%.

Conclus�ons

Result	showed	that		the	treatments		were	not		affected		to		the	feed	�ntake	and	all	
performance	reproduct�on	parameters	of	young	rabb�t	does.		It	was	concluded		that		
30%	of	tea	waste	plus	Zn	could	be	used	as	source	of	prote�n	and	essens�al	m�neral		
source	for		rabb�t	does	reproduct�on	rat�on	w�thout	s�gn�f�cant	d�fferent	compared	to	
comers�al	rat�on.
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Abstract

A research aimed to to evaluate lipid deterioration of layer diet which contains 
lemuru fish oil (Sardinella longiceps) and turmeric (Curcuma domestica) as 
antioxidants during storage period.  The experimental design used was completely 
randomized design with 5 x 4 factorial and 2 repetitions. The factors were diet (P) ; 
P0 : 3% LFO (Sardinella longiceps)  in diet, P1 : 3% LFO (Sardinella longiceps)  + 
0,3% turmeric (Curcuma domestica)  in diet, P2 : 3% LFO(Sardinella longiceps)  + 
0,6% turmeric (Curcuma domestica) in diet, P3 : 3% LFO(Sardinella longiceps)  + 
0,9% turmeric (Curcuma domestica) in diet, P4 : Used of ration 3% LFO (Sardinella 
longiceps) + 0,02% BHT. Another factor is storage period (Q) ; Q0 : 0 weeks, 
Q1 : 2 weeks, Q2 : 4 weeks, Q3 : 6 weeks. The measured were moisture content, 
extract ether content, free fatty acid and peroxide numbers. The use of antioxidant 
had significant effect (P<0,01) to decrease free fatty acid, peroxide number and 
extract ether content.  Moreover, storage period had significant effects (P<0,01) in 
increasing moisture content, free fatty acid, formation peroxide numbers; in contrast, 
it decreased extract ether content. It is worth noting that the diet at the fourth week 
of storage could still be used. Similarly, the use of different levels of antioxidant and 
different storage period had significant effects (P<0,01) on moisture content, free 
fatty acid and formation of peroxide number. In conclusion that the use of  use of 
0,9% ; P3 : (3% LFO(Sardinella longiceps)+0,9% turmeric (Curcuma domestica) 
in diet, turmeric and BHT were able to decrease free fatty acid, and peroxide number 
formation. 

Keywords: antioxidant, free fatty acid, peroxide number and moisture content, 
storage period

Introduct�on

Poultry	product�v�ty	�s	mostly	affected	by	quant�ty	and	qual�ty	of	d�et;	wh�ch	
conta�ns	h�ghly	nutr�t�ous	components.	Therefore,	�t	�s	cruc�al	to	ma�nta�n	d�et	qual-
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�ty	 �n	certa�n	 storage	per�od	as	 ranc�d�ty	and	nutr�t�ve	value	decrease	may	occur.	
F�sh	o�l	supplementat�on	�s	commonly	used	to	fulf�l	energy	requ�rement	�n	poultry	
(Saerang,	2003;	Fen�ta	et al 2005	;	Santoso	et al,	2010.).	Lemuru	f�sh	o�l	(Sardinella 
longiceps)	�s	one	of	feed	supplement,	wh�ch	�s	a	waste	product	of	Lemuru	f�sh	o�l	
process�ng	�ndustry.	Lemuru	f�sh	o�l	�s	r�ch	of	unsaturated	fatty	ac�d	and	omega-3	
(25.17%).	Research	has	been	proven	that	feed�ng	lemuru	f�sh	o�l	�s	econom�cal	as	
d�et	supplement	(Fen�ta	2002;	Sud�bya	1998;	Sastrod�harjo	et al	1998;	Fen�ta	et al	
2005;	Fen�ta	et al	2010)	and	stated	that	Lemuru	f�sh	o�l	supplementat�on	up	to	3%	
s�gn�f�cantly	�ncrease	egg	product�on	and	has	a	better	feed	convers�on	rat�o.	A	nega-
t�ve	effect	of	Lemuru	f�sh	o�l	supplementat�on	�n	d�et	�s	a	short	storage	per�od	as	�t	
may	exper�ence	deter�orat�on.	D�et	deter�orat�on	such	as	ranc�d�ty	and	decreas�ng	
nutr�t�ve	value	are	due	to	proox�dant	wh�ch	proceeds	ox�dat�on	process;	therefore,	a	
ranc�d�ty	�nh�b�tor	�s	requ�re	to	m�n�m�ze	nutr�t�on	deter�orat�on	(W�narno,	2004)	and	
Fen�ta	et al	(2005;	2010).	There	are	two	types	of	ant�ox�dants;	synthet�c	and	natural	
ant�ox�dant.		Butylated	Hydroxytoluena	�s	an	effect�ve	synthet�c	ant�ox�dant;	how-
ever	�ts	tox�c�ty	contr�butes	negat�ve	s�de	effects.		In	contrast,	turmer�c	(Curcuma 
domestica)	�s	an	alternat�ve	natural	ant�ox�dant	that	conta�ns	ant�m�crob�al	agents.	
Turmer�c,	a	herbal	plant,	�s	w�dely	used	�n	Indoes�an	soc�ety	as	food	preservat�ve.		
Accord�ng	to	Suwand�	dan	H�dayat	(1995)	ant�ox�dant	act�v�ty	of	turmer�c	�s	much	
greater	than	other	herbal	plants	(curcum�n,	desmetoxy	curcum�n,	dan	b�sdesmetoxy	
curcum�n).		Sengngeng	(1996)	ment�oned	that	the	use	of	turmer�c	of	0,6%	as	ant�-
ox�dant	as	well	as	natural	ant�-tox�n	�n	bro�ler	ch�cken	as	�t	s�gn�f�cantly	ma�nta�n	
perox�de	number,	decreases	crude	fat	and	crude	aflatox�n.		A�m	of	th�s	research	was	
to	evaluate	l�p�d	deter�orat�on	of	layer	d�et	d�et	wh�ch	conta�ns	lemuru	f�sh	o�l	(Sar-
dinella longiceps)	and	turmer�c	(Curcuma domestica)	as	ant�ox�dant	dur�ng	storage	
per�od.		

Mater�als	and	Methods

The	exper�ment	des�gn	used	was	 completely	 random�zed	des�gn	w�th	5	x	4	
factor�al	and	2	repet�t�ons.	The	factors	were	d�et	(P);	P0:	3%	LFO	(Sardinella lon-
giceps)	�n	d�et,	P1:	3%	LFO(Sardinella longiceps)		+	0.3%	turmer�c	(Curcuma do-
mestica)	 	 �n	d�et,	P2:	 3%	LFO(Sardinella longiceps)	+	0.6%	 turmer�c	 (Curcuma 
domestica)	�n	d�et,	P3:	3%	LFO(Sardinella longiceps)	+	0.9%	turmer�c	(Curcuma 
domestica )�n	 d�et,	 P4:	 Used	 of	 rat�on	 3%	 LFO	 (Sardinella longiceps)	 +	 0.02%	
BHT.	Another	factor	�s	storage	per�od	(Q);	Q0:	0	weeks,	Q1:	2	weeks,	Q2:	4	weeks,	
Q3:	6	weeks.	The	data	were	analyzed	by	us�ng	analys�s	of	var�ance	(ANOVA),	any	
s�gn�f�cant	results	would	be	tested	by	us�ng	Duncan	Mult�ple	Range	Test	(Stell	and	
Torr�e,	1999).	The	var�ables	observed	were	mo�sture	content,	extract	ether	content,	
free	fatty	ac�d	and	perox�de	numbers.	Lemuru	f�sh	o�l	�s	suppl�ed	by	PT.	Bal�	Mayu	
Desa	Nagara/Nagar�.	Bal�.	Feed	formulat�on	.	The	formulat�on	�s	referred	to	Rasyaf	
(1994)	and	Fen�ta	(2010)	w�th	±	17%	crude	prote�n	and		±	2750kcal/kg	of	d�et.



294 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

Results	and	D�scuss�on

Results	showed	that	d�et	wh�ch	conta�ns	lemuru	f�sh	o�l	(Sardinella longiceps)	
and	 turmer�c	 (Curcuma domestica)	 as	 ant�ox�dant	 dur�ng	 storage	 per�od	 had	 a	
s�gn�f�cant	 effect	 on	 mo�sture	 content	 (P<0,01).	 In	 general,	 a	 h�gher	 amount	 of	
turmer�c	meal	resulted	�n	h�gher	mo�sture	content.	The	h�gher	mo�sture	content	may	
due	to	mo�sture	content	of	the	turmer�c	meal.	Sumard�	(1992)	revealed	that	of	100	
grams	d�et	�ntake,	11.40	grams	�s	mo�sture	content	that	�s	contr�buted	by	turmer�c	
meal.	A	DMRT	 test	 found	 a	 s�gn�f�cant	 result	 of	mo�sture	 content	 (P<0.01).	The	
h�ghest	mo�sture	content	was	at	the	6th	week	of	storage	(Q3	11.09%);	however,	the	
lowest	mo�sture	content	was	at	0	week	(Q0	10.37%).	Fen�ta	et al	(2005)	stated	that	the	
mo�sture	content	�s	probably	�nfluenced	by	storage	room	temperature	and	hum�d�ty.		
Furthermore,	Syamsu	(2003)	ment�oned	that	storage	per�od	affects	mo�sture	content	
of	d�et.	Ant�ox�dant	level	and	storage	per�od	had	s�gn�f�cant	�nterract�on	w�th	mo�sture	
content	 (P<0.01).	 BHT	 treatment	 (P4)	 and	 s�x	 weeks	 storage	 per�od	 showed	 the	
h�ghest	mo�sture	content	11.26%;	however,	the	lowest	mo�sture	content	was	at	the	
storage	of	0	week	and	10%	BHT	treatment.

Results	showed	that	d�et	wh�ch	conta�ns	lemuru	f�sh	o�l	(Sardinella longiceps)	
and	 turmer�c	 (Curcuma domestica)	 as	 ant�ox�dant	 dur�ng	 storage	 per�od	 had	 a	
s�gn�f�cant	 effect	 on	 mo�sture	 content	 (P<0.01).	 In	 general,	 a	 h�gher	 amount	 of	
turmer�c	meal	resulted	�n	h�gher	mo�sture	content.		The	h�gher	mo�sture	content	may	
due	to	mo�sture	content	of	the	turmer�c	meal.	Sumard�	(1992)	revealed	that	of	100	
grams	d�et	�ntake,	11.40	grams	�s	mo�sture	content	that	�s	contr�buted	by	turmer�c	
meal.		A	DMRT	test	found	a	s�gn�f�cant	result	of	mo�sture	content	(P<0.01).		The	
h�ghest	mo�sture	content	was	at	the	6th	week	of	storage	(Q3	11,09%);	however,	the	
lowest	mo�sture	content	was	at	0	week	(Q0	10.37%).	Fen�ta	et al	(2005)	stated	that	the	
mo�sture	content	�s	probably	�nfluenced	by	storage	room	temperature	and	hum�d�ty.		
Furthermore,	Syamsu	(2003)	ment�oned	that	storage	per�od	affects	mo�sture	content	
of	d�et.	Ant�ox�dant	level	and	storage	per�od	had	s�gn�f�cant	�nterract�on	w�th	mo�sture	
content	 (P<0,01).	 BHT	 treatment	 (P4)	 and	 s�x	 weeks	 storage	 per�od	 showed	 the	
h�ghest	mo�sture	content	11.26%;	however,	the	lowest	mo�sture	content	was	at	the	
storage	of	0	week	and	10%	BHT	treatment.

Crude	fat	content,	There	was	�ns�gn�f�cant	d�fferent	between	P3	and	P0;	however,	
P0	was	s�gn�f�cantly	d�fferent	from	P1,	P2	dan	P4.	Generally,	a	h�gher	turmer�c	level	
resulted	�n	a	h�gher	decrease	fat	content	of	d�et.	Lemuru	f�sh	o�l	supplementat�on	�n	
P1,	P2,	P3	�s	able	to	m�n�m�ze	the	fat	content	decrease.	Accord�ng	to	Sejat�	(2002)	a	
lower	concentrat�on	of	ox�d�zeable	mater�als	�s	able	to	�nh�b�t	ox�dat�on;	�n	contrast,	
at	a	h�gher	concentrat�on	ant�ox�dant	mater�als	can	be	proox�dat�ve.	Storage	per�od	
h�ghly	s�gn�f�cantly	decreased	crude	fat	content	 (P<0.01).	 	The	decrease	 �n	crude	
fat	content	�s	also	determ�ned	by	storage	per�od;	the	longer	storage	per�od	the	more	
deter�orat�on	d�et	occurs.	Ketaren	(1986)	ment�oned	that	fat	ranc�d�ty	�s	caused	by	
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Table	1.	Average	mo�sture	content	(%),	crude	fat	content	(%),	free	fatty	ac�d	and	perox�de	
number	ac�d

Storage	per�od	
(Week)

Level	of	ant�ox�dant
Average F

P0 P1 P2 P3 P4

Mo�sture	content	(%)
0	(Q0) 10.21ab 10.33	bcd 10.48cd 10.71f 10.10a 10.37A

2	(Q1) 10.33	bcd 10.51dc 10.51dc 10.83fgh 10.29bc 10.49B

4	(Q2) 10.70f 10.85fgh 10.67cf 11.01h� 10.78fg 10.80C

6	(Q3) 10.97h� 11.15�j 10.96gh� 11.12�j 11.26� 11.09D

Average 10.55A 10.71B 10.65AB 10.92C 10.61AB

Interact�on **
Crude	Fat	Content		(%)

0	(Q0) 5.28 5.27 5.24 5.04 5.27 5.22c

2	(Q1) 5.13 5.21 5.22 4.96 5.16 5.14bc

4	(Q2) 5.00 5.14 5.18 4.90 5.05 5.05b

6	(Q3) 4.44 4.45 5.01 4.39 4.73 4.60a

Average 4.96ab 5.02bc 5.16c 4.82a 5.05bc

Interract�on ns
Free	fatty	ac�d

32.99a 32.38a 32.44a 31.86a 32.24a 32.38A

41.94c 39.00b 34.58a 33.47a 33.47a 36.49B

51.51fg 49.17ef 46.62dc 45.97a 48.66c 48.39C

62.22j 56.44� 53.05gh 52.98gh 54.75hf 55.89D

47.17C 44.25B 41.67A 41.07A 42.28A

Average **
Perox�de	number	(mg	O/100	g	sampel)

0	(Q0) 2.15a 2.10a 2.06a 2.03a 2.02a 2.07A

2	(Q1) 2.66b 2.71b 2.61b 2.51b 2.55b 2.61B

4	(Q2) 3.85e 3.81de 3.62d 3.66de 3.14c 3.62C

6	(Q3) 4.30g 4.17fg 4.18fg 4.08f 4.19fg 4.18D

Average 3.24C 3.20BC 3.12BC 3.07AB 2.98A

Interact�on	 **

P0:	 3%	 LFO	 (Sardinella longiceps)	 �n	 d�et,	 P1:	 3%	 LFO(Sardinella longiceps)	 +	 0,3%	 turmer�c	
(Curcuma domestica)	 �n	 d�et,	 P2:	 3%	 LFO(Sardinella longiceps)	 +	 0,6%	 turmer�c	 (Curcuma 
domestica)	 �n	d�et,	P3:	Used	of	 rat�on	3%	LFO(Sardinella longiceps)	+	0,9%	turmer�c	(Curcuma 
domestica),	 P4:	 Used	 of	 rat�on	 3%	 LFO	 (Sardinella longiceps)	 +	 0.02%	 BHT.	Another	 factor	 �s	
storage	per�od	(Q);	Q0:	0	weeks,	Q1:	2	weeks,	Q2:	4	weeks,	Q3:	6	weeks.	Bars	w�th	d�fferent	letters	
�nd�cate	the	group	mean	�s	s�gn�f�cantly	d�fferent	(P<0.01).

several	factors:	(1)	Odor	absorpt�on	by	fat	(2)	Enzymat�c	act�on	�n	fat	content	t�ssue	
mater�als	(3)	M�crob�al	act�on	(4)	Oxygen	ox�dat�on.	Furthermore,	W�narno	(2004)	
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stated	that	fat	deter�orat�on	m�ght	be	caused	by	ta�nt�ng,	hydrol�zat�on	and	oxygen.		
It	�s	found	that	there	�s	no	correleat�on	between	ant�ox�dant	level	and	storage	per�od	
(P>0.05).

Free	fatty	ac�d,	ut�l�zat�on	of	turmer�c	(Curcuma domestica)	ant�ox�dant	and	
BHT	s�gn�f�cantly	decreased	(P<0.01)	free	fatty	ac�d;	however,	storage	per�od	very	
s�gn�f�cantly	�ncreased	free	fatty	ac�d	(P<0.01).	Effects	of	ant�ox�dant	ut�l�zat�on	and	
storage	per�od	on	free	fatty	ac�d	dur�ng	the	exper�ment	are	shown	on	table	2.	Ut�l�za-
t�on	of	turmer�c	ant�ox�dant	showed	that	free	fatty	ac�d	of	P3	treatment	group	was	
h�ghly	s�gn�f�cant	(P<0.01)	compared	to	P0	and	P1.	Length	of	storage	mearurement	
on	d�fferent	storage	per�ods	showed	that	at	the	storage	per�od	of	0	week	had	the	low-
est	free	fatty	ac�d	content	(32.38%);	�n	contrast,	the	h�ghest	free	fatty	ac�d	content	
was	at	the	measurement	of	week	6th		(55,89%).	Ketaren	ment�oned	that	free	fatty	ac�d	
�s	formed	as	fat	hydrol�sa	and	ox�dat�on	process.		Mo�sture	content	of	d�et	was	�n-
creas�ng	as	t�me	storage	was	prolonged	(Table	5)	wh�ch	st�mulated	fat	hydrol�zat�on	
of	d�et	so	that	the	free	fatty	ac�d	would	be	�ncreas�ng.		A	rap�d	�ncrease	of	free	fatty	
ac�d	�nd�cates	fat	deter�orat�on	and	a	decrease	�n	fat	content	of	stored	d�et.

The	storage	up	to	4	weeks	had	free	fatty	ac�d	of	48.39%;	however,	at	 the	6	
weeks	of	storage,	the	free	fatty	ac�d	of	55.89%.	A	h�gher	percentage	of	free	fatty	
ac�d	�n	d�et	�s	an	�nd�cat�on	that	the	d�et	cannot	be	g�ven	to	an�mals	as	ment�oned	by	
Anggorod�	(1985)	that	d�et	cannot	be	g�ven	to	the	an�mals	�f	the	free	fatty	ac�d	con-
tent	�s	more	than	50%.	There	was	a	s�gn�f�cant	�nteract�on	between	ant�ox�dant	and	
storage	per�od	(P<0.01)	on	free	fatty	ac�d.	The	lowest	free	fatty	ac�d	was	on	P3	(0	
week	storage);	whereas,	the	h�ghest	free	fatty	ac�d	was	on	P6.	In	general,	ant�b�ot�c	
ut�l�zat�on	on	d�et	and	length	of	storage	are	contr�but�ng	factors	to	�ncrease	free	fatty	
ac�d	content	on	d�et.	

Peroxide number 
Results	 showed	 that	 turmer�c	 (Curcuma domestica)	 and	 BHT	 (P	 treatment	

groups)	 and	 storage	per�od	 (Q	 treatment	groups)	were	h�ghly	 s�gn�f�cantly	 affect	
perox�de	number	(P<0.01)	as	shown	at	Table	2.	D�fferent	level	of	ant�ox�dant	used	
had	a	very	s�gn�f�cant	effect	on	perox�de	number	(P<0.01).		A	rap�d	�ncrease	of	fat	
deter�orat�on	was	due	to	an	�ncrease	�n	storage	per�od	wh�ch	resulted	�n	an	�ncrease	
�n	perox�de	number.	Perox�de	format�on	was	st�mulated	by	the	present	of	oxygen	and	
l�ght.wh�ch	accelerates	ox�dat�on	process	and	�ncreases	perox�de	number;	wh�ch	are	
followed	by	hydroperox�de	format�on	as	fat.		After	that,	fatty	ac�d	�s	broken	down	
�n	form	of	aldehyde,	keton	and	free	fatty	ac�d	(Ketaren,	1986	;	Fen�ta,	2010).	There	
are	a	very	s�gn�f�cant	correlat�on	(P<0.01)	between	ox�dant	level	on	d�et	and	storage	
per�od	on	perox�de	format�on.	The	lowest	perox�de	number	was	at	P4	at	0	week	of	
storage	per�od	(2,02	mg	O/100	g	sample).		However,	the	h�ghest	perox�de	format�on	
was	 at	 P0	 and	 6	 weeks	 storage	 per�od	 (4,30	 mg	 O/100	 g	 sample).	 In	 general,	
ant�ox�dant	on	d�et	and	storage	per�od	s�gn�f�cantly	affects	perox�de	format�on.		The	
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less	turmer�c	(Curcuma	domest�ca)	on	d�et	w�th	a	longer	storage	per�od	would	result	
�n	an	�ncrease	�n	perox�de	number.

		
Conclus�on

In	conclus�on,	0.9%	turmer�c	(Curcuma domestica)	and	BHT	have	an	equal	
ab�l�ty	as	ant�ox�dant	to	m�n�m�ze	perox�de	format�on.		BHT	as	ant�ox�dant	�s	more	
capable	to	ma�nta�n	fat	content	than	0.9%	turmer�c	(Curcuma domestica).

A	 prolonged	 of	 the	 storage	 per�od	 may	 �ncrease	 mo�sture	 content,	 perox�de	
format�on	and	to	decrease	crude	fat	level.		D�et	at	4	week	of	storage	per�od	can	be	
g�ven	to	the	an�mals;	however,	there	�s	an	�ncrease	�n	mo�sture	content,	over	50%	
free	fatty	ac�d,	perox�de	format�on	and	a	decrease	�n	fat	level.
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Abstract

Herbal, probiotic and prebiotic as natural feed additive have potential to 
replace antibiotic in poultry diet. This experiment was conducted to study the 
effect supplementation of herbal, probiotic, prebiotic and synbiotic in the diet on 
leucocyte profile and  lymfoid organ of broiler. The experiment used 180 day- old 
Ross broiler chicks (unsexed) which were reared for 5 weeks. This experiment used 
completely randomized design with 6 dietary treatments and 3 replications.  The 
dietary treatments were : 1. Basal diet as negative control (without feed additive), 
2. Basal diet + antibiotic (bambermycin 0.05%) as positive control, 3.Basal diet + 
probiotic (EM4, 1cc/l), 4. Basal diet + prebotic (fermacto, 0.2%), 5. Basal diet + 
herbal mixed (Curcuma longa, Curcuma xanthorriza and Zingiber officinale, 1.5%), 
6. Basal diet + synbiotic (EM4 , 1cc/l and Fermacto, 0.2%). At the end of feeding 
trial (5 weeks of age), 6 birds each treatment were sacrificed to measure the lymfoid 
organ (sleen and bursal fabricius). Blood sample were collected for heterofil and 
lymfosit measurement. There were no significant difference on spleen, heterofil (H) 
and lymfosit (L) due to dietary treatments. However, bursal fabricius of birds fed 
antibiotic, probiotic and synbiotic diets significantly (p<0.05) lower than birds fed 
negative control diet. Birds fed probiotic diet had lowest mortality as compared 
to other treatments.  In conclusion, probiotic supplementation gives better health 
performance than other natural feed additive.

Key words: broiler, herbal, lymfoid organ, prebiotic, probiotic

Introduct�on

Feed	 add�t�ves	 have	 become	 essent�al	 components	 of	 feeds	 espec�ally	 for	
monogastr�c	an�mals.	The	use	ant�b�ot�cs	as	growth	promoters	has	been	banned	�n	
many	countr�es	due	to	publ�c	concern	about	the�r	res�dues	�n	an�mal	products	and	the	
development	of	ant�b�ot�cs	res�stance	bacter�a	(Lee	et al.,	2004).		Th�s	cond�t�on	lead	
the	nutr�t�on�st	to	�nvest�gate	natural	products	as	alternat�ve	to	replace	ant�b�ot�cs.	
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Prob�ot�c,	preb�ot�c	and	herbal	can	be	used	as	alternat�ves	to	replace	ant�b�ot�c	as	
growth	promoter	�n	poultry	d�et.	Prob�ot�cs	are	l�v�ng	m�croorgan�sm,	not	absorbed	
�n	the	d�gest�ve	tract,	no	t�ssue	res�due,	no	mutat�on	of	other	mocroorgan�sm	and	they	
�mproved	growth	and	feed	eff�c�ency	(Lopez,	2000).	It	was	reported	that	prob�ot�cs	
benef�t	to	host	an�mal	by	�mprov�ng	�mmun�ty,	prevent�ng	harmful	m�croorgan�sm,	
prov�d�ng	d�gest�ve	enzymes	and	st�mulat�ng	syntes�s	B	groups	v�tam�n	(Rolfe,	2000;	
Guna�	et	al.,	2006;	Asl�	et al.,	2007).	Preb�ot�c	have	been	def�ned	as	non	d�gest�ble	
feed	�ngred�ent	as	substrates	for	growth	benef�c�al	bacter�a	already	ex�st�ng	�n	caecum	
and	 colon.	 Several	 stud�es	 have	 shown	 that	 addt�on	 of	 preb�ot�cs	 to	 poultry	 d�et	
�mproved	the	performace		and	�mmune	response	through	�mprov�ng	gut	m�croflora	(	
P�ray	et al.,	2007,	El-	Husse�ny	et al.,	2008).	Synb�ot�c	was	comb�nat�on	of	preb�ot�c	
and	prob�ot�c.	The	apl�cat�on	of	prob�ot�cs	and	preb�ot�cs	�n	bro�ler	d�et	�mproved	
the	performace	(Aftah�	et al.,	2006;	Kermanshah�	and	Rostam�,	2006).		

Herbs	and	sp�ces	can	be	use	as	alternat�ves	to	AGPs	(ant�b�ot�c	growth	promot-
ers)	�n	poultry	d�et	due	to	the�r	ant�	m�crob�al	propert�es,	ant�ox�dant	act�v�ty	and	d�-
gest�on	a�d	�nclud�ng	st�mulat�on	of	endogenous	enzym	act�v�ty.		Among	the	herbs,	
Curcuma longa	(turmer�c),	Curcuma xanthorrhiza (javanese	turmer�c)	and	Zingiber 
officinale	(g�nger)	has	been	used	for	centur�es	as	med�c�nal	plant	�n	Indones�a.	The	
ma�n	b�oact�ve	compound	from Curcuma longa	and	Curcuma xanthorrhiza	�s	cur-
cum�n.	Curcum�n	have	w�de	spectrum	of	b�olog�cal	act�ons	�nclud�ng	ant�	�nflam-
matory,	ant�ox�dant,	ant�carc�nogen�c,	ant�mutagen�c,	ant�coagulant,	ant�fert�lty,	an-
t�d�abetes,	 ant�bacter�al,	 ant�fungal,	 ant�protozoa,	 ant�v�ral,	 ant�v�brot�c,	 ant�ulcer,	
hypotens�ve	and	hypocholesterem�c	act�v�ty	as	rev�ewed	recently	(Chattopadhyay	
et al.,	2004).	Curcuma xanthorrhiza	also	had	essent�al	o�l	known	as	xanthorrh�zol.	
Th�s	compound	have	some	b�olog�cal	act�on	�nclud�ng	ant�bacter�a,	ant�fungal	(Ru-
kayad�,	2011),	ant�ox�dant,	ant�platelet	effect,	�mmnomodulatory	and	card�ovascular	
protect�ve	propert�es	(Jantan,	2011).	Zingiber officinale or	g�nger	conta�n	z�ng�beren	
and	z�ngerol	as	mayor	componen	that	can	st�mulate	d�gest�ve	enzyme.	The	b�oact�ve	
of	g�nger	can	reduce	phatogen�c	bacter�a	and	�mprove	the	appet�te.		Herawat�	(2010)	
reported	that	feed�ng	red	g�nger	�n	the	d�et	�mproved	bro�ler	performance	and	feed	
eff�c�ency.

Today,	the	farmer	can	choose	one	of	some	natural	products	for	�mprove	poultry	
product�v�ty	and	health	performance.	Therefore,	th�s	study	was	conducted	to	evalu-
ate	 the	effects	of	d�etary	prob�ot�c,	preb�ot�c	and	herbal	on	 leucocyte	prof�le	and		
lymfo�d	organ	of	bro�ler.

	
Mater�als	and	Methods

Animals and Diets
Th�s	 exper�ment	was	 conducted	 at	 Laboratory	of	 Poultry	 Nutr�t�on,	Faculty	

of	An�mal	Sc�ence,	Bogor	Agr�cultural	Un�vers�ty.	The	exper�ment	used	180	day-	
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old	Ross	bro�ler	ch�cks	(unsexed)	wh�ch	were	reared	for	5	weeks.	The	ch�cks	were	
reared	 on	 deep	 l�tter	 system	 �n	 open	 s�de	 house	 w�th	 standard	 management	 con-
d�t�ons.	 The	 d�etary	 treatments	 were	 :	 1.	 Basal	 d�et	 as	 negat�ve	 control	 (w�thout	
feed	add�t�ve),	2.	Basal	d�et	+	ant�b�ot�c	(bambermyc�n	0.05%)	as	pos�t�ve	control,	
3.Basal	d�et	+	prob�ot�c	 (EM4,	1cc/l),	 4.	Basal	d�et	+	prebot�c	 (fermacto,	0.2%),	
5.	Basal	d�et	+	herbal	m�xed	(Curcuma longa,	Curcuma xanthorriza	and	Zingiber 
officinale,	1.5%),	6.	Basal	d�et	+	synb�ot�c	(EM4	,	1cc/l	and	Fermacto,	0.2%).	Cur-
cuma longa,	Curcuma xanthorrhiza	and	Zingiber officinale	powder	were	purchased	
from	 local	 market.	These	 herbal	 were	 m�xed	 (rat�o	 1:1:1)	 before	 �ncorporated	 at	
level	1.5%	to	the	exper�mental	d�et.	Level	of	herbal	�n	th�s	exper�ment	base	on	our	
prev�ous	research.	Ant�b�ot�c,	prob�ot�c	and	preb�ot�c	used	�n	th�s	exper�ment	were	
commerc�al	product.	All	 level	of	 these	feed	add�t�ve	accord�ng	 to	company	reco-
mendat�on.		Basal	d�et	was	formulated	to	met	bro�ler	requ�rement	accord�ng	to	NRC	
(1994)	recommendat�on.	The	�ngred�ent	and	nutr�ent	compos�t�on	are	presented	�n	
Table	1. Prox�mate	analys�s	of	basal	d�et	was	conducted	accord�ng	to	AOAC	(1984).	 
At	the	end	of	feed�ng	tr�al	(5	weeks	of	age),	6	b�rds	each	treatment	were	sacr�f�ced	
to	measure	the	lymfo�d	organ	(spleen	and	bursal	fabr�c�us).	Blood	sample	were	col-
lected	for	heteroph�l	and	lymphocyte	measurement.	

Note:	1Each	kg	prem�x	conta�n	:	V�t.A	9000	IU,	V�t.D	2000	IU,	V�t.E	12	IU,	V�t.B1	0.5	mg,	V�t.	B6	1	
mg,	N�ac�n	15	mg,	Panthoten�c	ac�d	12.5	mg,	ant�oks�dan	100	mg.

Ingred�ents 		%
Yellow	corn 46.0
R�ce	bran 12.2
Soybean	meal 27.0
F�sh	meal 10.0
Vegetable	o�l 		3.5
CaC03 		0.8
Prem�x1			 		0.5
Total 100.0
Nutr�ents	analys�s
Gross	Energy	(kcal/kg) 4,455
Crude	Prote�n	(%) 23.15
Crude	F�ber	(%) 		5.28
Ca	(%) 		0.97
P	total	(%) 		0.58

Table	1.	Compos�t�on	of	basal	d�et,	as fed
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Statistical analysis 
Th�s	exper�ment	used	completely	random�zed	des�gn	w�th	s�x	d�etary	treatments	

and	three	repl�cat�ons	(10	b�rds/repl�cat�on).	All	data	were	subjected	to	analys�s	of	
var�ance	 accord�ng	 to	 Steel	 and	Torr�e	 (1995).	 S�gn�f�cant	 treatment	 means	 were	
futher	tested	us�ng		Duncan’s	mult�ple	range	test	(Duncan,	1955).

Results	and	D�scuss�on

The	 effects	 d�etary	 supplementat�on	 of	 natural	 feed	 add�t�ve	 on	 leucocyte	
prof�le	and	lymfo�d	organs	of	bro�ler	are	presented	�n	Table	2.

There	was	no	s�gn�f�cant	d�fferent	on	spleen,	heteroph�l	and	lymphocyte	per-
centage	due	to	d�etary	treatments.	Spleen	�s	c�te	for	lymphocyte	product�on.	Supple-
mented	natural	feed	add�t�ve	d�d	not	affect	the	spleen	organ,	�t	�nd�cated	that		lym-
phocyte	product�on	d�d	not	affected	by	the	treatments.	Lymphocytes	are	�mportant	
�mmune	cells	that	play	cr�t�cal	role	�n	ma�nta�n�ng	�mmune	funct�on.	Results	�n	th�s	
exper�ment	showed	that	hen	fed	natural	feed	add�t�ve	had	a	good	�mmun	funct�on	as	
compared	to	that	of	ant�b�ot�c.	

Bursa	fabr�c�us	of	hen	fed	herbal	d�et	s�gn�f�cantly	(p<0.05)	h�gher	than	those	of	
other	treatments.	Herbal	used	�n	th�s	exper�ment	conta�n	some	b�oact�ve	compound	
from	g�nger,	turmer�c	and	javanese	turmer�c.	These	b�oact�ve	compound	m�ght	be	
cause	bursal	fabr�c�us	b�gger	than	other	natural	feed	add�t�ve.	Our	results	showed	
that	natural	feed	add�t�ve	can	replace	ant�b�ot�c	�n	poultry	d�et.	Among	natural	feed	
add�t�ve,	prob�ot�c	was	better	than	preb�ot�c,	synb�ot�c	and	herbal,	�t	has	the	lowest	
mortal�ty	rate.

Table	 2.	 Effects	 of	 natural	 feed	 add�t�ve	 on	 spleen,bursal	 fabr�c�us,	 heterof�l,	 lymfos�t,									
and	mortal�ty	of	bro�ler	at	5	weeks	of	age

Treatment Spleen	
(%)

B.	Fabr�c�us	
(%)

Heteroph�l	
(%)

Lymphocyte	
(%)

Mortal�ty	
(b�rd)

Basal	d�et 0.17±0.06 0.12±0.02b 34.67±19.60 64.33±18.04 6
Ant�b�ot�c 0.18±0.05 0.09±0.01c 22.33±		4.04 77.00±		5.00 5
Herbal 0.14±0.01 0.36±0.01a 20.67±15.04 78.67±14.57 8
Prob�ot�c 0.17±0.04 0.08±0.01c 51.33±24.83 48.33±25.38 3
Preb�ot�c 0.24±0.09 0.11±0.03b 21.00±		8.19 78.00±		7.94 8
Synb�ot�c 0.20±0.07 0.09±0.01c 36.67±		5.69 62.67±		5.13 4

Note:	a-c	Means	�n	the	same	coloum	w�th	d�fferent	superscr�pt	are	s�gn�f�cantly	d�fferent	(p<0.05)
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Conclus�on

In	conclus�on,	prob�ot�c,	preb�ot�c,	synb�ot�c	and	herbal	could	replace	ant�b�ot�c	
as	ant�b�ot�c	growth	promoter	�n	poultry	d�et.	Among	natural	feed	add�t�ve,	prob�ot�c	
was	better		�n	decreas�ng	mortal�ty.
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Abstract

Poultry manure can be valuable resource as a fertilizer, it can also a potential 
to air pollution. This experiment was conducted to study the effect supplementation 
of herbal mixed (Naturbro®) on ammonia and protein content of laying hen manure. 
Thirty six Hy-line pullets (19 weeks of age) were randomly assigned to cage which 
were reared for 6 weeks. This experiment used completely randomized design with 4 
dietary treatments and 3 replications. Birds were fed basal diet as control or basal 
diet supplemented with 0.5, 1.0, 1.5% Naturbro®, respectively. Feed and water were 
provided ad libitum. At the end of feeding trial, manure was collected for 24 h and 
immediately frozen for ammonia and protein analysis. The results indicated that 
all supplemented treatments significantly (p<0.05) reduced ammonia production 
in manure as compared to the control diet. However, the effect of herbal mixed on 
protein content was not consistent, only birds fed 0.5% herbal mixed significantly 
(p<0.05) reduced protein content in manure. In conclusion, herbal mixed at level 
0.5% was effective to reduced ammonia and protein content in laying hen manure.

Key words: ammonia, herbal mixed, laying hen, manure, protein 

Introduct�on

Poultry	�ndustry	must	be	env�ronmentally	sound	to	ensure	�ts	long-term	sus-
ta�nable	growth.	Poultry	manure	can	be	valuable	resource	as	fert�l�zer	but	also	can	
be	a	pollut�on	to	the	env�ronment	espec�ally	to	a�r	pollut�on.	Ammon�a	(NH3)	�s	one	
of	mayor	env�ronment	concern	due	to	�ts	emm�s�on	led	to	atmospher�c	ac�d	depos�-
t�on	and	�mpa�red	poultry	product�v�ty.		Many	stud�es	reported	that	h�gh	level	NH3	
on	the	farm	could	reduce	feed	effec�ency,	growth	rate	and	egg	product�on,	damage	
the	 resp�ratory	 tract	and	 �mpa�re	 �mmune	responses	 (M�les	et al.,	2004;	Reece	et 
al.,1980;	Deaton	et al.,	1984;	Nagaraja	et al.,	1984).	Reduc�ng	NH3-volat�l�zat�on	�s	
very	�mportan	to	ma�nta�n	human	and	an�mal	health	and	clean	env�ronment.	
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Many	 exper�ments	 had	 demonstrated	 that	 d�etary	 man�pulat�on	 to	 be	 useful	
tool	to	reduce	ammon�a.		K�m	and	Patterson	(2004)	reported	that	z�nc	supplementa-
t�on	�n	bro�ler	d�et	reduced	n�trogen	loss	�n	poultry	manure	w�thout	detr�mental	ef-
fect	on	grorwth	performance.		Reduc�ng	prote�n	content	�n	poultry	d�et	w�th	add�t�on	
am�no	ac�d	synthet�c	had	benef�t	effect	to	reduce	n�trogen	�n	poultry	manure,	thus	
potent�al	for	lower�ng	NH3	emm�s�on	to	env�ronment	(Namroud	et al.,	2008;	Fer-
guson	et al.,	1998).	Feed�ng	prob�ot�c	and	preb�ot�c	(ol�gofructose)	�n	poultry	d�et	
reduce	volat�le	ammon�a	and	urease	act�v�ty	�n	bro�ler	excreta	(Yeo	and	K�m,	1997;	
Yusr�zal	and	Chen,	2003).		

Indones�a	has	many	herbal	that	potent�al	to	be	use	as	feed	add�t�ve,	but	research	
related	to	ammon�a	�n	poultry	manure	�s	st�ll	l�m�ted.	The	object�ves	of	th�s	study	
were	to	determ�ne	whether	supplementat�on	of	herbal	m�xed	�n	the	d�et	could	be	used	
to	reduce	ammon�a	and	prote�n	�n	lay�ng	hen	manure	w�thout	adversely	affect�ng	
b�rd	product�on.

Mater�als	and	Methods

Th�s	exper�ment	was	conducted	at	Laboratory	of	Poultry	Nutr�t�on,	Faculty	of	
An�mal	Sc�ence,	Bogor	Agr�cultural	Un�vers�ty.	Th�rty	s�x	Hy-line	pullet	(19	weeks	
of	age)	were	randomly	ass�gned	to	�nd�v�dual	cage	wh�ch	were	reared	for	6	weeks.		

Table	1.	Compos�t�on	of	basal	d�et,	as fed

Ingred�ents 		%
Yellow	corn 49.0
R�ce	bran 14.0
Pollard 		8.0
Soybean	meal 17.7
F�sh	meal 		4.0
Palm	o�l 		3.0
CaC03 		3.7
DCP 		0.6
Total 100.0
Nutr�ents	analys�s
Gross	Energy	(kcal/kg) 3,456
Crude	Prote�n	(%) 16.60
Crude	F�ber	(%) 		4.82
Ca	(%) 		4.82
P	total	(%) 		0.88
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B�rds	were	fed	basal	d�et	as	control		or	basal	d�et	supplemented	w�th	0.5%,	1.0%,	
1.5%	Naturbro®	(comerc�al	herbal	m�xed),	respect�vely.	Basal	d�et	was	formulated	
to	met	layer	requ�rement	accord�ng	to	NRC	(1994)	recommendat�on.	The	�ngred�-
ent	and	nutr�ent	compos�t�on	are	presented	�n	Table	1. Prox�mate	analys�s	of	basal	
d�et	was	conducted	accord�ng	to	AOAC	(1984).	Feed	and	water	were	prov�ded	ad 
libitum.	At	the	end	of	feed�ng	tr�al,	manure	was	collected	for	24	h	and	�mmed�ately	
frozen		for	ammon�a	and	prote�n	analys�s.	

Statistical analysis 
Th�s	exper�ment	used	completely	random�zed	des�gn	w�th	four	d�etary	treat-

ments	and	three	repl�cat�ons	(3	b�rds	of	each		repl�cat�on).	All	data	were	subjected	
to	analys�s	of	var�ance	accord�ng	to	Steel	and	Torr�e	(1995).		S�gn�f�cant	treatment	
means	were	futher	tested	us�ng	Duncan’s	mult�ple	range	test	(Duncan,	1955).	

Results	and	D�scuss�on

The	effects	of	 supplementat�on	of	herbal	m�xed	on	ammon�a,	water	content	
and	crude	prote�n	of	lay�ng	hen	manure	are	shown	�n	Table	2.

Ammon�a	 content	 �n	 manure	 of	 hen	 fed	 herbal	 d�et	 reduced	 s�gn�f�cantly	
(P<0.05)	as	compared	to	that	of	control	d�et.		Ammon�a	content	�n	lay�ng	hen	ma-
nure	reduced	46.17%-56.36%	due	to	the	herbal	supplementat�on	0.5%–1.5%	�n	the	
d�et.	Th�s	f�nd�ng	could	be	due	to	the	act�on	of	some	component	�n	herbal	m�xed.	
NaturBro®	conta�ns	Curcumae rhizoma,	Sesbania folium	leaves,	Melaleuceae fruc-
tus	and	Caryophylli folium	leaves.	Each	herbal	�n	NatureBro®	content	ant�bacter�al	
propert�es,	 bes�de	 other	 funct�on	 for	 �mprov�ng	 metabol�sm	 �n	 poultry.	 Curcuma 
rhizoma	had	curcum�n	as	ant�bacter�a,	Sesbania folium	leaves	had	sapon�n	as	ant�-
bacter�a	and	Caryophylli	folium	leaves	had	essent�al	o�l	as	ant�bacter�a.	All	of	these	
ant�bacter�al	propert�es	�n	NatureBro®	�nh�b�t	ureol�t�c	bacter�a	act�v�ty	to	produce	
urease	enzyme,	therefore	ammon�a	product�on	reduced	s�gn�f�cantly	(P<0.05).	Th�s	

Note:Superscr�pt	 �n	 the	 same	 coloum	 �n	 cap�tal	 letter	 are	 s�gn�f�cantly	 d�fferent	 (p<0.01),	 wh�le																
superscr�pt	�n	small		letter	are	s�gn�f�cantly	d�fferent	(p<0.05)

Treatments NH3	(mM) Water	content	(%) Prote�n	(%DM)
Control 108.82±16.31a 87.94±3.72 33.64±0.65A

Herbal	(0.5%) 		57.29±43.70b 85.77±2.18 20.95±4.98B

Herbal	(1.0%) 		47.49±11.65b 86.73±2.07 32.77±1.42A

Herbal	(1.5%) 		58.58±22.66b 87.43±1.95 33.02±3.32A

Table	2.	Effects	of	suplementat�on	of	m�xed	herbal	on	ammon�a,	water,	and	crude	prote�n	
content	of	lay�ng	hen	manure
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f�nd�ng	was	�n	agreement	w�th	Yeo	and	K�m	(1997)	who	reported	that	supplementa-
t�on	prob�ot�c	decreased	urease	act�v�ty	�n	small	�ntest�ne	of		bro�ler.

There	was	no	s�gn�f�cant	d�fferent	�n	water	content	of	lay�ng	hen	manure	due	to	
d�etary	treatments.	Water	content	was	one	of	many	factors	that	�nfluence	ammon�a	
product�on,	but	our	 results	showed	 that	no	relat�on	between	ammon�a	product�on	
and	water	content.	Th�s	f�nd�ng	was	�n	agreement	w�th	K�ta�	and	Arakawa	(1979)	
who	reported	that	no	relat�onsh�p	between	water	content	and	ammon�a	product�on	
�n	manure	due	to	ant�b�ot�c	treatment	�n	bro�ler	d�et.

Prote�n	content	�n	manure	of	hen	fed	0.5%	herbal	d�et	was	reduced	s�gn�f�cant-
ly	(P<0.05)	as	compared	to	other	treatments.	Herbal	m�xed	at	level	0.5%	�n	lay�ng	
hen	d�et	�mproved	prote�n	d�gest�b�l�ty,	therfore	prote�n	retent�on	was	�ncreased	and	
prote�n	�n	manure	was	decreased	s�gn�f�cantly	(P<0.05).	Reduct�on	prote�n	content	
�n	manure	w�ll	reduce	ammon�a	product�on	d�rectly,	because	n�trogen	that	w�ll	be	
converted	to	ammon�a	already	decreased.

Conclus�on

It	was	concluded	that	suplementat�on	0.5%	herbal	m�xed	�n	the	d�et	was	effect�ve	
to	reduced	ammon�a	product�on	and	prote�n	content	�n	lay�ng	hen	manure.		
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Abstract	

Jatropha curcas meal (JCM) is potential as poultry feed due to its rich in 
nutrients content (24.71% protein). Fermentation of JCM using Rhizopus oligosporus 
decreased the phorbolester, but the  crude fiber and phytic acid were still high. The 
objective of this experiment was to evaluate the effect of feeding fermented JCM 
using Rhizopus oligosporus supplemented with cellulase and phytase on percentace 
of carcass and giblets of kampong chickens. The experiment used 40 birds of 200 
kampong chickens which were reared from day old chicks up to 10 weeks of age. 
This experiment used completely randomized design with 5 treatment diets and 
4 replications, each replication used 10 birds. The diets were: T0 (control diet, 
without JCM), T1 (the diet contained 5% untreated JCM), T2 (the diet contained 
5% fermented JCM and cellulase 200 ml/ton), T3 (the diet contained 5% fermented 
JCM and 1000 FTU phytase), and T4 (the diet contained 5% fermented JCM 
and cellulase 200 ml/ton and 1000 FTU phytase). The parameters observed were 
percentage of carcass, heart, liver, spleen, kidney, gizzard and pancreas of 6 and 
10 weeks old of the birds. The results showed that feeding untreated or fermented 
JCM 5% did not influence the percentage of carcass and giblets of 6 weeks old as 
well as of 10 weeks old kampong chickens, except for the gizzard of 10 weeks old. 
The gizzard of the T3 was higher (p<0.05) than that of the control. It was concluded 
that feeding untreated as well as fermented Jatropha curcas 5% was safe for the 
kampong chickens.

Keywords: carcass, fermentation, giblets, Jatropha curcas meal, kampong chicken

Introduct�on	

Jatropha curcas	 meal	 (JCM)	 �s	 potent�al	 as	 poultry	 feed	 due	 to	 �ts	 r�ch	 �n	
nutr�ents	content.		JCM	w�th	shell	conta�ns	24.71%	prote�n	(Sum�at�	et al.,	2008),	
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the	seed	kernels	conta�ns	31-34.5%	prote�n	(Mart�nez	–Herrera	et al.,	2006).	The	
gross	energy	of	kernels	ranged	from	31.1	to	31.6	MJ/kg	DM,	and	the	levels	of	am�no	
ac�ds,	except	lys�ne,	were	h�gher	than	that	of	the	FAO/WHO	reference	prote�n	for	
a	 f�ve	year	old	ch�ld	on	a	dry	matter	bas�s	 (Mart�nez	–Herrera	et al.,	2006).	The	
ava�lab�l�ty	 of	 th�s	 r�ch	 nutr�ents	 �s	 l�m�ted	 by	 tox�ns	 and	 ant�nutr�ents	 conta�ned	
�n	 the	 meal.	 These	 tox�c	 and	 ant�nutr�ents	 �nclude	 curc�n(lect�n),	 tann�n,	 tryps�n	
�nh�b�tors,	 phytate,	 sapon�n	 and	 phorbolesters	 (Franc�s	 et al.,	 2006).	Apart	 from	
these,	phorbolesters	that	are	present	at	h�gh	levels	�n	the	kernels	have	been	�dent�f�ed	
as	 the	ma�n	 tox�c	agent	 respons�ble	 for	 tox�c�ty	 (Makkar	et al.,	1997).	Untreated	
Jatropha curcas	meal	was	tox�c	to	rats,	m�ce	and	rum�nants	(Becker	and	Makkar,	
1998)	as	well	as	to	poultry	(Sum�at�	et al.,	2007).	Its	need	to	detox�fy	the	JCM	�n	
order	to	fully	ult�l�ze	of	the	meal.	Sum�at�	et al.	(2007)	conducted	var�ous	treatments	
(phys�cal,	comb�nat�on	of	chem�cal	+	phys�cal,	and	b�olog�cal)	to	detox�fy	Indones�an	
Jatropha curcas	meal	as	poultry	feed.	Fermentat�on	us�ng	Rhizopus oligosporus	was	
the	best	method	to	detox�fy	the	tox�ns	and	thus	�ncreas�ng	the	nutr�t�t�ve	value	of	
the	Jatropha curcas	meal	for	poultry.	However,	the	crude	f�ber	and	phyt�c	ac�d	of	
the	meal	were	st�ll	h�gh.	Poultry	can	not	d�gest	f�ber,	espec�ally	cellulose,	even	the	
f�ber	could	�nterfere	other	nutr�ents	conta�ned	�n	the	feed.		S�ng	(2008)	reported	that	
phyt�c	 ac�d	 �s	 an	 ant�-nutr�t�onal	 const�tuen	 of	 plant	 der�ved	 feeds.	As	 a	 react�ve	
an�on,	�t	forms	a	w�de	var�ety	of	�nsoluble	salts	w�th	m�neral	�nclud�ng	phosphorus,	
calc�um,	z�nc,	magnes�um	and	copper.	Therefor,	 the	object�ve	of	 th�s	 exper�ment	
was	 to	evaluate	 the	effect	of	feed�ng	fermented	JCM	us�ng	Rhizopus oligosporus		
supplemented	w�th	 cellulase	and	phytase	on	percentace	of	 carcass	 and	g�blets	of	
kampong	ch�ckens.

	
Mater�als	and	Methods	

The	exper�ment	used	40	b�rds	of	200	kampong	ch�ckens	wh�ch	were	 reared	
from	day	old	ch�cks	up	to	10	weeks	of	age.		The	JCM	was	fermented	us�ng	Rhizopus 
oligosporus.		Th�s	exper�ment	used	completely	random�zed	des�gn	w�th	5	treatment	
d�ets	and	4	repl�cat�ons,	each	repl�cat�on	used	10	b�rds.	The	d�ets	were:	T0	(control	
d�et,	w�thout	JCM),	T1	(the	d�et	conta�ned	5%	untreated	JCM),	T2	(the	d�et	conta�ned	
5%	fermented	JCM	and	cellulase	200	ml/ton),	T3	(the	d�et	conta�ned	5%	fermented	
JCM	and	1000	FTU	phytase),	and	T4	(the	d�et	conta�ned	5%	fermented	JCM	and	
cellulase	200	ml/ton	and	1000	FTU	phytase).	The	compos�t�on	of	exper�mental	d�ets	
�s	presented	on	Table	1.	

The	 parameters	 observed	 were we�ght	 percentage	 of	 carcass,	 heart,	 l�ver,	
spleen,	k�dney,	g�zzard	and	pancreas	of	6	and	10	weeks	old	of	the	b�rds.	The	data	
were	analysed	us�ng	ANOVA	(analyses	of	var�ance)	accord�ng	to	Steel	and	Torr�e	
(1995).
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Results	and	D�scuss�on	

Fermentat�on	JCM	us�ng	Rhizopus oligosporus	decreased	phorbolesters,	tryp-
s�n	�nh�b�tors,	phyt�c	ac�d,	and	sapon�n.		Feed�ng	untreated	or	fermented	JCM	5%	
�n	the	d�ets	d�d	not	�nfluence	the	percentage	of	carcass	and	g�blets	of	6	weeks	old	
(Table	2)	as	well	as	of	10	weeks	old	(Table	3)	kampong	ch�ckens,	except	for	 the		
g�zzard	of	10	weeks	old.	The	g�zzard	of	the	T3	was	h�gher	(p<0.05)	than	that	of	the	

Table	1.	The	compos�t�on	of	the	exper�mental	d�ets

Ingred�ent
Treatments	(%)

T0 T1 T2 T3 T4
Yellow	corn 51.23 53.21 53.21 53.21 53.21
R�ce	bran 20.50 15.00 14.50 14.50 14.50
Soybean	meal 17.00 16.50 16.50 16.50 16.50
Untreated	J. curcas	meal 0.00 5.00 0.00 0.00 0.00
Fermented	J. curcas	meal 0.00 0.00 5.00 5.00 5.00
MBM 7.50 7.00 7.00 7.00 7.00
Palm	o�l 3.00 2.50 3.00 3.00	 3.00
Salt 0.10 0.10 0.10 0.10 0.10
V�t-m�n	m�x 0.50 0.50 0.50 0.50 0.50
Dl-meth�on�ne 0.173 0.187 0.187 0.187 0.187		
Total 100 100 100 100 100
Cellulase,	ml/ton 200 0 200
Phytase,	FTU/kg1) 0 1000 1000
Calculated	nutr�ents2)

ME,	kcal/kg 2,855.64 2,862.71 2,865.11 2,865.11 2,865.11				
CP,	% 18.23 18.39 18.26 18.26 					18.20
EE,	% 5.60 5.15 5.43 5.43 						5.40
CF,	% 3.81 4.77 5.65 5.65 						5.65
Ca,	% 0.91 0.91 0.91 0.91 						0.91
nPP,	% 0.61 0.56 0.56 0.56 						0.56
Na,	% 0.14 0.13 0.13 0.13 						0.13
Lys�ne,	% 0.83 0.83 0.82 0.82 						0.82
Meth�on�ne,	% 0.36 0.37 0.37 0.37 						0.37
Meth	+	cyst�ne,	% 0.62 0.62 0.62 0.62 						0.62

1)	DSM	Nutr�t�on	Product
2)	Nutr�ent	compos�t�ons	based	on	Leeson	and	Summers	calculat�on	(2005)
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control.	The	�ncreas�ng	of	g�zzard	was	due	to	h�gher	crude	f�ber	�n	the	d�et	of	T3,	�.e.	
5.65%	compared	to	the	control	d�et,	�.e.	3.86%.		Feed�ng	5%	of	untreated	as	well	as	
fermented	JCM	were	safe	for	the	l�ver,	heart,	k�dney,	pancreas,	and	other	g�blets	of	
the	kampong	ch�ckens.	It	�nd�cated	that	the	phorbolesters	conta�ned	�n	the	d�ets	was	
low,	and	�t	�nd�cated	that	the	JCM used	�n	th�s	exper�ment	was	from	J.curcas	seed	
conta�ned	low	phorbolesters.	Makkar	et al.	(1998)	reported	that	there	were	d�ffer-
ent	var�et�es	of	J.curcas,	non-tox�c	and	tox�c	var�et�es.	The	tox�c	var�et�es	conta�ned	
phorbolesters	up	to	2.7	mg/g	kernel	and	non-tox�c	ones	just	conta�ned	up	to	0.11	
mg/g	kernel.	Sum�at�	et al.	(2010)	reported	that	untreated	JCM	used	�n	th�s	exper�-

Mean	values	w�th�n		the	same	row	w�th	d�fferent	superscr�pts	are	s�gn�f�cantly	d�fferent	(P<0.01).
T0=	control	d�et,	w�thout	JCM,	T1=	the	d�et	conta�ned	5%	untreated	JCM,	T2=	the	d�et	conta�ned	
5%	fermented	JCM	and	cellulase	200	ml/ton,	T3=	the	d�et	conta�ned	5%	fermented	JCM	and	1000	
FTU	phytase,	T4=	the	d�et	conta�ned	5%	fermented	JCM	and	cellulase	200	ml/ton	and	1000	FTU	
phytase.

Table	2.	Percentage	of	g�blets	of		kampong	ch�ckens	at		6	weeks	of	age	

G�blets
D�et	treatments	(%	of	l�ve	we�ght)

T0 T1 T2 T3 T4
Heart	(%) 0.58±0.09 0.50±0.08 0.51±0.04 0.63±0.08 0.60±0.15
L�ver	(%) 2.75±0.12 2.77±0.51 2.71±0.36 2.85±0.30 2.81±0.16
Spleen	(%) 0.28±0.05 0.27±0.07 0.28±0.10 0.34±0.02 0.27±0.08
K�dney	(%) 0.73±0.13AB 0.55±0.20A 0.78±0.12AB 0.97±0.17B 0.84±0.26AB

G�zzard	(%) 4.04±0.34 4.23±0.49 4.88±0.31 4.00±0.67 4.41±0.40
Pancreas	(%) 0.32±0.08 0.34±0.07 0.34±0.08 0.23±0.02 0.36±0.03

Mean	values	w�th�n		the	same	row	w�th	d�fferent	superscr�pts	are	s�gn�f�cantly	d�fferent	(P<0.01).
T0=	control	d�et,	w�thout	JCM,	T1=	the	d�et	conta�ned	5%	untreated	JCM,	T2=	the	d�et	conta�ned	
5%	fermented	JCM	and	cellulase	200	ml/ton,	T3=	the	d�et	conta�ned	5%	fermented	JCM	and	1000	
FTU	phytase,	T4=	the	d�et	conta�ned	5%	fermented	JCM	and	cellulase	200	ml/ton	and	1000	FTU	
phytase.

Table	3.	Percentage	of	g�blets	of		kampong	ch�ckens	at	10	weeks	of	age	

G�blets
D�et	treatments	(%	of	l�ve	we�ght)

T0 T1 				T2 T3 T4
Heart	(%) 0.46±0.14 0.50±0.11 0.50±0.04 0.48±0.06 0.50±0.05
L�ver	(%) 1.95±0.43 2.28±0.26 2.05±0.30 2.01±0.16 2.18±0.24
Spleen	(%) 0.30±0.06 0.32±0.12 0.22±0.05 0.23±0.05 0.40±0.22
k�dney	(%) 0.75±0.33 0.94±0.22 0.74±0.10 0.62±0.21 0.74±0.08
G�zzard	(%) 3.20±0.09a 3.94±0.12ab 3.60±0.13ab 4.06±0.95b 3.40±0.62ab

Pancreas	(%) 0.33±0.21 0.35±0.04 0.26±0.04 0.32±0.03 0.32±0.11
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ment	conta�ned	24,33	µg/g	phorbolesters	and	the	fermented	meal	conta�ned	15.28		
µg/g	phorbolesters.

Feed�ng	h�gh	phorbolesters		Jatropha curcas	meal	at	the	level	of	5%	�n	the	d�et	
to	the	bro�lers	caused	100%	mortal�ty	at	the	age	of	22	days	and	�t	damaged	the	l�ver	
as	well	as	k�dney	(Sum�at�	et al.,	2007)

Conclus�ons		

It	was	concluded	that	feed�ng	untreated	as	well	as	fermented	jatropha	curcas	
meal	5%	�n	the	d�et	was	safe	for	the	kampong	ch�ckens.
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Abstract

Andrographis paniculata (sambiloto) is well known as medicinal plant and 
use as supplement in the poultry ration. The objective of this research was to evalu-
ate the effect sambiloto meal as feed additive in the diet on performance and serum 
cholesterol in laying hen. Thirty six of laying hens were used in this experiment. The 
basal diet contained 16 % crude protein and 2850 kkal/kg metabolizable energy. 
Completely randomized design was used in this experiment with four treatments and 
three replications (3birds/replication). The treatment were basal diet as control or 
basal diet + 0.3 g, 0.6 g, 0.9 g sambiloto meal/ kg live weight of laying hen, respec-
tively. The parameters observed were feed consumption, hen day production, egg 
weight, feed conversion, mortality, triglyceride, HDL, LDL, and total cholesterol in 
serum. The results showed that the diet with 0.6 g sambiloto meal/kg live weight of 
laying hen significant (P<0.05) increased of feed consumtion and hen day produc-
tion but was not influence on egg weight and feed conversion ratio. The sambiloto 
meal significantly (P<0.05) reduced total serum cholesterol and LDL on level 0.9 g 
sambiloto meal/ kg live weight of laying hen.

Keywords: Andrographis paniculata, cholesterol, laying hen, performance,  
sambiloto 

Introduct�on

Andrographis paniculata	�s	known	as	med�c�nal	plant	and	use	as	supplement	
�n	the	poultry	rat�on. A. paniculata		has	many	k�nd	of	names,such	as	Samb�loto,	K�	
Oray,	K�	Peurat	B�dara	Sad�lata,	Samb�lata,	Tak�la,	Ampadu	and	Pepa�tan	(Hanan,	
1996).	The	A. paniculata	 �s	 ava�lable	 and	 spread	enough	 throughout	 the	 Indone-
s�a.	The	act�ve	compound	of	A. paniculata	are	andrograf�d	and	neoandrografol�de	
(Santa,	1996).		Andrografol�de	have		the	effect	as	�munost�mulan	and	ant�bacter�a	
(Pur�	et al, 1993).	The	concentrat�on	of	andrografol�e	was	var�es		depend�ng	on	the	
area	for	example	�n	Bogor,	Sukabum�	and	Sukaharjo		are		1.92	%;	1.96%	and	2,1%	
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respect�vely.	The	leaf	extract	of	A. paniculata	conta�n	a	not�ceable	amount	of	total	
phenol	(5.96	mg/g)		wh�ch	play	a	major	role	�n	controll�ng	ant�ox�dant	(Prakash	S.	
et al, 2011).		A	m�xture	of Andrographis		and	mengkudu		(Morinda citrifolia)	extract	
g�ven	through	dr�nk�ng	water	produced	body	we�ght	ga�n	and	feed	eff�c�ency	better	
than	the	control	(Za�nudd�n,	2003).
	
Mater�als	and	Methods

Animals and Housing
Th�rty	s�x	lay�ng	hens	33	weeks	of	age	w�th	average	1401.4	±	103.3	g	of	body	

we�ght	were	used	�n	th�s	exper�ment.	The	exper�ment	were	conducted	for	7	weeks	
and	all	ch�cken	were	reared	�n	layer	cages.		

Experimental Diet
Basal	d�et	conta�ned	16	%	crude	prote�n	and	2850	kkal/kg	metabol�sable	energy.	

All	ch�ckens	were	fed	and	water	dr�nk�ng	ad libitum.		Basal	d�et	was	supplemented	
w�th	A. paniculata	meal:	0.3	g,	0,6,	0,9	g/kg	body	we�ght.	The	nutr�ent	compos�t�on	
of	A.	paniculata	meal	was	presented	�n	Table	1.

Andrographis paniculata Meal
A. paniculata leaf	were	collected	from	local	area.	The	leaves	of	A.paniculata 

was	sun-dryer,	powdered	and	kept	ready	for	exper�mental	used.	

Design of Experiment
Completely	random�zed	des�gn	was	used	�n	th�s	exper�ment	d�v�ded	�nto	four	

treatments	and	three	repl�cat�ons.		The	treatments	were	basal	d�et	+	0.3	g	A.paniculata	
meal/kg	BW,	basal	d�et	+	0.6	g	A. paniculata/kg	BW,	and	basal	d�et	+	+	0.9	g	A. 
paniculata	meal/kg	BW.	Parameters	observed	were	feed	consumpt�on,	hen	day	pro-
duct�on,	 egg	 we�ght,	 feed	 convers�on	 ras�o	 (FCR),	 tr�glycer�de,	 HDL,	 LDL,	 and		
cholesterol	total	�n	serum.	The	feed	�ngred�ent	and	nutr�ent	compos�t�on	�s	presented	
�n	Table	2.	
	
Table	1.	The	nutr�ent	compos�t�on	of	A. paniculata	leaves	meal

Nutr�ent Compos�t�on	(%)
Mo�sture 88.01
Crude	prote�n 11.03
Crude	f�ber 22.75
Ether	extract 3.04
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Collection and  Analysis of Data
The	collected	data	were	analysed	us�ng	analys�s	var�ance	procedure	and	Dun-

can’s	Mult�ple	Test	was	used	to	compare	d�fferences	between	treatmen	means.	The	
data	on	da�ly	feed	consumpt�on,	egg	product�on	and	egg	we�ght	and	feed	convers�on	
rat�o		were	calculated.		Serum	cholesterol	tr�glycer�de,	HDL,	LDL	were	collected		at		
lay�ng	hen	40	weeks	of	age

Results	and	D�scuss�on

The	feed	consumpt�on,	hen	day	product�on,	egg	we�ght	and	FCR	are	shown	
�n	Table	3.	The	results	showed	that	hen	fed	0.6	g	A. paniculata meal	per	kg	BW	
s�gn�f�cantly	 (P<0.05) �ncreased	 �n hen	 day	 product�on	 as	 compared	 to	 other	
treatments. But		hen	fed	0.3	and	0.9	g	per	kg	BW	had	lower	feed	consumpt�on	and	
hen	day	product�on	 than	control.	Th�s	was	due	 to	 �ncrease	 the	 feed	consumpt�on	
but	 FCR	 d�d	 not	 s�gn�f�cant.	The	 andrografol�de	 act�ve	 substance	 caused	 growth	
regulator	(�ncreased	appet�te),	wh�ch	can	�ncrease	the	consumpt�on	of	nutr�ents	for	
egg	format�on.	A. paniculata had	the	effect	of	�munost�mulan	and	ant�bacter�a	(Pur�	et 
al.,	1993)	was	caused	performance	at	hen	fed	0.6	g	A.paniculata	meal	h�ghest.	Ulfah	
(2006)	also	reported	that	mechan�sm	of	act�ve	substance	med�c�nal	plant	was	affects	
as	 appet�te	 stumulat�ng	 substance,	 d�gest�on	 enhancers,	 bacter�al	 steer�ng	 agents,	

Table	2.	Ingred�ents	and	chem�cal	compos�t�on	of	the	the	layer	rat�on	�n	the	exper�ment

Feed	Ingred�ent Total		(%)

Yellow	corn 56.75
R�ce	bran 11.4
Pollard 2
F�sh	meal 6
Soybean	meal 14.5
Coconut	o�l 1.5
DCP 0.25
CaCO3 7.6
Chem�cal	compos�t�on	:
Metabol�sable	energy	(kkal/kg) 2900
Crude	prote�n	(%) 16
Cals�um	(%) 3.3
Phospor	non	Phytat	(%) 0.34
Lys�n	(%) 0.89
Meth�on�n	(%) 0.33
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metabol�c	mod�f�ers,	odour	neutral�z�ng	component	on	regulat�ng	of	performance	
health	cond�t�on	of	an�mals.	Math�avanan	et al.	(2006)	reported	that	A. paniculata	
was	use	2	g/kg	was	gave	pos�t�f	responce	on	performnace	of	bro�ler	ch�cken.

The	hen	fed	0.9	g	A. paniculata	meal	per	kg	BW	s�gn�f�cantly	(P<0.05)	de-
creased	serum	cholesterol	total	and	LDL	as	compared	than	other	treatments	(Table	
4).	It	showed	that	andrografol�de	play	a	role	�n	lower�ng	fat	absorpt�on.	Nugroho	
(2001)	reported	that	m�ce	fed	extract	of	A.	paniculata at	160	mg/100	g	body	we�ght	
for	8	weeks	decreased	of	cholesterol	total	but	�ncreased	of	HDL.	But	the	result	of	
th�s	exper�ment	showed	that	of	serum	LDL	and	HDL	were	decreased.	Therefore,	A. 
paniculata	meal	can	used	to	prevent	atheroscleros�s	at	level	0.9	g/kg	BW.

Table	3.	Mean	values	of	feed	consumpt�on,	egg	product�on,	egg	we�ght,	and	FCR	for	layer

Parameters
Treatment	groups

P1 P2 P3 P4
Feed	consumpt�on	
g/b�rd/day

73.91±32.8b 69.82±56.08a 89.81±38.80a 70.19±74.64b

Hen	day	product�on	
%

37.3±4.73b 42.47±9.47b 62.38±2.32a 43.09±1.71b

Egg	we�ght	g/egg 53.45±2.50 50.23±3.38 48.96±5.84 46.58±7.21
Feed	convers�on	rat�o 3.54±0.45 3.57±0.49 3.72±1.39 3.51±0.20

P1=	basal	d�et,	P2=	basal	d�et	+	0.3	g/	kg	BW,	P3=	basal	d�et	+	0.6	g/	kg	BW,	P4=	basal	d�et	+	+	0.9	
g/	kg	BW.

Table	4.	The	effect	of	A. paniculata	meal	 �n	 lay�ng	d�et	on	 tr�glycer�de,	HDL,	LDL	and		
cholesterol	total	serum

P1=	basal	d�et,	P2=	basal	d�et	+	0.3	g	A. paniculata	meal/kg	BW,	P3=	basal	d�et	+	0.6	g	A. paniculata	
/kg	BW,	P4=	basal	d�et	+	+	0.9	g	A. paniculata/kg	BW.

Var�able
Treatment

P1 P2 P3 P4
Tr�glycer�de
mg/100	ml 124.11±4.69 109.20±11.72 135.20±8.51 124.80±16.74

HDL		mg/100	ml 52.17±2.11 52.64±7.49 53.84±3.65 43.62±4.38
LDL	mg/100	ml 79.06±5.46bc 84.19±11.62c 68.6±4.62ab 65.79±3.02a

Total	cholesterol
mg/100	ml 168.89±7.82b 183.4±17.25c 160.08±7.10ab 143.87±4.29a
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Conclus�on

D�etary	supplementat�on	of	A. paniculata	meal		at	0.6	g	per	kg	BW	was	effect�ve	
to	�ncreased	egg	product�on.	A. paniculata	meal	at	0.9	g	per	kg	BW	�n	rat�on	was	
effect�ve	to	decreased	serum	total	cholesterol	and	LDL.
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Abstract

Two studies were conducted to determine the efficacy of using mannanase treated 
and untreated palm kernel meal (PKM) with different commercial mannanases in 
various broiler diets. Forty five birds and 160 birds were used for digestibility and 
performance studies respectively. Three different diets (PKM with no enzyme and 
PKM pretreated with mannanase A or B) were offered to the birds for digestibility 
study. In contrast, 7 different diets containing 0% PKM as control (T1), 10% PKM 
(T2), 10% mannanase A-treated PKM (T3), 10% mannanase B-treated (T4) were 
offered for performance study.  The pre-treated PKM was heated in the oven at 90oC 
for 15 minutes to inactivate the enzyme prior to its mixing with the diets. The study 
was conducted for 42 days and the birds were fed their respective diets ad libitum. 
Faecal discharge was collected for three consecutive days for faecal coefficient of 
digestibility and ileal digesta was taken from Mackel’s diverticulum to 1 cm before 
caeca for ileal amino acid digestibility. Data indicated that pre-digested PKM with 
both mannanases increased digestibility of crude fibre and AME of PKM (P<0,05). 
However, an increased ileal protein digestibility and a decreased moisture content of 
faeces were only found in birds fed the mannanase A treated PKM. Addition of 10% 
PKM in the broiler diet negatively affected body weights of birds  when compared 
with the birds fed the control diet (T1). Predigestion of PKM with mannanase A 
improved feed intake and body weight gain significantly. In conclusion, Predigested 
PKM with mannanase could be effectively used to improve the nutritive value of 
PKM. 

 
Key words: mannanase, palm kernel meal, predigestion and broiler

Introduct�on

Palm	kernel	meal	(PKM)	as	an	agr�cultural	by-product	�s	produced	abundantly	
�n	Indones�a.	S�nce	2008,	Indones�a	has	been	the	world’s	b�ggest	producer	of	palm	
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kernel	meal	(FAO,	2008),	be�ng	about	2.04	m�ll�on	tonnes/year.	Although	palm	kernel	
meal	appears	to	have	favourable	nutr�ents	for	grow�ng	ch�ckens,	nutr�ent	qual�t�es	
are	poor	due	to	h�gh	f�bre	content,	part�cularly	mannan,		and	low	d�gest�b�l�ty	(Sundu	
et al.,	2008).	Accord�ngly,	the	use	of	th�s	by-product	�n	poultry	d�et	�s	l�m�ted.	

Treatment	of	low	qual�ty	feedstuffs	w�th	exogenous	enzymes	has	been	a	focus	
of	research	�n	an�mal	feed	�ndustry.	Convent�onal	use	of	an	enzyme	through	�ts	d�-
rect	appl�cat�on	onto	the	d�et	may	�nact�vate	the	enzyme	when	the	enzyme	conta�n-
�ng	d�et	was	pelleted	due	to	�ts	heat	exposure	(Sundu	et al.,	2006).	Instead	of	us�ng	
convent�onal	method	of	enzyme	appl�cat�on	onto	the	d�et,	pred�gest�on	was	used	to	
cope	w�th	the	problem	of	enzyme	damage	due	to	pellet�ng.	Pred�gest�on	�s	an	enzy-
mat�c	treatment	tak�ng	place	�n	a	chamber.	Sett�ng	up	the	temperature	and	mo�sture	
dur�ng	treatment	process	have	been	an	�mportant	procedure	to	be	cons�dered.	Two	
stud�es	were	conducted	to	determ�ne	the	effect	of	pred�gest�on	us�ng	mannanase	�n	
palm	kernel	meal	based	d�ets.	

Mater�als	and	Methods

Animals and Diets
Forty	f�ve	b�rds	and	160	b�rds	were	used	for	d�gest�b�l�ty	(exper�ment	1)	and	

performance	stud�es	(exper�ment	2)	respect�vely.	Three	d�fferent	d�ets	(PKM	w�th	
no	enzyme	and	PKM	pretreated	w�th	mannanase	A	w�th	the	act�v�ty	of	800	U/g	or	
mannanase	B	w�th	the	act�v�ty	of	1100	U/g	)	were	offered	to	the	b�rds	for	d�gest�b�l�ty	
study.	Due	 to	commerc�al	 reason,	 the	brands	of	 these	 two	enzyme	products	were	
conf�dent�al.	 Palm	kernel	meal	 and	pre-d�gested	palm	kernel	meal	 be�ng	used	 �n	
these	two	stud�es	were	k�ndly	prov�ded	by	W�lmar	Company.	Pr�or	to	m�x�ng	w�th	
other	feed	�ngred�ents	and	feed	add�t�ves,	the	pre-d�gested	palm	kernel	meal	were	
heated	�n	the	oven	at	90oC	for	15	m�nutes	to	�nact�vate	the	added	enzymes	�n	the	
d�et.

In	exper�ment	2,	7	d�fferent	d�ets	conta�n�ng	0%	PKM	as	control	(T1),	10%	
PKM	(T2),	10%	mannanase	A-treated	PKM	(T3),	10%	mannanase	B-treated	(T4)	

Table	1.	Ingred�ent	compos�t�on	of	exper�mental	d�ets	(g/kg)

D�et		1	(D1) D�et	2	(D2) D�et	3	(D3) Compos�t�on	
Untreated	PKM Mannanase	A-	PKM	 Mannanase	B-	PKM	 915

Palm	o�l Palm	o�l Palm	o�l 40
L�mestone L�mestone L�mestone 16

Salt Salt Salt 5
Prem�x Prem�x Prem�x 4
Cel�te Cel�te	 Cel�te 20
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were	offered	for	performance	study.	The	pre-treated	PKM	was	heated	�n	the	oven	
at	90	oC	for	15	m�nutes	to	�nact�vate	the	enzyme	pr�or	to	�ts	m�x�ng	w�th	the	d�ets.	
The	study	was	conducted	for	42	days	and	the	b�rds	were	fed	the�r	respect�ve	d�ets	
ad libitum.	 Faecal	 d�scharge	 was	 collected	 for	 three	 consecut�ve	 days	 for	 faecal	
d�gest�b�l�ty	and	�leal	d�gesta	was	taken	from	Mackel’s	d�vert�culum	to	1	cm	before	
caeca	for	�leal	prote�n	d�gest�b�l�ty.	

Statistical analysis
A	completely	random�zed	des�gn	was	used	�n	each	of	these	two	exper�ments.	

Three	 treatment	 d�ets	 w�th	 f�ve	 repl�cate	 cages	 and	 four	 d�fferent	 d�ets	 w�th	 f�ve	
repl�cat�ons	were	used	 for	 tr�al	1	and	 tr�al	2	 respect�vely.	Data	were	analyzed	by	
analys�s	of	var�ance	us�ng	M�n�tab	software	package.	D�fferences	among	treatments	
were	tested	for	s�gn�f�cance	by	us�ng	Tukey	Test	(Steel	and	Torr�e,	1980).			

Table	2.	Exper�mental	d�ets	compos�t�on	(g/kg)

Feed	Ingred�ents
Starter	D�ets Grower	D�ets

T1 T2 T3 T4 T1 T2 T3 T4
Palm	kernel	meal 0 100 100 100 0 100 100 100
Ma�ze 512 460 460 460 560 470 470 470
Full	fat	soybean 250 250 250 250 250 250 250 250
F�sh	meal 130 130 130 130 100 100 100 100
R�ce	bran 86 42 42 42 70 58 58 58
Palm	o�l 0 0 0 0 0 5 5 5
D�calc�um	
phosphate

16 12 12 12 14 11 11 11

Prem�x 2 2 2 2 2 2 2 2
DL-	meth�on�ne 2 2 2 2 2 2 2 2
L-Lys�ne 1 1 1 1 1 1 1 1
Salt 1 1 1 1 1 1 1 1
Calculated:
AME	(MJ/kg) 12.97 12.85 12.85 12.85 13.19 13.02 13.02 13.02
Prote�n	 228 229 229 229 212 214 214 214
Meth�on�ne 6.0 5.9 5.9 5.9 5.7 5.7 5.7 5.7
Cyste�ne	 3.7 3.7 3.7 3.7 3.5 3.6 3.6 3.6
Lys�ne	 12.8 12.8 12.8 12.8 12.7 12.7 12.7 12.7
Calc�um	 11.8 11.7 11.7 11.7 10.5 10.1 10.1 10.1
Phosphorous 8.7 8.6 8.6 8.6 8.4 8.2 8.2 8.2
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Results	and	D�scuss�ons

Data	of	effect	of	pred�gest�on	on	nutr�ent	d�gest�b�l�t�es	and	bro�ler	performance	
are	shown	�n	Tables	3	and	4.	It	has	been	well	recogn�zed	that	most	of	the	d�etary	
f�bre	�n	PKM	�s	�n	the	form	of	�nd�gest�ble	mannan	(Daud	and	Jarv�s,	1992).	Eff�cacy	
of	 us�ng	 an	 enzyme	 to	 �ncrease	 feed	 d�gest�b�l�ty	 has	 been	 long	 recogn�sed	 by	
nutr�s�on�sts	�n	var�ous	feedstuffs.	However,	all	the	data	of	the	eff�cacy	of	enzyme	
were	based	on	d�rect	add�t�on	of	enzyme	onto	the	d�et.	D�rect	appl�cat�on	of	enzyme	
suffers	 from	 enzyme	 damage	 when	 the	 d�et	 was	 pelleted	 due	 to	 heat	 exposure.	
Accord�ngly,	 pred�gest�on	 where	 the	 low	 qual�ty	 feedstuffs	 undergo	 degradat�on	
process	�n	the	d�gest�on	chamber	pr�or	to	m�x�ng	the	d�et,	was	able	to	m�n�m�se	the	
�nact�c�ty	of	enzyme	dur�ng	pellet�ng	or	feed	product�on.	

The	AME	of	PKM	�n	th�s	present	study	was	low,	be�ng	6.0	MJ/kg.	Treatment	
w�th	mannanase	 �ncreased	AME	of	PKM	by	24	 to	27%.	Th�s	 �mprovement	may	
partly	be	due	 to	 an	 �ncreased	d�gest�b�l�ty	of	 crude	 f�bre	when	PKM	was	 treated	
w�th	mannanase.	Even	though	the	act�v�ty	of	the	mannanases	used	�n	th�s	current	
study	was	d�fferent,	d�gest�b�l�t�es	and	AME	of	the	PKM	were	stat�st�cally	the	same	
between	two	mannanase-treated	PKMs	�n	exper�ment	1.	It	can	be	speculated	here	

Table	3.	Effect	of	pred�gest�on	on	nutr�ent	d�gest�b�l�t�es	�n	exper�ment	1

Parameters D1 D2 D3 SEM
Dry	matter	d�gest�b�l�ty	(%) 36.7a 42.4b 41.1ab 1.7
Crude	F�bre	d�gest�b�l�ty	(%) 17.2b 27.4a 29.3a 3.0
Faecal	prote�n	d�gest�b�l�ty	(%) 52.0 58.0 54.5 2.1
Ileal	prote�n	d�gest�b�l�ty	(%) 52.1b 58.3a 54.9b 0.8
Apparent	Metabol�zable	Energy	
(MJ/kg)

6.00b 7.61a 7.43a 0.43

Faecal	mo�sture	(%) 72.2 71.4 71.9 0.8

Note:	Values	w�th	the	d�fferent	superscr�pt	w�th�n	a	column	are	s�gn�f�cantly	d�fferent	(P<0.05).

Table	4.	Effect	of	pred�gest�on	of	PKM	w�th	mannanase	on	body	we�ght	ga�n,	feed	�ntake	
and	FCR	�n	exper�ment	2

Note:	Values	w�th	the	d�fferent	superscr�pt	w�th�n	a	column	are	s�gn�f�cantly	d�fferent	(P<0.05).

Parameters T1 T2 T3 T4 SEM
Body	we�ght	ga�n	(g) 2009ab 1865b 2083a 1988ab 21.6
Feed	�ntake	(g) 3615a 3417b 3692a 3659a 28.2
FCR 1.80 1.83 1.78 1.84 0.01
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that	 the	 mannanase	A	 act�v�ty	 of	 800	 U/g	 may	 be	 enough	 to	 opt�mally	 �ncrease	
d�gest�b�l�t�es	and	AME	of	th�s	enzyme	treated	PKM.	Further	�ncreased	act�v�ty	of	
1100	U/g	for	mannanase	B	d�d	not	affect	feed	d�gest�b�l�ty	and	AME	of	PKM	greater	
than	that	for	mannanse	A.	

Although	the	d�gest�b�l�ty	of	prote�n	e�ther	by	us�ng	the	total	faecal	collect�on	
or	the	�lleal	d�gesta	method	was	nearly	the	same,	coeff�c�ence	of	var�ance	of	faecal	
prote�n	d�gest�b�l�ty	tended	to	be	h�gher	than	those	of	�lleal	prote�n	d�gest�b�l�ty	(8.5	
vs	5.8%).	It	can	be	sa�d	here	that	problem	of	measur�ng	prote�n	d�gest�b�l�ty	�n	the	
faeces	was	not	only	as	a	matter	of	contam�nated	faecal	prote�n	w�th	ur�ne	and	the	m�-
crobes	outflow	from	the	large	�ntest�ne,	but	also	th�s	procedure	sufferred	from	h�gh	
var�ance	of	the	data.	It	�s	poss�ble	that	h�gh	coeff�c�ence	of	var�ance	of	faecal	prote�n	
d�gest�b�l�ty	found	�n	th�s	current	study	was	partly	due	to	var�at�on	�n	total	amount	of	
m�crobe	and	ur�ne	outflow	to	the	faeces	and	th�s	may	not	be	found	�n	�lleal	d�gesta.

Add�t�on	of	10%	PKM		�n	the	bro�ler	d�et	d�d	not	negat�vely	affect	the	body	
we�ght	of	b�rds,	compared	to	the	b�rds	fed	the	control	d�et.	These	data	are	cons�stent	
w�th	 the	 results	 reported	 by	 Pan�grah�	 and	 Powell	 (1991).	 The	 data	 also	 clearly	
suggest	 that	 the	use	of	10%	PKM	�n	 the	bro�ler	d�et	could	be	promoted	 �n	PKM	
produc�ng	countr�es	where	the	PKM	was	abundantly	ava�lable.	There	was	a	trend	
that	 treat�ng	 PKM	 w�th	 mannanase	 sl�ghtly	 �ncreased	 bodywe�ght	 ga�n	 but	 th�s	
�mprovement	was	not	stat�st�cally	s�gn�f�cant.	The	eff�cacy	of	th�s	enzyme	treatment	
technology	become	ev�dent	when	the	b�rds	were	fed	on	the	10%	PKM	�n	the	d�et.	In	
th�s	part�cular	d�et,	treatment	of	PKM	w�th	mannanase	A	�mproved	body	we�ght	ga�n	
s�gn�f�cantly	and	the	body	we�ght	of	b�rds	fed	a	mannanase	A-treated	10%	PKM	�n	
the	d�et		exceed	the	body	we�ght	of	b�rds	fed	the	control	d�et	(2009g	vs	2083	g).	In	
conclus�on,	 th�s	enzyme	treatment	 technology	can	be	effect�vely	used	 to	 �ncrease	
feed	d�gest�b�l�ty	and	AME	of	PKM	and	�mproved	body	we�ght	ga�n,	part�cularly	
w�th�n	the	�nclus�on	rate	of	10%	PKM	�n	the	bro�ler	d�et.	
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Abstract

Oligosaccharides in digestive tract stimulate the growth of some intestine 
lactobacilus bacteria and reduced phatogenic bacteria. Kernel palm meal (KPC) 
and banana peel (BP) are high in mannan and fructose based polisaccharides. 
Limited ferementation of these producs may produce olygosaccarides. The objective 
of this research was to evaluate the effect of the dietary inclution of fermented 
palm kernel meal and banana peel on Salmonella typhimurium in the caecum of 
broiler. Experimental diets were: P0= Ration without BP, PKM, Bifidobacterium 
bifidum (Control); P1= Ration 2.5% BP; P2= Ration 2.5 % PKM; P3= Ration 2.5 
%  BP + B.bifidum, P4= Ration 2.5 % PKM+ B.bifidum. Ration conained 22% 
protein and 3050 kcal ME/kg. Experimental diets were allocated in a completely 
rendomized design with 5 replicates of 5 DOC each. At 14 days old, broiler were 
infected by Salmonella typhimurium and offered experimental diets.Weight gain, 
final body weight, carcass weight, carcass precentage, feed consumption and 
convertion, viscerals percentage and total colony of S.typhimurium in secum were 
evaluated.  Weight gain, final body weight, carcass weight, carcass precentage, feed 
consumption and convertion, viscerals percentage of broiler offered ration contained 
BP, PKM and B. bifidum were not different from those of control. Percentage of 
liver,  proventikulus, and jeujenum of broiler in P1 were smaller (P<0.05) than 
those of  control.  Total colony of S.typhimurium in secum of broiler in P1, P3, and 
P4 were smaller (P<0.05) than those of control. It was conluded that inclution of 
benana peel 2.5% in the broiler rations without B.bifidium inhibited S.typhimurium 
growth and increased body weight, weight gain, carcass weight, and improved feed 
convertion.  Addition of B.bifidium into the ration did not improve the usefulness of 
banana peel as a source of prebiotic.

Keywords: broiler, banan peel, palm kernel, S. typhimurium, B. bifidum,
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Introduct�on

The	 presence	 of	 gastro�ntest�nal	 pathogen�c	 bacter�a	 such	 as	 Salmonella 
typhimurium	 results	 �n	 many	 problems	 �n	 bro�ler	 farm�ng	 and	 products	 (Ohl	 &	
M�ller.	 2001).	 Salmonella typhimurium	 �s	 one	 of	 the	 common	 bacter�a	 reduc�ng	
nutr�ent	 ut�l�zat�on,	 d�sturb�ng	 some	 b�olog�cal	 funct�ons,	 growth	 and	 �ncreas�ng	
mortal�ty	of	ch�cks.	Ma�nta�n�ng	the	balances	of	gastro�ntest�nal	m�cro	flora	�s	an	
�mportant	effort.		D�etary	add�t�on	of	ant�b�ot�c	�s	a	common	pract�ce	�n	reduc�ng	the	
persence	 of	 gastro�ntest�nal	 pathogen�c	 bacter�a.	 However,	 the	 res�dual	 ant�b�ot�c	
�n	an�mal	products	�s	a	major	concerns,	s�nce	�t	results	�n	the	res�stance	of	bacter�a	
w�hch	�s	harmful	for	the	consumer.		Appl�cat�on	of	preb�ot�cs	�n	poultry	rat�on	�s	an	
alternat�ve	to	replace	the	nutr�t�onal	fuct�on	of	ant�b�ot�cs.	

D�etary	add�t�on	of	mannan	and	fructose	olygosacchar�des	have	been	demons-
trated	to	have	s�m�lar	benef�c�al	effects	w�th	an	ant�bot�c	�n	ma�nta�n�ng	a	balance	
gastro�ntest�nal	m�cro	flora	and	�mprove	product�v�ty	�n	bro�lers	(K�m	et al.,	2011).	
Mannan	conta�n�ng	polysacchar�des	from	palm	kernel	meal	(PKM)	could	be	used	
as	an	alternat�ve	to	replace	ant�b�ot�cs	�n	prevent�ng	the	colon�zat�on	of	Salmonella 
typhimurium �n	poultry	(Tafs�na	et al.,	2007).	Banana	peel	�s	an	agr�cultural	by	pro-
duct	w�ch	�s	avalable	from	banana	process�ng	act�v�ty.	Controled	h�drolys�s	of	PKM	
and	banana	peel	conta�n�ng	mannan	and	fructose	polysachar�des,	may	produce	man-
nan	and	fructoce	olygosacchar�des.	The	present	exper�ment	a�med	et	evaluat�ng	the	
effect	of	the	d�etary	�nclut�on	of	fermented	PKM	and	BP	on	Salmonella typhimurium	
�n	the	caecum	of	bro�ler.

Mater�als	and	Methods

The	total	of	125	day	old	ch�ck	(DOC)	of	Cobb	CP	707	stra�n	were	allocated	
radomly	 �nto	 f�ve	 d�etray	 treatments	 �n	 a	 completely	 rendom�zed	 des�gn	 w�th	 5	
repl�cates	of	5	DOC	each.	Exper�mental	d�ets	were:	P0=	Rat�on	w�thout	BP,	PKM,	
Bifidobacterium bifidum;		P1=	Rat�on	2,5%	BP;	P2=	Rat�on	2,5	%	PKM;	P3=	Rat�on	
2,5	%		BP	+	B. bifidum,	P4=	Rat�on	2,5	%	PKM+	B. bifidum.		Rat�on	conta�ned	22%	
prote�n	and	3050	kcal	ME/kg.	Ch�ck	�n	all	 treatments	were	offered	P0	rat�on	and	
kept	�n	a	collony	cage	fac�l�tated	w�th	two	100	watt	of	ball	lamps	as	heaters.		Banana	
peel	 and	 palm	 kernel	 meal	 used	 �n	 the	 exper�ment	 were	 ground	 and	 m�xed	 w�th	
f�ltrate	obta�ned	from	the	fermentat�on	of	e�ther	BP	or	PKM.		The	fermentat�on	was	
conducted	for	24	hours	accod�ng	to	the	mod�f�ed	method	of	T�lley	dan	Terry	(1963).		
Source	of	bacter�a	used	�n	the	method	was	the	m�xture	of	bacter�a	�solates	�nstead	
of	 fresh	rumen	 l�quor.	 	At	14	days	old,	bro�ler	 �n	all	 treatments	were	 �nfected	by	
Salmonella typhimurium and	offered	exper�mental	d�ets.		Feed	and	water	were	g�ven	
ad libitum S. typhimurium	and	B. bifidum	were	adm�n�stered	orally	on	day	14.  S. 
typhimurium	was	adm�n�stered	at	level	of	1	x	104	cfu	and	B. bifidum	1x105	cfu.		We�ght	
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ga�n,	f�nal	body	we�ght,	carcass	we�ght,	carcass	precentage,	feed	consumpt�on	and	
convert�on,	v�scerals	percentage	and	caecal	Salmonella typhimurium were	observed.		
Feed	consumpt�on	and	body	we�ght	were	determ�ned	weekly.		Caecal	Salmonella 
typhimurium was	observed	on	day	28.

Results	and	D�scuss�on

Live Weight and Carcass 
Mean	of	f�nal	l�ve	we�ght,	carcass	we�ght	and	carcass	percentage	of	of	bro�ler	

�nfected	S. typhimurium	and	offered	d�fferent	rat�ons	w�th	or	wthout	B. bifidum	were	
presented	�n	Table	1.	Mean	of	f�nal	and	carcass	we�ght	of	bro�ler	was	the	h�ghest	
when	BP	was	�ncluded	�n	the	d�et.		However	further	�nclut�on	of	B. bifidum	�n	a	rat�on	
conta�n�ng	BP	reduced	the	f�nal	we�ght	of	the	bro�ler.		Mean	of	carcass	percentage	
were	not	affected	by	d�etary	treatments.	The	result	�nd�cated	that	feed�ng	bro�ler	w�th	
a	rat�on	conta�n�ng	BP	for	14	days	reduced	the	negat�ve	effect	of	S. typhimurium 
�nfect�on	 �n	 bro�ler.	The	 result	 suggested	 that	 the	 fermented	 BP	 conta�ned	 act�ve	

Table	1.	Mean	of	F�nal	L�ve	We�ght,	Carcas	We�ght	and	Carcas	Percentage	of	Bro�ler	offered	
Rat�on	Conta�n�ng	BP	or	PKM	on	28	days

D�etary	Treatments

P0 P1 P2 P3 P4

F�nal	l�ve	we�ght,	g		 871AB	±	49 943B	±	67 858AB	±	42 812A	±	68 843AB	±	60
Carcass	we�ght,	g 527AB	±	49 584B	±	45 516AB	±	39 493A	±	51 525AB	±	34
Carcass	percentage,	% 60.39	±	2.42 61.77	±	0.65 60.10	±	1.41 60.73±	1.95 62.31	±	0.79

Note:	Means	w�th	d�fferent	superscr�pt	d�ffer	s�gn�f�cantly	(P<0.05);	P0=	Control;	P=	Rat�on	2.5%	
BP;	P2=	Rat�on	2.5%	PKM;	P3=	P1	+	B. bifidum;	P4=	P2	+	B. bifidum.

Table	2.	Mean	of	Feed	Consumpt�on,	Da�ly	Ga�n	and	Feed	Convers�on	Rat�o	of	Bro�ler	
offered	Rat�on	Conta�n�ng	BP	or	PKM	on	28	days

Note:	P0=	Control;	P=	Rat�on	2.5%	BP;	P2=	Rat�on	2.5%	PKM;	P3=	P1	+	B. bifidum;	P4=	P2	+	B. 
bifidum.

	D�tary	Treatments

P0 P1 P2 P3 P4

Consumpt�on	(g/b�rd) 1190	±101 1166	±40 1233	±80 1167		±145 1165	±51
We�ght	Ga�n	(g/b�rd) 739	±43 765	±53 750	±56 721	±90 709	±35
FCR	(consumpt�on/
ADG) 1.61	±0.11 1.53	±0.06 1.65	±0.06 1.63	±0.15 1.65	±0.12
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substances	such	as	fructose	olygosaccar�des,	but	the	olygosachar�des	from	fermented	
BP	d�d	not	support	the	growth	of	B. bifidum.

Feed Consumpsion, Weight Gain and Feed Conversion Ratio
Mean	of	feed	consumpt�on,	we�ght	ga�n	(WG)	and	feed	convers�on	rat�o	(FCR)	

were	presented	�n	Tabel	2.	Mean	of	total	feed	�ntake,	we�ght	ga�n	and	feed	conver-
s�on	of	bro�ler	�nfected	S. Typhimurium	and	offered	d�fferent	rat�ons	w�th	or	wthout	
B. bifidum	var�ed	from	1164-1233	g	per	b�rd,	708-764.97	g	per	b�rd	and	1.53-1.63,	
respect�vely.		There	were	no	s�gn�f�cant	d�fferent	(P<0.05)	�n	total	feed	�ntake,	we�ght	
ga�n	 and	 feed	 convers�on	 among	 treatments.	 Inclut�on	 of	 BP	 w�thout	 B. bifidum	
tended	to	�ncrease	we�ght	ga�n	and	�mproved	feed	convers�on.	The	result	�nd�cated	
that	 �nclus�on	 of	 BP,	 KPM	 and	 B. bifidum	 �n	 bro�ler	 �nfected	 by	 S. typhimurium	
was	 not	 effect�ve.	However,	 the	 �mprovement	 of	 the	 fermentat�on	method	of	 BP	
and	PKM	and	the	�ncrease	�n	�nclus�on	level	of	fermented	product	may	�mprove	the	
response	of	bro�ler.

Wiryawan et al.	(2005)	reported	that	supplementat�on	of	FOS	at	level	of	2.5%	
from	garl�c	�ncreased	we�ght	ga�n	of	�nfected	S. typhimurium b�rd.	The	present	result	
�nd�cated	 that	BP	and	PKM	suppressed	 the	negat�ve	effect	of	S. typhimurium on	
growth	 but	 the	 level	 could	 not	 opt�m�ze	 nutr�ent	 metabol�sm	 to	 create	 the	 better	
we�ght	ga�n	and	feed	convers�on	rat�o.

Mean of  Percentage of Visceral Organ
Mean	of	percentage	v�sceral	organ	 �s	presented	 �n	Tabel	3.	 Inclut�on	of	BP,	

KPM		and		B. bifidum	�n	d�et	of	bro�ler	from	14	to	28	day	old,	had	s�gn�f�cant	effect	
on	the�r	percentage	of	l�ver,	g�zzard	and	proventr�culus.	Percentage	of	l�ver,	g�zzard	
and	 proventr�culus	 of	 bro�ler	 offered	 d�et	 P1	 had	 the	 lowest	 values.	 The	 result	
�nd�cated	that	BP	�nclut�on	�n	the	d�et	reduced	the		negat�ve	effect	of	S. typhimurium 
�nfect�on	�n	bro�ler.	Ferket et al.	(2002)	reported	that	�nfect�on	of	S. typhimurium 
could	swell	l�ver	organ.	Therefore	d�etary	�nclut�on	of	2.5%	BP	(P1)	st�mulated	the	
balance	 growth	 of	 �ntest�nal	 m�cro	 flora	 and	 suppressed	 S. typhimurium growth.		
Reduct�on	of	S. typhimurium growth	may	ma�nta�n	the	normal	cond�t�on	and	fuct�on	
of	l�ver	and	d�gest�ve	tract.

Total Colonies of Salmonella typhimurium
Data	of	total	number	of	S. typhimurium collon�es	was	shown	�n	Table	4.		Man-

nan	and	fructose	olygosacchar�des	produced	short	cha�n	fatty	ac�ds	and	lact�c	ac�d	
(Bantora	&	D�tya,	2012).	These	organ�c	ac�ds	have	ant�m�crob�al	property	to	�nh�b�t	
pathogen�c	bacter�a.	The	data	�nd�cated	that	the	most	effect�ve	treatment	to	reduce	
S. typhimurium collon�es	was	P1	and	P4	w�th	total	number	of		S. typhimurium col-
lon�es	was	1.58	x	103	and	2.4	x	103,	respect�vely.
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Data	showed	that	BP	�nclut�on	�n	a	bro�ler	d�et	stumulated	the	growth	of	B. 
bifidum and	 therefore	 reduced	 caecal	 S. typhimurium colon�es.	 D�etary	 �nclus�on	
of	PKM	had	no	effect	on	S typhimurium	growth	�n	the	caecum.	However,	�nclut�on	
of	B. bifidum	�n	the	d�et	conta�n�ng	PKM	reduced	caecal	S. typhimurium colon�es.		
The	result	�nd�cated	that	�nclut�on	of	e�ther	BP	or	PKM	fac�l�tated	the	growth	of	B. 
bifidum as prob�ot�cand.

Conclus�ons

D�etary	 �nclut�on	 of	 2.5%	 fermented	 banana	 peel	 was	 effect�ve	 to	 reduce	
colon�zat�on	 of	 S. typhimurium.	 D�etary	 �nclut�on	 of	 both	 banana	 peel	 and	 palm	
kernel	 meal	 st�mulated	 the	 growth	 of	 Bifidobacterium bifidum	 suppress�ng	 S. 

Table	3.	Mean	of		the	Percentage	of	V�sceral	Organ	to	L�ve	We�ght	(LW)	of	Bro�ler	offered	
Rat�on	Conta�n�ng	BP	or	PKM	on	28	days

Note:	Means	w�th	d�fferent	superscr�pt	d�ffer	s�gn�f�cantly	(P<0.05);	P0=	Control;	P=	Rat�on	2.5%	
BP;	P2=	Rat�on	2.5%	PKM;	P3=	P1	+	B. bifidum;	P4=	P2	+	B. bifidum.

V�sceral	Organ	
(%	LW)

D�etary	Treatment

P0	 P1 P2 P3 P4
L�ver 3.17±0.62b 2.46±0.18a 2.97±0.45ab 2.73±0.13ab 2.80±0.24ab

G�zzard 2.47±0.32ab 2.15±0.18a 2.30±0.18ab 2.57±0.35b 2.33±0.18ab

Proventr�culus	 0.73±0.20b 0.57±0.07a 0.66±0.07ab 0.67±0.11ab 0.70±0.11b

Lymph 0.12±0.04 0.11±0.04 0.14±0.04 0.12±0.04 0.09±0.04
Heart	 0.52±0.04 0.50±0.03 0.57±0.06 0.54±0.06 0.57±0.08
B�le	 0.15±0.20 0.11±0.04 0.10±0.05 0.13±0.04 0.10±0.06
K�dney	 0.79±0.11 0.89±0.14 0.82±0.14 0.83±0.08 0.88±0.12
Pancreas 0.44±0.12 0.41±0.04 0.42±0.06 0.39±0.05 0.44±0.06

Table	4.	Number	of		S. typhimurium	collon�es	�n	Cecum	of	Bro�ler	offered	Rat�on	Conta�n�ng	
BP	or	PKM	on	28	days

Parameter
Treatment

P0 P1 P2 P3 P4
Number	of	colon�es	
(cfu) 155	x	103 1.58	x	103 160	x	103 10	x	103 2.4	x	103

Note:	P0=	Control;	P=	Rat�on	2.5%	BP;	P2=	Rat�on	2.5%	PKM;	P3=	P1	+	B. bifidum;	P4=	P2	+	B. 
bifidum.
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typhimurium growth	 �n	bro�ler.	Therefore	banan	peel	and	palm	kernel	meal	were	
potent�al	sources	of	ol�gosacchar�des.
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II. FEED AND NUTRITION
Sub Theme: Ruminant
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Abstract

Presently, the most important constraints faced by the ruminants industry are 
not only the high cost of feeds but also their shortage. The shortage is especially so 
in the supply of palm kernel cakes (PKC) since 95% of PKC produced in Malaysia 
were exported to European Union (EU) countries for their dairy industries (Sabah 
Veterinary Services, 2009). Most of the cattle industries (about 47%) in Malaysia 
are run by small holders and traditional farmers. With the sufficiency level of 24.4%, 
it can be considered low as far as food security level is concerned. The current 
challenges faced by both small holders and traditional farmers are the high cost of 
feedstuff for the ruminants industry such as cattle and goats. The main reason for the 
slow growth of the ruminant industry is due to the high demand and shortage of PKC 
and at the same time the high cost of soya bean meal (SBM), the best alternative. Oil 
Palm Fronds (OPF) on the other hand are possible substitutes as affordable feeds for 
ruminants in cases where forages and fodder are limited. Furthermore, with the huge 
planted hectare of oil palm in Malaysia and Indonesia, the potential for constant 
supply of oil palm fronds is huge. Studies have shown the recommended levels of 
OPF in the total mixed rations (on dry matter basis) are 50% for beef cattle and 30% 
for dairy cattle and goats. Although the energy level is only 5.6M.E/MJ/kg and the 
crude protein (CP) is 4.7%, the OPF can be considered reliable due to their constant 
supply and with the dry matter production of 9.7mt/hectare/year can be considered 
sustainable feed for the ruminant industry. This paper reviews the potential of OPF 
as an alternative and affordable source of feeds for ruminants for smallholders and 
traditional farmers to sustain the growth of industry in Malaysia and Indonesia.

Keywords: cattle, feeds, Oil Palm Fronds (OPF), small holders, traditional farmers 
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Introduct�on

The issues at hand with the ruminant industry in Malaysia
In	 Malays�a,	 natural	 forages	 are	 freely	 grown	 and	 the	 extens�ve	 system	 �s	

w�dely	pract�ced	by	 the	 smallholders.	The	 l�vestock	graze	on	poor	qual�ty	nat�ve	
pastures	such	as	carpet	grass	(Axonopus compresses)	and	Paspalum spp wh�ch	are	
the	common	vegetat�on	grown	under	the	waste	land	and	under	the	tree	crop.		The	slow	
growth	of	the	l�vestock	�ndustry	�n	Malays�a	�s	ma�nly	due	l�m�ted	forage	spec�es	
and	the	lack	of	techn�cal	knowhow	among	the	small	holders.	In	add�t�on,	the	h�gh	
cost	of	feed	and	shortage	of	palm	kernel	cake	(PKC)	supply	also	contr�buted	to	the	
constra�nts	(Sabah	Veter�nary	Serv�ces,	2009).	The	prospects	of	�ncreas�ng	farmland	
for	grass	and	fodder	are	s�mply	not	favorable	(Joseph,	1991)	because	the	nat�onal	
th�rd	agr�cultural	pol�cy	(NAP3)	stated	that	any	convers�on	of	trop�cal	ra�nforest	to	
pasture	for	graz�ng	had	not	enough	just�f�cat�on	�n	terms	of	env�ronment	or	econom�c	
v�ab�l�ty.	The	rum�nants	�ndustry	then	was	left	to	be	carr�ed	out	by	the	trad�t�onal	
farmers	except	 for	 feedlot	projects	wh�ch	were	 �mplemented	 �n	b�g	scales	by	 the	
pr�vate	sector	or	�nd�v�duals.	The	potent�al	of	b�omass	products	espec�ally	from	o�l	
palm	trees	need	to	be	g�ven	spec�al	attent�on	s�nce	th�s	�s	the	most	log�cal	source	of	
affordable	feed.	

Oil Palm Fronds (OPF) Availability as Source of Feeds for Ruminants 
Prev�ously	 the	 o�l	 palm	 fronds	 are	 abundant	 as	 waste	 mater�als	 left	 rott�ng	

w�th�n	the	stack�ng	rows	and	ma�nly	used	to	recycle	as	compost�ng	fert�l�zers	and	
for	so�l	conservat�on.	After	the	�ntroduct�on	of	cattle	and	goat	�ntegrat�on	programs	
�n	o�l	palm	plantat�ons,	the	potent�al	of	OPF	has	been	observed	when	the	cattle	and	
goats	were	seen	graz�ng	on	the	o�l	palm	fronds.	Usually	the	cattle	and	goats	would	
turn	to	o�l	palm	fronds	�f	 the	forages	�n	the	graz�ng	area	were	not	ava�lable.	Th�s	
happened	when	the	o�l	palm	reached	the	stage	where	the	canopy	became	extens�ve	
thus	prevent�ng	forages	to	grow	due	of	poor	l�ght�ng.	Tak�ng	advantage	of	th�s,	w�th	
the	assumpt�on	of	the	average	of	econom�c	l�fe	span	of	o�l	palm	of	25	years,	th�s	
would	g�ve	a	huge	and	prom�s�ng	supply	of	OPF	for	the	rum�nants	�ndustry.	W�th	
the	present	�ncrease	�n	o�l	palm	exports	and	r�s�ng	revenue,	�t	�s	very	l�kely	and	most	
surely	that	there	w�ll	be	a	tremendous	�ncrease	of	o�l	palm	areas	�n	both	Malays�a	
and	Indones�a.	Th�s	�n	turn	w�ll	prov�de	a	good	opportun�ty	to	harness	the	b�omass	
byproduct	wh�ch	�ncludes	o�l	palm	fronds.	The	best	th�ng	about	o�l	palm	fronds	�s	
that	they	are	ava�lable	at	all	t�mes	when	the	prun�ng,	harvest�ng	and	replant�ng	are	
be�ng	carr�ed	out.	The	o�l	palm	 fronds	can	be	 taken	by	cattle	 and	goats	 as	 feeds	
e�ther	green	or	conserved	as	s�lages	�n	comb�nat�on	w�th	other	�ngred�ents	as	total	
m�xed	rat�on	(Abu	Hassan	and	Ish�da	1991).	The	o�l	palm	fronds	are	s�m�lar	to	r�ce	
straws	�n	that	they	have	f�brous	character�st�c.	
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Availability of Oil Palm Fronds
O�l	palm	fronds	are	ava�lable	at	all	 t�mes	when	 the	prun�ng,	harvest�ng	and	

replant�ng	have	been	carr�ed	out	(Table	1).

Oil Palm Fronds from pruning and routine harvesting
The	total	dry	we�ght	of	fronds	can	also	be	obta�ned	from	rout�ne	prun�ng	and	

harvest�ng	(Table	2).	OPF	are	ava�lable	regularly	�n	terms	of	dry	we�ght	and	seem	to	
be	more	susta�nable	resources	of	b�omass	compared	to	other	o�l	palm	b�omass	such	
as	palm	press	f�ber	(PPF),	palm	kernel	cake	(PKC),	o�l	palm	trunks	(OPT)	and	other	
b�omass	products	such	as	soya	bean	meal	(SBM),	rapeseed	and	ma�ze.

Comparison Cost of Other Biomass Products with Oil Palm Fronds
The	 cost	 of	 o�l	 palm	 fronds	pellets	 (OPFP)	 �s	 lower	 compared	 to	PKC	and	

SBM	(Table	3).	The	feed	convers�on	rate	(FCR)	for	7	kg	OPFP	produced	an	average	
da�ly	ga�n	we�ght	(ADGW)	of	0.8	kg	to	1.1	kg	for	Kedah	Kelantan	Cattle	wh�ch	cost	
�n	the	range	of	USD	1.33	to	produce	1kg	ADGW	(Mard�	2008).	Compared	to	PKC	
rat�ons	of	80%	PKC,	17.5%	grass/hay,	1.5%	l�mestone	and	1%	m�neral	prem�x	(M	
Wan	Zahar�	and	A	.R	Al�mon	2004)	the	cost	was	USD	1.70.	

Table	1.	Ava�lab�l�ty	of	fronds	dur�ng	fell�ng	at	replant�ng	�n	m�ll�on	tons	�n	2009

Locat�on O�l	palm	
(mature	ha)

Fronds	dry	we�ght	
(m�l	tons)

Pen�nsular	Malays�a 2,489,814 1.80
Sabah	 1,361,598 0.99
Sarawak 839,748 0.61
Total 4,691,160 3.40

Sources:	Based	on	5%	replant�ng	of	mature	areas	at	14.47t/ha	of	dry	we�ght	of	fronds	at	fell�ng	taken	
from	Chan	1999.

Table	2.	Total	Ava�lab�l�ty	of	fronds	from	annual	prun�ng	and	harvest�ng	�n	m�ll�on	tons	�n	
2009

Sources:	Based	on	10.4tones	dry	we�ght/ha	from	prun�ng	and	harvest�ng	taken	from	Chan	1999.

Locat�on O�l	Palm	
(mature	ha)

Fronds	dry	we�ght	
(m�l	tones)

Pen�nsular	Malays�a 2,489,814 25.91
Sabah 1,361,598 14.17
Sarawak 839,748 8.74
Total 4,691,160 49.36
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Nutritive Potential of Oil Palm Fronds as Ruminant feeds
OPF	conta�n	less	crude	prote�n	compared	to	the	SBM	and	PKC	(Table	4).	The	

expeller	PKC	and	SBM	showed	h�gher	crude	prote�n	(CP)	and	metabol�zable	energy	
(ME).	Although	OPF	only	conta�n	4.7%	CP	and	5.7mj/kg	ME,	the	cost	of	OPF	�s	st�ll	
much	cheaper	compared	to	the	both	PKC	and	SBM.	Furthermore,	OPF	�s	abundant,	
free	and	ava�lable	at	all	t�mes.	The	ADGW	�n	cattle	�s	not	much	d�fferent	when	fed	
w�th	OPF	compared	to	PKC	w�th	except�on	of	SBM	and	th�s	was	shown	�n	a	study	
of	Brahman	cattle	when	fed	w�th	PKC	and	OPF	showed	the	ADGW	of	0.75kg	and	
0.65kg	respect�vely	and	when	fed	w�th	SBM	showed	the	ADGW	of	between	1.2kg	
to	1.3kg	(Al�mon	and	Ha�r	Bejo	1995).	Even	though	the	ADGW	was	slow	compared	
to	PKC	and	SBM,	the	b�g	d�fference,	OPF	was	much	cheaper.

Table	3.	Cost	Compar�son	of		OPF,	PKC	and	SBM

Palm	Kernel	
Cake	(PKC) Total		Cost	 Soya	Bean	

Meal	(SBM) Total	Cost	
Fresh	o�l	

palm	Fronds	
(OPF)	

O�l	Palm	
Frond	Pellet	

(OPFP)
Mater�al	cost	
Range	USD	
150-	174	
Based	on	the	
CPO	pr�ce	
zone	USD	
903-	1000	

		USD	174 Mater�al	
Cost

USD	472-	
520

Free USD	180

Del�very	cost		
USD	53-66

USD	66 USD	66 USD	10

Total USD	240 USD	586 	NIL USD190

Sources:	Mohammad	Am�z�	Ayob	et al.	(2011)

CP:	Crude	Prote�n,	CF:	Crude	F�bre,	NDF:	Neutral	Detergent	F�bre,	ADF:	Ac�d	Detergent	F�ber,	EE:
Ether	Extract,	TDN:	Total	D�gest�b�l�ty	Nutr�ent,	DM:	Dry	Matter,	ME:	Metabol�zable	Energy.
Sources:	Al�mon	and	Ha�r	Bejo	(1995),	and	Ba�ze,	John	C	(2000).

By	product CP CF NDF ADF EE ASH TDN DM ME	
(MJ/kg)

Soya	Bean	Meal	
(SBM)

48 7.0 14.0 10.0 18.8 5.5 78 90 13.3

O�l	Palm	Fronds	
(OPF)

4.7 38.5 78.7 52.9 2.1 3.2 45 30.2 5.70

Palm	Kernel	Cake	
(PKC)

17.2 17.1 74.3 55.6 1.5 4.3 65 89 11.3

Table	4.	Compar�son	of	Nutr�t�ve	Value	of	By-	Product	(%)
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The	 other	 potent�al	 of	 OPF	 �s	 that	 �t	 can	 be	 m�xed	 �n	 m�xed	 rat�ons	 thus	
reduc�ng	cost	�n	the	usage	of	PKC	and	SBM	(Wan	Zahar�	et al	2003).	Th�s	w�ll	then	
make	an�mal	 feeds	affordable	 to	 trad�t�onal	 farmers	wh�ch	mostly	dom�nated	 the	
rum�nants	�ndustry	�n	th�s	reg�on.	

Conclus�on

OPF	has	a	huge	potent�al	as	subst�tute	of	rum�nants	feeds	due	to	the�r	ava�lab�l�ty	
and	 susta�nable	 supply	 at	 all	 t�mes	 compared	 to	 other	 by	 products.	 Cont�nuous	
promot�on	of	OPF	 as	 value	 added	product	 for	 l�vestock	 feeds	w�ll	 g�ve	 a	 h�gher	
�mpact	potent�al	dur�ng	shortage	of	the	l�vestock	feed.		The	lower	cost	of	l�vestock	
feed	�s	necess�t�es	due	to	the	Rum�nants	�ndustry	�n	Malays�a	and	South	East	As�a	
were	dom�nantly	accommodate	by	the	trad�t�onal	farmers	and	small	holders.	Th�s	
can	 susta�n	 the	 rum�nants	 �ndustry	 and	 contr�bute	 the	 food	 secur�ty	 �n	 red	 meat	
product�on.	Further	research	of	the	m�xed	rat�on	w�th	OPF	needs	to	be	carr�ed	out	to	
observe	for	other	potent�als	of	th�s	byproduct.
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Abstract

The aim of this studies were conducted to evaluate culturing of mushroom 
P.ostreatus on coffee husk in solid state fermentation as means of improving the 
nutritive value of coffee husk for ruminant animals.  The influence of P.ostreatus 
on coffee husk biodegradation was investigated.  The dry matter and composition 
changes of coffee husk substrate for P.ostreatus cultivation were analysed on day 
0, 30 and 60 after seeding. The profile of cellulose, hemicellulose and lignin were 
changed when it was used by P.ostreatus. Meanwhile their rate of change varied 
at different growing day.  The increase of protein content and the reduction of 
lignocellulose content increase dry matter digestibility of coffee husk substrate.  
This fact could provide an alternative of biofermentation product based on coffee 
husk substrate which is safe for environment.

Keywords: biodegradation, coffee husk, digestibility, substrate, P. ostreatustion 

Introduct�on

Pleurotus ostreatus	 �s	 one	 of	 the	 popular	 cult�vated	 mushroom.	 It	 can	 be	
cult�vated	on	a	w�de	range	of	l�gnoselulos�c	substrates	such	as	wheat	straw,	cocoa	
husk	 and	 cotton	 stalks	 (Fazael�	 et al.,	 2004;	 L�	 et al.,	 2001;	Alemawor,	 2009).		
Pleurotus ostreatus	belongs	to	wh�te	rot	fung�	wh�ch	are	able	to	degrade	l�gn�n	because	
produce	l�gn�nolyt�c	extracellular	enzymes,	such	as	laccases,	l�gn�n	perox�dases	and	
Mn	perox�dases	(Kerem	et al.,	1992;	Chang	and	M�les,	2004).

The	ab�l�ty	of	P.ostreatus	degrades	a	w�de	var�ety	of	l�gnoselulos�c	substrates,	
enabl�ng	�t	to	play	an	�mportant	role	�n	manag�ng	organ�c	wastes	whose	d�sposal	�s	
problemat�c.	Pleurotus spec�es	have	been	used	by	human	for	the�r	nutr�t�onal	value,	
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med�c�nal	propert�es,	transformat�on	of	wastes	�nto	an�mal	feed	and	other	benef�c�al	
effects	(Hadar	and	Araz�,	1986;	Gregor�	et al.	2007;	Adamov�c	et al.,	1998).

Coffee	husk	�s	the	major	byproducts	produced	dur�ng	the	operat�on	of	coffee	
cherry	to	get	coffee	gra�n	by	sun	dry�ng	(Fan	et al.,	2004).		In	coffee-produc�ng	re-
g�ons,	coffee	husk	�s	barely	ut�l�zed.		Therefore,		�t	�s	cons�dered	the	most	abundant	
pollutant	mater�al.	Coffee	husk	has	potency	as	a	source	of	rum�nant	feed.	The	pro-
te�n	content	�s	9.2-11.3%	equally	to	r�ce	bran	prote�n	(±10.4%)	and	has	metabol�c	
energy	around	3.356	Kcal/kg	(Za�nud�n	and	Murt�sar�,	1995).		The	content	of	l�gn�n	
�s	35.0-40.0%	(Fan	and	Soccol,	2005).	The	d�gest�b�l�ty	of	these	mater�als	are		l�m-
�ted	by	the	presence	of	l�gn�n	wh�ch	prevents	access	of	hydrolyt�c	enzymes	to	cel-
lulose	and	hem�celluloses.

Appl�cat�on	of	Pleurotus ostreatus	�s	worth	cons�der�ng	for	�mprov�ng	the	nu-
tr�t�ve	value	of	coffee	husk.	Th�s	study	was	carr�ed	out	to	asses	the	effect	of	a	sol�d	
state	fermentat�on	�nvolv�ng	Pleurotus ostreatus	on	the	nutr�t�on	compos�t�on	of	cof-
fee	husk	and	to	evaluate	�n	v�tro	d�gest�b�l�ty.	In	add�t�on,	fermentat�on	per�od	on	the	
process	was	evaluated.

Mater�als	and		Methods
 

Coffee	 husk	 were	 obta�ned	 from	 coffee	 hull�ng	 plant	 at	 Rejang	 Lebong	
Res�dence	Bengkulu	Prov�nce.	Coffee	husks	were	a�r-dr�ed	to	mo�sture	content	10-
15%.	The	sol�d	state	substrate	were	prepared	w�th	 the	compos�t�on	adopted	from	
sawdust	standard	med�um	(Herl�yana	et al.	2008).	The	mushroom	substrate	may	be	
def�ned	as	a	k�nd	of	l�gnocellulos�c	mater�al	supports	the	growth,	development	and	
fru�t�ng	of	mushroom.	The	substrate	were	cons�sted	of	82,5%	coffee	husk,	15%	r�ce	
bran,	1,5%g�ps	and	1,0%	CaCO3.	The	clean	water	were	added	to	the	substrate	as	
much	as	60-65%	(v/w).		All		these	components	were	placed	�n	polypropylene	bag	�n	
amount	400	gram	per	bag.	Each	bag	was	closed	w�th	a	small	cotton	plug	�nserted	�n	
the	m�ddle	of	�ts	open�ng.	The	bags	were	ster�l�zed	at	121oC	for	30	m�nutes.		After	
cool,	each	of	bag	was	seeded	w�th	15	gram	(3,75%)	of	Pleurotus ostreatus	spawn.		
All	spawned	bag	were	placed	�n	grow�ng	room	w�th		the	temperature	was	22-28oC	
and	relat�ve	hum�d�ty	60-80%.	After	30	days,	the	substrate	was	fully	colon�zed,		and	
on	60	days	pr�mord�al	started	to	appeared.

The	 content	 of	 prote�n	 was	 analyzed	 us�ng	 Kjeldahl	 method.	 The	 cell	 wall	
components	(NDF,	ADF,	L�gn�n,	cellulose	and	hem�celluloses)	were	analyze		us�ng	
deterjent	analyze	method	as	descr�bed	by	Goer�ng	and	Van	Soest	(1970).		In vitro	dry	
matter	d�gest�b�l�ty	was	evaluated	accord�ng	to	T�lley	and	Terry	method	(1963).

The	treatment	was	the		fermentat�on	t�me	cons�sted	of	0	untreated),	30	and	60	
days	after	seed�ng.		The	nutr�ent	compos�t�on	changes	were	descr�bed	descr�pt�vely.		
For	the	dry	matter	measurement	the	treatment	was	arranged	�n	Block	Random�sed	
Des�gn	 (3x4).	 The	 rumen	 �noculum	 were	 obta�ned	 from	 four	 cattles	 as	 block.	
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S�gn�f�cant	d�fferences	were	calculated	us�ng	Duncan’s	mult�ple	range	test	follow�ng	
analys�s	of	var�ance.

Result	and	d�scuss�on

The	celluloses,	hem�celluloses	and	l�gn�n	are	the	ma�n	sources	of	carbon	and	
energy	 for	P.ostreatus	 growth,	wh�le	prote�n	 serves	 as	 the	n�trogen	 source.	The�r	
degradat�on	and	ut�l�zat�on	can	greatly	affect	P.ostreatus	growth	and	result�ng	feed	
value	 of	 the	 substrate.	 The	 change	 of	 nutr�ent	 compos�t�on	 contents	 dur�ng	 the	
P.ostreatus	mycel�a	growth	per�od	are	shown	�n	Table	1.		

There	were	�ncreas�ng	of	prote�n	content	and	decreas�ng	of	f�ber	fract�on	(l�gn�n,	
NDF	and	ADF)	produced	by	b�ofermentat�on.	The	decreas�ng		of	f�ber	fract�on	�s	the	
�nd�cat�on	that	Pleurotus ostreatus	can	degrade	the	cell	wall	component	of	coffee	
husk.

The	decreas�ng	of	NDF	and	ADF	from	coffee	husk	suggested	that	these	fung�	
could	ut�l�ze	the	cell	wall	component	as	carbon	source	and	energy	for	growth.		The	
decreas�ng	of	NDF	and	ADF	contents	of	treated	coffee	byproduct	has	been	reported	
by	Penaloza	et al.,	(1985).		The	decreas�ng	of	NDF,	ADF	and	ADL	�n	the	f�rst	30	days	
of	mycel�a	growth	were	2.339%,	4.586%	and	19.874%,	 respect�vely.	Meanwh�le	
�n	60	days,	 the	decreas�ng	of	NDF,	ADF	and	ADL	were	16.587%,	15.036%	and	
31.161%,	respect�vely	from	the	�n�t�al	value.	

	The		fermentat�on	t�me	was	�mportant	to	�mprove	the	nutr�t�ve	value	of	straw.		
The	 longer	 fermentat�on	 per�od	 led	 greater	 deplet�on	 of	 carbohydrate	 source	 of	
coffee	husk	by	fung�.	Th�s	cond�t�on	could	�mprove	the	d�gest�b�l�ty	of	coffee	husk	as	
result	of	the	changes	�n	non	structural	carbohydrate	to	structural	carbohydrate	rat�o.	
Decreas�ng	of	l�gn�n	�n	coffee	husk	could	be	a	result	of	l�gn�n	degrad�ng	enzymes	
produced	by	Pleurotus	(Hong	et al.,	2003).	These	result	are	supported	by	the	report	
from	W�d�astut�	et al.	(2008)	who	noted	l�gn�nol�tyc	enzyme	act�v�t�es	followed	the	
pattern	of	l�gn�n	d�sappearance	from	substrate	and	d�rectly	corrected	w�th	t�me	of	�ts	
d�sappearance.	Plat	and	Hadar	(1983)	noted	that	dur�ng	the	mycel�a	growth	per�od,	
P.ostreatus	mycel�a	were	more	capable	 to	degrade	 l�gn�n,	 and	 the	degradat�on	of	
l�gn�n	played	an	�mportant	role	�n	mycel�a	development.

The	rap�d	decreas�ng	of	hem�cellulos�c	component	�n	30	days	fermentat�on	
showed	that	hem�celluloses	were	the	f�rst	substrate	ut�l�zed	by	mycel�a	as	the	carbon	
and	energy	sources	at	the	beg�nn�ng	phase	of	growth.	The	decreas�ng	of	hem�cel-
luloses	was	31,578%	from	�n�t�al	value	�n	30	days	fermentat�on.	Th�s	suggest	that	
hem�cellulose	�s	more	eas�ly	degraded	than	cellulose	and	l�gn�n.		Pleurotus ostreatus	
mushroom	secreted	enzym	to	demol�sh	the	eas�er	used	compound.	Pleurotus ostrea-
tus needs	a	carbon	source	wh�ch	�s	eas�er	to	metabol�ze	(Crawford,	1981).	Hem�cel-
luloses	were	degraded	eas�er	than	cellulose	and	l�gn�n	(Perez,	2002).	

The	cellulose	content	�ncreased	35.574%	�n	30	days	and	27.063%	�n	60	days.			
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B�ofermentat�on	 broke	 the	 l�gnocelluloses	 bond.	 Del�gn�f�cat�on	 has	 �mportant	
role	 �n	mycel�a	growth	wh�ch	cleavage	polysacchar�de	component	 (cellulose	and	
hem�celluloses)	(Agos�n	and	Od�er,	1985).		Th�s	component	w�ll	be	ut�l�zed	by	fung�	
as	substrate	for	the�r	growth	(Hatakka,	2004).		

Dur�ng	the	mycel�a	growth,	the	prote�n	content	�ncreased	0.927%	�n	30	days	
and	17.220%	�n	60	day	fermentat�on.	Mycel�a	�n	60	days	were	th�cker	than	30	days.	
Fungal	cell	�n	mycel�a	contr�buted	the	prote�n	content	of	subtrate	because	60	and	
70%	of	n�trogen	present	�n	the	fungal	cell	�s	prote�n	(Chang	and	M�les		2004).	The	
h�gher	 prote�n	 content	 �n	 60	 days	 �n	 the	 substrate	 were	 prepared	 to	 transferable	
n�trogen	�nto	fru�t	bod�es.		The	extens�ve	format�on	of		pr�mord�a	�n	60	days	�nd�cated	
the	 end	 of	 	 the	 vegetat�ve	 growth	 phase	 of	 P.ostreatus.	As	 coffee	 husk	 substrate	
was	degraded	and	nutr�ent	used	by	P.ostreatus,	the	total	organ�c	matter	of	substrate	
decreased	(Table		1).

The	 �ncreas�ng	 of	 prote�n	 content	 and	 the	 decreas�ng	 of	 l�gnocelluloses	 of	
coffee	husk	after	fermentat�on	showed	that	Coffee	husk	could	be	used	as		substrate	
P.ostreatus	cult�vat�on.	The	�mprov�ng	nutr�t�on	value	after	fermentat�on	espec�ally	
on	60	days	�nd�cated	that	the	substrate	can	be	used	as	a	product	feed.

In vitro	 dry	 matter	 d�gest�b�l�ty	 tests	 for	 rum�nant	 were	 conducted	 for	 the	
d�gest�b�l�ty	of	untreated	and	treated	coffee	husk.		Four	repl�cat�on	were	conducted	
and	the	result	are	shown	�n	f�gure	1.	Average	dry	matter	d�gest�b�l�ty	(Table	1)	�n-
creased	s�gn�f�cantly	4.983%	�n	60	days	fermentat�on	and	decreased	14.435%	�n	30	
days	fermentat�on	from	untreated	coffee	husk.	The	poss�b�l�ty	of	th�s	cond�t�on	�s	
that	�n	30	days	fermentat�on	the	h�gher	level	of	cellulose	made	d�gest�b�l�ty	lower.		

Table	1.	Changes	of	nutr�ent	contents	and	average	in vitro	dry	matter		d�gest�b�l�ty	of	coffee	
husk	 substrate	 dur�ng	 Pleurotus ostreatus	 mycel�a	 grow�ng	 (0,	 30,	 and	 60	 days	
fermentat�on)	(as	%	dry	matter)

Nutr�ent	contens	
(%) 0	days	(Untreated) (Treated)	30	days	

after	seed�ng
(Treated)	60	days	

after	seed�ng

Organ�c	matter 93.710 92.950 86.599
Crude	Prote�n 10.360 10.456 12.144
NDF 95.177 92.950 79.390
ADF 87.184 83.186 74.075
Hem�celluloses 7.993 5.469 5.3170
Cellulose 19.514 26.456 24.795
L�gn�n 65.421 52.419 45.035
Dry	Matter	
D�gest�b�l�ty	(%)														

29.518±1.249a 25.257±0.721b 30.989±1.263c

D�fferent	superscr�pt	�n	the	same	row	means	s�gn�f�cantly	d�fferent	(P<0.05)
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It	suggested	that	on	30	days,	the	degradat�on	of	l�gnocellulos�c	component	was	not	
opt�mal	yet.		Therefore,	�t	could	be	acceptable	to	use	the	coffee	husk	substrate	after	
P.ostreatus	cult�vat�on	on	60	days	fermentat�on		as	rum�nant	feed.

F�gure	1.	In vitro	dry	matter	d�gest�b�l�ty	of	coffee	husk	dur�ng	Pleurotus ostreatus	mycel�a	
grow�ng

Conclus�on

It	was	concluded	that	prote�n	content	and	cell	wall	components	�n	coffee	husk	
substrate	changed		dur�ng	Pleurotus ostreatus	mycel�a	grow�ng	per�od.		In	60	days	
of	fermentat�on	t�mes,	cellulose,	hem�celluloses	and	l�gn�n	contents		�n	the	substrate	
were	 decreased	 and	 prote�n	 content	 �ncreased	 as	 compared	 w�th	 the	 untreated	
coffee	husk.		Th�s	could	contr�bute	to	the	�ncreas�ng	�n	dry	matter	d�gest�b�l�ty	of	
the	 substrate.	 It	 �s	 suggested	 to	use	 the	 coffee	husk	 substrate	 as	 a	 rum�nant	 feed	
espec�ally	�n	60	days	fermentat�on.		
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In vitro Fermentation and Bacterial Protein Synthesis in the 
Different Diets Supplemented with Lerak 

Extract plus Mineral (Ca, P, Mg, S)  
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Abstract

Bacterial protein supply is usually low in animals fed with high forage ration 
because of the lack of sources of minerals in the rumen. The aim of this study was 
to evaluate the use of lerak extract plus mineral (Ca, P, Mg, S) on fermentation 
and bacterial protein synthesis in the in vitro fermentation with different ratios of 
forage and concentrate. The design of experiment was factorial block design (3x3) 
with 2 factors which were: ratio of forage and concentrate (70:30, 50:50, 30:70) 
as the first factor and the type of supplements (0, 1mg/ml lerak extract and 1mg/ml 
lerak extract + minerals) as the second factor. Total volatile fatty acid (VFA), NH3 
concentration, population of protozoa, and bacterial protein synthesis were measured 
at 4 h incubation. Dry matter and organic matter digestibility were evaluated after 
48 h incubation. The result showed that there was no interaction effect between ratio 
of forage to concentrate and the type of supplements. The different ratios of forage 
and concentrate had no effect on dry matter and organic matter digestibility, and 
NH3 concentration. The increase of concentrate ratio in the diet reduced population 
of protozoa, but increased total VFA and bacterial protein synthesis. The addition of 
1 mg/ml lerak extract without minerals significantly decreased (P<0.05) population 
of protozoa and increased (P<0.05) bacterial protein synthesis but no effect on dry 
matter and organic matter digestibility, NH3 concentration, and total VFA production 
compared to the control. However, the addition of lerak extract plus mineral (Ca, P, 
Mg, S) had no effect on all parameters measured. In conclusion, bacterial protein 
synthesis increased by supplementation of lerak extract without mineral addition.

Keywords: bacterial protein synthesis, fermentation, mineral, Sapindus rarak
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Introduct�on

Rumen	 m�crob�al	 populat�on	 has	 an	 �mportant	 role	 �n	 the	 d�gest�on	 of	 feed	
f�ber	by	rum�nants.	The	rumen	has	a	lot	of	var�ety	of	m�crob�al	commun�t�es	such	
as	protozoa,	bacter�a,	fung�,	and	v�ruses.		Interact�on	between	protozoa	and	bacter�a	
somet�me	has	d�sadvantage	because	of	predat�on	of	bacter�a	by	protozoa.	Th�s	pre-
dat�on	can	cause	the	reduct�on	of	bacter�al	populat�on	and	affect	the	growth	of	ru-
m�nants.	It	has	been	known	that	m�crob�al	prote�n	�n	the	rumen,	espec�ally	bacter�al	
prote�n,	�s	the	major	good	qual�ty	prote�n	resource	for	rum�nants	(Pathak,	2008).		

Bacter�al	prote�n	supply	 �s	usually	 low	�n	an�mals	fed	by	h�gh	forage	rat�on	
because	of	the	n�trogen/prote�n	def�c�ency	�n	the	d�et.	In	add�t�on,	forage	based	d�ets	
often	lack	of	some	m�nerals	requ�red	for	the	synthes�s	of	m�crob�al	prote�n	�n	the	ru-
men.	To	overcome	th�s	problem,	a	strategy	�s	requ�red	to	�mprove	the	qual�ty	of	for-
age	w�th	m�neral	supplementat�on	and	to	reduce	the	populat�on	of	rumen	protozoa.		
Defaunat�on	by	us�ng	whole	fru�t	lerak	(Sapindus rarak)	extract		mod�f�ed	bacter�al	
compos�t�on	and	�ncreased	the	growth	of	some	bacter�a,	espec�ally	Prevotella ru-
minicola	and	Ruminococcus albus,	and	st�mulated	prop�onate	product�on	(Suhart�	
et al.,	2011).	Our	prev�ous in vivo	 study	showed	 that	 the	use	of	 lerak	extract	 for	
beef	cattle	w�th	h�gh	forage	d�ets	�ncreased	VFA	product�on	w�thout		a	s�gn�f�cant	
�ncrease	�n	m�crob�al	prote�n	synthes�s	(Suhart�	et al.,	2010)	wh�ch	may	be	due	to	
m�neral	def�c�ency	�n	the	h�gh	forage	based	d�et,	espec�ally	Calc�um	(Ca),	Phosphor	
(P),	Magnes�um	(Mg)	and	Sulfur	(S).

Th�s	study	was	conducted	to	evaluate	the	use	of	lerak	extract	plus	m�neral	(Ca,	
P,	Mg,	S)	on	fermentat�on	and	bacter�al	prote�n	synthes�s	�n	the	in vitro fermentat�on	
w�th	d�fferent	rat�os	of	forage	and	concentrate.

Mater�als	and	Methods

Whole Fruit Lerak Extract Preparation
The	lerak	fru�ts	(�nclud�ng	seed)	were	harvested	from	Central	Java	Indones�a.		

Whole	fru�t	lerak	extract	was	extracted	by	us�ng	macerat�on	method	(W�na	et al.,	
2006).	The	extract	was	freeze-dr�ed	the	freeze-dr�ed	extract	was	d�ssolved	�n	d�st�llate	
water	just	before	be�ng	used	as	extract	of	whole	fru�t	lerak

In vitro Fermentation 
In vitro	 fermentat�on	 was	 conducted	 accord�ng	 to	 T�lley	 and	 Terry	 method	

(1963).	The	 rumen	 flu�d	 for	 th�s	 exper�ment	 was	 obta�ned	 before	 morn�ng	 feed-
�ng	from	the	rumen	of	f�stulated	Ongole	crossbred	beef	cattle	fed	commerc�al	con-
centrate	and	elephant	grass	(50:50,	DM).	The	rumen	flu�d	was	squeezed	through	a	
double-layer	cheesecloth	for	in vitro	exper�ment.	The	commerc�al	concentrate	con-
s�sted	of	r�ce	bran,	molases,	bread	�ndustry	waste,	groundnut	meal,	cassava	waste,	
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and	 wheat	 pollard.	 Elephant	 grasses	 were	 harvested	 from	 the	 Faculty	 of	An�mal	
Sc�ence	Farm,	Bogor	Agr�cultural	Un�vers�ty,	and	then	were	dr�ed	�n	the	oven	and	
m�lled.	The	des�gn	of	exper�ment	was	factor�al	block	des�gn	(3x3)	w�th	2	factors	
�.e.,	rat�o	of	elephant	grass	and	concentrate	(70:30,	50:50,	30:70)	as	the	f�rst	factor	
and	type	of	supplements	(0,	1mg/ml	lerak	extract	and	1mg/ml	lerak	extract	+	m�ner-
als	m�x)	as	the	second	factor.	M�neral	m�x	was	composed	of	Ca		0.54%,	P	0.37%,	
Mg	0.23%,	and	S	0.1%.	The	levels	of	 lerak	extract	used	 �n	 th�s	exper�ment	were	
based	on	our	prev�ous	study	show�ng	that	the	add�t�on	of	1	mg/ml	lerak	extract	�n-
creased	fermentat�on	act�v�t�es.		F�ve	hundred	m�ll�grams	of	substrate	(Concentrate,	
elephant	grass	and	supplement)	accord�ng	to	the	treatments	were	put	�nto	a	100	ml	
fermentat�on	tube.	Forty	m�ll�l�ters	of	McDougall	buffer	was	added,	followed	by	10	
ml	of	rumen	flu�d.	The	McDougall	buffer	conta�ned,	per	6	l�ters,	NaHCO3	(58.8	g),	
Na2HPO4.7H2O	(42	g),	KCL	(3.42	g),	NaCl	(2.82	g),	MgSO4.7H2O	(0.72	g),	CaCl2	
(0.24	g)	and	H2O.		The	m�xture	was	st�rred	and	flushed	w�th	O2-free	carbon	d�ox�de.	
The	tubes	were	then	sealed	w�th	rubber	corks	f�tted	w�th	the	gas	release	valve.		All	
fermentat�on	tubes	were	�ncubated	�n	a	shaker	water	bath	at	39oC.
	
Sampling and measurement

Total	volat�le	fatty	ac�d	(VFA),	NH3	concentrat�on,	protozoal	populat�on,	and	
bacter�al	prote�n	synthes�s	were	measured	from	l�qu�d	sample	taken	at	4	h	�ncuba-
t�on.	Dry	matter	and	organ�c	matter	d�gest�b�l�ty	were	evaluated	after	48	h	�ncuba-
t�on.	After	 4	 h	 of	 �ncubat�on,	 samples	 of	 rumen	 al�quot	 were	 taken	 for	 protozoa	
count�ng	under	a	m�croscope	(Og�moto	&	Ima�,	1981).	The	contents	of	fermentat�on	
tubes	were	shaken	and	0.5	ml	al�quot	was	m�xed	w�th	0.5	ml	methyl	green	formal-
dehyde	sal�ne	solut�on	conta�n�ng	35%	formaldehyde,	d�st�lled	water,	methyl	green	
and	NaCl.	The	sta�ned	sample	was	kept	at	room	temperature	and	the	populat�on	of	
protozoa	 was	 counted	 d�rectly	 by	 us�ng	 a	 count�ng	 chamber	 under	 a	 m�croscope	
(40×).	Ammon�a	concentrat�on	was	analyzed	by	us�ng	m�cro	d�ffus�on	Conway	and	
total	volat�le	fatty	ac�d	product�on	was	analyzed	by	steam	d�st�llat�on	(General	Lab-
oratory	Procedure).

M�crob�al	prote�n	synthes�s	was	determ�ned	based	on	Lowry	assay	accord�ng	
to	Makkar	et al.	(1981).	The	stra�ned	rumen	l�quor	was	shaken	�n	a	magnet�c	st�rrer	
(400	rpm)	for	45	s	to	remove	the	m�crobes	adsorbed	on	the	feed	part�cles.	It	then	was	
centr�fuged	at	408	×	g	for	5	m�n	for	remov�ng	protozoa	and	rema�n�ng	feed	part�cles.	
Al�quots	of	10	ml	of	rumen	l�quor,	obta�ned	after	remov�ng	the	feed	part�cles	and	
protozoa,	were	taken,	and	2.5	ml	of	64.5%	TCA	and	3.8	ml	of	2/3	N	sulfur�c	ac�d	
were	added	to	each	sample.	Al�quots	were	then	centr�fuged	at	15000	rpm	for	20	m�n.	
Supernatants	 were	 d�scarded,	 and	 cells	 obta�ned	 were	 washed	 w�th	 McDougall’s	
buffer	and	the	m�xtures	were	then	centr�fuged.	The	prec�p�tates	obta�ned	after	wash-
�ng	w�th	d�st�lled	water	were	suspended	�n	30	ml	of	.25	N	NaOH,	heated	�n	bo�l-
�ng	water	bath	for	10	m�n,	and	prote�n	was	est�mated	accord�ng	to	Lowry	method 
(Lowry’s	et al., 1951).



351Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

Statistical Analysis
Stat�st�cal	analys�s	of	the	data	was	carr�ed	out	by	ANOVA	us�ng	General	L�near	

Procedure.	Computat�on	was	performed	us�ng	SPSS	13.0	for	w�ndows	evaluat�on	
vers�on.

Results	and	D�scuss�on

Population of Protozoa
The	 populat�on	 of	 protozoa	 were	 s�gn�f�cantly	 reduced	 (P<0.05)	 w�th	 the	

add�t�on	of	lerak	extract.	Supplementat�on	of	m�neral	m�x	to	the	lerak	extract	d�d	
not	affect	 the	populat�on	of	protozoa	as	compared	to	 the	control	 treatment	at	4	h	
�ncubat�on.	The	d�fferent	rat�os	of	forage	to	concentrate	d�d	not	affect	the	populat�on	
of	 protozoa	 (Table	 1).	 There	 was	 no	 �nteract�on	 effect	 between	 the	 add�t�on	 of	
supplement	(lerak	extract	or	lerak	extract	plus	m�neral	supplementat�on)	and	rat�o	
of	forage	to	concentrate	on	the	populat�on	of	protozoa.		

The	reduct�on	of	protozoal	populat�on	was	caused	by	sapon�n	content	�n	the	
lerak	extract.	It	�s	known	that	sapon�n	could	�nh�b�t	the	growth	of	protozoa	due	to	
b�nd�ng	act�v�ty	of	sapon�n	to	sterol	that	composed	protozoal	membrane	(Patra	et 
al.,	2006).	Among	all	rumen	m�crobes,	protozoa	are	almost	suscept�ble	to	sapon�n-
�nduced	changes	�n	cell	membrane	propert�es	(Moss	et al.,	2000).	Hu	et	al.	(2005)	
reported	 the	 reduced	 protozoal	 numbers	 was	 due	 to	 the	 sapon�n	 treatment.	 The	
add�t�on	 of	 m�neral	 m�x	 (Ca,	 P,	 Mg,	 &	 S)	 to	 lerak	 extract	 d�d	 not	 s�gn�f�cantly	
reduce	protozoal	populat�on	compared	w�th	lerak	extract	alone.	These	may	be	due	
to	the	presence	of	m�neral	that	could	st�mulate	the	growth	of	protozoa	and	�mprove	
protozoal	surv�val.		

Bacterial Protein Synthesis (BPS)
There	was	no	�nteract�on	effect	between	the	add�t�on	of	lerak	extract	supple-

mentat�on	and	the	d�fferent	rat�os	of	forage	to	concentrate	on	bacter�al	prote�n	syn-
thes�s.	The	add�t�on	of	lerak	extract	or	lerak	extract	+	m�neral	�ncreased	bacter�al	
prote�n	synthes�s	s�gn�f�cantly	 (P<0.05).	The	d�fferent	 rat�os	of	 forage	 to	concen-
trate	also	affected	bacter�al	prote�n	synthes�s	s�gn�f�cantly	(P<0.05).	Bacter�al	pro-
te�n	synthes�s	�ncreased	when	the	level	of	concentrate	was	�ncreased	�n	the	rat�on	
(Table	1).		

The	�ncreased	bacter�al	prote�n	synthes�s	may	be	due	to	the	reduced	protozoal	
populat�on	�n	the	presence	of	lerak	extract	supplementat�on.	Protozoa	has	an	�mpor-
tant	role	�n	the	turnover	of	m�crob�al	b�omass.	The	d�gest�on	of	bacter�a	by	protozoa	
leads	to	a	d�rect	decl�ne	of	eff�c�ency	of	m�crob�al	growth.	It	was	known	that	pro-
tozoa	often	d�gested	bacter�a	 to	fulf�ll	 the�r	prote�n	requ�rement	(Gu�terez,	2007).	
Inh�b�t�on	of	protozoal	growth,	allows	some	bacter�a	to	grow	and	�ncrease	bacter�al	
prote�n	supply	�n	the	rumen.
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The	d�fferent	d�ets	also	affected	the	bacter�a	prote�n	synthes�s.	Bacter�al	prote�n	
synthes�s	 tended	 to	 �ncrease	 �n	 l�ne	 w�th	 the	 �ncrease	 �n	 concentrate	 rat�o	 �n	 the	
rumen.	Th�s	may	be	due	to	the	suff�c�ency	of	energy	prote�n	rat�o	(C/N)	�n	the	h�gher	
concentrate	rat�o	that	st�mulates	bacter�al	prote�n	synthes�s.	

Fermentation Characteristic
Ammonia Concentration.		At	4	h	of	�ncubat�on,	there	was	no	�nteract�on	between	the	
add�t�on	of	supplement	(lerak	extract	or	lerak	extarct	plus	m�neral	supplementat�on)	
and	 the	 rat�o	 of	 forage	 to	 concentrate	 on	 ammon�a	 concentrat�on.	 Ammon�a	
concentrat�on	 was	 not	 affected	 by	 e�ther	 lerak	 extract	 or	 lerak	 extract	 +	 m�neral	
supplementat�on	or	d�fferent	rat�os	of	forage	to	concentrate	(Table	1).	The	add�t�on	
of	sapon�n	from	lerak	extract	d�d	not	affect	prote�n	degradat�on	�n	the	rumen.

Total VFA Production.		The	add�t�on	of	lerak	extract	or	lerak	extract	+	m�neral	d�d	
not	affect	total	VFA	product�on.		However,	total	VFA	product�on	was	s�gn�f�cantly	
affected	 by	 forage:concentrate	 rat�o	 �n	 the	 d�et.	 Total	 VFA	 product�on	 �ncreased	
when	the	level	of	concentrate	�n	the	rat�on	was	70%.	There	was	no	�nteract�on	effect	
between	lerak	extract	supplementat�on	and	d�fferent	rat�os	of	forage	to	concentrate	
(Table	1).	The	h�gher	concentrate	rat�o	�n	the	d�ets	could	st�mulate	VFA	product�on	
by	 rumen	 m�crobe	 as	 concentrate	 feed	 conta�ns	 h�gh	 carbohydrate	 that	 a	 major	
substrate	for	VFA	product�on.	

Dry Matter and Organic Matter Digestibilities.	There	was	no	�nteract�on	effect	
between	 the	 add�t�on	 of	 lerak	 extract	 supplementat�on	 and	 the	 d�fferent	 rat�os	 of	
forage	to	concentrate	on	dry	matter	and	organ�c	matter	d�gest�b�l�t�es.		The	add�t�on	

Table	1.	Protozoal	 populat�on,	 bacter�al	 prote�n	 synthes�s	 and	 fermentat�on	 character�st�c	
w�th	the	add�t�on	of	lerak	extract	or	lerak	extract	+	m�neral	�n	d�fferent	d�ets

Parameters Type	of	Supplementat�on D�et	Rat�o	(F:C)

0 lerak	extract lerak	extract	+	
m�neral	m�x 70:30:00 50:50:00 30:70

Protozoa	
(Log	10	CFU)

4.37±0.09a 4.18±0.15b 4.24±0.05a 4.34±0.06 4.27±0.09 4.19±0.06

BPS*	
(mg/10	ml)

95.90±	9.57a 137.49±20.92b 114.39±24.61ab 92.38±29.12a 119.66±24.14ab 135.70±12.18b

NH3	(mM) 8.76±1.07 9.82±0.78 10.08±1.22 8.60±0.29 9.58±1.11 10.48±1.22

Total	VFA	(mM) 158.08±14.16 148.55±8.87 138.51±15.27 148.88±5.84a 128.81±7.98b 167.45±8.87a

DMD	(%) 57.86±1.73 55.48±3.11 55.26±1.4 54.16±3.27 56.90±1.14 57.53±3.36

OMD	(%) 60.75±1.44 60.20±2.23 54.27±0.88 54.89±3.39 55.99±0.91 59.23±1.28

*BPS=Bacter�al	Prote�n	Synthes�s,	F=	Forage,	C=	Concentrate
Means	�n	the	same	row	w�th	d�fferent	letters	are	s�gn�f�cantly	d�fferent	(P<0.05).
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of	 lerak	 extract	 or	 lerak	 extract	 +	 m�neral	 d�d	 not	 affect	 dry	 matter	 and	 organ�c	
matter	d�gest�b�l�t�es.		The	d�fferent	rat�os	of	forage	to	concentrate	also	d�d	not	affect	
dry	matter	and	organ�c	matter	d�gest�b�l�t�es	(Table	1).		These	results	showed	that	the	
reduct�on	of	protozoa	caused	by	sapon�n	d�d	not	alter	the	d�gest�b�l�ty	of	feed	�n	the	
rumen.	Although	protozoa	have	a	role	�n	feed	degradat�on,	�nh�b�t�on	of	protozoa	by	
sapon�n	d�d	not	affect	in vitro	dry	matter	and	organ�c	matter	d�gest�b�l�t�es.

Conclus�on

There	 was	 no	 �nteract�on	 effect	 between	 rat�o	 of	 forage	 to	 concentrate	 and	
the	 type	 of	 supplements	 on	 protozoal	 populat�on	 and	 bacter�al	 prote�n	 synthes�s.	
The	add�t�on	of	1	mg/ml	lerak	extract	w�th	or	w�thout	m�nerals	decreased	protozoal	
populat�on	and	 �ncreased	bacter�al	prote�n	 synthes�s	w�thout	 effect	on	dry	matter	
and	organ�c	matter	d�gest�b�l�t�es,	NH3	concentrat�on,	and	total	VFA	product�on	as	
compared	to	control.	The	d�fferent	rat�os	of	forage	and	concentrate	had	no	effect	on	
dry	matter	and	organ�c	matter	d�gest�b�l�t�es	and	NH3	concentrat�on.	The	�ncreased	
concentrate	rat�os	�n	the	d�et	reduced	protozoal	populat�on	but	�ncreased	total	VFA	
product�on	and	bacter�al	prote�n	synthes�s.	Bacter�al	prote�n	synthes�s	�ncreased	by	
supplementat�on	of	lerak	extract	w�thout	m�neral	add�t�on.
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Abstract

The study was conducted to investigate the digestibility untreated and urea 
treated rice straws varieties from ruminal fungi colonization in the rumen of sheep. 
The study used straw from 3 varieties of rice namely Illabong, Dongara and Yrm 
varieties which represented medium and low quality of straw. Each varieties of 
straw were treated with urea prior incubation in the rumen. Approximately 5mm 
of 10 cross section of untreated and urea treated straw stem internodes were taken 
below flag leaves. The materials was placed in nylon bag and incubated in the 
rumen of fistula sheep for 24, 48 or 72 hours. After withdrawn from the bag bags 
were washed then samples were removed from bags and observed under scanning 
electron microscopy (SEM). Observation under SEM revealed that sporangia 
ruminal fungi had colonised the Dong and Yrl varieties after both 48 and 72 hours 
incubation. The substrate of Ilb was colonised after 24 and 72 hours incubation. All 
population tended to be lower after 72 hours incubation than the shorter incubation. 
Urea treatment decreased the time required for ruminal fungi colonisation. All 
treated samples were colonised after 24 hours of incubation. From this study can be 
concluded that digestibility variation due to urea treatment could be explained from 
ruminal fungi colonisation but not with rice straw varieties.

Keywords: digestibility, rice straw, ruminal fungi, urea treatment, varieties 

Introduct�on	

R�ce	straw	�s	a	crop	res�due	that	w�dely	ava�lable	�n	trop�cal	countr�es		One	of	
the	factors	that	affect	the	qual�ty	of	r�ce	straw	�s	var�et�es.	Nutr�t�ve	qual�ty	of	r�ce	
straw	can	be	evaluated	by	b�olog�cal	methods	and	chem�cal	method.	Yul�st�an�	et al.	
(2000)	reported	that	d�fferent	part	and	var�et�es	has	d�fferent	chem�cal	components	
content	and	�n	v�tro	d�gest�b�l�ty.	Dry	matter	degradab�l�ty	of	r�ce	straw	var�et�es	�n	
the	rumen	of	sheep	was	also	affected	by	var�et�es,	botan�cal	fract�on	and	urea	treat-
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ment	(Yul�st�an�	et al.,	1998).	However,	Yul�st�an�	(2010)	reported	that	stem	t�ssue	
structure	between	var�et�es	could	not	be	d�fferent�ate	us�ng	scann�ng	electron	m�-
croscopy	observat�on,	but	th�s	observat�on	could	detect	the	extent	of	t�ssue	degrada-
t�on	of	untreated	and	urea	treated	r�ce	straw	var�et�es	after	24		hours	�ncubat�on.

The	pr�mary	f�bre	degrader	�n	the	rumen	was	cellulolyt�c	bacter�a	(Chen	et al.,	
2008).	However,	the	ut�l�zat�on	of	poor	qual�ty,	h�gh	f�bre	crop	res�dues	by	rum�nants	
�s	enhanced	by	rum�nal	fung�	(Gordon	and	Ph�ll�ps,	1995).		Fung�	have	the	ab�l�ty	
to	colon�ze	 l�gn�f�ed	cell	walls	and	to	weakens	f�brous	plant	 t�ssues	 �n	 the	rumen	
(Ak�n	and	Borneman,	1990)	and	the	ab�l�ty	to	degrade	the	structural	components	of	
plant	cell	walls,	due	to	�ts	ab�l�ty	to		produce	xylanase	and	cellulose	(Bahram�an	et 
al.,	2011),		therefore		the	rum�nal	fung�	play	an	�mportant	role	�n	the	d�gest�b�l�ty	of	
f�bre	�n	the	rumen	(Gordon	and	Ph�ll�ps,	1995).	The	object�ve	of	th�s	stud�es	were	
to	�nvest�gate	us�ng	scann�ng	electron	m�croscopy	the	rum�nal	fung�	colon�zat�on	on	
untreated	and	urea	treated	r�ce	straw	var�et�es	�ncubated	�n	the	rumen	of	sheep.

Mater�als	and	Methods

Two	 f�stulated	 sheep	 were	 used	 �n	 th�s	 exper�ment,	 the	 sheep	 were	 fed	 a	
ma�ntenance	rat�on	cons�sted	of	50%	oaten	chaff	and	50%	Lucerne	chaff	supplemented	
w�th	m�neral	m�xed.	The	untreated	and	urea	treated	stems	of	the	lower	part	of	three	
var�et�es	of	r�ce	straw	Dongara	(Dong),	Ilabong	(Ilb)	and	Yrl	obta�ned	from	Yanco	
Agr�cultural	Inst�tute,	Yanco,	Leeton,	N.S.W.	 	were	stud�ed.	These	three	var�et�es	
was	chosen		represented	for	h�gh,	med�um	and	low	qual�ty		from	evaluat�on	on	the�r	
�n	v�tro	organ�c	matter	d�gest�b�l�ty	(IVOMD)	(Yul�st�an�	et al.,	2000).		The	straws	
were	treated	w�th	urea	at	level	40g	urea/kg	straw	DM.	Approx�mately	5	mm	of	10	
cross	sect�ons	of	untreated	and	urea	treated	r�ce	straw	stems	�nternodes	were	taken.	
The	samples	were	placed	�n	nylon	bags	and	�ncubated	�n	the	rumen	for	8,	24	an	48	
hours	�n	reverse	order.	All	bags	were	w�thdrawn	s�multaneously	and	gently	washed	
under	 runn�ng	 tap	 water	 for	 30	 m�nutes.	 Control	 sample	 (0	 hr	 �ncubat�on)	 were	
prepared	s�m�larly.	For	observat�on	under	SEM,	samples	were	prepared	accord�ng	to	
the	method	of	Ak�n	et al (1984).	Count�ng	of	rum�nal	fung�	carr�ed	out	by	observ�ng	
long�tud�nal	sect�on	of	samples	us�ng	Ph�ll�ps	XL	20	scann�ng	electron	m�croscope	
(SEM),	 and	 pr�nted	 on	 v�deo	 pr�nt.	All	 v�deo	 �mages	 were	 captured	 at	 the	 same	
magn�f�cat�on	w�th	a	data	bar	of	500		µm.	At	least	two	samples	per	�ncubat�on	t�me	
and	 two	 areas	 per	 sample	 were	 evaluated.	 Sporang�a	 that	 were	 attached	 to	 plant	
mater�al	w�th�n	 the	del�neated	area	were	counted.	The	presence	of	sporang�a	was	
ver�f�ed	 by	 compar�ng	 un	 �ncubated	 and	 �ncubated	 mater�als.	 The	 rum�nal	 fung�	
populat�on		per	cm2	was	calculated	by	d�v�d�ng	the	total	numbers	of	sporang�a	by	
the	total	area	and	mult�ply�ng	by	100	data	were	presented		descr�pt�vely.	
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Results	and	D�scuss�on

The	number	of	fung�	colon�s�ng	of	untreated	and	urea	treated	straw	�nternode	
are	presented	�n	Table	1.	These	result	showed	that,	sporang�a	of	rum�nal	fung�	had	
colon�zed	the	untreated	Dong	and	Yrl	var�et�es	after	samples	had	been	�ncubated	for	
48	and	72	hours.	Fung�	were	absent	or	were	present	�n	extremely	small	numbers,	�n	
samples	of	both	var�et�es	after	�ncubat�on	for	24	hours.	However,	�n	Ilb	var�ety	wh�ch	
had	med�um	qual�ty	(Yul�st�an�	et al.,	2000)	sporang�a	were	present	after	24	and	72	
hours	 �ncubat�on,	but	not	 after	48	hours.	 In	2	of	6	means	values	of	observat�ons	
fungal	populat�on	decreased	after	72	hours	of	�ncubat�on.	Rum�nal	fung�	colon�sed	
the	th�ck	cell	walls	sclerenchyma	and	small	vascular	bundles	of	r�ce	straw	�nternodes	
(F�gure	1).	Lack	of	rum�nal	fung�	colon�sat�on	of	Yrl	var�ety	are	shown	�n	F�gure	2	
�n	contrast	to	colon�sat�on	�n	Dongara	and	Illabong	var�et�es.

Tabel	1.	Total	number	of	fungal	sporang�/cm2	on	r�ce	straw	stems	before	and	after	treatment	
w�th	urea	(mean	at	least	two	observat�on)

Var�et�es Treatments
Incubat�on	t�me	(hours)

24 48 72
Dong untreated 0 0.13 0.36

urea	treated 2.1 1.93 0.63
Ilb untreated 0.71 0 0.91

urea	treated 0.22 0.06 0.03
Yrl untreated 0 0.23 0.20

urea	treated 0.5 0.17 0.21

F�gure	 1.	 Scann�ng	 electron	 m�croscopy	 of	 rum�nal	 fung�	 (arrow)	 colon�zat�on	 on	 the	
�nternode	of	r�ce	straw.	(A.	After	�ncubat�on	for	24	hours	(magn�f�cat�on	70x);	
B.	 After	 �ncubat�on	 for	 72	 hours	 (magn�f�cat�on	 234	 x);	 C.	 Rum�nal	 fung�	
colon�zed	l�gn�f�ed	t�ssue	of	the	small	vascular	bundles/ov	and	schlerenchyma/	
s)	(magn�f�cat�on	162x).

From	prev�ous	study	�t	was	reported	that	from	var�ous	var�ety	of	straw	evaluated	
showed	that		the	lower	part	of	the	straw	from	Dong	had	the	h�ghest	IVOMD	and	
DM	degradab�l�ty	(Yul�st�an�	et al.	2000).	The	number	of	rum�nal	fung�	colon�s�ng	
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untreated	Dong	and	Ilb	samples	was	also	h�gher	than	that	for	Yrl,	wh�ch	has	a	lower	
IVOMD	than	e�ther	of	these	var�et�es.	In	add�t�on,	the	fungal	populat�on	numer�cally		
was	h�gher	�n	the	treated,	than	the	untreated,	straw.	Th�s	results	suggest	that	there	�s	a	
tendency	for	rum�nal	fung�	to	colon�ze	the	more	d�gest�ble	straw	�n	h�gher	numbers.	
The	 results	 on	 rum�nal	 fung�	 populat�on	 �n	 th�s	 study	 could	 not	 be	 stat�st�cally	
analysed	because	there	was	no	sample	repl�cat�on	for	sheep.	Even	though	the	sheep	
were	fed	on	a	s�m�lar	d�et	�t	appeared	that	there	were	d�fferences	�n	d�et	preferences	
for	d�fferent	part	of	the	d�et.	The	d�fferences	�n	rum�nal	populat�on	could	therefore	
be	due	to	d�fferences	between	sheep	or	to	substrate.	

The	rum�nal	fung�	populat�on	 �n	 the	untreated	dong	var�ety	extremely	small	
after	 the	 straw	had	been	 �ncubated	 �n	 the	 rumen	 for	24	hours,	wh�le	 that	of	urea	
treated	 Ilb	 was	 h�gher	 after	 the	 same	 �ncubat�on	 t�me	 (Table	 1),	 eventhough	 the	
IVOMD	and	DM	degradab�l�ty	of	Dong	were	h�gher	 than	those	of	Ilb	(Yul�st�an�	
et al.,	2000;	1998).	Th�s	�nd�cates	that	t�ssue	degradat�on	may	have	occurred	�n	the	
presence	or	absence	of	rum�nal	fung�.	Th�s	m�ght	�nd�cates	that	the	fungal	populat�on	
was	not	as	act�ve	�n	f�bre	d�gest�on	as	bacter�a	�n	m�xed	rumen	m�crob�al	populat�on,	
and	th�s	results	agrees	w�th	the	conclus�on	of	Chen	et al.	(2008).	

Rum�nal	fung�	preferent�ally	colon�zed	l�gn�f�ed	t�ssues	of	sclerenchyma	and	
the	small	vascular	bundles	(F�gure	1).	S�m�lar	results	has	been	observed	by	Grenet	
and	 Barry	 (1988).	 In	 sp�te	 of	 th�s,	 these	 walls	 d�d	 not	 degrade	 s�gn�f�cantly,	 as	
prev�ously	reported	by	Yul�st�an�	(2010).	On	the	other	hand,	Rezae�an	et al.	(2005)	
reported	 �n	 in vitro	 pure	 culture	 the	 h�gher	 fungal	 b�omass	 of	 sod�um	 hydrox�de	
treated	barley	straw	was	h�gher	and	followed	by	the	h�gher	degradat�on	of	cellulose	
than	that	of	untreated	straw.	Therefore,	�n	m�xed	rumen	m�crobes,	the	development	
of	large	numbers	of	sporang�a	on	f�bre	may	not	�nd�cate	that	rum�nal	fung�	have	a	
substant�al	role	as	a	forage	d�gester.	

	

F�gure	 2.	 Scann�ng	 electron	 m�croscopy	 of	 a	 long�tud�nal	 sect�on	 of	 �nternodes	 of	 r�ce	
straw	var�et�es	after	�ncubat�on	�n	the	rumenfor	24	hours,	w�th	presence	(arrow)	
or	 absence	 of	 rum�nal	 fung�.	 (A.	 Untreated	 Dongara	 var�ety;	 B.	 Urea	 treated	
Dongara	var�ety;	C.	Untreated	Illabong	var�ety;	D.		Urea	treated	Illabong	var�ety;	
E.	Untreated	Yrl	var�ety;	F.	Urea	treated	Yrl	var�ety)
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Urea	 treatment	 reduced	 the	 t�me	 requ�red	 for	 fung�	 to	 colon�se	 stem	 t�ssue.	
All	 area	 treated	 samples	 had	 been	 colon�zed	 by	 rum�nal	 fung�	 after	 24	 hours	 of	
�ncubat�on.	However,	only	w�th	the	Dong	var�ety	was	the	number	of	fung�	 �n	the	
treated	straw	h�gher	at	all	�ncubat�on	t�mes	compared	to	untreated	straw	(Tabel	1;	
F�gure	 2).	 On	 the	 other	 hand	 the	 IVOMD	 and	 dry	 matter	 loss	 (at	 all	 �ncubat�on	
t�me)	of	all	r�ce	straw	var�et�es	was	�ncreased	after	urea	treatment	(Yul�st�an�	et al.,	
2000;	1998).	These	results	�nd�cate	that	d�gest�b�l�ty	�ncreased	even	�n	the	absence	
of	rum�nal	fung�	colon�zat�on.	

	
Conclus�on

Observat�on	 us�ng	 scann�ng	 electron	 	 m�croscopy	 shows	 that	 rum�nal	 fung�	
colon�sat�on	could	not	expla�n	the	var�at�on	of	r�ce	r�ce	straw	var�et�es	and		the	effect	
of	urea	treatment.

Acknowledgment

I	 would	 l�ke	 express	 my	 apprec�at�on	 to	 Dr.	 Laur�e	 Lew�n	 from	 Yanco	
Agr�cultural	Inst�tute,	Leeton	New	Soth	Wales,	Austral�a	for	prov�d�ng	r�ce	straw	to	
be	used	�n	th�s	exper�ment.		And	thank	also	to	Dr.	John	D.	Brooker,	from	Un�vers�ty	
of	Adela�de		for	h�s	adv�ce	�n	th�s	exper�ment.			

References

Ak�n	D.E.,	and	W.S.	Borneman.	1990.	Role	of	rumen	fung�	�n	f�bre	degradat�on.	J.	
Da�ry	Sc�e.	73,	3023-3032.

Ak�n	D.E.,	R.H.	Brown	and	L.L.	R�gsby.	1984.	D�gest�on	of	stem	t�ssues	�n	Pan�cum	
spec�es.	Crop Science 24,	769-773

Bahram�an	Sam�ra,	M.	Chaman�,	Mehrdad	Az�n	and	Abbas	Geram�.	2011.	Eff�c�ent	
Product�on	of	cellulose	and	xylanase	by	anaerob�c	rumen	m�crob�al	flora	grown	
on	wheat	straw.	Afr�can	Jurnal	of	Agr�c.	Res.	Vol	6	(12):	2711-2714.

Chen	X.L.,	J.K.Wang,	Y.M.	Wu	and	J.X.	L�u.	2008.	Effect	of	chem�cal	treatment	of	
r�ce	straw	on	rumen	fermentat�on	character�st�cs,	f�brol�tyc,	enzyme	act�v�t�es	
and	populat�on	of		l�qu�d	and	sol�d	assoc�ated	rum�nal	m�crobes	in vitro.		An�m	
Feed	Sc�e.	Technol.	141:1-14.	

Gordon,	 G.L.R	 and	 M.W.Ph�ll�ps.	 1995.	 Degradat�on	 and	 ut�l�zat�on	 of	 cellulose	
and	straw	by	three	d�fferent	anaerob�c	fung�	from	the	ov�ne	rumen.	Appl.	Env.	
M�crob.	55,	1703-1710.		

Grenet,	E.		and	P.	Barry,	1988.	Colon�zat�on	of	th�ck	wall	plant	t�ssue	by	anaerob�c	
fung�.	An�m.	Feed	Sc�e.	Technol,	19,	25-31.

Rezae�an,	M.,	 	W.	Gordon	Beakes,	Abdul	 	S.	Chaudhry.	2005.	Relat�ve	f�brolyt�c	



360 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

act�v�t�es	of	anaerob�c	rumen	fung�	on	untreated	and	sod�um	hydrox�de	treated	
barley	straw	�n		v�tro	culture.		Anaerobe	11	(2005)	163–175.

Yul�st�an�	D.	2010.	Stem	T�ssue	degradat�on	of	untreated	and	urea	treated	r�ce	straw	
�n	the	rumen	of	sheep.	Pros�d�ng	Sem�nar	Nas�onal	Rum�nans�a,	Semarang		6	
Oktober	2010,		Fakultas	Peternakan	Un�vers�tas	D�ponegoro.	pp.	31-34	

Yul�st�an�	Dw�,	J.R.	GalLagher,	and	Rob	van	Barneveld.	1998,	Rumen	degradab�l�ty	
of	the	upper	and	lower	parts	of	untreated	and	urea	treated	r�ce	straw	vr�et�es.		
Bulet�n	 Peternakan,	 Ed�s�	 Tambahan,	 Desember	 1998,	 Fakultas	 Peternakan	
Un�vers�tas	Gadjah	Mada,	Yogyakarta

Yul�st�an�	Dw�,	J.R.	Gallagher	and	Rob	van	Barneveld.	2000.		Nutr�t�ve	value	�m-
provement	 of	 r�ce	 straw	 var�et�es	 for	 rum�nants	 as	 determ�ned	 by	 chem�cal	
compos�t�on	and	in	vitro	organ�c	matter	d�gest�b�l�ty.	Jurnal	Ilmu	Ternak	dan	
Veter�ner.	5	(1): 8-16.



361Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

Reducing Methane (CH4) Emission of Sheep Fed a Diet 
Supplemeted With Coconut And Palm Oil 

Asep Sudarman1, Komang G. Wiryawan1, & Agung Purnomoadi2

1Department of Nutritional Sciences and Feed Technology, Sciences and Feed Technology,Sciences and Feed Technology, 
Bogor Agricultural University,,   

2Faculty of Animal Science, The University of Diponegoroof Animal Science, The University of DiponegoroScience, The University of Diponegoro, The University of DiponegoroThe University of Diponegoroe University of Diponegoroof DiponegoroDiponegoro
e-mail: a_sudarman@yahoo.com

Abstract

An experiment was conducted to investigate the effect of polyunsaturated fatty 
acids supplementation on the methane (CH4) production and performance of sheep. 
Twenty sheep with the average body weight of 20 kg were used in this experiment. 
The sheep were randomly divided into four groups and each group received different 
ration. There were four treatments tested in this experiment i.e.,  R0 (basal ration 
+ 3% coconut oil/saturated fatty acids); R1 (basal ration + 2% coconut oil + 1% 
crude palm oil/unsaturated fatty acids); R2 (basal ration + 1% coconut oil + 2% 
crude palm oil); R3 (basal ration + 3% crude palm oil). The basal ration consisted 
of 50% grass + 50% concentrate with nutrient content of 14% crude protein, 
5% fat and 70% TDN.  Experimental results showed that the supplementation of 
polyunsaturated fatty acids into the rations tend to reduce methane production in the 
rumen. The supplementation also increased the body weight gain, and digestibility of 
the rations, but it decreased feed consumption.  It can be concluded that the addition 
of polyunsaturated fatty acids into the ration could improve the efficiency of energy 
utilization of sheep, and consequently improve the animal’s performances.

Keywords: coconut oil, methane, palm oil, polyunsaturated fatty acids, ruminants

Introduct�on
	
Methane	as	one	of	end-products	of	fermentat�on	process	�n	the	rumen	�s	con-

t�nuously	produced	�n	the	rumen	by	m�croorgan�sms	such	as	Ruminococcus albus, 
R. flavefaciens, Selenomonas ruminantium	and	by	methanogen�c	spec�es	from	re-
duc�ng	CO2	(Yokoyama	and	Johnson,	1993).	H�gh	methane	product�on	by	an�mal,	
bes�des	contr�but�ng	to	potent�al	global	warm�ng,	also	�nd�cates	that	feed	ut�l�zat�on	
eff�c�ency	�s	 low.	 	Rum�nants	 lose	5-12%	of	 the	d�etary	energy	 �ngested	as	gases	
(ma�nly	CH4)	depend�ng	on	 the	 type	of	d�ets	and	 the	 level	of	 �ntake	(Re�d	et al.,	
1980).	
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To	 �nh�b�t	 the	 format�on	 of	 methane	 the	 add�t�on	 of	 o�l	 �nto	 d�et	 seems	 to	
be	 more	 prospectus	 w�ll	 not	 leave	 res�dues	 �n	 an�mal	 products.	 Supplementat�on	
of	unsaturated	o�l	 �nto	 rum�nant	d�et	perhaps	w�ll	 reduce	methane	em�ss�on	 from	
an�mals.		Unsaturated	o�ls	may	serve	as	an	effect�ve	H	s�nk	�n	the	rumen	by	b�nd�ng	
H	 (Byers	 and	 Schell�ng,	 1993).	 Palm	 o�l	 conta�ns	 50%	 unsaturated	 fatty	 ac�ds	
(APOC).	Therefore	�t   �s	a	good	source	of	unsaturated	fatty	ac�ds.	The	object�ve	of	
th�s	exper�ment	was	 to	 �nvest�gate	 the	effect	of	polyunsaturated	fatty	ac�ds	(palm	
o�l)	supplementat�on	�nto	rum�nant	d�et	on	the	rum�nal	methane	em�ss�on	and	the	
performance	of	the	sheep.		

Mater�als	and	Methods

The	exper�ment	was	conducted	in vivo us�ng	twenty	sheep	w�th	average	body	
we�ght	of	18.26	±	1.94	kg.	The	an�mals	were	 randomly	d�v�ded	 �nto	 four	groups	
cons�st�ng	of	f�ve	an�mals	each	group	�n	completely	random�zed	des�gn.	Each	group	
of	an�mals	rece�ved	d�fferent	rat�on,	and	the	length	of	an�mal	exper�ment	was	four	
months.	

The	basal	rat�on	cons�sted	of	50%	grass	+	50%	concentrate	w�th	nutr�ent	content	
of	14%	crude	prote�n,	5%	fat	and	70%	TDN.		Four	levels	of	o�l	supplementat�on	
were	tested	�n	th�s	exper�ment,	�.e.,	R0	(basal	rat�on	+	3%	coconut	o�l/saturated	fatty	
ac�ds);	R1	 (basal	 rat�on	+	2%	coconut	o�l	+	1%	crude	palm	o�l/unsaturated	 fatty	
ac�ds);	R2	(basal	rat�on	+	1%	coconut	o�l	+	2%	crude	palm	o�l);	R3	(basal	rat�on	+	3%	
crude	palm	o�l).	Parameters	measured	�nclud�ng:	rumen	methane	product�on,	rumen	
fermentat�on	products,	 feed	consumpt�on,	body	we�ght	ga�n,	 feed	convers�on	and	
nutr�ent	d�gest�b�l�ty	(dry	matter,	organ�c	matter,	and		crude	prote�n,	crude	f�ber).

Methane	 gas	 was	 determ�ned	 us�ng	 a	 closed-c�rcu�t	 resp�rat�on	 chamber.		
Meanwh�le,	 nutr�ents	 d�gest�b�l�ty	 was	 determ�ned	 us�ng	 total	 collect�on	 method.	
Concentrat�on	of	rum�nal	VFA	was	measured	us�ng	steam	dest�lat�on	method,	and	
concentrat�on	of	rum�nal	NH3	was	measured	us�ng	Conway	m�cro-d�ffus�on	method	
(General	Laboratory,	1966)

Data	were	subjected	to	ANOVA	(Steel	and	Torr�e,	1980)	us�ng	SPSS	computer	
program.

Results	and	D�scuss�on

Feed Intake and Body Weight GainBody Weight Gain  
Add�t�on	of	unsaturated	fatty	ac�ds	gave	�ncons�stent	results	of	feed	(dry	matter)		

�ntake	of	sheep	(F�gure	1)	and	stat�st�cally	was	not	d�fferent	 (P>0.05)	among	 the	
treatments.			Sheep	fed	R2	had	the	h�ghest	dry	matter	�ntake.		It	�s	often	reported	that	
unsaturated	o�l	�s	more	tox�c	to	the	m�crob�al	rumen	than	saturated	o�l	(Henderson,	
1973),	and	�nh�b�ts	growth	of	m�crobes	(Palmqu�st	and	Jenk�ns,	1980).	Wach�ra	et 
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al.	(2002)	reported	that	feed�ng	unprotected	f�sh	o�l	(unsaturated	o�l)	to	sheep	caused	
a	decrease	�n	feed	�ntake	and	body	we�ght	ga�n.		Th�s	agrees	w�th	the	present	results,	
espec�ally	w�th	the	results	of	sheep	fed	R1	and	R3.		

																	 (a)	 	 	 	 					 							(b)

F�gure	1.		Effects	of	add�t�onal	fat	�nto	the	d�ets	on	(a)	dry	matter	�ntake	and	(b)	body	we�ght	
ga�n	of	sheep.	(R0:	basal	rat�on	+	3%	coconut	o�l/saturated	fatty	ac�ds;	R1:	basal	
rat�on	+	2%	coconut	o�l	+	1%	crude	palm	o�l/unsaturated	fatty	ac�ds;	R2:	basal	
rat�on	+	1%	coconut	o�l	+	2%	crude	palm	o�l;	R3:	basal	rat�on	+	3%	crude	palm	
o�l).

	
Add�t�on	 of	 unsaturated	 fatty	 ac�ds	 �mproved	 body	 we�ght	 ga�n	 of	 sheep	

(F�gure	1),	eventhough	stat�st�cally	was	not	d�fferent.		The	h�ghest	body	we�ght	ga�n	
was	ach�eved	by	an�mals	fed	R1	(Basal	d�et	+	2%	saturated	o�l	+	1%	unsaturated	
o�l),	followed	by	R3,	R2	and	R0.		Body we�ght ga�n) �s �nfluenced by level of feedody	we�ght	ga�n)	�s	�nfluenced	by	level	of	feed	
�ntake	and	character�st�cs of feed. Except sheep fed R2, those sheep fed unsaturated	of feed. Except sheep fed R2, those sheep fed unsaturatedof	feed.		Except	sheep	fed	R2,	those	sheep fed unsaturatedsheep	fed unsaturatedfed	unsaturated	
o�l	(R1	and	R3)	had	lower	feed	�ntake	than	those	fed	saturated	o�l	(R0).		Th�s	may	
�nd�cated	 that	h�gher	body	we�ght	ga�n	of	 sheep	 fed	R1,	R2,	 and	R3	was	due	 to	
the	supplementat�on of unsaturated o�l by �mprov�ng feed eff�c�ency (low methanesupplementat�on of unsaturated o�l by �mprov�ng feed eff�c�ency (low methanet�on	of	unsaturated	o�l	by	�mprov�ng	feed	eff�c�ency (low methaneeff�c�ency	(low	methane	
product�on).

Ruminal VFA and N-NH3
Rum�nal	 VFA	 concentrat�on	 was	 not	 s�gn�f�cantly	 (P>0.05)	 affected	 by	 the	

treatments	and	 �t	 ranged	from	65	 to	120	mM	(F�gure	2).	Th�s	 range	 �s	 �n	normal	
concentrat�on	 and	 �s	 suff�c�ent	 to	 support	 rumen	m�crob�al	 growth	 and	 to	 supply	
energy	for	the	an�mals.	There	�s	no	negat�ve	effect	of	unsaturated	o�l	supplementat�on	
on	the	carbohydrates	fermentat�on	�n	the	rumen,	and	yet	the	R3	(rat�on	conta�n�ng	
3%	unsaturated	o�l)	had	the	h�ghest	VFA	concentrat�on	�n	the	rumen.		Other	research	
results	also	showed	that	total	volat�le	fatty	ac�d	concentrat�ons	was	not	affected	by	
source	and	amount	of	o�l	(Ohajuruka,	et al.,	1991).		

The	concentrat�on	of	N-NH3	was	�n	normal	range	(4–18	mM)	and	enough	to	
support	rumen	m�crob�al	act�v�t�es	and	to	synthes�ze	rumen	m�crob�al	prote�n.	Th�s	



364 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

result	 also	 means	 that	 prote�n	 degradat�on	 �n	 the	 rumen	 was	 not	 affected	 by	 the	
supplementat�on	of	unsaturated	o�l	�nto	the	rat�ons.	Th�s	�s	�n	l�ne	w�th	Ohajuruka,	
et al.	(1991)	who	reported	that	ammon�a-N	was	not	affected	by	source	and	amount	
of	o�l.

F�gure	2.		Effects	of	add�t�onal	fat	�nto	the	d�ets	on	(a)	rum�nal	VFA	and	(b)	rum�nal	N-NH3.		
(R0:	basal	rat�on	+	3%	coconut	o�l/saturated	fatty	ac�ds;	R1:	basal	rat�on	+	2%	
coconut	o�l	+	1%	crude	palm	o�l/unsaturated	fatty	ac�ds;	R2:	basal	rat�on	+	1%	
coconut	o�l	+	2%	crude	palm	o�l;	R3:	basal	rat�on	+	3%	crude	palm	o�l).	

Feed Digestibility
Effect	of	o�l	add�t�on	�nto	the	d�et	on	feed	d�gest�b�l�ty	was	shown	�n	F�gure	3.	

Feed	d�gest�b�l�ty	had	tendency	to	�ncrease	by	the	add�t�on	of	unsaturated	o�l	�nto	the	
d�et.	Eventhough	�t	was	not	s�gn�f�cantly	d�fferent.	In	contrast,	crude	f�ber	d�gest�b�-
l�ty	reduced	by	the	add�t�on	of	unsaturated	o�l	�nto	the	rat�ons.	O�l	supplementat�on	
may	decrease	forage	d�gest�b�l�ty	by	d�sturb�ng	normal	cond�t�on	of	rumen	m�crobe	
when	g�ven	at	level	above	5%	of	the	rat�on	(Preston	and	Leng,	1987).		Th�s	�s	more	
pronounced	w�th	unsaturated	o�l,	because	unsaturated	o�l	�s	more	tox�c	to	the	m�cro-
b�al	rumen	than	saturated	o�l	(Henderson,	1973).	The	�ncrease	�n	feed	d�gest�b�l�t�es	
�n	th�s	exper�ment	�nd�cated	that	the	add�t�on	of	3%	unsaturated	o�l	�nto	sheep	ra-
t�ons	d�d	not	cause	negat�ve	effect	on	the	fermentat�on	process	�n	the	rumen.

Methane Production
Unsaturated	o�l	add�t�on	�nto	the	rat�on	tend	to	lower	methane	product�on	by	

sheep	 (F�gure	 4),	 eventhogh	 stat�st�cally	 was	 not	 d�fferent.	 Unsaturated	 o�ls	 may	
also	serve	as	an	effect�ve	H	s�nk	�n	the	rumen	by	consum�ng	H	(Byers	and	Schell�ng,	
1993).	Therefore,	methane	format�on	competed	w�th	the	saturat�on	of	unsaturated	
o�ls	for	H	s�nk.	It	�mpl�es	that	when	d�etary	unsaturated	o�ls	are	g�ven	to	rum�nant,	
�n	l�ne	w�th	H	ava�lab�l�ty	�n	the	rumen,	saturat�on	occurs	and	methane	product�on	
decreases	as	shown	by	the	results	�n	th�s	exper�ment	(R1,	R2	and	R3).	The	results	
are	supported	by	Ch�kunya	et al.	(2004)	who	reported	that	b�ohydrogenat�on	�n	the	
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rumen	of	l�nole�c	ac�d	(18:3	n-6;	85-90	%),	l�nolen�c	ac�d	(18:3	n-3;	88-93	%),	doco-
sahexaeno�c	ac�d	(22:6	n-3;	91	%)	and	EPA	(20:5	n-3;	92	%)	was	extens�ve.

		 			
F�gure	3.		Effects	of	add�t�onal	fat	�nto	the	d�ets	on	feed	d�gest�b�l�ty	(%)	of	sheep:	(a)	dry	

matter	d�gest�b�l�ty,	(b)	organ�c	matter	d�gest�b�l�ty,	(c)	crude	prote�n	d�gest�b�l�ty,	
and	(d)	crude	f�ber	d�gest�b�l�ty.	(R0:	basal	rat�on	+	3%	coconut	o�l/saturated	fatty	
ac�ds;	R1:	basal	rat�on	+	2%	coconut	o�l	+	1%	crude	palm	o�l/unsaturated	fatty	
ac�ds;	R2:	basal	rat�on	+	1%	coconut	o�l	+	2%	crude	palm	o�l;	R3:	basal	rat�on	+	
3%	crude	palm	o�l)		

F�gure	4.		Effects	of	add�t�onal	fat	�nto	the	rat�ons	on	methane	(CH4)	product�on	of	sheep,		
(R0:	 Basal	 d�et	 +	 3%	 saturated	 fat;	 R1:	 Basal	 d�et	 +	 2%	 saturated	 fat	 +	 1%	
unsaturated	fat;	R2:	Basal	d�et	+	1%	saturated	fat	+	2%	unsaturated	fat;	R3:	Basal	
d�et	+	3%	unsaturated	fat).
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Conclus�on	

The	supplementat�on	of	polyunsaturated	fatty	ac�ds	�nto	sheep	rat�ons	�mproved	
feed	 ut�l�zat�on	 and	 eff�c�ency	 �nd�cated	 by	 h�gher	 body	 we�ght	 ga�n	 and	 feed	
d�gest�b�l�ty,	and	lower	methane	product�on.		Add�t�on	level	of	3%	of	polyunsaturated	
fatty	ac�ds	d�d	not	cause	negat�ve	effect	but	�t	�s	not	suff�c�ent	to	show	s�gn�f�cant	
results	on	the	sheep	performance.	
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Abtract	

The study aim was to determine in vitro digestibility of silage and hay of 
Lampoyangan grass (Panicum sarmentosum Roxb) which were fermented and dried 
in defference of length.This wild  grass live in Tondo Panicum sarmentosum Roxb 
Grasses made in silage and hay forms were obtained from the wild grasses that 
lived in Tondo Village, District of Eastern Palu, Palu Municipal. In this study the 
grass was made as silage and hay forms as a treatment followed 2 x 3 factorial 
pattern of Completely Randomized Design the length of fermentation for silage was 
30, 45 and 60 days and the length of drying for hay was 2, 4 and 6 days. Observed 
variables were in vitro dry matter (DMD) and organic matter (OMD) digestibilities 
of Lampoyangan grass both silage and hay treatments. The finding results showed 
that the length of fermentation in silage treatment did not affect DMD and OMD of 
the grass, but significantly affected DMD and OMD of Lampoyangan grass in hay 
treatment (P<0,05). Four days of drying was the best time to get the effective time 
for making hay of Lampoyangan grass. Actually the DM and OM digestibilities of 
Lampoyangan grass silage treatment were  higher than of hay treatment.

Keywords: digestibility, fermentation, hay, Lampoyangan grass, silage.
                  
  
Introduct�on	

Lampoyangan	grass	(Panicum sarmentosum Roxb)	 �s	one	type	of	prom�s�ng	
grass		that	grows	and	spreads	naturally	on	dry	land	�n	Tondo	V�llage	(Amar,	2003;	
(Amar	et al.,	2005).	Th�s	grass	grows	better	than	other	grasses,	e�ther	planted	as	a	
crop	monoculture	or	m�xed	w�th	Panicum maximum,	or	planted	w�th	Desmanthus	
(Tarsono	et al.,	2009).	Lampoyangan	grass	w�ll	become	the	best	grass	�n	the	future	
and	cons�der�ng	as	super�or	grass	�n	the	dry	land	areas	due	to	�ts	h�gh	capab�l�ty	for	
shade	tolerance	and	drought	res�stance.
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	Product�on	of	Panicum sarmentosum Roxb	grass	are	often	surplus	than,	145	
kg/ha	(Tarsono	et al.,	2009)	and	the	content	of		crude	prote�n	and	crude	f�ber	were	
12.80%	 and	 33.82%.	 Respect�vely	 for	 the	 grass	 before	 flower�ng	 (Tarsono	 and	
Amar,	2007).	Those	advantages	are	usefull	ant�c�pat�ng	of	 the	shortage	of	 forage	
product�on	�n	the	trans�t�on	per�od	of		ra�ny	to	dry	season.	Overproduct�on	dur�ng	
the	best	growth	can	be	ut�l�zed,	that	�s	�n	preserved	forms	of	s�lage	or	hay.	Factors	
that	may	affect	the	qual�ty	of	s�lage	and	hay	are:	plant	age,	or�g�n	or	type	of	forage,	
storage	temperature,	level	of	w�ther�ng	and	matur�ty	or	cutt�ng	length	(Regan,	1997	
and	Dr�ehu�s	et al.,	2001).	The	best	t�me	to	cut	the	plants	for	mak�ng	s�lage	or	hay	
�s	�n	the	vegetat�ve	phase,	before	the	format�on	of	flowers	(Reksohad�prodjo,	1995,	
and	Regan,	1997).	The	plant	growth	phase	at	 the	 t�me	of	mak�ng	s�lage	and	hay	
affects	 the	 d�gest�b�l�ty	 of	 dry	 matter	 and	 organ�c	 matter	 (Harr�son	 et al.,	 1994).	
Saloko	(2006)	reported	that	Panicum sarmentosum Roxb	grass	that	got	the	add�t�on	
of	preservat�ves	�n	the	level	22.5%	of	dry	matters	and	fermented	for	30	days	resulted	
�n	the	succeed	s�lage	percentage	of	94.58%,	wh�le	4–day	dry�ng	t�me	was	the	best	
of	in vitro	d�gest�b�l�t�es	�n	cassava	leaves	(Manihot esculenta Crantz)	as	reported	
by	Zuba�dah	(2005).	To	exam�ne	whether	a	g�ven	feed	mater�al	�s	good	enough	to	
support	m�crob�al	growth	and	enzymat�c	processes	�n	an�mal	body,	the	way	that	�s	
so	 long	 to	be	cons�dered	as	 the	most	conven�ent,	accurate	and	relat�vely	qu�ck	 �s	
through	in vitro	assays.	The	assays	are	carr�ed	out	outs�de	the	an�mal	body	by	us�ng	
s�mulat�ons	that	are	s�m�lar	to	processes	that	occur	�n	the	body.	D�gest�b�l�ty	stud�es	
on	Panicum sarmentosum Roxb		grass	that	�nvolve		the	fermentat�on	length	�n	s�lage	
process	 and	 the	dry�ng	 length	on	 �n	hay	prosses	 	 are	 st�ll	 �n	 the	 lack	of	 �nterest.	
Therefore,	the	a�m	of	th�s	research	was	to	obta�n	an	overv�ew	and	recommendat�ons	
about	in vitro	d�gest�b�l�t�es		of	s�lage	and	hay	of		Panicum  sarmentosum	Roxb	grass	
w�th	d�fferences	of	fermentat�on	and	dry�ng	length.

Mater�als	and	Methods

Materials  
The	mater�al	of	th�s	study	was	Panicum sarmentosum Roxb	grass	obta�ned	from	

w�ld	grasses	that	l�ved	�n	Tondo	v�llage,	D�str�ct	of	Eastern	Palu,	Palu	Mun�c�pal.
The	study	was	des�gned	w�th	a	Completely	Random�zed	Des�gn	of	factor�al	

pattern	cons�st�ng	of	two	factors	(2x3).	namely	s�lage	and	hay	w�th	three	levels	of	
s�lage	treatments,	namely	the	length	of	fermentat�on	30,	45	and	60	days	respect�velly	
and	the	hay	treatments	were		the	length	of	dry�ng	2,	4	and	6	days,	respect�vely.	The	
treatments	that	showed	a	s�gn�f�cant	effects	were	followed	by	Duncan	test.

Methods 
Panicum sarmentosum Roxb	 grass	 that	 had	 been	 chopped	 (+	 20	 cm	 from	

ground	level),	was	taken	to	the	laboratory	and	then	w�thered	to	about	65%	water	



370 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

content.	The	grasses	were	cut	�nto	p�eces	about	1-2	cm.	a	p�eces	were	then	treated	
�n	accordance	w�th	the	length	of	fermentat�on	for	s�lage	and	the	length	of	dry�ng	for	
hay.	The	use	of	preservat�ves	that	have	been	determ�ned,	that	was	22,	5%	of	the	dry	
matters	(Saloko,	2006).	Samples	were	taken	at	random	and	then	d�v�ded	�nto	two	
groups,	that	was	50%	to	be	made	for	s�lage	w�th	the	length	of	fermentat�on	30,	45	
and	60	days	and	50%		to	be	made	for	hay	w�th	the	length	of	dry�ng	2,	4	and	6	days.	
In	mak�ng	s�lage	cans	were	f�lled	and	compacted	w�th	a	press	so	that	there	were	no	
a�r	cav�t�es	�n	between,	then	g�ven	w�th	the	p�eces	of	Panicum sarmentosum Roxb	
grass.	Cans	were	sealed	and	g�ven	w�th	a	tape	(�nsulat�on)	�n	order	to	be	a�rt�ght.	
Wh�le,	�n	mak�ng	hay	three	repet�t�ons	were	made	for	each	treatment	so	that	there	
were	9	cans	(s�los),	so	�t	was	w�th	mak�ng	hay,	the	grass	d�v�ded	accord�ng	to	the	
number	of	treatments	and	then	dry�ng	was	performed	by	us�ng	a	dry�ng	rack	�n	the	
sun.	After	the	s�lage	and	hay	have	been	made	�n	accordance	w�th	each	of	treatments	
then	 they	 were	 cont�nued	 by	 dry�ng	 �n	 oven	 55oC.	After	 dry�ng,	 the	 sample	 was	
m�lled	us�ng	a	W�ley	m�ll	w�th	a	s�eve	of	3	mm	d�ameter	hole,	 then	followed	by	
�n	v�tro	d�gest�b�l�ty	test,	follow	the	procedures	T�lley	and	Terry	(1963)	�n	(Harr�s,	
1970).	

Observed Variables
The	observed	var�ables	were	 in vitro	dry	matter	(DMD),	and	organ�c	matter	

d�gest�b�l�t�es	 (OMD)	based	on	methods	 that	 have	been	developed	by	T�lley	 and	
Terry	(1963).

Results	and	D�scuss�on

In vitro	 dry	 matter	 d�gest�b�l�ty	 (DMD)	 and	 organ�c	 matters	 of	 Panicum 
sarmentosum Roxb	 �n	 forms	 of	 s�lage	 and	 hay.	The	 value	 of	 �n	 v�tro	 dry	 matter		
d�gest�b�l�t�es	 (DMD	 and	 OMD)	 of	 Panicum sarmentosum Roxb	 made	 �n	 form	

Table	 1.	 Dry	 matter	 d�gest�b�l�t�es	 (DMD)	 and	 organ�c	 matter	 d�gest�b�l�t�es	 (OMD)	 of	
Panicum sarmentosum	Roxb	grass	�n	s�lage	and	hay	form

Fermentat�on	Length	(days) DMD	(%) OMD	(%)
30 57.51	+	1.57 56.13	+	0.76
45 57.52	+	1.57 56.14	+	0.76
60 57.38	+	2.07 56.55	+	1.53

Dry�ng	Length	(days)
2 54.51	+	1.57 54.15	+	0.76
4 57.21	+	1.57 56.13	+	0.76
6 56.18	+	2.07 56.12	+	1.53
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showed	 that	 the	 treatment	 length	 of	 ens�lage	 and	 hay	 process	 has	 no	 s�gn�f�cant	
effect	on	DMD	and	OMD	(Table	1).

In	v�tro	dry	matter	and	organ�c	matter	d�gest�b�l�t�es	of	Panicum sarmentosum 
Roxb	grass	�n	s�lage	forms	w�th	d�fferent	fermentat�on	lengths	showed		nearly	same	
levels	of	d�gest�b�l�t�es,	w�th	the	fermentat�on	lengths	30,	45	and	60	days,	respect�vely;	
for	DMD	was	57,	51%	+	1.57a;	56.52	+	0.76a;	57.38	+	1.57a;	and	for	OMD	56.13	+	
0.76a;	56.14	+	2.07a	and	56.55	+	1.53a.	Th�s	�nd�cates	that	the	fermentat�on	lengths	
d�d	 not	 affect	 crude	 f�ber	 components	 e�ther	 �n	 fermentat�ons	 for	 30	 days,	 45	 or	
60	days.	One	of	the	factors	that	�nfluence	d�gest�b�l�ty	�n	both	DMD	and	OMD	�s	
components	of	crude	f�ber,	ma�nly	cellulose,	hem�cellulose,	and	l�gn�n	(Van	Soest,	
1982).	Cellulose,	hem�cellulose	are	parts	of	plants	that	are	d�ff�cult	to	d�gest,	wh�le	
l�gn�n	�s	a	part	of	plants	that	can	not	be	d�gested	at	all	(Anggorod�,	1984).

The	four-day	dry�ng	length	�s	was	s�gn�f�cantly	h�gher	than	the	2-day	dry�ng	
length,	but	there	�s	was	no	s�gn�f�cant	d�fference	w�th	the	6-day	dry�ng	length.	Th�s	
�s	 due	 to	 the	 feed	 mater�al	 that	 has	 a	 longer	 dry�ng	 w�ll	 be	 more	 d�ff�cult	 to	 be	
degraded	by	rumen	m�crobes	because	the	heat�ng	process	can	protect	some	prote�ns	
of	 Panicum sarmentosum Roxb	 grass.	The	 same	 th�ng	 was	 stated	 by	Ab�d�n	 and	
Hendratmo	 (1983)	 �n	 Zuba�dah	 (2005)	 that	 the	 feed	 mater�al	 that	 has	 undergone	
heat�ng	could	protect	some	prote�ns	aga�nst	m�crob�al	 fermentat�on	�n	 the	rumen.	
In vitro	 dry	 matter	 and	 organ�c	 matter	 d�gest�b�l�t�es	 of	 Pan�cum	 sarmentosum	
Roxb	grass	decrease	w�th	the	length	of	dry�ng,	because	the	longer	dry�ng	the	harder	
components	of	crude	f�ber,	among	those	are	ADF,	NDF,	cellulose,	hem�cellulose,	
and	 l�gn�n	 contents	 those	 are	 components	 of	 plant	 cell	 wall.	The	 plant	 cell	 wall	
components	are	parts	that	are	d�ff�cult	to	d�gest,	even	the	l�gn�n	component	can	not	
be	d�gested	at	all.

The	length	of	the	longer	fermentat�ons	�s	was	unable	to	�mprove	both	�n	v�tro	
DMD	and	OMD.	Th�s	�s	poss�ble	because	the	used	grass	to	have	the	same	relat�ve	
age.	One	of	the	factors	that	�nfluence	both	the	level	of	DMD	and	OMD	�s	the	age	
of	the	plant,	for	wh�ch	the	older	plant	the	h�gher	crude	f�ber	content,	so	that	both	
in vitro	DMD	and	OMD	made	�n	s�lage	form	w�th	d�fferent	fermentat�on	 lengths	
have	the	same	percentage	rate	(Muck,		2009).	Feed	substance	components	that	are	
eas�ly	d�gested	such	as	prote�n	decrease,	wh�le	the	components	that	are	d�ff�cult	to	
d�gest	such	as	ADF,	NDF,	cellulose,	and	l�gn�n	�ncrease	w�th	�ncreas�ng	plant	age.	
Wh�teman	(1980)	stated	that	�ncreas�ng	plant	age,	the	proport�on	of	parts	that	can	be	
d�gested	such	as	carbohydrates,	prote�ns	and	other	cell	contents	tended	to	decrease,	
whereas	the	proport�on	of	wh�ch	were	d�ff�cult	to	d�gest	such	as	l�gn�n,	cut�cle,	and	
s�l�ca	�ncreased.	S�m�larly,	Crowder	and	Chheda	(1982)	stated	that	the	d�gest�b�l�ty	
value	d�fferences	of	a	forage	�n	relat�on	to	changes	of	chem�cal	compos�t�on,	f�brous	
parts,	l�gn�n,	and	s�l�ca	content	wh�ch	arose	as	a	result	of	d�fferences	�n	spec�es	and	
genotype,	growth	rate,	env�ronmental	cond�t�ons,	place	to	grow,	and	management	
system.
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Based	on	the	values	of	in vitro	organ�c	matter	d�gest�b�l�ty	(OMD),	Panicum 
sarmentosum Roxb	wh�ch	w�ll	be	ut�l�zed	�n	fresh	form	or	preserved	�n	dry	form	
(hay)	should	be	cut	at	the	age	of	40	days,	�n	order	to	obta�n		in vitro	d�gest�b�l�ty	of	
organ�c	matter	�s	opt�mal.	Just	as	�n	v�tro	dry	matter	d�gest�b�l�ty	(DMD),	Pan�cum	
sarmentosum	Roxb	grass	made	�n	s�lage	form	w�th	d�fferent	fermentat�on	lengths	
showed	 no	 s�gn�f�cant	 effect	 on	 �n	 v�tro	 organ�c	 matter	 d�gest�b�l�ty	 (OMD),	 but	
that	were	made	�n	hay	form	showed	s�gn�f�cant	effect	(P	<0.05).	S�m�larly,	in vitro	
dry	 matter	 d�gest�b�l�ty	 (DMD)	 of	 Panicum sarmentosum Roxb	 grass	 as	 well	 as	
in vitro	organ�c	matter	d�gest�b�l�ty	(OMD)	of	Panicum sarmentosum Roxb	grass,	
because	the	organ�c	matter	content	was	calculated	based	on	the	dry	matters,	 then	
the	ex�stence	of	4-day	dry�ng	length	dry�ng	�nfluence	on	DMD,	the	same	�nfluence	
also	occurred	on	OMD.	Determ�nat�on	of	plant	dry	matter	when	burned,	then	what	
rema�ns	�s	ash	(�norgan�c	mater�al)	(Anggorod�,	1984;	Reksohad�prodjo,	1995;	and	
T�llman	et al.,	1989).

Conclus�on

1. Panicum sarmentosum Roxb	made	�n	s�lage	form,	the	amount	of	fermentat�on	
t�me	 showed	 no	 s�gn�f�cant	 effect	 on	 in vitro	 dry	 matter	 (DMD)	 and	 organ�c	
matter	d�gest�b�l�t�es	(OMD).

2. Panicum sarmentosum Roxb	 grass	 made	 �n	 hay	 form	 w�th	 d�fferent	 dry�ng	
lengths	showeds�gn�f�cant	effect.	Four-day	dry�ng	length	�s	the	best	t�me	to	get	
the	effect�ve	t�me	for	mak�ng	hay	of	Panicum sarmentosum Roxb	grass.

3.	 DM	and	OM	d�gest�b�l�t�es	of	Panicum sarmentosum Roxb	grass	made	�n	s�lage	
form	are	h�gher	than	those	�n	hay	form,	but	they	have	no	stat�st�cally	s�gn�f�cant	
d�fferences.
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Abstract

Climate is the limiting factor for availability of good quality forage in Rembang 
regency.  Rice straw is then given as an alternative feed for Peranakan Ongole (PO) 
cows.  However, this feed is low in nutrient content and quality has low digestibility 
and low palatability.  Overcoming this problem can be done by designing good 
quality supplements, such as nutrient rich supplement (SKN) that can be mixed with 
concentrate, or can be formulated in a complete feed. Therefore, this experiment 
was conducted to study responses of PO cows to improvement of rice straw based 
diet with supplementation and complete feed.  The experiment was carried out in a 
randomised block design with 16 cows were allocated randomly into 4 groups.  The 
treatments were R1 (rice straw), R2 (R1 + rice bran 2 kg/head/day), R3 (R2 + SKN 
0.4 kg/head/day), and R4 (complete feed).  The data were analysed using analysis of 
variances and differences among treatments were examined with contrast orthogonal 
test.  The results showed that the use of rice bran, SKN and complete feed improved 
quality of rice straw as based diet which subsequently improved nutrient intakes.  
The treatments were significant on dry matter and crude protein digestibilities 
(P<0.05), but did not affect organic matter and energy digestibility, body weight 
gain and feed efficiency.  The highest income over feed cost was obtained by using 
R2.  It is concluded that giving complete feed (R4) produced the best performance 
of PO cows.  SKN can still be used to improve rice straw based diet if the amount is 
increased.

 
Keywords: complete feed, peranakan ongole cows, rice straw, SKN, 

supplementation
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Introduct�on

Rembang	Regency	 �s	 the	4th	 rank	 for	beef	cattle	product�on	 �n	Central	 Java	
Prov�nce,	populat�ons	were	115,220	heads	�n	2009	w�th	Peranakan	Ongole	(PO)	was	
one	of	cattle	breeds	ra�sed	by	farmers	(Government	of	Rembang	Regency,	2011).	
Cattles	are	used	to	meet	local	requ�rement	for	meat,	and	exported	to	other	regenc�es	
�n	Java	Island.		However,	cl�mate	�s	the	l�m�t�ng	factor	for	ra�s�ng	the	cattle	and	for	
the	ava�lab�l�ty	of	good	qual�ty	forage;	th�s	was	because:	1.	�ts	locat�on	�n	low	land	
area	�n	the	north	coastal	area	of	Java	�sland;	2.	hav�ng	trop�cal	cl�mate	(max�mum	
temperature	33	oC	and	average	temperature	23	oC);	3.	short	per�od	of	wet	season	
(4-5	month/year)	w�th	long	per�od	of	dry	season,	and	4.	scarc�ty	�n	ra�n	drops	�n	a	
year	(average	ra�n	drops	1	039.36	mm	�n	2009)	(Agr�cultural	and	Forestry	Off�ce,	
Rembang	Regency,	2009).

R�ce	straw	�s	g�ven	as	an	alternat�ve	feed	for	PO	cows,	but	�t	has	low	nutr�ent	
content	and	qual�ty,	low	d�gest�b�l�ty	and	low	palatab�l�ty	(Sutard�,	1981).		One	solu-
t�on	to	overcome	the	problem	�s	by	des�gn�ng	good	qual�ty	supplements	(Suryahad�	
et al.,	2003;	Leng,	1993),	 �.e.	nutr�ent	r�ch	supplement	(SKN,	suplemen kaya nu-
trien)	conta�n�ng	good	qual�ty	of	energy,	prote�n	and	m�neral	sources,	that	can	be	
m�xed	w�th	concentrate,	or	can	be	formulated	�n	a	complete	feed.	These	supplements	
are	expected	to	prov�de	nutr�ents	lack�ng	�n	r�ce	straw	and	can	be	g�ven	�n	a	small	
amounts	to	�mprove	r�ce	straw	ut�l�sat�on.		These	can	be	formulated	by	us�ng	feed	
sources	ava�lable	locally	�n	Rembang	Regency	or	nearby	c�t�es	(CENTRAS,	Centre	
for	Research	and	Commun�ty	Serv�ce,	 IPB,	 -	Government	of	Rembang	Regency,	
2010).		F�sh	meal	from	locally	f�sh	�ndustry	and	legum�nous	leaf	meals	(leucaena,	
Leucaena leucocephala;	and	tur�,	Sesbania grandiflora)	are	undegradable	prote�n	
sources,	and	degradable	prote�n	sources	are	cassava	meal	(Manihot esculenta)	and	
r�ce	bran		cassava		leaf	meal	and	r�ce	bran	had	prote�n	that	were	less	degradable	than	
f�sh	meal,	soybean	meal	and	the	other	two	legume	leaf	meal;	so	would	you	m�nd	
to	leave	the	prev�ous	statement	as	�t	�s(Sutard�	et al.,	1983;	Soenarso,	1984).		R�ce	
bran	and	molasses	are	h�ghly	fermentable	energy	sources	than	r�ce	straw.		M�neral	
sources	are	also	prov�ded.	These	are	expected	�mprove	an�mal	performance.		There-
fore,	th�s	exper�ment	was	conducted	to	study	responses	of	PO	cows	to	�mprovement	
of	r�ce	straw	based	d�et	w�th	supplementat�on	and	complete	feed.		

Mater�als	and	methods
	
Mature	PO	cows	(16	heads)	were	used	(aged	:	2-6	years	old	and	�n�t�al	body	

we�ght,	BW	:	304.31	+	30.1	kg),	d�v�ded	�nto	four	groups	and	kept	�n	an	�nd�v�dual	
cage.	Feeds	were	r�ce	straw	(Oryza sativa),	leaf	meal	conta�n�ng	cassava,	leucaena,	
and	tur�,	f�sh	meal,	r�ce	bran,	molasses	and	m�neral	m�xed	from	Rembang,	Tuban	
and	Pat�	d�str�cts.
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Four	 treatments	 were	 developed	 based	 on	 observat�on	 �n	 feed�ng	 pract�se	
conducted	 by	 farmers	 �n	 Rembang	 Regency:	 	 R1=R�ce	 straw	 (ad libitum);	 R2=	
R1+r�ce	bran	 as	 energy	 supplement	 (2	kg/head/day);	R3=R2+SKN	 (0.4	kg/head/
day);	supplement	was	g�ven	separately,	and	R4=	R�ce	straw	base	complete	feed	�n	
wh�ch	r�ce	straw	and	energy	-	prote�n	supplement	(SKN)	was	m�xed	and	g�ven	as	
a	s�ngle	feed.		Complete	feed:	r�ce	straw	40,	r�ce	bran	30.5,	f�sh	meal	8.5,	cassava	
leaf	 meal	 5.7,	 leucaena	 leaf	 meal	 3.0,	 sesban�a	 (tur�)	 leaf	 meal	 0.3,	 molasses10,	
vegetable	o�l	1	and		m�neral	m�x	1	(%	dry	matter,	DM	bas�s).

Var�ables	measured	were	feed	and	nutr�ent	�ntakes,	d�gested	nutr�ents,	nutr�-
ent	d�gest�b�l�t�es,	body	we�ght	ga�n	(BWG),	feed	or	rat�on	eff�c�ency	rat�o	(FER),		
and	�ncome	over	feed	cost	(IOFC).	Random�sed	block	des�gn	(4	treatments	and	4	
repl�cat�ons),	analys�s	of	var�ance	and	contrast	orthogonal	were	appl�ed	(Steel	and	
Torr�e,	1993).

Results	and	D�scuss�on
The	 study	 was	 done	 �n	 a	 commun�ty	 farm	 taken	 care	 by	 18	 members	 and	

located	�n	Tanjung	v�llage,	Sulang	d�str�ct,	Rembang	Regency	(July	to	September	
2010).		PO	cattles	(mature	bulls	2	heads,	mature	cows	16	heads,	and	calves	4	heads)	
were	mostly	kept	for	fatten�ng	and	breed�ng	programmes.		As	keep�ng	cattle	�s	the	
secondary	 �ncome,	 the	 farmers	 look	 after	 the	 cattle	 trad�t�onally	 and	 g�ve	 feeds	

Table	1.	Nutr�ent	compos�t�on	of	rat�on

Nutr�ent	compos�t�on1

Treatment

R�ce	straw
(R1)

R�ce	straw	+	supplement
Complete	
feed	(R4)R�ce	bran

(R2)
R�ce	bran	+	
SKN	(R3)

Dry	matter	(DM,	%	fresh	
sample) 37.99 50.44 52.05 60.44

Ash	(%	DM) 17.40 17.19 17.08 18.75
Organ�c	matter	(%	DM) 82.60 82.81 82.92 81.25
Crude	prote�n	(%	DM) 4.21 5.92 6.48 11.80
Ether	extract	(%	DM) 1.44 2.48 2.71 3.52
Crude	f�bre	(%	DM) 32.50 31.02 30.44 25.80
N�trogen	free	extract	(%	DM) 44.45 43.39 43.30 40.12
Ca	(%	DM) 0.42 0.30 0.41 2.65
P	(%	DM) 0.28 0.54 0.52 0.29

1	Calculated	on	the	bas�s	of	data	from	Sutard�	(1981)	and	prox�mate	analys�s	by	the	Laboratory	of		
Research	Centre	of	Natural	Resources	and	B�otechnology,	Bogor	Agr�cultural	Inst�tute	(2011).
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ava�lable	 seasonally	 hav�ng	 low	 quant�ty	 and	 qual�ty	 wh�ch	 were	 �nsuff�c�ent	 to	
support	product�on	and	reproduct�on	of		an�mals.

R1	had	the	lowest	nutr�ent	contents,	excepted	for	CF	content	(Table	1).	R�ce	
bran	supplementat�on	(2	kg/head/day)	�mproved	nutr�ent	contents	�n	R2	w�th	further	
�mprovements	were	obta�ned	 �n	R3	 and	R4.	These	 affected	 �ntakes	of	 r�ce	 straw	
DM,	total	nutr�ents	(DM,	OM,	and	CP)	(P<0.01)	and	TDN	(P<0.05),	but	d�d	not	af-

Table	2.	Intake,	d�gested	nutr�ent,	nutr�ent	d�gest�b�l�ty	of	r�ce	straw	based	d�et,	body	we�ght	
ga�n	and	feed	eff�c�ency	rat�o

Var�ables

Treatment

R�ce	straw
(R1)

R�ce	straw	+	supplemen
Complete	feed

(R4)R�ce	bran
(R2)

R�ce	bran	+	
SKN	(R3)

Intakes	(kg/head/day):
Fresh	 9.28	±	1.43 8.75	±	0.57 9.15	±	0.67 10.08	±	1.63
R�ce	straw	(DM)1 3.52	±	0.56a 2.60	±	0.16b 2.63	±	0.32b 1.87	±	0.31c

Total	dry	matter1 3.52	±	0.56c 4.42	±	0.16b 4.76	±	0.32b 6.09	±	0.90a

Total	organ�c	matter1 2.91	±	0.46c 3.66	±	0.13b 3.95	±	0.26b 4.95	±	0.73a

Total	crude	prote�n1 0.15	±	0.02c 0.26	±	0.01b 0.31	±	0.01b 0.72	±	0.11a

TDN1,2 2.11	±	0.41b 2.53	±	0.38b 2.75	±	0.20a 2.94	±	0.38a

D�gested	nutr�ent	(kg)	:
D�gested	DM	 2.32	±	0.48 2.73	±	0.49 2.97	±	0.25 2.94	±	0.41
D�gested	OM 2.05	±	0.40 2.40	±	0.37 2.61	±	0.19 2.72	±	0.35
D�gested	CP1 0.03	±	0.02a 0.13	±	0.04b 0.15	±	0.02b 0.45	±	0.06c

D�gested	energy	(MJ) 38.81	±	7.57a 46.62	±	6.90a 50.61	±	3.64b 54.09	±	6.92b

D�gest�b�l�ty	(%):
Dry	matter	(DM)1 65.41	±	3.65a 61.84	±	10.09a 62.57	±	6.17a 48.65	±	6.94b

Organ�c	matter	(OM) 69.99	±	3.17 65.62	±	9.09 66.34	±	5.56 55.34	±	6.05
Crude	prote�n	(CP)1 18.55	±	8.60a 50.40	±	13.25b 49.27	±	8.95b 62.67	±	4.88c

D�gest�ble	energy	
(DE,	MJ/kg	BK) 10.97	±	0.48 10.55	±	1.39 10.65	±	0.88 8.93	±	0.93

BWG	and	FER
BWG	(kg/head/day) 0.06	±	0.30 0.29	±	0.43 0.31	±	0.12 0.66	±	0.34
FER	(%) 2.08	±	8.36 6.56	±	10.06 6.34	±	2.29 10.78	±	5.57

1Means	 w�th	 d�fferent	 superscr�pt	 �n	 the	 same	 row	 d�ffer	 s�gn�f�cantly	 at	 (P<0.05);	 2TDN	 (total	
d�gest�ble	nutr�ent)	was	est�mated	us�ng	th�s	formula:	TDN	=	d�gested	crude	prote�n	+	2.25	d�gested	
ether	extract	+	d�gested	crude	f�bre	+	d�gested	n�trogen	free	extract	(Sutard�,	1980).
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fected	fresh	feed	�ntake	(Table	2).	Increases	�n	total	energy	and	CP	�ntakes	followed	
ascend�ng	order:	R2,	R3	and	R4.

Treatments	affected	d�gested	energy	and	CP	(P<0.05)	w�th	 the	lowest	 �n	R1	
(Table	2),	and	the	h�ghest	�n	R4	(P<0.05).		D�gested	nutr�ents	were	also	�mproved	by	
r�ce	bran	supplementat�on	(R2),	but	�ts	comb�nat�on	w�th	SKN	(R3)	only	�ncreased	
d�gested	 energy.	 The	 �ncrease	 �n	 CP	 d�gest�b�l�ty	 (P<0.05)	 occurred	 �n	 a	 s�m�lar	
trend,	but	 reverse	 results	were	 found	 �n	DM	and	OM	d�gest�b�l�ty,	and	d�gest�ble	
energy	(DE).	The	lowest	results	�n	energy	d�gest�b�l�ty	were	complete	feed	(P<0.05),	
and	 the	h�ghest	were	 r�ce	 straw	 (R1).	As	bulky	 feeds	w�th	h�gh	CF	content,	 r�ce	
straw	f�lled	the	d�gest�ve	tract	st�mulat�ng	sat�ety	sensat�on	�n	faster	rate,	slower�ng	
passage	rate,	decreas�ng	�ts	DM	�ntake	and	�ncreas�ng	�ts	d�gest�on.	

Supplementat�on	 �mproved	BWG	and	FER	b�olog�cally	 (Table	2)	 that	were	
s�m�lar	to	others	(Purnomoad�	et al.,	2007;	Ar�f�n	et al.,	1998).	The	same	effects	also	
occurred	�n	IOFC,	but	�n	descend�ng	order:	R2,	R3	and	R4	(Table	3)	due	to	the	h�gh	
cost	of	supplement	(SKN)	�ncreas�ng	the	pr�ce	of	complete	feed	w�th	a	greater	use	
of	SKN.

Table	3.	Income	over	feed	cost	for	cattle	g�ven	r�ce	straw	based	d�et	and	supplement

Var�ables

Treatment

R�ce	straw
(R1)

R�ce	straw	+	supplement
Complete	
feed	(R4)R�ce	bran

(R2)
R�ce	bran	+	
SKN	(R3)

R�ce	straw	DM	�ntake	
(kg/head/day)

3.52 2.60 2.63 -

R�ce	bran	DM	�ntake	
(kg/head/day)

- 1.82 1.82 -

SKN	DM	�ntake	
(kg/head/day)

- - 0.31 -

Complete	feed	DM	�ntake	
(kg/head/day)

- - - 6.09

Total	feed	cost	(Rp/day)1 704.83 2,339.04 3,241.37 12,926.03
Body	we�ght	ga�n	
(BWG,	kg/head/day)

0.06 0.29 0.31 0.66

BWG	values	
(Rp/head/day)2

1,412.4 6,465.25 6,710.55 14,421.55

Income	over	feed	cost	
(Rp/head/day)

707.57 4,126.21 3,469.18 1,495.53

1Feed	pr�ce	�n	July	2010:	r�ce	straw=	Rp.	200,-/kg;	r�ce	bran=	Rp.	1000,-/kg;	SKN=	Rp.	2890,-/kg;	
complete	feed=	Rp.	2122,50/kg;	2Cattle	sell�ng	pr�ce=	Rp.	22000,-/kg	l�ve	we�ght.
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Supplementat�on	 produced	 good	 effects	 through	 the	 �ncrease	 �n	 ava�lab�l�ty	
of	 good	 qual�ty	 nutr�ents	 (energy	 sources,	 comb�nat�on	 between	 degradable	 and	
undegradable	 prote�n	 and	 m�neral	 add�t�on)	 for	 rumen	 m�crobes	 to	 �mprove	 �ts	
ab�l�ty	to	ferment	r�ce	straw	based	d�et	and	synthes�s	�ts	prote�n	and	for	rum�nants	
to	d�gest	the	nutr�ents	�ntens�vely	�n	post	rum�nal	d�gest�ve	tract	(Suryahad�	et al.,	
2003).	Lack	of	s�gn�f�cant	effects	on	BWG	and	FER	was	due	to	small	amount	of	
supplement	(SKN)	g�ven	to	the	an�mals	and	var�at�on	�n	responses	among	cattles.	

Conclus�on
	
B�olog�cal	 effects	 of	 r�ce	 straw	 based	 d�et	 supplemented	 w�th	 r�ce	 bran	 has	

�ncreased	eff�c�ency	of	nutr�ent	ut�l�sat�on,	espec�ally	energy.	Further	�ncreases	were	
obta�ned	by	supplement�ng	w�th	SKN.	G�ven	r�ce	straw,	r�ce	bran	and	SKN	�n	a	com-
plete	feed	produced	the	best	performance	based	on	eff�c�ency	of	energy	ut�l�sat�on	
(TDN	and	DE	values)	and	BWG,	and	the	best	IOFC.		The	h�ghest	IOFC	produced	
by	us�ng	r�ce	bran	as	supplement	was	due	to	the	h�gh	pr�ce	of	SKN	and	the	h�ghest	
cost	of	produc�ng	complete	feed.		It	�s	recommended	to	�mprove	nutr�ent	qual�ty	and	
quant�ty	of	supplements,	to	reformulate	SKN	compos�t�on	and	rat�o	between	SKN	
and	r�ce	straw	�n	complete	feed,	and	to	produce	supplements	at	low	cost	�n	order	to	
�ncrease	�ncome	over	feed	cost	for	the	farmers.
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Abstract

Certain tropical plants may have a nutritional value beyond simply their 
nutrient content, i.e. as rumen-manipulating agents that can be used as an 
alternative mean to solve problems in animal nutrition and livestock production 
in Indonesia. The objective of the present study was to measure the nutrient and 
phytochemical contents, and their effects on rumen microbial population and 
rumen fluid characteristics in vitro, of different parts of Uncaria gambir leaves and 
Cacao (Theobroma cacao L). Determination of nutrient content according to AOAC 
procedures (1995), fiber fractions (NDF and ADF) according to van Soest et al. 
(1991), phytochemical (alkaloid, phenol, terpenoid, saponin and tannin) content 
qualitatively and the effect of plant fractions on rumen microbial fermentation were 
evaluated in in vitro batch culture of rumen fluid. Parameters observed were total 
rumen ciliate population, total bacteria, cellulolyt ic bacteria, total VFA, ammonia N 
concentration, and pH. There was no significant effect (P>0.1) of phenolic and tannin 
present in Uncaria gambir on total microbial population, although the presence of 
saponin indicated a tendency to reduce the number of protozoa. However, it gave a 
significant effect (P<0.01) on VFA total and ammonia N concentration compared 
to control. Meanwhile, fractions of cacao waste (cacao pod and leaves) resulted in 
significant effect (P<0.01) on pH, ammonia N concentration and VFA total. But, the 
presence of phenolic (tannin) and alkaloid (theobromine) has no significant effect 
on total ciliate, total bacteria and cellulolytic bacteria and therefore they may have 
the potential as beneficial manipulators of rumen fermentation.

Keywords: rumen characteristics, ruminal microbe population, Uncaria gambir, 
Theobroma cacao

Introduct�on	

Certa�n	trop�cal	plants	may	have	a	nutr�t�onal	value	beyond	s�mply	the�r	nutr�ent	
content,	�.e.	as	rumen-man�pulat�ng	agents	that	can	be	used	as	an	alternat�ve	mean	
to	solve	problems	 �n	an�mal	nutr�t�on	and	 l�vestock	product�on	 �n	 Indones�a.	The	
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object�ve	of	the	present	study	was	to	measure	the	nutr�ent	and	phytochem�cal	contents,	
and	the�r	effects	on	rumen	m�crob�al	populat�on	and	rumen	flu�d	character�st�cs	in 
vitro,	 of	 d�fferent	 parts	 of	 Uncaria gambir	 leaves	 and	 Cacao	 (Theobroma cacao	
L). Determ�nat�on	of	nutr�ent	content	accord�ng	to	AOAC	procedures	(1995),	f�ber	
fract�ons	 (NDF	 and	 ADF)	 accord�ng	 to	 van	 Soest	 et al.	 (1991),	 phytochem�cal	
(alkalo�d,	phenol,	terpeno�d,	sapon�n	and	tann�n)	content	qual�tat�vely	and	the	effect	
of	plant	fract�ons	on	rumen	m�crob�al	fermentat�on	were	evaluated	�n	in vitro	batch	
culture	of	rumen	flu�d.	Parameters	observed	were	total	rumen	c�l�ate	populat�on,	total	
bacter�a,	cellulolyt�c	bacter�a,	total	VFA,	ammon�a	N	concentrat�on,	and	pH.	There	
was	no	s�gn�f�cant	effect	(P>0.1)	of	phenol�c	and	tann�n	present	�n	Uncaria gambir	
on	total	m�crob�al	populat�on,	although	the	presence	of	sapon�n	�nd�cated	a	tendency	
to	reduce	the	number	of	protozoa.	However,	�t	gave	a	s�gn�f�cant	effect	(P<0.01)	on	
VFA	total	and	ammon�a	N	concentrat�on	compared	to	control.	Meanwh�le,	fract�ons	
of	cacao	waste	 (cacao	pod	and	 leaves)	 resulted	 �n	s�gn�f�cant	effects	 (P<0.01)	on	
pH,	ammon�a	N	concentrat�on	and	total	VFA.	But,	the	presence	of	phenol�c	(tann�n)	
and	alkalo�d	(theobrom�ne)	has	no	s�gn�f�cant	effect	on	total	c�l�ate,	 total	bacter�a	
and	 cellulolyt�c	 bacter�a	 and	 therefore	 they	 may	 have	 the	 potent�al	 as	 benef�c�al	
man�pulators	of	rumen	fermentat�on.

Mater�als	and	Methods	

Th�s	 exper�ment	 ut�l�zed	 the	 waste	 plant	 fract�on	 at	 several	 stages	 dur�ng	
the	 agr�cultural	product�on	of	 the	ma�n	 export	 commod�t�es	 from	West	Sumatera	
Indones�a	�.e.	Uncaria gambir	(fresh	leaves,	steamed	leaves,	moulded	leaves)	and	
Cacao	(leaves,	cacao	pod,	and	cacao	sk�n).	Determ�nat�on of nutr�ent content wasDeterm�nat�on	of	nutr�ent	content	was	
conducted	accord�ng	to	AOAC	procedures	(1995),	f�ber	fract�ons	(NDF	and	ADF)	
was	 determ�ned	 accord�ng	 to	 van	 Soest	 et al.	 (1991),	 phytochem�cal	 (alkalo�d,	
phenol,	terpeno�d,	sapon�n	and	tann�n)	content	was	determ�ned	qual�tat�vely	and	the	
effect	of	plant	fract�ons	on	rumen	m�crob�al	fermentat�on	was	evaluated	�n	in vitro	
batch	 culture	 of	 rumen	 flu�d.	 Exper�mental	 des�gn	 used	 was	 Random�zed	 Block	
Des�gn	w�th	4	 treatments	and	4	repeats	as	block.	Parameters observed were totalParameters	observed	were	 total	
rum�nal	c�l�ate	populat�on,	total	bacter�a,	cellulolyt�c	bacter�a,	total	VFA,	ammon�a	
N	concentrat�on,	and	pH	�n	a	rumen	m�crob�al	batch	fermentat�on	system.	

Results	and	D�scuss�on	

There	 was	 no	 s�gn�f�cant	 effect	 (P>0.1)	 of	 phenol�c	 and	 tann�n	 present	 �n	
Uncaria gambir	 on	 total	 m�crob�al	 populat�on,	 although	 the	 presence	 of	 sapon�n	
�nd�cated	a	tendency	to	reduce	the	number	of	protozoa.	However,	�t	gave	a	s�gn�f�cant	
effect	(P<0.01)	on	VFA	total	and	ammon�a	N	concentrat�on	compared	to	control.	
Meanwh�le,	fract�ons	of	cacao	waste	(cacao	pod	and	leaves)	resulted	�n	s�gn�f�cant	
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effects	(P<0.01)	on	pH,	ammon�a	N	concentrat�on	and	VFA	total.	But,	the	presence	
of	phenol�c	 (tann�n)	and	alkalo�d	 (theobrom�ne)	has	no	s�gn�f�cant	effect	on	 total	
c�l�ate,	total	bacter�a	and	cellulolyt�c	bacter�a.

Conclus�ons		

Results	from	the	present	in vitro	stud�es	suggest	both	agr�cultural	wastes	from	
Uncaria gambir	 and	 Theobroma cacao	 had	 no	 substant�al	 effects	 on	 m�crob�al	
numbers	 and	 rum�nal	 fermentat�on	 character�st�cs	 and	 therefore	 may	 have	 the	
potent�al	as	benef�c�al	man�pulators	of	 rum�nal	 fermentat�on.	However,	 further	 in 
vivo	stud�es		are	requ�red	to	study	the	effect	on	l�vestock	performance.
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Table	1.	Effects	of	fract�ons	of	Uncaria gambir	and	Theobroma cacao	on	m�crob�al	number	
(log	10/ml)	and	rum�nal	flu�d	character�st�cs

Treatments
Parameters

Total	
bacter�a

Cellulolyt�c	
bacter�a Protozoa N-NH3	

(mg/100ml)
VFA	
(mM) pH

Control 9.74 8.56 3.97 17.22 58.34 6.88
Cacao	leaves 10.44 9.37 2.13 32.22 138.6 6.92
Cacao	pod 10.24 9.20 3.16 29.60 142.7 6.70
Cacao	seed	sk�n 10.00 8.98 4.24 29.92 174.4 6.55
Pressed	Uncar�a	leaves 8.72 8.39 3.88 33.27 130.69 6.82
Young	Uncar�a	leaves 8.98 8.90 2.97 40.89 175.37 6.90
Moulded	Uncar�a	
leaves

8.85 8.80 4.18 42.28 182.14 6.79
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Abstract

Major constrains of animal production development in Indonesia are the 
availability and quality of feeds, particularly in dry season. This study was aimed 
at  studying the effect of silage in complete ration on weight gain and quality of 
goat meat. The experimental design in this study was complete randomized design 
consisting of 4 treatments and 4 replications using 16 of one year old goats. Ration 
consisted of R1(forage), R2 (forage and concentrate were given separately), R3 
(complete hay), and R4 (complete ration silage). Feeds were given to meet the nutrient 
requirements of the animals, i.e. 3% of body weight, and drinking water was given 
ad libitum. The variables measured were nutritional composition of rations, blood 
plasma cholesterol, slaughtered and carcass weights, as well as carcass percentage 
of the goat.  Results showed that the quality of goat meat determined by its levels 
of protein, fat, and cholesterol was affected by the rations. Meat produced by R4 
(complete ration silage) were better than the others, containing 21.97% protein, 
1.9% fat, and 75.41 mg/dl cholesterol. This R4 goat performance was also showing 
higher slaughtered weight (22.70 kg) with a carcass weight of 9.86 kg and carcass 
yield of 43.44% out of slaughtered weight and income over feed cost (IOFC) of 
Rp. 495,768.  Therefore, the complete ration containing silage was considered as 
quantitatively better than other treatments in giving a better performance and meat 
quality of the goat.

Keywords: silage, cholesterol, carcass weight, carcass percentage

Introduct�on

The	 scarc�ty	 �n	 ava�lab�l�ty	 and	 poor	 qual�ty	 of	 feeds	 are	 major	 constra�nts	
faced	 �n	 development	 of	 l�vestock	 rear�ng	 �n	 Indones�a.	 Th�s	 cond�t�on	 �s	 more	
pronounce	�n		the	problem	of	feed	management,	espec�ally	dur�ng	the	dry	season;			
abundance	�n	wet	or	ra�ny	season.	Some	agr�cultural-�ndustry	by	products,	such	as	
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palm	o�l	sludge	and	cassava	waste	are	ava�lable	throughout	the	year;	however,	s�nce	
they	are	not	managed	properly,	the�r	ava�lab�l�t�es	are	not	stable.		Other	reason	for	
th�s	problem	�s	�neff�c�ent	technology	(ex.	dry�ng)	�n	handl�ng	the	feed	�ncreas�ng	�t	
to	h�gh	pr�ce.		

To	 lessen	 th�s	 fact,	 �t	 �s	necessary	 to	 f�nd	an	effort	 that	 technolog�cally	and	
econom�cally	w�se.		Prov�d�ng	rat�ons	for	rum�nants	have	to	cons�der	the�r	nutr�ent	
requ�rement	w�th	regard	to	the�r	phys�olog�cal	status,	such	as	we�ght	ga�n.		To	obta�n	
h�gher	ga�n,	�t	needs	h�gher	concentrate	level.	Prov�d�ng	feeds	�n	s�lage	had	shown	
some	�mprovement	for	the	l�vestock	(ZoBellZoBell	et al.	(2004).		

The	object�ve	of	th�s	exper�ment	was	to	evaluate	the	appl�cat�on	of	complete	
rat�on	conta�n�ng	s�lage	toward	the	performance	and	meat	qual�ty	�n	local	goat.			

Mater�als	and	Methods

There	were	one	year-	16	male	goats	allocated	�nto	4	treatments	�n	completely	
random�zed	des�gn.	The	treatments	were:		roughage	only	(R1),	spl�t	roughage	and	
concentrate	(R2),	dr�ed	complete	rat�on	(R3),	and		complete	rat�on	conta�n�ng	s�lage	
(R4).	Water	was	served	ad libitum.	Feed	�ngred�ents	used	are:	sagu	waste,	yellow	
corn,	pulp	out,	waste	of	shr�mp,	corn	strow,	r�ce	strow,	r�ce	bran	and	grass	f�eld

The	 rat�ons	 were	 formulated	 �socalor�c	 and	 �soprote�n,	 crude	 prote�n	 13%,	
crude	f�ber	18	%	and	dry	matter	62,74	%		based	on	the	recommendat�on	of	Nutr�ent	
Requ�rement	 of	 Sheep	 (NRC,	 1994).	 The	 rat�ons	 were	 g�ven	 for	 three	 months.		
Proxymate	 analyses	 of	 rat�ons	 and	 meat	 were	 conducted	 �n	 Laboratory	 of	 Feed	
Sc�ence	and	Technology	�n	An�mal	Sc�ence	Faculty,	Bogor	Agr�cultural	Un�vers�ty.		
Var�ables	observed	�n	th�s	exper�ment	were	rat�on	consumpt�on,	average	da�ly	body	
we�ght	ga�n	(ADG),	feed	convers�on,	carcass	we�ghts,	and	nutr�ent	qual�ty	of	goat	
meat,	and	IOFC	(Income	Over	Feed	Cost).

Data	were	analysed	us�ng	analys�s	of	var�ance	(anova);	�f	there	were	d�fferences,	
�t	would	be	tested	for	Least	S�gn�f�cant	D�fference	(Steel	and	Torr�e,	1993).	

Results	and	D�scuss�on

Consumption and performance of local goat 
Consumpt�on	of	the	rat�ons	was	s�gn�f�cantly	d�fferent	(P<0.05), R1 was the,	R1	was	the	

h�ghest		(1.21	kg/d)	that	was	d�fferent	from	R2	(1.10	kg/d);		wh�le	hay	consumpt�on	
(R3)	and	the	s�lage	(R4)		were	not	d�fferent	(1.00	kg/d).	

S�lage	was	d�fferent	from	hay	�n	terms	of	odor	(ac�d),	texture	(wet),	and	nutr�-
ents	(complete	what	does	�t	mean	w�th	complete).	However,	the	s�lage	was	better	�n	
�mprov�ng	the	goat	performance	�n	th�s	study,	support�ng	that	th�s	rat�on	was	good	
enough	�n	nutr�ents	and	palatab�l�ty	(Parakkas�,	1995).	Rat�on	convers�on	of	the	ra-
t�ons	were	s�gn�f�cantly	d�fferent	rang�ng	from	6.58	to	15.87	(P<0.05).	The	lowest	
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one	was	found	�n	rat�on	conta�n�ng	s�lage	(R4),	wh�le	the	h�ghest	was	�n	control	d�et	
w�th	roughage	only	(R1);	 th�s	was	due	to	 the	fact	 that	 they	had	d�fferent	nutr�ent	
(14.38	%	crude	prote�n,	crude	f�ber,	17.02%	and	Bet-N	26.59	%	�n	the	s�lage)	.		

Average	da�ly	ga�ns	were	d�fferent	s�gn�f�cantly	(P<0.05),	R4	was	the	h�ghest	
(0.152	kg/d).	Th�s	 s�lage	 rat�on	w�th	 �ts	 complete	nutr�ents	has	 st�mulated	 rumen	
m�croorgan�sm	and	metabol�sm,	caus�ng	better	da�ly	ga�n	of	the	goat	(P�ll�ang	and	
Djojosoebag�a,	2006).	

Slaughtered	we�ght	of	fasted	goat	was	found	to	be	 the	h�ghest	 �n	R4	(22.70	
kg/d),	wh�le	the	h�ghest	was	�n	the	R1		only	19.79	kg/d.	Ga�l�	et al.	(1992)	stated	that	
rat�on	affected	slaughtered	we�ght,	carcass	we�ght,	and	subcutaneous	fat	depos�t�on.		
Therefore,	�t	determ�ned	the	qual�ty	of	the	carcass.		Carcass	we�ghts	of	the	goat	were	
about	7.74	to	9.86	%,	the	lowest	was	found	�n	R1,	wh�le	the	h�ghest	was	�n	the	ra-
t�on	conta�n�ng	s�lage	(R4).		Carcass	we�ght	corresponded	�n	pos�t�ve	manner	to	the	
slaughtered	we�ght.		Product�on	of	carcass	was	affected	by	the	mass	of	muscle,	fat,	
and	bone	dur�ng	the	growth	per�od	(Hammond	et al.,	1991).

Percentages	of	carcasses	were	39.11-	43.44	%;	R1	was	the	lowest,	wh�le	R4	
was	the	h�ghest.	Th�s	rat�on	had	correlat�on	between	the	l�ve	we�ght	and	slaughtered	
we�ght,	�n	wh�ch	R4	was	the	h�ghest	too	how	�s	the	correlat�on		pos�t�ve.	Th�s	data	
was	s�m�lar	to	other	f�nd�ngs	reported	by	Hasnud�	(2005),	that	carcass	compos�t�on	
�ncreased	w�th	�ncreas�ng	carcass	we�ght.

Quality of goat meat
There	 were	 no	 s�gn�f�cant	 d�fferences	 among	 rat�ons;	 however,	 the	 s�lage	

showed	 h�gher	 carcass	 prote�n	 (21,47	 %),	 wh�le	 the	 control	 was	 the	 lowest.		
Cholesterol	concentrat�on	was	found	to	be	the	h�ghest	�n	R2	(118.18	mg/dl),	wh�le	
the	lowest	was	�n	control	rat�on	(R1).	The	R4	was	show�ng	a	moderate	cholesterol	
level	of	75.41mg/dl.		Mechan�sm	of	th�s	�s	the	s�lage	had	lower	fat	content,	but	h�gher	

Table	1.		Averages	 of	 rat�on	 consumpt�on	 (kg/d),	 rat�on	 convers�on,	 average	 da�ly	 ga�n	
(ADG)	of	the	goat	(kg/d)

Var�ables
Rat�on

R1 R2 R3 R4
Consumpt�on	(kg/d) 1.21a 1.10b 1.00c 1.00c

Convers�on 15.87a 9.82b 7.24c 6.58d

ADG	(kg/hr/d) 0.07a 0.11b 0.13c 0.15d	
Slaughtered	we�ght	(kg) 19.79a 20.50a 21.40b 22.70c

Carcass	(kg) 7.74a 8.35b 9.15c 9.86c

Carcass	percentage	(	%) 39.11a 40.78a 42.75b 43.44b

D�fferent	superscr�pt	among	rat�ons	were	s�gn�f�cantly	d�fferent	(P<0.05)
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f�ber,	therefore,	th�s	f�bre	w�ll	b�nd	pancreat�c	b�le	better,	excreted	�nto	feces.		Th�s	
cond�t�on	w�ll	st�mulate	l�ver	to	produce	b�le	ac�d	out	of	the	ava�lable	cholesterol,	
such	that	the	cholesterol	level	�n	the	body	w�ll		decrease.	Th�s	�s	based	on	the	fact	
that	the	cholesterol	content	�n	a	feed	or	rat�on	w�ll	be	metabol�sed	as	acetyl	co-A	
(Kr�snantut� and Yenr�na, 199l). Because �n the s�lage added shr�mp waste an�malKr�snantut�	and	Yenr�na,	199l).	Because	�n	the	s�lage		added	shr�mp	waste	an�mal	
prote�n	 saouces	 r�ch	 �n	omega3	and	yellow	corn	vegetable	prote�n	 source	 r�ch	 �n	
omega6	wh�ch	are	hypol�p�dem�k,	taht	lower	cholesterol.	How	�t	works	to	�nh�b�t	
the	synthes�s	and	transfer	are	bad	LDL	cholesterol	and	�ncreas�ng	HDL	cholesterol	
because	of	�t	�s	ant�	aggregat�on.		

Income over feed cost (IOFC)
Analys�s	of	�ncome	over	feed	cost	(IOFC)	was	des�gned	to	evaluate	the	cost	

and	net	 return	of	apply�ng	 these	 rat�ons	 �n	 local	goat	dur�ng	 the	exper�ment.	R4,	
the	complete	rat�on	conta�n�ng	s�lage,	gave	the	h�ghest		net	return,	represent�ng	by		
Income	Over	Feed	Cost	(IOFC)	for	as	much	as	Rp.	495,768,-	/60	days/head.	Th�s	
h�gh	net	return	was	supported	by	the	eff�c�ency	of	us�ng	the	rat�on	as	�nd�cated	by	

Table	2.		Average	Nutr�ent	Compos�t�on	of	the	Goat	Meat

Var�ables
Treatments

R1 R2 R3 R4
Dry	matter	(%) 24.07 26.10 25.63 27.21
Ash	(%) 1.25 0.84 1.15 1.24
Crude	Prote�n	(%) 18.68 19.65 20.51 21.47
F�ber	(%) 0.77 4.08 4.15 3.66
Fat	(%) 1.65 2.05 1.14 1.90
Beta-N	(%) 2.48 2.15 3.29 2.59
Cholesterol	mg/dl 55.73 118.73 80.41 75.41

Table	2.		Average	Nutr�ent	Compos�t�on	of	the	Goat	Meat

Var�ables R1 R2 R3 R4
Rat�on	pr�ce	(Rp/kg) 750 1,500 2,000 2,000
Feed	convers�on 15.67 9.87 7.24 6.58
Rat�on	cost	(Rp/kg	meat) 11,752 14,730 14,480 13,160
Meat	pr�ce	(Rp/kg) 35,000 35,000 35,000 35,000
Net	�ncome	(Rp/kg	meat) 23,240 20,270 20,520 21,840
Meat	product�on	(kg) 19.79 20.52 21.40 22.70
I	O	F	C	(Rp.) 460,078 415,535 439,120 495,768
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the	feed	convers�on	(6.58).		Seem�ngly,	the	more	�mproved	the	rat�on,	�t	w�ll	produce	
better	carcass	and	net	return,	eventually.

Conclus�ons

The	complete	rat�on	conta�n�ng	s�lage	was	cons�dered	the	most	eff�c�ent	rat�on	
on	the	bas�s	of	the	performance	(9.86	kg	carcass,	22.70%	carcass	of	l�ve	we�ght,	and	
43.44%	carcass	of	 slaughtered	we�ght)	and	meat	qual�ty	of	goat	carcass	conta�n-
�ng	21.97%	prote�n,	1.9	%	fat,	and	75.41mg/dl	cholesterol,	w�th	 the	IOFC	of	Rp	
495,768,-.
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Abstract

The research was intended to study the availability and nutrient content of 
waste product of sugar cane (bagasse, molasse and sugar cane top) in integrated beef 
cattle with sugar mill and sugar cane farming. Based on the data, it was formulated 
the ration for beef cattle, and known the carrying capacity of the sugar cane area 
for supporting feedstuff for beef cattle. The methodology of research was survey, 
proximate analysis and linear programming. Based on the survey, it was found that 
the production of bagasse was 27.60 ton/Ha/year (46% of sugar cane production); 
molasse was 1.27 ton/ha/year (1.99% of sugar cane production); and  sugar cane 
top was 10.57 ton/ha/year (43.42% of sugar can production). Nutrient contents of 
bagasse were 79.01%, 2.15%, 40.45%, 1,44%, and 50.33% for dry matter (DM), 
crude protein (CP), crude fiber  (CF),  fat (F) and nitrogen free extract (NFE) 
respectively. Dry matter, CP, CF, F and NFE contents of molasses were 13.29 %, 
12.33%, 0.63%, 17.83% and 63.98%, respectively. The content of sugar cane top 
was 27.29%, 7.59%, 40.39%, 1.51% and 40.67% for those parameters, respectively. 
The result of ration formulation based on the nutrition content for beef cattle (CP 
11 %, and TDN 62.5%) was sugar cane top 25%, bagasse 30%, molasses 5 %, and 
other feedstuffs 40 %.  The other feed stuffs were rice brain 15 % and coconut meal 
15 %, and waste of tofu 10%.   The area could support fodder for 1,478, 8,403 and 
398 beef cattles every year, based on availability of sugar cane top, bagasse, and 
molasses respectively.

Keywords: bagasse, molasses, sugar cane top, beef cattle

Introduct�on	

	The	susta�nable	feed	resource	 �s	 the	 �mportant	 factor	 to	support	 Indones�an	
Government	Program	to	self	supply	of	beef	cattle	�n	2014.	Forage	may	const�tute	an	
�mportant	fodder	component	 to	meet	 the	ma�ntenance	requ�rements	of	rum�nants,	
espec�ally	 for	 farmers	 who	 pract�ce	 �ntens�ve	 farm�ng.	 Nowadays,	 the	 farmers	
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began	 to	 face	 the	 d�ff�cult�es	 to	 get	 the	 fodder	 because	 of	 l�m�tat�on	 of	 area	 to	
plant	the	forage.	Most	of	the	land	�s	used	for	others;	e.g.;	plantat�ons,	agr�cultures,	
hort�cultures,	bu�ld�ngs,	etc.	

In	Solok	Regency,	West	Sumatra,	There	�s	a	center	of	trad�t�onal	sugar	planta-
t�on	that	�s	located	�n	Talang	Babungo	V�llage.		It	has	415	hectare	area	of	sugar	plan-
tat�on	that	�s	owned	by	530	farmers.	The	farmers	resulted	3280	ton	trad�t�onal	sugar	
every	year.	Bes�des	that,	there	are	by-	products	of	plantat�on	that	�s	potent�al	for	the	
source	of	fodder;	namely	sugar	cane	top,	bagasse	and	molasses.	Unfortunately;	the	
potency	�s	st�ll	wasted,	whereas	there	are	about	500	beef	cattles	that	are	depend	on	
trad�t�onally	fed	w�th	grass	by	the	farmers.

Based	on	 the	problem,	 �t	 �s	needed	 to	 study	 the	potency	of	 the	by-products	
as	source	of	fodder	of	beef	cattle.	As	the	prel�m�nary	stud�es,	we	want	to	know	the	
product�on	and	the	nutr�ent	content	of	the	byproducts.	Bes�des	that,	we	tr�ed	to	for-
mulate	the	rat�on	of	beef	cattle	w�th	us�ng	the	products.	Based	on	the	formula,	we	
could	calculate	the	carry�ng	capac�ty	of	the	by-products	to	support	ava�lab�l�ty	of	
fodder	for	beef	cattle	�n	the	�ntegrated	farm�ng.

Mater�als	and	Methods	

The	 mater�als	 used	 �n	 the	 present	 research	 were	 sugar	 cane	 top,	 bagasse,	
molasses	and	chem�cal	mater�als	for	prox�mate	analys�s.	The	dev�ce	was	measur�ng	
tape,	 GPS,	 scale	 (capac�ty	 550	 kg)	 and	 a	 set	 of	 prox�mate	 analys�s	 �nstrument.	
Bes�des	that,	�t	was	used	sugar	cane	m�ll	(3	rollers	type)	w�th	a	24	HP	eng�ne.	

The	data	of	ava�lab�l�ty	of	byproducts	were	obta�ned	by	survey	where	sampl�ng	
was	collected	by	strat�f�ed	random	sampl�ng.	Strata	of	the	samples	were	based	on	
alt�tude	of	the	area;	�.e.;	1000-1100	m	and	1100-1200	m	above	the	sea	level.	The	
nutr�t�on	content	of	the	products	was	be	determ�ned	by	prox�mate	analys�s.	L�near	
programm�ng	 was	 appl�ed	 for	 rat�on	 formulat�on	 w�th	 sugar	 cane	 byproducts	 as	
ma�n	fodder.	Based	on	the	ava�lab�l�ty	and	rat�on	formula	could	be	determ�ned	the	
carry�ng	capac�ty.

Results	and	D�scuss�on	

Productions of bagasse, sugar cane top and molasses
The	product�on	of	bagasse,	sugar	cane	top	and	molasses	�n	Talang	Babungo	

v�llage,	Solok	 regency,	West	Sumatra	 �s	presented	 �n	Table	1.	On	 the	 table	show	
that	the	total	product�on	of	sugar	cane	was	�nfluenced	by	the	alt�tude	of	the	land;	
the	h�gher	the	locat�on,	the	h�gher	the	product�on.	The	average	of	product�on	was	
63.69	Ton/Ha/year.	The	product�on	of	bagasse	was	27.70/ha/year	(43.42%	of	total	
product�on).	 The	 product�on	 of	 sugar	 cane	 top	 was	 10.57	 ton/ha/year	 (16.79	 %	
of	 total	product�on);	meanwh�le	 the	product�on	of	molasses	was	1.17	 ton/ha/year	
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(1.19%	of	total	product�on).	The	product�on	�s	equ�valent	w�th	19.4	ton/ha/year,	2.9	
ton/ha/year,	and	0.2	ton/ha/year	dry	matters	of	bagasse,	sugar	cane	top	and	molasses	
accord�ngly.	There	 were	 415	 Ha	 area	 of	 sugar	 cane	 plantat�on	 �n	 locat�on	 of	 the	
research,	so	�t	can	be	pred�cted	that	the	ava�lab�l�ty	of		bagasse,	sugar	cane	top	and	
molasses	�n	Talang	Babungo	v�llage	were	8069,	1197,	and	65	ton	of	dry	matters/
year.

Nutrient content of the by-products
The	nutr�ent	content	of	the	by-products	�s	presented	�n	Table	2.	The	bagasse	

conta�ns	h�ghly	dry	matter	(DM)	and	crude	f�ber	(CF),	but	lower	�n	crude	prote�n	
(CP)	and	fat.	Sugar	cane	top	conta�ns	DM	and	CP	relat�vely	the	same	as	grass,	so	�t	
can	be	used	for	subst�tut�ng	the	grass,	but	CF	�s	relat�vely	h�gher.	The	molasses	�s	

Table	1.	The	product�on	of	bagasse,	sugar	cane	top	and	molasses	�n	Talang	Babungo	V�llage,	
Solok	Regency,	West	Sumatra

Cr�ter�on
Product�on

Alt�tude	
1000-1100	masl*

Alt�tude	
1100-1200	masl* Average

Total	sugar	cane	product�on	
(ton/ha/year)

53.88 73.50 63.69

Bagasse	product�on	
ton/ha/year 23.11 32.30 27.70
%	of	total	product�on 42.89 43.95 43.42

Sugar	cane	top	product�on
ton/ha/year 9.68 11.47 10.57
%	of	total	product�on 17.97 15.61 16.79

Molasses	product�on
ton/ha/year 1.20 1.15 1.17
%	of	total	product�on 2.23 1.56 1.90

Note:	*meter	above	the	sea	level

Table	2.	Nutr�ent	content	of	the	by-products	of	sugar	cane	plantat�on

K�nd	of	the	
by-products

Nutr�ent	content	(%)

DM CP CF Fat NFE
Bagasse 79.01 2.15 40.45 1.44 50.33
Sugar	cane	top 27.29 7.59 40.39 1.51 40.67
Molasses 13.29 12.33 0.63 17.83 63.98
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the	best	fodder	as	source	of	energy	because	conta�ns	the	h�ghest	n�trogen	free	extract	
(NFE)	of	those	by-products.	Based	on	the	nutr�ent	content	of	those	by-products,	�t	
was	need	to	add	other	fodder	to	formulate	the	rat�on	for	beef	cattle.

Formulation of Ration 
Rat�on	formulat�on	of	beef	cattle	used	bagasse,	sugar	cane	top,	molasses	and	

others	fodder	generate	formula	as	be�ng	shown	�n	Table	3.		In	the	table	show	that	60	
%	of	the	rat�on	cons�sts	the	by-products	of	sugar	cane,	and	the	rema�n�ng	compr�se	
other	feedstuffs.	The	r�ce	bra�n,	coconut	meal	and	waste	of	tofu	funct�on	to	cover	
�nsuff�c�ency	of	the	nutr�ent	requ�rement	der�ved	from	those	by-products.	Thus;	the	
by-products	ma�nly	serves	as	subst�tut�on	of	grass	that	ma�n	component	of	forage	
resource	�n	Talang	Babungo.

Carrying Capacity
Based	on	the	rat�on	formula,	�t	can	be	calculated	the	carry�ng	capac�ty	of	the	

by-products	that	produced	�n	Talang	Babungo	to	support	the	nutr�ent	requ�rement	of	

Table	 3.	 The	 rat�on	 formula	 of	 beef	 cattle	 based	 on	 by-products	 of	 sugar	 cane	 as	 ma�n	
component*

K�nd	of	fodder Percentage	(%)	of	DM
Sugar	cane	top 25
Bagasse 30
Molasses 5
R�ce	bra�n 15
Coconut	meal 15
Waste	of	tofu 10
Total 100

Note:	*The	requ�rement	of	CP	=	11%	and	TDN	62.5%.

Table	 3.	 The	 rat�on	 formula	 of	 beef	 cattle	 based	 on	 by-products	 of	 sugar	 cane	 as	 ma�n	
component*

The	k�nd	of	by	
products

Product�on	
(ton/year)

The	requ�rement
(ton/cattle/year) Carry�ng	capac�ty

Sugar	cane	top 4,387 2.968 1,478
Bagasse 11,496 1.368 8,403
Molasses 486 1.219 398

The	assumpt�ons:	The	total	area	of	the	sugar	cane	plantat�on	�s	415	Ha.	The	average	of	beef	cattle	
we�ght	�s	300	kg.	The	requ�rement	of	dry	matter	�s	3%	of	l�ve	we�ght.	
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beef	cattle.	The	carry�ng	capac�ty	based	on	ava�lab�l�ty	of	the	by-products	presented	
�n	Table	4.	In	the	table,	�t	can	be	seen	that	based	on	ava�lab�l�ty	of	bagasse,	sugar	
cane	top	and	molasses	can	cover	the	needs	of	feed	for		8	403,	1	478,	and	398	cattles	
respect�vely.	Thus;	the	ava�lab�l�ty	of	molasses	was	the	l�m�t�ng	factor	of	explo�t�ng	
the	by-products	as	the	feed	resource	of	beef	cattle	�n	Talang	Babungo.
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 The Effect of Essential Oils of Spearmint on the in Vitro Rumen 
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Abstract

The aim of this study was to assess the effect of essential oils of spearmint 
(SEO) on the in vitro gas production (GP) kinetics, fiber digestibility and proteolysis 
by rumen microbial community using Menke syringes. Asymptotic GP, half time of 
GP and the sigmoidisity degree of the GP curve were determined using a typical 
growing lamb diet. Ammonia production and in vitro fiber digestibility in response to 
different doses SEO was measured. The effect of this oil on the deaminative activity 
of mixed rumen microbes and a recently isolated amino acid-fermenting bacterium 
were studied. SEO decreased asymptotic GP and increased degree of sigmoidicity. 
While In vitro fiber digestibility was negatively affected by SEO, the concentration 
of ammonia in fermentation syringes increased. The tested oil inhibited ammonia 
production and the specific rate of ammonia production by the isolate (Clostridium 
SPP. MT8). Similarly, such results were observed for ammonia production by mixed 
rumen microbes. Overall, SEO had an antimicrobial activity and anti-proteolysis 
effect, and therefore modulating effect on rumen fermentation.

Keywords: bacteria, deaminatvie activity, growth, in vitro, spearmint

Introduct�on

In	 rum�nants,	 n�trogen	 retent�on	 �s	 �neff�c�ent	 because	 of	 deam�nat�on	 of	
am�no	ac�ds	 �n	 the	 rumen,	wh�ch	 leads	 to	 the	excess	of	NH3	 �n	 the	blood	stream	
that	 �s	 converted	 to	urea	 and	 lost.	Ant�b�ot�c	growth	promoters	 (�.e.,	 �onophores)	
have	been	successfully	used	to	enhance	N	ut�l�zat�on	eff�c�ency	�n	rum�nants.	These	
ant�b�ot�cs	�nh�b�t	the	growth	of	a	group	of	rumen	bacter�a	called	the	ammon�a	hyper-
produc�ng	bacter�a	 (HAP),	wh�ch	have	 the	 capac�ty	 to	produce	 ammon�a	desp�te	
the�r	relat�vely	low	number	compared	to	other	predom�nant	rumen	bacter�a	(Russell 
et al, 1988). Recently,	 ant�b�ot�c	 use	 �n	 an�mal	 rat�on	 has	 faced	 many	 cr�t�c�sms	
due	to	the	emergence	of	ant�b�ot�c	res�stance.	An	alternat�ve	to	ant�b�ot�cs	�s	plant	
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natural	compounds	that	can	be	used	as	feed	add�t�ves.	Essent�al	o�ls	(EO)	are	one	of	
category	of	compounds,	wh�ch	have	been	cons�dered	for	the�r	potent�al	to	modulate	
the	rumen	fermentat�on.	Spearm�nt	(Mentha spicata)	�s	a	med�c�nal	plant	wh�ch	has	
many	uses	�n	Iran�an	ethnomed�c�ne.	The	ant�m�crob�al	effect	of	�ts	essence	aga�nst	
a	broad	spectrum	of	m�croorgan�sms	has	been	documented	(Mkaddem	et al.,	2009).	
However,	l�ttle	�nformat�on	�s	ava�lable	about	the	effect	of	th�s	EO	on	fermentat�on	
parameters	of	m�xed	 rumen	m�croorgan�sms	 and	 act�v�ty	of	 rum�nal	 am�no	 ac�d-
ferment�ng	 bacter�a.	Therefore,	 the	 a�m	 of	 th�s	 study	 was	 to	 assess	 the	 effect	 of	
d�fferent	doses	of	 spearm�nt	EO	(SEO)	on	 the	 fermentat�on	parameters	of	m�xed	
rumen	m�crobes	and	 the	act�v�ty	of	 an	am�no	ac�d-ferment�ng	bacter�um	 �solated	
from	the	rumen	of	Mehraban	sheep.			

Mater�als	and	Methods	

Rumen	�noculum	was	taken	from	four	rum�nally	f�stulated	mature	Mehraban	
sheep	fed	a	d�et	conta�n�ng	70%	alfalfa	hay	and	30%	concentrate	plus	m�neral	and	
v�tam�n	supplements.	For	k�net�cs	measurement	200	mg	substrates	(�.e.,	atyp�cal	d�et	
for	grow�ng	lambs)	were	we�ghed	�nto	100	ml	glass	syr�nges	and	subsequently	f�lled	
w�th	30	ml	buffered	rumen	flu�d.	Gas	volume	was	recorded	at	1	to	144	hours	after	
�ncubat�on.	The	k�net�c	parameters	were	est�mated	us�ng	mono-phas�c	model	(Groot	
et al.,	1996)	of	GP=A/(1+(B/t)s)	where GP �s the cumulat�ve gas product�on (ml/g	GP	�s	the	cumulat�ve	gas	product�on	(ml/g	

�ncubated	OM),	A	�s	the	est�mated	asymptot�c	gas	product�on	(ml/g	�ncubated	OM),	
B	 �s	 the	 t�me	(h)	after	 �ncubat�on	at	wh�ch	half	of	 the	asymptot�c	gas	product�on	
has	 been	 reached	 and	 S	 represents	 a	 constant	 that	 determ�nes	 the	 sharpness	 of	
the	 sw�tch�ng	 character�st�c	 of	 the	 prof�le.	 In a separate run of �ncubat�on f�berIn	 a	 separate	 run	 of	 �ncubat�on	 f�ber	
d�gest�b�l�ty	(IVFD)	and	ammon�a	were	measured	 �n	syr�nges	conta�n�ng	500	mg	
of	 the	substrates	and	 �noculated	w�th	40	ml	of	buffered	rumen	flu�d	accord�ng	 to	
Makkar	(2010).

In	another	tr�al	an	am�no	ac�d	ferment�ng	bacter�a	was	�solated	from	the	rumen	
of	Mehraban	sheep	and	�dent�f�ed	as	descr�bed	by	Flythe	and	Andr�s	(2009).	The	
access�on	 number	 of	 �solated	 bacter�a	 (Clostr�d�um	 SPP.	 MT8)	 was	 JN804563.	
Also,	 a	 suspens�on	 of	 m�xed	 rum�nal	 bacter�a	 was	 prov�ded	 (Flythe,	 2009).	 The	
effect	of	essences	on	the	growth	of	�solated	bacter�a	was	evaluated	by	measur�ng	
opt�cal	dens�ty	(absorbance	at	600	nm)	of	stat�onary	phase	cultures		after	24	hours	of	
�ncubat�on	(39ºC).	Ammon�a	product�on	and	prote�n	of	pure	culture	of	bacter�a	were	
determ�ned	at	 0	 and	6	hours	of	 �ncubat�on.	Spec�f�c	 rate	of	 ammon�a	product�on	
was	calculated	from	these	two	values	us�ng	the	averages	of	0	and	6	hours	prote�n	
samples.	The	 ammon�a	product�on	by	m�xed	 rumen	m�crobes	were	measured	by	
d�fferences	between	the	values	of	0	and	24	hours	�ncubat�ons.	At	the	beg�nn�ng	of	all	
tr�als,	d�fferent	dosed	of	SEO	(0,	250,	500,	750	and	1000	mg/L)	were	added	to	the	
ferment�ng	med�a.	The	data	were	analyzed	us�ng	general�zed	l�near	model	ANOVA	
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procedures	 (SAS,	 8.1).	 For	 all	 analyses,	 spec�f�c	 orthogonal	 contrasts	 were	 used	
to	test	1)	control	vs.	the	average	of	SEO	doses	and	2)	l�near	(L),	quadrat�c	(Q)	and	
cub�c	(C)	effects	of	EO	doses	on	parameters.

Results	and	D�scuss�on	

The	 effect	 of	 SEO	 on	 the	 fermentat�on	 parameters	 are	 shown	 �n	 Table	 1.	
Inclus�on	of	SEO	decreased	asymptot�c	GP	and	controls	were	s�gn�f�cantly	d�fferent	
from	treatments.	Half-t�me	was	decreased	w�th	the	�ncreased	concentrat�on	of	SEO,	
wh�le	add�t�on	of	SEO	�ncreased	the	sw�tch�ng	factor.	SEO	had	led	to	the	�ncrease	�n	
the	ammon�a	concentrat�on.	However,	IVFD	were	markedly	decreased	by	�nclus�on	
of	SEO	espec�ally	at	the	h�ghest	doses.	The	decrease	�n	GP	�n	response	to	�nclus�on	
of	SEO	�s	�nd�cat�ve	of	the�r	ant�m�crob�al	effects,	wh�ch	have	been	demonstrated	
prev�ously	 (Taghav�-nezhad	 et al.,	 2011).	 The	 degree	 of	 s�gmo�d�c�ty	 represents	
the	 poss�ble	 lag	 process	 occurr�ng	 at	 the	 early	 stages	 of	 �ncubat�on	 (Groot	 et al.	
1996).	Also,	a	more	 s�gmo�dal	GP	curve	 �nd�cates	 that	 �ncubated	substrates	have	
lower	nutr�t�ve	value	than	the	exponent�al	mode	(Groot	et al.,	1996)	or	an	altered	
fermentat�on	(France	et al.,	2000).		

	In	general,	lowered	GP	as	a	result	of	SEO	shows	that	th�s	EO	have	a	general	
and	dose	dependant	ant�m�crob�al	act�v�ty.	Trends	to	s�gmo�d�c�ty	w�th	add�t�on	of	
SEO	po�nt	out	a	spec�f�c	�nh�b�tory	effect	aga�nst	some	m�croorgan�sms	�n	add�t�on	to	
�ts	general	effect.	The	decrease	�n	IVFD	shows	the	negat�ve	effect	of	these	essences	
on	the	degradat�on	of	organ�c	matter	and	structural	carbohydrates	at	h�gh	doses.

The	effects	of	d�fferent	doses	of	SEO	are	 shown	 �n	Table	2.	The	growth	of	
�solated	bacter�um	was	decreased	by	SEO.	Also,	 ammon�a	product�on,	m�crob�al	
prote�n	and	spec�f�c	rate	of	ammon�a	product�on	were	lowered	by	�nclus�on	of	SEO.	

Table	 1.	 The	 effect	 of	 d�fferent	 doses	 of	 SEO	 on	 the	 k�net�cs	 of	 in vitro	 rum�nal	
fermentat�on

Parameters
SEO		doses Contrasts

0 250 500 750 1000 Control	
vs.	SEO L Q C

A 507.4 473.1 443.6 370.8 264.4 *** *** *** NS
B 12.3 10.1 11.0 9.2 5.4 *** *** *** *
S 1.16 1.18 1.2 1.3 1.9 *** *** *** *
Ammon�a 5.88 6.08 6.81 7.38 6.36 *** *** *** ***
IVFD 0.33 0.34 0.27 0.22 0.16 *** *** ** NS

A:	 asymptot�c	 GP	 (ml/g	 OM);	 B:	 half	 t�me	 of	 asymptot�c	 gas	 product�on	 (h);	 S:	 regulat�ng	 the	
sw�tch�ng	character�st�cs	of	the	GP	prof�les;	L:	l�near;	Q:	quadrat�c;	C:	cub�c;	*	P<0.05;	**:	P<0.01	
***	P<0.001;	NS:	non-s�gn�f�cant;	SEO:	spearm�nt	essent�al	o�ls.	IVFD:	�n	v�tro	f�ber	d�gest�b�l�ty.
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Add�t�on	of	SEO	had	a	negat�ve	effect	on	 the	ammon�a	product�on	by	 the	m�xed	
rumen	bacter�a	suspens�on	and	at	the	h�ghest	doses	of	SEO	(750	and	1000	µg/ml)	
small	amounts	of	ammon�a	were	produced	(F�gure	).   			

The	�nh�b�tory	effects	of	EO	on	am�no	ac�d	ferment�ng	bacter�a	have	been	c�ted	
prev�ously	(McIntoch	et al.,	2003).		Carvone	(the	ma�n	const�tuent	of	spearm�nt)	�s	
suggested	to	exh�b�t	�ts	ant�m�crob�al	act�v�ty	v�a	d�srupt�ng	metabol�c	energy	status	
of	 cells	 (Burt,	 2004).	 However,	 the	 small	 amount	 of	 ammon�a	 product�on	 at	 the	
h�ghest	doses	of	SEM	�nstead	of	complete	�nh�b�t�on	of	bacter�al	growth	could	be	
due	to	the	fac�l�tated	d�ffus�on	and	other	transport	mechan�sms	�n	absence	of	�on-
mot�ve	forces	(Flythe	and	Russel,	2005). 	

F�gure	5.	The	effect	of	SEO	on	ammon�a	product�on	by	m�xed	rumen	m�crobes	

Table	2.	The	effect	of	d�fferent	doses	of	ZEO	and	SEO	on	the	ammon�a	product�on	(mmol),	
m�crob�al	 prote�n	 (µg)	 and	 spec�f�c	 rate	 of	 ammon�a	 product�on	 (mmol/mg	 of	
prote�n)	by	�solated	bacter�um

Parameters
SEO		doses Contrasts

0 250 500 750 1000 Control	
vs.	SEO L Q C

Growth	of	
bacter�a	
(O.D)

0.416 0.262 0.181 0.095 0.051 *** *** *** NS

Ammon�a	 6.7 5.1 2.7 1.98 2.84 *** *** ** NS
M�crob�al	
prote�n

504.4 281.1 334.6 317.7 303.1 *** ** * *

Spec�f�c	
rate	of	NH3		
product�on

14.02 19.48 7.83 6.21 9.6 NS * NS **

O.D:	 opt�cal	 dens�ty	 after	 24	 hours	 of	 �ncubat�on;	 SEO:	 spearm�nt	 essent�al	 o�ls.	 L:	 l�near;	 Q:	
quadrat�c;	C:	cub�c;	*	P<0.05;	**:	P<0.01;	***	P<0.001;	NS:	non-s�gn�f�cant
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Conclus�ons		

One	 �mportant	 aspect	 of	 us�ng	phytochem�cals	 �n	 rum�nants	 nutr�t�on	 �s	 the	
�mprovement	of	n�trogen	ut�l�zat�on	eff�c�ency	wh�ch	can	be	ach�eved	by	lower�ng	
proteolys�s	and	ammon�a	product�on	�n	the	rumen.	Decreased	ammon�a	product�on	
by	m�xed	rumen	m�croorgan�sms	and	a	pure	culture	of	a	novel	am�no	ac�d-ferment�ng	
bacter�um	 showed	 that	 SEO	 has	 the	 potent�al	 to	 man�pulate	 prote�n	 metabol�sm	
�n	 the	 rumen.	At	 the	 lower	doses,SEO	can	modulate	 rumen	fermentat�on	w�thout	
negat�vely	affect�ng	organ�c	matter	and	f�ber	degradat�on.	Further	research	�s	needed	
to	eluc�date	in vivo	effects	of	th�s	EO,	such	as lactat�on	and	fatten�ng	performance	
of	rum�nants.		
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Abstract

Macronutrients such as energy and protein affect rumen microbial growth and 
efficiency of microbial protein synthesis which can be increased by synchronizing 
energy and N-protein released in the rumen. The experiments were conducted to 
study the optimum energy and protein content of diet that were synchronized  in 
releasing energy and N-protein in the rumen of native beef cattle. Randomized block 
design with a factorial of 3 x 2 was used in this experiment. The first factor was three 
diferent crude protein (CP) levels i.e. 10, 12, and 14 %; the second factor was two 
deferent levels of TDN (total digestible nutrients)  (65 and 70 %). Eighteen local 
cattles were arranged into three groups on the basis of average body weight of the 
animals. Each group was fed six types of diet that was different in  levels of CP or 
TDN. The diets had the same synchrony index, namely 0.560. The results showed 
that, with the exception of  crude fat digestion, there was no effects of interaction 
between protein and energy on variables measured. Compared to diet with 70% 
TDN, diet with 65% TDN produced higher rumen microbial N, consumption and 
digestion of nutrients, and N retention (P<0.05). Diet with protein level of 12% tend 
to have better allantoin concentration in the urine, consumption and digestion of 
nutrients, N retention and blood urea nitrogen (BUN) than that of 10% or 14%. It 
can be concluded that the diet having 65% TDN and 12% protein with synchrony 
index of 0.560 generate more efficient N synthesis of rumen microbes and average 
daily gain of local cattle.

Keywords: synchrony index, degradation, N retention, intake of nutrients, digestion

Introduct�on

The	 �ntent�ons	 of	 synchron�z�ng	 the	 release	 of	 N	 and	 energy	 from	 d�ets	 �n	
the	 rumen	 are	 to	 max�m�ze	 m�crob�al	 prote�n	 synthes�s	 from	 the	 capture	 rumen	
degradable	prote�n	 (RDP),	 to	 reduce	 the	 requ�rement	 for	expens�ve	undegradable	
prote�n	(UDP),	 to	m�n�m�ze	losses	of	ammon�a	from	the	rumen,	and	to	m�n�m�ze	
energy	cost	for	convert�ng	the	excess	ammon�a	�nto	urea	and	for	excret�ng	urea	�n	
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ur�ne,	and	to	�mprove	an�mal	performance	(S�ncla�r	et al, 1993;	Gustafsson	et al,	
2006).

The	ava�lable	energy	�n	the	rumen	(rum�nally	degradable	organ�c	matter)	�s	the	
most	l�m�t�ng	factor	for	rum�nal	N	ut�l�zat�on	(Shab�	et al,	1998).	But	these	may	need	
to	take	second	place	when	look�ng	at	more	recent	f�nd�ng	(Block,	2006).	Maeng	et 
al.	 (1999)	 demonstrated	 that	 supply	 of	 crude	 prote�n	 (CP)	 or	 n�trogen	 �mproved	
m�crob�al	eff�c�ency	to	greater	extent	than	d�d	e�ther	f�ber	or	starch.

The	exper�ments	were	conducted	to	study	the	opt�mum	energy	and	prote�n	content	
of	d�et	that	were	synchron�zed		�n	releas�ng	energy	and	N-prote�n	�n	the	rumen	of	
nat�ve	beef	cattle	(sap�	pes�s�r)

Mater�als	and	Methods

The	feedstuffs	used	to	formulate	the	treatment	d�et	were	presented	�n	Table	1.	
The	rumen-f�stulated	cattle	was	used	to	determ�ne	rum�nal	degradab�l�ty	coeff�c�ent	
of	organ�c	matter	(OM)	and	prote�n	of	the	feedstuff,	namely	by	mean	of	the	equat�on:	
p=	a +	b (1-	e-ct)	(Orskov	and	McDonald,	1979);	where	p=	the	amount	degraded	at	
t	 t�me;	a=	 the	 rap�dly	soluble	 fract�on;	b=	potent�ally	degradable	 fract�on;	c=	 the	
rate	 of	 degradat�on	 of	 fract�on	 b;	 and	 t=	 t�me	 (h).	 From	 hourly	 quant�ty	 of	 OM	
and	 prote�n	 degraded,	 a	 synchrony	 �ndex	 of	 n�trogen	 to	 organ�c	 matter	 was	 then	
calculated	by	the	follow�ng	equat�on:
Synchrony	Index==

	 		(S�ncla�r	et al.	1993),	where	25= 25	g	N/kg	organ�c	
matter	trully	d�gested	�n	the	rumen.	

Table	1.		Chem�cal	compos�t�on	and	s�nchrony	�ndex	of	feedstuff	(%)

F�eld	grass R�ce	brand Corn	meal Coconut	
peal 	F�sh	meal		

Dry	matter	(DM) 35.6 87.8 85.8 89.2 	87.2
Organ�c	matter	(OM) 94.3 90.8 99.1 79.7 	59.8
Crude	prote�n	(CP)	 10.2 13.0 		7.7 17.6 	22.7
Crude	f�ber	(CF),	%	 27.8 11.6 		0.9 		9.7 	11.2
Ether	extract	(EE),	% 		2.0 		8.6 		3.5 		9.7 			3.4
Total	d�gest�ble	nutr�ents	
(TDN),	% 63.7 66.8 81.9 65.3 	12.3

S�nchrony	�ndex1) 0.538 0.277 0.660 0.827 -0.167
1)	synchrony	�ndex	�s	calculated	accord�ng	to	S�ncla�r	et al.	(1993)	mod�f�ed	by	Hermon	et al.	(2008)	
concern�ng	eff�c�ency	of	m�crob�al	prote�n	synthes�s	�n	the	rumen	to	be	20g	N/kg	OM	fermented.
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S�x	treatment	d�ets	prepared	follow�ng	the	random�zed	block	des�gn	of	a	2	x	
3	factor�al	(Table	2).	The	f�rst	factor	�s	the	level	of	TDN	�n	d�ets,	namely	65	and	
70%.	The	second	factor	 �s	 the	 level	of	prote�n	 �n	d�ets,	namely	10,	12,	and	14%.	
All	these	d�ets	had	the	same	relat�ve	synchrony	�ndex.Each	d�et	was	g�ven	to	three	
cattle	(1	to	1.5	years	of	age	and	we�gh�ng	90-135	kg),	wh�ch	were	randomly	placed	
�n	 �nd�v�dual	cages.	The	d�et	g�ven	2	 t�mes	da�ly	w�th	 the	same	dose	at	8.00	and	
16.30.	The	study	was	conducted	for	35	days,	14	days	for	a	per�od	of	adaptat�on	to	
d�et	treatment,	14-day	fatten�ng	per�od	and	7	days	before	the	end	of	the	study	for	the	
collect�on	per�od. In the collect�on per�od, measurements were da�ly consumpt�onper�od.	In	the	collect�on	per�od,	measurements	were	da�ly	consumpt�on	
and	collect�on	of	feces	and	ur�ne. Blood samples to determ�ne blood urea n�trogen	Blood	samples	to	determ�ne	blood	urea	n�trogen	
(BUN)	were	taken	from	coccygeal	vessels	at	the	last	sampl�ng	day.	Ur�ne	was	used	
to	determ�ne	the	retent�on	of	N	and	pur�ne	der�vate	wh�ch	was	then	used	to	calculate	
the	 eff�c�ency	 of	 rumen	 m�crob�al	 prote�n	 synthes�s/	 rumen	 m�crob�al	 product�on	
(Chen	and	Gomes,	1992).	Rumen	flu�d	was taken from rumen-f�stulated cattle fedwas	taken	from	rumen-f�stulated	cattle	fed	
d�et	treatment,	namely		before	feed�ng		�n	the	morn�ng	and	3,	6,	9	h	after	feed�ng.	Data	
were	analyzed	for	var�ance	of	random�zed	block	des�gn	us�ng	the	GLM	procedure	
SAS	(2004).

Result	and	D�scus�on
Table	3	shows	that	the	product�on	of	rumen	m�crob�al	prote�n	was	�nfluenced	

by	d�et	energy	and	was not affected by d�et prote�n, correspond�ng to the statementwas	not	affected	by	d�et	prote�n,	correspond�ng	to	the	statement	

Table	2.		Compos�t�on	and	s�nchrony	�ndex	of	treatment	d�ets	(%	of	DM)

10P65E 10P70E 12P65E 12P70E 14P65E 14P70E
	F�eld	grass 86.3 43.4 32.9 22.2 13.2 9.0
	R�ce	brand - 6.3 6.1 23.1 21.7 32.6
	Corn	meal 6.7 38.0 28.3 29.1 20.0 19.0
	Coconut	peal 6.5 8.1 23.7 23.0 37.6 36.8
	F�sh	meal 0.01 3.7 8.5 2.1 7.0 2.2
	M�neral 0.5 0.5 0.5 0.5 0.5 0.5
OM 93.1 93.0 88.6 90.3 86.1 87.5
CP 10.4 10.4 12.4 12.0 13.9 13.6
CF 24.7 14.3 13.4 11.6 10.8 10.3
EE 2.6 3.6 4.7 5.7 6.7 7.3
TDN 64.7 68.5 64.7 68.6 64.7 67.3
S�nchrony	�ndex1) 0.562 0.562 0.562 0.562 0.562 0.564

10P65E=	d�et	of	10%CP,	65%	TDN;	10P70E=	d�et	of	10%CP,	70%TDN;	12P65E=	d�et	of	12%CP,	
65%TDN;	12P70E=	d�et	of	12%CP,	70%TDN;	14P65E=	d�et	of	14%CP,	65%TDN;	14P70E=	d�et	
of	14%CP,	70%TDN.
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Karsl�	and	Russell	(2002).	Rumen	m�crob�al	product�on	of	the	d�et	w�th	65%	TDN	
was	h�gher	than	that	of	the	d�et	w�th	70%	TDN	(P	<0.05),	wh�le	the	d�et	w�th	10%	
prote�n	tend	to	y�eld	h�gher	m�crob�al	product�on	than	the	d�et	w�th	the	other	pro-
te�ns.	Th�s	m�ght	occur	because	of	the	d�et	conta�ned	more	forage	(Table	2),	so	that	
the	d�lut�on	rate	�n	the	rumen	was	h�gh	(Stern	and	Hoover,	1979),	and	because	of	
lower	fat	content	(Table	2)	(Van	Soest,	1982).

The	greater	 rumen	m�crobes	may	 �ncrease	act�v�ty	of	nutr�ents	 fermentat�on		
�nclud�ng	CF.	There	�s	a	close	correlat�on	between	CF	and	DM	d�gest�b�l�ty	�n	the	
rumen	(Varga	and	Hoover,	1983)	and	�t	 �s	est�mated	that	most	of	 the	d�et	w�ll	be	
fermented	�n	the	rumen,	�t	w�ll	�ncrease	the	d�gest�b�l�ty	of	DM,	�nclud�ng	nutr�ent	
conta�ned	�n	�t	(Table	2).	There	was	also	a	close	relat�onsh�p	between	the	consumpt�on	
and	d�gest�b�l�ty	(Popp�	et al.,	2000),	therefore	the	d�et	w�th	65%	TDN	or	the	d�et	
w�th	10%	prote�n	would	be	more	consumed	than	the	d�et	w�th	70%	TDN	and	the	
d�ets	w�th	prote�n		12	or	14%	(P	<0.05).

Table	 3	 shows	 that	 the	 d�et	 w�th	 65%	TDN	 produced	 a	 h�gher	 N	 retent�on	
compared	 to	 the	 d�et	 w�th	 70%	TDN	 (P<0.05),	 wh�le	 the	 d�et	 w�th	 12%	 prote�n	
tend	to	produce	h�gher	N	retent�on	compared	to	the	d�et	w�th		prote�n	of	10	or	14%.	
Although	N	retent�on	was	h�gh,	the	d�et	w�th	12%	prote�n	had	a	lower	ADG	(204	g	
/	day)	compared	w�th	the	d�et	w�th	14%	prote�n	(207.7	g/day).	Th�s	may	be	happen	

Table	3.	Effect	of	treatment	d�ets	on	var�ables

CP	(%) TDN	(%) Interact�on:										
CP	vs	TDN10 12 14 65 70

Consumpt�on:	
DM;	kg 2.0 2.1 1.8 2.3a 1.6b ns
CF;	kg 0.4 0.3 0.2 0.4a 0.2b ns

D�gest�on	:	DM;	% 69.3a 62.5a 58.8b 67.9a 59.2b ns
CP;	% 68.7a 63.3b 60.4b 63.3a 61.0b ns
CF;	% 64.3a 36.7b 33.5b	 56.9a 32.9b ns
RMP1);	g	N/day 14.3 12.4 10.2 16.3a 8.3b ns
N	retent�on;	g 3.6 5.7 4.3 6.2a 3.0b ns
ADG;	g/day 169.7 204.0 207.7 219.7 167.9 ns
BUN;	mg/dl 37.1 39.6 34.7 36.2 38.1 ns
VFA;	mM 112.9 93.5 99.6 98.9 105.1 s
NH3;	mg/100ml 17.0 15.4 18.6 16.6 17.5 ns
PER;	% 72.5 79.8 79.0 84.5 76.3 ns

a,b	deferent	subscr�pt	�n	the	same	row	and	nutr�ent	was	s�gn�f�cant	(P<0.05);	s=	s�gn�f�cant;	ns=	not	
s�gn�f�cant;	1)RMP=	rumen	m�crob�al	product�on.
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because	some	of	N	retened	w�th�n	d�et	w�th	12%	prote�n	was	converted	to	BUN	to	
meet	energy	needs,	 th�s	was	corresponded	 to	 the	statement	of	Ban�	et al.	 (1991).	
H�gh	BUN	concentrat�on	was	 l�kely	not	 der�ved	 from	 the	 excess�ve	 rumen	NH3,	
because	�ts	concentrat�on	was	low	compared	to		the	d�ets	of	10	and	14%	prote�n.	The	
D�et	w�th	12%	prote�n	had	a	h�gher	PER	than	d�ets	w�th	10	or	14%	prote�n.

Conclus�on

It	can	be	concluded	that	the	rumen	m�crob�al	product�on	was	�nfluenced	by	the	
ava�lab�l�ty	of	energy	for	�ts	body	prote�n	synthes�s,	although	the	d�et	was	formu-
lated	synchronously	to	release	N-prote�n	and	energy	�n	the	rumen.	Local	cattle	d�et	
conta�n�ng	65%	TDN	and	12%	prote�n	w�th	0.560	synchron�zat�on	�ndex	had	the	op-
t�mal	rumen	m�crob�al	product�on,	prote�n	eff�c�ency	rat�o	and	average	da�ly	ga�n	
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Abstract

Jatropha (J.) curcas L. seed meal (JCSM) is a byproduct of J. curcas L. oil 
extraction.  This JCSM contains high protein concentration (37.56% DM) and ether 
extract (35.02% DM) which makes a potential source of animal feed. However, 
JCSM utilization can be limited by the presence of antinutrients such as curcin or 
lectin, and phorbolester. These antinutrients, especially the curcin, can be digested 
differently by microbes from the rumen fluid of cattle and buffalo. Therefore, an ex-
periment was conducted to study fermentability and digestibility (in vitro) of ration 
that contain crude curcin extracted from Jatropha curcas L. seed meal by microbes 
from the rumen fluid of cattle and buffalo.  Factorial randomised block designs were 
used in fermentability (4x2x2), and digestibility (4x2) studies; three replications 
were used in both experiments. The treatments were levels of crude curcin extracted 
from JCSM (0, 1, 2 and 3% v/w) that were added into rations as factor A, microbes 
from the rumen fluid of cattle and buffalo as factor B, and incubation times (0 and 
3 h) as factor C in fermentability study; factors A and B were also applied as treat-
ments in digestibility experiment. Variables measured were ammonia and total VFA 
concentrations, total bacterial and protozoal populations, and dry matter (DM) and 
organic matter (OM) digestibilities. Data were analysed using analysis of variance, 
and differences in treatment means were examined with contrast or polynomial or-
thogonal. The results showed that effects of addition levels of crude curcin extracts 
into rations were not significant on all variables measured, except the total proto-
zoal population (P<0.01).  There were differences between the rumen fluid of cattle 
and those from the rumen fluid of buffalo on total bacterial population, DM and 
OM digestibilities (P<0.01). Ammonia and total VFA, and total bacterial popula-
tion were increased at 3h incubation time (P<0.01). It is concluded that addition 
of crude curcin extracts from JCSM up to 3% (v/w) did not produced negative ef-
fects on ration fermentability and digestibility, except for protozoal population. The 
greater numbers of bacteria in the rumen fluid of buffalo than those in the rumen 
fluid of cattle cause higher DM and OM digestibilities.

Keywords: curcin, digestibility, fermentability, Jatropha curcas L. seed meal
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Introduct�on
	
Jatropha (J.)	curcas	L.	seed	meal	(JCSM)	�s	a	byproduct	of	J. curcas	L.	o�l	

extract�on	and	has	potent�al	source	as	an�mal	feed	due	to	�ts	product�on	potent�al	and	
nutr�ent	contents	as	prote�n	and	energy	sources.		In	Indones�a,	the	product�on	was	
about	0.4	ton/ton	dry	seed	w�th	200	-	300	l	o�l	product�on	(Brodjonegoro	et al.,	2005).		
JCSM	w�thout	husk	conta�ned	86.26%	dry	matter	(DM),	37.56%	crude	prote�n	(CP),	
35.02%	ether	extract	 (EE),	7.23%	crude	f�bre	(CF),	12.47%	n�trogen	free	extract	
(NFE),7.71%	ash,	16.30%	NDF,	15.86%	ADF,	4.51%	l�gn�n	and	0.01%	s�l�ca	(DM	
bas�s).	Nut	husk	�nclus�on	�n	o�l	extract�on	�ncreased	DM	and	f�bre	fract�ons,	but	
reduced	CP	and	EE	contents;	the	husk	conta�ned	h�gh	f�bre	fract�ons	(Tjakrad�djaja	
et al.,	2007).		The	f�brous	fract�ons	and		presence	of	curc�n	and	phorbolester	as	the	
ma�n	ant�nutr�ents	(Mart�nez-Herrera	et al.,	2006;	Makkar	et al.,	1998)	l�m�ted	�ts	
use,	but	ant�nutr�ent	effects	var�ed	among	JC	provenances,	 locat�on,	etc	 (Makkar	
and	Becker,	1997;	Makkar	et al.,	1997).	

JCSM	�s,	then,	more	su�table	for	rum�nants	than	for	monogastr�c.		The	presence	
of	rumen	m�crobes,	espec�ally	the	bacter�a,	has	enable	the	rum�nants	to	degrade	CF	or	
ant�nutr�ents	developed	by	adaptat�on	to	feeds	that	were	consumed;	however,	these	
var�ed	among	rumen	m�crobes	and	rum�nants	(McDonald	et al.,	2002).	Tolerance	
of	rumen	m�crobes	from	goat,	sheep,	cattle	and	buffalo	to	JCSM	ant�nutr�ents	had	
been	 stud�ed	 (Tjakrad�djaja	 et al.,	 2008;	Tjakrad�djaja	 et al.,	 2010).	 Goat	 rumen	
bacter�a	were	more	able	to	degrade	JCSM	and	tolerate	�ts	ant�nutr�ents	w�th�n	0-12	
h	 fermentat�on	 w�th	 proteolyt�c	 bacter�a	 are	 �mportant	 �n	 degrad�ng	 ant�nutr�ents	
hav�ng	prote�n	structure.		These	led	to	extract	curc�n	from	JCSM	and	study	�ts	effects	
on	rat�on	fermentab�l�ty	and	d�gest�b�l�ty.	Its	add�t�on	up	to	3%	(v/w)	d�d	not	affect	
fermentab�l�ty,	 rumen	 flu�d	of	goat	had	greater	 total	bacter�al	populat�on	w�th	no	
change	�n	protozoal	populat�on	at	3	h	�ncubat�on,	but	lower	DM	and	OM	d�gest�b�l�ty	
compared	to	sheep	(Tjakrad�djaja	et al.,	2011).	The	effects	can	be	d�fferent	us�ng	
rumen	flu�ds	of	large	rum�nant.	Therefore,	an	exper�ment	was	conducted	to	study	
fermentab�l�ty	and	d�gest�b�l�ty	 (in vitro)	of	 rat�on	conta�n�ng	JCSM	crude	curc�n	
extract	by	m�crobes	from	cattle	and	buffalo	rumen	flu�ds.

Mater�als	and	Methods
	
Mater�als	 were	 JCSM	 w�th	 husk,	 crude	 curc�n	 extract,	 cattle	 rumen	 flu�ds	

obta�ned	from	slaughter	house	�n	Bogor	and	the	buffalo	from	f�stulated	an�mal	�n	
BATAN,	and	rat�on.	The	rat�on	was		elephant	grass	(Pennisetum purpureum),	ground	
corn	and	concentrate=	50	:	25	:	25%		w/w).		Crude	curc�n	was	extracted	w�th	St�rpe	
et	 al.	 (1976)	 method	 mod�f�ed	 due	 to	 l�m�tat�ons	 �n	 ava�lab�l�ty	 of	 exper�mental	
apparatus.	 Fermentab�l�ty	 study	 was	 done	 follow�ng	 the	 f�rst	 stage	 of	T�lley	 and	
Terry	method	(1963)	mod�f�ed	by	Sutard�	(1979);	the	two	stage	method	was	used	
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�n	 d�gest�b�l�ty	 study.	 Ammon�a	 and	 total	 VFA	 concentrat�on	 was	 determ�ned,	
respect�vely,	 by	 m�cro	 d�ffus�on	 Conway	 and	 steam	 d�st�llat�on	 method	 (General	
laboratory	procedure,	Department	of	Da�ry	Sc�ence,	1966).	Og�moto	and	Ima�	(1981)	
method	was	used	to	count	total	bacter�al	(ser�ally	d�llut�on	method)	and	protozoal	
populat�ons.

Three	 factors	 appl�ed	 �n	 fermentab�l�ty	 study;	 factor	A:JCSM	 crude	 curc�n	
extract	levels	added	�nto	rat�ons	(0,	1,	2	and	3%	v/w),	factor	B:rumen	flu�d	sources	
(cattle	and	buffalo),	and	factor	C:�ncubat�on	t�me	(0	and	3	h).	Only	factor	A	and	B	
were	 treatments	 �n	d�gest�b�l�ty	 study.	Var�ables	were	concentrat�ons	of	ammon�a	
and	volat�le	fatty	ac�d	(VFA),	total	bacter�al	and	protozoal	populat�ons,	and	DM	and	
organ�c	matter	(OM)	d�gest�b�l�ty	coeff�c�ents.	Exper�mental	des�gn	and	stat�st�cal	
analys�s	(analys�s	of	var�ance,	and	orthogonal)	were	carr�ed	out	based	on	Steel	and	
Torr�e	(1993).	Factor�al	random�sed	block	des�gn	4x2x2	and	4x2	were,	respect�vely,	
used	 �n	 fermentab�l�ty	 and	 d�gest�b�l�ty	 exper�ment	 w�th	 rumen	 flu�ds	 (three	
repl�cat�ons	for	each	an�mals)	were	used	as	blocks.
	
Results	and	D�scuss�on

Crude curcin extract and its effect on nutrient composition of rations
The	extract	�n	th�s	exper�ment	(370	ml/250	g	dry	we�ght)	was	smaller	than	that	

obta�ned	by	Tjakrad�djaja	et al.	(2011)	that	was	due	to	d�fferences	�n	JCSM	sample	
and	exper�mental	cond�t�on	dur�ng	extract�on.		Add�t�on	levels	at	1,	2	and	3%	(v/w)	
were	equal	to	add�t�on	of	0.67,	1.33	and	1.99%	JCSM	�nto	treatment	rat�ons	wh�ch	
were	 greater	 than	 that	 used	 by	Ahmed	 and	Adam	 (1979),	 0.25%	 JCSM.	 Extract	
also	conta�ned	sapon�n	at	0.2%	(Laboratory	of	B�ofarmaka,	 IPB,	2008)	 that	may	
also	 �nfluence	 treatment	 effects.	 Extract	 add�t�on	 sl�ghtly	 reduced	 DM	 (89.66	 to	
83.41-85.22%),	NFE	(55.13	to	51.65-52.10%)	and	TDN	(68.71	to	66.75-67.77	%)	
contents	 of	 treatment	 rat�ons,	 but	 �ncreased	 CP	 (13.98	 to	 14.8	 -15.56%)	 and	 CF	
(18.64	 to	19.82-20.79%)	contents;	 the	 effects	d�d	not	 follow	 l�near	patterns	w�th	
extract	 levels.	 Increase	 �n	CP	content	was	due	 to	add�t�on	of	prote�n	 structure	of	
curc�n,	glycoprote�n	(Makkar	and	Becker,	2004;	Juan	et al.,	2002;	Aregheore	et al.,	
2003).

Effects of  treatments on fermentability, microbial population and digestibility
Table	1	showed	that	extract	add�t�on	levels	decreased	s�gn�f�cantly	total	proto-

zoal	populat�on	(P<0.01).	Rumen	flu�d	sources	produced	s�gn�f�cant	effects	on	m�-
crob�al	numbers	(P<0.01).	Incubat�on	for	3	h	�ncreased	ammon�a	(P<0.01)	and	total	
VFA	(P<0.05)	concentrat�ons	and	total	bacter�al	numbers	(P<0.01)	w�thout	chang-
�ng	protozoal	numbers.	

Results	 �nd�cate	 that	 rumen	bacter�a	were	 able	 to	degrade	prote�n	 �nclud�ng	
the	extract,	and	ferment	energy	sources.	The	present	ammon�a	concentrat�on	was	
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greater	 than	 that	 obta�ned	 from	 JCSM	 fermented	 by	 cattle	 and	 buffalo	 rumen	
flu�ds	(Tjakrad�djaja	et al.,	2008).	Ammon�a	concentrat�on	had	also	been	used	 to	
show	ab�l�ty	of	 rumen	m�crobes	 to	degrade	 r�c�n	 from	castor	 seed	meal	 (Ricinus 
communis	L.)	at	 levels	0.42-1.68	mg/ml	w�th�n	3-12	h	 �ncubat�on	(de	Ol�v�era	et 
al.,	2010),	but	rumen	m�crobes	could	not	degrade	phorbolester	(Makkar	and	Becker,	
2010).		Ab�l�ty	of	rumen	m�crobes	degrad�ng	ant�nutr�ent	w�th	prote�n	structure	st�ll	
depended	on	�ts	concentrat�on.	Protozoal	number	reduct�on	also	occurred	�n	other	
study	(Tjakrad�djaja	et al.,	2011).		Protozoal	cell	was	damaged	and	lysed	by	curc�n	
and	sapon�n	(Fard�az,	1992;	Juan	et al.,	2002)	due	to	greater	sens�t�v�ty	of	protozoal	
cell,	eukaryotes,	to	curc�n	and	sapon�n	than	bacter�al	cell,	prokaryotes	(Makkar	et 
al.,	 1998;	de	Ol�v�era	et al.,	 2010).	Sample	used	caused	d�fferences	 �n	m�crob�al	
numbers	between	 the	 rum�nants.	Less	m�crob�al	 populat�on	 �n	 cattle	 rumen	 flu�d	

Table	1.	Effects	of	treatments	on	all	var�ables

Treatments

Var�ables

Ammon�a
(mM) VFA	(mM)

Bacter�al	
populat�on

(x	108	colony	
form�ng	
un�t/ml)

Protozoal	
populat�on

(x	105	
cel/ml)

DM	
d�gest�b�l�ty

(%)

OM	
d�gest�b�l�ty

(%)

Curc�n	level	add�t�on1,2	

0%	(v/w) 21.12±6.84 149.82±	
12.95 0.98±0.77 0.78±0.05Aa 41.62±5.43 39.97±6.50

1%	(v/w) 21.26±4.92 155.77±	
12.22 0.86±0.69 0.64±0.02Ab 39.45±3.52 37.30±4.76

2%	(v/w) 21.60±4.33 159.18±	
12.26 0.50±0.11 0.57±0.02Bc 36.33±5.55 34.24±7.32

3%	(v/w)	 22.19±3.26 164.85±	
9.36 0.46±0.22 0.51±0.00Bc 37.86±5.78 34.72±5.91

Rumen	flu�d	sources1,2	

Cattle 21.63±0.83 153.19±	
6.76 0.26±0.05A 0.48±0.15A 35.23±	

2.56A
32.23±	
2.92A

Buffalo 21.46±0.19 161.62±	
5.87 1.14±0.47B 0.77±0.08B 42.40±	

2.19B
40.89±	
2.56B

Incubat�on	t�me1,2	

0	h 18.12±	
1.50A

149.13±	
7.31a 0.38±	0.06A 0.61±0.10 - -

3	h 24.96±	
0.67B

165.68±	
0.67b 1.02±0.49B 0.64±0.13 - -

1Means	w�th	d�fferent	superscr�pt	�n	cap�tal	letter	w�th�n	column	d�ffer	s�gn�f�cantly	at	(P<0.05)
2Means	w�th	d�fferent	superscr�pt	�n	cap�tal	letter	w�th�n	column	d�ffer	s�gn�f�cantly	at	(P<0.01).
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because	cattle	was	not	fed	properly	before	be�ng	slaughtered;	the	greater	m�crob�al	
numbers	�n	buffalo	was	due	to	regular	feed�ng.		Other	factors	were	d�fferences	�n	
growth	rates,	enzyme	act�v�t�es	(Bath�a	et al.,	1980;	Pradhan,	1994),	and	degree	of	
res�stancy	to	ant�nutr�ents	(curc�n	and	sapon�n)	wh�ch	may	be	greater	�n	m�crobes	
from	buffalo	than	cattle;	however,	these	st�ll	needs	a	further	clar�f�cat�on.

D�fferences	�n	rumen	flu�d	affected	DM	and	OM	d�gest�b�l�t�es	(P<0.01)	w�th		
greater	result	was	obta�ned	from	the	buffalo	(Table	1).	DM	d�gest�b�l�ty	was	com-
parable	to	those	found	by	Hak�m	(2002)	for	rat�on	conta�n�ng	grass	and	concentrate	
(38-46%).	The	greater	m�crob�al	populat�on	and	�ts	ab�l�ty	to	ferment	nutr�ents	from	
rumen	flu�d	of	buffalo	prov�ded	more	nutr�ents	that	were	more	eas�ly	d�gested	by	
enzymes	�n	the	post	rum�nal	organ.		
 
Conclus�on

	
Add�t�on	of	JCSM	crude	curc�n	extracts	up	to	3%	(v/w)	d�d	not	produce	negat�ve	

effects	on	 rat�on	 fermentab�l�ty	and	d�gest�b�l�ty,	except	 for	protozoal	populat�on.	
The	greater	numbers	of	bacter�a	�n	rumen	flu�d	of	buffalo	than	cattle	caused	h�gher	
DM	and	OM	d�gest�b�l�t�es.
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 Comparison Between Portable and Static Types of Silo on Silage 
Quality of Total Mixed Ration Containing Ramie 

Leaves (Boehmeria nivea, L. GAUD)
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Abstract

Ensiling is an alternative method to optimize utilization of seasonal available 
ramie leaves (Boehmeria nivea, L. Gaud) in ruminant daily feed but there is still 
lack of information available on the impact of silo type to the silage quality. The 
study was aimed to compare portable tower silo (plastic container 200 l) and static 
trench silo (1 ton capacity) effects on physical (odor, texture, moisture, color and 
spoilage), fermentative (pH, DM, VFA, DMD, CP, NH3, CPD, WSC and fleigh 
number) and utilities (rumen ration fermentation and degradation) characteristics 
of silage produced. The results showed that trench silo was less effective in giving 
good physical characteristics of silage compare to the plastic container (9% vs 
2.59% of spoilage respectively). Fermentative characteristic of silage produced in 
plastic container was excellent (fleigh number 118) while trench container produced 
good grade silage (fleigh number 74). All silage pH were less than 4.4. Utilities 
characteristic of silage were not affected by the type of silo. Both silage were highly 
fermentable and digestible to ruminant (>71% OMD). Plastic container produced 
better physical and fermentative characteristics of total mixed ration contained 
ramie leaves, but utilities characteristic of silage produced in both type of silo were 
equal.

Keywords: ramie leave, ruminant, silage, silo, total mix ration

Introduct�on	
	

Product�v�ty	of	 cows	 �n	 the	develop�ng	countr�es	was	only	22%	of	 cows	 �n	
the	developed	countr�es	(Speedy	and	Sansoucy,	1989).	The	f�rst	factor	l�m�t�ng	the	
m�lk	product�on	and	product�v�ty	was	nutr�t�on	aspects	such	as	�ncreas�ng	d�ff�culty	
�n	 prov�d�ng	 the	 bulk,	 h�gh	 pr�ce,	 and	 fluctuated	 ava�lab�l�ty	 and	 qual�ty	 of	 feed	
requ�red	 by	 cattle.	 Alternat�ve	 source	 of	 seasonal	 ava�lable	 h�gh	 qual�ty	 agro-
�ndustr�al	by-product	such	as	ram�e	leaves	(Boehmeria nivea,	L.	Gaud)	have	been	
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stud�ed	(Despal,	2007).	The	leaves	conta�ned	16%	(Despal	et al.,	2011)	to	21%	of	
CP	(Duarte	et al.,	1997),	 that	 �s	equal	 to	 lucerne	or	alfalfa	 (Ferre�ra	et al.,	2007;	
DeToledo	et al.,	2008).	

Because	of	�ts	seasonal	ava�lab�l�ty,	conservat�on	techn�que	should	be	appl�ed	
(Mayne	 and	 O’K�ely,	 2005).	 Several	 laboratory	 scale	 conservat�on	 methods	 of	
ram�e	leaves	�nclud�ng	t�me	and	add�t�ve	used	for	ens�l�ng	(Despal	et al.,	2011a)	and	
t�me	and	dry�ng	techn�que	for	hay	mak�ng	(Ast�	et al.,	2009)	have	been	opt�m�zed.	
Compar�son	of	the	nutr�ent	values	of	rat�on	conta�n�ng	dr�ed	and	ens�led	ram�e	leaves	
were	also	tested	in vitro	(Despal	et al.,	2011b).	From	the	prev�ous	exper�ments,	�t	
�s	 concluded	 that	 ens�l�ng	method	conserved	better	nutr�ents	of	 ram�e	 leaves	and	
produced	better	feed	ut�l�t�es	for	rum�nant	compare	to	dry�ng	method.	

To	be	able	to	prov�de	supply	of	nutr�ents	requ�red	by	da�ry	cattle	cont�nuously,	
ens�l�ng	the	leaves	as	total	m�xed	rat�on	on	larger	capac�ty	of	s�lo	can	be	an	alterna-
t�ve.	Unfortunately,	there	�s	l�m�ted	ava�lable	�nformat�on	of	su�table	s�lo	types	for	
smallholder	da�ry	cattle	farmer,	espec�ally	�n	hum�d	trop�cal	develop�ng	countr�es.

The	study	was	a�med	at	compar�ng	portable	tower	s�lo	(plast�c	conta�ner	200	l)	
and	stat�c	trench	s�lo	(1	ton	capac�ty)	effects	on	phys�cal	character�st�cs	of	the	s�lage	
produced	(odor,	texture,	mo�sture,	color	and	spo�lage)	and	ens�l�ng	character�st�cs	
(pH,	dry	matter,	volat�le	fatty	ac�d,	dry	matter	degradat�on,	crude	prote�n,	ammon�a,	
crude	prote�n	degradat�on,	water	soluble	carbohydrate	and	fle�gh	number)	as	well	
as	the	s�lage	ut�l�zat�on	by	rum�nant	(rum�nal	rat�on	fermentat�on	and	d�gest�b�l�t�es)	
in vitro.
	
Mater�als	and	Methods	

Depend�ng	on	capac�ty	of	 the	 s�lo	 (100	kg	 for	 tower	and	350	kg	 for	 trench	
s�los),	 total	 rat�on	have	been	m�xed	homogenously	out	 of	 58.8%	of	 2	 cm	 length	
chopped	elephant	grasses,	24.5%	of	2	cm	chopped	ram�e	 leaves,	1.3%	r�ce	bran,	
3.7%	pollard,	5.6%	corn	meal,	2.4%	soybean	o�l	meal	and	3.7%	coconut	o�l	meal	to	
produce	32.36%	dry	matter	(DM),	66%	total	d�gest�ble	nutr�ents	(TDN),	19%	crude	
prote�n	(CP),	1.71%	calc�um	(Ca)	and	0.4%	phosphorus	(P)	of	nutr�t�onal	content	
of	the	rat�on.	The	m�xed	mater�als	were	placed	�nto	the	s�lo.	The	a�rs	were	pushed	
out	of	the	s�lo	by	compress�ng	the	mater�als	manually.	The	s�los	were	then	sealed.	
Ens�l�ng	was	let	for	5	weeks	anaerob�cally	at	room	temperature.

Qual�t�es	of	s�lage	produced	were	compared	based	on	phys�cal	character�st�cs	
(odor,	texture,	mo�sture,	color	and	spo�lage)	descr�pt�vely.	Ens�l�ng	character�st�cs	
of	 both	 s�lage	 were	 compared	 based	 on	 pH,	 DM,	 volat�le	 fatty	 ac�d	 (VFA),	 DM	
degradat�on	 (DMDs),	CP,	 ammon�a	 (NH3),	CP	degradat�on	 (CPD),	water	 soluble	
carbohydrate	 (WSC)	 and	 fle�gh	 number	 (FN)	 var�ables	 of	 the	 s�lages.	 Ut�l�t�es	
character�st�cs	 of	 the	 s�lage	 for	 da�ry	 cattle	 were	 compared	 based	 on	 rum�nal	
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fermentab�l�ty	 of	 the	 s�lage	 to	 produce	VFA	 and	 NH3	 and	 the�r	 DM	 d�gest�b�l�ty	
(DMDr)	and	organ�c	matter	d�gest�b�l�ty	(OMD)	in vitro.	

Phys�cal	character�st�cs	of	the	s�lage	were	descr�bed	quant�tat�vely.	Scale	(+1)	
were	g�ven	to	the	least	des�red	and	(+4)	to	the	most	des�red	phys�cal	character�st�c	
of	the	s�lage.	Measurements	of	pH	were	done	accord�ng	to	Naumann	and	Bassler	
(1997)	procedure.	The	amounts	of	10	g	of	s�lages	were	m�xed	w�th	100	ml	d�st�lled	
water	us�ng	m�d	speed	blender	for	1	m�n.	Supernatants	were	separated	and	the	pH	
was	measured	us�ng	cal�brated	pH	meter.	The	supernatants	were	stored	frozen	unt�l	
�t	were	used	for	determ�nat�on	of	s�lage	VFA	(us�ng	steam	d�st�llat�on	method)	and	
NH3	(us�ng	Conway	m�cro	d�ffus�on	method)	concentrat�ons.

Degradat�ons	of	DM	dur�ng	ens�l�ng	were	calculated	by	subtract�ng	DM	�n	the	
mater�al	from	DM	�n	the	s�lage.	Degradat�ons	of	CP	dur�ng	ens�l�ng	were	quant�f�ed	
from	NH3	produced	from	the	degradat�ons.	Analyses	of	DM	were	conducted	us�ng	
oven	heat,	wh�le	CP	contents	were	measured	us�ng	Kjehldal	method	(Naumann	and	
Bassler,	1997).	Water	soluble	carbohydrates	were	determ�ned	us�ng	Phenol	Method	
accord�ng	to	S�ngleton	and	Ross�	(1965),	wh�le,	FN	were	calculated	accord�ng	to	
formula	descr�bed	by	Id�kut	et	al.	(2009),	where	NF	=	220	+	(2	x	%DM	–	15)	–	(40	
x	pH).	

Rum�nal	 fermentab�l�t�es	 were	 conducted	 accord�ng	 to	 General	 Laboratory	
Procedure	(1966).	The	VFA	rum�nal	concentrat�ons	were	determ�ned	us�ng	steam	
d�st�llat�on	 method,	 wh�le	 rum�nal	 NH3	 concentrat�ons	 were	 determ�ned	 us�ng	
Conway	m�cro	d�ffus�on	method.	 In vitro	d�gest�b�l�ty	 tr�als	were	done	 follow�ng	
T�lley	and	Terry	(1963)	two-stage	techn�que.

Observat�ons	of	ens�l�ng	character�st�cs	were	conducted	follow�ng	completely	
random�sed	 des�gn,	 wh�le	 ut�l�t�es	 character�st�cs	 observat�on	 used	 random�sed	
block	des�gn.	Each	treatment	was	repeated	thr�ce.	The	data	obta�ned	were	analyzed	
us�ng	Var�an	analys�s	�f	the	assumpt�ons	were	fulf�lled.	For	those	wh�ch	were	not,	
descr�pt�ve	analyses	were	used	�nstead.

Results	and	D�scuss�ons	

Phys�cal,	 ens�l�ng	 and	 ut�l�t�es	 character�st�cs	 of	 s�lage	 produced	 �n	 tower	
(plast�c	conta�ner)	and	trench	types	of	s�lo	were	showed	�n	Table	1.	Tower	s�lo	(plast�c	
conta�ner)	 produced	 better	 phys�cal	 character�st�cs	 of	 s�lage	 by	 means	 of	 l�ghter	
color,	more	ac�d�c	odor,	better	texture,	less	mo�sture	and	spo�lage	(Hauste�n,	2003).	
Ammon�a	odor	was	not	found	�n	the	tower	s�lo,	but	�n	the	trench	s�lo.	Lower	amount	
of	clotted	s�lage	(0.003%)	was	found	�n	the	tower	s�lo	compare	to	the	trench	wh�ch	
was	reach	up	to	1%.	Ammon�a	odor	and	clotted	s�lage	found	�n	trench	s�lo	showed	
spo�lage	m�croorgan�sm	act�v�t�es	dur�ng	and	after	ens�l�ng	wh�ch	was	more	favor	
�n	h�gher	mo�sture	s�lage	 (Saun	and	He�nr�ch,	2008).	Therefore,	mo�sture	control	
to	reduce	water	act�v�ty	such	as	w�lt�ng	or	the	use	of	absorbent	substrate	(Despal	et 
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al.,	2011a)	m�ght	be	poss�ble	 to	successfully	control	undes�rable	m�croorgan�sms	
sucs	as	Clostridium.	In	wet	s�lages	(22%	DM),	the	most	�mportant	m�croorgan�sms	
grow�ng	were	bacter�al	stra�ns	wh�ch	lead	to	h�gher	ammon�a-N	and	pH	�ncreases	
(Nuss�o,	2005)	such	as	those	were	found	�n	the	trench	s�lo.

Ens�l�ng	character�st�cs	of	the	s�lage	�n	tower	s�lo	were	also	better	than	those	
of	the	trench	by	means	of	h�gher	DM	and	CP	contents	and	NF	value	of	the	s�lage	
and	lower	pH,	DMDs,	CPDs,	WSC	and	VFA	content	of	the	s�lage	(s�gn�f�cantly	or	
just	tent	to).	More	rap�d	drop	�n	s�lage	pH	was	found	�n	the	tower	s�lo	than	those	
�n	the	trench.	These	were	esens�al	for	m�n�m�s�ng	proteolys�s	and	successful	ens�l-
�ng	 (Saar�salo	 and	 Jaakkola,	 2005).	 Lower	 degradat�on	 of	 DM	 and	 CP	 �n	 tower	
s�lo	was	caused	by	more	rap�d	decreas�ng	of	pH	wh�ch	was	produced	by	more	ac-
t�ve	convert�on	of	WSC	�nto	lact�c	ac�d	(ma�nly)	by	act�v�ty	of	lact�c	ac�d	bacter�a	

Table	1.	Phys�cals,	ens�l�ng	and	ut�l�t�es	character�st�cs	of	the	s�lages

Var�ables Trench	s�lo Tower	s�lo
Phys�cal	character�st�cs

Color +3	(Brown�sh	green) +4	(Yellow�sh	green)
Odor +3	(Ac�d	+	ammon�a) +4	(Ac�d)
Texture +3	(3.5	kg	clotted	s�lage) +4	(3	g	of	clotted	s�lage)
Mo�sture +3 +4
Spo�lage +2	(9%) +4	(2,59%)

Ens�l�ng	character�st�cs
pH 				4.38	±	0.10 				3.60	±	0.54
DM	(%) 		22.07	±	0.46b 		28.89	±	1.19a

VFA	(mM) 				8.05	±	2.72 				5.12	±	2.62
DMDs	(%) 		10.56	±	0.46a 				3.74	±	1.19b

CP	(%) 		17.24	±	6.97 		19.03	±	4.82
NH3	(mM) 				0.81	±	0.40 				0.84	±	0.11
CPD	(%) 				4.69	±	0.91 				4.56	±	1.04
WSC	(%	BK) 				2.20	±	0.12a 				1.37	±	0.08b

NF 		74.00	±	3.92b 118.78	±	21.5a

Ut�l�t�es	character�st�cs
VFA	(mM) 201.65	±	6.99 213.41	±	30.7
NH3	(mM) 		19.25	±	6.47 		18.81	±	0.72
DMDr	(%) 		71.06	±	1.83 		73.40	±	1.17
OMD	(%) 		71.62	±	1.67 		73.25	±	1.45

D�fferent	superscr�pt	�n	the	same	l�ne	means	s�gn�f�cantly	d�fferent	(P<0.05)	
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(LAB).	These	 cond�t�on	 �nh�b�ted	 harmful	 m�croorgan�sm	 growth	 rate,	 therefore,	
less	substances	were	degraded	and	h�gher	nutr�ent	could	be	conserved.	These	ef-
f�c�ent	forage	conservat�on	system	that	m�n�m�se	quant�tat�ve	and	qual�tat�ve	losses	
had	always	been	the	�mportance	emphas�sed	�n	ens�l�ng	research	techn�que	(Mayne	
and	O’K�ely,	2005).	

Degradat�on	of	DM	(DMDs)	�n	th�s	study	was	3.74%	for	tower	and	10.56%	for	
thrench	s�los.	The	lower	DMDs	�n	the	tower	type	s�lo	m�ght	also	be	caused	by	the	
h�gher	bulk	dens�ty	of	the	tower	(100	kg/200	l	or	equal	to	500	kg/1000	l)	compared	
to	trench	s�lo	wh�ch	was	only	350	kg/m3	or	equal	to	350	kg/1000	l.	The	equal	losses	
of	DM	were	observed	by	Ruppel	(1992)	wh�ch	reported	DM	losses	of	202	and	100	
g/kg	for	s�lage	bulk	dens�t�es	of	160	and	360	kg/m3,	respect�vely.

S�lage	value	�ndex	descr�bed	�n	NF	value	showed	that	s�lage	produced	�n	tower	
s�lo	resulted	�n	s�gn�f�cantly	h�gher	NF	score	(118.78)	than	those	�n	the	trench	s�lo	
(74.0).	Accord�ng	to	Id�kut	et	al.	(2009),	s�lage	produced	�n	the	tower	s�lo	could	be	
categor�zed	�nto	very	good	s�lage	(NF	>	85),	wh�le	trench	s�lo	produced	good	qual�ty	
s�lage	(60	<	NF	<	80).	

Ut�l�zat�on	 of	 both	 s�lages	 by	 rum�nant	 (in vitro)	 d�d	 not	 show	 stat�st�cal	
d�fferent	�n	the�r	character�st�cs.	Both	s�lages	were	categor�zed	h�ghly	fermentable.	
Concentrat�on	 of	 VFA	 found	 �n	 rumen	 flu�d	 after	 �ncubat�on	 of	 the	 total	 m�xed	
rat�on	were	above	opt�mum	level	of	80–160	mM	for	m�crob�al	growth	requ�rement.	
Fortunately,	 the	excess	of	VFA	were	synchron�zed	by	excess	of	NH3	 (>	12	mM)	
wh�ch	were	expected	could	�mproved	m�crob�al	growth	lead�ng	to	h�gher	m�crob�al	
act�v�t�es	and	prote�n	synthes�s.	The	h�gh	act�v�ty	of	feed	degradat�on	�n	the	rumen	
were	shown	by	h�gh	DMDr	and	OMD	of	the	s�lage	(>	70%).

Conclus�ons		

Total	m�xed	rat�on	conta�n�ng	ram�e	leaves	s�lage	produced	�n	both	s�los	were	
�n	the	grade	of	good	to	very	good	qual�t�es	w�th	h�gh	eff�ency	of	forage	conservat�on	
systems.	Both	 s�lo	produced	equal	ut�l�t�es	 character�st�cs	of	 s�lage	 for	 rum�nant,	
however,	tower	s�lo	(plast�c	conta�ner)	produced	better	phys�cal	and	ens�l�ng	char-
acter�st�cs	of	s�lage	w�th	h�gher	nutr�ents	could	be	conserved.
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Abstract	

Blood metabolite statues represent blood nutrients which will be metabolized 
by the cell. Low nutrient statues of local sheep fed with sole grass caused low 
performance. The aim of this experiment was to evaluate blood metabolite statues 
of growing male local sheep through improvement of ration containing Indigofera 
sp. Eight local sheep consisted of four UP3-jonggol and four garut growing sheep, 
were used in this experiment for three months. The rations were pellet concentrate 
containing 30% of Indigofera sp with 15% crude protein (CP) and 73.80% total 
digestible nutrient (TDN). The animals were reared in individual cages and given 
water and feed ad libitum. At the end of the experiment, blood was drained and 
collected from jugular vein using 5 ml spoit. The blood were analysed for the 
concentrations of plasma glucose, urea and total cholesterol using diagnostic 
KIT Merck Dya-Cys following laboratory standard procedure. The design of this 
experiment using simple T-test, the mean data was compared for all parameters. 
Result showed that plasma glucose concentration was not significance (77.95 vs 
85.89 mg%) among the local sheep, while concentrations of blood urea-N (BUN) and 
plasma cholesterol in jonggol sheep (73.31 mg% and 77.18 mg%) were significant 
higher than in garut sheep (55.99 mg% and 58.97 mg%). It was concluded that 
jonggol sheep have higher plasma cholesterol and BUN compared to the garut 
sheep which fed by 30% Indigofera sp. in the ration.

Keywords: cholesterol, garut and jonggol sheep, glucose, Indigofera sp., urea-N

Introduct�on	

Lamb	meat	has	h�gh	cholesterol	concentrat�on	wh�ch	caused	metabol�c	syn-
drome	d�sease (atherosclerosis).	 It	 �s	 �mportant	 to	manage	system	�n	order	 to	get	
good	qual�ty	of	meat	w�thout	reduc�ng	the	product�v�ty.	Feed�ng	management	can	
solve	the	problem	through	d�vers�f�cat�on	k�nd	of	forage	ut�l�zat�on.	Cholesterol	con-
centrat�on	�n	sheep	(80	mg%)	was	h�gher	than	�n	beef	(74	mg%).		Blood	metabol�te	
status,	represents	blood	nutr�ents,	are	produced	by	cell	metabol�sm	and	w�ll	affect	
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meat	qual�ty.	Low	nutr�ent	status	of	local	sheep	fed	w�th	sole	grass	caused	low	blood	
metabol�te	status	and	the�r	performance	Indigofera	sp.	�s		one	of	legume	wh�ch	has	
potent�al	to	be	used	and	has	27%	prote�n	and	15.5%	f�ber	content,	meanwh�le	the		
product�v�ty	�s	around	4,096	kg	dry	matter	(DM)/ha	(Abdullah,	2010).	Fatty	ac�d	
compos�t�on	of	Indigofera	sp.	�s	low	�n	poly-saturated fatty ac�dspoly-saturated	fatty	ac�ds,	so �t �s prom�s�ng	�t	�s	prom�s�ng	
to	be	used	as	the	best	part	�n	the	rat�on	for	produc�ng	good	lamb	meat.	Subst�tut�onSubst�tut�on	
poly-saturated	 fatty	ac�d	w�th	poly-unsaturated	 fatty	ac�d	could	 reduce	 total	 cho-
lesterol	concentrat�on,	�nclud�ng	the	concentrat�on	of	LDL-cholesterol	(Mars�c	and	
Yod�ce,	1992).	 On the other hand, local sheep reared under the trop�cal ra�nforest	On	the	other	hand,		local	sheep	reared	under	the	trop�cal	ra�nforest	
w�th	 sole	 m�xed-grass,	 had	 low	 blood	 prof�l	 status	 and	 low	 performance	 (Astut�	
et al.,	2009).	So	far,	�t	was	reported	that	the	concentrat�ons	of	serum		tr�gl�cer�de,	
glucose	and	total	prote�n	of	those	sheep	had		only	18,71	mg%	,	51,86	mg	%	and	
6,40	mg%,	respect�vely.	Meanwh�le	W�ryawan et al.	(2010)	reported	that		jonggol	
sheep	had	low	performance	(40	g/h/d)	caused	by	unbalance	nutr�t�onal	status	and	
h�gh	da�ly	temperature	and	hum�d�ty.		There	�s	no	study	�n	ut�l�sat�on	of	Indigofera	
sp.	for	local	sheep	(garut	and	-jonggol)	to	�mprove	poor	feed�ng	management;	so	�t	
�s	expected	that	feed�ng	the	legume	w�ll	�mprove	metabol�te	prof�le	and	lamb	meat	
qual�ty.

The	a�m	of	th�s	exper�ment	was	to	evaluate	blood	metabol�te	statues	of	grow-
�ng	male	local	sheep	(garut and jonggol) fed w�th pellet rat�on conta�n�ng 30%(garut	and	jonggol)	fed	w�th	pellet	rat�on	conta�n�ng	30%	In-
digofera sp.

Mater�als	and	Methods	

E�ght	 local	 sheep	 cons�sted	 of	 four	 jonggol	 and	 four	 garut	 grow�ng	 sheep	
(average	body	we�ght,	20	kg),	were	used	�n	th�s	exper�ment	for	three	months.	The	
rat�ons	 were	 pelleted	 conta�n�ng	 30%	 of	 Indigofera sp.	 and	 70%	 of	 concentrate	
w�th	total	rat�on	conta�ned	18%	crude	prote�n,	15.40%	f�ber,	3.14%	Extract	Ether,	
42.43%	starch	and	73.80%	total	d�gest�ble	nutr�ent	(TDN).	The	an�mals	were	reared	
�n	�nd�v�dual	cages	and	g�ven	water	and	feed	ad libitum.	At	the	end	of	the	exper�ment,	
blood	was	dra�ned	and	collected	from	jugular	ve�n	us�ng	5	ml	syr�nges.	Whole	blood	
was	separated	by	centr�fugat�on	the	blood	at	10.000	x	g	for	10	m�nutes	 to	obta�n	
the	serum.	The	serums	were	analyzed	for	the	concentrat�ons	of	glucose,	blood	urea	
n�trogen	(BUN)	and	cholesterol	us�ng	assay	k�t	DyaSys	catalogue	number	101592	
as	standard	procedure	w�th	spectrophotometer.		The	data	were	compared	us�ng	T-
test	between	two	local	breeds	and	presented	as	f�gures.

Results	and	D�scuss�on	

The	phys�olog�cal	and	b�ochem�cal	d�fferences	between	�nd�v�duals	and	breeds,	
wh�ch	had	d�fferent	types	of	blood	prof�le	are	used	for	�nd�cat�ng	response	to	the	
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rat�on	conta�n�ng	Indigofera	sp.	Results	showed	that	serum	glucose	concentrat�on	
was	not	s�gn�f�cance	among	two	local	breeds	(jonggol:	77.95	mg%	and	garut:	85.89	
mg%),	 wh�le	 concentrat�ons	 of	 serum	 urea-N	 and	 cholesterol	 �n	 jonggol	 sheep	
(73.31	mg%	and	77.18	mg%)	were	s�gn�f�cantly	h�gher	than	�n	garut	sheep	(55.99	
mg%	and	58.97	mg%)	(P<0.05).	

The	glucose	concentrat�on	of	both	local	sheep	fed	w�th	Indigofera sp.	showed	�n	
good	cond�t�on	compared	to	the	healthy	sheep.	R��s	(1983)	reported	that	the	normal	
glucose	concentrat�on	of	healthy	sheep	was	35–60 mg%. These ranges covered for35–60	mg%.	These	ranges	covered	for	
grow�ng	sheep	(58	mg	%),	pregnant	sheep	(47	mg%)	and	lactat�ng	sheep	(59	mg%).	
The	compos�t�on	of	Indigofera sp.	rat�on	w�th	h�gh	starch	(42%)	value	and	rap�dly	
metabol�zed	may	�ncrease	glucose	concentrat�on	�n	both	breeds.	In	rum�nant	blood	
metabol�te	prof�le,	glucose	concentrat�on	�s	low,	but	�t	�s	very	�mportant	to	support	
nutr�ent	 for	 the	 bra�n,	 nervous	 systems	 and	 act�ve	 organs	 such	 mammary	 gland	
(R��s,1983).

Blood	urea	n�trogen	(BUN)	�s	represent�ng	metabol�te	exes	of	prote�n.	Jonggol	
sheep	wh�ch	are	usually	reared	 �n	graz�ng	pasture	w�th	 low	qual�ty	of	 forage	has	
better	 response	 to	 the	h�gh	qual�ty	 rat�on	 compared	 to	 garut	 sheep	 (kept	 �n	 sem�	
�ntens�ve	farm�ng	system).	The	cond�t�on	caused	a	compensatory	metabol�sm	wh�ch	
can	�mprove	the	blood	metabol�te	status	�n	a	short	t�me.	The	evaluat�on	dur�ng	three	
months	observat�on	showed	that	the	concentrat�on	of	BUN	�n	UP3-jonggol	grow�ng	
sheep	were	h�gher	than	�n	garut	grow�ng	sheep.	

Graph	1.	Glucose	prof�le	of	UP3-jonggol	and	garut	grow�ng	sheep

Table	1.	Metabol�te	prof�le	of	local	sheep	fed	w�th	Indigofera	sp.

Parameters Jonggol	sheep Garut	sheep

Glucose	(mg%) 77.95±24.73 85.89±17.87
Blood	Urea	(mg%) 73.31±4.18a 55.49±7.46b

Cholesterol	(mg%) 77.17±15.27a 58.97±9.74b

Means		�n	the	same	row	followed	by	d�fferent	letters	are	s�gn�f�cantly	d�fferent	(P<0.05)
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Graph	2.		Urea-N	prof�le	of	UP3-jonggol	and	garut	grow�ng	sheep

Graph	3.	Cholesterol	prof�le	of	UP3-jonggol	and	garut	grow�ng	sheep

Cholesterol	 status	 of	 UP3-jonggol	 grow�ng	 sheep	 were	 h�gher	 than	 garut	
grow�ng	sheep	�n	the	same	age	fed	w�th	Indigofera sp.	and	both	h�gher	than	other	
breeds.	Cox-Ganser	et al.	(1994)	reported	that	blood	compos�t�ons	�n	sheep	graz�ng	
Brass�cas	had	average	value	of	68	mg/dl,	20	mg/dl	and	64	mg/dl	for	glucose,	BUN	
and	cholesterol,	respect�vely.	Some	factors	affect�ng	to	the	cholesterol	concentrat�on	
were	feed�ng,	age,	phys�olog�cal	state,	health	and	breed.	Cholesterol	�s	needed	for	
the	stero�ds	hormone	precursor	�n	grow�ng	an�mals	(R��s,	1983).

M�resan	(2003)	reported	that	serum	cholesterol	�n	d�fference	breeds	of	moun-
ta�n	sheep	�n	grass�ng	area	were	48.00±2.66	mg/dl	(ts�ga�);	51.60±4.30	mg/dl	(me-
r�no)	and	48.40±2.37	mg/dl	(corr�edale),	wh�le	for	the	BUN	were	39.80±2.13	mg/dl,	
31.00±1.51	mg/dl	and	37.00±1.67	mg/dl,	for	ts�ga�,	mer�no	and	corr�edale,	respec-
t�vely.	D�fferent	breed	cause	d�fferent	fate	of	nutr�ent	metabol�sm	caus�ng	var�at�on	
�n	nutr�ent	metabol�te	status	and	depos�t�on.	Sudarman	et al.	 (2006)	reported	that	
ut�l�zat�on	of	1.5%		Ca-sapon�f�ed	lemuru	o�l	�n	rat�on	could	reduce	meat	cholester-
ol-LDL	concentrat�on	�n	sheep	up	to	32%	and	�ncreased	feed	eff�c�ency	up	to	36%,	
wh�le	the	concentrat�on	of	tr�glycer�de	was	around	29	mg%.
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Conclus�ons		

Analys�s	of	b�ochem�cal	parameters		of		local	sheep	fed	w�th	30%	Indigofera 
sp.	to	the	blood	metabol�te	prof�le	showed	that	the�r	values	are	�n	normal	phys�olog�-
cal	status.	Jonggol	grow�ng	sheep	has	h�gher	blood	urea-N	and	cholesterol	serum	
concentrat�ons	compared	to	garut	grow�ng	sheep.
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Abstract	

Objective of the research was to compare kinetics fermentability, degradability 
and nutritive value of protected soybean groats and lemuru fish oil using in-vitro 
study. Soybean groats were protected using formaldehyde whereas the lemuru fish 
oil was protected by Ca-salt. The protected soybean groats and lemuru fish oil were 
given as supplements of 5% and 10% of cattle’s dry matter ration, respectively. 
The experiment was conducted in the cow house experiment, the Laboratory of 
Biochemistry Faculty of Gadjah Mada University and the Laboratory of Nutrition 
and Animal Feed Faculty of Agriculture, Animal Husbandry Department, Sebelas 
Maret University. Fermentability and degradability of the rations were observed 
at 0, 3, 6, 9, 12 hours after incubation in the rumen fluids. The collected data 
were analyzed to calculate their mean and standard deviation, and mentioned 
descriptively. Results of the research showed that the kinetics of pH, VFA, NH3 
and the production of ruminal microbes of soybean groats share the same pattern. 
Protected lemuru fish oil indicated higher kinetics in pH, VFA and microbial protein 
production, but lower for NH3 results. The protected soybean groats have a higher 
dry matter consumption compared to that of lemuru fish oil, but its organic matter 
and crude protein digestibility is lower. It was concluded  that suplementation of 
protected soybean groats and lemuru fish oil  gave similar kinetics fermentation, 
rumen degradability as well as nutritional values to the cattle rations therefore 
could be used as PUFA feed additive sources in cattle ration.

Keywords: degradability, fermentability, lemuru fish oil, protection, soybean 
groats 

Introduct�on	

Implementat�on	of	product�v�ty	�mprovement	method	of	beef	cattle	through	the	
use	of	Poly	Unsaturated	Fatty	Ac�d	(PUFA)	fodder	source	mater�al	�s	very	�mportant	
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to	take	note	of	these	days.	Unsaturated	fatty	ac�ds	can	�mprove	the	funct�on	of	the	
corpus	luteum	(Mattos	et al.,	2000),	ovar�an	foll�cle	(De	Fr�es,	1998).	Beef	cattle	on	
feedlot	fed	w�th	protected	PUFA	fodder	source	mater�al	that	conta�n	vegetable	and	
an�mal	o�ls	produced	beef	w�th	h�gh	l�nole�c	ac�d	content	(G�ll�s	et al.,	2004),	and	
w�th	�mproved	qual�ty	of	beef	(Scollan	et al.,	2001	and	R�yanto	et al.,	2011).	PUFA	
source	mater�al	can	be	der�ved	from	an�mals	and	vegetables.	Both	l�nole�c	and	l�no-
len�c	ac�ds	�n	the	form	of	Saturated	Fatty	Ac�d	(SFA)	�n	the	rumen	escape	the	pro-
cess	of	b�odehydrogenase	(Lourenc	et al.,	2010).	The	fat	consumed	by	cattle	beef	
w�ll	be	hydrolyzed	by	m�croorgan�sms	�n	the	rumen	and	attached	to	feed	part�cles	
and	m�crob�al	fermentat�on	�n	the	rumen	thereby	d�srupt�ng	the	structural	carbohy-
drates	(Bauman	et al.,	2003).	To	extract	post-rum�nal	PUFA,	protect�ve	treatment	
�s	needed.	Soybean	protect�on	�s	conducted	us�ng,	among	others,	non-enz�mat�c	m�-
crowave	�rrad�at�on	(Nobar,	2011),	and	formaldehyde	(Madsen,	1982).	The	current	
research	 �s	conducted	 to	evaluate	 the	 fermentab�l�ty	and	degradab�l�ty	k�net�cs	of	
basal	rat�on	(fermented	straw	and	basal	concentrate)	w�th	protected	PUFA	fodder	
source	mater�al	of	lemuru	f�sh	o�l	and	soy	groats

Mater�als	and	Methods	

The	 research	 �s	conducted	at	Laboratory	of	Nutr�t�on	and	Feed	An�mal	Sc�-
ence	Department	of	Agr�culture	Faculty	of	Sebelas	Maret	Un�vers�ty,	Laboratory	of	
B�ochem�stry	and	Chem�stry	of	Pusat	Antar	Un�vers�tas	of	Gadjah	Mada	Un�vers�ty,	
and	at	the	Laboratory	of		B�ochem�stry,		Faculty	of	An�mal	Sc�ence	of	Gadjah	Mada	
Un�vers�ty.

Two	rum�nally	f�stulated	Ongole	breed	cattle	were	employed	�n	th�s	study	as	
the	rum�nal	flu�d	donors.	Both	of	them	were	fed	w�th	fermented	straw	(40%)	and	
concentrate	(60%).	The	latter	 �s	composed	of	a	m�xture	of	basal	concentrate,	soy	
groats,	and	protected	lemuru	f�sh	o�l.	The	lemuru	f�sh	o�l	protect�on	method	refers	
to	that	of	Cabat�t	(1979)	c�t	W�d�yanto	(2008),	that	�s,	by	sapon�f�cat�on	us�ng	KOH	
and	CaCl2.	Soy	groat	protect�on	method	 �s	 conducted	 �n	 accordance	w�th	 that	of	
W�dyobroto	et al.,	(1999),	that	�s,	by	spray�ng	37%	formaldehyde	that	const�tutes	2	
percent	of	dry	feed�ng	mater�al.	Basal	feed	(control)	conta�n	12.2%	crude	prote�n,	
5.2%	crude	fat,	16.9%	crude	f�ber,	and	55.2%	TDN.

The	study	parameters	�nclude	rum�nal	pH,	VFA	(Volatile Fatty Acids)	produc-
t�on,	 NH3	 concentrat�on,	 m�crob�al	 prote�n	 k�net�cs,	 consumpt�on	 (dry	 mater�als,	
organ�c	mater�als,	and	crude	prote�n),	and	d�gest�b�l�ty	(dry	mater�als,	organ�c	ma-
ter�als,	 and	 crude	prote�n).	Measurement	of	 rat�on	 fermentab�l�ty	 �s	 conducted	 �n	
spec�f�ed	t�me	to	determ�ne	the	rum�nal	k�ntet�cs,	0,	3,	6,	9	and	12	h	after	feed�ng.	
The	collected	data	were	analyzed	to	calculate	the�r	mean	and	standard	dev�at�on,	and	
ment�oned	descr�pt�vely.
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Results	and	D�scuss�on	

The	k�net�cs	of	 rum�nal	 flu�d	pH,	NH3	concentrat�on,	VFA	total	product�on,	
and	m�crob�al	prote�n	are	�llustrated	�n	F�gures	1	and	2	as	the	results	of	lemuru	f�sh	
o�l	and	protected	soy	bean	groats	supplementat�on	�n	basal	feed.		

F�gure	1.	pH	K�net�cs	and	NH3	Concentrat�on

F�gure	2.	VFA	Product�on	and	M�crob�al	Prote�n

The	pH	k�net�cs	of	the	protected	soy	groats	�s	6.26±0.24	(5.89-6.65)	and	of	the	
protected	lemuru	f�sh	o�l	�s	6.60±0.17	(6.28-6.76)	(F�gure	1).	The	fluctuat�ve	pattern	
of	pH	decrease	on	SG	and	lemuru	f�sh	o�l	treatment	as	PUFA	source	fodder	�s	related	
to	�ts	organ�c	substance	content.	Ørskov	(1992)	h�gher	non-f�ber	organ�c	substance	
made	the	pH	fluctuat�on	�n	rum�nal	l�qu�d	poss�ble.	Wh�le	the	mean	concentrat�on	
of	NH3	of	soy	bean	groats	supplementat�on	�s	13.61±2.65(10.69-17.77)	mg/100ml	
h�gher	 than	 that	 of	 NH3	 w�th	 lemuru	 f�sh	 o�l	 supplementat�on	 10.89±2.39	 (7.51-
13.17),	both	are	st�ll	w�th�n	the	normal	range	(F�gure 1). It �s �n accord w�th what(F�gure	1).	It �s �n accord w�th whatIt	�s	�n	accord	w�th	what	
Leng	(1980)	suggested	that	NH3	concentrat�on	ranges	from	1	to	34	mg/100ml,	for	
max�mum	growth	and	act�v�ty	of	m�crobe	the	necessary	NH3	concentrat�on	ranges	
from	 5.0	 to	 23.5	 mg/100ml.	 VFA	 Concentrat�on	 of	 lemuru	 f�sh	 o�l	 127.46±6.89	
(116.83-133.96)	mmol	 �s	h�gher	 than	 that	of	 soy	bean	groats	114±	20.02	 (88.21-
139.01)	 mmol	 w�th	 s�m�lar	 k�net�cs	 pattern	 (F�gure	 2).	 The	 VFA	 rum�nal	 flu�d	
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k�net�cs,	 after	 reach�ng	 an	 opt�mum	 concentrat�on,	 decreases	 �rregularly. Th�s �s.	 Th�s	 �s	
related	to	the	absorpt�on	of	VFA	as	an	energy	source	through	the	rumen	wall;	the	
lower	the	rum�nal	pH,	the	h�gher	the	VFA	absorpt�on	(Owens	and	Goestch,1988).	
M�crob�al	prote�n	product�on	�n	d�ets	supplemented	w�th	protected	lemuru f�sh o�llemuru	f�sh	o�l	
�s	67.06±6.97 (58.53-76.37) mg/100ml, and the that supplemented w�th protected67.06±6.97	(58.53-76.37)	mg/100ml,	and	the	that	supplemented	w�th	protected	
soy	bean	groats	�s	44.58±7.73	(34.50-52.80)	mg/100ml	(F�gure	2).	It	�s	caused	by	
the	synchron�zat�on	of	the	n�trogen	source	prov�s�on	requ�red	by	the	m�crobes	�n	the	
form	of	NH3	and	VFA.	Lemuru	f�sh	o�l	can	prov�de	a	source	of	m�crob�al	prote�n	
precursor	comp�lers	more	than	soybean	groats.	Accord�ng	to	Henn�ng	et al.,	(1993),	
the	eff�c�ency	of	m�crob�al	prote�n	synthes�s	�s	�nfluenced	by	the	ava�lab�l�ty	of	all	
precursors	 �n	 suff�c�ent	 concentrat�on	 �n	 the	 rum�nal	 flu�d.	The	m�crob�al	 prote�n	
comp�ler	 precursors	 are	 NH3	 as	 N-source,	 energy,	 carbon	 skeleton,	 m�neral	 and	
other	nutr�t�onal	elements.		

Consumpt�on	and	d�gest�b�l�ty	of	dry	mater�als,	organ�c	mater�als	and	crude	
prote�n	from	protected	soybean	groats	and	lemuru	f�sh	o�l	obta�ned	from	th�s	research	
are	shown	�n	Table	1.	The	protect�on	carr�ed	out	by	coat�ng	the	m�cro	granules	of	
vegetable	 o�ls	 conta�n�ng	 unsaturated	 fatty	 ac�ds	 us�ng	 protected	 formaldehyde	
shown	to	�ncrease	the	amount	of	unsaturated	fatty	ac�ds	depos�ted	�n	the	rum�nant	
t�ssues	(Scott	and	Ashes,	1993).	Th�s	treatment	prevents	the	process	of	unsaturated	
fatty	ac�ds	b�ohydrogenase	�n	the	rumen	and	also	�ncreases	the	amount	of	feed	�ntake.	
The	eff�cacy	of	tr�glycer�des	or	fatty	ac�d	added	to	rum�nants’	d�ets	depends	on	the�r	
d�gest�b�l�ty	 and	 the�r	 �nfluence	on	 the	d�gest�b�l�ty	of	other	nutr�ents	 �n	 the	d�et.	
Because	energy	�ntake	results	from	d�etary	energy	concentrat�on	and	�ntake	of	dry	
matter	(DM),	the	�nfluence	of	the	supplemental	fat	on	food	consumpt�on	also	has	to	
be	taken	�nto	account	(Vo�gt,	dkk.,	2006).	Organ�c	mater�al	consumpt�on	�n	the	forms	
of	protected	soybean	groats	and	lemuru	f�sh	o�l	�s	�n	accord	w�th	the	dry	mater�al	

Table	1.	Intake	and	degrad�b�l�ty	parameter	of	protected	supplemented	soybean	groats	and	
lemuru	f�sh	o�l

Parameters Soybean	groats
	protected

Lemuru	f�sh	o�l
protected

Intake	:
Dry	matter	(g/d) 6260.85±103.50 5965.87±1613.93
Organ�c	matter	(g/d) 5550.24±81.84 5569.29±1501.58
Crude	prote�n		(g/d)	 896.05±24.43 770.00±219.82

Degrad�b�l�ty	:
Dry	matter	(%) 59.28±3.80 54.00±15.55
Organ�c	matter	(%) 65.01±3.29 71.8±711.22
Crude	prote�n		(%)	 66.59±11.03 80.48±6.63
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consumpt�on.	Consumpt�on	of	organ�c	mater�al	�s	closely	related	to	the	consumpt�on	
of	dry	matter;	the	more	consumpt�on	of	dry	matter,	the	more	consumpt�on	of	organ�c	
mater�al	(Van	Soest,	1994).	The	�ncreas�ng	amount	of	rum�nel	m�crobes	allows	them	
to	work	more	effect�vely	to	fermentat�vely	degrade	the	components	of	crude	f�bers,	
and	thereby	�ncreas�ng	the	dry	matter	d�gest�b�l�ty	of	the	consumed	feed.	

H�gher	 d�gest�b�l�ty	 of	 prote�n	 compared	 to	 that	 of	 dry	 matter	 and	 organ�c	
matter	 account	 for	 the	 ava�lab�l�ty	of	nutr�ents	 �n	 cow	d�ets.	Th�s	means	 that	 the	
prov�s�on	of	rat�ons	w�th	a	h�gh	fat	content	d�d	not	affect	the	prote�n,	organ�c	matter	
and	dry	matter	d�gest�b�l�ty.	Mahadevan,	dkk.,	(1983)	the	rates	of	�n	v�vo	ammon�a	
appearance	 and	 �n	 v�tro	 proteolys�s	 were	 h�ghly	 correlated	 (r--0.966,	 P<0.01)	
between	1130	h	and	1200	h.	These	rates	of	rumen	ammon�a	appearance	reflected	
the	�n	v�vo	rate	of	proteolys�s.	Both	bacter�al	and	protozoa	prote�n	content	decreased	
s�gn�f�cantly	at	the	h�gher	levels	of	formaldehyde	treatment

Conclus�ons		

It	was	concluded		that	suplementat�on	of	protected	soybean	groats	and	lemuru	
f�sh	o�l		gave	s�m�lar	k�net�cs	fermentat�on,	rumen	degradab�l�ty	as	well	as	nutr�t�onal	
values	to	the	cattle	rat�ons	therefore	could	be	used	as	PUFA	feed	add�t�ve	sources	�n	
cattle	rat�on
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Abstract	

Clove and cinnamon oils were used for rumen manipulation in ruminant 
animal production. Their major component, eugenol and cinnamadehyde were 
proved to optimize rumen metabolism and microbial composition. The objective of 
this study was to evaluate combination effect of clove and cinnamon oil on rumen 
gas and methane production by using an in vitro rumen fermentation system. Three 
ruminal cannulated cows were used as donors of ruminal fluid and were individually 
penned indoors. The cattle were fed daily total mix ratio (tmr – 60% concentrate 
40% alfalfa hay) and had free access to water at all time. Ruminal fluid for in vitro 
rumen fermentation system was prepared as in vitro hohenheim gas test method. 
The treatments were 1) control, 2) cinnamon oil 300 ppm, 3) clove oil 300 ppm 
and 4) combination of clove and cinnamon oil which were assigned in order to 
factorial design. The results indicated that insoluble gas fraction (b; 40.8, 46.91, 
40.36 and 47.46 ml respectively) and potential of extent of gas production (׀a׀+ b; 
43.01, 51.03, 42.96 and 50.45 ml respectively) were significantly different (p < 0.01) 
between treatments. Soluble gas fraction (a) and rate of gas production (c) were 
not different between treatments. Clove oil, cinnamon oil and their combinations 
affected methane production and both essential oil decreased methane production 
(18.15 ml/ g dm vs 11.80 ml/ g dm and 11.55 ml/g dm, p<0.05). However there were 
no additive or synergistic effect when they were used together (11.80 ml/g dm vs 
11.55 ml/g dm). These results explained that some essential oils were used together 
as blend oil may not give additional beneficial effect.

Keywords: clove oil, in vitro rumen fermentation system, orange peel oil, rumen gas 
production, rumen methane production
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Introduct�on	

Publ�c	 awareness	 of	 the	 potent�al	 health	 r�sk	 and	 env�ronmental	 problem	
caused	 by	 the	 excess�ve	 	 use	 of	 �n-feed	 ant�b�ot�cs,	 growth	 hormones	 and	 some	
pharmaceut�cal	food	product�on	lead	to	proh�b�t�on	of	some	ant�b�ot�cs	s�nce	1998	�n	
EU	member	state.		Some	aromat�c	herbs	and	essent�al	o�ls	wh�ch	have	been	used		for		
an�mal	health	management	may	subst�tute	the	us�ng	of	growth	promoters	such	as	
ant�b�ot�cs	and	hormones.	Current	�nterest	�n	rum�nant	an�mal	product�on	�ndustry	
�s	focused	on	try�ng	to	�mprove	product�on	eff�c�ency	and	reduce	env�ronment	effect	
(Methane	em�ss�on	and	ammon�a	excret�on)	 	w�th	us�ng	essent�al	o�ls.	Clove	and	
c�nnamon	essent�al	o�ls	have	been	evaluated	at	some	doses.	The�r	major	component,	
eugenol	 and	 c�nnamaldehyde	 were	 proved	 to	 opt�m�ze	 rumen	 metabol�sm	 and	
m�crob�al	compos�t�on.

Some	in vitro	research	of	clove	essent�al	o�ls	and	euogenol	o�l	from	doses	3	
to	5000	mg/L	in vitro	fermentat�on	culture	was	reported	had	effect	on	all	of	rumen	
fermentat�on	products	(Busquets,	2005a)	decreas�ng	VFA	concentrat�on	(Busquet,	
2005b;	Cast�llejos	et al.,	2006).	In vivo	exper�ments	us�ng	used	blend	o�ls	conta�n	
eugenol	(Agol�n	rum�nant)	0.5	g/day/cow	wh�ch	had	no	effected	on	dry	matter	�n-
take	 and	m�lk	y�eld,	 but	 �ncreased	 fat	 conta�n	 �n	m�lk	 (Santos,	 2010).	C�nnamon	
leaf	essent�al	o�l	 (500	mg/l)	conta�n�ng	76%	eugenol	decreased	N-ammon�a	con-
centrat�on,	molar	of	branched-cha�n	VFA	(Fraser	et	al.,	2007),	acetate	but	�ncreased	
prop�onate	and	butyrate	at	doses	312	mg/l		(Busquet	et al.,	2005b).	C�nnamon	leaf	
o�l	(250	mg/l)	also	reduced	methanogenes�s	act�v�ty	of	rumen	bacter�a	and	methane	
concentrat�on	�n	the	fermentat�on	gases,	w�thout	alter�ng	total	VFA	(Chaves	et al.,	
2008).	In vivo	stud�es	reported	that	supplementat�on	of	c�nnamaldehyde	(200	mg/kg	
of	dry	matter)	had	no	effect	on	dry	matter	�ntake,	ga�n,	feed	eff�c�ency,	carcass	char-
acter�st�cs,	meat	qual�ty	and	rumen	N-ammon�a	concentrat�on	�n	grow�ng	lamb	fed	
barley	or	corn-based	d�ets	(Chaves,	2008).		

The	 comb�nat�on	 between	 essent�al	 o�ls	 or	 the�r	 components	 may	 result	 �n	
add�t�ve	and/or	synerg�st�c	effects	that	may	enhance	eff�c�ency	of	rumen	m�crob�al	
fermentat�on	and	nutr�ent	ut�l�zat�on	�n	rum�nants.	Thus,	th�s	research	was	evaluated	
the	effects	of	clove	(eugenol),	c�nnamon(c�nnamaldehyde)	and	the�r	comb�nat�ons	
�n	the	in vitro	fermentat�on	system.

Mater�als	and	Methods	

Three	rum�nal	cannulated	cows	were	used	as	donors	of	rum�nal	flu�d	and	were	
�nd�v�dually		penned	�ndoors.	The	cow	was	fed	da�ly	total	m�x	rat�o	(TMR	–	60%	
concentrate	40%	alfalfa	hay)	tw�ce	at	08.00	and	14.00	h	and	had	free	access	to	water	
at	all	t�me.		

Clove	(CO)	and	c�nnamon	(CIN)	essent�al	o�ls	were	extracted	us�ng	methanol	
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from	 clove	 bud	 and	 c�nnamon	 bark.	 The	 chem�cal	 compos�t�on	 of	 clove	 and	
c�nnamon	essent�al	o�l	samples	�nd�cated	that	eugenol	conta�n	�n	clove	o�l	�s	97.26%	
and	c�nnamaldehyde	conta�n	�n	c�nnamon	o�l	�s	17.79%.	The	TMR	that	was	used	for	
rum�nal	an�mal	donor,	was	also	used	as	a	substrate	for	in vitro rumen	fermentat�on	
system.	The	TMR	conta�ned	prote�n	18.81%,	ADICP	9.22	%CP,	NFE	49.87%,	crude	
f�bre	19.77%,	NDF	38.22	and	ADF	29.24%

The	treatments	were	1)	control,	2)	C�nnamon	o�l	(CIN)	300	ppm,	3)	Clove	o�l	
(CO)	300	ppm	and	4)	Clove	o�l	(CO)	300	ppm	+	C�nnamon	O�l	(CIN)	300	ppm.	
Add�t�on	of	CO,	CIN	and	the�r	comb�nat�on		were	evaluated	by	in vitro	Hohenhe�m	
Gas	Test	(HGT).	The	method	of	the	HGT	system	�s	descr�bed	�n	deta�l	by	Menke	
and	Ste�ngass	(1979).			

Anaerob�c	techn�ques	were	used	�n	all	procedures	dur�ng	the	rumen	flu�d	trans-
fer	and	�ncubat�on	per�od.	Rumen	flu�d	was	collected	from	rumen-f�stulated	cows	
before	morn�ng	 feed�ng	after	2	weeks	 feed	adaptat�on.	F�ltered	Rumen	 flu�d	was	
added	to	buffer	med�um	�n	proport�on	1	:	2	v/v,	keep	w�th	carbon	d�ox�de	flush�ng	
for	10	-15	m�nute	before	start�ng	to	f�ll	up	the	syr�nges.	CO	and	CIN	o�ls	300	ppm	
added	to	m�xed	rumen	flu�d	and	buffer	med�um	as	a	treatments	of	th�s	exper�ment.	
Through	the	�nlet	of	the	HGT	glass	syr�nges	wh�ch	substrate	�s	placed	�ns�de	�t	,	30	
ml	�ncubat�on	m�xed	med�um	(rumen	flu�d,	buffer	med�um	and	CO,CIN	or	comb�-
nat�on	CO-CIN)		then	d�spensed	�nto	the	pre-heated	HGT	glass	syr�nge	(39	oC)	w�th	
the	help	of	a	sem�-automat�c	p�pette.	The	�ncubat�on		was	conducted	for	96	hours	
�ns�de	 the	mod�f�ed	water	bath	(39	 oC).	Buffer	med�um	conta�n�ng	some	solut�on	
wh�ch	�s	descr�bed	by	Menke	and	Ste�ngass	(1979).			

Gas	product�on	data	was	collected	at	3,	6	,	9,	12,	24,	48,	72,	96	hours.	After	
6	h	of	�ncubat�on	methane	gas	was	measured	us�ng	a	catharometer	methane	sensor	
OLC20	(Oldham	®,	USA).	The	methane	sensor	was	cal�brated	at	0–100%	methane	
at	gas	produce	at	the	t�me,	and	was	cal�brated	aga�n	us�ng	pure	methane	gas	(99,7%).	
Cumulat�ve	gas	product�on	data	were	f�tted	to	the	model	of	Orskov	and	Mcdonald	
(1979):	

y	=	a	+	b(1-exp-ct)

where	:	a	-	gas	product�on	from	�mmed�ately	soluble	fract�on	(ml).	b-	gas	product�on	
from	the	 �nsoluble	 fract�on	 (ml).	 [a	+	b]	–	potent�al	gas	product�on	 (ml).	c	–	gas	
product�on	rate	constant	for	the	�nsoluble	fract�on	(ml/h).	t	–	�ncubat�on	t�me	(h).	y	
–	gas	produce	at	t�me		t	(ml)

Est�mat�on	of	metabol�c	energy	of	TMR	was	calculated	by	 	 equat�ons	 from	
Alderman	(1985)		us�ng	prox�mate	values	of	TMR	and	from	Boguhn	et	al	(2003)	
us�ng	gas	product�on	value.	The	pred�cted	value	of	ME	of	TMR	for	th�s	exper�ment	
�s	2.70	Mcal/Kg.

A	two	(CO0-CO300	ppm)	by	two	(CIN0-CIN300)	factor�al	arrangement	�n	a	
completely	random�zed	des�gned was used to compare gas product�on, gas produc-	 was used to compare gas product�on, gas produc-	was	used	to	compare	gas	product�on,	gas	produc-
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t�on	k�net�cs	and	methane	product�on	us�ng	the	General	L�near	model	(GLM)	of	the	
SAS.	The	s�gn�f�cance	of	d�fferences	between	�nd�v�dual	means	wre	determ�ned	us-
�ng	Duncan’s	mult�ple	comparat�on	test.

Results	and	D�scuss�on	

Soluble	 gas	 fract�on	 (a)	 and	 rate	 of	 gas	 product�on	 (c)	 were	 not	 d�fferent	
between	treatments.	These	data	suggested	that	a	lag	phase	due	to	delay	�n	m�crob�al	
colon�zat�on	of	the	TMR	may	occur	�n	the	same	t�me	of	�ncubat�on.	The	fermentat�on	
TMR	by	us�ng	CO,	CIN	and	the�r	comb�nat�on	had	s�gn�f�cant	effect	on	�nsoluble	
gas	fract�on	(b),	potent�al	of	extent	of	gas	product�on	(|a|+b),		gas	product�on	after	96	
h	�ncubat�on	and	methane	gas	product�on	after	6	h	�ncubat�on	(Table	1).	The	value	
for	a	�ntercept	for	all	treatments	was	same	.	

The	add�t�on	of	CIN	300	ppm	and	comb�nat�on	between	CO	and	CIN	resulted	�n	
h�gher	value	of	gas	volume	at	asymptote	(b)	than	control	treatment	but	athe	add�t�on	

Table	1.	Methane	product�on	at	6	hour	�ncubat�on,	character�st�c	and	cumulat�ve	gas	volume	
product�on	 throughout	 96	 hour	 of	 rumen	 �ncubat�on	 w�th	 TMR,	 CO,	 CIN,	 and	
comb�nat�on	between	CO-CIN	at	300	ppm

Gas	Parameter
CO-0 CO300

SE
P	<	0.05

CIN-0 CIN300 CIN-0 CIN300 CO CIN CO*CIN
Gas	characters	:
		a -2.22 -4.12 -2.60 -2.99 0.66 0.59 0.11 0.28
		b	 40.80b 46.91a 40.36b 47.46a 1.17 0.97 0.00 0.68
		c 0.08 0.08 0.09 0.07 0.01 0.36 0.36 0.11
		[a]	+	b 43.01b 51.03a 42.96b 50.45a 1.97 0.27 0.03 0.28
Gas	Product�on	:
6	h 12.50b 14.21a 12.86ab 12.53b 0.44 0.16 0.15 0.04
24	h 31.28b 36.17a 30.75b 34.59a 0.59 0.1 0.00 0.39
48	h 37.31b 41.69a 37.27b 42.13a 0.97 0.84 0.00 0.81
96	h 38.74b 42.87a 37.70b 44.56a 1.76 0.85 0.01 0.45
pH 6.78 6.76 6.76 6.74 0.01 0.19 0.14 1.00
ME	(MCal/
KgDM)*

2.25b 2.30a 2.25b 2.29a 0.01 0.10 0.00 0.39

Methane		% 26.55a 21.11b 23.18b 18.86c 0.79 0.01 0.06 0.09
								(ml/g	DM) 18.15a 11.80c 14.90b 11.55c 0.01 0.02 0.07 0.08
MR	(%) 34.99 17.91 36.36

CO=	Clove	o�ls,	CIN	=	C�nnamon	O�ls,	MR=	methane	reduct�on,	ME*=	pred�cted	by	equat�on	from	
Boguhn,	J.	et al.	(2003),	Same	letter	at	the	same	row	�nd�cate	to	no	d�fference	bettween	treatment	
(P>0.05).
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of	 CO	 300	 ppm	 had	 same	 value	 w�th	 control.	The	 gas	 volume	 at	 asymptote	 (b)	
represented	the	fermentat�on	of	the	�nsoluble	fract�on.		Th�s	result	m�ght	�nd�cated	
that	the	add�t�on	of	CO	at	300	ppm	had	no	negat�ve	effect	on	d�gest�b�l�ty	of	�nsoluble	
fract�on	of	TMR,	because	CO	at	level	0.25	ml	and	0.50	ml		could	�nh�b�t		CMCase,	
xylanase	and	acetylesterase	act�v�ty	(Patra,	2010).	The	add�t�on	of	CIN	300	ppm	and	
comb�nat�on	between	CO	and	CIN	could	�ncreased	d�gest�b�l�ty	�nsoluble	fract�on	of	
TMR		due	to	h�gh	value	of	gas	product�on	at	asymptote	(b)	and	total	gas	product�on	
at	96	h	after	�ncubat�on.		There	�s	no	�nteract�on	effect	between	CO	and	CIN	on	gas	
product�on	at	asymptote	(b)	value	(P	>0.05).	

The	Add�t�on	of	CIN	300	ppm	and	comb�nat�on	between	CO	300	ppm	and	
CIN	300	ppm	had		potent�al	extent	of	gas	product�on	value	h�gher	than	control,	but	
the	add�t�on	of	CO	had	same	value	w�th	control.	These	 results	 �nd�cated	 that	 the	
add�t�on	CIN	and	comb�nat�on	CO	and	CIN	affect	d�gest�b�l�ty	of	�nsoluble	fract�on	
of	TMR.	Gas	product�on	24	h	after	�ncubat�on	�ncreased	w�th	the	add�t�on	of		CIN	
and	comb�nat�on	CO-CIN	wh�ch	 �t	m�ght	 eff�c�ency	of	 energy	us�ng	 from	TMR.	
Add�t�on	of	CIN	300	ppm	and	comb�nat�on	CO	and	CIN	had	pred�cted	metabol�sm	
energy	after	24	h	of	�ncubat�on	h�gher	than	control.	Menke	et	al		(1988)	suggested	
that	gas	volume	at	24	h	after	�ncubat�on	has	a	relat�onsh�p	w�th	metabol�zable	energy	
�n	feedstuff.

F�gure	1.	Cummulat�ve	gas	volume	est�mated	by	Y	=	a	+	b	[1-exp(	-	ct)]	throughout	96	hour.	
substrat	�s	TMR	added	w�th	CO,	CIN	and	�ts	comb�nat�on	at	300	ppm

Ava�lable	energy	of	TMR	affected	on	gas	product�on	and	methane	em�ss�on	
from	rumen	fermentat�on.	Add�t�on	of	CIN	300	ppm,	CO	300	ppm	and	comb�nat�on	
CO	300	ppm		and	CIN	300	ppm	reduced	methane	product�on	after	6	h	�ncubat�on		
from	control	(34.99%,	17.91%	and	36.36%,	respect�vely).	Methane	reduct�on	value	
of	add�t�on	CIN	300	ppm	had	tw�ce	value	from	add�t�on	CO	300	ppm,	but	add�t�on	
comb�nat�on	of	CO	and	CIN	had	same		methane	reduct�on	value	w�th	the	add�t�on	



436 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

CIN	300	ppm.	It	�nd�cated	that	there	was	no	synergy	effect	between	CO	300	ppm	
and	CIN	300	ppm	at	�n	v�tro	gas	product�on	test.

	
Conclus�ons		

The	add�t�on	of	 	 c�nnamon	300	ppm,	clove	300	ppm	and	 the�r	comb�nat�on	
affected	on	methane	reduct�on.	Methane	reduct�on	value	of	add�t�on	c�nnamon	was	
tw�ce	h�gher	than	add�t�on	of	clove,	but	there	had	no	synergy	effect	of	methane	re-
duct�on	value	of	add�t�on	comb�nat�on	between	c�nnamon	and	clove.	Methane	gas	
reduct�on	of	add�t�on	clove,	c�nnamon	and	the�r	comb�nat�on	due	to	eff�c�ency	of	
energy	ava�lable	�n	TMR	from	�nsoluble	fract�on	of	TMR.			
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Abstract	

The study examined the effects of high and low input feeding system on 
nutrients ingestion, digestibilities, nitrogen (N) retention, blood urea nitrogen 
(BUN), metabolic hormones and economics of weight gain in growing kids. Eighty 
male beetal goats of 6 month of age were randomly divided into ten groups, eight 
goats in each group in completely randomized design. Nine isocaloric diets with 
varying crude protein (CP) levels with or without ionophores and probiotics were 
formulated. Diets containing 12, 16 and 20% CP were designated as low protein 
(LP), medium protein (MP) and high protein (HP) diets, respectively, while each of 
these CP diets when supplemented with ionophores @ 20ppm or probiotics (Yea Sec, 
0.1%)  were denoted as LPI, MPI, HPI and LPP, MPP,HPP, respectively. One group 
was fed berseem hay (FOD) only as a representative of traditional feed. The study 
lasted for 3 months. Higher dry matter (DM) and CP intake and digestibilities by kids 
fed LP, MP and HP diets were observed than those fed FOD diet. Similar trendfor 
DM and CP intakes were noticed by supplementation of ionophores or probiotics. 
Blood glucose, BUN, N balance, tri-iodothyronine and thyroxin concentrations 
were higher in goats fed LPI, MPI, HPI diets than those fed LP, MP, HP and LPP, 
MPP and HPP diets. Outcome of the study indicated that feeding growing kids on 
high input feeding system compared to, regardless supplementation of ionophores 
or probiotics, traditional feeding system increased nutrients intake, utilization, N 
balance and growth with better profit margin. 

Keywords: blood metabolites, growing kids, nutrient rich system, nutrient utilization, 
weight gain

Introduct�on	

D�et	 and	 feed�ng	 reg�mens	 are	 cons�dered	 �mportant	 factors	wh�ch	not	only	
�nfluence	grow�ng	small	rum�nants	(sheep	&	goats)	product�v�ty	and	prof�tab�l�ty.	
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Nutr�t�on	of	grow�ng	rum�nants	plays	a	p�votal	role	to	enhance	mutton	product�on	
and	also	has	strong	assoc�at�on	w�th	qual�ty	and	quant�ty	of	carcass.	Balanced	d�ets	
can	 �mprove	 the�r	 growth	 w�thout	 affect�ng	 sensory	 qual�ty	 of	 mutton	 and	 also	
reduce	the	t�me	to	slaughter	w�th	�ncreased	dress�ng	percentage	(Ryan	et al.,	2007).	
Crude	 prote�n	 (CP)	 and	 energy	 are	 the	 major	 nutr�ents	 wh�ch	 d�rectly	 affect	 the	
growth	of	small	rum�nants	and	man�pulat�ng	these	nutr�ents	can	help	opt�m�ze	the�r	
growth	performance.	Nutr�ent	ut�l�zat�on	at	rum�nal	level,	�n	nutr�ent	r�ch	feed�ng	
system,	can	further	be	�mproved	by	add�ng	su�table	feed	add�t�ves	l�ke	�onophores	
and	 prob�ot�cs.	 Ionophores	 have	 been	 reported	 to	 �ncrease	 the	 eff�c�ency	 of	 feed	
ut�l�zat�on	�n	grow�ng	rum�nants	by	�mprov�ng	dry	matter	and	prote�n	d�gest�b�l�t�es	
(Potter	et al.,	1976a;	Raunet al.,	1974).	Prob�ot�cs	have	also	been	reported	to	�ncrease	
we�ght	ga�n	 �n	small	 rum�nants	by	enhanc�ng	nutr�ent	ut�l�zat�on	at	 rum�nal	 level	
(Abd	El-Ghan�,	2004).Product�v�ty	and	econom�c	�ndex	of	grow�ng	male	beetal goats	
under	trop�cal	env�ronmental	cond�t�ons,	ma�nta�ned	on	h�gh	�nput	feed�ng	system	
(h�gh	d�etary	energy	and	prote�n	w�th	or	w�thout	feed	add�t�ves)	versus	convent�onal	
feed�ng	system	(fodder	only)	�s	l�m�ted.	Therefore,	the	present	study	was	planned	to	
exam�ne	and	compare	the	nutr�ents	�ntake,	d�gest�b�l�ty,	growth,	blood	compos�t�on,	
n�trogen	balance	and	growth	of	grow�ng	male	beetal	goats	fed	on	h�gh	�nput	feed�ng	
system	and	trad�t�onal	feed�ng	systems.

Mater�als	and	Methods	

E�ghty	male	beetal	goats	(6	month	old)	were	randomly	d�v�ded	�n	ten	groups	
w�th	e�ght	an�mals		each.	N�ne	�socalor�c	d�ets	w�th	three	levels	of	crude	prote�n	(12,	
16	and	20%)	w�th	or	w�thout	�onophores	(@	20ppm)	and	prob�ot�cs	(0.1%	of	rat�on)	
were	formulated	(Table	1).	These	d�ets	were	fed	to	n�ne	groups	of	lambs	wh�le	tenth	
group	was	offered	fodder	(berseem	hay)	only.	The	goats	were	fed	ad libitum and		
we�ghed	weekly	to	know	the	we�ght	ga�n	and	�ts	econom�cs.	The	study	lasted	for	90	
days.	Feed	�ntake	was	recorded	da�ly.	Total	collect�on	method	was	used	to	determ�ne	
the	nutr�ent	[(dry	matter	(DM),	crude	prote�n	(CP)	neutral	detergent	f�ber	(NDF),	
ac�d	detergent	f�ber	(ADF)]	d�gest�b�l�t�es.	Feces	were	collected	da�ly,	dr�ed	at	55°C,	
bulked	and	m�xed	at	the	end	of	each	collect�on	per�od.	Ur�ne	samples	were	ac�d�f�ed	
w�th	50%	H2SO4	and	stored	at	-20	°C	for	laboratory	analys�s.	Feed	and	fecal	samples	
were	analyzed	for	DM		and	CP	as	per	descr�pt�on	of	AOAC	(2003)	wh�le	NDF	and	
ADF	by	the	method	descr�bed	by	Van	Soest	et al.	(1991).	N�trogen	(N)	balance	was	
calculated	us�ng	equat�on	descr�bed	by	NRC	(2001).Blood	glucose	was	analyzed	by	
method	descr�bed	by	Dav�es	et al.	(2007),	wh�le	tr��odothyrox�n	(T3)	and	thyrox�n	
(T4)	concentrat�ons	were	analyzed	by	the	methods	of	Tod�n�	et al.	 (2007).	Blood	
urea	n�trogen	(BUN)	was	measured	by	procedure	descr�bed	by	Bull	et al.	(1991).

The	data	collected	were	subjected	to	stat�st�cal	analys�s	us�ng	ANOVA	under	
completely	random�zed	des�gn	(SAS,	1997)	and	Tukey`s	s�gn�f�cant	d�fference	test	
was	used	to	compare	means	(Steel	and	Torr�e,	1984).
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Table1. Ingred�ents	and	Chem�cal	compos�t�on	of	d�ets	fed	to	grow�ng	goats

INGREDIENTS
Diets1

FOD LP MP HP LPI MPI HPI LPP MPP HPP

Corn	gra�ns - 25 25 25 25 25 25 25 25 25
Wheat	bran - 18 10 10 18 10 10 18 10 10
R�ce	pol�sh�ng - 18 18 18 18 18 18 18 18 18
Wheat	straw - 12.5 9.75 8 12.5 9.75 8 12.5 9.75 8
Cotton	seed	meal - 7 12.5 12.5 7 12.5 12.5 7 12.5 12.5
Canola	meal - 7 12.5 12.5 7 12.5 12.5 7 12.5 12.5
Molasses - 7 6.1 6.25 7 6.1 6.25 7 6.1 6.25
Urea - 0 0.15 1.625 0 0.15 1.625 0 0.15 1.625
Vegetable	o�l - 1.5 2 2.125 1.5 2 2.125 1.5 2 2.125
NaCl - 1 1 1 1 1 1 1 1 1
DCP - 2 2 2 2 2 2 2 2 2
NaHCo3 - 1 1 1 1 1 1 1 1 1
Prob�ot�cs	(Yea	sac)	
% - - - - - - - 0.1 0.1 0.1

Ionophores	
(Monens�n)	ppm - - - - 20 20 20 - - -

Total	 100 100 100 100 100 100 100 100 100 100
Chem�cal	compos�t�on,	%
Dry	matter	 89.8 89.8 89.9 90 89.79 89.9 90 89.79 89.9 90
Crude	prote�n	 18.9 12 16 20 12 16 20 12 16 20
Total	d�g.	Nutr�ents	 60.6 70 70 70 70 70 70 70 70 70
Neutral	detergent	
f�bre	 51.1 29.9 28.5 27.3 29.92 28.5 27.3 29.92 28.5 27.3

Ac�d	d�gest�ble	
nutr�ents 41.1 16.4 15.9 15.1 16.4 15.9 15.1 16.4 15.9 15.01

1FOD,	 LP,	 MP,	 HP,	 LPI,	 HPI,	 HPI,	 LPP,	 MPP	 and	 HPP	 stand	 for	 fodder	 (berseem	 hay),	 low	
prote�n,	med�um	prote�n,	h�gh	prote�n,	 low	prote�n	 �onophores,	med�um	prote�n	 �onophores,	 h�gh	
prote�n	�onophores,	low	prote�n	Prob�ot�cs,	med�um	prote�n	Prob�ot�cs	and	h�gh	prote�n	Prob�ot�cs,	
respect�vely.

Results	and	D�scuss�on

Nutrients Intake 
H�gher	DM	�ntake	was	observed	by	goats	fed	LP,	MP	and	HP	d�ets	than	those	

fed	FOD	d�et	(Table	2).	The	DMI	�ncreased	l�nearly	�n	goats	fed	d�ets	w�th	gradual	
�ncrease	 �n	 d�etary	 CP	 concentrat�on	 supplemented	 w�th	 prob�ot�cs.	 L�near	 trend	
for	 CP	 �ntake	 was	 observed	 w�th	 �ncreas�ng	 the	 d�etary	 CP	 concentrate	 �n	 goats	
fed	d�ets	conta�n�ng	 �onophores	and	prob�ot�cs	 supplementat�on.	The	ADF	 �ntake	
was	h�gher	by	goats	fed	FOD	d�et	than	those	fed	LP,	MP	and	HP	d�ets	regardless	
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of	 �onophores	 and	 prob�ot�cs	 supplementat�on.	 H�gher	 nutr�ents	 �ntake	 by	 goats	
fed	gradual	�ncreas�ng	d�etary	CP	concentrat�on	than	those	fed	FOD	d�et	was	due	
to	lower	NDF	content	of	these	d�ets	because	h�gh	d�etary	NDF	generally	reduced	
nutr�ent	�ntake	by	�mpart�ng	rumen	f�ll	effect	(Sarwar	et al.,	1991).H�gher	DMI	by	
goats	fed	d�ets	w�th	gradual	�ncrease	�n	d�etary	CP	concentrat�on	than	those	fed	FOD	
d�et	was	cons�stent	w�th	the	f�nd�ngs	of	Damry	et al.	(2001)	who	reported	h�gher	
DM	 �ntake	 �n	an�mals	 fed	concentrate	d�ets	 than	 those	 fed	 fodder.	The	 �ncreased	
d�etary	CP	concentrat�on	m�ght	have	 �ncreased	 the	amount	of	ava�lable	nutr�ents,	
requ�red	for	m�crob�al	growth	(DelCurto	et al.,	1990).	

Nutrients digestibility and nitrogen balance   
The	DM	d�gest�b�l�ty	was	h�gher	�n	goats	fed	LP,	MP	and	HP	d�ets	than	those	

fed	FOD	d�et	(Table	2).	The	CP	d�gest�b�l�ty	was	also	h�gher	�n	goats	fed	LP,	MP	and	
HP	d�ets	than	those	fed	FOD	d�et.	The	N	balance	was	s�gn�f�cantly	h�gher	�n	goats	fed	
HPI	and	HPP	d�ets	than	those	fed	FOD	d�et	(Table	2).	H�gher	nutr�ent	d�gest�b�l�ty	
by	goats	 fed	gradual	 �ncreas�ng	CP	concentrat�on	 than	 those	 fed	FOD	d�et	m�ght	
be	 attr�buted	 to	 better	 ava�lab�l�ty	 of	 energy	 and	 prote�n	 nutr�ents.	 Synchron�zed	
ava�lab�l�ty	of	suff�c�ent	N	and	keto-ac�ds	(carbon	skeleton)	at	rum�nal	level	m�ght	
have	�mproved	rumen	m�crob�al	fermentat�on	lead�ng	to	better	d�gest�on	of	nutr�ents	
�n	goats	fed	vary�ng	CP	concentrat�on	than	those	fed	FOD	d�et.	H�gher,	CP,	NDF	
and	ADF	d�gest�b�l�t�es	�n	lambs	fed	HP,	HPI	and	HPP	d�ets	m�ght	be	due	to	more	
d�gest�ble	CP,	NDF	and	ADF	contents	of	 these	d�ets.	H�gher	N	balance	by	goats	
fed	gradual	�ncreas�ng	d�etary	CP	concentrat�on	than	those	fed	FOD	d�et	was	due	
to	h�gher	N	�ntake	and	�ts	degradat�on.	H�gher	N	balance	�n	HP,	HPI	and	HPI	d�ets	
than	those	fed	FOD	d�et	�n	the	present	study	was	cons�stent	w�th	the	observat�ons	
of	Dab�r�	and	Thonney	(2004)	who	reported	�ncreased	N	balance	�n	rum�nants	fed	
concentrate	based	d�et	than	those	fed	fodder.	Att�	et al.	(2004)	not�ced	�ncreased	N	
retent�on	�n	rum�nants	fed	d�ets	w�th	gradual	�ncreas�ng	d�etary	CP	concentrat�on.

Blood Metabolites  
Goats	fed	HP,	HPI	and	HPP	d�ets	had	h�gher	T4	level	than	those	fed	LP,	LPI	

and	LPP	d�ets	 (Table	 3).	An	 �ncreas�ng	 tendency	 �n	 blood	glucose	was	 observed	
�n	goats	fed	LP,	MP	and	HP	d�ets.	The	BUN	was	s�gn�f�cantly	lower	�n	goats	fed	
FOD	d�et	than	those	fed	d�ets	w�th	vary�ng	d�etary	CP	concentrat�on	w�th	or	w�thout	
�onophores	and	prob�ot�cs.	H�gher	T4	concentrat�on	�n	goats	fed	d�et	w�th	�ncreas-
�ng	d�etary	CP	concentrat�on	was	supported	by	Tod�n�	et al.	(2007)	who	observed	
that	 lambs	 fed	 h�gh	 nutr�ent	 d�et	 had	 h�gher	 plasma	T4	 concentrat�on	 than	 those	
fed	 low	nutr�ent	d�ets.Unaltered	blood	glucose	 levels	 �n	d�ets	w�th	 �ncreas�ng	CP	
concentrat�on	w�th	or	w�thout	�onophores	and	prob�ot�cs	were	�ncons�stent	w�th	An-
thony	et al.	(1986).	Furthermore,	�n	the	present	study,	non-s�gn�f�cant	d�fference	�n	
blood	glucose	�s	cons�stent	w�th	f�nd�ngs	of	small	rum�nants	fed	yeast	supplemented	
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(Gal�p	et al.,	2006)	and	�onophores	(Yang	et al.,2003).	Increas�ng	tendency	of	BUN	
concentrat�on	w�th	�ncreas�ng	the	d�etary	CP	concentrat�on	has	also	been	supported	
by	other	workers	(Hr�stove	et al.,	2004;	Cast�llo	et al.,	2001;	Armentano	et al.,	1993;	
J�a	et al.,	1995).	Blod	urea	n�trogen	BUN	concentrat�on	w�th	�ncrease	�n	d�etary	CP	
�s	generally	 �nfluenced	by	mult�ple	 factors	 l�ke	d�etary	concentrate,	d�etary	 rum�-
nally	degradable	prote�n,	range	of	d�etary	CP,	adaptat�on	per�od	and	age	of	rum�nant	
an�mals	etc	(Cast�llo	et al.,	2001;	Armentano	et al.,	1993;	J�a	et al.,	1995).	S�m�lar	
f�nd�ngs	were	reported	by	Yang	et al.	(2003)	who	not�ced	that	�onophores	supple-
mented	d�ets	had	no	effect	�n	goats.

Growth Performance and Economics  
Goats	fed	�ncreas�ng	d�etary	CP	concentrat�on	ga�ned	more	we�ght	than	those	

fed	 FOD	 d�et	 (Table	 3).	 Gradual	 �ncrease	 �n	 we�ght	 ga�n	 was	 observed	 �n	 goats	
rece�v�ng	d�ets	w�th	 �ncreas�ng	d�etary	CP	concentrat�on.	Cost	of	feed	to	produce	
one	kg	 l�ve	we�ght	 and	 feed	convers�on	 rat�o	were	h�gher	 �n	goats	 fed	FOD	d�et	
than	those	fed	any	of	exper�mental	d�ets	w�th	or	w�thout	�onophores	and	prob�ot�cs	
(Table	3).The	f�nd�ngs	of	h�gher	da�ly	we�ght	ga�n	by	goats	fed	d�ets	w�th	gradual	
�ncrease	�n	d�etary	CP	concentrat�on	than	those	fed	FOD	d�et	were	cons�stent	w�th	
the	f�nd�ng	of	Murphy	et al.	(1994)	who	reported	h�gher	da�ly	we�ght	ga�n	�n	small	
rum�nants	fed	concentrate	than	those	fed	fodder	d�ets.	Furthermore,	Haddad	et al.	
(2001)	observed	h�gher	growth	rate	�n	lambs	fed	d�ets	conta�n�ng	h�gh	d�etary	CP	
(16	and	18%)	than	those	fed	d�ets	conta�n�ng	low	d�etary	CP	contents	(12	and	14%).	
Unaltered	FCR	by	goats	fed	d�ets	w�th	gradual	�ncreas�ng	d�etary	CP	concentrat�on	
were	cons�stent	w�th	the	f�nd�ng	of	Duff	et al.,	(1994)	who	reported	that	ga�n	to	feed	
rat�o	rema�ned	unaltered	�n	�onophores	supplementat�on.	L�kew�se,	Raeth-Kn�ght	et 
al.	(2007)	reported	that	prob�ot�c	supplementat�on	had	no	effect	on	feed	to	ga�n	rat�o	
�n	da�ry	an�mals.	

Conclus�on

Outcome	of	the	study	�nd�cated	that	feed�ng	grow�ng	k�ds	on	h�gh	�nput	feed-
�ng	system	compared	 to	 trad�t�onal	 feed�ng	system	�ncreased	nutr�ents	 �ntake	and	
ut�l�zat�on,	N	balance	and	growth	w�th	better	prof�t	marg�n.			
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Abstract	

An in vivo experiment was conducted to evaluate biofermented cocoa pods to 
substitute forages for goats. The experiment was carried out using a Randomized 
Block Design on a total of 15 goats with 5 treatments and 3 blocks. Ration wasRation was 
designed iso-protein (50 g/day) and  TDN (359 g/day) using cocoa pod (CP) or napier 
grass (NG) as forages and concentrate. The treatments consisted of concentrate 
plus : 80% NG (R1); 60% EG (R2); 30% EG and 30% untreated CP (R3); 30% 
EG and 30% bio fermented CP supplemented Mn and Ca (R4), and 30% NG and 
50% biofermented CP supplemented Mn and Ca (R5).  Variables measured were 
feed consumption, nutrient digestibility and average daily gain. Data were analyzed. Data were analyzed 
with analysis of variance and followed by Duncan`s multiple range test.  Results 
showed that ration contained 30% biofermented CP supplemented by 100 ppm Mnbiofermented CP supplemented by 100 ppm MnCP supplemented by 100 ppm MnMn 
and 1 190 ppm Ca, 30% napier grass and 40% concentrate 40% concentrate  resulted in a better goat 
performance and more profitable than other rations. Goats receiving such ration 
had more advantage on dry matter consumption (560.33 g/day/head), dry matter 
digestibility (70.48%), organic matter digestibility (74.31%), feed conversion (5.50), 
average daily gain (101.79 g/day/head) and income over feed cost (Rp 1 192.80) 
compared to the other treatments.  It was concluded that cocoa pod biofermented 
with Phanerochaete chrysosporium supplemented by Mangan ( 100 ppm Mn) and 
Calsium (1 190 ppm Ca) is potential to be used as  forages for substituting napier 
grass for feeding goats during growing period.  

Keywords: cocoa pod, biofermented, Phanerochaete chrysosporium fungi, nutrient 
digestibility 
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Introduct�on

Cocoa	pod	�s	a	b�ggest	cocoa	by-product.	Some	researchers	ut�l�zed	cocoa	pods	
as	an�mal	feed	for	cows	(Sm�th	et al. 1988;	Am�rroneas	1990;	Lacon�	1998),	sheep	
(Sm�th	 and	Adegbola	 1985),	 bro�ler	 (Donkoh	 et al. 1991;	 Sobaw�ma	 and	 Longe	
1994;	Olubam�wa	2002;	Tequ�a	2004),	layer	(Ose�	et al. 1991)	and	rabb�t	(R�dwan	et 
al. 1993).		Ut�l�z�ng	cocoa	pods	on	rum�nant	decrease	feed	d�gest�b�l�ty	and	an�mal	
performance	(Sm�th	and	Adegbola	1985;	Sm�th	et al. 1988).	

Constra�ns	ut�l�z�ng	cocoa	pods	as	an�mal	feed	are	low	prote�n	and	h�gh	f�ber	
contents.	 H�gh	 l�gn�n	 content	 and	 hard	 structure	 of	 cocoa	 pods	 can	 reduce	 feed	
consumpt�on,	d�gest�b�l�ty	and	an�mal	performance.		

Ut�l�z�ng	cocoa	pods	as	feed	can	�mprove	by	pretreatment	w�th	Phanerochaete 
chrysosporium.	P. chrysosporium	b�oconvers�on	can	reduce	t�ghtness	l�gnocellulose	
bond	and	feed	l�gn�n	content.	Fermentat�on	cocoa	pods	w�th	P. chrysosporium		and	
supplement	Ca	and	Mn	for	10	days	result	better	d�gest�b�l�ty	and	cellulose	 l�gn�n	
rat�o.	

Mater�als	and	Methods

Ma�n	mater�als	used	were	cocoa	pods,	manganese	sulfat	(MnSO4·H2O),	cals�um	
chlor�de	(CaCl2)	and		P. chrysosporium	fung�.	P. chrysosporium	fung�	IFO	31249	
were	obta�ned	from	Pusat	Penel�t�an	K�m�a-LIPI	Kawasan	PUSPIPTEK	Serpong.			
Fungus	were	ma�nta�ned	on	m�llet	for	10	days.

D�et	composed	to	fulf�ll	nutr�ent	requ�rement	goats	w�th	we�ght	10kg	and	da�ly	
ga�n	100	g	day-1.	Nutr�ent	requ�rement	base	on	50g	day-1	total	prote�n	and	359g	day-1	

total	d�gest�b�l�ty	nutr�ent	(NRC	1981).		Feed	dry	matter	consumpt�on	est�mated	as	
b�g	as	645g	day-1.		

Fresh	cocoa	pods	chopped	and	dr�ed	(dry	matter	+35%).		Dr�ed	Cocoa	pod	was	
supplemented	w�th	100	ppm	Mn	dan	1190	ppm	Ca	and	�noculated	w�th	0.9%		P.  
chrysosporium	(Bonnen	et al. 1994).	Cocoa	pod	was	fermented	for	10	days.

F�fty	goats	w�th	an	average	l�ve	we�ght	of	11.60±1.54	kg	were	used	to	com-
pared	ut�l�zat�on	of	cocoa	pods	�n	random�zed	complete	des�gn.		Treatment	d�d	�n	3	
per�ods	were	adaptat�on	per�od	for	30	days,	prel�m�nary	per�od	for	15	days	and	data	
collect�on	 for	28	days.	D�ets	 for	data	collect�on	per�od	were	ad	 l�b�tum	based	on	
voluntary	feed	�ntake	on	prel�m�nary	per�od.	Measured	and	analyzed	var�ables	were	
feed	and	nutr�ent	consumpt�on	(g	kg-1	BW0.75	day-1),	average	da�ly	ga�n	 (g	day-1),	
nutr�ent	d�gest�b�l�ty		(total	collect�on	method)	and	feed	convers�on.	

Data	on	feed	�ntake,	growth,	feed	convers�on,	feed	d�gest�b�l�ty		were	analyzed	
stat�st�cally	by	analys�s	of	var�ance	(ANOVA)	and	Duncan’s	mult�ple	range	test	was	
used	to	separate	the	means.
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Results	and	D�scuss�on

Feed Intake 
The	level	of	�ntake	and	the	character�st�cs	of	d�gest�on	depend	closely	on	the	

feed�ng	behav�our	�n	goats	reared	�n	the	goat	house	(Morand-Fehr	2005).	Feed	�n-
take	can	expressed	�n		g	day-1	(Lallo	1996),	g	BW-1	day-1	(Aregheore	2000)	or	g	kg-1	
BW0.75	day-1	(Ananda	et al. 1996;	Mandal	et al. 2005).		Dry	matter	�ntake	(Table	2)	
were	433.92	-	560.33	g	days-1	or	60.40	-	78.49	g	kg-1	BW0.75.		Some	researches	had	
been	reported	that	dry	matter	�ntake	by	goats	were	41.5	(Kondo	et al. 2004),	46.0	
(Ananda	et al. 1996),	57.1	(Santra	et al. 1998)	and	61.8	g	kg-1	BW0.75	day-1	(Areghe-
ore	2006).	 	The	var�at�on	of	feed	�ntake	caused	nutr�ent	content,	part�cularly	feed	
prote�n	and	energy	(Lallo	1996),	sex	(Aregheore	1995)	and	feed	compos�t�on	(Are-
gheore	2006).		Dry	matter	�ntake	�ncreased	w�th	�ncreas�ng	feed	prote�n.	However,	
no	s�gn�f�cant	(P>0.05)	d�fferences	were	obta�ned	among	treatments.	Lallo	(1996)	
reported	dry	matter	�ntake	by	goats	�ncreased		�n	step	�ncreas�ng	feed	prote�n	con-
tent.		

Feed Digestibility 
Dry	 matter	 d�gest�b�l�ty	 range	 from	 55.36	 to	 70.48%	 (Table	 3).	Tuah	 et al. 

Table	1.	Compos�t�on	d�et	exper�ment	(%)

Feedstuffs
Treatment

A B C D E
Nap�er	grass	(NG) 80.0 60.0 30.0 30.0 30.0
Cocoa	pod	(CP) 0.0 0.0 30.0 0.0 0.0
Fermented	cocoa	pod 0.0 0.0 0.0 30.0 50.0
R�ce	bran 9.5 29.5 29.5 29.5 9.5
Corn 2.0 2.0 2.0 2.0 2.0
Coconut	Meal 2.0 2.0 2.0 2.0 2.0
Soybean	Meal 2.0 2.0 2.0 2.0 2.0
Molasses 3.2 3.2 3.2 3.2 3.2
Salt 0.5 0.5 0.5 0.5 0.5
Feedm�x 0.8 0.8 0.8 0.8 0.8
Total 100.0 100.0 100.0 100.0 100.0
D�et	Nutr�ent		(%	DM)
Dry	matter 84.88 86.31 86.29 86.25 84.78
Crude	prote�n 10.18 11.29 11.32 12.89 12.86
TDN 58.93 62.37 61.59 62.59 59.29
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(1995)	reported	that	dry	matter	d�gest�b�l�ty	of	cocoa	pods	on	sheep	range	from		44.67	
to	59.02%,	tend	to	decrease	w�th	�ncreas�ng	level	of	cocoa	pods	�n	the	d�et.		The	d�f-
ference	was	caused	by	goat	capab�l�ty	�n	d�gest	f�ber	fract�on	compare	sheep.	

There	were	d�fference	(P<0.05)	�n�	dry	matter	d�gest�b�l�ty	of	goats	fed	nap�er	
grass.		The	d�gest�b�l�ty	of	dry	matter	of	d�ets	of	B,	C,	D	and		E	were	not	d�fferent	
(P>0.05).	D�et	conta�n	30%	fermented	cocoa	pod	had	h�ghest	d�gest�b�l�ty	value,	
about	70.48%.	D�et	D	conta�n	h�gher	crude	prote�n	but	lower	f�ber	content.	Tuah	et	
al.	(	1995)	reported	that	d�gest�b�l�ty	of	cocoa	pods	w�th	level	30%	�n	sheep	d�et	as	
b�g	as	49.37%.	Th�s	d�fference	�s	caused	by	change	of	character�st�c	of	fermented	
cocoa	pods	and	ab�l�ty	of	l�vestock	�n	d�gest�ng	f�brous	feed.	Fermentat�on	of	co-
coa	pods	w�th	P. chrysosporium	and	add�t�on	of	Ca	and	of	Mn	can	decrease	l�gn�n	
content	and	�mprove	crude	prote�n.	Degradat�on	of	l�gn�n	content	g�ve	to	access	to	
m�crobe	for	the	degrade	of	cellulose,	hem�selulosa	and	other	feed	component.	

Average Daily Gain
Average	da�ly	ga�n	of	goat	was	81.19	g	day-1	(Table	4)	lower	than	target	was	

100	g	day-1.	Lower	feed	prote�n	and	energy	cause	da�ly	ga�n	was	low.	Prote�n	re-
qu�rement	for	goat	w�th	body	we�ght		13.47kg	and	da�ly	ga�n	100	g	was	85.99	g	day-

1.	Est�mated	dry	matter,	prote�n	and	TDN	requ�rement		are	�n	Table	5.		
D�et	D	conta�n	30%	nap�er	grass,	30%	fermented	cocoa	pods	and	40%	concen-

trate	g�ve	h�ghest	da�ly	ga�n	was	101.79	g.	Th�s	result	better	than	et al. (1995)	that	

Table	2.	Average	nutr�ent	consumpt�on	(g	day-1)

Nutr�ent
Treatment

A B C D E

Dry	matter 433.92a±8.40 499.29a±59.05 537.93a±24.04 560.33a±57.07 549.83a±21.15
Organ�c	matter 368.27b±7.13 427.69ab±50.59 467.41ab±20.89 492.31a±50.14 481.82a±16.16
Crude	prote�n 45.17b±0.87 58.92ab±6.97 63.48a±2.84 71.55a±7.29 66.09a±14.56

Means	w�th�n	each	treatment	for	each	var�able	of	d�fferent	superscr�pt	d�ffer	(P<0.05).		
A:	80%	NG	+	20%	concentrate;	B:	60%	NG	+	40%	concentrate;	C:	30%	NG	+	30%	CP	+	40%	concentrate;	D:	
30%	NG	+	30%	Fermented	CP		+	40%	concentrate;	C:	30%	NG	+	50%	Fermented	CP		+	20%	concentrate.

Table	3.	Nutr�ent	d�gest�b�l�ty	(%)	exper�mental	d�et

Means	w�th�n	each	treatment	for	each	var�able	of	d�fferent	superscr�pt	d�ffer	(P<0.05).		
A:	80%	NG	+	20%	concentrate;	B:	60%	NG	+	40%	concentrate;	C:	30%	NG	+	30%	CP	+	40%	concentrate;	D:	
30%	NG	+	30%	Fermented	CP		+	40%	concentrate;	C:	30%	NG	+	50%	Fermented	CP		+	20%	concentrate.

Nutr�en Treatment

A B C D E
Dry	matter 55.36b±7.01 66.99a±5.82 64.13a±6.21 70.48a±2.47 68.32a±2.80
Organ�k	matter 59.25b±6.74 70.27a±5.24 68.37a±5.66 74.31a±2.17 71.28a±2.55
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obta�n	55	g	on	30%	cocoa	pods	�n	d�ets.	Ut�l�z�ng	fermented	cocoa	pods	(D)	g�ve	
better	result	than	nonfermented	cocoa	pod	(C)	and	nap�er	grass	(A).	However,	these	
feed	conta�n	same	proport�on	(30%)	�n	the	d�et	resulted	d�fferent	da�ly	ga�n,	101.79,	
83.93	dan	77.38	g	for	d�et	D,	C	and	A,	respect�vely.			

Table	4.	In�t�al	body	we�ght,	da�ly	ga�n,	and	feed	eff�c�ency

Means	w�th�n	each	treatment	for	each	var�able	of	d�fferent	superscr�pt	d�ffer	(P<0.05).		
A:	80%	NG	+	20%	concentrate;	B:	60%	NG	+	40%	concentrate;	C:	30%	NG	+	30%	CP	+	40%	concentrate;	D:	
30%	NG	+	30%	Fermented	CP		+	40%	concentrate;	C:	30%	NG	+	50%	Fermented	CP		+	20%	concentrate.

Nutr�ent
Treatment

A B C D E
In�t�al	body	we�ght	
(kg) 13.88±0.58 12.72±1.14 13.50±0.91 13.73±1.06 13.52±3.48

F�nal	body	we�ght	
(kg) 15.53±0.67 14.88±1.29 15.85±0.95 16.58±1.11 15.87±3.57

Da�ly	ga�n	(g) 58.95d±3.09 77.38c±5.46 83.93b±1.79 101.79a±1.79 83.93b±3.09
Feed	convers�on 7.38a±0.51 6.45ab±0.63 6.42ab±0.41 5.50b±0.47 6.52ab±1.20

Table	5.	Est�mat�on	of	requ�rement	of	dry	matter,	prote�n	and	TDN	for	da�ly	ga�n	100	g

Requ�rement
Treatment

A B C D E
Dry	matter	(g	day-1)a 748.73 716.07 738.00 744.53 738.47
Prote�n

Metabol�c	body	we�ght	
(kg	BB0.75)

7.19 6.73 7.04 7.13 7.02

CPm	(g	day-1)b 41.92 39.24 41.04 41.57 40.93
CPg	(g	day-1)b 45.00 45.00 45.00 45.00 45.00
Total	prote�n	(g	day-1) 86.92 84.24 86.04 86.57 85.93
Prote�n	�n	d�et	(%) 11.61 11.76 11.66 11.63 11.64

Energy
TDNm	(g	day-1)b 216.42 202.57 211.90 214.61 211.30
TDNg	(g	day-1)b 161.00 161.00 161.00 161.00 161.00
Kebutuhan	TDN	(g	day-1) 377.42 363.57 372.90 375.61 372.30
TDN	�n	d�et	(%) 50.41 50.77 50.52 50.45 50.42

CPm=	Prote�n	for	ma�nta�nance	(5.83	g	kg-1	BB0.75);	CPg=	prote�n	for	ga�n	(0.45	g	for	1	g	body	
ga�n);	TDNm:	TDN	for	ma�nta�nance	(30.1	g	kg-1	BB0.75);	TDNg:		TDN	growth	(1.61	g	for	1	g	
body	ga�n).
a	2.8	(%)	x	BW	(kg)	+	0.36	kg	(NRC	1981);	b	Mandal	et al.	(2005).
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Feed	convers�on	�nfluence	body	ga�n.	Smaller	feed	convers�on	value	�nd�cated	
better	feed	qual�ty.	Feed	convers�on	on	th�s	exper�ment	range	from	50	to	7.38.	Th�s	
result	 better	 than	 cocoa	 pod	 convers�o	 on	 sheep	 was	 12.23-17.74	 (Lallo	 1995).		
Feed	 convers�on	 of	 d�et	A	 s�gn�f�cantly	 (P<0.05)	 b�gger	 than	 others.D�et	 conta�n	
30%	 fermented	 cocoa	 pods	 result	 lowest	 feed	 convers�on	 was	 5.50.	 Lower	 feed	
convers�on	and	h�gher	body	ga�n	�nfluence	econom�cal	value	of	feed.	Analys�s	of	
feed	 cost	 on	benef�t	 d�d	 calculated	 Income Over Feed Cost (IOFC).	Better	 da�ly	
ga�n	on	d�et	that	conta�n	fermented	cocoa	pod	menghas�lkan	h�ghest	�ncome	(Rp	1	
192.80)	than	others.		

Conclus�on	

Ut�l�zat�on	30%	fermented	cocoa	pods	that	comb�nat�on	w�th	40%		concentrate		
and	30%	nap�er	grass	 result	dry	matter	consumpt�on	(560.33	g	day-1),	dry	matter	
d�gest�b�l�ty	(70.48%),	organ�c	matter	d�gest�b�l�ty	(74.31%),	feed	convers�on	(5.50),	
da�ly	ga�n	(101.79	g	day-1)	income over feed cost	(Rp	1	192.80)	�s	better	and	more	
prof�table	than	nap�er	grass	and	non	fermented	cocoa	pods.
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Abstract

Fresh rumen liquor (FRL) is commonly used in in vitro studies to evaluate the 
nutritive values of feed for ruminants. However, the type and activity of microbes 
in the FRL vary with feed and time. To reduce the variation of results, a mixed 
bacterial isolates (MBI) may be used as an alternative to repalce the FRL. This 
study was aimed at evaluating the nutritive value of forages using MBI and FRL. 
Sampels of Penisetum sp., Panicum sp., Brachiaria sp., Setaria sp., Paspalum sp., 
Calliandra sp., Leucaena sp., Indigofera sp. and Gliricidia sp. were fermented in 
vitro using either MBI or FRL for 3 and 48 hours to determine NH3, total volatile 
fatty acids (VFA), dry matter (DMD) and organic matter digestibility (OMD) based 
on two steps digestibility method.  Paired t-Test was applied to compare the results 
of using MBI and FRL. Dry matter and organic matter digestibility of the  forages   
were lower when they were determined using MBI than those determained using 
FRL.  The forages DMD and OMD  determined using MBI and FRL had significant 
correlation.  Digestibility of dry matter and organic matter were affected by fiber and 
protein content of the forages.  The results sugested that to determine the nutritive 
values of the forages, in in vitro studies, the MBI could be used to replace FRL with 
an adjusment to the result.

Keywords: buffalo, forage, isolation, liquor, mixed bacteria

Introduct�on

Fresh	rumen	l�quor	�s	commonly	used	�n	in vitro	stud�es	to	evaluate	the	nutr�t�ve	
values	of	feed	for	rum�nants	(Dhanoa	et al.,	2004).		However	the	type	and	act�v�ty	of	
m�crobes	�n	the	rumen	l�quor	var�es	w�th	feed	and	t�me	after	feed�ng	(Yanhong	Chen	
et al.	2011).		Th�s	study	a�med	at	evaluat�ng	the	pos�b�l�ty	of	us�ng	a	m�xed	bacter�a	
�solated	from	rumen	buffalo	to	determ�ne	the	nutr�t�ve	value	of	forages.		
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Mater�als	and	Methods

Fresh	rumen	l�quor	(FRL)	of	cattle	obta�ned	from	a	slaugther	house	and	a	m�xed	
of	s�x	types	of	bacter�a	�solated	from	buffalo	rumen	(MBI)	were	used	as	treatments	
of	m�crob�al	sources	�n	an	in vitro	study.		Sampel	of	Penisetum sp., Panicum sp., 
Brachiaria sp., Setaria sp., Paspalum sp., Calliandra sp.,	Leucaena sp.,	Indigofera 
sp. and	Gliricidia sp. were	 fermented	 in vitro	 for	3	hours	 to	determ�ne	NH3	and	
VFA,	 and	 for	 48	 hours	 to	 determ�ne	 dry	 matter	 and	 organ�c	 matter	 d�gest�b�l�ty	
based	on	two	steps	d�sget�b�l�ty	method	(T�lley	and	Terry,	1963)	us�ng	e�ther	FRL	or	
MBI.		Prox�mate	analys�s	was	appl�ed	to	determ�ne		the	nutr�ent	content	of	forages.		
Concentrat�on	of NH	NH3	and	VFA	�n	the	fermentat�on	med�a	were	determ�ned	accod�ng	
to	m�crod�fus�on	Conway	method	and	steam	d�st�llat�on	method,	respect�vely.	Pa�red	
t-Test	was	appl�ed	to	compare	 the	d�fferent	effect	of	 two	treatments.	 	Correlat�on	
between	nutr�ent	content	of	forages	on	the�r	fermentat�ve	character�st�c	was	evaluated	
(Steel	and	Torr�e,	1980).

Results and D�scuss�ons	and	D�scuss�on

Nutr�ent	content	of	forages	are	shown		�n	Table	1.	Forages	var�ed	�n	the�r	nutr�-
t�ve	content.		Ash	and	crude	f�ber	content	of	grasses	were	h�gher	than	those	of	legu-
m�nous	forages,	but	the	legum�nous	had	h�gher	prote�n	content.	Crude	f�ber	�s	the	

Table	1.	Nutr�ent	Content	of	Var�ous	Grass	and	Legum�nous	Forages	Used	�n	an	In Vitro	
D�gest�b�l�ty	Study	Us�ng	Fresh	Rumen	L�quor	(FRL)	and	M�xed	Bacter�al	Isolates	
(MBI).

Forages Dry	
Matter Ash Crude	

Prote�n
Crude	
F�ber

Ether	
Extract NFE

Penisetum purpureum 26.58 7.37 9.43 34.10 2.07 47.03
Panicum maximum 23.67 9.69 9.71 39.58 0.95 40.07
Brachiaria humidicola 23.73 4.96 9.24 38.88 1.47 45.45
Setaria splendida 10.42 9.25 14.48 44.89 1.78 29.60
Paspalum notatum 25.84 6.42 9.96 36.52 2.14 44.96
Leucaena leucocephala 27.05 0.32 24.29 27.19 3.32 44.88
Calliandra calothyrsus 28.42 0.22 19.53 27.48 1.52 51.25
Indigofera sp. 25.56 0.31 25.87 18.72 3.79 51.31
Gliricidia sepium 18.26 0.34 22.11 22.02 2.25 53.28
Mean 23.28 4.32 16.07 32.15 2.14 45.31
Standard	dev�at�on 5.64 4.06 6.92 8.77 0.90 7.18
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most	l�m�t�ng	factor	determ�n�ng	the	d�gest�b�l�ty	of	dry	and	organ�c	matter	of	feeds.		
Crude	f�ber	of	the	forages	var�ed	from	18.72%	to	44.89%	�nd�cat�ng	that	coeff�c�ent	
d�gest�b�l�ty	m�ght	represent	the	ab�l�ty	of	bacter�a	�n	both	the	m�xed	bacter�al	�so-
lates	and	fresh	rumen	l�quor	�n	degrad�ng	the	f�ber	component	of	the	forages.

Table	2.	Co�ef�c�ent	D�gest�b�l�ty	of	Dry	and	Organ�c	Matter	of	Grasses	and	Legum�nous	
Forages	�n	an	In Vitro	Study	Us�ng	Fresh	Rumen	L�quor	(FRL)	and	M�xed	Bacter�al	
Isolates	(MBI)

Forages
%	CDDM %	CDOM

FRL MBI FRL MBI

Penisetum purpureum 47.64 19.37 46.19 16.66
Panicum maximum 37.09 20.20 34.33 15.72
Brachiaria humidicola 38.14 21.60 36.81 21.41
Setaria splendid 42.09 22.56 39.70 18.78
Paspalum notatum 33.93 20.19 32.01 17.71
Leucaena leucocephala 54.28 53.13 50.58 49.23
Calliandra calothyrsus 37.24 33.87 35.12 30.36
Indigofera sp. 67.18 67.47 65.05 63.55
Gliricidia sepium 56.19 46.54 51.16 40.23
Mean 45.98a 33.88b 43.44A 30.41B

Standard	Dev�at�on 11.19 17.76 10.76 17.07

Note:	Means	w�th	d�fferent	superscr�pts	d�ffer	(P<0.01)
	

Concentrat�on	of	N-NH3	and	VFA	�n	the	f�ltrate	of	fermentat�on	med�a	con-
ta�ned	grasses	and	legum�nous	forages	are	�nd�cated	�n	Tabel	3.		MBI	as	a	source	of	
bacter�a	produced	more	N-NH3	than	FRL	d�d.		H�gh	concentrat�on	of	N-NH3	�n	MBI	
treatment	�nd�cated	that	bacter�a	�n	the	med�a	had	less	ab�l�ty	to	convert	the	N-NH3	
�nto	m�crob�al	prote�n.

Coeff�c�ent	d�gest�b�l�ty	of	DM	and	OM	of	forages	determ�ned	us�ng	MBI	and	
FRL	had	s�gn�f�cant	correlat�on	(Table	4).	Bacter�a	from	MBI	and	FRL	degraded	
the	 forages	components	 �n	 the	d�fferent	extent,	 resulted	 �n	d�fferent	values	of	 the	
coeff�c�ent	d�gest�b�l�ty	of	DM	and	OM.		Dry	and	organ�c	matter	d�gest�b�l�ty	�n	MBI	
treatment	was	 reduced	by	 �ncreas�ng	content	of	N-NH3	 �n	 the	med�a.	Coeff�c�ent	
d�gest�b�l�ty	of	DM	and	OM	were	reduced	by	the	�ncrease	of	ash	and	crude	f�ber	of	
the	forages,	but		they	were	st�mulated	by	the	crude	prote�n	and	ether	extract	of	the	
forages.		Ash	content	m�gh	represent	undegradable	l�gn�n	�n	f�ber	component.
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Table	3.	Concentrat�on	of	NH3	and	VFA	�n	the	F�ltrate	of	Fermentat�on	Med�a	Composed	of	
Grasses	and	Legum�nous	Forages	�n	an	In Vitro	Study	Us�ng	Fresh	Rumen	L�quor	
(FRL)	and	M�xed	Bacter�al	Isolates	(MBI)

Foarges
N-NH3(mM) VFA	(mM)

FRL MBI FRL MBI

Penisetum purpureum 4.43 23.33 168.36 148.25
Panicum maximum 5.94 21.48 185.29 146.52
Brachiaria humidicola 3.69 22.82 214.77 178.86
Setaria splendid 10.40 24.02 165.35 150.46
Paspalum notatum 3.96 21.40 102.04 245.41
Leucaena leucocephala 6.63 11.60 167.00 177.00
Calliandra calothyrsus 4.56 9.92 199.00 152.00
Indigofera sp. 9.84 13.29 190.00 174.00
Gliricidia sepium 8.82 12.38 216.00 201.00
Mean 6.47b 17.80a 178.65 174.83
Standard	Dev�at�on 2.61 5.82 34.59 32.23

Note:	Means	w�th	d�fferent	superscr�pts	d�ffer	(P<0.01)

Table	 4.	 Correlat�ons	 Between	 the	 Coeff�c�ent	 D�gest�b�l�ty	 (CD)	 of	 Dry	 Matter	 (DM),	
Organ�c	Matter	(OM),	N-NH3	Concentrat�on	�n	Fermentat�on	Med�a,	Ash.	Crude	
Prote�n	(CP),	Crude	F�ber	(CF),	and	Ether	Extract	(EE)	Content	of	Forages

 

CD-DM-FRL CD-DM-MBI CD-OM-FRL CD-OM-MBI

CD-DM-MBI 0.883	(0.002)
CD-OM-FRL 0.995	(0.000) 0.868	(0.002)
CD-OM-MBI 0.874	(0.002) 0.996	(0.000) 0.865	(0.003)
N-NH3-FRL 0.648	(0.059) 0.558	(0.118) 0.622	(0.074) 0.519	(0.152)
N-NH3-MBI -0.506	(0.164) -0.787	(0.012) -0.467	(0.205) -0.770	(0.015)
Ash -0.592	(0.093) -0.818	(0.007) -0.569	(0.110) -0.825	(0.006)
CP 0.785	(0.012) 0.949	(0.000) 0.754	(0.019) 0.932	(0.000)
CF -0.772	(0.015) -0.876	(0.002) -0.755	(0.019) -0.867	(0.002)
EE 0.847	(0.004) 0.851	(0.004) 0.857	(0.003) 0.866	(0.003)

Note:	Pearson	correlat�on	(P-Value).	Fresh	Rumen	L�quor	(FRL).	M�xed	Bacter�al	Isolates	(MBI).
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Conclus�on

Dry	matter	and	oragn�c	matter	d�gest�b�l�ty	determ�ned	us�ng		MBI	�nd�cated	
the	nutr�t�ve	value	of	the	forages.		Threfore,	MBI	was	poss�ble	to	replace	FRL	�n	in 
vitro	stud�es	to	evaluate	the	nutr�t�ve	values	of	forages.
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Abstract

Dairy cow population in Indonesia has currently reached 487,715 head and 
located mainly on Java Island, (East Central and West Java Provinces). Indonesian 
dairy cows contributed 3.8% to the Indonesian total greenhouse gas production, 
while in global level, dairy sector contributed about 4.0% to the total global 
anthropogenic GHG emissions. This study assesses the greenhouse gases (GHG’s) 
emissions from dairy cattle sector in Indonesia. The objective of this study was to 
compare GHG’s from Indonesian dairy cows using the IPCC (2006) guideline Tier 
1 and Tier 2 method. The data was obtained from field observations in KUNAK 
dairy cattle village, Bogor as well as previous studies. Cow’s body weight, milk 
production, dry matter intake and dry matter digestibility of feed data were used in 
the model. Manure management system in dairy cattle was also observed. The results 
showed that total methane emissions calculated using Tier 1 was relatively higher 
than that calculated using Tier 2. Methane emission from the enteric fermentation 
and manure management of dairy cows calculated by Tier 1 method were 33.16 and 
15.12 Gg year-1 respectively, while by Tier 2 method were 25.74 and 0.12 Gg year-1 
respectively. Direct and indirect N2O (nitrous oxide) emissions from manure were 
256,381, and 2,299 kg year-1 respectively. it is concluded that the total greenhouse 
gas emission from dairy cattle sector in Indonesia were 1,187 (Tier 1) or 671 (Tier 
2) Gg CO2-eq.

Keywords: dairy cattle, greenhouse gases, methane, N2O emission

Introduct�on   

Da�ry	farm	�n	Indones�a	has	an	�mportant	role	�n	supply�ng	the	m�lk	demand.	
Current	 da�ry	 cow	 populat�on	 reached	 487.715	 head	 and	 produce	 approx�mately	
827,000	 tones	 of	 m�lk	 product�on	 per	 year	 or	 26.5%	 of	 nat�onal	 demand	 wh�ch	
reached	2.7	m�ll�on	l�ters	per	year.	Da�ry	cow	populat�on	�s	ma�nly	located	on	Java	
�sland.
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Based	on	Thal�b	et al	(2008)	report,	da�ry	cow	�n	Indones�a	contr�bute	as	much	
as	3.6%	of	greenhouse	gases	compared	to	the	total	l�vestock	populat�on.	Th�s	f�gure	
�s	 lower	compared	w�th	 the	average	contr�but�on	of	 the	world	wh�ch	reached	4%	
globally.

Inventory	 of	 greenhouse	 gas	 em�ss�ons	 (GHG’s)	 for	 the	 l�vestock	 sector	 �s	
h�ghly	dependent	 on	 the	determ�nat�on	of	 em�ss�on	 factor	 on	 each	 an�mal.	 IPCC	
(2006)	has	prov�ded	gu�dance	�n	calculat�ng	the	greenhouse	gas	�n	the	var�ous	sectors.	
However,	em�ss�on	factors	�n	each	sector	should	be	developed	�n	each	country.	

Based	 on	 IPCC	 (2006)	 methane	 em�ss�on	 factor	 for	 da�ry	 cattle	South	 East	
As�a	reg�on	was	68	kg/head/year.	The	em�ss�on	factor	�s	relat�vely	h�gh	compared	
w�th	r�ll	cond�t�ons.	Therefore	�t	�s	necessary	for	the	calculat�on	of	em�ss�on	factors	
based	on	the	real	cond�t�ons	�n	the	f�eld.

The	object�ve	of	th�s	study	was	to	compare	greenhouse	gases	em�ss�ons	from	
Indones�an	da�ry	cows	us�ng	calculated	the	IPCC	(2006)	gu�del�ne	T�er	1	and	T�er	
2	methods.	

Mater�als	and	Methods	

Data Collection
The	study	used	pr�mary	and	secondary	data.	The	pr�mary	data	was	obta�ned	

from	f�eld	observat�ons	wh�ch	have	done	�n	da�ry	cattle	product�on	area	(KUNAK	
C�bungbulang),	Bogor.	The	data	�ncluded	cow’s	body	we�ght,	m�lk	product�on,	dry	
matter	�ntake	and	dry	matter	d�gest�b�l�ty	of	rat�on	as	well	as	manure	management	
system	 �n	 da�ry	 cattle	 was	 also	 observed.	 The	 da�ry	 populat�on	 was	 c�ted	 from	
D�rectorate	General	of	L�vestock	and	Veter�nary	(2011)	as	secondary	data.

Methodology
The	calculat�on	of	methane	(CH4)	and	n�trous	ox�de	(N2O)	em�ss�ons	were	cal-

culated	based	on	IPCC	Gu�del�nes	(2006).	The	methane	em�ss�ons	were	calculated	
based	on	T�er	1	 (default)	 and	T�er	2	 (survey	based	mod�f�ed)	models.	The	 IPCC	
(2006)	def�ned	that	the	methane	convers�on	factor	(Ym)	was	6.5	+	1%,	�nd�cat�ng	
that	Ym	�s	at	the	h�gh	end	of	the	range	when	d�gest�b�l�ty	of	feed	�s	low	and	vice 
versa.	Cons�der�ng	the	w�de	range	�n	feed	d�gest�b�l�ty	all	over	the	world	we	�ncor-
porated	a	range	of	Ym	values	accord�ng	to	the	follow�ng	formula:	Ym	=	9.75	–	0.05	
x	d�gest�b�l�ty.	In	Model	2,	Ym	�s	then	used	�n	the	follow�ng	formula:	CH4	em�ss�on	
=	(annual	feed	�ntake	*	Ym/100)	*	(18.55/55.65).	

N�trous	ox�de	(N2O)	em�ss�ons	(d�rect	and	�nd�rect	em�ss�on)	were	calculated	
accord�ng	IPCC	Gu�del�ne	(2006).	Convers�on	CH4	to		CO2	was	23,	wh�le	conver-
s�on	N2O	 to	CO2	was	296	 (IPCC	2001).	The	data	were	analyzed	us�ng	stat�st�cal	
descr�pt�ve.
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Results	and	D�scuss�on	

Dairy Cattle Population
Base	on	the	Table	1,	da�ry	cow	populat�on	�n	Indones�a	was	ma�nly	located	�n	

Java	Island.	Prov�nce	wh�ch	has	the	largest	da�ry	populat�on	was	East	Java	Prov�nce,	
wh�ch	was	about	47.4%	of	the	total	populat�on,	followed	by	Central	Java	(25.2%)	
and	West	Java		(24.7%).	The	populat�on	�n	other	prov�nces	are	relat�vely	small,	less	
than	1%.

Table	1.	Da�ry	populat�on	�n	Indones�a	2010

		Prov�nce Populat�on	(head) %
East	Java 231,408 47.4
Central	Java 122,489 25.1
West	Java 120,475 24.7
DI	Yogyakarta 3,466 0.7
DKI	Jakarta 2,728 0.6
North	Sumatera 2,642 0.5
South	Sulawes� 2,198 0.5
West	Sumatera 857 0.2
Other	Prov�nces 1,452 0.3
Total 487,715

Source:		D�rectorate	General	of	L�vestock	and	Veter�nary	(2011)

Methane Emission
Accord�ng	 to	 IPCC	 default	 (T�er	 1),	 methane	 em�ss�on	 factor	 from	 enter�c	

fermentat�on	of	da�ry	cattle	�n	South	As�a	reg�on	�s	68	kg/head/day.	Based	on	the	
survey	results	the	average	of	cow	body	we�ght	was	390	kg	and	dry	matter	�ntake	was	
11.9	kg/head/day,	therefore	the	methane	em�ss�on	factor	was	53	kg/head/day.	Th�s	
methane	em�ss�on	factor	was	smaller	than	the	IPCC	default	(T�er	1).

Table	2	showed	that	methane	em�ss�ons	from	enter�c	fermentat�on	and	manure	
management	 calculated	 us�ng	 T�er	 1	 model	 were	 33.165	 and	 15.119	 Gg/year	
respect�vely,	whereas,	the	calculat�on	of	the	respect�ve	em�ss�on	us�ng	T�er	2	model	
were	 25.738	 and	 0.120	 Gg/year.	 Methane	 em�ss�on	 calculat�on	 us�ng	T�er	 2	 was	
lower	than	T�er	1	model.	Enter�c	fermentat�on	contr�buted	68.7%	to	total	methane	
em�ss�on	from	da�ry	cattle	sector.

Methane	em�ss�ons	from	l�vestock	sector	depend	on	the	number	of	l�vestock	
populat�on.	 Compared	 to	 other	 l�vestock,	 da�ry	 cows	 contr�buted	 only	 3.6%	 to	
total	methane	em�ss�on.	Beef	cattle	were	 the	major	contr�butor	 (53.8%)	followed	
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by	buffaloes	(12.6%),	goats	(10.6%),	p�gs	(7.4%),	and	sheep	(7.0%)	(Thal�b	et al.,	
2008).	 Dur�ng	 2003-2007	 per�od,	 Indones�an	 methane	 em�ss�on	 ha	 �ncreased	 by	
1.9%	per	year.

Table	3	showed	that	the	N2O	em�ss�on	from	da�ry	cattle	�n	Indones�a.	The	N2O	
em�ss�ons	mostly	come	from	d�rect	em�ss�ons	of	N2O.	The	d�rect	and	�nd�rect	N2O	

Table	2.	Methane	em�ss�on	from	enter�c	fermentat�on	and	manure	management	calculated	
by	T�er	1	and	T�er	2

Prov�nce

T�er	1 T�er	2

Enter�c	
fermentat�on	

(Gg/year)

Manure	
management	

(Gg/year)

Total	
(Gg/year)

Enter�c	
fermentat�on	

(Gg/year)

Manure	
management*	

(Gg/year)

Total	
(Gg/
year)

East	Java 15.74	 7.17	 22.91	 12.21	 0.06	 12.27	
Central	Java 8.34	 3.80	 12.13	 6.46	 0.03	 6.49	
West	Java 8.19	 3.74	 11.93	 6.36	 0.03	 6.39	
DI	Yogyakarta 0.24	 0.11	 0.34	 0.18	 0.00	 0.18	
DKI	Jakarta 0.19	 0.09	 0.27	 0.14	 0.00	 0.15	
North	Sumatera 0.18	 0.08	 0.26	 0.14	 0.00	 0.14	
South	Sulawes� 0.15	 0.07	 0.22	 0.12	 0.00	 0.12	
West	Sumatera 0.06	 0.03	 0.09	 0.05	 0.00	 0.05	
Other	Prov�nces 0.10	 0.05	 0.14	 0.08	 0.00	 0.08	
Total 33.17 15.12 48.28 25.74 0.12 25.89

*	Calculated	us�ng	Qur�manasar�	(2011).

Table	3.	N�trous	 ox�de	 em�ss�on	 from	 enter�c	 fermentat�on	 and	 manure	 management	
calculated	by	T�er	1	and	T�er	2

Prov�nce
D�rect	N2O	
em�ss�on	
(kg/year)

Ind�rect	N2O	
em�ss�on	
(kg/year)

Total	N2O	
em�ss�on	
(kg/year)

Total	CO2-Eq
(Gg/year)	

East	Java 121,646 1,091 122,737 36.33
Central	Java 64,390 577 64,967 19.23
West	Java 63,331 568 63,899 18.91
DI	Yogyakarta 1,822 16 1,838 0.54
DKI	Jakarta 1,434 13 1,447 0.43
North	Sumatera 1,389 12 1,401 0.41
South	Sulawes� 1,155 10 1,166 0.35
West	Sumatera 451 4 455 0.13
Other	Prov�nces 763 7 770 0.23
Total 256,381 2,299 258,680 76.57
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em�ss�on	were	256,381	and	2,299	kg/year	respect�vely.	The	total	N2O	em�ss�on	was	
258,680	or	equ�valent	to	76.57	Gg	CO2	per	year.	

Conclus�ons		

Total	methane	 em�ss�ons	 from	da�ry	 sector	 �n	 Indones�a	was	48,28	Gg/year	
(1,111	Gg	CO2-	eq)	wh�le	N2O	em�ss�ons	were	258,680	kg/year	or		76.57	Gg	CO2-eq.	
Thus	the	total	GHG’s	em�ss�on	from	da�ry	sector	�n	Indones�a	were	1,187	Gg/year.	
Methane	em�ss�ons	calculat�ons	based	on	survey	results	was	lower	than	the	IPCC	
default.
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Abstract

Heat stress (HS) is a welfare issue and has detrimental effects on lactation and 
reproduction. When environmental temperature exceeds 25 °C or when thermal-
humidity index exceeds 75, cows exhibit HS signs. Feed intake, milk production, and 
fertility decrease and immune system is compromised in heat-distressed dairy cows. 
Managerial approaches cover barn design (stocking density, ventilation, shading, 
and sprinkling water) and animal’s handling and mating (synchronization and 
timed-artificial insemination), which are intended to cool down the cow. Nutritional 
approaches are intended to reduce heat production by the body and covers access 
to unlimited clean and fresh water, feeding at night, increasing feeding frequency, 
feeding fat, reducing forage percentage and increasing concentrate, K, Na, and 
Mg percentages in the ration, balancing protein fractions, modifying particle size, 
formulating alkaline diet, and supplementing cow with buffer and yeast cultures. 
In conclusion, both managerial and nutritional approaches help maintain body 
temperature so that lactation and reproduction potential can be achieved during 
hot weather.

Key words: dairy cow, heat stress, lactation, management-nutrition, reproduction 

Introduct�on

Heat	 stress	 (HS)	 �s	 a	 costly	 problem	 �n	 da�ry	 operat�ons	 because	 of	 �ts	
deleter�ous	effects	on	performance,	lactat�on,	and	reproduct�on	�n	da�ry	cows.	It	�s	
also	an	�mportant	welfare	�ssue.	Manager�al	approaches	are	�ntended	to	cool	the	cow	
and	nutr�t�onal	approaches	are	 �ntended	 to	compensate	 reduced	dry	matter	 �ntake	
(DMI).	Env�ronmental	mod�f�cat�ons	to	m�n�m�ze	HS,	coupled	w�th	an	appropr�ate	
nutr�t�onal	program	are	necessary	to	ma�nta�n	�ntake	and	m�n�m�ze	lactat�onal	and	
reproduct�ve	 losses.	 The	 purpose	 of	 th�s	 rev�ew	 �s	 to	 emphas�ze	 manager�al	 and	
nutr�t�onal	strateg�es	to	reduce	adverse	effects	of	amb�ent	env�ronmental	temperature	
on	performance	and	product�v�ty	�n	da�ry	cows.
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Heat	Stress

All	an�mals	have	a	thermal	comfort	zone	(TCZ),	wh�ch	refers	to	a	range	of	
temperature	that	allows	the	an�mal	to	exh�b�t	normal	phys�olog�cal	status.	Th�s	range	
for	the	da�ry	cows	�s	between	-13	to	25ºC	w�th	a	body	temperature	of	38.5-39.3ºC.	
Env�ronmental	temperatures	below	and	above	th�s	zone	�s	a	s�gn�f�cant	stressor	to	
the	 cattle	 and	 �nterfere	 w�th	 express�on	 of	 the�r	 genet�c	 potent�als.	 Temperature-
hum�d�ty	 �ndex	 (THI)	 reflects	 the	 comb�ned	 effects	 of	 amb�ent	 temperature	 and	
relat�ve	hum�d�ty,	wh�ch	�s	calculated	as	follows:
THI	=	Ta�r	-	[0.55	-	(0.55	x	RH	/	100)]	x	(Ta�r	-	58.8),	where	Ta�r	=	a�r	temperature	(oF),	
RH	=	relat�ve	hum�d�ty	(%)	or	THI = 0.72 x (W+D) +40.6, where W = wet bulb 
temperature (°C)	and	D	=	dry	bulb	temperature	(°C).

The	THI	values	less	than	70	are	cons�dered	comfortable,	71-80	m�ld	and	81-
90	 moderate	 stressful,	 and	 a	 value	 greater	 than	 90	 causes	 extreme	 d�stress	 w�th	
cows	 be�ng	 unable	 to	 ma�nta�n	 thermo	 regulatory	 mechan�sms	 or	 normal	 body	
temperatures	(Table	1).	When	temperatures	exceed	25°C	or	when	THI	exceeds	70,	
cows	exper�ence	HS,	wh�ch	�s	accompan�ed	by	reduced	dry	matter	�ntake	(DMI),	
lower	m�lk	product�on,	decreased	m�lk	fat	percentage,	decreased	fert�l�ty,	depressed	
�mmune	system,	and	reduced	act�v�ty	as	well	as	�ncreased	ma�ntenance	requ�rement,	
body	temperature	(>	39.3	°C),	and	r�sk	for	mast�t�s	and	lam�n�t�s.	These	can	vary	
by	1)	sever�ty	of	the	env�ronmental	cond�t�ons	2)	level	of	m�lk	y�eld	and	quant�ty	of	
feed	consumed	3)	stage	of	lactat�on,	4)	s�ze	of	the	cow,	5)	cool�ng	management,	6)	
exerc�se	requ�rements,	and	7)	breed	and	color.

For	the	cow,	there	are	two	sources	of	heat:	the	env�ronmental	temperature	and	
the	heat	produced	�nternally	from	basal	nutr�ent	metabol�sm.	Heat	produced	from	
nutr�ent	metabol�sm	�s	lesser	factor	than	env�ronmental	heat	sources.	Solar	rad�at�on	
and	 elevated	 amb�ent	 a�r	 temperature	 are	 pr�mary	 env�ronmental	 heat	 sources.	
Env�ronmental	temperature	�s	aggravated	by	h�gh	relat�ve	hum�d�ty	and	lack�ng	a�r	
movement.

Table	1.	Temperature-hum�d�ty	�ndex	for	da�ry	cows

oC
Relat�ve	hum�d�ty	(%) Stress	

level40 45 50 55 60 65 70 75 80 85 90 95 100

23.9 No	stress 72 72 73 73 74 74 75 75 M�ld
26.7 73 3 74 74 75 76 76 77 78 78 79 79 80

Med�um
29.4 76 77 78 78 79 80 81 81 82 83 84 84 85
32.2 79 80 81 82 83 84 85 86 86 87 88 89 90

Severe
35.0 83 84 85 86 87 88 89 90 91 92 93 94 95
37.8 86 87 88 90 91 92 93 94 95 97 98 99
40.6 89 91 92 93 95 96 97
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Mechan�sms	by	wh�ch	the	da�ry	cow	d�ss�pates	body	heat	and	ma�nta�n	body	
temperature	 �nclude	 conduct�on,	 convect�on,	 rad�at�on	 and	 evaporat�on.	The	 f�rst	
three	 depend	 on	 a	 relat�vely	 large	 d�fferent�al	 between	 body	 and	 env�ronmental	
temperatures,	and	the	last	one	depends	on	relat�ve	hum�d�ty.	When	the	env�ronmental	
temperature	 �s	 close	 to	 the	 body	 temperature,	 espec�ally	 �n	 the	 presence	 of	 h�gh	
relat�ve	hum�d�ty,	all	the	cool�ng	mechan�sms	are	comprom�sed.

Adverse	Effects	of	Heat	Stress	on	Lactat�on	and	Reproduct�on

Heat-d�stressed	 da�ry	 cows	 exh�b�t	 altered	 ac�d-base	 status	 result�ng	 from	
pant�ng	(>	80	breaths/m�n)	and	sweat�ng,	ways	of	evaporat�ve	cool�ng.	Sweat�ng	and	
pant�ng	are	accounted	for	two	and	one-th�rds	of	evaporat�ve	water	loss,	respect�vely.	
Increased	the	loss	of	CO2	v�a	resp�rat�on	reduces	the	blood	concentrat�on	of	H2CO3	
and	 consequently,	 �ncreases	 blood	 pH	 (respiratory alkalosis).	 Compensat�on	 for	
the	resp�ratory	alkalos�s	 �nvolves	 �ncreased	ur�nary	HCO3

-	excret�on,	 lead�ng	 to	a	
decl�ne	�n	blood	HCO3

-	concentrat�on.	At	35°C,	water	loss	by	sweat�ng	�s	est�mated	
to	be	150g/m2	body	surface/h.

Ret�culo-rumen	mot�l�ty	decreases.	Consequent	decrease	�n	the	rate	of	d�gesta	
passage	�s	assoc�ated	w�th	lower	product�on	of	volat�le	fatty	ac�d,	w�th	a	h�gh	per-
centage	of	 acetate.	Wh�le	blood	 flow	 to	d�gest�ve	 tract	 and	other	 �nternal	 t�ssues	
decreases,	 blood	 flow	 to	 the	 sk�n	 surface	 �ncreases.	 In	general,	 ur�ne	volume	 �n-
creases.

The	effect	of	h�gh	env�ronmental	temperature	on	cow	performance	�s	med�ated	
through	the	body	temperature.	Decreased	product�v�ty	�s	l�nked	mostly	to	depressed	
DMI	(Table	2),	wh�ch	�s	an	attempt	to	reduce	heat	product�on	from	the	d�gest�on	and	
metabol�sm	of	nutr�ents.	 Intake	for	Holste�n	and	Jersey	cows	�s	negat�vely	corre-
lated	w�th	m�n�mum	and	max�mum	da�ly	THI	(-0.63	and	-0.62,	Holste�ns;	-0.62	and	
-0.55,	Jerseys).	In	NRC	pred�ct�on	model	(1981),	DMI	for	a	600-kg	cow	produc�ng	
about	27	kg	of	m�lk	w�ll	decl�ne	by	8.2%	(18.2	kg	at	20°C	to	16.7	kg	at	35	°C)	and	
ma�ntenance	requ�rement	w�ll	 �ncrease	by	20%	(Table	2).	At	40	°C,	ma�ntenance	
�ncreases	by	32%	and	DMI	decreases	by	56%	as	compared	to	cows	reared	�n	TCZ.	
Br�efly,	a	0.56°C	�ncrease	�n	temperature	above	38.61°C	causes	1.8	and	1.4	kg	de-
creases	�n	m�lk	y�eld	and	total	d�gest�ble	nutr�ents.

Even	 under	 TCZ,	 reproduct�ve	 performance	 of	 da�ry	 cows	 �s	 low	 due	 to	
�ncreased	m�lk	product�on	 assoc�ated	w�th	prolonged	and	 severe	negat�ve	 energy	
balance	(NEBAL).	The	adverse	of	effects	of	HS	on	reproduct�on	�s	related	d�rectly	to	
the	�ncrease	�n	body	temperature	and	development	of	NEBAL.	Infert�l�ty	�s	one	of	the	
most	�mportant	obstacles	for	susta�nable	da�ry	product�on	�n	trop�cal	and	subtrop�cal	
countr�es.	Development	of	NEBAL	and	ex�stence	of	catabol�c	prof�le	 (low	blood	
glucose,	 �nsul�n,	 �nsul�n-l�ke	 growth	 factors,	 and	 growth	 hormone	 concentrat�ons	
and high non-esterified fatty acids, β-hydroxybutyrate, and glucagon) lead to silent 
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and/or	short	estrus	and	�mpa�r	foll�culogenes�s,	wh�ch	eventually	result	�n	reduced	
concept�on	rate	and	prolonged	calv�ng	�nterval.

Heat	 stress	 suppresses	 synthes�s	 of	 reproduct�ve	 hormones,	 reduces	 qual�ty	
of	 oocytes,	 and	 �nterferes	 w�th	 foll�culogenes�s.	 Damaged	 somat�c	 cells	 w�th�n	
the	 foll�cles	 �nterfere	w�th	decrease	estrad�ol	 synthes�s	 that	 �nfluences	express�on	
of	estrus	through	�ncreased	secret�on	of	ACTH,	ovulat�on,	and	the	corpus	luteum.	
Heat	stress,	�n	general,	does	not	dramat�cally	�nfluence	days	to	f�rst	ovulat�on	and	
estrus,	but	prolongs	days	open	and	�ncreases	serv�ces	per	concept�on	(>	2.5)	due	to	
early	embryon�c	loss	and/or	reduced	concept�on	rate	(<	40%).	Also,	1oC	�ncrease	
�n	rectal	temperature	�s	assoc�ated	w�th	20-30%	reduct�on	�n	blood	flow	to	uterus.	
Undernour�shed	uter�ne	t�ssues	and	�ncreased	uter�ne	temperature	(>	40oC,	normally	
38.6oC)	comprom�se	embryo	surv�val	(F�gure	1).	In	case	of	successful	pregnancy	�n	
heat-d�stressed	da�ry	cows,	the	result	�s	a	del�very	of	calves	w�th	low	b�rth	we�ght.

Table	2.	Effect	of	env�ronmental	temperature	(oC)	on	performance	of	da�ry	cows

Temperature	
Pred�ct�on

Ma�ntenance	(%	of	
requ�rement	at	10	oC)

DMI	needed	
(kg/d)

DMI	
(kg/d)

M�lk	y�eld	
(kg/d)

Water	�ntake	
(l/d)

-20 151 21.3 20.4 20.0 51.1
-10 126 19.8 19.8 25.0 57.9
0 110 18.8 18.8 27.0 64.0

10 100 18.2 18.2 27.0 64.0
20 100 18.2 18.2 27.0 68.1
25 104 18.4 17.7 25.0 73.8
30 111 18.9 16.9 23.0 79.1
35 120 19.4 16.7 18.0 120.0
40 132 20.2 10.2 12.0 106.0

F�gure	1.	Pregnancy	 rate	of	da�ry	 cows	 that	have	d�fferent	 rectal	 temperature	 at	 t�me	of	
breed�ng
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Manager�al	Strateg�es

Mod�fy�ng	the	env�ronment	�s	the	most	effect�ve	way	to	reduce	HS.	Prov�d�ng	
shade	 �s	 the	 cheapest	 and	 best	 way	 to	 decrease	 rad�ant	 energy,	 but	 �t	 does	 not	
decrease	a�r	temperature.	Shade	w�th	a	2.5	cm-�nsulat�on	(3.7-4.6	m2/head)	should	
be	�nstalled	on	2.1-4.4	m	away	from	the	cow.	It	�s	shown	that	total	heat	load	can	be	
reduced	by	30-50%	w�th	well-des�gned	shade	and	that	there	�s	a	10%	ga�n	�n	m�lk	
y�eld	s�mply	by	shad�ng	cows.	As	compared	w�th	cows	�n	no	shade,	shaded	cows	
have	lower	rectal	temperature	(38.9	and	39.4	ºC)	and	less	resp�ratory	rate	(54	and	82	
breaths/m�n),	and	produce	10%	more	m�lk	(Table	3).

Dur�ng	per�ods	of	h�gh	temperature	and/or	hum�d�ty,	however,	shade	alone	�s	
rarely	enough.	Thus,	add�t�onal	evaporat�ve	systems,	such	as	vent�lat�ng	and	spr�nk-
l�ng	are	needed.	Us�ng	fans	and	spr�nklers	�mprove	DMI	by	7-9%	and	m�lk	y�eld	
by	8.6-15.8%	and	reduce	rectal	temperature	by	0.44-0.56	°C	and	resp�rat�on	rate	by	
17.6-40.6%.	Spr�nkl�ng	cows	helps	reduce	body	temperatures	by	�ncreas�ng	evapo-
rat�ve	cool�ng	(F�gure	2)	and	ground	temperature,	as	well.	Interm�ttent	spr�nkl�ng	�s	

Table	3.	Effect	of	shad�ng	on	performance	of	da�ry	cows

Measurement Shade No	shade
Rectal	temperature	(oC) 39.2 40.8
Resp�rat�on	(count/m�n 83 133
Dry	matter	�ntake	(kg/d) 20.7 16.8
M�lk	y�eld	(kg/d) 19.4 17.0

suggested	to	not	to	cause	hum�d�ty,	spr�nkl�ng	of	2-3	m�n	every	30	m�n.

F�gure	2.	Relat�onsh�p	between	body	temperature	and	amb�ent	temperature	for	cows	that	are	
not	cooled	and	are	spr�nkled	for	90	m�n	before	afternoon	m�lk�ng
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Cows	should	not	be	handled	�n	hot	weather,	espec�ally	after	10:00	hr	because	
handl�ng	�ncreases	the	body	temperature	about	0.5-3.5	°C.	If	needed,	cows	should	
be	handled	between	m�dn�ght	and	08:00	hr.	Hold�ng	and	process�ng	areas	should	
have	shade	and	spr�nklers.

Nutr�t�onal	strateg�es	to	ma�nta�n	reproduct�ve	performance	seem	less	effect�ve	
than	manager�al	strateg�es.	A	number	of	reports	show	that	cool�ng	and	shad�ng	�ncrease	
estrus	durat�on	and	pregnancy	rate	and	reduce	calv�ng	 �nterval	and	percentage	of	
cows	w�th	s�lent	estrus	by	50%.	Thus,	before	and	after	art�f�c�al	�nsem�nat�on,	cows	
must	be	kept	as	cool	as	poss�ble.	Through	estrus	synchron�zat�on	and	t�med-art�f�c�al	
�nsem�nat�on,	breed�ng	season	should	be	sw�tched	to	cooler	days	of	the	year	�n	order	
to	m�n�m�ze	reproduct�ve	losses.

Nutr�t�onal	Strateg�es

The	need	for	water	 �ncreases	sharply	as	 the	 temperature	 �ncreases	 (Table	2)	
because	of	water	loss	from	sweat�ng	and	pant�ng.	Prov�s�on	of	unl�m�ted	quant�ty	
of	clean,	fresh,	and	cool	water	to	the	cow	�s	the	most	�mportant	nutr�t�onal	strategy.	
Normally,	a	cow	consumes	2-3	L	of	water	for	each	kg	DMI	and	an	add�t�onal	3-5	L	
of	water	for	each	kg	of	m�lk	y�eld.	As	the	env�ronmental	temperature	�ncreases	from	
4.5	to	26.7	°C,	the	water	consumpt�on	�ncreases	from	23	to	31	L	�n	dry	cows,	60	to	
100	L	�n	cows	produc�ng	18	kg	m�lk,	and	98	to	170	L	�n	cows	produc�ng	30	kg	m�lk.	
Although	cool�ng	water	 to	below	15°C	helps	d�ss�pate	body	heat,	 offer�ng	water	
at	20-27°C	�s	recommended	dur�ng	hot	weather.	Waterers	should	be	placed	under	
shade	and	on	the	way	to	m�lk�ng	parlors.

The	heat	product�on	of	metabol�c	funct�ons	accounts	for	about	31%	of	the	energy	
�ntake	 �n	a	600-kg	cow	produc�ng	36	kg	4%	fat-corrected	m�lk.	Heat	product�on	
�ncreases	as	DMI	and	m�lk	y�eld	�ncrease.	Energy	expend�ture	for	ma�ntenance	dur�ng	
hot	weather	�ncreases.	Metabol�c	heat	product�on	�ncreases	after	feed�ng,	at	d�fferent	
levels	 depend�ng	 upon	 feedstuffs	 �n	 rat�on.	 Heat	 �ncrement	 dur�ng	 metabol�sm	
accounts	for	two-th�rds	of	endogenous	heat	product�on.	The	order	of	heat	�ncrement	
for	nutr�ents,	 from	 the	 lowest	 to	h�ghest,	 �s	 fat	<	concentrate	<	 f�ber.	When	heat	
product�on	�s	reduced,	less	�s	go�ng	to	be	d�ss�pated	and	energy	ut�l�zat�on	eff�c�ency	
�s	 �mproved.	Thus,	 dur�ng	 hot	 weather	 d�ets	 should	 be	 formulated	 to	 conta�n	 fat	
(5-6%),	h�gh	qual�ty	 (d�gest�ble)	 f�ber	 (a	b�t	 reduced	 rate),	and	concentrate	 (a	b�t	
�ncreased	rate).	That	�s,	the ration should be heated up to cool the cow down	�n	order	
to	ma�nta�n	�ntakes	of	nutr�ents	due	to	depressed	DMI	(Table	4).

In	order	not	 to	cause	ac�dos�s,	m�lk	 fat	depress�on,	off-feed	cond�t�ons,	 and	
lam�n�t�s,	d�ets	should	conta�n	more	than	55-60%	concentrate.	The	percentages	of	
nonstructural	carbohydrates	(NSC),	ac�d	detergent	f�ber,	and	neutral	detergent	f�ber	
should	be	33-38%	at	max�mum,	19%	at	m�n�mum,	and	30%	at	m�n�mum,	respec-
t�vely.	Nonstructural	carbohydrates	can	be	�ncreased	to	40%	when	the	d�et	conta�ns	
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h�gh	qual�ty	forage.	In	part�cle	s�ze	separator,	long	(>	1.90	cm),	med�um	(0.79-1.90	
cm),	 and	 short	 (<	0.79	cm)	part�cles	 should	const�tute	6-10,	30-50,	 and	60-60%,	
respect�vely.

Both	def�c�ent	and	excess	crude	prote�ns	have	detr�mental	effects	on	fert�l�ty.	
Both	cases	also	cause	an	�ncrease	�n	body	heat	product�on	result�ng	from	reduced	
d�gest�b�l�ty	�n	assoc�at�on	w�th	reduced	rumen	mot�l�ty	and	excess�vely	formed	NH3	
�n	assoc�at�on	w�th	a	more	 than	60%	rum�nally	degradable	 fract�on,	 respect�vely.	
Excess�ve	NH3	requ�res	add�t�onal	energy	for	hepat�c	detox�f�cat�on.

Through	sweat�ng	cows	lose	K	(human	does	Na).	Thus,	K	requ�rements	�ncrease	
dur�ng	hot	weather.	Supplement�ng	heat-d�stressed	cows	w�th	K	 (1.5-1.6%	DM),	
Na	(0.5-0.6%	DM),	and	Mg	(0.35-0.4%	DM)	�s	suggested.	Prov�d�ng	alkal�ne	d�et	
reduces	HCO3

-	 loss	and	compensates	K	loss,	suggest�ng	 that	d�etary	cat�on-an�on	
d�fference	(Na	+	K	-	Cl	-	S)	should	be	pos�t�ve.	Due	to	lower�ng	f�ber/�ncreas�ng	NSC	
�n	the	rat�on,	supplement�ng	heat-d�stressed	cow	w�th	NaHCO3	(150-200	g/day/head	
or	0.75-1.0%	of	DM),	n�ac�n	(6	g/d),	yeast	cultures,	and	fungal	products	(Aspergillus 
oryzae)	 �s	 recommended.	 These	 supplements	 stab�l�ze	 rumen	 fermentat�on	 and	
reduce	 r�sk	 for	 m�lk	 fat	 depress�on	 and	 other	 fermentat�on	 related	 d�sturbances	
through	 �ncreas�ng	f�ber	d�gest�on,	volat�le	 fatty	ac�d	product�on,	 turnover	rate	of	

Table	4.	D�etary	mod�f�cat�ons	dur�ng	hot	weather*

Dry	matter	�ntake	(%	depress�on) 0 5 10 15 20
Resp�rat�on	rate	(count/m�n) <	75 80 85 90 95
Dry	matter	�ntake	(kg/d) 24.1 22.9 21.7 20.5 19.3
Energy	(NEL,	Mcal/kg) 1.59 1.70 1.81 1.92 2.00
				Mcal/d 38.4 38.9 39.4 39.5 40.4
Crude	prote�n	(CP,	%) 17.4 18.1 18.9 19.8 20.8
				Rumen	undegradable	prote�n	
				(%	of	CP) 39.4 42.7 45.7 48.7 51.7

Neutral	detergent	f�ber	(%) 35.0 31.0 28.0 26.0 25.0
Fat	(%) 0.0 1.0 2.0 3.0 4.0
M�nerals	(%)
				Ca 0.46 0.70 0.73 0.78 0.82
				P 0.41 0.43 0.45 0.49 0.51
				Mg 0.25 0.27 0.28 0.30 0.31
				K 1.00 1.15 1.30 1.45 1.60
				Na 0.18 0.23 0.28 0.33 0.38
				S 0.20 0.21 0.22 0.23 0.24

*Est�mated	for	a	650	kg	cow	produc�ng	45	kg	m�lk	w�th	3.6%	fat	and	3.2%	prote�n.
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lact�c	ac�d,	and	numbers	of	cellulolyt�c	bacter�a	as	well	as	m�n�m�z�ng	var�at�ons	�n	
rumen	pH	and	ammon�a	format�on.

Effect�veness	of	excess�ve	supplemental	v�tam�ns	A	and	E	�n	heat-d�stressed	
da�ry	cows	�s	controvers�al.	Trace	m�nerals	(Zn	and	Cu)	should	be	�ncreased	to	m�n�-
m�ze	ox�dat�ve	stress	and	boost	 �mmune	potency.	Other	nutr�t�onal	approaches	 to	
allev�ate	heat	stress	�nclude	1)	prov�s�on	of	total	m�xed	rat�on,	2)	feed�ng	at	n�ght	
and	after	m�lk�ng,	3)	�ncreas�ng	feed�ng	frequency	to	prov�de	fresh	and	cool	rat�on,	
and	4)	add�ng	water	to	rat�on.

Conclus�on

Heat	stress	has	detr�mental	effects	on	lactat�on	and	reproduct�on,	wh�ch	are	ma-
jor	�ncome	sources	�n	da�ry	operat�ons.	Manager�al	and	nutr�t�onal	strateg�es	should	
be	appl�ed	s�multaneously	to	cool	the	cow	down	and	reduce	body	heat	product�on	
and	ma�nta�n	�ntakes	of	nutr�ents.
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Abstract

The aim of this experiment was to evaluate the free choice feeding technique on 
performance of Frisian Holstein Cross POST colostrums calves on early weaning 
programs.  Six FH calves were divided into two feeding systems. Half of them were 
fed with mix diet and another half were subjected to free choice diet. Mix diet consists 
of 38.65% corn, 28.98% wheat brand, 28.98% soybean meal and 3.39% mineral 
mix. The free choice diets consisted of corn, wheat brand, soybean meal, coconut 
meal and mineral mix served in separate feeding buckets. The data obtained were 
analyzed using analysis of variance and any significant differences were subjected 
to T-Test.  There were no significant  different on dry matter intake, total digestible 
nutrient, fiber, Ca and P intakes, weight of weaning calves and  feed efficiency 
between the treatment, but the treatment were significantly affected the  protein 
intake, milk intake, weaning time and  body weight gain.  It was concluded that the 
free choice diets technique provide nutrients to support a good performance of FH 
calf on early weaning program.

Key words : free choice diet, Friesian Holstein, performance, rearing

Introduct�on

Although	post	colostrums	calves	rear�ng	program	by	a	large	farm	who	have	
good	records	of	product�on	h�story	�s	one	of	bus�ness	opportun�ty	to	prov�de	good	
qual�t�es	of		bulls	and	cows	replacement	stocks,	but	the	program	�s	h�gh-r�sk.	Th�s	�s	
caused	by	the	fact	that	ra�s�ng	calves	from	b�rth	to	wean�ng	�s	one	of	the	most	d�ff�cult	
per�ods	of	cattle	husbandry.	The	greatest	r�sk	�n	th�s	per�od	�s	d�sease	and	mortal�ty	
factors.	The	�mportant	strategy	to	reduce	the	r�sk	�s	through	feed�ng	management.	
Management	of	feed�ng	that	appropr�ate	w�th	calf	requ�rement	before	wean�ng	w�ll	
affect	�ts	product�on	performance	later	on.	

Nowadays,	var�at�on	program	to	 formulate	 rat�ons	have	been	used	by	many	
feed	producers,	but	the	programs	do	not	guarantee	the	balance	between	the	rat�on	
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pr�ces	w�th	the�r	econom�cal	�mpact	to	the	farmer.	To	f�nd	a	su�table	feed	formula	�n	
the	f�eld,	free	cho�ce	feed�ng	techn�que	can	be	used.

Free	cho�ce	feed�ng	techn�que	would	prov�de	a	freedom	for	l�vestock	to	choose.	
In	th�s	case,	pre-wean�ng	calf	w�ll	choose	feed	us�ng	the�r	�nst�nct.	Keske�n	et	al.	
(2004)	stated	that	free	cho�ce	feed�ng	techn�que	�mproved	an�mal	welfare	through	
nutr�ents	 requ�rement	 fulf�llment.	 Free	 cho�ce	 feed�ng	 techn�que	 also	 prov�ded	
the	opportun�ty	for	calves	to	make	the�r	own	feed	formula	to	support	the�r	rumen	
development	and	make	them	comfort	(N�col,	1997).	

Th�s	 study	 was	 des�gned	 to	 get	 the	 most	 proper	 starter	 rat�on	 formula	 for	
calves	 rear�ng	 program	 wh�ch	 could	 sat�sfy	 calves	 requ�rements,	 enhance	 calves	
performance	and	�mprove	eff�c�ency	of	feed	ut�l�zat�on.	

Mater�al	and	Methods

Th�s	study	used	6	male	wean�ng	calves	of	Fr�s�an	Holste�n	(FH)	hybr�d	w�th	
�n�t�al	body	we�ght	of	38.34	±	2.34	kg.	The	calves	were	reared	�n	�nd�v�dual	cage.	
Two	feed�ng	systems	were	employed	as	treatments,	namely	1)	the	free	cho�ce	feed�ng	
system	(FCFS)	and	2)	the	complete	m�x	feed�ng	system	(CMFS).	In	both	systems,	
s�m�lar	 feed	 �ngred�ents	 were	 offered.	 They	 were	 ma�ze,	 pollard,	 Soybean	 meal,	
coconut	meal,	salt,	CaCO3,	prem�x	and	fresh	m�lk.	

The	 calves	 were	 d�v�ded	 �nto	 two	 groups	 and	 eachgroup	 cons�sted	 of	 three	
calves	(as	repl�cat�ons).	The	f�rst	group	was	subjected	to	the	FCFS	treatment,	wh�le	
second	group	was	g�ven	the	CMFS	treatment.	The	calves	were	kept	�n	�nd�v�dual	
cages	and	observed	for	46	days..	The	feeds	were	offered	ad	l�b�tum	every	day	from	
6:00	am	to	07:00	pm.	Each	calf	was	g�ven	4	l�tres	m�lk,	tw�ce	a	day,	2	l�ters	�n	the	
morn�ng	and	2	l�ters	�n	the	afternoon.	Dr�nk�ng	water	were	prov�ded	ad	l�b�tum.

Results	and	D�scuss�on

Dry Matter and Nutrient Intake 
Average	of	 feed	and	nutr�ents	 �ntake	of	both	feed�ng	systems	was	shown	�n	

table	1.	The	data	analys�s	showed	that	the	treatments	had	no	effect	on	the	dry	matter	
�ntake	(DMI).	The	DMI	of	CMFS	treated	calves	were	710.12	g/head/day	or	equal	to	
1.47%	body	we�ght	(BW)	wh�le	DMI	of	FCFS	treated	calves	were	940.83	g/head/
day	 (2.02%	 BW)\	 These	 �ntakes	 sat�sf�ed	 DMI	 requ�rement	 of	 calves	 accord�ng	
NRC	(2001)	feed�ng	standard.	Accord�ng	to	NRC	(2001),	dry	matter	requ�rement	
for	30	-	60	kg	BW	calf	w�th	0.4	-	0.6	kg	average	da�ly	ga�n	(ADG)	was	560-1040	g/
head/day	(1.4%	-1.7%	BW).	The	FCFS	treated	calves	obta�ned	d�fferent	�ngred�ent	
compos�t�ons	from	the	CMFS	treated	calves.	Proport�on	of	soybean	meal	consumed	
by	FCFS		treated	calves	was	h�gher	(80%)	than	consumed	by	the	CMFS	(28.98%),	
wh�le	 the	 proport�ons	 of	 corn	 and	 pollard	 consumed	 by	 the	 FCFS	 treated	 calves	
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were	lower	(15%	and	4%,	respect�vely)	than	the	CMFS	treated	calves	(38.65%	and	
28.98%,	respect�vely).	

The	 calves	 fed	w�th	FCFS	had	opportun�ty	 to	 choose	 �ngred�ents	w�th	h�gh	
prote�n	 content	 such	 as	 soybean	 meal	 to	 sat�sfy	 the�r	 prote�n	 requ�rement.	 The	
�ngred�ent	was	consumed	much	more	than	corn,	pollard,	and	coconut	meal	wh�ch	
conta�n	 less	 prote�n.	Although,	 ma�ze,	 pollard,	 and	 coconut	 meal	 conta�ned	 less	
prote�n	 than	 soybean	meal,	 the�r	n�trogen	 free	 extract	 (NFE)	content	was	h�gher.	
Forbes	(1995)	stated	that	h�gh	content	of	NFE	�n	feed	lowered	�ts	consumpt�on.	He	
also	proved	that	soybean	meal	had	better	palatab�l�ty	than	other	mater�als.	Table	1	
showed	that	CP	consumpt�on	of	FCFS	treated	calves	were	s�gn�f�cantly	h�gher	(P	<	
0.05)	than	of	the	CMFS	treated	calves,	but	�n	both	systems,	consumpt�on	of		total	
of	d�gest�ble	nutr�ents	 (TDN),	crude	 f�ber	 (CF),	Ca,	and	P	were	not	 s�gn�f�cantly	
d�fferent.	 Sutard�	 (1981)	 stated	 that	 CP	 requ�rement	 of	 1–4	 months	 calves	 w�th	
30-64	kg	BW	were	120-210	g/head/day,	wh�le	accord�ng	 to	NRC	(2001),	 the	CP	
requ�rement	for	calves	w�th	30	-	60	kg	BW	and	0.4-0.6	kg	ADG	were	141-217	g/head/
day.	Rat�on	consumed	by	the	CMFS	treated	calves	sat�sf�ed	the�r	CP	requ�rement	
based	on	Sutard�	(1981)	and	NRC	(2001)	recommendat�ons.	The	calves	consumed	
195.98	g	CP/head/day.	The	FCFS	treated	calves	however,	consumed	CP	more	than	
the�r		requ�rements	(303.84	g/head/day).	

TDN	content	of	feed	�ngred�ents	ranged	from	67.9%	to	83.2%	wh�le	TDN	of	
m�lk	was	129%.	Accord�ng	to	NRC	(2001),	TDN	requ�rement	for	calf	w�th	30–60	
kg	BW	and	0.4–0.6	kg	ADG	was	0.82-1.21	kg.	TDN	consumpt�ons	 �n	 th�s	study	
were	 669.29	 g/head/day	 (CMFS	 treatment)	 and	 742.29	 g/head/day	 (FCFS	 treat-
ment).	These	results	�nd�cated	that	prote�n	requ�rement	for	l�vestock	kept	�n	trop�cal	
reg�on	was	d�fferent	from	l�vestock	�n	temperate	reg�ons.	

Although	rum�nants	have	the	ab�l�ty	to	d�gest	f�ber	w�th	the�r	m�crobe’s	help,	
but	calves	do	not	have	such	ab�l�ty	because	the�r	rumen	funct�ons		have	not	fully	
developed.	Therefore,		the�r	ab�l�ty	to	d�gest	f�ber	�s	st�ll	low.	Boga	(2009)	showed	

Table	1.		Average	of	nutr�ent	consumpt�on	of	concentrate	starter	and	m�lk	(g/head/day)

Consump-
t�on	

Treatments

CMFS FCFS

Starter M�lk Total Starter M�lk Total
CP 		68.31 127.67 195.98	±	6.42a 176.17 127.67 		303.84	±	54.98b

TDN	 247.08 419.21 669.29	±	21.78 323.08 419.21 742.29	±	103.94
CF 		24.05 0 24.01	±	2.26 		21.15 0 21.15	±	6.87
Ca	 			0.68 4.34 6.96	±	0.08 				1.36 4.34 9.65	±	0.45
P	 			2.36 3.53 5.98	±	0.28 				2.75 3.53 6.30	±	1.03

D�fferent	superscr�pt	�n	the	same	l�ne	means	s�gn�f�cantly	d�fferent	(P<0.05)
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that	calves	offered	free	cho�ce	feed�ng	system	formulated	rat�on	us�ng	the�r	�nst�ncts	
wh�ch	conta�ned	h�gh	prote�n	but	low		f�ber.	

Accord�ng	 to	Sutard�	 (1981),	Ca	and	P	 requ�rement	 for	calf	w�th	we�ght	30	
-	64	kg	was	6.14	-	10.8	g/head/day	and	4.09	-	7.22	g/head/day,	respect�vely.	In	both	
treatments,		Ca	and	P	requ�rements	were	fulf�lled.	Ca	and	P	consumpt�on	of	CMFS	
treated	calves	were	6.96	g/head/day	and	5.98	g/head/day,	 respect�vely.	Wh�le	 the	
FCFS	treated	calves	consumed	9.65	g/head/day	and	6.30	g/head/day	of	Ca	and	P,	
respect�vely.	Thompson	(1978)	recommended	that	level	of	Ca	�n	grow�ng	male	calf	
rat�on	was	4.32	g/head/day	at	the	f�rst	stage	of	feed�ng	and	2.16	g/head/day	at	the	
end.	Wh�le	levels	of	P	�n	the	rat�on	was	3.33	g/head/day	at	the	f�rst	stage	of	feed�ng	
and	1.62	g/head/day	at	the	end.	

Weanings Time and Weight, Body Weight Gain, and Feed Efficiency
Wean�ngs	t�me	and	we�ght,	body	we�ght	ga�n,	and	feed	eff�c�ency	of	the	calves	

were	shown	�n	Table	2.	A	calf	can	be	weaned	�f	the	calf	can	consume	0.5-0.7	kg/head/
day	of	calf	starter	concentrate	(Jones	and	He�nr�chs,	2007;	Imran,	2009).	Wean�ng	�n	
th�s	study	was	based	on	the	consumpt�on	of	750	g/d	fresh	we�ght	of	starter	rat�on	for	
3	consecut�ve	days.	The	free	cho�ce	feed�ng	system	prov�des	a	more	rap�d	wean�ng	
t�me	than	the	complete	m�x	feed�ng	system	(days	31st	vs.	44th).	The	FCFS	treatment	
allowed	the	calves	to	select	the	preferable	feed	�ngred�ents	to	be	consumed	accord-
�ng	to	the�r	needs.	

In�t�al	and	wean�ng	we�ghts	�n	the	CMFS	treatment	were	39	±	3	and	57	±	4	
kg,	respect�vely.	Wh�le,	the	FCFS	were	38	±	2	and	55	±	1	kg.	Boga	(2009)	stated	
that	we�ght	ga�n	of	calves	fed	under	FCFS	was	h�gher	than	the	calves	fed	under	the	
CMFS.	The	ADG	of	calves	were	affected	by	the	feed�ng	system	(p	<0.05),	wh�ch	
showed	that	the	FCFS	were	h�gher	than	CMFS	(553.76	vs.	418.97	g/head/day).	The	
h�gher	of	calves	ADG	under	FCFS	than	CMFS	were	caused	by	the	h�gher	proport�on	
of	soybean	meal	consumed	as	a	prote�n	source	(80%	vs.	28.98%).

Table	 2.	 The	 effect	 of	 treatment	 on	 the	 wean�ng	 t�me	 and	 we�ght,	 we�ght	 ga�n,	 m�lk																	
consumpt�on	and	feed	eff�c�ency

Var�ables
Treatment

M�x Free	Cho�ce	System
Wean�ng	t�me	(day) 44±1a 31±1b

Wean	we�ght	(kg) 57±4 55±1
Body	we�ght	ga�n	(g/head/day) 418.97	±	0.06	a 553.76±0.05b

Feed	eff�c�ency 0.60±0.01 0.61±0.09

D�fferent	superscr�pt	�n	the	same	l�ne	means	s�gn�f�cantly	d�fferent	(P<0.05)
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CP	 consumpt�ons	 were	 h�gher	 �n	 FCFS	 treatment	 than	 CMFS	 (303.84	 vs.	
195.98	g/head/day)	that	s�gn�f�cantly	�nfluenced	the	calves	ADG.	It	was	�n	l�ne	to	
the	Parakkas�	(1999)	statement	that	h�gher	prote�n	content	�n	rat�on	resulted	h�gher	
ADG.	In	oppos�te,	h�gher	content	of	CF	�n	rat�on	resulted	lower	ADG.	

Feed	eff�c�ency	�n	both	treatments	showed	no	s�gn�f�cant	d�fferent.	The	results	
were	suspected	 from	 the	 �nd�fferent	of	corn	and	soybean	meal	d�gest�b�l�ty.	M�lk	
consumpt�on	of	calves	kept	under	FCFS	was	s�gn�f�cantly	less	than	CMFS	(115	vs.	
168	l�ters).	These	results	were	related	to	the	shorter	wean�ng	t�me	for	FCFS	calves	
than		the	CMFS.

Conclus�on

Free	cho�ce	feed�ng	system	produces	a	rat�on	formula	cons�sted	of	15%	ma�ze,	
4%	pollard,	80%	soybean	meal,	and	1%	coconut	meal	wh�ch	conta�ned	85.66%	DM,	
37.45%	CP,	4.62%	CF	and	82.17%	TDN.	Cafeter�a	feed�ng	system	produces	faster	
wean�ng	 t�mes,	 and	 h�gher	 body	 we�ght	 ga�n	 �n	 compare	 to	 the	 complete	 m�xed	
feed�ng	system,	but	do	not	d�fferent	�n	feed	eff�c�ency.	
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Abstract

Production of PKC in Malaysia is in abundance throughout the year and has 
increased more than 43% since 1999 (1.62 million metric tonnes) to 2011 (2.39 million 
metric tonnes) respectively. Palm kernel cake (PKC) is a protein source leftover from 
pressed nuts of the palm fruit. PKC is rich in both protein (16-18%) and energy (9-
14 MJ/Kg) and is regarded as a potential protein source of farm animals feed. This 
paper discussed on the rate of energy conversion, cost effectiveness and availability 
of PKC as a supplementary food ingredient for ruminants, non-ruminants and fishes. 
Price comparison between soybean cake and PKC showed that soybean cake cost 
550.0 US$/MT while PKC is 150 US$/MT.  This difference indicated that PKC is a 
reasonably good economic feed for better growth and fattening rate to farm animals 
(cattle, sheep, goat, pig, chicken and ducks) and farm fishes (cat fish and other). 
Countries in Asia, Asia-Pacific, South America and Africa are presently using PKC 
as an alternative feed for various farm animals. PKC is rich in protein, due to bio-
conversion effects which doubled the nutritive value and protein concentration of 
PKC to 32% protein. Besides that, PKC is highly palatable for ruminants, non-
ruminants and fishes because of its distinctive carbohydrate source namely 56.4% 
mannose, 11.66% glucose, 3.77% xylose and 1.4% galactose. PKC has high fibre 
content (16%), high phosphorus to calcium ratio and other essential elements like 
magnesium, iron and zinc recommended in animal optimal growth.  A value-added 
quality of PKC is that it is free from Aflatoxins and other toxins of E.Coli, S.aureus 
and Salmonellaspp., that could be harmful for animal growth and productivity. Its 
sufficient concentration of vitamin E, acts as natural anti-oxidants which helpsin 
synthesizing female reproductive hormones. As a supplement of high energy feed, 
PKC can be used under various concentrations for different farm animals such as, 
for beef cattle up to 90%, dairy cattle 50%, swine 25-30%, poultry 20-25%, sheep 
and goat 30-40% and fish 20-30% of total ration. Therefore, this paper will provide 
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an outlook of PKC as a potential feed source that may meet the requirements as an 
alternative feed ingredient for farm animals and fishes.

Key words: energy conversion and cost effective, farm animals, palm kernel cake 
(PKC), protein concentration

Introduct�on

The	o�l	 palm	 �ndustry	 �n	Malays�a	has	 expanded	 rap�dly	 from	60,000	ha	 �n	
1964	and	reached	5	m�ll�on	hectares	�n	2011	and	�ncreased	3%	from	4.85	m�ll�on	
hectares	recorded	�n	prev�ous	year	(MPOB,	2011).	Therefore	the	palm	kernel	cake	
also	 �ncreased	6.5%	from	2.22	m�ll�on	 tons	 �n	2006	 to	2.39	m�ll�on	 tons	 �n	2011	
(MPOB	2011).	Most	of	Palm	kernel	cake	was	exported	to	European	Un�on	Coun-
tr�es	and	Ch�na,	wh�ch	represents	93%	of	the	total	product�on	of	palm	kernel	cake	
�n	Malays�a.	Most	of	the	EU	countr�es	consumed	the	palm	kernel	cake	as	potent�al	
l�vestock	feed	for	da�ry	cattle	 �ndustry.	The	exports	of	palm	kernel	cake	were	�n-
creased	910,000	metr�c	 tons	 to	2.39	m�ll�on	metr�c	 tons	 �n	2011	 to	 the	European	
Un�on	Countr�es	and	Ch�na	(MPOB	2010).

L�terature	Study	

	The	palm	kernel	cake	�s	the	b�omass	res�due	wh�ch	obta�ned		from	the	crush-
�ng	of	palm	kernels	to	extract	the	kernel	o�l	.The	palm	kernel	was	crush�ng	w�th	2	
methods	depend�ng	on	the	s�ze	of	the	plant	throughput	wh�ch	�s	shown	�n	the	f�gure	
1	(Yusoff,	2000).	The	mechan�cal	method	was	us�ng	the	trad�t�onal	method	wh�ch	
needs	h�gher	power	consumpt�on	and	has	h�gh	ma�ntenance	cost	due	to	wear	and	
tear	of	the	screw	expeller.	Normally	the	palm	kernel	w�th	low	capac�ty	�s	su�table	
w�th	th�s	method.	The	other	method	for	crush�ng	the	palm	kernel	�s	the	solvent	ex-
tract�on	method.	Th�s	method	was	used	only	w�th	h�gh	capac�ty	of	palm	kernel.		The	
o�l	res�due	�n	the	palm	kernel	cake	�s	about	1%	compared	to	the	mechan�cal	method	
where	the	o�l	res�due	left	�n	the	screw	expeller	more	than	6%.

The	 nutr�t�on	 value	 �n	 (Palm	 Kernel	 Cake)	 PKC	 conta�ns	 16-18%	 of	 crude	
prote�n,	 13-16%	 crude	 f�bber,	 4-6%	 fat	 and	 the	 metabol�sable	 energy	 est�mated	
at10.3MJ/kg.	The	ava�lable	nutr�ent	conta�n	of	Palm	Kernel	Cake	�s	a	su�table	and	
valuable	source	of	feed	for	rum�nants	(Yeong	et al.,	1981).	The	growth	performance	
of	var�ous	breed	of	cattle	w�th	100%	of		palm	kernel	cake	and	the	comb�nat�on	w�th	
other	rat�on	�ngred�ents	contr�bute	the	average	da�ly	ga�n	we�ght	ranges	0.5-1.2	kg/
head/day	and	the	Droughtmaster	cattle	contr�bute	average	da�ly	ga�n	we�ght(ADGW)	
at	the	rate	0.75kg//head/day	at	small	holder	feedlot	model	(Jelan	et al.,	1991).
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F�gure	1

Sources:	Yusof	,	M.S.A	(2000)

D�scuss�on

The	palm	kernel	cake	can	be	cons�dered	as	 rel�able	supply	compared	 to	 the	
other	by	product.	The	other	advantageous	of	palm	kernel	cake	are	lower	cost	com-
pared	to	Soya	bean	Meal.	Pr�ce	compar�son	between	soybean	cake	and	PKC	showed	
that	 soybean	 cake	 cost	 550.0	 US$/MT	 wh�le	 PKC	 �s	 150	 US$/MT	 (Ayob	 et al.,	
2011).	Th�s	d�fference	�nd�cated	that	PKC	�s	a	reasonably	good	econom�c	feed		for	
better	growth	and	fatten�ng	rate	to	farm	an�mals	(cattle,	sheep,	goat,	p�g,	ch�cken	
and	ducks)	and	f�shes	(cat	f�sh	and	other).	The	PKC	�s	free	from	aflatox�ns	and	safe	
for	an�mal	.	In	add�t�ons	the	PKC	are	also	free	from	pest�c�de,	chem�cals,	heavy	met-
als	and	d�ox�ns	(Codjo,	1995).	The	PKC	�s	d�ff�cult	to	become	moldy	due	to	h�gh	
dry	matter	content	encourages	the	growth	m�croorgan�sms.	PKC	also	very	palatable	
and	conta�n	h�gh	v�tam�n	E	wh�ch	acts	as	natural	ant�-ox�dants	helps	�n	the	synthes�s	
of	female	reproduct�ve	hormones.	The	value	added	character�st�c	qual�ty	�s	the	PKC	
are	free	from	Aflatox�ns,	and	other	tox�ns	ofE.Coli,	S.aureus	and	Salmonellaspp.,	
that	could	be	harmful	for	an�mal	grow	and	product�v�ty.

Conclus�on

PKC	�s	a	h�gh	energy	and	prote�n	conta�n�ng	alternat�ve	feed	source	for	all	k�nds	
of	rum�nant,	non-rum�nant	(monogastr�c)	an�mals	and	f�shes.	It	�s	eas�ly	affordable	
to	the	small	and	large	scale	farmers	all	over	the	world	and	constantly	ava�lable	�n	
the	market.	
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Abstract

The objectives of this experiment were to determine the effect of coffee residue 
(CR) as a replacement of kleingrass hay in total mixed ration (TMR) on rumen fer-
mentation characteristics and methane production in sheep. Four wethers with ini-
tial body weight (46 ± 7.2 kg) were used in a 4 × 4 Latin square design. The wethers 
were allotted to one of four TMR at 55 g dry matter (DM)/kg body weight -0.75/day.  
Four TMR used in this experiment were (CTL) Kleingrass hay + wheat + oat (50 
: 25 : 25, on DM basis ) as control; (LCR) : Kleingrass hay + wheat + oat + CR 
treated Bio-PKC (45 : 25 : 25 : 5, on DM basis); (MCR) Kleingrass hay + wheat + 
oat + CR treated with Bio-PKC  (40 : 25 : 25 : 10, on DM basis); (HCR) Kleingrass 
hay + wheat + oat + CR treated with Bio-PKC  (30 : 25 : 25 : 20, on DM basis ).  
Bio-PKC was applied at level of 2% (w/w).  The result showed that rumen pH value 
was maintained from 6.05 to 6.25. There was no significant (P>0.05) difference in 
rumen pH value by inclusion of coffee residue into TMR.  The NH3-N concentration 
and protozoa number were similar (P>0.05) among treatments. There was no dif-
ference in methane production among treatments when expressed as l/kg DMI and 
l/day/BW-0.75.  The study suggests that forage can be replaced by coffee residue 
treated with BIO-PKC up to 20% of the diet DM in ruminant feed.

Key words: total mixed ration, coffee residue, methane, sheep, rumen

Introduct�on

Appropr�ate	use	of	relat�vely	�nexpens�ve	agr�cultural	and	�ndustr�al	by-products	
�s	of	paramount	�mportant	for	prof�table	l�vestock	product�on.	However,	h�gh	cost	and	
low	ava�lab�l�ty	of	convent�onal	l�vestock	feedstuff	frequently	demand	cons�derat�on	
of	by-product	even	�f	eff�c�ency	of	ut�l�zat�on	�s	low.		In	the	beverage	�ndustry,	wastes	
from	coffee	grounds	have	�ncreased	rap�dly	�n	recent	years.	Approx�mately	200.000	
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ton	of	coffee	ground	are	produced	annually	�n	Japan.	Although	a	small	proport�on	of	
those	wastes	are	converted	�nto	raw	compost	mater�al,	most	are	generally	�nc�nerated	
(Wakasawa	et al.,	1998;	Xu	et al.,	2007).

There	�s	�ncreas�ng	demand	for	the	eff�c�ent	use	of	food	by-products	because	
of	econom�c	and	env�ronmental	concerns.	Coffee	grounds	usually	conta�n	14.5%	
CP,	18.4%	ether	extract	(EE),	68.8%	neutral	detergent	f�ber	(NDF),	and	54.8%	ac�d	
detergent	f�ber	(ADF)	(Xu	et al.,	2007).	Santoso	et al.	(2011)	reported	that	coffee	
waste	conta�n	13.2	of	crude	prote�n	(CP),	68.1%	of	NDF,	45.2%	of	ADF,	16.5%	of	
EE	and	0.08%	of	caffe�ne.		Therefore,	coffee	ground	could	poss�bly	be	a	source	of	
nutr�ents	for	rum�nants	Xu	et al.	(2007).

It	�s	d�ff�cult	to	recycle	those	wastes	as	an�mal	feeds,	because	they	conta�n	h�gh	
mo�sture	 and	 cons�derable	 amount	 of	 secondary	 metabol�te	 such	 as	 caffe�ne	 and	
tann�n	wh�ch	may	reduce	appet�te	and	prote�n	d�gest�b�l�ty	of	the	feeds.	However,	
the	secondary	metabol�tes	have	been	reported	to	m�t�gate	rumen	methane	em�ss�on.	
In	the	prev�ous	study,	Santoso	et al.	(2011)	reported	that	in vitro	CH4	product�on	�n	
coffee	waste	substrate	was	lower	by	70%	as	compared	t�mothy	grass	hay	substrate.		
Therefore,	 the	 fermented	 res�dues	 processed	 to	 prevent	 aerob�c	 deter�orat�on	
w�th	 the	 m�xed	 m�crob�al	 products	 m�ght	 be	 s�gn�f�cant	 means	 �n	 env�ronmental	
and	 resource	 recycl�ng	 aspects	 for	 susta�nable	 agr�culture.	The	 object�ves	 of	 th�s	
exper�ment	were	to	determ�ne	the	effect	of	coffee	res�due	treated	by	B�o-PKC	as	a	
replacement	of	kle�ngrass	hay	�n	TMR	on	rumen	fermentat�on	character�st�cs	and	
methane	product�on	�n	sheep.	

Mater�als	and	Methods

Animal and Treatments
Four	wethers	w�th	�n�t�al	body	we�ght	(46	±	7.2	kg)	were	used	�n	a	4	×	4	Lat�n	

square	des�gn.	The	wethers	were	�nd�v�dually	housed	�n	metabol�c	cages	and	fed	the	
four	 total	m�xed	rat�on	(TMR)	at	55	g	DM/kg	body	we�ght	(BW)-0.75/day	to	meet	
ma�ntenance	energy	requ�rements.	Half	of	the	TMR	were	fed	at	08:00	h	and	the	other	
half	at	16:00	h.	Water and sod�um chlor�de block were freely ava�lable throughoutWater	and	sod�um	chlor�de	block	were	freely	ava�lable	throughout	
exper�ment.		Four	TMR	were	used	�n	th�s	exper�ment,	namely:	CTL	:	Kle�ngrass	hay	
+	wheat	+	oat	(50	:	25	:	25,	on	DM	bas�s	)	as	control;	LCR	:	Kle�ngrass	hay	+	wheat	
+	oat	+	CR	treated	w�th	B�o-PKC			(45	:	25	:	25	:	5,	on	DM	bas�s);	MCR:	Kle�ngrass	
hay	+	wheat	+	oat	+	CR	treated	w�th	B�o-PKC		(40	:	25	:	25	:	10,	on	DM	bas�s);	
HCR:	Kle�ngrass	hay	+	wheat	+	oat	+	CR	treated	w�th	B�o-PKC		(30	:	25	:	25	:	20,	
on	DM	bas�s).	The	BIO-PKC	was	appl�ed	at	level	of	2%	(w/w).	The	exper�ment	was	
conducted	�n	4	per�ods	w�th	four	wethers	per	treatment	per	per�od.		Each	per�od	was	
cons�sted	of	7	days	adaptat�on,	2	days	resp�ratory	tr�al	and	followed	by	1	day	for	
rumen	flu�d	collect�on.		Refusals were we�ghed da�ly before the afternoon feed�ng.Refusals	were	we�ghed	da�ly	before	the	afternoon	feed�ng.	
Body	we�ght	was	measured	before	the	afternoon	feed�ng	at	the	beg�nn�ng	and	end	
of	each	per�od.		
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Respiratory Trial
Resp�ratory	tr�al	�s	conducted	dur�ng	2	days	of	each	per�od.	Oxygen	consumpt�on,	

and	carbon	d�ox�de	and	methane	product�on	by	each	an�mal	are	mon�tored	by	an	
open	c�rcu�t	resp�ratory	system	us�ng	a	hood	over	the	an�mal’s	head.	

	
Rumen fluid collection

Rumen	 flu�d	 (20	 ml)	 were	 collected	 from	 each	 wether	 v�a	 f�stula	 by	 us�ng	
a	50	ml	hand	 syr�nge	 �mmed�ately	before	 feed�ng	 (0)	 and	at	1,	2,	4,	6,	8	h	after	
feed�ng	on	the	last	day	of	each	per�od.	The	pH	and	ORP	was	measured	�mmed�ately	
by	us�ng	a	pH	meter	(D-51, Hor�ba Ltd., Japan). Sample was frozen at –10 °C for(D-51,	Hor�ba	Ltd.,	Japan).	Sample was frozen at –10 °C forSample	was	frozen	at	–10	°C	for	
further	analys�s	of	ammon�a	n�trogen	and	volat�le	fatty	ac�ds	(VFAs)	concentrat�ons.	
Concentrat�ons	of	�nd�v�dual	VFAs	were	analyzed	us�ng	a	gas	chromatography	(GC	
2014,	Sh�madzu,	Japan).	Concentrat�on	of	NH3-N	was	analyzed	accord�ng	to	method	
of	Conway	and	O’Malley	(1942).	One m�ll�l�tre of rumen flu�d was m�xed w�th 4 mlOne	m�ll�l�tre	of	rumen	flu�d	was	m�xed	w�th	4	ml	
of	Methyl	Green	Formal�n	Sal�ne	(MFS)	to	count	protozoa	number.

Sample Analyses 
Dr�ed	samples	were	used	to	determ�ne	DM,	ash	and	CP	accord�ng	to	procedure	

of	AOAC	 (1995).	 Procedure	 of	Van	 Soest	 et al.	 (1991)	 was	 used	 to	 determ�ned	
concentrat�ons	of	NDF,	ADF	and	ac�d	detergent	l�gn�n	(ADL).		NDF	was	determ�ned	
w�thout	the	use	of	∝-amylase	and	sod�um	sulph�te.		

Statistical Analysis
Data	 of	 gas	 em�ss�on	 and	 fermentat�on	 character�st�cs	 were	 subjected	 to	

analys�s	of	var�ance	for	a	Lat�n	square	des�gn	us�ng	GLM	procedure	of	SAS	(SAS	
Inst�tute	 Inc.,	Cary,	NC).	When	 s�gn�f�cant	 effects	 (i.e.,	 P<0.05)	of	 the	 treatment	
occurred,	Duncan’s	mult�ple	range	test	were	used	to	determ�ne	d�fferences	between	
treatments.	S�gn�f�cance	was	declared	at	P<0.05,	and	a	tendency	toward	s�gn�f�cance	
was	declared	at	0.05<P<0.10.

Results	and	D�scuss�on

The	chem�cal	compos�t�on	of	TMR	used	�n	th�s	exper�ment	�s	shown	�n	Table	
1.	 Increas�ng	 concentrat�on	 of	 coffee	 res�due	 �n	 the	TMR	 tended	 to	 reduce	 DM,	
hem�cellulose	contents	and	to	�ncrease	ADF	content.	The	OM,	CP,	cellulose	and	GE	
contents	of	all	TMR	were	s�m�lar	94.3	to	95.5%,	13.8	to	13.9%,	14.9	to	15.0%	and	
19.1	to	20.0%,	respect�vely.		In	a	prev�ous	study,	Santoso	et al.	(2011)	reported	that	
coffee	waste	conta�ned	0.08%	of	caffe�ne.	S�m�lar	value	of	0.13%	of	caffe�ne	�n	cof-
fee	grounds	has	been	reported	by	Bartley	et al.	(1978).

Table	 2	 shows	 methane	 product�on	 �n	 sheep	 fed	 TMR	 conta�n�ng	 coffee	
res�due.	There	was	no	s�gn�f�cant	(P>0.05)	d�fference	�n	methane	product�on	among	



487Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

treatments	when	expressed	as	l/kg	DMI	and	l/day/BW0.75.	Increas�ng	concentrat�on	
of	coffee	res�due	�n	TMR	resulted	�n	a	h�gher	methane	product�on	when	expressed	
as	 l/day/BW0.75.	 Th�s	 result	 could	 be	 attr�buted	 to	 �ncreased	ADF	 content	 �n	 the	
TMR.	Moss	(1994)	revealed	that	d�gest�ble	ADF,	cellulose	and	hem�cellulose	are	
�mportant	var�ables	�nfluenc�ng	CH4	product�on	�n	the	rumen.		In	a	prev�ous	study,	
Santoso	et al.	(2011)	found	that	in vitro	CH4	product�on	�n	coffee	waste	substrate	
was	lower	by	70%	as	compared	t�mothy	grass	hay	substrate.		

Table	3	summar�zes	the	rumen	pH	value,	concentrat�ons	of	NH3-N	and	VFA	
�n	the	rumen	of	sheep	fed	the	TMR	conta�n�ng	coffee	res�due.	Inclus�on of coffeeInclus�on	of	coffee	
res�due	 �n	 the	TMR	had	no	 effect	 (P>0.05)	 on	pH	value,	 protozoa	number,	 con-
centrat�ons	of	NH3-N,	total	VFA,	acetate	and	prop�onate.		Average	of	pH	values	�n	
the	rumen	of	sheep	fed	coffee	res�due	var�ed	from	6.06	to	6.26,	wh�ch	are	 �n	 the	
opt�mal	pH	range	of	6.7	±	0.5	requ�red	to	ma�nta�n	normal	cellulolys�s	(Van	Soest,	
1994)	and	requ�red	for	m�crob�al	prote�n	synthes�s	(Russell	et al.	1992).		Total VFATotal	VFA	
concentrat�on	�n	the	rumen	of	sheep	fed	TMR	conta�n�ng	coffee	res�due	(LCR,	MCR	
and	HCR)	was	relat�vely	h�gher	than	of	the	control	sheep.		Th�s	result	suggest�ng	
that	 �nclus�on	 coffee	 res�due	 up	 to	 20%	 of	 DM	 �n	 TMR	 d�d	 not	 �nh�b�t	 rumen	
m�crob�al	fermentat�on.		Th�s	f�nd�ng	was	also	supported	by	there	was	no	s�gn�f�cant	

Table	1.	Chem�cal	compos�t�on	of	exper�mental	TMR	conta�n�ng	coffee	res�due

TMR
CTL LCR MCR HCR

DM	(%) 88.3 83.9 79.6 70.9
-------------------------%	of	DM-------------------------

OM 94.3 94.6 94.9 95.5
CP	 13.9 13.9 13.8 13.8
NDF 47.0 47.1 47.3 47.7
ADF 17.5 18.5 19.5 21.5
Hem�cellulose 29.5 28.7 27.8 26.1
Cellulose 14.9 14.9 14.9 15.0
GE	(MJ/kg	of	DM) 19.1 19.3 19.5 20.0

Table	2.	Methane	product�on	�n	sheep	fed	TMR	conta�n�ng	coffee	res�due

TMR
SEM P

CTL LCR MCR HCR
CH4	(l/d/kg	BW0.75) 1.49 1.36 1.55 1.63 1.44 0.79
CH4	(l/kg	DMI) 26.61 28.77 29.45 30.32 0.44 0.70
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effect	on	DM	d�gest�b�l�ty	of	sheep	due	to	�nclus�on	coffee	res�due	�n	TMR	(data	
not	shown).	In	the	prev�ous	study,	however,	Bartley	et al.	(1978);	Xu	et al.	(2007)	
reported	that	the	rum�nal	flu�d	from	Holste�n	steers	or	sheep	rece�v�ng	coffee	ground	
had	s�gn�f�cantly	lower	concentrat�on	of	total	VFA	than	those	rece�v�ng	no	coffee	
ground.		Proport�on	of	butyrate	�n	sheep	fed	LMR	was	(P<0.05)	lower	than	those	
fed	other	TMR.

Conclus�on

Rumen	methane	product�on	was	s�m�lar	�n	sheep	fed	all	TMR.		Total	VFA	was	
relat�vely	h�gher	�n	sheep	fed	TMR	conta�n�ng	coffee	res�due	than	those	fed	TMR	
w�thout	coffee	res�due.		Forage can be replaced by coffee res�due treated w�th B�o-Forage	can	be	replaced	by	coffee	res�due	treated	w�th	B�o-
PKC	up	to	20%	of	the	d�et	DM	�n	rum�nant	feed..		
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Abstract

The waste from the slaughterhouse is usually removed in a certain place while 
it can be used to feed the cattle. The use of rumen content as one of the alternative 
feed help to farmer to provide the feed easily, conserve the environment and support 
the development program, particularly in the urban area. The research is aimed 
at identifying the effect of the cattle rumen content distribution as the subtitute for 
the grass on the performance of the beef cattle. 12 SimPO oxen aged 1.5 - 2 years 
were adopted in the research which lasted for 8 weeks (2 months) with the feeding 
of 3% of the weight based on the dry matter and the drink was given ad libitum. 
The treatment consisted of subtituting the cattle rument content silage for the grass. 
The treatment consisted of T0 = giving 100% grass, T1= giving 25% cattle rumen 
content silage  and 75% grass, and T2 = giving 50% cattle rumen content silage  and 
50% green grass. The ratio of grass to concentrate was 20% : 80%. The variables 
of the study were the average daily gain and feed conversion. The result indicated 
that the treatment was not significantly related with the average daily gain and feed 
conversion. It can be concluded that the substitution in part of the grass with the 
rumen content silage up to 50% exerted no effect on the average daily gain and feed 
conversion.

Keywords: beef, cattle rument content, silage

Introduct�on

	 Unt�l	 recently	 the	 prol�ferat�on	 of	 beef	 cattle	 had	 converged	 �nto	 one	
product�on,	-	the	meat	(Parakkas�,	1999).	Feed	plays	�mportant	rule	�n	the	cattle’s	
need	of	nutr�t�on	for	growth	to	produce	the	meat	max�mally.		The	growth	of	the	cattle	
was	affected	by	several	factors,	namely	the	race,	sex	and	qual�ty	and	quant�ty	of	the	
feed.	T�llman	et al. (1998)	argued	that	the	cattle	growth	rate	heav�ly	depends	on	the	
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amount	of	the	consumed	feed	eaten.	The	lack	of	the	feed	represents	the	obstacle	�n	
the	development	process.	

The	Indones�an	season,	wh�ch	cons�sts	of	ra�ny	and	dry	season,	was	assoc�ated	
w�th	the	d�fference	ways	�n	prov�d�ng	the	feed	for	 the	cattle.	In	 the	ra�ny	season,	
the	prov�s�on	of	the	feed	for	the	cattle		�s	much	eas�er,	wh�le	�t	�s	d�ff�cult	to	f�nd	
the	leaves	�n	the	dry		season	�f	not	they	are	expens�ve.	When	�t	�s	necessary	for	the	
breeder	 to	buy	the	feed,	 they	had	the	reduced	�ncome	s�nce	 they	have	 to	buy	the	
feed.

One	of	the	slaughterhouse	waste	wh�ch	can	be	used	as	the	cattle	feed	was	the	
cattle	rument	content.	The	use	of	cattle	rumen	content	from	the	slaughterhouse	has	
been	reported	by	Messerm�th	(1973)	who	used	the	rument	content	as	the	matter	for	
rat�on	preparat�on	up	to	15%	could	y�eld	the	average	da�ly	ga�n,	feed	consumpt�on,	
feed	 eff�c�ency	 and	 convers�on	 wh�ch	 was	 uns�gn�f�cantly	 d�fferent	 w�th	 the	
control.

The	waste	from	the	slaughterhouse	�s	usually	d�sposed.	It	�s	expected	that	24.5	
kg	rument	content	or	3.8	kg	per	cow	was	produced	each	day	s�nce	�t	conta�ns	15.5%	
dry	 matter	 (W�therow	 dan	 Lammers,	 1976	 c�ted	 �n	 Utomo	 et al,	 2007).	 Overall,	
46,525,500	kg	fresh	rumen	content	was	produced	from	all	slaughterhouse	�n	Indo-
nes�a.	The	Data	on	the	populat�on	and	the	number	of	slaughterhouse	�n	Indones�a	
was	presented	�n	Table	1.	

The	use	of	rumen	content	as	an	alternat�ve	feed	to	fulf�ll	the	feed	requ�rement	
help	the	feed	prov�s�on,	the	env�ronment	conservat�on,	and	support	the	development	
program,	partcularly	�n	the	urban	area.	One	of	the	ways	to	remove	the	bad	odor,	to	
prevent	the	decay	(reservat�on)	and	the	ma�nta�n	the	nutr�t�ve	value	�s	to	make	�t	�nto	
s�lage,	that	�s	fermetat�on	w�th	the	ma�n	product	�s	the	lact�d	ac�d.	

The	a�m	of	the	research	was	to	�dent�fy	the	effect	of	s�lage		subst�tut�on	of	cow	
rumen	content	�n	the	grass	basal	feed	on	the	performance	of	beef	oxen	wh�ch	were	
fatten	�n	the	fatten�ng	effort,	cons�st�ng	of	da�ly	we�ght	�ncrease	and	feed	conver-
s�on.	The	 research	 was	 closely	 related	 w�th	 the	 use	 of	 �ndustr�al	 waste	 from	 the	
slaughterhouse	�n	order	to		ga�n	the	prov�table	and	eff�c�ent	outcome.	In	add�t�on,	
�t	was	related	w�th	 the	use	of	slaughterhouse	waste	 for	 the	alternat�ve	feed	cattle	
replac�ng	the	green	leaves	w�thout	reduc�ng	the	qual�ty	and	product�on	of	the	cattle	
fatten�ng.		

Table	1.	Cattle	Populat�on	and	Slaughterhouse	�n	Indones�a	(,000	cow)

2004 2005 2006 2007 2008
Populat�on 10,504 10,569 10,875 11,515 12,257
Beef	cuts 1,733 1,654 1,800 1,886 1,899

(D�rectorate	General	of	An�mal	Husbandry,	2011)
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Mater�als	and	Methods

Location and Time
The	research	was	conducted	from	August	1st,	2011	 to	November	1st,	2011.	

The	 research	 took	 place	 �n	 G�wangan	 Slaughterhouse	 �n	 Yogyakarta	 and	 �n	 the	
fatten�ng	farm	�n	Jarum	V�llage,	Kayuloko,	S�doharjo	d�str�ct	�n	Wonog�r�	Regency.	
The	test	on	the	feed	nutr�ent	content	was	conducted	�n	the	b�o-chem�stry	laboratory	
of	Gadjah	Mada	Un�vers�ty.

Materials 
The rumen content.	The	rument	content	from	the	cattle	used	�n	th�s	research	was	
obta�ned	from	G�wangan	slaughterhouse	�n	Yogyakarta.	The	green	rumen	content	
was	selected	s�nce	�t	was	�nd�cated	that	the	cattle	consumed	the	green	feed.

The silage of cattle rument content. Before	conduct�ng	 the	 s�lage	on	 the	cattle	
rumen	 content,	 the	 research	 determ�ned	 the	 chem�cal	 compos�t�on	 of	 the	 bas�c	
matter	�n	conduct�ng	the	s�lage,	namely	the	cattle	rument	content,	soft	and	molases	
us�ng	 prox�mate	 analys�s.	 The	 preparat�on	 cons�sted	 of	 64.60%	 rumen,	 35.40%	
soft,	creat�ng	dry	matter	from	the	35%	s�lage,	plus	8%	molases	from	the	s�lage	raw	
amatter	and	�noculated	by	Lactobacillus plantarum 0.1	% 	from	s�lage	matter	wh�ch	
was	put	�n	the	black	vacuum	polyethylene		(Utomo	et al.,	2007).	The	fermentat�on	
took	21	days.	The	resulted	s�lage	was	subjected	to	prox�mate	analys�s	to	�dent�fy	the	
chem�cal	compos�t�on	of	�t.	 	

Stall.	The	research	used	12	�nd�v�dual	stall.	The	s�ze	of	each	stall	�s	100	x	150	cm2.	
the	base	for	the	stall	was	cement	wh�ch	was	then	covered	w�th	rubber	to	prevent	the	
cattle	for	be�ng	sl�pped.	The	wall	was	made	of	br�ck	and	the	roof-t�le	was	used	for	
the	ce�l�ng.

Tabel	2.	Nutr�ent	Compos�t�on	of	Feed	Mater�als	Mak�ng	Up	The	Rat�on	(%	DM)

K�ng	Grass Rumen	content	
s�lage	 Consentrate

Dry	Matter	(DM) 21.25 28.90 84.21
Crude	Prote�n	(CP) 8.81 12.73 4.41
Crude	F�ber	(CF) 22.60 27.16 25.53
Organ�c	Matter	(OM) 85.47 84.81 77.06
TDN 60.44 65.11 53.55
Ash 14.53 15.19 22.94

The	result	of	B�o-chem�stry	Laboratory	Analys�s	�n	Husbandry	Faculty,	Gadjah	Mada	Un�vers�ty
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Equipments. The	equ�pment	used	�n	th�s	research	cons�sted	of	a	set	of	stall	equ�p-
ment,	vacum cleaner, black	polyethylene	bag,	plast�c	rope,	Rudweight	cattle	scale	
w�th	the	capac�ty	of	1,250	kg	w�th	the	sens�t�v�ty	of	1	kg	and	Goat	cattle	feed	scale		
w�th	the	capac�ty	of	15	kg	and	the	sens�t�v�ty	of		50	gr	and	a	set	of	laboratory	equ�p-
ment	for	analyz�ng	the	feed. 

The ingredient of ration. The	�ngred�ents	for	prepar�ng	the	rat�on	cons�sted	of	k�ng	
grass,	rument	content	s�lage	and	nutr�s�	f�t(R)	concentrat.	The	nutr�t�on	compos�t�on	
was	presented	�n	Table	2.

Methods 
The	research	lasted	for	13	weeks.	The	f�rst	three	weeks	was	used	to	prepare	the	

s�lage	of	rument	content,	1	week	later	was	used	to	feed	adaptat�on	and	next	8	weeks	
was	used	to	exam�ne	the	d�str�but�on	of	rument	content	s�lage.	The	consentrat	feed	
was	g�ven	tw�ce	a	day	at	8	�n	the	morn�ng	and	at	6	�n	the	afternoon	wh�le	the	rument	
content	s�lage	was	g�ven	�n	the	noon	-	from	12	to	13	pm.	The	dr�nk�ng	water	was	
g�ven		ad libitum	wh�le	the	research	took	place.	

The Cattle Grouping
The	populat�on	of	 the	 research	cons�sted	of	12	S�mPO	oxen.	The	we�ght	of	

the	cattle	ranged	from	350 to 400 kg. The cattle was ass�gned �nto three feed treat-350	to	400	kg.	The	cattle	was	ass�gned	�nto	three	feed	treat-
ments.

The Pattern of  Feeding
The	control	feed�ng	cons�sted	of	the	grass	to	concentrat	:	concentrate	rat�o	of	

20%	 :	80%.	K�ng	grass	was	used	 �n	 th�s	 treatment,	wh�le	 the	concentrat	was	 the	
same	for	all	treatments-	the	product	of	nutr�s�	f�t.	The	feed�ng	pattern	�n	the	research	
cons�sted	of	three	k�nds	of	treatments:
P0	:	control	(no	cattle	rument	content	s�lage).
T1	:	the	cattle	rument	content	s�lage	was	25%	and	the	grass	75%.
T2	:	the	cattle	rumen	content	s�lage	was	50%	and	grass	50%.

The	s�lage	of	cattle	rument	content	was	used	to	subt�tute	the	grass.The	fatten�ng	
treatment	was	conducted	�n	8	weeks	(2	months)	and	prev�ously	the	2-week	adaptat�on	
per�od	was	conducted	to	adapt	the	cattle	to	the	phys�cal	env�ronment	and	the	feed.	
The	 feed	d�str�buted	 to	 the	cattle	was	3%	of	 the	we�ght	based	on	 the	dry	matter,	
wh�le	the	dr�nk	was	g�ven	ad	l�b�tum.		The	scal�ng	was	conducted	once	�n	a	week	to	
�dent�fy	the	da�ly	average	we�ght	ga�n	�n	a	week,	wh�le	the	scall�ng	of	the	feed	and	
the	rema�ns	was	conducted	every	day	dur�ng	the	research		(8	weeks)
.	 	 	 	 	 	
Data Analysis 

Oneway	ANOVA	 us�ng	 random	 des�gn	 was	 adopted	 to	 analyze	 the	 average	
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da�ly	ga�n	 and	 feed	convers�on.	When	 the	 s�gn�f�cant	values	were	obta�ned,	 they	
were	then	subjected	to	Duncan multiple range test/DMRT	(Chr�stensen,	1996).	

Results	and	D�scuss�on

Average Daily Gain
The	follow�ng	table	l�sted	the	average	da�ly	ga�n	for	each	ox	Table	3	also	l�sted	

the	result	from	the	three	treatments.	The	result	of	stat�st�cal	analys�s	on	the	treatment	
of	cattle	rument	content	s�lage	�n	the	beef	cattle	was	not	s�gn�f�cantly	related	w�th	
the	average	da�ly	ga�n.	

The	 average	 da�ly	 ga�n	 of	 	T1,	T2,	 and	T3	 were	 0.92	 ±	 0.02,	 0.97	 ±	 0.05,	
and	0.96	±	0.03	kg/ox/day,	respect�vely.	There	�s	not	s�gn�f�cantly	d�fferent	because	
nutr�ent	compos�t�on	of	feed	mater�als	for	all	the	treatment	was	not	d�fferent	to.The	
average	 da�ly	 ga�n	 resulted	 �n	 th�s	 research	 was	 d�fferent	 w�th	 that	 of	Yudhanto	
(2008)	who	conducted	 research	on	 the	Ongole	cattle.	The	average	da�ly	ga�n	 for	
Nutr�ent	compos�t�on	of	feed	mater�als	mak�ng	up	the	rat�on	and	S�mPO	cattle	were	
0.58	and	1.05	kg/ox/day,	respect�vely.

The	average	da�ly	ga�n	was	also	subjected	to	covar�an	analys�s	for	�dent�fy�ng	
the	effect	of	�n�t�al	we�ght	on	the	ADG.	The	covar�an	analys�s	on	the	�n�t�al	average	
da�ly	ga�n	�nd�cated	that	Fcount	<	Ftable,	mean�ng	that	�t	was	not significant. It	�s	
clear	 that	 the	 subst�tut�on	of	 some	green	plants	w�th	cattle	 rument	content	 s�lage	
exerted	no	s�gn�f�cant	effect	on	the	average	da�ly	ga�n.		

Types	of	feed,	consumpt�on	and	compos�t�on	of	chem�cal	compos�t�on	�nflu-
enced	the	growth,	prote�n	consumpt�on	and	energy	wh�ch	produced	the	more	rap�d	
pace	of	growth	(Soeparno,	2005).	It	�s	clear	that	the	factor	affect�ng	the	growth	and	
the	development	of	the	cattle	�ncluded	the	feed,	sex,	hormon,	age,	env�ronment	and	
cl�mate.

Accord�ng	to	T�llman	et al.	(1998)	the	we�ght	ga�n	takes	place	when	the	con-
sumed	feed	�s	beyond	the	requ�rement		for	l�v�ng.	If	the	ma�n	need	�s	fulf�lled,	the	
excess�ve	nutr�t�on	was	then	stored	as	the	flesh	and	fat	t�ssues	(Cull�son,	1970).

Table	3.		Average	Da�ly	Ga�n	(kg/ox/day)

Treatment

T0 T1 T2
1 0.96 0.94 0.96
2 0.92 1.05 1.00
3 0.91 0.96 0.91
4 0.91 0.92 0.98

Average 0.92	±	0.02 0.97	±	0.05 0.96	±	0.03
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Feed Conversion
The	data	of	da�ly	average	 feed	convers�on	per	ox	 from	 the	 three	 treatments	

�s	presented	 �n	Table	4.	The	 stat�st�cal	 analys�s	on	 the	 treatment	of	 cattle	 rument	
content	s�lage	se	among	the	beef	cattle	�ns�gn�f�cantly	affected	the	feed	convers�on.	
The	average	feed	convers�ons	of	T1,	T2,	and	T3	were	14.30	±	0.69,	14.16	±	1.46	and	
13.45	±	0.70,	respect�vely.	There	was	no	d�fference	�n	the	dry	matter	consumpt�on	
and	average	d�ly	ga�n	among	the	three	treatments	and	thus,	there	was	no	d�fference	
�n	the	feed	convers�on	among	the	three	treatments.	
	 The	resulted	feed	convers�on	�n	th�s	research	was	sl�ghtly	h�gher	than	that	of	
Ngad�yono’s	(1995)	stud�	on	the	PFH	oxen	w�th	the	rat�on	of	concentrat	and	k�ng	
grass	was	(70	 :	30),	 result�ng	 the	convers�on	value	of	10.8	kg/ox/day	and	 that	of	
Suw�gnyo’s	(2003)	research	on	ACC	oxen	w�th	the	fermented	r�ce	straw	and	con-
centrate	w�th	the	resulted	feed	convers�on	of	9.6-11.4	kg/ox/day.
	 The	lower	value	of	feed	convers�on,	accord�ng	to	T�llman	et al. (1998)	means	
the	more	eff�c�ent	the	consumpt�on	of	the	feed.	Accord�ng	to	Campbell	dan	Lasley	
(1985),	the	feed	convers�on	was	affected	by	the	cattle’s	ab�l�ty	to	d�gest	the	feed,	the	
adequacy	of	the	feed	for	ma�nta�n�ng	the	l�v�ng	requ�rement,	the	growth	and	other	
body	funct�on	as	well	as	the	type	of	consumed	feed.	Accord�ng	to	Pond	et al.	(2005)	
nutr�ent	was	d�rectly	related	w�th	the	growth	rate	and	the	body	compos�t�on	dur�ng	
the	development.	The	energy	was	used	to	fulf�ll	 the	requ�rement	for	ma�nta�n�ng,	
prote�n	development	and	fat	depos�t�on.	

Conclus�on

It	can	be	concluded	that	the	subst�tut�on	�n	part		of	the	grass	w�th	the	rumen	
content	 s�lage	 	 up	 to	 50%	 exerted	 no	 effect	 on	 the	 average	 da�ly	 ga�n	 and	 feed	
convers�on.

Table	4.	Feed	Convers�on

Treatments

P0 T1 T2
1 13.55 15.35 13.30
2 14.00 13.55 13.20
3 15.28 14.31 14.29
4 14.39 13.44 13.01

14.30	±	0.69 14.16	±	1.46 13.45	±	0.70
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Abstract

Previous results showed that sardinella fish oil based Ca-soap supplementaion 
at level a of 3.0% in ration reduced meat LDL cholesterol of lamb by 49% and 
improved feed utilization efficiency by 13%.  However, sardinella fish oil based 
Ca-soap had bad fishy smell causing low palatability of feed and reduced feed 
intake.  In Indonesian tradition, fishy smell is ussualy overcomed by applying 
herbal.  This experiment aimed to elaborate herbal meal addition (ginger, turmeric, 
and beluntas leaf) into sardinella fish oil based Ca-soap in reducing its fishy 
smell, and subsequently improve its palatability.  Sixteen male fat tail sheep were 
allocated into four experimental treatments with four replicates and arranged in 
a block randomized design. The experimental period lasted for 14 weeks and the 
animals had free access to feed (concentrate: native grass in ratio of 1:1) and water.  
At the end of experiment, two sheep from each treatment were slaughtered. The 
treatments were T0 (without herbal addition), T1 (with turmeric addition), T2 (with 
ginger addition), and T3 (with beluntas leaf addition). Herbal Ca-soap, at level 
of 3%, were mixed thoroughly with feed ingredients to produce concentrate diet. 
The variables measured were  feed intake, daily weight gain, feed conversion ratio, 
blood triglicerides and meat cholesterol content. The results showed that addition 
of sardinella fish oil based Ca-soap mixed with herbal slightly reduced feed intake 
and daily gain, but improved feed efficiency utilization. Herbal addition reduced 
cholesterol, but increased triglicerides content of blood plasm. Herbal addition, 
except for beluntas leaf, also reduced cholesterol content of meat. It is concluded 
that sheep fed sardinella oil based Ca-soap with turmeric addition had better 
performance and lower cholesterol of meat.

Key words: calcium-soap, herbal, meat cholesterol, sardinella fish oil
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Introduct�on

Rum�nant	meat	conta�ns	h�gh	saturated	fatty	ac�ds	(laurate,	myr�state,	and	pal-
m�tate)	that	caused	h�gh	cholesterol	�n	the	blood	plasm	(Grande,	1975).	Subst�tu-
t�on	saturated	fatty	ac�d	w�th	polyunsaturated	fatty	ac�d	could	reduce	total	choles-
terol,	�nclud�ng	LDL-cholesterol	(Mars�c	and	Yod�ce,	1992).	Lamb conta�ns h�gherLamb	conta�ns	h�gher	
cholesterol	than	beef,	�.e.	94	mg/100g	vs	87	mg/100g.	People	that	consumed	food	
conta�n�ng	h�gh	cholesterol	can	cause	atherosclerosis	lead�ng	to	coronary	heart	d�-
sesase.	Omega-3 polyunsaturated fatty ac�dsmega-3	polyunsaturated	fatty	ac�ds (PUFA)	can	reduce	r�sk	of	atheroscle-
ros�s	(IGER,	2003).	Source	of	PUFA	conta�n�ng	h�gh	omega-3	concentrat�on	�s	f�sh	
o�l,	e.g.,	from	sard�nella	f�sh.	Sard�nella	f�sh	o�l	�s	easy	to	obta�n	�n	Indones�a.	It	�s	
a	waste	product	of	f�sh	cann�ng	�ndustry	spreaded	out	�n	eastern	part	of	East	Java	
Prov�nce.

Results	of	the	prev�ous	exper�ment showed that feed�ng sard�nella o�l based	showed	that	feed�ng		sard�nella	o�l	based	
Ca-soap	at	 level	of	3.0%	decreased	LDL	cholesterol	of	 lamb	by	49%	(Sudarman	
et al.,	 2008a)	 and	 feed	 ut�l�zat�on	 eff�c�ency	 �ncreased	 by	 13%	 (Sudarman	et al.,	
2008b).	Th�s	�nd�cates	that	l�p�d	prof�le	of	lamb	can	be	altered	by	feed�ng	Ca-soap.	
However,	feed�ng	Ca-soap	caused	feed	�ntake	to	decrease.	Th�s	was	probably	caused	
by	bad	f�shy	smell	of	Ca-soap	caus�ng	the	palatab�l�ty	of	d�et	to	decrease.		

When	cook�ng	f�sh	mater�als	 �n	 Indones�a,	 �t	 �s	a	 trad�t�on	 to	add	herbals	 to	
overcome	 the	 f�shy	smell.	The	herbals	 that	are	usually	used	are	g�nger (g�nger	 (Zingiber 
officinale Rosc.),	turmer�c	(Curcumae domestica)	and	beluntas	leaf	(Pluchea indica	
Less).		

The	object�ve	of	th�s	exper�ment	was	to	evaluate	the	effects	of	herbal	add�t�on	
�nto	 sard�nella	 o�l	 based	 Ca-soap	 on	 the	 reduct�on	 of	 �ts	 f�shy	 smell.	 Th�s	 w�ll,	
subsequently,	�mprove	palatab�l�ty	of	the	d�et	and	performance	of	sheep,	and		reduce	
low	cholesterol	lamb.

Mater�als	and	methods	

S�xteen	male	grow�ng	fat	ta�l	sheep	(approx.	8	m.o.)	were	allocated	�nto	four	
exper�mental	d�ets	w�th four repl�cates and arranged �n a block random�zed des�gn.w�th	four	repl�cates	and arranged �n a block random�zed des�gn.and	arranged	�n	a	block	random�zed	des�gn..		
They	were	 reared	 �n	 �nd�v�dual	cage	 for	 two	months.	 	Feed	 (concentrate : nat�ve(concentrate	 :	nat�ve	
grass	�n	rat�o	of	1:1	dry	matter	base)	were g�venwere	g�ven	ad libitum	(110%	of	prev�ous	day	
�ntake)	at	07.00	and	17.00.	The an�mals had free access to water. The �ngred�ents ofhe	an�mals	had	free	access	to	water. The �ngred�ents of.		The	�ngred�ents	of	
concentrate	were	pollard,	cassava	wate	meal,	coconut	meal,	r�ce	bran,	palm	kernel	
meal,	soybean	meal,	molasses,	CaCO3,	urea,	and	DCP.		Nutr�ents	compos�t�on basedompos�t�on	based	
on	prox�mate	analys�s	was	16%	crude	prote�n,	5%	of	extract	ether,	10%	crude	f�ber	
and	totally	had70%	TDN.

The	exper�mental	treatments	were	T1= basal d�et (conta�n�ng 5% fat), T2= T1T1=	basal	d�et	(conta�n�ng	5%	fat),	T2=	T1	
+	3%	Ca-soap	w�th	turmer�c	meal,	T3=	T1	+	3%	Ca-soap	w�th	g�nger	meal,	and	T4=	
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T1	+	3%	Ca-soap	w�th	beluntas	 leaf	meal.	Ca-soap complex was made based onCa-soap	complex	was	made	based	on	
the	method	used	�n	the	prev�ous	exper�ment	(Sudarman	et al.,	2008b)	and	the	herbal	
were	added	before	m�x�ng	w�th	other	feed	�ngred�ents	for	mak�ng	concentrate.	

At	the	end	of		exper�ment,	blood	samples	from	two	sheep	of	each	treatment	
were	collected	from	jugular	ve�n	for	analyz�ng	cholesterol	and	tr�gl�cer�de	contents	of	
blood	plasm.	Total	cholesterol	was	measured	by	the	CHOD-PAP	method.	Tr�glycer�de	
determ�nat�ons	 were	 performed	 us�ng	 the	 GPO-PAP	 method. Subsequently, two.	 Subsequently,	 two	
sheep	of	 each	 treatment	were	 slaughtered	 for	 analyz�ng	meat	 cholesterol	 content	
us�ng	L�eberman	Burchard	method	(Kle�ner	and	Dott�,	1962)..		

Data	of	sheep	performances	were	subjected	to	Analyzes	of	Var�ance	(ANOVA)	
and	any	d�fferent	means	were	 further	 tested	us�ng	LSD	(Steel	 and	Torr�e,	1980).		
Other	data	were	analyzed	us�ng	descr�pt�ve	stat�st�cs.	The	var�ables	measured	were	
dry	matter	�ntake,	we�ght	ga�n,	feed	convers�on	rat�o,	blood	plasm	cholesterol	and	
tr�gl�cer�des,	and	meat	cholesterol	content.	

Results	and	d�scuss�ons

Range	of	 amb�ent	 temperature	and	humud�ty	dur�ng	 the	exper�mental	 study	
were		22.2-33.8	°C	and	83.7-92.3%,	respect�vely.

Sheep Performances
Data	of	dry	matter	�ntake,	da�ly	we�ght	ga�n	and	feed	convers�on	rat�o	(FCR)	

were	shown	�n	Table	1.		Dry	mattter	�ntake	of	sheep	of	all	treatment	groups	were	not	
s�gn�f�cantly	d�fferent.	Th�s	�nd�cated	that	herbal	add�t�on	was	not	able	to	�mprove	
the	palatab�l�ty	of	feed	added	sard�nella	o�l	based	Ca-soap.	Intake	of	sheep	�n	th�s	
exper�ment	 (4.0%	 BW	 vs	 2.5%	 BW)	 was	 h�gher	 than	 that	 of	 sheep	 �n	 prev�ous	
results	(Sudarman	et al.,	2008b).	Th�s	d�screpancy	was	poss�bly	due	to	the	d�fference	
�n	breed	of	sheep	used.		Prev�ous	exper�ment	used	th�n	ta�l	sheep	breed	w�th	average	
body	we�ght	of	16.9	kg,	wh�le	the	present	exper�ment	used	th�ck	ta�l	sheep	breed	

Table	1.	Performance	of	 sheep	 fed	sard�nella	 f�sh	o�l	base	Ca-soap	w�th	d�fferent	herbal	
add�t�on	(	±	SD)

Treatments Dry	matter	�ntake
(g/head/day)

Da�ly	ga�n
(g/head/day) FCR

T0 1,080	±	63 148	±	26 7.44	±	1.33
T1 1,058	±	106 162	±	21 6.60	±	0.95
T2 1,021	±	128 148	±	41 7.14	±	1.29
T3 1,041	±	40 131	±	15 8.02	±	0.80

Note:	T0	(basal	d�et),	T1	(T0	+	turmer�c),	T2	(T0	+	g�nger),	and	T3	(T0	+	beluntas	leaf).
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w�th	average	body	we�ght	of	25.2	kg.	Da�ly	we�ght	ga�n	of	sheep	of	all	treatment	
groups	were	also	not	s�gn�f�cantly	d�fferent,	but	turmer�c	add�t�on	resulted	�n	9.5%	
da�ly	ga�n	h�gher	than	that	of	control	group.		Feed	ut�l�zat�on	eff�c�ency	(FCR)	was	
sl�ghtly	 better	 for	 those	 g�ven	 sard�nella	 o�l	 based	 Ca-soap	 added	 w�th	 turmer�c,	
eventhough	�t	was	not	stat�st�cally	s�gn�f�cantly	d�fferent.		

Plasm Cholesterol and Triglicerides
Cholesterol	and	tr�gl�cer�des	of	blood	plasm	were	presented	�n	Table	2.		Blood	

cholesterol	of	sheep	fed	Ca-soap	w�th	herbal	add�t�on	were	sl�ghtly	lower	than	that	
of	control	group.	Blood	compos�t�on	�nclud�ng	blood	cholesterol	was	always	�n	dy-
nam�c	cond�t�on.	It	�s	affected	by	type	of	feed	�ngested.		Blood	tr�gl�cer�des	of	sheep	
g�ven	Ca-soal	w�th	all	herbal	add�t�on	were	cons�stently	lower	than	that	of	control	
group.			

Table	2.			Blood	cholesterol	and	and	tr�gl�ser�des	of	sheep	fed	sard�nella	f�sh	o�l	based	Ca-
soap	w�th	d�fferent	herbal	add�t�on	(	±	SD)

Note:	T0	(basal	d�et),	T1	(T0	+	turmer�c),	T2	(T0	+	g�nger),	and	T3	(T0	+	beluntas	leaf).

Treatments Plasm	Cholesterol
(mg%)

Plasm	Tr�gl�ser�des
(mg%)

T0 83.86	±	11.46 16.85	±	5.35
T1 74.41	±	11.60 34.83	±	20.47
T2 60.63	±	27.02 30.34	±	14.27
T3 80.71	±	15.29 32.02	±	8.68

F�gure	1.	Cholesterol	contents	of	meat	of	sheep	fed	exper�mental	d�ets:	T0	(basal	d�et),	T1	
(T0	+	turmer�c),	T2 (T0 + g�nger), and T3 (T0 + beluntas leaf)	(T0	+	g�nger), and T3 (T0 + beluntas leaf)g�nger),	and	T3	(T0	+	beluntas	leaf)
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Meat Cholesterol
Meat	 cholesterol	 contents	 of	 all	 groups	 are	 presented	 �n F�gure 1. G�v�ng�n	 F�gure	 1.	 G�v�ng	

Ca-soap	w�th	herbal	add�t�on	�nto	d�et	d�d	not	cons�stently	affect	meat	cholesterol	
content.	Turmer�c	add�t�on	was	able	to	reduce	meat	cholesterol	better	than	w�th	the	
add�t�on	 of	 other	 herbals.	 Prev�ous results (Sudarmanrev�ous	 results	 (Sudarman	 et al.,	 2008a)	 showed	 that	
add�ng	sard�nella	o�l	based	Ca-soap	at	level	of	3%	w�thout	herbal	add�t�on	decreased	
LDL	cholesterol	of	49%.

Conclus�on
	
Herbal	add�t�on	�s	not	able	to	�mprove	palatab�l�ty	of	d�et	supplemented	w�th	

Ca-soap	f�sh	o�l.	Sheep	fed	sard�nella	o�l	based	Ca-soap	w�th	turmer�c	add�t�on	had	
better	performance	and	lower	cholesterol	of	meat.			
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Abstract

In general, sheep browse in Indonesia comes from the availability of domestic 
grasses (Family Poaceae and Cyperaceae), just an effort to make agronomic im-
provements is still very limited. Therefore we need basic research on domestic for-
age to determine its potential as a forage cultivation. The purpose of this study is to 
identify potential sources of herbaceous species forage of sheep. Research carried 
out by the method of survey, observation, collection of plants by way of example, 
shooting, maintenance ex-situ, making herbarium and species identification. In total 
there are 39 types of forage from the Family Acanthaceae, Cyperaceae, Legumino-
sae, Liliaceae and Poaceae. Types grasses are found, divided into three belts: Belt-1 
(0-1 km from coast) consisting of: 8 of the Family Poaceae species and 9 species of 
Cyperaceae Family. The dominant species of livestock are available for Xerochloa 
Cheribon (Steud.) Ohwi and Chloris barbata Swartz. Belt-2 (1-2 km) consisting of 
13 species of the Family Poaceae and 4 species of Cyperaceae Family. The domi-
nant species of livestock are available for Cynodon dactylon (L.) Pers., Paspalum 
conjugatum Berg. and Cyperus scariosas R. Br. Belt-3 (2-3 km) consists of: 12 spe-
cies of the Family Poaceae and two species of Cyperaceae Family. The dominant 
species of livestock are available for Paspalum conjugatum Berg., Cynodon dacty-
lon (L.) Pers. and Eleusine indica (L.) Gaertn. Getting away from the beach Family 
Poaceae is dominant as the compared to the potential forage Cyperaceae Family. 
Based on field observations and statements of farmers, sheep prefer grasses of the 
Poaceae Family.

Keywords: domestic grass, coastal, sheep

Introduct�on
Lamb	�s	one	type	of	an�mal	that	has	the	potent�al	to	meet	the	needs	of	an�mal	

prote�n,	 because	 lamb	 can	 eas�ly	 accepted	 by	 all	 people	 and	 rel�g�on,	 espec�ally	
�n	 Indones�a.	The	problem	 that	usually	encountered	 �n	 the	development	of	 sheep	
farm�ng	�s	the	low	product�v�ty	due	to	low	ava�lab�l�ty	of	forage	qual�ty,	espec�ally	
grass.
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Fresh	fodder	as	feed	�s	one	of	the	ma�n	base	for	support,	espec�ally	for	l�vestock	
farms	both	large	and	small	rum�nants,	wh�ch	every	day	takes	qu�te	a	lot	of	forage,	
because	more	than	60%	of	all	rum�nant	l�vestock	feed	consumed	�s	fresh,	both	�n	the	
form	of	fresh	or	dr�ed.	Haryanto	(2004)	stated	that	reduced	the	carry�ng	capac�ty	of	
natural	resources	(feed)	to	the	bus�ness	of	cattle	due	to	convers�on	of	agr�cultural	
land,	as	well	as	chang�ng	patterns	of	farm�ng	became	one	of	the	causes	of	decl�n�ng	
l�vestock	populat�on.	Bes�des	be�ng	used	for	forest	and	coastal	tour�sm,	coastal	areas	
can	be	ut�l�zed	as	a	forage-produc�ng	areas	of	qual�ty	forage.

Mater�als	and	Methods

Research	 mater�al	 �s	 locally	 grown	 forage	 grass	 �n	 the	 D�str�ct	Gebang	 and	
tools	were	used	quadrant	measur�ng	0.5mx	0.5m,	kn�ves,	plast�c	bags,	stat�onery,	
alcohol	70%,	scrap	paper,	and	label.	The	method	used	�n	th�s	study	�s	a	survey	re-
search	method	to	conduct	�nterv�ews	w�th	some	sheep	ranchers	farm-related	cond�-
t�ons,	as	well	as	d�rect	rev�ew	of	the	d�vers�ty	of	forage	grasses.	Gebang	d�str�ct	�s	
d�v�ded	�nto	three	Belts	based	on	d�stance	from	shore	observat�ons	are:	Belt	1st	(0-1	
km	from	the	loast);-2nd	Belt	(1-2	km	from	the	coast),	and	Belt-3rd	(2-3	km	from	
the	coast).

Data	 obta�ned	 from	 f�eld	 survey	 and	 sub-cult�vated	 �n	 a	 descr�pt�ve	 prof�le	
�ncludes	general	p�cture	of	the	state	of	research	s�tes,	as	well	as	the	character�st�cs	
of	sheep	farm�ng	�n	the	study	s�te.	Data	process�ng	method	used	�s	the	�dent�f�cat�on	
of	forage	grass.
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Results	and	D�scuss�on

Gebang	d�str�ct,	at	�s	lowland	areas,	w�th	an	average	he�ght	of	6	meters	above	
sea	level.	The	temperature	of		28ºC	-	32	ºC.	Hum�d�ty	�s	83.07	-	86.1%.	

Sheep	was	dom�nantly	(5200	head)	ma�nta�ned	�n	D�str�ct	Gebang,	compared	
to	other	rum�nants	(cattle,	buffaloes	and	goats).	Lamb	�s	generally	a	s�de	bus�ness	of	
farmers’	f�elds.	Types	that	are	kept	are	fat	ta�l	and	a	th�n	ta�l.

Sheep	 ma�ntenance	 system	 �n	 the	 D�str�ct	 Gebang	 cons�sts	 of	 two	 systems,	
namely	�ntens�ve	and	sem�-�ntens�ve.	Sem�-�ntens�ve	ma�ntenance	system	are	found	
�n	1st	Belt		(0-1	km	from	the	coastl�ne).	In	th�s	system,	farmers	tend�ng	the�r	flocks	
dur�ng	the	day	start�ng	at	08.00	am	and	w�ll	�mpound	the	an�mals	at	16.00	pm.	They	
choose	to	release	or	�ndulgence	�n	flocks	on	the	there	are	many	forage	grasses	that	
can	be	used	for	feed�ng		the�r	an�mal.	Mr.	Tono,	one	of	the	owners	of	sheep	farmers	
�n	1st	Belt		has	a	un�que	hab�t	of	feed�ng	forage	for	l�vestock.	Dur�ng	the	day	from	
08.00	am	unt�l	late	afternoon	at	16.00	pm	he	graze	the	l�vestock	on	the	coast,	wh�le	
�n	 the	 even�ng	 he	 gave	 them	 extra	 feed	 that	 �s	 ap�-ap�	 leaves	 (Avicennia marina 
(Forsk.)	V�erh.)	 that	grow	�n	coastal	areas	of	Gebang	d�str�ct.	Based	on	h�s	story,	
g�v�ng	that	leaves	d�d	not	have	a	negat�ve	effect	on	h�s	sheep.

Intens�ve	 systems	 are	 found	 �n	 the	 observat�on	 Belt	 2nd	 and	 3rd	 �s	 the	
agr�cultural	 Belt.	 In	 the	 �ntens�ve	 systems,	 an�mal	 cages	 all	 day	 on	 the	 grounds	
because	peasant-farmers	are	busy	�n	the	f�elds	all	day	and	�f	the	cattle	was	grazed,	
they	feared	�t	could	damage	agr�cultural	crops	around.	In	the	zone	or	the	d�stance	
�s	not	d�rectly	adjacent	to	the	coast	(Belt-2nd	and	Belt-3rd),	a	pattern	that	�s	w�dely	
used	for	l�vestock	graz�ng	�s	a	�ntens�ve	ma�ntenance	system.	The	pattern	of	forage	
supply	�n	th�s	zone	�s	to	use	the	pattern	“cut	and	carry”.	Cattle	were	fed	tw�ce	a	day	
�n	the	morn�ng	and	afternoon.	Feed	g�ven	to	cattle	sheep	�s	a	100%	f�eld	grass	that	
grow	around	the	edge	of	the	road,	r�ver,	r�ce	f�elds	and	plantat�ons.	Forage	�s	cut	
w�th	a	s�ckle	or	crescent.	The	breeders	 take	 the	cutt�ng	of	browse	 �nto	sacks	and	
carry	the	grass	cl�pp�ngs	by	us�ng	a	b�cycle	and	becak.

Accord�ng	 Djajanegara	 et al.	 (1993),	 �n	 trop�cal	 area	 sheep	 and	 goats	 are	
usually	 kept	 by	 the	 breeder	 (farmers,	 ranchers)	 w�th	 sem�-�ntens�ve	 system.	 The	
ranchers	graze	the�r	cattle	or	to	graze	�n	the	afternoon	and	�mpound	the�r	an�mals	at	
n�ght.	Impound�ng	the	an�mals	at	n�ght	for	secur�ty	reasons	and	so	that	�s	not	lost	or	
stolen.

Based	on	�nterv�ews	w�th	some	of	the	breeders	�n	the	d�str�ct	Gebang	about	the	
ut�l�zat�on	of	fresh	fodder	(Table	1.)	there	are	three	types	of	forage	grass	that	�s	most	
preferred	Dactyloctenium aegyptium	(L.)	R�tch.,	Echinochloa colonum	(L.)	L�nk.,	
and	Eriochloa polystachya	H.	B.	K..	Note	also	that	grasses,	there	�s	some	fresh	grass	
w�th	sheep	preferred	degree	among	Brachiaria eruciformis (J.	E.	Sm�th)	Gr�seb.,	
Brachiaria subquadripara	 (Tan)	H�tche.,	Chloris barbata Swartz.,	and	Paspalum 
conjugatum	 Berg..	 In	 general,	 feeds	 such	 as	 legumes	 forage	 preferred	 by	 sheep.	
However,	the	grant�ng	of	a	legume	forage	such	as	Leucaena leucocephala	LAMK,	
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Table	 1.	 F�eld	 and	 forage	 grass	 spec�es	 and	 the	 degree	 of	 favor�te	 feed	 supplements	 by	
sheep

Local	name Lat�n	Name Fam�ly Degree	of	
favor�te

- Cyperus babakan Steud. Cyperaceae -
Wal�ng Cyperus elatus L. Cyperaceae -
Tek� Cyperus rotundus L. Cyperaceae +
Tek� Cyperus scariosas R. Br. Cyperaceae +
Tek� Cyperus trinervis R. Br. Cyperaceae +
Ny�ur-ny�uran Cyperus iria (L.) Rikl. Cyperaceae -
- Ficinea Sp. Cyperaceae -
- Fimbristylis acuminata Vahl Cyperaceae -
- Fimbristylis hookeriana Bacek Cyperaceae -
- Fimbristylis schoenoides (Retz.) Cyperaceae -
- Fimbristylis tomentosa Vahl Cyperaceae -
- Fimbristylis vahlii (Lamarck) Link. Cyperaceae -
- Mapania Sp. Cyperaceae -
- Agropyron repens (L.) Beauv. Poaceae -
Suket	reketek Brachiaria eruciformis (J. E. Smith) 

Griseb.
Poaceae ++

- Brachiaria subquadripara (Tan) Hitche. Poaceae ++
- Chloris barbata Swartz. Poaceae ++
- Crysopogon aciculatus (Retz.) Trin Poaceae +
Gr�nt�ngan Cynodon dactylon (L.) Pers. Poaceae +
Tapak	jalak Dactyloctenium aegyptium (L.) Poaceae +++
- Digitaria ciliaris (Retz.) Koel. Poaceae +
Jampang	p��t Digitaria nuda Schuamch. Poaceae +
Tuton Echinocloa colonum (L.) Link. Poaceae +++
Jajagoan Echinocloa stagnina (Retz.) Beauv. Poaceae +
Godong	ulo Eleucine indica (L.) Gaertn. Poaceae +
Bebekan Eragrotis tenella (L.) Beauv. Poaceae +
Suket	peronan Eriochloa polystachya H. B. K. Poaceae +++
Men�ran Panicum paludosum Roxb. Poaceae +
Lempuyangan Panicum repens L. Poaceae +
Pa�tan Paspalum conjugatum Berg. Poaceae ++
- Xerochloa cheribon  (Steud.) Ohwi. Poaceae +
Lamtoro Leucaena leucocephala LAMK Legum�noceae ++
Gamal Gliricidia sepium (Jacq.) Steud. Legum�noceae ++
Tur� Sesbania grandiflora L. PERS Legum�noceae ++
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Gliricidia sepium	 (Jacq.)	 Steud.,	 and	 Sesbania grandiflora L.	 PERS	 �s	 rarely	 do	
because	of	�ts	ava�lab�l�ty	�s	very	l�ttle	or	l�m�ted	�n	D�str�ct	Gebang.

Somet�mes	the	an�mals	were	g�ven	add�t�onal	fresh	forage	dur�ng	the	rest	of	the	
farm	post-harvest	due	to	the	very	large	stock	ava�lab�l�ty	at	the	t�me,	but	the	farmers	
cla�m	they	are	reluctant	to	prov�de	l�vestock	forage	because	the	rest	of	agr�culture	
often	cause	d�gest�ve	health	problems	 �n	 l�vestock	 such	as	 the	prov�s�on	of	 fresh	
on�ons	that	often	cause	d�arrhea	to	the�r	sheep

Bredeers	�n	the	d�str�ct	Gebang	very	rarely	prov�de	add�t�onal	feed	the�r	sheep	
�n	the	form	of	concentrates	and	pulp	out	because	accord�ng	to	the	farmers,	the	prov�-
s�on	of	concentrates	and	pulp	for	the�r		sheep	only	g�ve	add�t�onal	cost	of	ma�nta�n-
�ng	the	sheep.	Because	sheeep	�s	not		the	ma�n	bus�ness	but	only	a	s�de	bus�ness	of	
farm�ng.

Zon�ng	for	 the	sampl�ng	of	grass	 �n	 th�s	study	were	d�v�ded	 �nto	 three	belts	
based	on	d�stance	from	the	coast	and	the	elect�on	of		D�str�ct	Gebang	po�nt	sampl�ng	
forage	grasses	based	on	cons�derat�on	of	the	many	ranchers	who	graze	on	the	s�te.	
1st		Belt	�s	the	belt	at	a	d�stance	of	about	0-1	km	from	the	coast,	the	2nd		Belt	�s	the	
belt	at	a	d�stance	of	about	1-2	km	from	the	coast,	and	3rd		Belt	�s	the	sampl�ng	belt	
at	a	d�stance	of	2-3	km	from	the	coast.	In	F�gure	1	can	be	seen	that	there	�s	a	pattern	
of	d�str�but�on	of	type	of	forage	grass	f�eld	that	�s	un�que.

Cyperaceae = 10 Cyperaceae = 4 Cyperaceae = 2

Poaceae = 7 Poaceae = 13 Poaceae = 12

Belt  - 1 Belt - 2 Belt - 3

Sea

F�gure1.	The	Pattern	of	D�str�but�on	of	Vegetat�on	Types	Based	on	the	D�stance	from	the	
Beach	(Source:	Pr�mary	data	2011).

Table	1.	Cont�nued

Local	name Lat�n	Name Fam�ly Degree	of	
favor�te

Kal�andra Calliandra calothyrsus  Meissn. Legum�noceae +
Jeram�	pad� Oryza sativa L. Poaceae +
Daun	bawang Allium cepa L. Rank. L�l�aceae -
Daun	jagung Zea mays L. Poaceae -
Daun	ap�-ap� Avicennia marina (Forsk.) Vierh. Acanthaceae ++

Source:	Pr�mary	data	process�ng	2011
Table	�nfo:		-	:		d�sl�ked;	+	:	a	b�l�ked;	++	:		preferred;	+++	:	h�ghly	preferred
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The	farther	the	d�stance	from	the	coast	w�ll	be	more	spac�ous	w�th	the	type	of	
vegetat�on	found	Poaceae	gett�ng	closer	to	shore	and	v�ce	versa	�s	more	found	�n	
type	Cyperaceae	fresh	f�eld.	Poaceae	�s	a	member	of	the	tr�be	of	flower�ng	plants.	
In	general,	a	hallmark	of	plant	Poaceae	trunked	jo�nted,	was	crowned	flowers,	and	
r�bbon-shaped	leaves.	Interest-tek�an	or	Cyperaceae	puzzle	�s	one	of	the	members	of	
the	tr�be	of	flower�ng	plants.	Interest	rates	are	the	closest	relat�ves	of	gra�ns	(Poaceae)	
and	have	many	s�m�lar�t�es.	The	d�fference	between	s�mply	Poaceae	and	Cyperaceae	
can	be	seen	 �n	cross-sect�onal	shape	on	 the	 trunk.	Poaceae	has	a	cross	sect�on	of	
rod-shaped	 oval	 or	 round,	 wh�le	 Cyperaceae	 has	 a	 tr�angular	 cross-sect�on	 rod.	
Most	abundant	grass	�n	1st	belt	�s	Xerochloa cheribon	(Steud.)	Ohw�.	by	percentage	
botan�cal	compos�t�on	about	57.0%.	On	the	f�eld	2nd		belt	 �s	dom�nated	by	grass	
Cynodon dactylon		(L.)	Pers.	w�th	a	percentage	of	the	botan�cal	compos�t�on	about	
41.83%.	wh�le	on	the	most	dom�nat�ng	3rd	belts	based	on	the	botan�cal	compos�t�on	
of	Paspalum conjugatum	Berg.	w�th	a	percentage	of	the	botan�cal	compos�t�on	about	
43.39%.

Conclus�on

There	are	d�fferences	�n	the	amount	of	forage	grass	spec�es	�n	each	Belt	�n	the	
D�str�ct	of	Gebang,	w�th	total	forage	grass	spec�es	that	grow	�n	the	D�str�ct	Gebang	
reached	31	spec�es	of	Poaceae	and	Cyperaceae	Fam�ly.
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Abstract

The objective of this study was to determine the physical characteristic and 
palatability of corn plant waste after formed as a biscuit feed. Experimental design 
used in this research was Completely Randomized Design with 6 treatments and 3 
replications. The treatment were : R1(100% field grass), R2(50% field grass + 50% 
corn leaf), R3(100% corn leaf), R4(50% field grass + 50% corn husk), R5(50% 
corn leaf + 50% corn husk) and R6(100% corn husk). The results were subjected 
to ANOVA and Contrast Orthogonal Test (Steel and Torrie, 1991). Biscuits feed 
variables measured were moisture, water activity, water absorption, density, and 
palatability. The results of this research indicated that the treatment of biscuit feed 
made from field grass and corn plant waste gave highly significant effect (P<0,01) 
on water content. According to SNI (2000) water content of feed should not be 
more than 14%. Water content in this study ranged from 11-12%. Thus, biscuit 
is more durable and can storage for long period. The treatments was significant 
effect (P<0,05) on water absorption,but was not significant effect on water activity, 
density and palatability. Biscuits containing field grass and corn leaf was  preferred 
by sheep.

Keywords: corn plant waste field grass, biscuit feed, physical characteristic, and 
palatability 

Introduct�on

Central	 Bureau	 of	 Stat�st�cs	 (2009)	 reported	 that	 corn	 plant	 product�on	 �n	
Indones�a	�s	4.2	tons	/	ha.	The	proport�on	of	waste	corn	per	cent	dry	matter	cons�sted	
of	50%	trunk,	20%	leaf,	20	%	corncob	and	10%	husk.

Corn	plant	waste	used	�n	th�s	research	cons�sted	of	corn	leaf		and	corn	husk	
then	 formed	 �nto	b�scu�ts	 through	 the	process	of	heat�ng	 and	press�ng.	Corn	 leaf	
and	corn	husk	have	a	h�gher	palatab�l�ty	 than	corncob	and	 trunk	of	corn	(W�lson	
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et al.,	2004).	B�scu�t	�s	a	dry	product	that	has	relat�vely	long	last�ng	storage	per�od	
and	easy	to	handle	on	the	way	(Wh�teley,	1971).	The	object�ve	of	 th�s	study	was	
to	determ�ne	 the	phys�cal	 character�st�c	and	palatab�l�ty	of	corn	plant	waste	after	
formed	as	a	b�scu�t	feed.

Mater�als	and	Methods

The	exper�ment	used	e�ghteen	heads	of	th�n	ta�l	sheep	w�th	the	average	body	
we�ght	was	around	21.66	±	0.87	kg.	The	exper�mental	 sheeps	were	ma�ntenance	
�nd�v�dually.	

Experimental design

The	exper�mental	des�gn	used	 �n	 th�s	 research	was	Completely	Random�zed	
Des�gn	w�th	s�x	treatments	and	three	repl�cat�ons,	the	treatments	were	b�scu�t	com-
pos�t�on	�.e:	R1=	100%	f�eld	grass,	R2=	50%	f�eld	grass	+	50%	corn	leaf,	R3=	100%	
corn	leaf,	R4=	50%	f�eld	grass	+	50%	corn	husk,	R5=	50%	corn	leaf	+	50%	corn	
husk,	R6=	100%	corn	husk.	The	data	method	used	was	Analys�s	of	Var�ance.	The	
d�fferences	among	 treatments	were	exam�ned	w�th	orthogonal	contrast	 test	 (Steel	
and	Torr�e,	1993).	The	var�ables	that	would	be	measured	were:	
a)	 Water	Act�v�ty.	Aw	meter	�s	cal�brated	pr�or	to	use	a	solut�on	of	bar�um	chlor�de	

(BaCl2).	Measurement	of	water	act�v�t�es	conducted	by	enter�ng	the	feed	b�scu�ts	
to	the	Aw	meter	and	left	for	1	hour	and	then	do	the	read�ng.

b)	 Mo�sture	content	of	b�scu�ts	made	 by	we�gh�ng	a	sample	of	about	3	grams	of	
feed	as	the	�n�t�al	we�ght.	The	sample	�s	dr�ed	�n	an	oven	at	a	temperature	of	105	
°	C	unt�l	constant	we�ght.	Water	content	were	calculated	us�ng	the	formula	(SNI,	
1991):

c)	 Water	absorpt�on.	Measurement	of	water	absorpt�on	�s	done	by	measur�ng	the	
sample	we�ght	before	and	after	the	b�scu�t	feed	water	�mmers�on	for	5	m�nutes.	
Water	absorpt�on	were	calculated	us�ng	the	formula	:

Informat�on	:	
WA	=	Water	absorpt�on(%)	
B1		=	We�ght	sample	of	dry	a�r	b�scu�t	feed	a(g)	
B2	 =	We�ght	sample	of	b�scu�t	feed	after	�mmers�on(g)	

d)	 Dens�ty	were	calculated	us�ng	the	formula	(W�darmana,	1977):



511Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

Informat�on:
K		 =	Dens�ty	(g/cm3)
W	 =	We�ght	sample	b�scu�t	feed	(g)
T		 =	Th�ck	sample	b�scu�t	feed	(cm)
Π� = 3,14	 =	3,14	
r		 =	rad�us	of	b�scu�t	feed	(cm)

e)	 Palatab�l�ty	test	�s	based	on	the	mod�f�cat�on	of	the	method	Ka�tho	et	al.	(1997)	
w�th	 adaptat�on	 for	 5	 days	 and	 measurement	 of	 palatab�l�ty	 tests	 for	 2	 days.	
Prov�s�on	of	b�scu�ts	made	from	06:00	to	12:00	am	as	much	as	100	grams.	The	
results	of	the	preference	of	an�mal	can	be	�dent�f�ed	by	a	reduct�on	�n	the	prov�s�on	
of	b�scu�ts	w�th	rema�n�ng	b�scu�ts.	Palatab�l�ty	test	was	mod�f�ed	from	prev�ous	
research	refers	to	research	Ka�tho	(1997).

Result	and	D�scuss�on

The	color	of	corn	leaf		b�scu�t	greener	than	the	f�eld	grass	b�scu�t	and	corn	husk	
b�scu�t		have	a	more	brown	color.	D�fferences	of	each	treatment	b�scu�ts	can	be	seen	
�n	Table	1.	The	color	of	the	f�eld	grass	and	b�scu�ts	corn	plant	waste	generated	var�es	
between	green	and	brown	as	well	as	a	comb�nat�on	of	both.	The	d�fference	�s	due	
to	the	d�fferences	�n	the	use	of	forage	for	b�scu�ts.	Although	there	are	d�fferences	�n	
color,	the	sheep	could	not	d�st�ngu�sh	colors	because	the	sheep	are	color	bl�nd	(Pond	
et	al.,	1995).	However,	the	sheep	st�ll	eat	b�scu�ts	was	g�ven	because	of	the	nutr�ent	
factor	requ�red.	After	heat�ng	and	press�ng	processes,	b�scu�ts	produced	generally	
have	a	brown	color.	Brown	color	�s	due	to	the	brown�ng	react�on	�n	non	enz�mat�s	
the	react�on	between	organ�c	ac�ds	w�th	reduc�ng	sugars	and	am�no	ac�ds	between	
the	reduc�ng	sugars	or	ma�llard	react�ons	occur	caus�ng	caramel	odor	due	to	heat�ng	

Table	1.	General	Character�st�c	of	B�scu�t	F�eld	Grass	and	Corn	Plant	Waste

B�scu�t Texture Dens�ty Color Odor

R1 Rough Compact	 Brown�sh	
green Fragrant

R2 Rough Very	crumb Brown�sh	green Fragrant
R3 Rough Crumb Green Fragrant
R4 Rough Compact Green�sh	brown Fragrant
R5 Rough Compact Green�sh	brown Fragrant
R6 Rough Very	Compact Brown Fragrant

Informat�on	:	R1=	100%	f�led	grass;	R2=	50%	f�eld	grass	+	50%	corn	leaf;	R3=	100%	corn	leaf;	R4	
=	50%	f�eld	grass	+	50%	corn	husk;	R5=	50%	corn	leaf	+	50%	corn	husk;	R6=	100%	corn	husk.
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of	feed	mater�als	(Adawyah,	2007;	W�narno,	1992	).	The	d�ameter	of	b�scu�t	�s	7	cm	
w�th	a	th�ckness	of	1	cm	can	be	eaten	by	the	sheep.	

Nutrient Composition of Biscuit Field Grass and Corn Plant Waste
B�scu�t	of	R3	(corn	leaf	b�scu�t)	have	a	fa�rly	h�gh	prote�n	content	wh�ch	reached	

16.12%	�n	contrast	to	b�scu�t	of	R1	(f�eld	grass	b�scu�t)	wh�ch	has	the	lowest	crude	
prote�n	content	(12.89%)	than	other	treatments.	

The	h�gh	crude	f�ber	�n	all	the	b�scu�ts	w�th	a	range	of	27.25%	-42.49%	�nd�-
cates	that	b�scu�t	f�eld	grass	and	corn	plant	waste	can	suff�c�ent	requ�rement	for	ru-
m�nants	because	�t	has	a	crude	f�bers	more	than	20%.	B�scu�ts	of	R4	(a	comb�nat�on	
of	f�eld	grass	w�th	corn	husk)	has	a	crude	f�ber	content	of	the	h�ghest	of	42.49%.	
H�gh	levels	of	crude	f�ber	�s	most	l�kely	caused	by	the	th�ck	cell	walls	of	plants	from	
a	f�eld	grass	and	corn	husk	(Rosl�nda	and	Afdal,	2005),	that	was	�nd�cated	by	the	
h�gh	crude	f�ber	on	a	b�scu�t	of	R1	and	b�scu�ts	of	R6,	wh�ch	reached	41.33	%	and	
38.12%.

Physical Characteristic of Biscuit

Water Content.	 	Water	content	�n	th�s	study	ranged	from	11-12%.	The	results	of	
var�ance	showed	that	d�fferences	�n	the	use	of	feed	h�ghly	s�gn�f�cant	(P	<0.01)	affect	
the	water	content	of	b�scu�ts.	B�scu�t	100%	corn	leaf		have		the	h�ghest	water	levels	
(R3),	and	th�s	�s	because	the	b�scu�t	have	fewer	cav�t�es	so	that	the	evaporat�on	�s	
slow.	B�scu�ts	R2	has	the	lowest	water	content	(11.06%)	because	they	have	more	
cav�t�es	and	large	that	evaporat�on	�s	runn�ng	fast,	th�s	�s	�nd�cated	by	a	very	crumb	
texture.	In	add�t�on,	the	d�fferences	that	occur	are	�nfluenced	by	d�fferences	�n	�n�t�al	
water	content	of	 the	raw	mater�als	used.	Retnan�	et al.	 (2009)	ment�on	 the	wafer	
w�th	the	compos�t�on	of	the	f�eld	grass	has	a	cav�ty	less	evaporat�on	occurs	more	
slowly.	Accord�ng	 to	SNI	 (1992)	water	 content	 of	 feed	 should	not	 be	more	 than	
14%.	Water	content	�n	th�s	study	ranged	from	11-12%.	Thus,	b�scu�t	�s	more	durable	
and	can	storage	for	long	per�od.

Water Activity. Water	act�v�ty		to	determ�ne	the	m�n�mum	l�m�ts	of	m�croorgan�sms	
that	can	grow	�n	feed.	The	result	of	analys�s	of	var�ance	showed	that	there	were	not	
s�gn�f�cant	d�fferent	�n	the	use	of	feed	�ngred�ents	affect	the	act�v�ty	of	water.	Water	
act�v�ty	�n	the	study	ranged	from	0.69-0,70.	Water	act�v�ty	�s	one	�mportant	factor	
�n	determ�n�ng	the	qual�ty	of	feed.	Act�v�ty	of	m�croorgan�sms	and	enzymes	can	be	
control	at	0,70		of	water	act�v�ty,	so	the	feed	�s	not	easy	to	mold	(Syar�ef	and	Hal�d,	
1993).	

Water Absorption. B�scu�ts	of	f�eld	grass	and	corn	plant	waste	�n	th�s	study	prov�de	
s�gn�f�cant	effect	(P	<0.05)	on	water	absorpt�on.	Based	on	the	results	of	orthogonal	
contrasts,	the	average	value	of	the	lowest	water	absorpt�on	found	�n	b�scu�ts	of	R2	(a	
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comb�nat�on	of	f�eld	grass	w�th	corn	leaf),	wh�le	the	h�gher	water	absorpt�on	occurs	
�n	the	b�scu�t	of		R1	(f�eld	grass),	R4	(a	comb�nat�on	of	f�eld	grass	w�th	corn	husk)	
and	R5	(corn	husk	comb�nat�on	w�th	corn	leaf).	The	b�scu�ts	of		R4	(a	comb�nat�on	
of	f�eld	grass	w�th	corn	husk)	has	the	h�ghest	water	absorpt�on	wh�ch	�s	514.48%	
and	�t	can	be	�nterpreted	more	compact	and	hard	enough,	but	has	a	good	ab�l�ty	�n	
the	process	of	soften�ng	by	sal�va	dur�ng	chew�ng	by	rum�nant	and	eas�ly	�nflate	and	
be	eas�ly	degraded	by	rumen	m�crobes,	thereby	�ncreas�ng	the	rate	of	empty�ng	of	
the	rumen	(S�regar,	2005).

B�scu�ts	of	R4	(a	comb�nat�on	of	f�eld	grass	w�th	corn	husk)	has	a	h�gh	crude	
f�ber	content	that	�s	equal	to	42.49%	and	has	a	rough	texture.	The	h�gh	crude	f�ber	
content	showed	that	 the	b�scu�ts	are	capable	of	b�nd�ng	water	because	of	 the	OH	
bond	�n	water	w�th	the	f�bers	on	the	b�scu�ts.	S�regar	(2005)	stated	that	there	�s	a	
pos�t�ve	relat�onsh�p	between	water	absorpt�on	fract�on	of	part�cles	w�th	chem�cal	
compos�t�on	of	the	crude	f�ber.

Density. The	 dens�ty	 of	 f�ber-r�ch	 feed	 �ngred�ents	 have	 a	 h�ghly	 var�able	 value	
(Toharmat	et al.,	2006).	The	 results	of	analys�s	var�ance	showed	no	s�gn�f�cantly	
d�fferent	effect	on	dens�ty,	�t	can	be	sa�d	that	the	use	of	d�fferent	treatment	hav�ng	
the	same	effect	on	the	dens�ty	of	b�scu�ts.	The	range	value	of	dens�ty		between	0.44	
-0.52	g/cm3	 to	0.47	g/cm3	average.	However,	 �t	 �s	descr�pt�ve	 �t	can	be	seen	 that	
the	lowest	dens�ty	of	b�scu�ts	(0.44	±	0.03	g/cm3)	conta�ned	�n	the	b�scu�t	of	R2	(a	
comb�nat�on	of	f�eld	grass	w�th	corn	leaf)	and	the	h�ghest	(0.52	±	0.03	g/cm3)	found	
�n	b�scu�ts	of	R5	(corn	husk	comb�nat�on	w�th	corn	leaf).

Table	2.	Average	Consumpt�on	of	B�scu�t	F�eld	Grass	And	Corn	Palant	Waste

Informat�on	:	D�fferent	superscr�pts	�n	the	same	column	�nd�cate	s�gn�f�cantly	d�fferent	(P	<0.05).
R1=	100%	f�led	grass;	R2=	50%	f�eld	grass	+	50%	corn	leaf;	R3=	100%	corn	leaf;	R4	=	50%	f�eld	
grass	+	50%	corn	husk;	R5=	50%	corn	leaf	+	50%	corn	husk;	R6=	100%	corn	husk.

B�scu�t
Palatab�l�ty	Test	Per�od

Fresh	�ngred�ents Dry	Matter
----------------g/head/6	hour--------------------

R1 83,33 74,68
R2 70,83 61,75
R3 73,33 64,25
R4 68,33 60,89
R5 68,33 59,7
R6 61,67 54,7

Total 425,83 375,95
Average 70,97 62,66
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Palatability
Palatab�l�ty	�s	descr�be	of	the	character�st�c	of	the	feed	such	as	m�rrored	by	or-

ganolept�c	appearance,	smell,	taste	(sour,	salty,	sweet,	b�tter),	texture	and	tempera-
ture,	g�v�ng	r�se	to	the	st�mulat�on	and	attract�on	of	l�vestock	to	consume	(Yusmad�	
et al.,	2008).	Accord�ng	Um�yas�h	et al.	(2008)	corn	leaf	and	corn	husk	have	a	h�gh	
palatab�l�ty.	However,	the	results	of	the	study	showed	that	the	average	palatab�l�ty	�s	
h�gh	enough	from	the	per�od	of	adaptat�on	to	the	test�ng	per�od		(Table	2).	Descr�p-
t�vely,	palatab�l�ty	of		R1	and	R3	b�scu�ts	have	a	h�ghest	value	of	83.33	g/head/day	
and	73.33	g/		head/day	or	74,68	g/head/day	to	64,25	g/head/day	�n	dry	matter.	

Conclus�ons

B�scu�ts	conta�n�ng	f�eld	grass	and	corn	leaf	was	preferred	by	sheep.
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Abstract

Bali cattle have a great potency to supply national meat demand which is 
increasing progressively every year. The main constrain in Bali cattle farming 
is the deficiency of trace minerals on native grass resulting in low Bali cattle 
productivity. The present study was done to determine the optimum vitamin-mineral 
supplementation in King grass-based rations to maximize productivity of Bali cattle 
steers. Randomized Complete Block Design used in this study consisted of four 
treatments and five groups based on differences in live weight cattle. Treatments 
consisted of: S0 = concentrate as much as 5 kg + King grass given ad libitum, S1, S2, 
and S3 = S0 successively added 0.1%, 0.2% and 0.3% vitamin-mineral in concentrate. 
Variables observed were nutrients intake, deposition of nutrients, energy retention, 
live weight gain of the animals, and feed efficiencies. The data were analyzed 
by analysis was of variance, and regression analysis used to predict the optimal 
level of supplementation. Results showed that vitamin-mineral supplementation 
significantly (P <0.05) affected all the observed variables. Supplementation levels 
of 0.2 to 0.3% can reduce the consumption of nutrients, but supplementation levels 
of 0.1 to 0.3% increased deposition of nutrients, energy retention, feed efficiency, 
and increased a live weight gain of Bali cattle steer up to 14% (0.58 vs. 0.66 kg/
day) compared to those cattle without supplements. It is concluded that vitamin-
mineral supplementation of 0.1 to 0.3% in ration based on King grass can increase 
deposition of nutrients, energy retention, feed efficiency, and live weigh gain of Bali 
cattle steers. Based on regression analysis, it is obtained that the optimum level of 
vitamin-minerals supplementation in concentrate was 0.16% which can produce 
maximum live weight gain of Bali cattle steer fed King grass-based rations.

Keywords: bali cattle, supplementation, vitamin-mineral

Introduct�on

Bal�	cattle	has	a	great	potency	to	supply	the	nat�onal	meat	demand	wh�ch	�s	
�ncreas�ng	progress�vely	every	year.	However,	the	ma�n	constra�nt	of			fatten�ng	Bal�	
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cattle	agr�bus�ness	�s	the	l�m�ted	forages	ava�lable	for	the	farm		and	trace	m�neral	
def�c�ency	�n	the	nat�ve	grass.

K�ng	 grass	 and	 concentrates	 are	 usually	 g�ven	 to	 cattle	 by	 farmers	 �n	 Bal�,	
but	 st�ll	 need	 to	be	 supplemented	w�th	m�nerals	 to	max�m�ze	 the	product�v�ty	of	
cattle	 because	 plants	 of	 trop�cal	 feed	 are	 def�c�ent	 �n	 trace	 m�nerals	 (Kaunang,	
2004).	Therefore,	the	product�v�ty	of	Bal�	cattle	can	st�ll	be	�mproved	by	feed�ng	an	
adequate	and	balanced		nutr�ents	.

The	 present	 study	 was	 done	 to determ�ne the opt�mum v�tam�n-m�neralto	 determ�ne	 the	 opt�mum	 v�tam�n-m�neral	
supplementat�on	�n	K�ng	grass-based	rat�ons	to	max�m�ze	product�v�ty	of	Bal�	cattle	
steers.

Mater�als	and	Methods	
	
Th�s	study	cons�sted	of	a	ser�es	of	f�eld	and	laboratory	exper�ments.	F�eld	tr�al	

was	conducted	�n	the	Serongga	v�llage,	G�anyar	regency.	Laboratory	analys�s	was		
conducted	at	the	Lab.	of	Nutr�t�on,	Fapet	-	Unud,	and	Lab.	of	Analyt�cal	Udayana	
Un�vers�ty.	

The	exper�ment	was	conducted	�n	�nd�v�dual	cages.	Cage	�s	des�gned	to	meet	
the	ma�ntenance	requ�rements	of	fatten�ng	Bal�	cattle.	Requ�red	20	�nd�v�dual	cages	
to	accommodate	20	steers	of	Bal�	cattle	w�th	an	average	l�ve	we�ght	of	319	kg	or	
w�th	the	range	of	279-367	kg	steers.		

Rat�on	treatments	cons�sted	of	K�ng	grass	and	concentrates	supplemented	w�th	
p�gnox	(commerc�al	product	as	a	source	of	v�tam�ns	and	m�nerals).	There	were	four	
treatments	 �n	 concentrate	 rat�ons	 �.e.,	 S0	 �s	 concentrate	 w�thout	 p�gnox	 add�t�on,	
wh�le	concentrate	on	the	S1,	S2,	and	S3	supplemented	w�th		0.1%,	0.2%	and	0.3%	
p�gox	(Table	1).	

Table	1.	Nutr�ent	content	of	d�ets

Nutr�ent
Concentrates

K�ng	grass
S0 S1 S2 S3

Dry	matter	(%) 87.64 87.64 87.64 87.64 24.80
Organ�c	matter(%) 64.13 64.13 64.13 64.13 71.84
Crude	prote�n	(%) 12.13 12.13 12.13 12.13 5.01
Crude	f�ber	(%) 7.76 7.76 7.76 7.76 27.20
Energy	(GE.	Mcal/kg) 3.22 3.22 3.22 3.22 3.39
Sulfur	(S.	ppm) 685.50 694.09 702.68 711.28 -
Z�nc	(Zn.	ppm) 45.09 65.09 85.09 105.09 26.12

Descr�pt�on:	S0,	S1,	S2,	and	S3=	v�tam�n-m�neral	supplementat�on	�n	concentrate	w�th	0%,	0.1%,	
0.2%	and	0.3%	p�gnox,	respect�vely.
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Var�ables	observed	were	nutr�ents	�ntake,	depos�t�on	of	nutr�ents,	energy	reten-
t�on,	l�ve	we�ght	ga�n	of	the	an�mals,	and		feed	convers�on	rat�o	Energy	retent�on		
was	calculated	by	depos�t�on	of	nutr�ents	and	depos�t�on	of	nutr�ents		was	calculated	
by	convert�ng	l�ve	we�ght	ga�n	w�th	body	compos�t�on	(by	urea	space	techn�que).	
Based	on	th�s	nutr�ent	depos�t�on,	�t	can	be	calculated	the	energy	retent�on	w�th	the	
prov�s�ons	of	1g	of	fat	depos�t�on		equ�valent	to	9.32	kcal,	wh�le	the	depos�t�on	of	1	
g	prote�n	equ�valent	to	5.5	kcal	(Ørskov	and	Ryle,	1990).	So	the	retent�on	of	energy	
per	day	per	cattle	can	be	calculated	by	summ�ng	the	energy	content	of	the	depos�t�on	
of	body	fat	and	prote�n	per	cattle	per	day.	

The	data	obta�ned	were	analyzed	by	analys�s	of	var�ance,	and	regress�on	analys�s	
used	to	pred�ct	the	opt�mal	level	of	supplementat�on	(Steel	and	Torr�e,	1986).

Results	and	D�scuss�on

V�tam�n-m�neral	supplementat�on	s�gn�f�cantly	(P	<0.05)	affected	dry	matter	
�ntake,	prote�n	�ntake,	energy	�ntake,	depos�t�on	of	nutr�ents,	energy	retent�on	and	
l�ve	we�ght	ga�n	of	Bal�	cattle	(Table		2).	

There	 �s	 a	 clear	 relat�onsh�p	between	v�tam�n-m�neral	 supplementat�on	w�th	
l�ve	we�ght	ga�n	of	Bal�	cattle,	follow�ng	regress�on	quadrat�c	equat�on:	Y=	0.583	
+	0.959	X	-	2.95	X2	w�th	a	coeff�c�ent	of	determ�nat�on	(R2)=	0.414*	w�th	the	un-
derstand�ng	of	X=	supplementat�on	of	v�tam�n-m�neral	(%),	Y=	l�ve	we�ght	ga�n	of	
Bal�	cattle	(kg/day)	as	seen	�n	F�gure	1.	From	th�s	regress�on	equat�on	can	be	pre-

Table	2.	Dry	 matter	 and	 nutr�ents	 �ntake,	 nutr�ents	 depos�t�on,	 retent�on	 of	 energy	 and	
l�ve	we�ght	ga�n	of	Bal�	cattle	fed	K�ng	grass-based	rat�ons	w�th	v�tam�n-m�neral	
supplementat�on

Var�ables
Supplementat�on	Treatment

S0 S1 S2 S3
Dry	matter	�ntake	(kg/h/d)	 6.65b 6.58b 6.29a 6.18a

Prote�n	�ntake	(g/kgW0.75/d) 7.92b 7.87b 7.44a 7.32a

Energy	�ntake	(Kcal/kgW0.75/d) 271.52b 267.47b 254.54a 247.33a

Prote�n	depos�t�on	(g/	kgW0.75/d) 1.18a 1.31b 1.30b 1.19a

Fat	depos�t�on	(g/	kgW0.75/d) 2.6a 3.0b 2.9b 2.7a

Retent�on	of	Energy	
(NEp.	Kcal/kgW0.75/d) 31.14a 34.92b 34.64b 32.06a

Feed	Convers�on	Rat�o	(FCR) 11.48b 10.06a 9.68a 10.18a

L�ve	we�ght	ga�n	(kg/d) 0.58a 0.66b 0.65b 0.61a

Values	w�th	d�fferent		superscr�pt		�n	the	same	l�ne	means	s�gn�f�cantly	d�fferent	(P<0.05).		
NEp=	Net	energy	for	product�on.
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d�cted	 the	opt�mum	v�tam�n-m�neral	supplementat�on	was	0.16%	wh�ch	produces	
the	max�mum	l�ve	we�ght	ga�n	of	Bal�	cattle		of	0.66	kg/day.	

Rat�ons	 tested	 	 �n	 th�s	 study	 met	 	 the	 nutr�ent	 requ�rement	 wh�ch	 cons�sted	
of		5	kg		concentrate	and	an	average	of	15	kg	k�ng	grass	per	cattle	per	day,	so	that	
these	rat�ons	conta�ned		dry	matter	(DM)	40.51%,	crude	prote�n	(CP)	10.31%,	and	
energy	(GE)	3.27	Mcal/kg,	equ�valent	to	56.29%	of	TDN	(Total	D�gest�ble	Nutr�-
ents).	However,	the	results	of	th�s	exper�ment	showed	that	feed	�ntake	and	nutr�ent	
levels	such	as	dry	matter	and	energy	s�gn�f�cantly	(P<0.05)	decreased	when	g�ven	
v�tam�n-m�neral	supplementat�on	 �n	concentrate,	espec�ally	at	supplementat�on	of	
0.2	to	0.3%	(Table	2).	Th�s	decl�ne	�n	consumpt�on	may	be	caused	by	an	�mbalance	
of	nutr�ents	�n	d�et,	espec�ally	m�nerals.	Decrease	�n	consumpt�on	level	has	not	yet	
led	to	nutr�ent-def�c�ent	cattle	and	th�s	can	be	proved	by	l�ve	we�ght	ga�n	of	cattle	
dur�ng	the	exper�ment,	although	feed	�ntake	decreased	w�th	�ncreas�ng	levels	of	v�-
tam�n-m�neral	supplementat�on.

F�gure	1.	The	relat�onsh�p	between	v�tam�n-m�neral	supplementat�on	w�th	l�ve	we�ght	ga�n	
of	Bal�	cattle	fed	K�ng	grass-based	rat�ons

	
V�tam�n-m�neral	supplementat�on	from	0.1	to	0.2%	�n	concentrate	gave	a	pos�-

t�ve	�nfluence	on	energy	ut�l�zat�on	and	product�v�ty	of	Bal�	cattle	fed	K�ng	grass-
based	rat�ons	wh�ch		were	character�zed	by	h�gher	energy	retent�on	and	l�ve	we�ght	
ga�n	(Table	2).	Th�s	was	supported	by		h�gher	levels	of	ammon�a	(N-NH3)	and	prop�-
on�c	ac�d,	lower	methane	em�ss�on	and	h�gher	rumen	m�crob�al	prote�n	synthes�s		at	
the	level	of	supplementat�on	from	0.1	to	0.2%.	Rumen	m�crob�al	prote�n	as	a	major	
source	of	am�no	ac�ds	for	the	host	an�mals,	so	the	h�gher	rumen	m�crob�al	prote�n	
product�on	of	h�gher	prote�n	depos�t�on	�n	the	body	of	cattle.	Meanwh�le,	the	lower	
the	 methane	 gas	 product�on	 means	 less	 energy	 �s	 wasted	 so	 that	 more	 energy	 �s	
stored	�n	the	form	of	an�mal	prote�n	and	fat	(Partama	et al.,	2010).	
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H�gh	depos�t�on	of	nutr�ents,	energy	retent�on	and	 l�ve	we�ght	ga�n	 �n	cattle	
w�th	v�tam�n-m�neral	supplementat�on	of	0.1%	due	to	the	suff�c�ent	and	balanced	
nutr�ents	�n	the	rat�on.	Concentrate	w�th	a	v�tam�n-m�neral	supplementat�on	of	0.1%	
conta�n�ng	balanced	rat�o	of	N:S,	and	conta�ns	enough	m�nerals	Zn	and	S	(Table	1).	
S	�s	an	essent�al	m�neral	�n	am�no	ac�ds	synthes�s	conta�ns	sulfur,	and	�s	needed	�n	
large	numbers	for	m�crob�al	prote�n	synthes�s.	Meanwh�le,	Zn	m�nerals	�nvolved	�n	
metalo	enzyme	synthes�s	such	as	DNA	and	RNA	polymerase,	alkal�ne	phosphatase,	
amylase	and	neutral	protease	(Jouany,	1991).	

The	research	was	supported	by	N-NH3	concentrat�on	suff�c�ent	to	support		the	
relat�vely	h�gh	concentrat�on	of	VFA	(from	166.33	 to	198.06	mM),	consequently	
would	strongly	support	the		rumen	m�crob�al	prote�n	synthes�s	(Partama	et al.,	2010).	
Stern	et al	(2006)	states	that	the	rumen	bacter�a	can	use	prote�n	and	carbohydrates	
as	energy	sources.	Carbohydrate	�s	the	ma�n	energy	source	for	bacter�a,	and	can	also	
be	used	as	a	carbon	skeleton	that	comb�nes	w�th	ammon�a	(NH3)	to	rumen	m�crob�al	
prote�n	synthes�s.

V�tam�n-m�neral	supplementat�on	of	0.1%	�n	concentrate	gave	the	best	effect	
�n	product�v�ty	of	Bal�	cattle	fed	K�ng	grass-based	rat�ons.	Th�s	shows	that	supple-
mentat�on	at	the	level	of	0.1%	p�gnox	�n	the	rat�ons	conta�ned	enough	nutr�ents	and	
balanced.	M�neral	content	of	Zn	�n	concentrate	was	65.09	ppm	(Table	1),	sl�ghtly	
h�gher	than	the	recommendat�on	of	Georg�evsk��	(1982),	�.e.,	40-60	ppm	due	to	d�f-
ferences	�n	cattle	breeds	used.	

Conclus�ons	

V�tam�n-m�neral	supplementat�on	at	0.1	to	0.3%	�n	rat�ons	based	on	K�ng	grass	
can	�ncrease	depos�t�on	of	nutr�ents,	energy	retent�on,	feed	convert�on	rat�o,	and	l�ve	
we�gh	ga�n	of	Bal�	cattle	steers.	Based	on	regress�on	analys�s,		the	opt�mum	level	of	
v�tam�n-m�nerals	supplementat�on	�n	concentrate	was	0.16%.
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Abstract	

The aim of this study was to evaluate the use of feed supplement containing 
Ganoderma lucidum (GL), orgCr (organic Chromium) and CLA (Conjugated linoleic 
acid) from roasted soy bean by measurement of performance and milk quality of 
the lactating dairy cow. Two experiments were carried out in different time based 
on randomized block design. The first experiment used nine of the lactating dairy 
cow that consume three rations: R0: control; R1: R0 + GL; R2: R0 + GL + orgCr. 
The second experiment used twelve of the lactating dairy cow that consume four 
rations: P0: control; P1: P0 + GL + CLA; P2: P0 + CLA + orgCr; P3: P0 + GL 
+ CLA + orgCr. The parameters for cow performance were consumption, average 
of daily gain, digestibility and milk production; while milk quality were protein, fat 
and total solid of milk. The first experiment results were the use of R2 increased 
as much two times of average of daily gain, 16% of milk production and 22% of 
milk fat. The second experiment results were P1 significantly increased 13% of the 
consumption and 18% of digestibility (P<0.05). The highest of milk production 4% 
FCM (9.09 kg/d) was achieved by consume P3 in which milk fat, protein and total 
solid significantly increased 29%, 21% and 7%, respectively from control (P<0.05). 
As conclusion, the performance and milk quality of the lactating dairy cow could be 
improved by addition of feed supplement containing Ganoderma lucidum, organic 
Chromium and roasted soybean as a source of CLA.

Keywords: chromium, CLA, dairy cow, Ganoderma lucidum, milk 
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Introduct�on

Good	 management	 of	 rear�ng	 the	 lactat�ng	 da�ry	 cow	 �s	 an	 �mportant	 step	
for	cont�nu�ty	farm	to	meet	h�gh	qual�ty	product.	The	an�mal	�n	th�s	per�od	should	
get	 adequate	 feed	 to	 fulf�ll	 the	 requ�rement.	There	 are	 some	 cond�t�ons	 affect	 to	
the	quant�ty	and	qual�ty	of	m�lk	product�on	such	as	low	qual�ty	and	ava�lab�l�ty	of	
forages,	�nsuff�c�ent	amount	and	qual�ty	of	concentrate,	and	the	cl�mate	change.	To	
ma�nta�n	the	stab�l�ty	of	�ts	product�on,	there	�s	one	alternat�ve	way	such	as	feed�ng	
management	control	by	g�v�ng	the	feed	supplement	�n	certa�n	c�rcumstances	l�ke	�n	
trans�t�on	and	lactat�on	per�ods.	Feed	supplement	should	be	appropr�ate	to	�ts	funct�on	
�n	an�mal	body.	One	of	feed	supplement	wh�ch	popular	for	human	�s	fru�t�ng	body	
of	Ganoderma lucidum	mushroom.	Th�s	mushroom	hav�ng	h�gh	capab�l�ty	as	one	
of	pharmacolog�cal	substances	l�ke	�mmunomodulator	due	to	conta�n�ng	ganoder�c	
acid, triterpenoid, β-D-glucan, etc, that function to improve the immunity system of 
human	(J�n, 2000; Sjabana, 2001).J�n,	2000;	Sjabana, 2001).Sjabana,	2001).2001).).		

In	our	prev�ous	research,	when	sheep	consumed	15-30%	of	G. lucidum	mycel�-
um	for	one	month,	blood	lymphocyte	�ncreased	around	24%	compared	than	control,	
consumpt�on	of	dry	matter,	 organ�c	matter	 and	n�trogen	 retent�on	 also	 �ncreased,	
but	the	average	of	body	we�ght	ga�n	decrease	by	�ncreas�ng	of	mycel�um	�n	rat�ons	
(Am�rroenas	 et al.,	 2002).	 Based	 on	 those	 results,	 �n	 th�s	 research	 the	 use	 of	 G. 
lucidum		as	feed	supplement	was	enr�ched	by	add�t�on	of	organ�c	Chrom�um.	More-
over,	source	of	CLA	(conjugated linoleic acid)	wh�ch	made	from	roasted	soy	bean	
was	added	also	to	the	supplement	for	�mprov�ng	the	an�mal	product�v�ty.	The	a�m	of	
these	researches	were	to	evaluate	the	use	of	feed	supplement	conta�n�ng	Ganoderma 
lucidum (GL),	orgCr	(organ�c	Chrom�um)	and/or	CLA	through	measurement	of	per-
formance	and	m�lk	qual�ty	of	the	lactat�ng	da�ry	cow.

Mater�als	and	Methods

Two	exper�ments	were	carr�ed	out	�n	d�fferent	t�me	wh�ch	each	of	exper�ment	
used	random�zed	block	des�gn	for	8	weeks.	Both	of	exper�ments	used	s�m�lar	type	
of	da�ry	cow	�n	d�fferent	number.		In	the	f�rst	exper�ment,	n�ne	of	the	lactat�ng	da�ry	
cow	w�th	body	we�ght	average	392.74	+	22.7	kg	and	3–9	l�ter	m�lk	product�on	per	
day	were	used,	and	�n	the	second	exper�ment,	twelve	of	the	lactat�ng	da�ry	cow	w�th	
body	we�ght	average	380-450	kg	and	3–16	kg	m�lk	product�on	day	were	used.	

In	da�ly	rear�ng,	the	cow	g�ven	the	basal	rat�on	that	su�table	to	the�r	lactat�on	
per�ods.	Both	of	the	exper�ments	used	supplement	substances	such	as	the	fru�t�ng	
body	of Ganoderma lucidum	and	organ�c	Chrom�um	(orgCr),	wh�le	CLA	(conju-
gated linoleic acid)	was	used	�n	the	second	exper�ment	only.	There	were	two	k�nds	
of	substrate	that	used	for	produc�ng	of	organ�c	Chrom�um	(orgCr).	To	produce	orgCr	
�n	the	f�rst	exper�ment,	an-organ�c	Chrom�um	was	�ncorporated	�nto	r�ce	straw	as	a	
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substrate	�n	fermentat�on	process	us�ng Ganoderma lucidum,	wh�le	another	orgCr	�n	
the	second	exper�ment	was	produced	by	s�m�lar	way	w�th	soy	bean	as	a	substrate	�n	
fermentat�on	process	us�ng Rhizopus sp.	For	the	second	exper�ment,	source	of	CLA	
was	obta�ned	by	dry	fry�ng	the	soy	bean	�n	15	m�nutes.		All	of	supplement	substances	
were	added	to	the	lactat�ng	da�ry	cow	rat�ons	w�th	compos�t�on	as	below,	R0=	basal	
rat�on	as	a	control;	R1=	R0	+	Ganoderma lucidum (GL);	R2=	R0	+	GL	+	orgCr,	for	
the	f�rst	exper�ment,	and		P0=	basal	rat�on	as	a	control;	P1=	P0	+	GL	+	CLA;	P2=	
P0	+	CLA	+	orgCr;	P3=	P0	+	GL	+	CLA	+	orgCr,	for	the	second	exper�ment.	Doses	
of	supplement	substances	were	GL	100	ppm/day,	orgCr	3	ppm/kg	DM	rat�on,	and	
CLA	5%	of	rat�on	total	fat.	All	rat�ons	fulf�lled	the	requ�rement	of	14%	crude	pro-
te�n	and	67%	TDN	for	the	lactat�ng	da�ry	cow,	where	rat�o	of	concentrate	and	forage	
was	50:50.	For	both	of	exper�ments,	two	k�nds	of	parameter	were	measured	such	as	
performance	that	cons�sted	of	dry	matter	consumpt�on	(DMC),	average	of	da�ly	ga�n	
(only	�n	the	f�rst	exper�ment),	dry	matter	d�gest�b�l�ty	(DMD)	and	m�lk	product�on.	
The	other	parameter	was	m�lk	qual�ty	that	cons�sted	of	prote�n,	fat,	total	sol�d	and	
sol�d	non	fat.	The	results	data	of	exper�ment	were	analyzed	by	ANOVA	of	random-
�zed	block	des�gn	and	Duncan’s	test	(Steel	and	Torr�e,	1993).

Results	and	D�scuss�on

The	results	of	feed	supplement	effect	of	rat�on	conta�n�ng	G. lucidum (GL), 
orgCr	and	CLA to	the	performance	and	m�lk	qual�ty	of	the	lactat�ng	da�ry	cows	�n	
d�fference	t�me	of	exper�ment	were	wr�tten	�n	Table	1.	In	the	f�rst	exper�ment,	add�-
t�on	of	GL	and	also	orgCr	(R1	and	R2)	showed	no	d�fferent	effect	to	dry	matter	con-
sumpt�on	(DMC)	and	dry	matter	d�gest�b�l�ty	(DMD),	but		s�gn�f�cantly	�ncreased	
around	13%		of	DMC	and	18%	of	DMD	when	roasted	soy	bean	were	added	to	the	
supplements	(P1	and	P2)	(P<0.05).	L�nole�c	ac�d	from	soy	bean	can	be	used	as	a	
precursor	of	CLA	�n	the	rumen.	Or-Rash�d	et al.	(2011)	reported	that	the	major	�so-
mer	of	CLA	synthes�zed	from	l�nole�c	ac�d	was	9c11t-CLA	�somer	and	the	second	
largest	was	10t12c	produced	predom�nantly	by	the	bacter�al	suspens�on	(12	hours	
of	 �ncubat�on	 �n	 rumen).	 Bacter�a	 and	 protozoa	 can	 hydrogen�ze	 CLA	 �somer	 of	
stear�c	ac�d	(18:0)	through	the	reduct�on	of	18:1	�somers.	However,	l�p�ds	�nclud�ng	
polyunsaturated	fatty	ac�ds	(PUFA)	that	present	�n	rum�nant	forage/rat�on	undergo	
extens�ve	hydrolys�s	and	b�ohydrogenat�on	�n	the	rumen.	Hence,	�n	the	presence	of	
PUFA at 50 μg ml−1	�nh�b�ted	grow	of	cellulolyt�c	bacter�a.	Tox�c�ty	to	growth	was	
ranked	EPA	(e�cosapentaeno�c	ac�d)	>	DHA	(docosahexaeno�c	ac�d)	>	LNA(alpha	
l�nolen�c	ac�d)	>	LA	(l�nole�c	ac�d)	(Ma�a	et al.,	2007).	Increas�ng	of	d�gest�b�l�ty	
was	correspond�ng	to	�ncreas�ng	of	the	consumpt�on.	In	add�t�on	of	CLA	together	
w�th	orgCr	and	G. lucidum	�n	P2	and	P3,	there	were	occurred	sl�ght	decreas�ng	of	
d�gest�b�l�ty	also	consumpt�on.

In	 the	 f�rst	exper�ment,	 there	was	 two	 t�mes	 �ncreas�ng	of	 the	average	da�ly	



525Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

ga�n	 when	 da�ry	 cows	 consumed	 R2.	Th�s	 �ncreas�ng	 m�ght	 affected	 by	 add�t�on	
of	chrom�um	(Cr)	to	the	supplement.	As	a	Glucose tolerance factor (GTF),	Cr	w�ll	
�nteract	to	�nsul�n	and	cell	receptor,	then	�nduce	glucose	enter	cell,	after	that		change	
to	energy	then	used	for	prote�n	synthes�s,	ma�nta�n�ng	cell	and	growth	of	t�ssue	�n	
the	body	(V�ncent	and	Dav�es,	1997).		

There	was	no	d�fferent	effect	of	GL	add�t�on	(R1)	�n	the	rat�on	to	m�lk	produc-
t�on	and	m�lk	product�on	 �n	4%	FCM	than	control,	but	 �ncreas�ng	percentages	of	
those	m�lk	parameters	were	occurred	�n	add�t�on	of	orgCr	�n	R2	as	much	16%	and	
30%,	respect�vely.	These	results	were	more	�ncrease	�n	the	second	exper�ment	by	
add�t�on	of	orgCr	and	CLA	�n	P1	(72%	and	80%),	P2	(85%	and	102%)	and	P3	(91%	
and	112%),	and	also	were	h�gher	than	Adaw�ah (2006)	when	used	s�m�lar	amount	
of	roasted	soy	bean	as	a	source	of	CLA	�n	the	rat�on,	and	found	�ncreas�ng	of	m�lk	
product�on	and	product�on	of	4%	FCM	on	da�ry	cow	were	14.96%	and	17.79%,	
respect�vely	than	control.	

In	 case	 of	 m�lk	 qual�ty	 espec�ally	 �n	 sol�d	 non	 fat	 for	 both	 of	 exper�ments,	
there	were	no	d�fferent	effect,	also	�n	m�lk	prote�n	and	total	sol�d	(R1	and	R2),	but	
�ncreased	by	add�t�on	of	orgCr	 (P2	and	P3).	M�lk	prote�n	and	sol�d	non	 fat	 from	
the	f�rst	exper�ment	were	su�table	to	SNI	01-3141-1998	(2.7%	and	8.0%),	but	the�r	
percentages	were	h�gher	 �n	 the	 second	exper�ment.	 Increas�ng	of	m�lk	prote�n	of	

Table1.	Effect	of	the	feed	supplement	conta�n�ng	Ganoderic lucidum,	organ�c	Chrom�um	
and	CLA	to	performance	and	m�lk	qual�ty	of	the	lactat�ng	da�ry	cow

Parameters The	F�rst	Exper�ment The	Second	Exper�ment

R0 R1 R2 P0 P1 P2 P3

Performance:

Consumpt�on	
(kg/d)

14.60±0.46 14.31±0.60 14.65±0.33 		7.44±0.32c 		8.45±0.69a 		8.35±0.43a 		7.87±0.65b

D�gest�b�l�ty	(%) 75.10±0.8 78.80±1.0 78.20±0.5 49.40±0.5c 58.20±0.8a 57.80±0.5a 55.20±0.7b

Avg	of	da�ly	
ga�n	(kg/d)

-0.03±0.48 -0.11±0.30 		0.03±0.34 - - - -

M�lk	pro-
duct�on	(l/d)

		5.43±1.93 		5.28±3.08 		6.30±4.24 		3.97±2.12 		6.81±4.20 		7.34±5.14 		7.60±2.38

M�lk	pro-
duct�on	4%	
FCM	(kg/d)

		5.20±1.77 		5.41±2.41 		6.74±4.43 		4.28±2.01 		7.72±4.81 		8.65±6.00 		9.09±2.83

M�lk	Qual�ty:

Prote�n	(%) 		2.90±0.60 		2.50±0.30 		2.70±0.10 		3.40±0.60b 		3.80±0.20a 		4.00±0.10a 		4.10±0.50a

Fat	(%) 		3.70±0.60 		4.50±1.00 		4.60±0.20 		4.10±0.20b 		4.80±0.30b 		5.20±0.10a 		5.30±0.90a

Total	Sol�d	(%) 12.00±0.80 12.30±1.00 12.60±0.20 12.40±0.80b 12.80±0.30b 13.10±0.40a 13.30±0.80a

SNF	(%) 		8.20±0.30 		7.70±0.20 		8.00±0.10 		8.30±0.90 		8.00±0.30 		7.90±0.40 		8.00±0.60

D�fferent	superscr�pt	�n	the	same	l�ne	means	s�gn�f�cantly	d�fferent	(P<0.05).
R0=	basal	rat�on	as	control;	R1=	R0	+	Ganoderma	luc�dum	(GL);	R2=	R0	+	GL	+	orgCr;	
P0=	control;	P1=	P0	+	GL	+	CLA;	P2=	P0	+	CLA	+	orgCr;	P3=	P0	+	GL	+	CLA	+	orgCr
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P1,	P2	and	P3	were	11.8,	17.6	and	20.6%,	respect�vely.	Those	results	�n	th�s	exper�-
ment	were	h�gher	than	11.44%	when	used	the	s�m�lar	amount	of	roasted	soy	bean	
(Adaw�ah,	2006).

	In	both	of	exper�ments,	m�lk	fat	showed	h�gher	than	SNI	(3.0%).	The	add�-
t�on	of	GL	and	orgCr	�ncreased	the	m�lk	fat	�n	R1	(21%)	and	R2	(22%)	than	control	
(R0),	and	were	h�gher	when	added	by	orgCr	and	CLA	�n	P1	(17%),	P2	(27%)	and	
P3	(29%)	than	control	(P0).	In	th�s	case,	those	results	also	were	h�gher	than	18.54%	
that	found	by	Adaw�ah	(2006).	There	are	two	substances	affect	to	the	qual�ty	of	m�lk	
�.e.	orgCr	and	source	of	CLA.	Cr	caused	�ncreas�ng	of	nutr�ent	flow	rate	from	the	
blood	to	the	cell,	ava�lab�l�ty	of	substrate	for	m�lk	product�on	also	�ncrease	by	add�-
t�on	of	orgCr	and	then	fac�l�tate	the	�nsul�n	to	act�vate	some	enzyme	for	synthes�ze	
of	m�lk	component		(Pechova and Pavlata, 2007; Mertz, 1977). Add�t�on of roastedPechova	and	Pavlata,	2007;	Mertz,	1977).	Add�t�on	of	roasted	
soy	 bean	 as	 CLA	 source	 �n	 the	 rat�on,	 support	 �ncreas�ng	 of	 prote�n	 and	 energy	
sources.		By	roasted	process	m�ght	protect	the	soy	bean	from	degradat�on	by	rumen	
m�crobes	then	absorbed	�n	the	d�gest�ve	tract	post	rumen	and	transfer	the	nutr�ents	
for	m�lk	synthes�ze	(Adaw�ah,	2006).	From those phenomenon’s suggest�ng the useFrom	those	phenomenon’s	suggest�ng	the	use	
G. lucidum	as	a	supplement	should	be	added	by	orgCr	and/or	CLA	to	�ncrease	the	
m�lk	product�on.

Conclus�ons

The	 conclus�on	 of	 two	 exper�ments	 were	 the	 feed	 supplement	 conta�n�ng	
Ganoderma lucidum	should	added	by	the	organ�c	Chrom�um-Tempeh	and	roasted	
soy	bean	as	source	of	CLA	(conjugated linoleic acid)	 	 to	ach�eve	 the	h�ghest	 	of	
performance	and	m�lk	qual�ty	on	the	lactat�ng	da�ry	cow.
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Abstract

The present study was undertaken to identify the factors that influence 
biosecurity adoption on laying hen farmers. Sidrap district, South Sulawesi province 
was chosen as the place for the research because beside it was famous as the center 
of laying hen farms, it also became one of six districts in South Sulawesi which 
suffered from Avian influenza outbreak in 2005. Total sample were 60 respondents. 
The sample were choosen through random sampling from two subdistricts which 
were the most populous of layer smallholders, namely Baranti and Maritengngae. 
Data were obtained through observations and interviews using a questionnaire. 
Data were analyzed using a score based on biosecurity status. Biosecurity status 
was obtained based on the adoption of  biosecurity measures which consisted of 9 
stages: farm inputs, traffic onto farms, distance from sources of pathogens to shed, 
exposure of farm, biosecurity at farm boundary, biosecurity between farm boundary 
and shed, biosecurity at the shed door, traffic into the shed and susceptibility of 
the flock. Multiple regression model was employed to analyse the data. The study 
revealed that the adoption biosecurity were associated with gender, age, education, 
farming experience, farm-income, family size and social capital. These variables 
contributed 20.00% variation in biosecurity adoption on laying hen farmers. 
However, only farm income, family size and social capital were the major factors 
affecting to the adoption of biosecurity (P < 0.05). 

Keywords: adoption, biosecurity, farmers, laying hen

Introduct�on

Lay�ng	hen	�s	one	of	an�mal	prote�n	sources	�n	the	form	of	meat	and	egg.	The	
Indones�an	government	has	�mplemented	var�ous	programs	to	�ncrease	the	produc-
t�on	of	ch�cken	to	fulf�ll	the	demand	for	meat	and	egg	wh�ch	always	�ncrease	�n	rela-
t�on	to	the	populat�on	growth.	However,	the	�mplementat�on	of	the	program	faces	
problems,	one	of	them	�s	Av�an	�nfluenza	outbreak.	To	overcome	these	problems,	
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b�osecur�ty	measures	has	been	declared	to	be	appl�ed	to	poultry	farms	�n	all	prov-
�nces	�n	Indones�a.

B�osecur�ty	�s	the	key	of	the	poultry	�ndustry	�n	prevent�ng	the	spread	of	d�sease	
and	�nfect�ons.	B�osecur�ty	�s	made	up	of	three	components:	segregat�on,	clean�ng	
and	 d�s�nfect�on	 (FAO,	 2008).	Adopt�on	 �s	 a	 a	 mental	 process	 through	 wh�ch	 an	
�nd�v�dual	passes	from	hear�ng	about	an	�nnovat�on	to	�ts	adopt�on	(Rogers,	1962	
�n	Kark�	and	Bauer,	2004).	There	are	f�ve	of	adopt�on	stages	namely:	awareness,	
�nterest,	 evaluat�on,	 tr�al	 and	 error,	 and	 the	 last	 �s	 adopt�on	 (Ban	 and	 Hawk�ns,	
1999).	

There	are	number	of	factors	that	�nfluence	the	extent	of	adopt�on	of	technology,	
such	as	character�st�cs	of	attr�butes	of	technology,	the	adopters	or	cl�entele,	wh�ch	�s	
the	object	of	change,	the	change	agent	(extens�on	worker,	profess�onals,	etc);	and	the	
soc�o-econom�c,	b�olog�cal	and	phys�cal	env�ronment	�n	wh�ch	the	technology	take	
place	(Cruz,	1987	c�ted	by	Ch�	and	Yamada,	2002).	Eze	and	Okudu	(2008)	stated	
that	 farm	 �ncome,	 stock	 and	 educat�onal	 levels	were	 the	most	 valuable	var�ables	
determ�n�ng	 the	poultry	 farmers	 technology	adopt�on	potent�al.	The	class�f�cat�on	
performance	of	 the	model	was	83.33%.	Olele	 and	Emah	 (2007)	 found	 that	 level	
of	 educt�on,	 age	 of	 farmers,	 farm	 s�ze,	 farm	 �ncome	 and	 extens�on	 contact	 were	
the	major	 determ�nants	 of	 f�sh	product�on	 technolog�es	 adopt�on	 at	 0.05	 level	 of	
s�gn�f�cance.	Teklewold	et al.	(2006)	argued	that	farmers’	dec�s�on	on	adopt�on	of	
poultry	 technology	was	pos�t�vely	affected	by	 sex	of	 the	household	head,	 fam�ly	
s�ze,	ava�lab�l�ty	of	supplementary	feed,	cred�t	and	extens�ons	serv�ce	and	extent	of	
expected	benef�t	from	poultry	and	negat�vely	affected	by	market	problem.	Munas�b	
and	Jordan	(2011)	concluded	 that	commun�ty	 �nvolvement	had	pos�t�ve	effect	on	
the	dec�s�on	to	adopt	susta�nab�l�ty	agr�cultural	pract�ce,	and	�t	also	had	a	pos�t�ve	
effect	on	the	extent	to	wh�ch	farmers	adopt	these	pract�ces.	Padmaja	and	Bant�lan	
(2008)	 stated	 that	bu�ld	up	 soc�al	 cap�tal	played	an	 �mportant	 role	 �n	 �nfluenc�ng	
�mpacts	from	the	technology	because	of	the	ways	�n	wh�ch	soc�al	network	and	soc�al	
relat�onsh�p	fac�l�tated	technology	d�sem�nat�on.

S�drap	d�str�ct	�s	famous	as	the	most	populous	of	layer	farms	�n	South	Sulawes�	
prov�nce.	Total	layer	smallholders	were	1,334	w�th	the	populat�on	were	3,439,556	
ch�ckens	(D�nas	Peternakan	Kabupaten	S�denreng	Rappang,	2011).	In	2005,	S�drap	
d�str�ct	became	one	of	s�x	d�str�cts	�n	South	Sulawes�	prov�nce	wh�ch	suffer	from	
Av�an	�nfluenza	outbreak	and	affects	to	several	loss	from	the�r	layer	farms	(Kr�stant�,	
2009).	Th�s	 survey	 was	 conducted	 �n	 S�drap	 d�str�ct	 South	 Sulawes�	 prov�nce	 to	
know	factors	affect�ng	adopt�on	of	b�osecur�ty	measures	on	lay�ng	hen	farmers.

Mater�als	and	Methods

In	th�s	paper,	the	mult�ple	regress�on	model	was	used	to	determ�ne	the	factors	
�nfluenc�ng	 the	adopt�on	of	b�osecur�ty	on	 lay�ng	hen	 farmers.	The	adopt�on	 level	
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was	calculated	from	Farm	B�osecur�ty	Status	Score	(FBSS)	adopted	from	Patr�ck	and	Jubb	
(2010).	The	dependent	 var�able	was	 the	 adopt�on	 �ndex	wh�ch	was	 exspressed	 as	
a	percentage	of	adopt�on	level	measures	out	of	a	spec�f�c	max�mum	of	b�oseur�ty	
measures	(Rahman,	2007).	The	emp�r�cal	model	was	spec�f�ed	as: 
Yi= βo + β1GENDERi + β2AGEi + β3EDUCi  + β4EXPRi + β5SOCAPi + 

β6FAMSIZEi + β7FARMINCi + εi

•	 Y�	was	the	dependent	var�able.	It	was	expressed	as	a	percentage	of		b�osecur�ty	
measures	 adopted	 out	 of	 9	 r�sk	 stages.	The	 �ndependent	 var�ables	 used	 �n	 the	
model	w�th	the�r	expected	s�gns	are	presented	below:	

•	 GENDER:	was	expressed	as	a	b�nary	var�able	w�th	1	�f	the	farmer	was	male,	0	
otherw�se.	Expected	s�gn	for	gender	was	amb�guous.

•	 AGE:	was	expressed	as	the	length	of	the�r	l�fe	(year).	Age	was	assumed	to	have	
negat�ve	effect	on	adopt�on.

•	 EDUC:	was	expressed	as	the	per�ode	of	farmers	have	formal	educat�on	(year).	
Educat�on	was	hypothes�zed	to	have	a	pos�t�ve	effect	on	adopt�on.

•	 EXPR:	was	expressed	as	the	length	of	farmers	took	care	of	the�r	poultry	(year),	
exper�ence	was	assumed	to	have	a	pos�t�ve	effect	on	adopt�on.

•	 SOCAP:	 was	 expressed	 as	 farmers’	 trust	 w�th	 the�r	 commun�ty	 (score),	 soc�al	
cap�tal	was	assumed	to	have	a	pos�t�ve	effect	on	adopt�on.

•	 FAMSIZE:	was	expressed	as	number	of	fam�ly	of	farmers	(person),	fam�ly	was		
assumed	to	have	a	pos�t�ve	effect	on	adopt�on.

•	 FARMINC:	was	expressed	as	amount	of	revenue	from	ch�cken	and	egg	sell�ng,	
�ncome	was	assumed	to	have	a	pos�t�ve	effect	on	adopt�on.

Total	sample	were	60.	Ten	percent	(10%)	of	 the	sample	were	choosen	from	
two	subd�str�cts	w�th	the	most	populous	layer	smallholders,	namely	Mar�tengngae	
and	Barant�	subd�str�cts	wh�ch	had	total	populat�on	of	600	layer	farmers.	The	sur-
vey	was	conducted	by	tra�ned	enumerators	�n	2010.	A	pre-test	quest�onna�re	w�th	
closed-ended	quest�ons	was	used	to	capture	�nformat�on	from	lay�ng	hen	farmers	on	
soc�o-econom�c	character�st�cs	such	as	farmers	character�st�cs,	the	farm,	and	adop-
t�on	of	b�osecur�ty	measures	�nclud�ng	9	stages.	The	mult�ple	regress�on	model	were	
est�mated	us�ng	SPSS	vers�on	16.

Results	and	D�scuss�on

Adoption index
Adopt�on	�ndex	was	expressed	as	a	percentage	of	measures	out	of	a	spec�f�c	

max�mum	of	b�oseur�ty	measures.	The	research	revealed	that	the	most	h�ghly	adopted	
of	b�osecur�ty	measures	was	traff�c	onto	the	farm	(75.2%).	Wh�le	the	least	adopted	
of	b�osecur�ty	measures	was	b�osecur�ty	at	farm	gate	(42.1%).	The	mean	adopt�on	
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�ndex	was	63.4%,	�mpl�es	that	6	out	of	10	lay�ng	hen	farmers	had	adopted	b�osecur�ty	
measures.	Th�s	�ndex	was	h�gher	than	that	of	Musaba	(2010)	and	Rachman	(2007)	
f�nd�ngs	wh�ch	was	56.0%	and	55.87%	respect�vely.

Results of the multiple regression analysis
The	mult�ple	regress�on	analys�s	was	performed	to	know	factors	that	affect	the		

adopt�on	of	b�osecur�ty	measures	by	lay�ng	hen	farmers.		The	result	of	the	regress�on	
analys�s	was	presented	�n	Table	1.

The	 coeff�c�ent	 of	 determ�nat�on	 (adjusted	 R-square	 =	 0.20)	 �nd�cated	 that	
20.0%	var�at�on	�n	the	overall	adopt�on	�ndex	of	b�osecur�ty	measures	could	be	ex-
pla�ned	by	seven	�ndependent	var�ables	�ncluded	�n	the	model.	The	results		�n	Tabel	
1	showed	all	the	coeff�c�ents	have	the	expected	s�gns,	except	educat�on	and	fam�ly	
s�ze.	Only	those	coeff�c�ents	assoc�ated	w�th	stat�st�cally	s�gn�f�cant	var�ables	at	the	
5-percent	level	were	d�scussed.

The	coeff�c�ent	of	farm	�ncome	was	found	to	be	s�gn�f�cant	(P	<	0.05)	and	pos�-
t�vely	related	to	adopt�on	level.	Controll�ng	other	factors,	the	coeff�c�ent	was	2.35.	
Th�s	mean	 that	 the	add�t�on	 farm	 �ncome	by	Rp	1,-	would	 �ncreased	adopt�on	of		
b�osecur�ty	by	2.35%.	Th�s	f�nd�ngs	were		accordance	w�th	those	of	Eze	and	Okudu	
(2008),	Olele	and	Emah	(2007),	and	Suprad�t	et	al.	(2006).

The	coeff�c�ent	for	fam�ly	s�ze	was	found	to	be	s�gn�f�cant	(P	<	0.05)	and	nega-
t�vely	 related	 to	adopt�on	 level.	Controll�ng	 for	other	 factors,	 the	coeff�c�ent	was	
-2.78.	Th�s	mean	that	 the	add�t�on	of	1	person	of	a	fam�ly,	would	reduced	2.78%		
adopt�on	rate	of	b�osecur�ty.		A	negat�ve	s�gn	for	fam�ly	s�ze	suggested	that	adopt�on	
was	h�gher	among	smaller	fam�ly	s�ze.	Th�s	m�ght	because	larger	fam�ly	s�ze	would	
�ncrease	the	spread	of	d�sease	than	the	small	ones.	As	�t	was	known	that	human	ac-

Table	1.	Mult�ple	regress�on	analys�s	of	factors	affect�ng	to	adopt�on	of	b�osecur�ty	measures	
on	lay�ng	hen	farmers

Var�ables Standar�zed	
coeff�c�ents Standar	Error 				T-value S�g

Constant 	46.53 16.99 				2.74* 0.01
Gender 			0.20 6.30 		1.61 0.11
Age 	-	0.27 0.12 -	1.91 0.06
Educat�on 		-	0.01 0.33 -	0.02 0.99
Exper�ence 				0.20 0.22 		1.68 0.10
Farm	�ncome 			0.33 0.00 				2.35* 0.02
Fam�ly	s�ze 	-	0.34 0.89 		-	2.78* 0.01
Soc�al	cap�tal 			0.26 0.22 				2.18* 0.03

Adjusted	R2=	0.20;	F=	3.16*;	N=	60;	*	s�gn�f�cance	level	at	5%.
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t�v�t�es	were	the	ma�n	route	for	the	spread	of	the	v�rus	(Ble�ch	et al.,	2009).	It	was	
�mpl�ed	that	the	less	the	people	entered	the	farm,	the	less	the	spread	of	the	v�rus.	Th�s	
results	contrast	w�th	that	of		Teklewold	et al.	(2006).

Soc�al	cap�tal	has	a	s�gn�f�cant	(P	<	0.05)	pos�t�ve	effect	on	adopt�on	of	b�ose-
cur�ty	measures.	Controll�ng	for	other	factors,	the	coeff�c�ent	was	2.18.	Th�s	enta�ls	
that	 �ncreased	soc�al	cap�tal	by	1%,	can	lead	to	�ncreased	adopt�on	of	b�osecur�ty	
measures	by	2.18%.	Th�s	f�nd�ngs	were		accordance	w�th	those	of	Munas�b	and	Jor-
dan	(2011)	and	Padmaja	and	Bant�lan	(2008).	

Conclus�ons

Econometer�c	analys�s	us�ng	mult�ple	regress�on	model	showed	that	b�osecu-
r�ty	adopt�on	was	pos�t�vely	affected	by	farm	�ncome	and	soc�al	cap�tal,	however		
negat�vely	affected	by	fam�ly	s�ze	(P	<	0.05).	The	other	factors	namely	gender,	age,	
educat�on	and	farm	exper�ence		had	no	s�gn�f�cant	effect	on	adopt�on	of	b�osecur�ty	
measures	�n	the	study	area.
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Abstract

The general objective of the research is to describe and analyze implementation 
of adopted artificial insemination (AI) innovation on slaughter cattle’s farmers. 
Specifically, is to describe and analyze the perception of slaughter cattle’s farmers 
on AI. The locations of the research are Geger District of Bangkalan Regency and 
Mantup District of Lamongan Regency in East Java Province and Penebel District 
of Tabanan Regency in Bali Province. This research was designed as a correlation 
descriptive survey by both quantitative and qualitative approach. The number of 
sample is 240 respondents -who are the acceptors of AI- and by approach of purposive 
sampling method. Data collection was completed with questionnaires, interview 
and field observation. Kruskal-Wallis Test and U Mann-Whitney Test were applied 
to analyze the data sample. The result of the research showed that  the perception 
of the farmers on most of AI’s aspects are significantly different among locations of 
the research, with the exception of the phenotype (physical appearance) of breed 
cattle and the artificial insemination services by inseminators. To be suggested that 
socialization or extension on AI should be conducted by different approaches to fit 
the characteristic of internal and external and AI’s perception of the farmers.

Keywords: perception, artificial insemination

Introduct�on

Art�f�c�al	�nsem�nat�on	(AI)	had	been	�ntroduced	to	Indones�a	s�nce	year	1950s.	
The	 technology	have	been	 tested	 and	 appl�ed	w�dely	 �n	year	1969,	 however,	 the	
pol�cy	of	�mplementat�on	just	have	f�rst	been	enforced	by	Indones�an	government		
on	year	1976.	At	that	t�me,	the	�mplementat�on	of	AI		was	meant	to	�mprove	da�ry	
and	beef	cattle’s	product�on	and	product�v�ty.	

Art�f�c�al	 �nsem�nat�on	 as	 a	 reproduct�on	 technology	 was	 an	 �nstrument	 to	
ach�eve	breed�ng	goal.	Accord�ng	to	Gordon	(2004),	the	AI	were	a	proven	technology	
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and	 became	 the	 most	 appl�cable	 and	 �mportant	 reproduct�on	 technology	 s�nce	
twent�eth	 decade.	 It	 was	 so	 because	 the	AI	 technology	 was	 relat�vely	 affordable	
and	appl�cable.	Accord�ng	to	Skjervold	(1982),	dur�ng	the	last	two	decade,	the	AI	
technology	had	become	the	most	�mportant	breed�ng	techn�que	and	th�s	techn�que	
has	g�ven	a	new	d�mens�on	to	cattle	breed�ng	act�v�ty.	In	general,	the	AI	was	a�med	
at:	1)	to	�mprove	genet�c	qual�ty	of	offspr�ng;	2)	to	faster	the	d�str�but�on	of	h�gh	
breed	gene	among	�ts	offspr�ng;	and	3)	to	�mprove	eff�c�ency	of	h�gh	performance	
bull	ut�l�zat�on	(Foote	1981;	Gordon	2004).	

The	AI	technology	have	replaced	natural	mat�ng	method	wh�ch	were	appl�ed	
by	the	farmers	for	centur�es.	Natural	mat�ng	method	have	became	a	major	part	of	
soc�al	and	culture	of	Indones�an	farmer.	Therefore,	the	farmer	responses	to	the	AI	
technology	transformat�on	process	were	not	as	s�mply.	It	was	�nfluenced	by	several	
factors	and	the	process	took	t�mes.	Accord�ng	L�onberger	and	Gw�n	(1982:5),	fac-
tors	that	�nfluenced	farmer	response	to	an	�ntroduct�on	of	�nnovat�on	were	(1)	�n-
d�v�dual,	(2)	s�tuat�on	and	(3)	character�st�c	of	the	�nnovat�on	factors.	Furthermore,	
the	response	to	each	�nnovat�on	was	d�fferent	between	person	to	person	and	between	
commun�t�es	to	commun�ty,	so	to	�ts	measures	was	also	d�fferent.	So	far,	accord�ng	
to	 van	 den	 Ban	 and	 Hawk�ns	 (1999:140),	 �n	 most	 d�ffus�on	 �nnovat�on	 research,	
only	a	few	concerns	have	been	g�ven	to	a	mass�ve	chang�ng	�n	soc�al	structure	or	
commun�ty’s	way	of	 l�fe.	 Inst�tut�onal	and	commun�ty	chang�ng	were	also	 rarely	
been	�nvest�gated.	In	fact,	such	soc�al	chang�ng	were	very	�mportant,	espec�ally	to	
v�lage	commun�ty.	Accord�ng	to	Rogers	(2003:11),	�nnovat�on	was	an	�dea,	conduct,	
or	object	wh�ch	were	cons�dered	new	to	an	�nd�v�du	or	a	group.	Innovat�on	charac-
ter�st�c,	as	they	meant,	w�ll	expla�n	the	d�fferent	speed	of	the	�nnovat�on	adopt�on	
processed.	The	 �nnovat�on	character�st�cs	were	1)	 relat�ve	advantages,	2)	 compa-
t�b�l�ty,	3)	complex�ty,	4)	tr�alab�l�ty	and	5)	observab�l�ty	(Nasut�on	2002:125).	After	
almost	4	decades	of	the	AI	�ntroduct�on,	phenomena	of	commun�ty	respons	to	the	
technology	were	 st�ll	vary.	The	 farmer	were	grouped	 �nto	AI-	 :1)	m�nded;	2)	ac-
cepted;	3)	tr�ed,	and	4)	rejected.

Research	problem	wh�ch	was	become	focus	of	observat�ons	were	how	the	beef	
cattle	farmer	percept�on	on	AI.	In	general,	object�ves	of	th�s	research	were	to	get		the	
�nformat�on	rate	of	adopt�on	on	AI	�nnovat�on,	part�cularly	to	know:	1)	�nternal	and	
external	character�st�cs	of	beef	cattle	farmer	and	2)	beef	cattle	farmer	percept�on	on	
AI.

Mater�als	and	Methods

The	 research	 were	 desa�gned	 as	 a	 correlat�onal	 descr�pt�ve	 survey	 research	
us�ng	 quant�tat�ve	 and	 qual�tat�ve	 approaches.	 The	 research	 were	 conducted	 �n	
three	regenc�es.	Lamongan	and	Bangkalan	regenc�es	represented	area	of	local	cattle	
breeds	namely	Ongole	cross	(PO)	and	Madura,	respect�vely.	Wh�le,	Tabanan	regency	
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represented	area	of	Indones�an	�nd�genous	cattle	breed	namely	Bal�	Cattle.	Research	
populat�on	were	 taken	 from	all	beef	 cattle	 farmers	of	AI	acceptors	 from	Mantub	
D�str�ct	of	Lamongan	Regency,	Geger	D�str�ct	of	Bangkalan	Regency	and	Penebel	
D�str�ct	of	Tabanan	Regency.	The	total	amount	of	240	farmer	samples	were	taken	
from	the	three	locat�ons	(80	samples	from	each	locat�on).	Pr�mary	data	were	collected	
through	 respondens	 �nterv�ew	 based	 on	 qu�s�ona�re	 that	 have	 been	 prepared	 and	
tested	earl�er	as	well	as	from	other	sources.	Stat�st�cal	data	analyses	were	conducted	
us�ng	1)	descr�pt�ve	stat�st�c	and	2)	Kruskal-Wallis Test	and	U Mann-Whitney	Test	to	
test	the	d�fferent	means	of	samples	(Santoso	2004).

	
Results	and	D�scuss�ons

Internal characteristics of beef cattle farmer
Internal	character�st�cs	of	beef	cattle	farmer	parameters	�ncluded	several	�nd�-

cators	as	shown	�n	Table	1.	Result	of	Kruskal-Wallis Test	of	the	samples	showed	that	
�n	general,	�nternal	character�st�cs	of	beef	cattle	farmer	were	s�gn�f�cantly	d�fferent	
between	d�fferent	locat�ons,	except	for	the	mot�vat�on	to	use	the	AI.	

External characteristics of beef cattle farmer
External	character�st�cs	of	beef	cattle	farmer	parameters	�ncluded	�nd�cator	as	

shown	 �n	Table	2.	Kruskal-Wallis Test	 result	 showed	 that	 �n	general,	 �nd�cator	of	
external	character�st�cs	of	beef	cattle	farmer	were	s�gn�f�cantly	d�fferent	between	the	
locat�ons,	except	for	the	�nformat�on	ava�lab�l�ty.

Beef cattle farmer perception on the AI
Percept�on	of	beef	cattle	farmer	on	the	AI	was	the	means	were	g�ven	to	accept	

or	rejected	the	AI	based	on	process	of	self	observat�on	or	exper�ence	by	�nd�v�dual	
farmer.	The	farmer	percept�on	on	AI	�nnovat�on	�ncluded	techn�cal	(type	of	cattle	
breed,	phys�cal	character�st�cs,	goal	of	breed�ng/AI,		goal	of	breed�ng/AI,		�nsem�na-
tor	serv�ces,		oestrus	symptoms),	soc�o-cultural	(soc�al	norm	system,		cattle	farmer	
�nst�tut�on,	 soc�al	 structure),	 econom�c	 (product�on	 �mprovement	 by	 AI,	 relat�ve	
prof�t)	and	government	regulat�on	(cross,	pure-breed,	cross	and	pure-breed/m�x)	as-
pects	of	beef	cattle	breed�ng.	

Evaluat�on	 results	 on	 the	 rel�ab�l�ty	 percept�ons	 wh�ch	 	 constructed	 all	 the	
�nd�cators	showed	a	coeff�ec�ent	of	VE	=	0.21.	Based	on	the�r	degree	of	probab�l�ty,	
several	percept�on	�nd�cators	were	more	dom�nant	to	form	percept�on	parameters.	
They	were	type	of	cattle	breed	(39%;	R2=0,20),	�nsem�nator	serv�ces	(13%;	R2=0.20),	
oestrus	 symptoms	 (11%;	 R2=0.32),	 soc�al	 structure	 (20%;	 R2=0.32),	 product�on	
�mprovement	 by	 the	AI	 (7%;	R2=0.61),	 relat�ve	prof�t	 (19%;	R2=0.54)	 and	pure-
breed	program	regulat�on	(28%;	R2=0.28).
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Table		1.		Ind�cator	d�str�but�on	of	�nternal	character�st�c	of	beef	cattle	farmer

Internal	character�st�cs Bangkalan Lamongan Tabanan Total

total
(person) % total

(person) % total
(person) % total

(person) %

Farmer	age	(years)
·	young	(25-33) 1 1.3 8 10.0 5 6.3 14 5.8
·	adult	(34-51) 51 63.7 57 71.3 41 51.3 149 62.1
·	older	(52-68) 28 35.0 15 18.7 34 42.4 77 32.1
Farmer	educat�on
·	low	(<f�n�sh	elementary				
school)

79 98.7 53 66.2 45 56.2 177 73.8

·	m�ddle	(f�n�sh	h�gh	school)	 1 1.3 25 31.3 33 41.3 59 24.6
·	h�gh	(f�n�sh	college) 0 0.0 2 2.5 2 2.5 4 1.6
Farmer	exper�ence	of	beef	cattle	
keep�ng	(years)
·	less	exper�enced	(1-11) 9 11.3 21 26.3 10 12.5 40 16.7
·	exper�enced	(12-33) 71 88.7 38 47.5 40 50.0 149 62.1
·	h�ghly	exper�enced	(34-55) 0 0.0 21 26.2 30 37.5 51 21.2
Number	of	cattle	owned	(AU)
·	few	(0.5-1.9) 49 61.3 29 36.2 51 63.7 129 53.8
·	enough	(>1.9-	4.9) 31 38.7 50 62.5 29 36.3 110 45.8
·	many		(>4.9-7.5) 0 0.0 1 1.3 0 0.0 1 0.4
Farmer	or�entat�on	(�ncome)
·	part	t�me	(<30%) 68 85.1 46 57.5 37 46.2 151 62.9
·	branch	of	bus�ness	(30-70%) 9 11.2 12 15.0 31 38.8 52 21.7
·	ma�n	bus�ness	(>70%) 3 3.7 22 27.5 12 15.0 37 15.4
AI	mot�vat�on	used
·	external	factor	(extr�ncs�c) 47 58.7 42 52.5 56 70.0 145 60.4
·	self	mot�vat�on	(�ntr�ncs�c) 33 41.3 38 47.5 24 30.0 95 39.6
Membersh�p	of	AI	group
·	non	member 68 85.0 78 97.4 80 100 226 94.2
·	member/comm�ttee 12 15.0 2 2.6 0 0.0 14 5.8
Degree	of	cosmopol�tan	(freq/
month)
·	low	(0-2) 43 53.0 34 42.4 76 95.0 153 63.6
·	m�ld	(3-8) 37 47.0 32 40.1 4 5.0 73 30.6
·	h�gh	(9-12) 0 0.0 14 17.5 0 0.0 14 5.8
Income	from	sell�ng	cattle	(m�o.
rup�ah/year)
·	low	(<8.6) 78 97.5 55 68.7 65 81.3 198 82.5
·	m�ddle	(8.6-25.7) 2 2.5 21 26.2 15 18.7 38 15.8
·	h�gh	(>25.7-42.9) 0 0.0 4 5.1 0 0.0 4 1.7
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Based	on	 	Kruskal-Wallis	 test,	 the	 results	 showed	 that	 there	was	 s�gn�f�cant	
d�fferent	of	farmer	percept�on	among	locat�on	except	for	the	�nd�cators	of	phys�cal	
character�st�c	of	cattle	replacement	stock	and	�nsem�nator	serv�ces.	To		know	wh�ch	
locat�on	were	d�fferent	from	others,	Mann Whitney U test	have	been	conducted.	The	
test		were	run	between	Bangkalan	and	Lamongan	regency,	Bangkalan	and	Tabanan	
regency	 as	 well	 as	 Lamongan	 and	 Tabanan	 regency.	 The	 result	 showed	 that	 the	
percept�on	of	the	farmer	among	locat�on	were	s�gn�f�cantly	d�fferent	about	the	AI.	

On	 phys�cal	 character�st�c	 of	 cattle	 breed,	 the	 result	 showed	 that	 71.2%	 of	
respondents	at	least	agreed	that	the	cattle	breed	should	have	great	body	score	w�th	
great	phys�cal	performance	and	84.6%	respondens	agreed	that	the	cattle	should	have	
�deal	or	propors�onal	body	cond�t�on.	H�gh	percept�on	were	shown	by	respondens	

Table	2.	Ind�cator	d�str�but�on	of	external	character�st�cs	of	beef	cattle	farmer

External	character�st�cs
Bangkalan Lamongan Tabanan Total

total
(person) 	(%) total

(person) 	(%) total
(person) 	(%) total

(person) 	(%)

AI	�nst�tut�on
·	low	(1	�nst�tut�on) 75 93.7 64 80.0 67 83.7 206 85.8
·	m�ddle	(2	�nst�tut�ons) 5 6.3 10 12.5 13 16.3 28 11.7
·	h�gh	(>2	�nst�tut�ons) 0 0.0 6 7.5 0 0.0 6 2.5
AI	equ�pments
·	not	ava�lable 22 27.5 76 95.0 41 51.3 139 57.9
·	less	ava�lable	(only	1	set) 52 65.0 3 3.7 15 18.7 70 29.2
·	h�ghly	ava�lable	(more	than	2	
sets)

6 7.5 1 1.3 24 30.0 31 12.9

Cattle	market	assurance
·	low	(only	1	cho�ce) 37 46.3 79 98.7 58 72.5 174 72.5
·	m�ddle	(2	cho�ces) 43 53.7 1 1.3 22 27.5 66 27.5
Extent�on	serv�ces	�ntens�ty	
(freq/6	months
·	rarely	(<2	t�mes) 48 60.0 79 98.7 51 63.7 178 74.2
·	frequent	(3-5	t�mes) 32 40.0 0 0.0 6 7.5 38 15.8
· intensive (≥6 times) 0 0.0 1 1.3 23 28.8 24 10.0
AI	�nformat�on	ava�lab�l�ty
·	d�ff�cult	(only	1) 14 17.5 11 13.7 2 2.5 27 11.2
·	easy	(2) 43 53.7 56 70.0 62 77.5 161 67.1
·	very	easy	(>	2) 23 28.8 13 16.3 16 20.0 52 21.7
AI	�nformat�on	sources	(type)
·	low	(only	1) 29 36.2 26 32.5 15 18.8 70 29.2
·	m�ddle	(2	types) 48 60.0 42 52.5 48 60.0 138 57.5
·	h�gh	(>	2	types) 3 3.8 12 15.0 17 21.2 32 13.3
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agreement	 on	 statement	 that	 phys�cally,	 stock	 cattle	 should	 have	 great	 cond�t�on	
w�th	heavy	body	we�ght	(90.8%).	The	phys�cal	character�st�cs	wh�ch	can	eas�ly	be	
seen	and	�deal	cond�t�on	of	cattle	body	part	m�ght	be	the	caused	of	why	respondens	
percept�on	on	phys�cal	character�st�cs	of	the	cattle	d�d	not	show	s�gn�f�cant	d�fferent	
among	research	locat�ons.

In	g�v�ng	�nsem�nat�on	serv�ces,	97.5%	of	respondens	stated	that	�nsem�nator	
always	ready	to	g�ve	serv�ces	anyt�me.	To	the	AI	charge	or	cost	should	be	pa�d	by	
the	farmer,	about	93.3%	of	the	respondens	sa�d	that	the	charges	were	equ�valent	to	
the	benef�t	 they	rece�ved.	Ins�gn�f�cant	d�fferents	among	research	locat�ons	�n	 the	
�nsem�nator	serv�ce	qual�t�es	expla�ned	that	�nsem�nat�on	serv�ces	were	part	of	the	
AI	system	that	operated	nat�onally.	Regulat�on	of	the	AI	appl�cat�on	nat�onally	were	
equ�pped	w�th	m�n�mum	techn�cal	standard	of	serv�ces	that	should	be	prov�ded	by	
an	�nsem�nator	�n	g�v�ng	the	AI	serv�ces.

The	farmer	percept�ons	on	the	AI	between:	1)	Bangkalan	and	Lamongan	Re-
genc�es	were	stat�st�cally	d�fferent,	except	for	�nsem�nator	serv�ces	and	regulat�on	of	
cross	breed	�nd�cators;	2)	Bangkalan	and	Tabanan	Regenc�es	�n	general	also	showed	
stat�st�cally	d�fferent,	except	for	the	�nsem�nator	serv�ces,	oestrus	symptom	and	so-
c�al	norm	system	�nd�cators;	3)	Lamongan	and	Tabanan	Regenc�es	�n	general	also	
showed	s�gn�f�cantly	d�fferent,	except	on	phys�cal	character�st�c	of	stock,	breed�ng	
goal,	�nsem�nator	serv�ces,	soc�al	structure	and	regulat�on	of	pure	and	cross	breed,	
wh�ch	were	not	s�gn�f�cantly	d�fferent	between	the	two	locat�on.

Conclus�ons

In	general,	�nternal	and	external	character�st�c	of	beef	cattle	farmer	were	d�ffer,	
except	for	the�r	mot�vat�on	to	use	the	AI		and	the	ava�lab�l�ty	of	AI	�nformat�on.

The	s�gn�f�cant	�nd�cators	to	contruct	beef	cattle	farmer	percept�on	on	the	AI	
were	type	of	stock,	phys�cal	character�st�c	of	the	stock,	�nsem�nator	serv�ces,	oestrus	
symptom	of	cows,	soc�al	norm	system,	soc�al	structure,	�mprovement	of	product�on,	
relat�ve	 �ncome,	 regulat�on	 toward	 cross	 and	 pure	 breed	 program.	 The	 dom�nan	
factors	as	percept�on	construct�on	to	the	AI	were	�mprovement	of	product�on,	relat�ve	
�ncome/prof�t,	oestrus	symptom,	soc�al	structure,	regulat�on	toward	pure	breed,	type	
of	stock	breed	and	�nsem�nator	serv�ces,	respect�vely.

In	 general,	 the	 farmer	 percept�on	 about	 the	 AI	 showed	 d�fferent	 respons	
between	locat�ons	of	the	research,	except	for	�nd�cator	of	phys�cal	character�st�c	of	
stock	breed	and	�nd�cator	of	�nsem�nator	serv�ces.
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Abstract

The Walik chicken is one of rare indigenous chicken breeds found in Indonesia. 
The limited information on the management practices of the Walik chickens applied by 
the farmers in Indonesia cause the difficulity to predict their potency of conservation 
and utilization. Therefore, this study investigated the characteristics of the farmers, 
and the practice of the Walik chicken farming, and their potency of utilization. 
Thirty three (33) farms from  Sumedang District, West Java were surveyed. Their 
main occupations of the farmers were labor in agricultural field (46.15%), private 
sector (30.77%), and house mother (23.08%). A mean flock size of Walik chicken 
per household was 4.15, varying from 2-7 chickens. Farmers applied non traditional 
(73%) by using commercial medicaments, and traditional (27%) health care and 
management to prevent and control diseases of the chickens. However, none of the 
farmers applied the vaccination program. Traditionally, most of the farmers (64%) 
selected the chicken breeds by their own traditional knowledge. Broken rice, rice 
hulls, and household by product were feedstuffs provided for the chickens. The 
mean of egg production, and hatchability of semi-intensive were 11 eggs/clutch/
hen (31 eggs/hen/year), and 92,71%, respectively. The Walik chicken farming is 
important for household income. Improvement in rearing management practices 
should be done to increase the productivity of the Walik chicken. Giving education 
for improved management system is also an alternative strategy to increase chicken 
productivities and household income.

Key words: Walik chicken, farming system, egg production, hatchability
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Introduct�on

In	 Indones�a,	 Wal�k	 ch�cken	 breed	 that	 owns	 a	 fr�zzl�ng	 type	 of	 feather	 �s	
cons�dered	as	endangered	populat�on,	reason	for	wh�ch	we	cons�der	that	a	spec�al	
attent�on	 should	have	been	g�ven	 to	 save	 �t.	The	un�que	character�st�cs	of	 fr�zzle	
causes	the	ch�ckens	are	more	tolerance	to	h�gh	temperature,	however	th�s	propert�es	
are	not	ut�l�zed	yet	�n	Indones�a	s�nce	there	�s	l�m�ted	data	on	the�r	character�zat�on	
and	 �dent�f�cat�on	 of	 the�r	 character�st�cs,	 farm�ng	 system	 appl�ed,	 and	 the�r	
ut�l�zat�on.	The	very	small	populat�on	of	 th�s	breed	�n	a	certa�n	warm	geograph�c	
areas	of	Indones�a,	such	as	Sumedang	D�str�ct,	causes	the	ch�ckens	are	unfamous	
breed	recogn�zed	by	the	people.	

The	Strateg�c	Pr�or�ty	5	of	 the	Global Plan of Action (FAO,	2007)	 adopted	
by	the	Internat�onal	Techn�cal	Conference	on	An�mal	Genet�c	Resources	for	Food	
and	Agr�culture,	acknowledges	the	contr�but�on	of	l�vestock	keepers	�n	�nd�genous	
and	local	product�on	systems	to	the	domest�cat�on,	development,	ma�ntenance	and	
conservat�on	of	an�mal	genet�c	d�vers�ty.	Moreover,	We�gend	and	Romanov	(2001)	
argued	that	the	possess�on	of	ch�cken	tra�ts	�n	relat�on	to	current	and	future	value	
and	soc�oecultural	�mportance	�s	one	of	the	cruc�al	�nputs	for	dec�s�ons	on	ch�cken	
conservat�on	and	ut�l�zat�on.	The	l�m�ted	�nformat�on	on	the	management	pract�ces	of	
the	Walik	ch�ckens	appl�ed	by	the	farmers	�n	Indones�a	cause	the	d�ff�cul�ty	to	pred�ct	
the�r	potency	of	conservat�on	and	ut�l�zat�on.	Therefore,	th�s		study	�nvest�gated	the	
character�st�cs	of	 the	farmers,	and	the	pract�ce	of	 the	Walik	ch�cken	farm�ng,	and	
the�r	potency	of	ut�l�zat�on.	

Mater�als	and	Methods
The	purpos�ve	sampl�ng	method	was	choosen	to	select	the	study	areas	of	the	

research.	 The	 �n�t�al	 survey	 to	 �dent�fy	 the	 �nd�v�dual	 households	 kept	 the	 Walik	
ch�ckens	was	done	by	�nterv�ew�ng	to	the	head	of	v�llages,	and	the	oldest	people	�n	
a	soc�ety	who	know	well	the	people	�n	the	study	areas	as	descr�bed	on	the	snow	ball	
methods.	Th�rty	three	(33)	farms	from	3	sub-d�str�cts	(Padanaan, Palasah, UjungjayaPadanaan,	Palasah,	Ujungjaya	
dan	Keboncau),	Sumedang	D�str�ct,	West	Java	were	surveyed	�n	June-August	2009.	
The	data	of	farm	character�st�cs,	household	flock	character�st�cs,	farm�ng	system,	and	
ch�ckens	performances	and	ch�ckens	ut�l�zat�on	were	recorded	dur�ng	the	research,	
and	then	analyzed	descr�pt�vely.	

Results	and	D�scuss�on

Farmers Characteristics
Th�rteen	farmers	were	dev�ded	�nto	2	classes	of	product�ve	age,	9	(69.23%) and%)	and	

4	(30.77%)	farmers	composed	as	product�ve	age	(17-55	years	old),	and	unproduct�ve	
age		(>55 years old) respect�vely (Tabel 1). The youngest was 38 and the oldest was>55	years	old)	respect�vely	(Tabel	1).		The	youngest	was	38	and	the	oldest	was	
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68	years	old).	The	range	of	the�r	ownersh�p	was	98-5.110	m2.	The�r	ma�n	occupat�ons	
were	labor	�n	agr�cultural	f�eld	(46.15%),	pr�vate	sector	(30.77%),	and	house	mother	
(23.08%).	

The	ch�ckens	farm�ng	system	appl�ed	by	the	farmers	were	extens�ve	(7.69%),	
sem�	 �ntens�ve	 w�th	 scaveng�ng	 and	 backyard	 system	 (84.62%),	 and	 �ntens�ve	
(7.69%),	where�n	 the	women	were	predom�nantly	 (61.54%)	 as	 the	keeper	 of	 the	
ch�cken	under	the	scaveng�ng,	and	backyard	system.	Women,	who	have	to	do	a	lot	
of	the	work	�nvolved	�n	car�ng	for	the	ch�ckens,	have	good	mother�ng	�nst�ncts	and	
prov�de	ch�cken	meats	and	eggs	that	can	be	used	for	sold	�n	the	market.	However,	

Table	1.	The	Character�st�cs	of	Farmers	Surveyed

No Farmer	Character�st�cs

	Number	of	farms	
surveyed Farm�ng	System	(Farm)

Farm
	 % Sem�	

Intens�ve* Intens�ve Extens�ve

1 Age
17	-	55	year	 9 69.23 8 1 -
>	55		year	 4 30.77 4 - -

2 Sex
Male 5 38.46 3 1 1
Female 8 61.54 8 - -

3 Educat�on	background
Ill�teracy 1 7.69 1 - -
Elementary	School 9 69.23 8 - 1
Jun�or	H�gh	School 1 7.69 - 1 -
Sen�or	h�gh	school 1 7.69 1 0 -

4 Occupat�on	
Labor	�n	agr�cultural	f�eld 6 46.15 6 -

-
Household	mother 3 23.08 3 - -
Pr�vate	sector 4 30.77 2 1 1

5 Farm�ng	system	
Intens�ve 1 7.69 - - -
Sem�	Intens�ve* 11 84.62 - - -
Extens�ve 1 7.69 - - -

6 Purpose	of	farm�ng
Household	consumpt�on 1 7.69 1 - -
Trade 12 92.31 10 1 1

Note:	*Scaveng�ng	and	backyard	system
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due	to	the	low	�nput	management	system,	ch�cken	product�v�t�es	appears	st�ll	very	
low.	

Most	of	the	farmers	(45%)	stated	that	the	Walik	ch�cken	farm�ng	�s	�mportant	for	
the�r	�ncome	s�nce	the	ma�n	purpose	of	Walik	ch�cken	farm�ng	�s	for	trad�ng	(92.31%)	
as	meat	and	egg	producers,	�nstead	of	for	household	consumpt�on	(7.69%).	Some	
farmers	somet�mes	had	d�ff�cul�t�es	 	 �n	 trad�ng	s�nce	most	consumers	often	judge	
the	Walik ch�cken	as	the	unhealthy	ch�ckens	due	to	the	fr�zl�ng	type	of	the�r	feather.	
However,	others	earn	h�gh	pr�ce	�n	trad�ng	s�nce	some	consumers		also	prefer	the	
ch�ckens	as	an	exot�c	b�rds,	and	for	cultural	and	rel�g�on	purposes.	The	data	prov�ded	
by	 local	L�vestock	Department	Serv�ces	of	Sumedang	D�str�ct,	West	 Java	 (2009)	
does	not	break	down	the	populat�on	for	each	type	of	ch�cken,	but	�t	�s	bel�eved	that	
Kampong	�s	the	most	popular	�nd�genous	ch�cken	s�nce	other	�nd�genous	ch�ckens	
are	only	occas�onally	found	�n	certa�n	areas	and	the�r	populat�on	�s	low.	

Rearing Management, Flock Size adn Egg Production Potency 
A	mean	flock	s�ze	of	Walik	ch�cken	per	household	was	4.15,	vary�ng	from	2-7	

ch�ckens.	Dur�ng	study,	the	Kampong	ch�ckens	were	also	kept	by	the	farmers,	and	
predom�nant	(133	head;	66.52%)	to	Walik	ch�ckens	(60	head;	29.56%).	The	Kate	
ch�ckens	were	also	kept	by	the	farmers	(10	head;	4.92%).	For	men,	ch�cken	farm�ng	
�s	only	the	second	job	therefore	men	usually	had	l�m�ted	work	power	wh�ch	allows	
only	for	part-t�me	act�v�t�es	therefore	the	ch�cken	populat�on,	and	product�v�t�es	were	
st�ll	low.	Women	stated	that	l�m�ted	space	and	money	for	ch�cken	farm	�nvesment	
are	 the	 reasons	 they	 do	 not	 �ncrease	 the�r	 ch�cken	 populat�on.	 In	 another	 work,	
Muladno	and	Th�eme	(2009)	 found	 that	 	 the	 reasons	 for	not	hav�ng	 larger	 flocks	
of	local	ch�ckens	�nclude	among	others	are	the	l�m�ted	space	�n	the�r	house’s	yard,	
not	enough	money	to	�nvest	�n	a	ch�cken	farm	and,	and	l�m�ted	work	power	wh�ch	
allows	only	for	part-t�me	act�v�t�es.

Under	sem�	extens�ve	system,	the	ch�ckens	are	housed	�n	an	open-fenced	area,	
wh�ch	resembles	a	ranch	and	�s	usually	bu�lt	�n	the	backyard	of	the	farmer’s	house.	
In	some	cases,	colony	cages	are	prov�ded	to	allow	ch�ckens	to	sleep	at	n�ght.	In	most	
cases,	there	are	no	cages	ava�lable	and	the	ch�cken	sleep	everywhere	on	the	farm,	
such	as	k�tchen,	around	farmer	houses.	

Farmers	prov�de	feed	and	dr�nk	regularly	1	t�me	to	3	t�mes	a	day.	Broken	
r�ce,	r�ce	hulls,	and	k�tchen	waste	were	feedstuffs	prov�ded	for	the	Walik	ch�ckens	
under	extens�ve	and	sem�-�ntens�ve	system.	Bes�des,	 the	ch�ckens	also	 	 scavenge	
for	feed	�nsects,	worms,	grasses	and	vegetables	around	the	farmer	houses.	Farmers	
appl�ed	non	 trad�t�onal	 (73%)	by	us�ng	commerc�al	med�caments,	 and	 trad�t�onal	
(27%)	health	care	and	management	 to	prevent	and	control	d�seases	of	 the	ch�ck-
ens.	However,	none	of	the	farmers	appl�ed	the	vacc�nat�on	program.	Therefore,		the	
mortal�ty	of	ch�cks	�s	usually	h�gh	dur�ng	3-6	months	of	age	due	to	d�seases	(ma�nly	
New	Castle	D�seases	and	Coryza),	and	also	predator.			
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Most	of	farmers	(64%) bought the ch�ckens from local markets, whereas the64%)	bought	the	ch�ckens	from	local	markets,	whereas	the	
rest	(36%)	got	the	ch�ckens	as	a	present	from	the�r	relat�ves.	Trad�t�onally,	most	of	
the	 farmers	 (64%)	 select	 the	ch�cken	breeds	by	 the�r	own	 trad�t�onal knowledge.trad�t�onal	knowledge.	
Desp�te	 the	 absence	 of	 record�ng,	 farmers	 often	 memor�ze	 the	 ancestry	 of	 the�r	
ch�ckens	�n	great	deta�l	and	over	several	generat�ons.	Introduct�on	of	good	nat�ve	
ch�cken	breed�ng	pract�ce	(Deptan	2006)	�s	therefore	st�ll	needed	to	�mprove	better	
undertand�ng	of	the	farmers	on	ch�cken	select�on.	

The	mean	of	egg	product�on,	and	hatchab�l�ty	of	sem�-�ntens�ve		were	11 eggs/11	eggs/
clutch/hen	(31	eggs/hen/year),	and	92,71%,	respect�vely.	Th�s	egg	product�on	was	
lower	compared	to	another	�nd�g�nous	chc�ken	such	as	Kampong	ch�cken	(59	eggs/
hen/year)	(D�wyanto	&	Pr�jono	1996).	In	general,	under	natural	cond�t�on,	the	Walik	
ch�cken	brood	for	between	21-23	days,	and	ch�cks	rema�n	w�th	the�r	mothers	for	a	
per�od	of	2-3	months,	after	wh�ch	per�od	the	hen	w�ll	start	the	next	egg	lay�ng	per�od.	
Poor	nutr�t�on	and	the	absence	of	d�sease	prevent�on	or	control	measures	contr�bute	
to	th�s	low	product�on.	D�wyanto	et al.	(1996)	also	reported	that	the	product�v�ty	of	
local	ch�cken	�n	sem�	�ntens�ve	and	�ntens�ve	systems	�s	better	than	�n	extens�ve	sys-
tem.	However,	Mansjoer	(1989)	found	that	the	ch�cken	ma�nta�ned	under	�ntens�ve	
system	were	�neff�c�ent	�n	the�r	feed	consumpt�on	and	had	h�gher	feed	convers�on	
rat�os	than	commerc�al	ch�cken	breeds.	Improvement	�n	rear�ng	management	pract�-
ces	should	be	done	to	�ncrease	the	product�v�ty	of	the	Walik	ch�cken.

Conclus�ons

The	Walik	ch�cken	farm�ng	�s	�mportant	for	household	�ncome.	The	ch�ckensch�ckens	
rear�ng	system	appl�ed	by	the	farmers	were	extens�ve,	sem�	�ntens�ve	w�th	scaveng�ng	
and	backyard	system,	and	�ntens�ve,	where�n	the	women	were	predom�nantly	as	the	
keeper	of	 the	 ch�cken	under	 the	 scaveng�ng,	 and	backyard	 system.	 Improvement	
�n	rear�ng	management	pract�ces	should	be	done	to	�ncrease	the	product�v�ty	of	the	
Walik	ch�cken.
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Abstract

Transportation resulted in serious stress at livestock. Datura metel Linn. 
contains a natural anesthesia compound. This research aimed to study the affectivity 
of administration of the leaf extract to decrease the negative effect of transportation 
stress in sheep. First experiment aimed to determine the doses of leaf extract. Twenty 
one of hamsters were administered the leaf extract at concentration of 0, 5, 10, 15, 
20, 25% and no dilution. They were allowed to pass trough rotary wheel for 1 minute 
at 20, 30, 60, 120, and 180 minutes after offering the extract. Second experiment was 
designed to test the affectivity of administration of the leaf extract just before the 
sheep were exposed to transportation stress.  Third experiment aimed to study the 
method of extraction of the leaf. Five size of the leaf particle of >60, 60-40, 40-30, 
30-20, and <20 meshes were dissolved in water for 10 minutes. Data was processed 
with descriptive analysis. All treatment indicated anesthesia sensation up to 180 
minutes. Sheep offered the leaf extract had lower degree of transportation stress 
than no treatment. Mesh size of <20 gave the highest solubility.  The conclusion was 
that the leaf extract of Datura metel Linn. reduced the effect of transportation stress 
in sheep.    

Key words: Datura metel Linn., stress, sheep,  transportation

Introduct�on

Transportat�on	causes	stress	 �n	sheep.	Fernandez	et al.	 (1996)	and	Raj�on	et 
al.	(2001)	reported	l�ve	we�ght	loss	and	�ncrease	�n		neutroph�l-lymphocyt	rat�o	and	
glucose	�n	plasma.	Datura metel  L�nn.	can	be	used	as	an	anesthet�c,	anodyne,	ant�-
asthmat�c,	ant�spasmod�c,	ant�tuss�ve,	bronchod�lator,	halluc�nogen�c,	hypnot�c,	and	
mydr�at�c	mater�al	(Emboden	1979;	Duke	and	Ayensu	1985).	It	conta�ns	hyoscya-
m�ne,	hyosc�ne	dan	atrop�ne	(Chopra	1986).		Extracts	of		Datura metel  L�nn.	flower	
wh�ch	 was	 equ�valent	 to	 3-5	 g	 anesthet�c	 drug	 produced	 general	 anesthes�a	 �n	 5	
m�nutes	(Duke	and	Ayensu	1985).
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Mater�als	and	Methods

Experiment 1
Twenty	one	of	hamsters	were	adm�n�stered	w�th	the	leaves	extracts	of	Datura 

metel L�nn	or	fed	unextracted	leaves.		Extracts	concentart�ons	adm�n�stered	were	0,	
5,	10,	15,	20,	25%,	each	extract	as	a	treatment	was	adm�n�stered	to	three	hamsters.		
The	effort	of	the	hamster	to	rotate	the	rotary	wheel	had	tested	for	one	m�nute	at	0,	
10,	20,	30,	60,	120	and	180	m�nutes	after	adm�n�strat�on	of	the	extract.

	
Experiment 2

Ten	sheep	were	used	�n	th�s	exper�ment.	F�ve	sheep	were	adm�n�stered	extract	
leaves	 and 5 others were not adm�n�stered the extract (control). All sheep were	 and	 5	 others	 were	 not	 adm�n�stered	 the	 extract	 (control).	All	 sheep	 were	
transported	for	approx�mately	5	hours.		The�r	l�ve	we�ght	was	determ�ned	before	and	
after	transportat�on.		Blood	samples	were	collected	after	transportat�on.

Experiment 3
Datura metel	L�nn.	leaves	were	dr�ed	and	ground	to	>60, 60-40, 40-30, 30-20>60,	60-40,	40-30,	30-20	

and	<20	mesh	to	evaluate	the�r	solub�l�ty.	Samples	of	10	g	each	were	wrapped	�n	
gauze	and	d�pped	�nto	water	for	10	m�nutes.	Dry	matter	of	samples	was	measured	
by	removed	from	the	gauze	and	dr�ed	�n	an	oven.	Descr�pt�ve	method	was used towas	used	to	
analyze	the	exper�mental	data	(Walpole, 1993).(Walpole,	1993).

Results	and	D�scuss�on

Experiment 1
F�gure	1	showed,	the performance of the hamsters to rotate the rotary wheel forhe	performance	of	the	hamsters	to	rotate	the	rotary	wheel	for	

1	m�nute.	The	control	group	of	humster	rotated	the	wheel	for	39,92	rotatt�on/m�nute	
wh�ch	 was	 h�gher	 than	 d�d	 the	 hamster	 groups	 adm�n�stered	 extract	 leaves.	 The	
result	 �nd�cated	 that	Datura metel	L�nn.	conta�ned	substances	affected	 the	nerves	
sytem	of	hamster	result�ng	�n	low	effort	to	rotate	the	rotary	wheel.	A	s�m�lar	effect	
was	reported	by	Duke	and	Ayensu	(1985),	that	Datura metel	L�nn.,	espec�ally	leaves	
and	seeds	coul	be	used	as	an	anesthet�c,	anodyne,	ant�asthmat�c,	ant�spasmod�cs,	
ant�tuss�v,	bronchod�lator,	halluc�nogen�c,	hypnot�c,	and	mydr�at�c.

Anesthet�cal effect of the leaves extract adm�n�strat�on cont�nued up to 180nesthet�cal	effect	of		the	leaves	extract	adm�n�strat�on cont�nued up to 180adm�n�strat�on	cont�nued up to 180cont�nued	up	to	180	
m�nutes	(F�gure	2.).	The	rotat�on	of	rotary	wheel	per	m�nute	for	control	group	of	
humster	was	h�gher	than	the	average	of	that	for	other	groups	(29.00	vs	39.92).	

The	 results	 showed	 that	 anesthet�c	 agent	 conta�ned	 �n	 Datura metel L�nn.	
leaf	 effected	 on	 hamster	 nerve.	 Prev�ously	 study	 by	 Duke	 and	 Ayensu	 (1985)	
showed	that	the	extract	of	Datura metel	L�nn.	flower	could	be	used	as	an	anesthet�c		
agent	equ�valent	to	3-5	g	and	produced	general	anesthes�a	�n	5	m�nutes	after	oral	
adm�n�strat�on	and	the	effect	cont�nued	upto	5-6	hours	later.
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F�gure	 1.	 Total	 rotat�on	 of the rotary wheel rotated by hamster for one m�nute after	 the	 rotary	 wheel rotated by hamster for one m�nute after	 rotated	 by	 hamster	 for	 one	 m�nute	 after	
adm�n�strat�on	of	the	leaves	extract	of	Datura metel	L�nn.

F�gure	2.	Total	rotat�on	of the rotary wheel rotated by hamster after adm�n�strat�on of the	the	rotary	wheel rotated by hamster after adm�n�strat�on of the	rotated	by	hamster	after	adm�n�strat�on	of	the	
leaves	extract	of	Datura metel	L�nn.

Experiment 2 2
The	effect of	of	Datura metel	L�nn.	 leaves	extract	on	blood	prof�le	of	sheepheep	

after	transport-stressed	for	5	hours	�s	showed	�n	F�gure	3.	The	average	of	neutroph�-
les	:	lymphoc�tes	rat�o	and	blood	glucose	�n	blood	of	sheep	group	adm�n�stered		the	
extract	of	Datura metel	L�nn leaves were lower than that of control. The rat�o of	 leaves were lower than that of control. The rat�o of	were	lower	than	that	of	control. The rat�o ofcontrol. The rat�o of	The	rat�o	of	
neutroph�les	:	lymphoc�tes	and	blood	glucose	are	good	�nd�cator	of	transport-stress	
�n	an�mal.		Raj�on	et al.	(2001)	reported	that	transport-stresses	�ncreased	neutroph�-
les:lymphoc�tes	rat�o	and	glucose	�n	blood.

The	 lowest	 effect	 of	 transport-stress	 was	 observed	 �n	 the	 group	 of	 sheep	
adm�n�stered	leaves	extract.		They	had	lower	l�ve	we�ght	loss	than	the	control	group	
d�d	(F�gure	4.). Gortel	Gortel	et al.	(1992)	reported	that	sheep	exposed	to	transport	stress	
released	a	large	amount	of	electrolyte	�ons	�n	ur�ne	and	feces	resulted	�n	reduct�on	�n	
l�ve	we�ght	and	carcass	qual�ty.
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F�gure	4.	 The	effect	Datura metel	L�nn.	leaves	extract	adm�n�strat�on	on	l�ve	we�ght	loss	of	
sheep exposed to transport-stress for 5 hoursheep	exposed	to	transport-stress	for	5	hours

Experiment 3
	Solub�l�ty	test	�nd�cated	that	the	mesh	s�ze	of	dry	leaves	affected	the	solub�l�ty	

of		the	soluble	part	of	the	dry	leaves	of	Datura metel	L�nn	(F�gure	5).	The	smaller	of	
mesh	s�ze,	the	lower	the	part	of	the	solute.	Th�s	was	due	to	the	f�ner	part�cles	would	
close	the	pores	of	gauze	caus�ng	delayed	the	movement	of	water	out	�nto	the	mesh	
bag,	so	that	decreased	the	chance	of	water	�n	d�ssolv�ng	the	part	of		Datura metel	
L�nn.	leaves.	
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Conclus�on

Leaves	 extract of Datura metel L�nn.	 could	 be	 adm�n�stered	 to	 reduce	 the	
negat�ve	effect	of	transport-stress	�n	sheep.
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Abstract

The climate change is affecting the animal productivity especially in resource 
poor localities in the region. While most of the areas suffer from the insufficiencies of 
the data, a few scientific measurements in some areas have proved that the effect of 
climate changes are adversely affecting the livestock production directly due to heat 
stress or indirectly due to changes incorporated in the ecosystem. Some of these may 
include reduced agricultural productivity, deteriorated health due to shortage of 
feed resources, water quality, global warming, shrinking glaciers, erratic weathers, 
river floods, disease prevalence, disrupted ecosystem and increase in the frequency 
of natural hazards and disasters. Pakistan still suffers more than 30 % Crude Protein 
and TDN deficiency for large and small ruminants in its feed balance. The exact 
Information on the losses are very much undermined and not realized by many or 
sometimes sorely lacking. A detailed understanding is warranted to anticipate the 
future impacts of the climate change in different areas on the productivity of the 
ruminants. Unless these losses are realized and scientifically proved, the measures 
needed or taken will attain less significance. Our studies revealed that there is a 
drastic effect on temperature change on water buffaloes and their calves. When 
ambient temperature reached to 32-47º C with a mean relative humidity of 33-75%, 
the physiological norms of the buffalo calves were significantly affected and their 
weekly body weight decreased as 43 kg as compared to 46 kg under open air tree 
shade than inside a shed with showers plus ceiling fans, body temperature was 
higher 101.6ºF that 101.0ºF, respiration rate was higher 28 to 26 per minute, and the 
pulse rate increased to 53-54 per minute under treatment with open air tree shade 
as compared to inside with ceiling fans and showers. This paper will delineate in 
length some of the effects on livestock production due to climate change in a country 
like Pakistan where 35-40 million rural people derive their livelihood from livestock 
rearing. Mitigation measures will also be suggested to save productivity losses to 
ensure the food supply from animal origin for the exploding population.

Keywords: climate change, heat stress, livestock productivity, mitigation, Pakistan
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Introduct�on

Pak�stan	has	exper�enced	 the	worst	drought	of	 �ts	h�story	 �n	 the	 last	decade	
of	the	last	m�llenn�um	wh�ch	lasted	unt�l	2004.	She	has	been	ranked	16	regard�ng	
countr�es	most	vulnerable	to	env�ronment	change	(Maplecroft,	2010).	Out	of	total	
79.6	m�ll�on	hectares	(MH),	27	%	�s	cult�vated	area	�.e.	about	21	(MH),	conta�n�ng	
19.12	(MH)	are	�rr�gated	and	3.67	(MH)	are	ra�nfed.	The	�rr�gated	area	consumes	
about	 80%	 of	 the	 country’s	 freshwater.	 F�gure	 1	 shows	 th�s	 d�str�but�on	 along	
w�th	62%	of	 the	country	areas	are	 rangelands	 (Qura�sh�	 et	 al.	1993).	Agr�culture	
sector	be�ng	the	back	bone	of	the	economy	w�ll	be	more	probable	stake	holder	of	
aftermaths	of	env�ronmental	changes.	The	cl�mate	change	affected	the	l�vestock	�n	
two	ways	(�)	by	affect�ng	the	forage	product�on,	(��)	d�rectly	affect�ng	the	l�vestock	
kept	 under	 d�fferent	 product�on	 systems.	 The	 losses	 suffered	 by	 the	 an�mals	 not	
only	due	to	heat	stress	but	also	�n	the	form	of	d�sasters	�n	the	prev�ous	years.	Th�s	
themat�c	paper	expla�ns	 the	poss�ble	problems	faced	by	 the	 l�vestock	due	 to	heat	
stress,	�mpact	of	cl�mate	change	and	the	d�fferent	ways	and	means	to	m�t�gate	the	
effect	of	env�ronment	on	l�vestock	product�v�ty.

F�gure	1.	Show�ng	the	d�fferent	class�f�cat�on	of	the	areas	of	Pak�stan

The	Cl�mat�c	Zones	and	Water	Resources	of	Pak�stan

The	env�ronment	and	l�vestock	product�on	systems	are	closely	related	(Nardone	
and	G�bon,	2000).	The	agr�culture	sector	depends	on	the	ava�lab�l�ty	of	the	water	
for	�rr�gat�on	and	annual	prec�p�tat�on.	Based	on	the	annual	prec�p�tat�on	s�x	Agro-
Ecolog�cal	Zones	(AEZ)	has	been	def�ned	by	Qura�sh�	et al.	(1993),	Chaudhry	and	
Rasul	(2004)	�s	summar�zed	�n	the	Table	1.	Env�ronment	changes	are	affect�ng	the	
glac�ers	 �n	 the	northern	part	of	 the	country	and	affect�ng	 the	 Indus	Bas�n	system	
badly.	In	comb�nat�on	w�th	the	pred�cted	heavy	ra�nfall,	�t	l�kely	to	exacerbate	the	
already	ser�ous	problems	of	flood�ng	and	dra�n�ng,	espec�ally	�n	the	lower	parts	of	
the	Indus	bas�n	�n	the	next	few	decades,	when	the	glac�al	reservo�rs	w�ll	be	empty,	
and	there	are	l�kely	to	be	dramat�c	decreases	�n	r�ver	flows	(World	Bank,	2005).
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Table	1.	Class�f�cat�on	of	the	areas	accord�ng	to	prec�p�tat�on

Sr	# Type	of	area Amount	of	Prec�p�tat�on	(mm)

1 Hum�d >1000-2000
2 Sub-Hum�d	(wet) 700-1000
3 Sub-Humm�d	(dry) >500-700
4 Sem�-Ar�d	(wet) 300-500
5 Sem�-Ard	(dry) 200-300
6 Ar�d Less	than	200-250

Source:	Adopted	from	Qura�sh�	et al.	(1993)

Env�ronmental	Temperature	and	Ra�n	Pattern

Farooq�	et al.	(2005)	have	further	analyzed	the	cl�mate	change	perspect�ve	�n	
Pak�stan	and	concluded	that	annual	mean	surface	temperature	�s	on	cons�stent	r�s�ng	
trend	s�nce	 the	beg�nn�ng	of	20th	 century.	Charlotte	 (2011)	 further	added	 that	 the	
major	r�sk	from	the	cl�mate	change	�n	South	As�a	�s	�ncreased	summer	prec�p�tat�on,	
�ntens�ty	�n	temperate	reg�ons,	 �ncrease	flash-flood	prone	areas	and	further	added	
that	the	ar�d	and	sem�-ar�d	reg�ons	would	be	dr�er	�n	summer,	wh�ch	could	lead	to	
severe	droughts.

Effect	of	Droughts	and	Floods

Pak�stan	had	 the	 fully	operat�onal	 �rr�gat�on	 system	and	enough	water	 from	
the	 r�vers	 flow�ng	 through	 �t.	 But	 qu�te	 recently	 the	 water	 was	 seldom	 enough	
to	meet	 the	 requ�rement	of	end	users.	The	populat�on	growth	had	 started	putt�ng	
unprecedented	pressure	on	the	�rr�gat�on	system	(UN,	2001).	L�vestock	populat�on	
�s	affected	greatly	by	the	droughts	and	the�r	growth	has	been	decl�ned	�n	last	decade	
espec�ally	dur�ng	2003-04	(SBP,	2003-04).	The	researchers	of	Baloch�stan	have	also	
reported	that	drought	has	affected	whole	of	the	country;	Baloch�stan	prov�nce	be�ng	
the	worst-h�t	and	resulted	�n	the	loss	of	l�fe	(Shaf�q	and	Kakar,	2007).	Dur�ng	the	
recent	years,	due	to	the	change	of	prec�p�tat�on,	the	floods	have	adversely	affected	
the	country	espec�ally	Punjab	and	S�ndh.	A	latest	report	by	FAO	(2012)	conf�rmed	
these	not�ons	by	expla�n�ng	that	116,000	heads	of	l�vestock	d�ed	by	the	flood	h�t	�n	
the	S�ndh	prov�nce.

Effect	of	Heat	Stress	on	Da�ry	An�mals

The	most	drast�c	effect	of	heat	stress	�s	 �n	the	form	of	change	�n	the	energy	
metabol�sm	and	part�t�on�ng	coped	w�th	decreased	�n	DMI.	Th�s	results	�n	the	low	
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m�lk	product�on	response.	There	�s	20-30%	�ncrease	�n	the	ma�ntenance	energy	re-
qu�rement	and	heat	stress	comb�ned	w�th	the	DMI	decrease	by	10-20%	�n	the	com-
merc�al	da�ry	herds	(Chase,	2006).	Formulat�on	for	adequate	nutr�ent	�ntake	chal-
leng�ng	for	heat	stress	cow	depends	on	opt�m�z�ng	then	rumen	undegradable	prote�n	
to	�mprove	m�lk	product�on	response.	The	forage	level	must	decrease	due	to	h�gh	
heat	of	�ncrement	(West,	1999).	De	Rens�n	and	Scaramuzz�	(2003)	found	that	ap-
pet�te	and	dry	matter	�ntake	are	reduced	so	by	th�s	way	�t	prolonged	the	postpartum	
negat�ve	energy	phase	�n	da�ry	cows.	Tao	et al.	(2011)	found	that	cool�ng	of	heat	
stress	can	�ncrease	m�lk	product�on	(28.9	vs	33.9	kg/day)	and	lower	m�lk	prote�n	
(3.01	 vs	 2.87%).	The	 phys�olog�cal	 change	 regard�ng	 m�lk	 synthes�s	 dur�ng	 heat	
stress	may	be	due	to	hepat�c	glucose	preferent�ally	used	for	process	other	than	m�lk	
synthes�s	(Baumgard	et al.,	2011).	Cl�mat�c	factors	for	example	temperature,	pre-
c�p�tat�on	frequency	and	sever�ty	of	extreme	events	affects	the	l�vestock	and	crop	
y�eld	(Thornton	et al.,	2008).	Temperature	Hum�d�ty	Index	(THI)	has	been	used	as	
�nd�cator	of	heat	stress.	The	cr�t�cal	values	of	THI	�s	72	(Igono	et	al.	1992)	wh�le	the	
stud�es	of	D�keman	and	Hanson,	2009	showed	that	dry	bulb	temperature	could	also	
be	used	to	pred�ct	the	rectal	temperature	of	lactat�ng	Holste�n	cows	�n	sub-trop�cal	
env�ronment.	The	�ncrease	�n	thermal	load	above	the	thermal	neutral	zone	affects	the	
an�mal	performance.	The	an�mal	fa�ls	to	d�ss�pate	excess	heat	to	ma�nta�n	homeo-
thermy	(West,	1999).	Mukherjee	et	al.	2011	found	that	the	decrease	�n	lymphocytes	
�n	heat	stress	cows.	Phys�olog�cally	there	w�ll	be	�ncrease	�n	rectal	temperature	and	
resp�rat�on	rate	due	 to	 �ncrease	 �n	amb�ent	 temperature	beyond	 the	 thermoneutral	
zone	(Chase,	2006).	Gwazdauskas	(1985)	found	that	estrous	hormones	were	found	
lower	dur�ng	heat	 stress	and	 resulted	 �n	shorten�ng	of	estrus	durat�on.	He	 further	
�nvest�gated	that	lower	fert�l�ty	�n	heat	stressed	male	cattle	are	due	to	the	�mpa�red	
spermatogenes�s	and	testosterone	dur�ng	exposure	to	hypertherm�a.	Baumgard	and	
Rhoads	(2007)	sa�d	that	there	�s	negat�ve	effect	of	heat	stress	on	a	var�ety	of	da�ry	
parameters,	�nclud�ng	m�lk	y�eld	and	reproduct�on	caus�ng	a	s�gn�f�cance	of	f�nan-
c�al	burden.	Increase	�n	thermal	load	decreases	the	reproduct�ve	eff�c�ency	(Fuquay,	
1981,	Imt�az	Hussa�n	et al.,	1992).	Most	of	the	reproduct�ve	problems	are	decrease	
durat�on	and	�ntens�ty	of	estrus	(Her	et al.,	1988),	lower	concept�on	rate	(Stott	et al.,	
1972)	and	h�gh	embryo	mortal�ty	(W�se	et al.,	1988).

The	 change	 �n	 env�ronmental	 temperature	 affects	 the	 an�mal	 body.	 Many	
sc�ent�sts	have	�nvest�gated	the	dynam�cs	of	an�mal	body	changes	due	to	heat	stress.	
The	 earl�er	 stud�es	 on	 heat	 stress	 �n	 Pak�stan	 were	 conducted	 at	 the	 Un�vers�ty	
of	 Agr�culture,	 Fa�salabad,	 under	 PL-480	 schemes	 (Quresh�	 et al.,	 1978).	 They	
concluded	that	there	�s	drast�c	effect	of	temperature	change	on	Buffalo	(Bos Bubalus 
bubalis).	From	f�ve	years	(1973-78)	long	tr�als,	they	concluded	that	comb�ned	use	
of	showers	and	fans	as	a	thermal	rel�ef	measure	�n	da�ry	buffaloes	was	found	to	be	
s�gn�f�cantly	useful	as	compared	to	the	use	of	fans	or	showers	alone	as	�mproved	
m�lk	y�eld	and	the	occurrence	of	estrus	was	more	pronounced	�n	g�ven	treatment	of	
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comb�ned	use	of	fans	and	showers.	S�m�lar	observat�ons	were	recorded	�n	the	follow	
up	stud�es	(Younas	et	al.	1979)	�nd�cated	that	under	the	env�ronmental	temperatures	
of	32-47ºC	w�th	a	mean	relat�ve	hum�d�ty	of	33-75	%,	the	phys�olog�cal	norms	of	the	
buffalo	calves	were	s�gn�f�cantly	affected	and	the�r	weekly	body	we�ght	decreased	
as	43	kg	as	compared	to	46	kg	under	open	a�r	tree	shade	than	�ns�de	a	shed	w�th	
showers	 plus	 ce�l�ng	 fans,	 body	 temperature	 was	 h�gher	 101.6	 ºF	 than	 101.0	 ºF,	
resp�rat�on	rate	was	h�gher	28	to	26	per	m�nute,	and	the	pulse	rate	h�gh	wh�ch	was	53	
to	54	per	m�nute	under	treatment	w�th	open	a�r	tree	shade	as	compared	to	�ns�de	w�th	
ce�l�ng	fans	and	showers.	The	f�nal	conclus�on	from	these	stud�es	was	that	decl�n�ng	
effect	of	thermal	stress	on	certa�n	components	of	m�lk	and	blood,	however,	could	
not	be	solely	ascr�bed	due	to	heat	stress.	The	growth	of	buffalo	calves	as	determ�ned	
from	�ncrease	�n	the�r	body	we�ghts	man�fested	an	�nterest�ng	contrast	�n	the	effect	
of	var�ous	treatments	used.	The	h�ghest	average	body	we�ght	was	observed	�n	group	
of	calves	prov�ded	ce�l�ng	fans	alone	as	thermal	rel�ef	whereas	�n	tr�als	w�th	adult	
buffaloes,	comb�ned	use	of	fans	showered	proved	better.	The	�nfluence	of	thermal	
stress	on	blood	p�cture	of	buffalo-calves	was	also	seen.	Blood	glucose,	total	l�p�ds	
and	phosphol�p�ds	content	were	found	to	cons�stently	�ncrease	whereas,	cholesterol	
levels	decreased	 �n	 the	 ent�re	group	w�th	 except�on	of	group	1	 �n	wh�ch	 a	 sl�ght	
�ncrease	was	observed	(Younas	et	al.	1982).

In	a	follow	up	study,	the	lactat�ng	and	cycl�ng	Holste�ns	�n	each	of	two	summers	
were	ass�gned	randomly	to	pens	�n	a	free-stall	barn	e�ther	w�th	or	w�thout	overhead	
fans	to	study	the	effect	of	fan	cool�ng	on	certa�n	endocr�ne	and	behav�oral	responses	
dur�ng	the	estrous	cycle	(Younas	et al.,	1993).	Rectal	temperatures	were	lower	�n	the	
group	cooled	by	fans	than	�n	the	control	group	each	summer.	Luteal	progesterone	
secret�on	tended	to	be	greater	�n	the	fan	group	each	summer;	area	under	the	luteal	
phase	curve	was	s�gn�f�cantly	h�gher	than	for	controls	dur�ng	the	second	summer.	
There	was	tendency	for	more	pre-ovulatory	surges	of	LH	and	h�gher	estrous	responses	
rates	�n	the	fan	group	dur�ng	the	second	summer.	Thus,	fan	cool�ng	of	lactat�ng	da�ry	
cows	 for	 several	 weeks	 before	 ant�c�pated	 breed�ng	 prov�des	 potent�al	 for	 more	
eff�c�ent	reproduct�ve	performance	dur�ng	the	summer.

Conclus�ons

The	countr�es	l�ke	Pak�stan	requ�re	change	�n	pol�c�es	regard�ng	the	l�vestock	
product�on.	Keep�ng	�n	v�ew	the	effects	of	cl�mate	change,	the	product�on	systems	
�n	the	country	need	to	be	re-v�s�ted	and	revolut�on�zed.	There	�s	no	best	way	than	
manag�ng	the	da�ry	an�mals	�n	a	w�se	and	econom�cal	way	dur�ng	the	hot	summers	
enabl�ng	them	to	d�ss�pate	the�r	body	heat	and	fac�l�tat�ng	the	an�mals	comfort	as	
much	as	poss�ble.	Correct	management	dec�s�ons	w�ll	enable	the	da�ry	an�mals	to	
grow	faster,	pronounced	estrual	behav�or,	�mproved	concept�on	rates,	reproduce	on	
t�me	and	produce	the�r	max�mum	when	they	are	wet.	The	measures	l�ke	pred�ct�on	
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of	monsoon;	protect�on	from	ra�n	and	sun;	feed�ng	management	l�ke	graz�ng	dur�ng	
cool	 hours,	 offer�ng	 succulent	 var�et�es,	 decreased	 DMI,	 use	 of	 s�lage	 and	 hay,	
nutr�ent	dens�ty,	avo�d�ng	excess	w�th	normal	rumen	funct�on;	prov�s�on	of	fresh	and	
clean	water;	genet�c	select�on;	hous�ng	management	l�ke	forced/tunnel	vent�lat�on,	
spr�nkl�ng,	 shower�ng,	m�st�ng;	 use	of	 ecolog�cal	model�ng	 and	 �nnovat�ons	w�th	
appropr�ate	 strateg�c	 management	 dec�s�ons;	 r�sk	 analyses	 and	 dev�s�ng	 some	
�nnovat�ve	methods	to	prov�de	comfort	to	the	an�mals	can	help	�n	m�n�m�z�ng	the	
effect	of	heat	stress	on	da�ry	an�mals.
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Abstract

The study was conducted to determine growth traits of thin tail pre-weaning 
lambs that produced in semi intensive management system. 61 animals (30 ewes and 
31 lambs) were used in this study that located at Jonggol Animal Science Teaching 
and Research, Faculty of Animal Science, Bogor Agricultural University. Birth 
weights (BW), average daily gain (ADG) and weaning weight (WW) of lambs were 
affected by sex and ewes age. The highest of BW lambs was obtained from 2-year-
age ewes (2,316±349 g), but ADG and WW of lambs from 3-year-age of ewes were 
highest than others (85.1±32 g/day and 7,385±2,351 g, respectively). BW of female 
was higher than male lambs (2,264±438 g and 2,149±716 g) but ADG and WW of 
male (80±24 g/day and 6,969±2,078 g) was higher than female lambs (69±26 g and 
6,469±1,788 g). The WW was significantly (P<0,01) correlated by BW and ADG 
with r value were 0.67 and 0,96 respectively. 

Keywords: correlation, performance, semi-intensive, thin-tail lamb 

Introduct�on

Growth	�s	one	of	�mportant	aspect	�n	l�vestock	product�on.	Good	growth	per-
formance	w�ll	boost	product�on.	One	phase	�n	l�vestock	product�on	process	�s	an�mal	
pre-wean�ng,	where	an�mal	growth	process	�n	th�s	phase	would	affect	the	product�-
v�ty	of	post-wean�ng	product�on.	In	sheep,	�f	pre-wean�ng	performance	such	as	b�rth	
we�ght,	body	we�ght	ga�n	and	wean�ng	we�ghts	are	h�gh,	then	further	growth	w�ll	
be	h�gh	too	(R�gg�o	et al.,	2008).	Marquez	et al.,	(2012)	added	that	some	l�m�t�ng	
factors	that	cause	fa�lure	to	ach�eve	a	h�gh	level	of	performance	�n	sheep	product�on	
are	the	low	b�rth	rate,	h�gh	mortal�ty	rate,	low	body	we�ght	ga�n	and	poor	manage-
ment.

In	Indones�a	as	a	trop�cal	country,	sheep	are	generally	managed	by	extens�ve	
and	sem�-�ntens�ve	system,	where	the	supply	of	feed	nutr�ents	dependon	the	pasture.	
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Furthermore,	 those	 management	 systems	 w�thout	 concentrate	 supplementat�on	
would	 �mpl�cate	body	we�ght	development	and	da�ly	we�ght	ga�n	of	pre-wean�ng	
lambs	(Gauly	et al.,	2004).	Y�lmaz	et al.	(2007)	ment�oned	that	male	lambs	showed	
better	 pre-wean�ng	 growth	 than	 female	 lambs	 that	 reared	 �n	 extens�ve	 system.	
Nevertheless,	 study	 focus�ng	 on	 sem�-�ntens�ve	 sheep	 management	 �n	 Indones�a	
generally	�s	st�ll	l�m�ted.	Th�s	study	was	conducted	to	�dent�fy	growth	performance	
of	pre-wean�ng	lambs	�n	sem�-�ntens�ve	management	system.

Mater�als	and	Methods	

The	study	was	conducted	�n	Jonggol	An�mal	Sc�ence	Teach�ng	and	Research	
Un�t	(Jastru),	Faculty	of	An�mal	Sc�ence,	Bogor	Agr�cultural	Un�vers�ty	(IPB)	Indo-
nes�a.	Th�s area �s located at 106,53Th�s	area	�s	located	at	106,53o	E	and	6,53o	N	and	at	an	alt�tude	145	m,	where	
monthly	ra�nfall	�s	65	mm	w�th	m�n�mum,	max�mum	temperature	and	hum�d�ty	�s	
20,8	oC,	32,9	oC	and	91,7	respect�vely.	

Sheep	product�on	 �n	 Jastru	was	 reared	 �n	55	ha	of	B. humidicola	 rangeland	
and	managed	by	sem�-�ntens�ve.	Th�rty	pregnant	ewe	and	th�rty	one	young	grow�ng	
lambs	were	used	�n	th�s	study.	Lambs	and	�ts	mother	were	grazed	from	09:00	am	unt�l	
4:00	pm	every	day	w�thout	any	concentrate	supplementat�on.	Ad libitum	water�ng	
was	allowed	to	all	an�mals	dur�ng	grazed.	An�mals	were	housed	at	n�ght	�n	colony	
stable.	Type	of	grass	 �n	pastures	was	dom�nated	by	B. humidicola	w�th	nutr�ents	
compos�t�on	of	crude	prote�n,	f�ber,	fat,	ash	and	NFE	were	11.5,	41.2,	0.2,	7.2	and	
42.75	of	dry	matter	basses	respect�vely.	

Dur�ng	four	months	th�rty	pregnant	ewes	w�th	d�fferent	of	ages	were	observed	
unt�l	b�rth.	Data	of	 lambs	werecollected	 type	of	b�rth,	b�rth	we�ght,	body	we�ght	
ga�n	and	wean�ng	we�ght.	The	data	were	analyzed	descr�pt�vely.	Correlat�ons	were	
analyzed	among	data	by	Pearson	correlat�on	analys�s	�n	order	to	see	the	relat�onsh�ps	
between	var�ables	(Walpole,	1995).

Results	and	D�scuss�on

Birth Weight
Result	showed	that	b�rth	we�ght	of	female	lambs	was	h�gher	than	male	lambs	

(Table	1).	Based	on	age	of	ewe,	�t	was	found	that	one-year-old	ewes	had	the	lowest	
lamb’s	b�rth	we�ght.	Gardner	et al.	(2007)	ment�oned	that	b�rth	we�ght	was	correlated	
to	 maternal	 character�st�cs.	 Sheep	 �n	 the	 f�rst	 par�ty	 generally	 have	 not	 been	 the	
max�mum	growth	of	reproduct�ve	organs.		The f�rst pregnancy leaves a ‘phys�olog�calThe	f�rst	pregnancy	leaves	a	‘phys�olog�cal	
�mpr�nt’	�n	the	uterus	and	enables	greater	blood	volume	expans�on	dur�ng	the	second	
pregnancy	and	w�ll	fac�l�tate	greater	fetal	�n	subsequent	pregnanc�es	(Campbell	and	
MacG�ll�vray,	1984).	

Average	 b�rth	 we�ghts	 of	 male	 and	 female	 Javanese	 th�n-ta�l	 lambs	 �n	 th�s	
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study	were	2.1	 and	2.3	kg,	 respect�vely.	These	 results	wereh�gher	 than	 the	 study	
conducted	by	Reese	et al. (1990),	Grace	et al.	(2007),	Gunawan	and	Noor	(2006)	
and	Suryapratama	(1990)	who	resulted	the	lamb	b�rth	we�ght	1.5	kg,	1.9	kg,	1,7	kg	
and	1.9	kg,	respect�vely.	Her�yad�	(2007)	ment�oned	that	the	standard	b�rth	we�ght	
of	garut	 sheep	breed	wasbetween	2.0	 to	3.2	kg.	 It	 showed	 that	 �n	 sem�-�ntens�ve	
management	w�thout	supplementat�on	of	add�t�onal	feed	st�ll	produce	a	good	b�rth	
we�ght	of	lambs.
	
Growth Rate

The	male	lambs	hadh�gher	body	we�ght	ga�n	compared	to	female	80.3	g/h/d	and	
69.9	g/h/d,	respect�vely	(Table	2),	although	male	lambs	had	less	b�rth	we�ght	(Table	
1).	Mandal	et al.	(2012)	concluded	that	growth	of	lamb’s	body	we�ght	�s	strongly	
�nfluenced	by	gender.	Tuah	and	Baah	(1985)	also	added	that	skeletal	growth	of	male	
lambs	�s	h�gher	than	the	female	so	that	growth	of	male	would	be	h�gher	than	female	
lambs.	Growth	also	�s	affected	by	hormonal	system.	Testosterone	produced	by	male	
an�mals	would	promote	body	t�ssue	growth	of	male	lambs	(Mac�t,	2002).					

Average	body	we�ght	ga�ns	(BWG)	of	male	and	female	Javanese	th�n-ta�l	lambs	
�n	th�s	study	were	80,3	and	69,9	g/h/d	respect�vely.	The	study	conducted	by	Reese	et 
al.	(1990)	only	has	56	g/h/d	of	Javenese	th�n-ta�l	lamb	w�thout	feed	supplementat�on	
of	�ts	ewe.				

Table	1.	B�rth	we�ght	of	lambs	by	�ts	sex	and	age	of	ewes	(g)

Age	of	ewe
(year)

Sex	of	lamb
Average	(n)

Male	(n) Female	(n)
1 - 2,007±563	(3) 2,007±563	(3)
2 1,900±0	(1) 2,420±300	(4) 2,316±349	(5)
3 2,303±887	(4) 2,258±666	(4) 2,280±727	(8)
4 2,097±720	(7) 2,285±362	(8) 2,197±545	(15)

Average 2,149±716	(12) 2,264±438	(19) -

Table	2.	Body	we�ght	ga�n	of	lambs	by	�ts	sex	and	age	of	ewes	(g)

Age	of	ewe
(year)

Sex	of	lamb
Average	(n)

Male	(n) Female	(n)
1 - 41.7	±21.5	(3) 41.7±21.5	(3)
2 73.0±0.0	(1) 75.88±7.58	(4) 75.3±6.6	(5)
3 86.4±26.0	(4) 83.7±42.0	(4) 85.1±32.3	(8)
4 77.8±27.8	(7) 63.3±15.72	(8) 74±24	(15)

Average 80.3±24.8	(12) 69.9±26.9	(19) -
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Weaning weight
Wean�ng	we�ght	has	a	pos�t�ve	relat�onsh�p	w�th	b�rth	we�ght	of	lambs.	Sheep	

wh�ch	have	a	h�gh	b�rth	we�ght	w�ll	generally	have	a	h�gh	ab�l�ty	 to	 l�ve	 through	
the	cr�t�cal	per�od	after	b�rth	and	w�ll	have	a	h�gh	wean�ng	we�ght.	Table	3	shows	
that	male	lambs	had	h�gher	body	we�ght	than	female	lambs.	It	could	relate	to		the	
body	we�ght	ga�n	was	h�gher	�n	male	lambs	(Table	2),	so	that	the	wean�ng	we�ght	�s	
h�gher.

In	th�s	study	the	wean�ng	we�ghts	of	males	and	females	lamb	reached	6.9	kg	
and	6.4	kg,	lower	than	the	study	conducted	by	Grace	et.al.	(2007)	and	Gunawan	and	
Noor	(2006)	who	reprted	that	the	data	were	8.0	kg	and	10.3	kg	respect�vely.	The	
result	m�ght	be	caused	by	feed�ng	management.	Lambs	�n	both	stud�es	were	kept	
by	add�t�on	of	�ntens�ve	concentrate	feed,	so	that	nutr�t�on	requ�rements	are	l�kely	
met.	Th�s	study	�nd�cates	that	sem�-�ntens�ve	management	requ�red	add�t�onal	feed	
or	concentrate	�n	order	to	�ncrease	an�mals’	product�v�ty.

The	correlat�ons	between	b�rth	we�ght,	body	we�ght	ga�n	and	wean�ng	we�ght	
showed	a	very	close	pos�t�ve	relat�onsh�p	between	these	three	var�ables	(P<0.01).	
The	h�ghest	correlat�on	was	found	between	body	we�ght	ga�n	w�th	wean�ng	we�ght	
(r=	0.97)	(Table	4).	Rahmat	et al. (2007)	also	obta�ned	that	correlat�on	between	b�rth	
we�ght	and	body	we�ght	ga�n	was	h�gh	�n	Javanese	th�n-ta�l	lambs.

Table	3.	Wean�ng	we�ght	of	lambs	by	�ts	sex	and	age	of	ewes	(g)

Age	of	ewe
(year)

Sex	of	lamb
Average	(n)

Male	(n) Female	(n)
1 - 4,533±1,841	(3) 4,533±1,841	(3)
2 6,300	(1) 6,975±741	(4) 6,840±709	(5)
3 7,488±2,437	(4) 7,275±2,464	(4) 7,385±7,385	98)
4 6,769±2,156	(7) 6,535±1,384	(8) 6,644±1,722	(15)

Average 6,969±2,078	(12) 6,469±1,788	(19) -

Table	 4.	 Pearson’s	 correlat�on	 (r)	 between	 b�rth	 we�ght,	 body	 we�ght	 ga�n	 and	 wean�ng	
we�ght	of	lambs	

Var�able B�rth	we�ght Body	we�ght	ga�n
B�rth	we�ght - -
Body	we�ght	ga�n 0.458** -
Wean�ng	we�ght 0.672** 0.965**

**	very	s�gn�f�cant	(P<0.01).
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Conclus�ons
										

Ma�ntenance	of	sheep	�n	sem�-�ntens�ve	systems	w�thout	add�t�onal	feed	st�ll	
had	a	low	success	rate	�n	�ts	product�on.	Nevertheless,	add�t�on	of	concentrate	feed	
�s	needed	to	�mprove	the	performance	of	lambs	produced.	In	th�s	study,	b�rth	we�ght,	
average	body	we�ght	ga�n	and	wean�ng	we�ght	of	lambs	were	affected	by	�ts	sex	and	
age	ewes.	There	was	a	very	close	relat�onsh�p	performance	between	b�rth	we�ght,	
body	we�ght	ga�n	and	wean�ng	we�ght	of	lamb	reared	on	sem�-�ntens�ve	system.
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Abstract	

This study was conducted to investigate the proteolytic activity and protein 
characteristics of fermented beef. The effect of different mechanical treatments 
on beef, (sliced and ground beef) was compared. The contents of amino acid were 
analyzed using HPLC (high performance liquid chromatography) method. The 
results indicated that Lactobacillus plantarum 1B1, isolated from beef, had better 
proteolytic activity on sliced fermented beef if compared to ground fermented beef, 
and improved crude protein on sliced fermented beef. Sliced and groud fermented 
beef contained 15 components of amino acids which consisted of threonine, tyrosine, 
methionine, valine, phenylalanine, isoleucine, leucine and lysine as essential amino 
acid and aspartate, glutamate, serine, histidine, glycine, alanine and arginine as 
non-essential amino acids. Leucine was the highest among essential amino acids 
content and glutamate was the highest among non-essential amino acids content. The 
SDS PAGE profiles showed the beef protein molecule weight range of  94.71 - 13.43 
kD. The numbers of protein band of fresh beef, sliced and ground fermented beef 
were 12, 7 and 7.  In conclusion, fermentation process on raw beef by Lactobacillus 
plantarum could improve amino acid availability because of its proteolytic activity 
on beef protein. 

Key words: fermented beef, Lactobacillus plantarum, protein quality

Introduct�on	

Dark	cutt�ng	beef	�s	often	known	as	dark,	f�rm	and	dry	(DFD)	beef.		It	occurrs	
as	a	result	of	deplet�on	of	muscle	glycogen	reserves	pr�or	to	slaughter.		Glycogen	
�s	used	as	an	energy	source	 for	muscle	contract�on	and	 relaxat�on.	Lact�c	ac�d	 �s	
a	by-product	of	glycogen	ut�l�zat�on	by	the	muscle	when	energy	�s	produced	�n	a	
stress	event.	In	Indones�a,	DFD	beef	frequently	happen	�n	slaughter	houses	due	to	
unstandard�zed	 slaughter�ng	 pract�ce	 procedure.	 Several	 stud�es	 have	 shown	 that	
qual�ty	�mprovement	of	DFD	beef	qual�ty	could	be	�mproved	through		fermentat�on	
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process	 by	 lact�c	 ac�d	 bacter�a,	 such	 as	 Lactobacillus plantarum (L. plantarum).	
The	fermentat�on	m�ght	extend	the	shelf	l�fe	and	appearance	of	meat	products.	The	
add�t�on	of	starter	L. plantarum 	1B1	�n	beef	fermentat�on	�s	expected	to	perform	
on	the	proteolyt�c	act�v�ty	of	beef.	The	a�m	of	th�s	research	was	to	�nvest�gate	the	
qual�ty	of	prote�n	of	fermented	beef	by	L. plantarum	1B1.

Mater�als	and	Methods	

L. plantarum	 1B1	 was	 obta�ned	 from	 Laboratory	 of	 an�mal	 product	 and	
technology,	Faculty	of	An�mal	Sc�ence,	Bogor	Agr�cultural	Un�vers�ty.	The	stra�n	
was	�solated	from	local	beef	and	was	�dent�f�ed	us�ng	16S	rRNA	gene	sequenc�ng	
(Ar�ef,	2011).	

The	treatment	 	used	�n	 th�s	exper�ment	was	type	of	beef	fermentat�on.	DFD	
beef	(pH	value	:	6.2)	was	used	�n	th�s	exper�ment.	Sl�ced	and	gr�nded	beef	w�th	�no-
culated	by	L. plantarum 1B1	for	fermentat�on.	Starter	culture	of	10%	w/w	L. plan-
tarum 1B1	were	�noculated	�nto	fermentat�on	process.	The	sl�ced	beef	was	arranged	
�n	a	bak�ng	d�sh	coated	w�th	alum�num	fo�l	and	covered	w�th	plast�c	 top	surface.	
The	ground	beef	was	put	�n	a	plast�c	bag,	flaked	w�th	a	th�ckness	of	approx�mately	
3	mm,	packed	and	arranged	�n	a	bak�ng	d�sh.	These	treated	meat	groups	were	then	
�ncubated	for	24	h	at	37°C,	smoked	for	n�ne	hours	at	a	temperature	of	30oC.	

Var�ables	observed	�ncluded	the	content	of	crude	prote�n	(AOAC,	2005),	am�no	
ac�d	compos�t�on	us�ng	HPLC	(AOAC,	2005),	proteolyt�c	act�v�ty	of L. plantarum	
1B1	 (Bergmeyer and Gawehn (1983), and SDS-PAGE electrophores�s of prote�nBergmeyer	 and	Gawehn	 (1983), and SDS-PAGE electrophores�s of prote�n,	 and	SDS-PAGE	electrophores�s	of	prote�n	
from	fermented	beef	(Fadda	et al.,	1998).

The	 exper�ment	 was	 set	 up	 �n	 a	 completely	 random�zed	 des�gn	 w�th	 three	
repl�cat�on.	The	data	were	analyzed	us�ng	ANOVA,	and	�f	found	any	d�fferences,	
they	 were	 further	 tested	 us�ng	 Tukey	 test	 (Steel	 and	 Tor�e,	 1995).	 	Am�no	 ac�d	
compos�t�on	and	SDS	Page	electrophores�s	were	descr�bed	by	descr�pt�ve	analys�s.

Results	and	D�scuss�on	

Crude protein of fermented beef
Prote�ns	�n	food	generally	determ�ne	the	qual�ty	of	a	product	pr�mar�ly	der�ved	

from	 meat.	 Isolates	 of	 L. plantarum	 1B1	 used	 to	 ach�eve	 opt�m�zat�on	 of	 beef	
fermentat�on	 w�th	 the	 assumpt�on	 that	 these	 bacter�a	 would	 be	 more	 adapt�ve	 to	
beef.	 Crude	 prote�n	 and	 proteolyt�c	 act�v�ty	 of	 of	 fermented	 beef	 �s	 presented	 �n	
Table	1.

The	crude	prote�n	of	fresh	DFD	beef	was	70.72	%	db.	If	compared	w�th	fresh	
beef,	fermentat�on	process	could	�ncrease	crude	prote�n	content	of	fermented	beef,	
because	prote�n	from	cell	wall	of L. plantarum	affected	the	crude	prote�n	content	
of	fermented	beef.		Crude	prote�n	content	of	sl�ced	fermented	beef	was	h�gher	than	
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that	of	ground	fermented	beef.	Gr�nd�ng	lossed	sarcoplasm�c	prote�n	of	beef	�t	could	
reduce	total	prote�n	content	of	ground	beef.		

Proteolyt�c	act�v�ty	of	 fresh	beef	was	not	detected	 (0),	 �t	means	 that	natural	
proteolyt�c	enzyme	of	beef	was	not	act�ve.	Increased	proteolyt�c	act�v�ty	occurred	
after	 the	fermentat�on	 took	place	 �n	 fermented	beef.	Th�s	proved	 that	 the	 �solates	
of	 L. plantarum	 1B1	 had	 proteolyt�c	 act�v�ty	 on	 beef	 prote�n.	 L. plantarum	 1B1	
had	extracelullar	protease	enzyme	�n	the	de_man	Rogosa	Sharp	broth		0.041	U/ml.	
Accord�ng	to	Fadda	et al.	(1998)	that	some	stra�ns	of	Lactobacillus	bacter�a	such	as	
L. casei	and	L. plantarum	can	produce	proteolyt�c	enzymes	�n	fermented	meats.
 
Molecular weight protein of fermented beef

Fermentat�on	could	degrade	beef	prote�n,	caused	by	proteolyt�c	act�v�ty	of	L.	
plantarum	1B1,	as	shown	�n	F�gure	1.

F�gure	1.	SDS-PAGE	electrophores�s	bands	of	beef	prote�n	(n=	marker;	A=	fresh	DFD	beef;	
B=sl�ced	fermented	beef;	C=gr�nded	fermented	beef).

Th�s	type	of	prote�n	bands	detected	�n	fermented	beef	were	closely	related	to	the	
level	of	funct�onal	prote�n	damage.	Reduct�on	�n	prote�n	occurred	�n	a	prote�n	bands	
w�th	a	molecular	we�ght	of	81.80	kD,	61.02	kD,	41.29	kD,	26.60	kD	and	22.98	kD.		

Table	1.	Crude	prote�n	and	proteolyt�c	act�v�ty	of	fermented	beef

Parameters Sl�ced	fermented	beef Ground	fermented	beef
Crude	prote�n	(%	db) 81.77	±	2.46a 72.13	±	2.84b

Proteolyt�c	act�v�ty	(U/g) 0.11	±	0.04 0.09	±	0.03

D�fferent	superscr�pt	�n	the	same	l�ne	means	s�gn�f�cantly	d�fferent	(P<0.05)	
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These	were	due	to	faulty	conformat�on	of	the	prote�n	after	fermentat�on	and	prote�n	
structure	changes	�nto	a	more	s�mple	pept�des	and	am�no	ac�ds.		Fadda et al.	(1999)	
showed	the		degradat�on	of	the	prote�n	bands	because	of	proteolyt�c	act�v�ty	of		L. 
plantarum		that	occured	�n	prote�n	w�th	molecular	we�ght	200	kD	(myos�n),	66	kD	
and	43	kD	(act�n).	In	th�s	research,	molecular	we�ght	prote�n	bands	were	(35	to	50	
kD)	hydrolyzed,	whereas	myos�n	and	act�n	part�ally	hydrolyzed	after	the	�noculat�on	
of		L. plantarum.	These	results	further	re�nforce	the	fact	the	degradat�on	of	prote�n	
beef	�nto	s�mpler	form	after	fermentat�on.

Amino acid composition of fermented beef
Am�no	ac�d	compos�t�on	of	sl�ced	fermented	beef		was	d�fferent	than	ground	

fermented	beef	by	descr�pt�ve	analys�s.		Nonessent�al	am�no	ac�ds	were	detected	by	
HPLC	analys�s	of	the	aspart�c	ac�d,	glutam�c	ac�d,	ser�ne,	h�st�d�n,	glyc�ne,	arg�n�ne	
and	alan�n,	wh�le	the	essent�al	am�no	ac�ds	detected	were	treon�n,	tyros�n,	meth�on�n,	
val�n,	phen�lalan�n,	�soleus�n,	leus�n	and	lys�n.	The	quant�tat�ve	results	can	be	seen	
�n	Table	2.

The	results	of	HPLC	analys�s	showed	an	�ncrease	�n		am�no	ac�d	content	after	
fermentat�on.	Th�s	occurred	as	a	result	of	the	proteolyt�c	enzymes	of		L.plantarum 

Table	2.	Am�no	ac�d	compos�t�on

Am�no	ac�d

Percentage	of	am�no	ac�d	content	
(%	w/w)	

Increas�ng	of	am�no	ac�d	�n	fermented	
beef	compared	than	fresh	beef	(%)

Fresh	DFD	
beef

Sl�ced	
fermented	

beef

Gr�nded	
fermented	

beef

Sl�ced	fermented	
beef

Gr�nded	
fermented	beef

Aspart�c	ac�d 1.66 2.93 2.56 76.50 54.22
Glutam�c	ac�d 3.42 5.64 4.79 64.91 40.06
Ser�n 0.79 1.31 1.09 65.82 37.97
H�st�d�n 0.70 1.02 0.91 45.71 30.00
Glys�n 0.97 1.47 1.41 51.55 45,36
Threon�n 0.98 1.58 1.27 61.22 29.59
Arg�n�n 1.57 2.18 1.98 38.85 26.11
Alan�n 1.08 1.79 1.60 65.74 48.15
Tyros�n 0.67 0.99 0.79 47.46 17.91
Meth�on�n 0.47 0.72 0.36 53.19 -23.40
Val�n 0.90 1.46 1.48 62.22 64.44
Phen�lalan�n 0.73 1.16 1.07 58.90 46.58
I	–	leus�n 0.90 1.50 1.29 66.67 43.33
Leus�n 1.48 2.40 2.09 62.16 41.22
Lys�n 1.45 1.90 2.08 31.03 43.45
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1B1.	Fermentat�on	by	L plantarum	1B1	could	 �ncrease	am�no	ac�d	percentage	of	
both	fermented	beef	�f	compared	to	fresh	DFD	beef.	Lact�c	ac�d	produced	from	the	
fermentat�on	process	caused	a	decrease	�n	muscle	pH	beef.	Th�s	decl�ne	cont�nued	
unt�l	 the	pH	 reached	 �ts	opt�mum	value.	 It	 then	act�vated	proteolyt�c	enzymes	of	
L.plantarum	1B1.	The	enzyme	degraded		Z-l�ne	on	myof�lamen,	el�m�nat�ng	cross-
br�dge	of	actomyos�n,	and		am�no	ac�d	�n	actomy�os�n	could	be	released.	In	general,	
am�no	ac�d	percentages	of	sl�ced	fermented	beef	was	h�gher	than	ground	fermented	
beef.	It	was	supported	by	crude	prote�n	of	sl�ced	fermented	beef,	 that	was	h�gher	
than	ground	fermented	beef	(Table	1).

Conclus�ons		

Fermentat�on	by	L. plantarum	1B1	on	beef	could	�ncrease	crude	prote�n	of	beef,	
wh�le	sl�ced	fermented	beef	had	a	h�gher	prote�n	content	than	ground	fermented	beef.	
L. plantarum	1B1	had	proteolyt�c	act�v�ty	due	to	fermentat�on.	Fermentat�on	could	
degrade	prote�n	structure,	as	shown	by	reduct�on	of		prote�n	bands	w�th	a	molecular	
we�ght	of	81.80	kD,	61.02	kD,	41.29	kD,	26.60	kD	and	22.98	kD.	Fermentat�on	by	L 
plantarum	1B1	could	�ncrease	am�no	ac�d	percentage	of	both	fermented	beef.	Am�no	
ac�d	percentages	of	sl�ced	fermented	beef	was	h�gher	than	ground	fermented	beef.	
In	general,	sl�ced	fermented	beef	had	better	prote�n	qual�ty	than	ground	fermented	
beef.
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Abstract

This paper assesses the cashmere quality and its variation in Raeini herds to 
determine the scope for improvement. In April 2010 fleece weights (FW) and midsize 
fleece samples were taken from a total of 686 male and female cashmere goats of 
1, 2 and 3 years of age belonging to 29 herds. The herds were randomly chosen in 
the summer grazing area of nomads within 20 km of the city of Baft, province of 
Kerman, South of Iran. Cashmere yield (CY) was determined from the weight of 
dehaired cashmere to weight of shorn f Cashmere fibers were analyzed using an 
OFDA instrument. A general mixed linear model including sex, age and sex by age 
interaction as fixed effects and herd as random effect was used to analyze the data 
and measure the relationships between different cashmere characteristics and fleece 
attributes. The overall means ± standard deviations were for fleece weights (FW) 
507±183 g, cashmere yield (CY) 56.5±12.2%, mean fiber diameter (MFD) 19.7±1.5 
µm, fiber diameter standard deviation (FDSD) 4.5±0.6 µm, fiber curvature (FC) 
62.9±8.5 ˚/mm and staple length (SL) 54.2±7.0 mm, respectively. Herd effect was 
significant for all traits except for SL and sex by age effect was only significant for 
MFD. One year old males and females had finer cashmere than older goats. FW and 
FDSD were higher in males and CY and FC was higher in young animals. Pearson 
correlation between MFD and FC, FDSD and MFD, MFD and FW was -0.647, 
0.399 and 0.211 respectively. Raeini cashmere is white, has an excellent SL and FC 
but is relatively coarse. Given the differences between and within herds there seems 
to be substantial scope to improve the commercial value of Raeini cashmere. 

Key words: fiber curvature, fiber diameter, fleece weight, staple length
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Introduct�on

40%	of	the	25	m�ll�on	goat	populat�on	�n	Iran	�s	kept	by	nomads	�n	a	hab�tat	
of	about		59%	of	the	total	area	of	the	country	(M�n�stry	of	Agr�culture,	2004).	Iran	
together	w�th	Afghan�stan	�s	the	th�rd	largest	producer	and	exporter	of	cashmere	�n	
the	world,	after	Ch�na	and	Mongol�a	(FAO,	2009).	More	than	50%	of	the	Iran�an	
cashmere	�s	produced	by	Rae�n�	goats	�n	Kerman	prov�nce.	Deha�red	cashmere	�s	one	
of	the	f�nest	and	softest	luxury	natural	f�bers	of	the	world	used	ma�nly	for	cloth�ng	
prov�d�ng	 warmth	 and	 l�ghtness	 (Watk�ns	 and	 Buxton,	 1992).	 Iran�an	 cashmere	
�s	generally	des�gnated	as	2-3	µm	coarser	than	Ch�nese	and	Mongol�an	cashmere	
(Petr�e,	 1995)	 and	 �s	 therefore	 cheaper	 (Phan	 and	 Wortmann,	 2000;	 Schne�der,	
2011).	Ansar�-Renan�	 (2001)	 showed	 that	 cashmere	 produced	 by	 three	 d�fferent	
Iran�an	breeds,	Rae�n�,	Nadoushan	and	B�rjand�,	was	�ndeed	coarser	but	also	longer	
than	cashmere	from	Ch�na	and	Mongol�a.Th�s	paper	stud�edcashmere	qual�ty	and	�ts	
var�at�on	�n	Rae�n�	flocks	�n	the	ma�n	cashmere	produc�ng	reg�on	�n	Iran	�n	order	to	
determ�ne	the	scope	for	�mprovement.	

Mater�als	and	methods
Twenty	 n�ne	 Rae�n�	 nomad	 flocks	 were	 randomly	 selected	 w�th�n	 about	 20	

km	of	the	c�ty	of	Baft	and	a	strat�f�ed	f�ber	sampl�ng	was	organ�zed.	Samples	were	
collected	from	four	randomly	selected	goats	of	each	sex	(females,	males)	by	age	
(1,	2	and	3	years)	comb�nat�ons;	�n	total	686	samples	were	obta�ned;	Sampl�ng	was	
conducted	�n	early	spr�ng	(m�d-Apr�l	2010),	pr�or	to	the	seasonal	moult	and	regular	
annual	shear�ng	per�od.	

The	raw	cashmere	samples	cons�st�ng	of	undercoat	and	guard	ha�r	were	sent	
to	 the	Alrun	F�ber	Laboratory	 �n	Almaty,	Kazakhstan	 for	 analyses.	The	deha�red	
cashmere	was	m�n�cored	�nto	2	mm	sn�ppets,	washed	�n	solvent,	dr�ed,	recond�t�oned	
and	then	tested	us�ng	an	opt�cal	f�ber	d�ameter	analyzer	(OFDA	4000	�n	the	mode	
of	an	OFDA	100).	Based	on	more	than	4300	�nd�v�dual	f�ber	measurements,	mean	
cashmere	f�ber	d�ameter	(MFD,	µm),	f�ber	d�ameter	standard	dev�at�on	(FDSD,	µm)	
and	f�ber	curvature	(FC,˚/mm)	were	measured.	Cashmere	staple	length	(SL,	mm)	
was	obta�ned	as	the	mean	of	three	staples.	Analys�s	of	var�ance	was	performed	us�ng	
a	m�xed	l�near	model	(M�xed	Procedure	of	SAS,	2008).	

Results	and	D�scuss�on
Table	1	shows	the	overall	means,	standard	dev�at�ons	and	ranges	for	 the	s�x	

tra�ts	 cons�dered	 across	 all	 sampled	 an�mals.	Table	2	presents	 flock	 averages	 for	
these	tra�ts.	In	th�s	case	some	of	the	var�at�on	may	be	due	to	d�fferent	management,	
shear�ng	dates,	 genet�c	qual�ty,	 or	other	 env�ronmental	 or	genet�c	 factors.	As	 ex-
pected,	across	an�mal	and	across	flock	means	were	almost	equal	but	standard	dev�a-
t�ons	and	ranges	are	smaller	for	flock	averages.	The	flock	averages	not	necessar�ly	
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represent	a	typ�cal	Rae�n�	flock	because	of	the	del�berate	strat�f�ed	sampl�ng	�n	our	
study.	

Males	had	on	average	139.9	g	(P<0.0001)	h�gher	fleece	we�ght	 than	female	
goats	 but	 there	 was	 no	 s�gn�f�cant	 d�fference	 �n	 fleece	 we�ght	 between	 goats	 at	
d�fferent	age.	Males	had	also	sl�ghtly	h�gher	cashmere	y�elds	 than	females	(2.6%	
po�nts,	P<0.003)	and	there	was	a	sl�ght	reduct�on	of	y�elds	w�th	age	(58.3,	56.1,	and	
55.3%,	P<0.019).	

Results	�nd�cate	that	overall	cashmere	d�ameter	was	19.7±1.5	µm.	In	a	FAO	
publ�cat�on	Iran�an	cashmere	was	descr�bed	as	hav�ng	a	range	of	d�ameter	of	17-21	
µm	and	that	�t	�s	ch�efly	used	for	weav�ng	(Petr�e,	1995).	

All samples had a curvature greater than 34 ˚/mm with 17% between 34 and 
60˚/mm, 61% between 61 and 75 ̊ /mm and 22% between 76 and 94 ̊ /mm. Compared 
w�th	cashmere	of	Ch�na,	Taj�k�stan	and	Kyrgyzstan	w�th	mean	f�bre	curvature	of	
46, 46, and 58 ˚/mm (McGregor et al.,	2009);	cashmere	of	Rae�n�	goats	would	be	

Table	1.	Overall	means,	 standard	dev�at�ons	 (s.d.)	 and	 ranges	of	 f�ber	character�st�cs	 for	
Rae�n�	goats

Tra�t No	of	
an�mals Mean s.d. M�n�mum Max�mum

Fleece	we�ght	(g) 643 507.3 182.6 100 1,250
Cashmere	y�eld	(%) 686 56.5 12.2 9.5 87.1
Mean	f�ber	d�ameter	(µm) 686 19.7 1.5 14.9 25.2
F�ber	d�ameter	standard	
dev�at�on	(µm)

686 4.5 0.6 3 7.4

F�ber	curvature	(°/mm) 686 62.9 8.5 33.9 93.6
Staple	length	(mm) 686 54.2 7 40 79

Table	2.		Flock	average	means,	standard	dev�at�ons	(s.d.)	and	ranges	of	f�ber	character�st�cs	
for	Rae�n�	goats

Tra�t No	of	
flocks Mean s.d. M�n�mum Max�mum

Fleece	we�ght	(g) 29 505.6 94.3 306.3 678.1
Cashmere	y�eld	(%) 29 56.5 4.5 49.9 72.6
Mean	f�ber	d�ameter	(µm) 29 19.7 0.6 18.4 20.5
F�ber	d�ameter	standard	
dev�at�on	(µm)

29 4.45 0.19 4.03 4.91

F�ber	curvature	(°/mm) 29 62.9 3.3 57.8 69.3
Staple	length	(mm) 29 54.2 1.4 52.2 57.1
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cons�dered	as	h�ghly	curved	and	long	wh�ch	�s	preferred	for	woven	worsted	yarn	
products.	

S�gn�f�cant	strong	negat�ve	relat�onsh�p	(-0.647,	P<0.0001)	was	found	between	
mean	 f�ber	d�ameter	and	 f�ber	curvature	 (F�gure	1).	Th�s	negat�ve	 relat�onsh�p	 �n	
cashmere	goats	of	Kyrgyzstan	and	Austral�a	was	51	and	39%	respect�vely	(McGregor	
and	Butler,	2009;	McGregor	et al.,	2009).	Average	cashmere	staple	f�ber	length	was	
54.2	mm	(Table	1)	w�th	no	age	or	sex	effects.	The	actual	d�str�but�on	of	staple	length	
and	FD	of	samples	�n	F�gure	2	shows	that	there	�s	no	strong	relat�onsh�p	between	
these	two	character�st�cs.	

F�gure	1.	The	relat�onsh�p	between	mean	f�bre	d�ameter	and	f�bre	curvature	from	�nd�v�dual	
goats. Symbols: does (●); bucks (○).

F�gure	2.	The	relat�onsh�p	between	mean	f�bre	d�ameter	and	staple	length	from	�nd�v�dual	
goats. Symbols: does (●); bucks (○).

Development	opt�ons	for	cashmere	product�on	and	conclus�on

Rae�n�	cashmere	can	be	character�zed	as	long	and	h�ghly	curved	however	steps	
must	be	taken	to	�mprove	f�bre	d�ameter	to	capture	h�gher	pr�ces	�n	the	�nternat�onal	
markets.	S�gn�f�cant	d�fferences	were	found	between	goats	and	between	flocks	�n-
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d�cat�ng	the	potent�al	to	�mprove	cashmere	qual�ty	and	the	need	for	adopt�ng	proper	
management	 and	 select�on	 methods.	 Th�s	 may	 be	 ach�eved	 through	 select�on	 of	
goats	w�th	f�ner	cashmere	tak�ng	care	of	ma�nta�n�ng	the	excellent	cashmere	staple	
length	and	curvature.	Moreover,	sort�ng	the	cl�p	�n	f�ber	d�ameter	l�nes	would	cer-
ta�nly	�mprove	cashmere	qual�ty;	cashmere	fleeces	from	one	year	old	goats	and	that	
of	f�ne	older	goats	should	be	kept	separate	from	the	coarser	cashmere	fleeces	after	
harvest�ng	and	before	packag�ng.	Furthermore,	nomad	producers	do	not	comb		the�r	
goats	to	harvest	shed	f�bres,	�nstead	they	shear	1-2	months	after	onset	of	shedd�ng.	
Results	from	prev�ous	stud�es	�nd�cate	that	30%	of	cashmere	�s	lost	dur�ng	shedd�ng	
season	and	�f	not	harvested	�t	would	be	wasted	(Ansar�-Renan�	et al.,	2011).	Intro-
duc�ng	comb�ng	would	�ncrease	the	we�ght	and	commerc�al	value	of	cashmere.	

However,	at	present	no	pr�ce	d�fferent�al	�s	pa�d	to	the	producers	for	f�ne	cash-
mere,	as	a	major	port�on	of	cashmere	produced	�s	exported	w�thout	any	added	value	
through	process�ng.	Cashmere	harvest�ng	and	buy�ng	takes	place	over	a	short	per�od	
of	 t�me	 �n	spr�ng.	The	nomad	producers	and	small-scale	domest�c	 traders	are	not	
aware	of	world	market	pr�ces	for	d�fferent	cashmere	qual�ty	classes.	As	a	result	of	
the	 current	market�ng	 system	and	 lack�ng	 �nfrastructure	nomad	producers	do	not	
ach�eve	good	pr�ces	and	have	l�ttle	�ncent�ve	to	produce	better	qual�ty	cashmere.
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Abstract	

The project was carried out to clarify the physical, chemical and microbial 
properties of cheese coagulated by salt solutions. Salt coagulated cheese was 
produced by adding 4.2% by volume salt solution into boiled whole raw milk. 
Two salt solutions of calcium chloride and calcium propionate were studied at 3 
different concentrations, including 5, 10 and 20% (w/v). The cheese curds were then 
pressed for 1 h at room temperature, cut into small cubes and kept at refrigerated 
temperature for physical, chemical and microbial analysis. In general, the yield of 
calcium propionate cheese was slightly higher than that of the calcium chloride 
cheese. The calcium propionate cheese had higher moisture content and pH value 
together with lower salt content and hardness compared to those of the calcium 
chloride cheese. The highest salt content of 1.27 + 0.13% was found in the calcium 
chloride cheese added with 20% salt solution, whereas the highest hardness (4.03 + 
0.12 N) was discovered in the calcium chloride cheese supplemented with 5% salt 
solution. Different types and concentrations of salt solutions did not significantly 
affect the whiteness of the cheese sample (p>0.05). The number of psychrotroph 
bacteria in different cheese samples was in the range of 3.48 – 5.48 log cfu/g, while 
the presence of yeast and mould in all the cheese samples was lower than 1.49 log 
cfu/g.

Keywords: calcium chloride, calcium propionate, salt coagulated cheese, salt 
concentrations

Introduct�on	

Cheese	�s	one	group	of	fermented	m�lk	based	food	products	that	are	produced	
�n	w�de	range	of	flavours	and	forms	throughout	the	world	(Fox	and	McSweeney,	
2004).	The	product�on	of	cheese	�nvolves	3	bas�c	pr�nc�ples,	�nclud�ng	coagulat�on	
of	m�lk,	reduct�on	�n	mo�sture	content	and	r�pen�ng	(N�elsen,	2004).	Coagulat�on	of	
m�lk	can	be	carr�ed	out	by	the	act�on	of	rennet	enzyme	and/or	ac�d�f�cat�on	(Fox	and	
McSweeney,	2004;	N�elsen,	2004).	
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	 M�lk	 coagulat�on	 was	 a	 complex	 process,	 wh�ch	 was	 affected	 by	 calc�um	
add�t�on,	phosphate	add�t�on,	pH,	�on�c	strength	and	temperature	(McMahon	et al.,	
1984).	Coagulat�on	of	m�lk	dur�ng	cheese	product�on	�s	�nfluenced	by	concentrat�on	
of	case�n	and	m�lk	fat.	When	ac�d	was	used	to	coagulate	the	m�lk,	the	ac�d	d�ssolved	
the	collo�dal	calc�um	phosphate	of	the	case�n	m�celles	and	neutral�zed	the	electr�c	
charge	 of	 the	 part�cles,	 wh�ch	 caused	 the	 m�celles	 to	 be	 aggregated	 (Walstra	 et 
al.,	2006).	The	add�t�on	of	salt	solut�on	would	also	destab�l�ze	the	case�n	m�celle.	
Pastor�no et al.	(2003)	ment�oned	that	add�ng	salt	to	m�lk	or	case�n	systems	promoted	
d�ssoc�at�on	of	calc�um	and	phosphate	from	case�n	m�celles	�nto	the	solut�on.	

	 Calc�um	 chlor�de	 was	 occas�onally	 added	 dur�ng	 cheese	 mak�ng	 to	 reduce	
the	 lag	 t�me	 between	 enzyme	 add�t�on	 and	 coagulat�on.	 The	 add�t�on	 of	 the	 salt	
solut�on	 could	 also	 reduce	 the	 requ�rement	 of	 rennet	 by	 50%	 (McMahon	 et al.,	
1984).	McMahon	et al.	(2005)	found	that	an	�ncrease	�n	the	calc�um	content	of	non	
fat	Mozzarella	cheese	caused	the	prote�n	bundles	became	larger	and	denser	w�th	a	
correspond�ng	�ncreased	�n	serum	pockets	as	water	was	excluded	from	the	prote�n	
network	matr�x.	

Th�s	study	was	concentrated	on	 the	product�on	of	cheese	coagulated	by	salt	
solut�ons.	Two	calc�um	salts,	 �nclud�ng	calc�um	chlor�de	and	calc�um	prop�onate,	
were	�nvest�gated.	

Mater�als	and	Methods	

Production of Salt Coagulated Cheese
Raw	m�lk	from	a	 local	da�ry	cooperat�ve	 �n	Ch�ang	Ma�	was	purchased	and	

del�vered	to	the	laboratory	w�th�n	30	m�n	under	refr�gerated	cond�t�on.	An	amount	
of	1,200	ml	raw	m�lk	was	bo�led,	added	w�th	50	ml	of	calc�um	salt	solut�on,	e�ther	
calc�um	 chlor�de	 (Foodf�ll,	 Bangkok,	 Tha�land)	 or	 calc�um	 prop�onate	 (Kem�ra	
Chem	Solut�ons	b.v.,	Holland,	Netherland),	and	cont�nued	to	be	heated	for	a	further	
5	m�n	to	ensure	the	coagulat�on	was	completely	be	carr�ed	out.	Each	of	the	calc�um	
salt	solut�on	was	stud�ed	at	3	concentrat�on	levels,	wh�ch	were	5,	10	and	20%	(w/v).	
The	separated	l�qu�d	(cheese	whey)	was	then	separated	us�ng	cleaned	double	layers	
cheese	cloth.	The	cheese	curds	were	collected	and	pressed	�n	a	small	scale	press�ng	
equ�pment	 for	 1	 h	 at	 room	 temperature	 to	 promote	 more	 removal	 of	 the	 cheese	
whey.	At	 the	end	of	 the	press�ng	 t�me,	 the	cheese	curd	was	cut	 �nto	small	p�eces	
(approx�mately	2x2x2	cm3)	and	kept	�n	refr�gerated	temperatures	unt�l	the	t�me	of	
analys�s.	Each	treatment	was	prepared	�n	tr�pl�cate.

Physicochemical and microbial analyses of salt coagulated cheese
Y�eld	of	salt	coagulated	cheese	was	calculated	based	on	the	amount	of	the	f�nal	

cheese	curd	(after	press�ng)	d�v�ded	by	the	amount	of	raw	m�lk	used	and	mult�pl�ed	
by	 100.	The	 amounts	 of	 salt,	 total	 t�tratable	 ac�d�ty	 and	 mo�sture	 content	 of	 salt	
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coagulated	cheese	were	determ�ned	us�ng	methods	of	AOAC	(2000).	The	measure-
ment	of	pH,	colour	and	texture	of	salt	coagulated	cheese	were	carr�ed	out	us�ng	a	
pH	meter	(Consort	C830,	Belg�um),	a	color�meter	(M�nolta	CR-300,	Japan)	and	a	
texture	analyzer	(Texture	Analyser	model	TA.XTPlus,	Stable	M�cro	Systems,	UK),	
respect�vely.

For	m�crob�al	enumerat�on,	total	plate	count,	the	count	of	yeast	and	mould	and	
psychrotroph	bacter�a	were	carr�ed	out	based	on	procedures	publ�shed	by	Harr�gan	
(1998).

Results	and	D�scuss�on	

The	y�eld	of	salt	coagulated	cheeses	was	more	affected	by	the	type	of	calc�um	
salt	solut�on	rather	 than	the	concentrat�ons	of	salt	solut�ons	(F�g.	1a).	The	cheese	
curd	coagulated	w�th	calc�um	prop�onate	produced	h�gher	y�elds	compared	to	those	
of	the	curd	added	w�th	calc�um	chlor�de.	A	cheese	y�eld	between	10.1	and	10.4%	
had	been	reported	by	He�no	et al.	(2010)	for	Edam	cheese	m�lk,	whereas	Hydamaka	
et al.	(2001)	found	a	y�eld	of	47.7	to	74.6%	for	heat	and	ac�d	coagulated	cheese	from	
ultraf�ltered	m�lk	retentates.	D�fferences	�n	the	cheese	y�eld	were	ma�nly	affected	by	
d�fferent	press�ng	t�me	and	pressure.	

F�gure	1.	Y�eld	(%)	(a)	and	mo�sture	content	(%)	(b)	of	salt	coagulated	cheese	affected	by	
d�fferent	types	and	concentrat�ons	of	calc�um	salt	solut�ons	

A	h�gher	cheese	y�eld	produced	by	calc�um	prop�onate	was	contr�buted	 to	a	
h�gher	mo�sture	content	found	�n	the	cheese	samples	(F�g.	1.b).	The	lowest	mo�sture	
content	of	52.67	+	2.07%	was	found	�n	 the	cheese	coagulated	w�th	10%	calc�um	
chlor�de.	Okpala	et al.	(2010)	reported	a	mo�sture	content	of	63.1	+	0.8%	for	fresh	
cheese,	whereas	Dave	et al.	(2003)	found	mo�sture	contents	between	53.2	and	57.8%	
for	d�rect	ac�d�f�cat�on	of	Mozzarella	cheese.	D�screpancy	�n	the	mo�sture	content	
of	d�fferent	cheeses	was	affected	by	the	press�ng	cond�t�on,	raw	m�lk	compos�t�on,	
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type	and	strength	of	coagulant	and	process�ng	parameters	(Hydamaka	et al.,	2001;	
Dave	et al.,	2003).

Cheese	samples	coagulated	w�th	calc�um	prop�onate	s�gn�f�cantly	had	h�gher	
pH	values	compared	to	those	produced	w�th	calc�um	chlor�de	(F�g.	2a).	The	pH	of	
calc�um	chlor�de	cheese	samples	was	s�m�lar	 to	the	report	of	S�ngh	et al.	 (2007),	
who	found	that	the	add�t�on	of	calc�um	salts	(50	mg/100ml)	�n	m�lk	reduced	the	pH	
of	m�lk	to	be	about	6.3	that	led	to	destab�l�zat�on	of	the	m�lk.	The	h�gh	pH	found	
�n	 th�s	 study	 m�ght	 also	 be	 affected	 by	 the	 absence	 of	 m�croorgan�sms	 and	 ac�d	
add�t�on	dur�ng	�ts	product�on.	

The	amount	of	salt	measured	as	sod�um	chlor�de	showed	that	the	cheeses	made	
from	calc�um	chlor�de	conta�ned	h�gher	amounts	of	salt	compared	to	those	produced	
by	calc�um	prop�onate	 (F�g.	2b).	The	h�ghest	amount	of	salt	 (1.27	+	0.13%)	was	
s�gn�f�cantly	 found	 �n	 the	 cheese	 coagulated	 w�th	 20%	 calc�um	 chlor�de.	 Th�s	
value	was	s�m�lar	to	the	salt	content	�n	the	Mozzarella	cheese	produced	by	d�rect	
ac�d�f�cat�on	(Dave	et al.,	2003).	

F�gure	2.	pH,	total	ac�d�ty	(%	lact�c	ac�d)	(a)	and	salt	concentrat�on	(%)	(b)	of	salt	coagulated	
cheese	affected	by	d�fferent	types	and	concentrat�ons	of	calc�um	salt	solut�ons	

The	colour	of	d�fferent	salt	coagulated	cheeses	was	not	affected	by	d�fferent	
types	and	concentrat�ons	of	salt	solut�ons	(F�g.	3a).	The	cheeses	had	a	l�ght,	almost	
pure	wh�te	colour	w�th	sl�ghtly	green	and	yellow	colour	d�rect�ons.	Th�s	f�nd�ng	was	
almost	s�m�lar	 to	 the	fresh	cheese	produced	by	rennet	coagulat�on	(Okpala	et al.,	
2010).

The	hardness	of	salt	coagulated	cheeses	was	affected	by	d�fferent	types	of	salt	
solut�ons.	 Cheeses	 coagulated	 w�th	 calc�um	 chlor�de	 had	 h�gher	 hardness	 values	
than	those	made	from	calc�um	prop�onate	(F�g.	3b).	The	h�ghest	hardness	value	was	
found	�n	the	cheese	produced	by	5%	calc�um	chlor�de.	A	fresh	cheese	produced	by	
rennet	coagulat�on	was	reported	to	have	a	hardness	value	of	2.54	+	0.09	N	(Okpala	
et al.,	2010).	
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F�gure	 3.	 Colour	 values	 (a)	 and	 hardness	 (N)	 (b)	 of	 salt	 coagulated	 cheese	 affected	 by	

d�fferent	types	and	concentrat�ons	of	calc�um	salt	solut�ons

D�fferent	 salt	 coagulated	cheeses	conta�ned	a	 total	m�crob�al	 count	between	
5.00	+	0.42	and	7.48	+	0.00	log	cfu/g,	a	total	number	of	yeast	and	mould	of	less	than	
1.49	+	1.42	log	cfu/g	and	a	total	psychrotroph	bacter�um	�n	the	range	of	3.48	+	0.00	
to	5.48	+	0.00	log	cfu/g.	The	h�gh	number	of	 total	m�croorgan�sms	�n	 the	cheese	
could	be	contr�buted	from	the	concentrat�on	factor	of	the	raw	m�lk	dur�ng	the	bo�l-
�ng	process.	H�gh	pH	values	and	mo�sture	contents	of	the	salt	coagulated	cheeses	
would	be	other	factors	that	m�ght	support	the	surv�val	of	m�croorgan�sms	dur�ng	the	
press�ng	per�od	for	1	h	at	room	temperature.	The	major�ty	of	m�croorgan�sms	�n	salt	
coagulated	cheeses	were	represented	by	psychrotroph	m�croorgan�sms.	

Conclus�ons		

From	the	collected	data,	 �t	could	be	concluded	that	coagulat�on	of	raw	m�lk	
could	be	produced	by	a	comb�nat�on	of	heat	treatment	and	calc�um	salt	solut�ons.	
The	add�t�on	of	calc�um	chlor�de	created	better	cheese	character�st�cs,	�nd�cat�ng	a	
better	effect	of	the	salt	solut�on	to	destab�l�ze	the	case�n	m�celles.	W�th	a	lower	pH	
value	of	the	calc�um	chlor�de	cheese,	the	cheese	had	h�gher	salt	content	and	hardness	
value	than	those	of	the	cheese	produced	w�th	calc�um	prop�onate.
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Abstract

Local sheep in Indonesia are mainly raised to produce meat. In fact some of 
local sheep also actually produce strong (harsh) wool that have not been utilized 
as some farmers do shearing the sheep for sanitation purposes. Studies on wool 
production and technology of local sheep in Indonesia have not been reported. This 
field research was aimed to study (i) wool production and the fineness of local sheep 
and crossbred sheep wool, (ii) simple wool processing technique and (iii) Processing 
performance of both type of wool. The data of wool production were collected in 
Bogor by using 12 adult female sheep for each of local and crossbred sheep. The 
results showed that wool production of local sheep was lower than crossbred sheep 
(605.55 ± 22.98 g/head/year and 2911.75 ± 108.82 g/head/year, respectively). Wool 
fibres of local sheep were much coarser than crossbred (35.06 ± 6.14 µ and 22.94 
± 0.88 µ, respectively). This study also found that simple wool processing technique 
was able to be used for local sheep wool. This process steps included (i) sorting 1 
(ii) washing (iii) drying (iv) sorting 2 (v) combing (vi) yarning, (vii) whitening, (viii) 
designing (ix) coloring and (x) weaving. It was found that processing performance of 
crossbred sheep wool was likely better than local sheep wool. It was concluded that 
both wool types produced by local and crossbred sheep were able to be processed to 
make different quality of yarn with simple processing technique. It is recommended 
that the technique can be applied to develop wool processing small industry to 
increase value added of sheep farming business as well as source of income for the 
community. 

Keywords: fiber diameter, local sheep, processing, wool production

Introduct�on

Local	sheep	�n	Indones�a	are	ma�nly	ra�sed	to	produce	meat	and	some	add�-
t�onal	and	econom�c	product	such	as	sheep	sk�n/h�de.	Some	of	local	sheep,	however,	
also	actually	produce	strong	(harsh)	wool	that	have	not	been	ut�l�zed,	as	some	farm-
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ers	shear	the	sheep	for	san�tat�on	purposes.	Th�s	type	of	sheep	are	local	crossbred	
sheep	that	have	been	�n	Indones�a	for	decades	and	well	adapted	�n	certa�n	areas.	The	
crossbred	 sheep	 were	 or�g�nated	 from	 the	 �mportat�on	 of	 subtrop�cal	 sheep	 from	
Netherlands	and	other	sheep	producer	countr�es,	some	decades	ago.	Stud�es	on	wool	
product�on	and	technology	of	e�ther	local	or	�ts	crossbred	sheep	�n	Indones�a	have	
not	been	many	reported.	Parakkas�	et al (1994)	reported	that	wool	growth	and	f�bre	
d�ameter	of	Pr�angan	sheep	were	0,30	g/cm2/day	and	51,47	µm,	respect�vely,	wh�le	
Syamyono	et al (2002)	found	that	the	wool	product�on	of	Pr�angan	sheep	was	391,5	
±	90,2	g/head/year,	and	sheep	f�bre	d�ameter	(FD)	were	30,13±13,11	µm	for	the�r	
wool	and	130,44±20,58	µm	for	kemp	(rough	wool).	On	the	contrary,	wool	growth	
of	subtrop�cal	dual	type	sheep	were	much	h�gher	as	reported	by	Lupton	et al.	(2004)	
that	Dorset	produced	wool	of	2,3-4,1	kg/head/year.	S�m�larly	the	FD	of	the	sheep	
was	also	much	f�ner	than	Pr�angan	sheep	(FD	of	Dorset	was	around		31,5±6,45	µm,	
F�nsheep	27,5±6,08µm,	Romanov	27,7±17,46	µm,	Texel	34,1±7.32	µm,	and	Mon-
tadale	29,3±5,98	µm)	(Lupton	et al.,  2004).		

Th�s	 f�eld	 research	 was	 then	 a�med	 to	 (�)	 study	 wool	 product�on	 and	 f�bre	
d�ameter	of	local	sheep	and	crossbred	sheep	�n	both	sex	(��)	�dent�fy	wool	process�ng	
techn�que	and	(���)	to	study	process�ng	performance	by	us�ng	loss	percentage	of	wool	
staple	dur�ng	wool	process�ng	�n	both	local	and	crossbred	sheep	at	d�fferent	sex.	

Mater�als	and	Methods

Materials
-	 Local	th�n	ta�led	sheep:	5	heads	of	each	male	and	female	adult	sheep	(2	years	old)	

were	used	from	Sekat�	sheep	farmer	group,	C�omas	Bogor.
-	 Crossbred	sheep:	5	heads	of	each	male	and	female	adult	crossbred	sheep	(Mer�no	

x	Dorset)	were	used	from	a	sheep	fatten�ng	commerc�al	farm,	Gunung	Putr�,	Bo-
gor.	

-	 Equ�pments:	wool	shear�ng	sc�ssors,	scale,	m�crometer,	small	sc�ssor,	holed	ruler,	
carder,	yarn	maker,	plast�c	bags,	detergent	and	d�s�nfectant.

Methods
-	 Wool	product�on:	sheep	were	shorn	throughout	the	body	by	us�ng	manual	shear-

�ng	sc�ssor	spec�al	for	sheep	wool/ha�rs.	The	greasy	wool	was	then	we�ghed.	The	
date	of	last	shear�ng	was	recorded	accord�ng	to	secondary	data	from	the	farmer	
group	(for	th�n	ta�led	local	sheep)	or	enterpr�se	(for	crossbred	sheep).

-	 The	f�neness	of	wool	was	determ�ned	by	measur�ng	f�ber	d�ameter	(FD).	Wool	
sample	was	taken	by	cl�pp�ng	the	wool	staple	at	5	d�fferent	areas	(1	cm2	each)	by	
putt�ng	the	staple	cl�p	at	a	hole	area	of	a	ruler.	FD	of	one	sample	was	the	average	
of	4	wool	f�ber	hav�ng	the	mosr	coarser	(2	f�bers)	and	the	most	f�nest	(2	f�bers).	
By	us�ng	a	m�crometer	the	f�ber	was	measured	at	the	base	of	f�bre	w�th	a	normal	
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pressure.
-	 Ident�f�cat�on	of	wool	process�ng	techn�que:	D�rect	observat�on	was	conducted	to	

record	the	techn�que	appl�ed	�n	a	wool		process�ng	used	�n	wool	hand�craft	group	
�n	 Indramayu.	T�m�ng,	mater�als	and	procedures	of	 the	 techn�que	were	 �dent�-
f�ed.	

-	 Process�ng	Performance/Process�ng	loss	of	wool	staple.	Samples	were	we�ghed	
at	each	step	of	wool	process�ng	by	us�ng	a	scale.	Percentage	of	wool	loss	�s	de-
f�ned	as	percentage	wool	loss	of	total	wool	before	be�ng	processed	�n	each	step.

-	 Stat�st�cal	Analys�s:	data	between	local	and	crossbred	sheep	were	compared	w�th	
descr�pt�ve	analys�s,	as	they	were	collected	from	d�fferent	locat�ons	and	d�fferent	
management	system.	T-test	was	used	to	compare	the	d�fferences	between	sheep	
sex	on	the	process�ng	performances.

Results	and	D�scuss�on

Wool Production and Fiber Diameter
Sheep	are	character�zed	to	have	wooly	typed	ha�rs,	some	breed	of	sheep	pro-

duce	good	wool,	others	are	just	harsh	wool.	Results	of	th�s	study	show	that	�n	local	
sheep	there	were	no	s�gn�f�cant	d�fferences	between	sex	on	wool	product�on	(589.3	
±	85.43	and	621.8	±	105.94,	respect�vely	�n	male	and	female	sheep).	FD	was	also	
s�m�lar	between	male	and	female	sheep	(39.4	±	1.87	and	30.72	±	4.98,	respect�vely)	
(p>0.05)	(Table	1).	Wool	product�on	�n	crossbred	sheep	was	around	4-5	much	h�gher	
than	wool	product�on	�n	local	sheep,	although	stat�st�cally	these	data	cannot	com-
pared	as	the	wool	were	from	d�fferent	locat�ons.	However	for	local	sheep,	they	are	
g�ven	a	good	standard	of	sheep	farm�ng	system	�n	the	v�llage.	Wool	growth	starts	at	
the	base	of	wool	foll�cle	from	a	root	of	foll�cle	called	dermal	pap�lla	where	nutr�ents	
�nput	�s	suppl�ed	to	the	foll�cle	through	the	blood	vessels	to	dermal	pap�lla.

S�m�larly,	wool	of	crossbred	sheep	were	f�ner	than	local	sheep	wool	(Table	1).	
Accord�ng	to	wool	standard,	the	crossbred	FD	�n	th�s	study	can	be	categor�zed	as	
med�um	wool	type	and	the	local	sheep	wool	was	as	strong/coarse	wool.	Genet�cally	
sheep	have	wool	type,	meat	type	as	well	as	dual	purpose	(Cottle,	1994).	Crossbred	

Table	1.	Wool	product�on	and	f�ber	d�ameter	of	local	and	crossbred	sheep	�n	both	sexes

Sheep	breed Sex Wool	product�on	
(Greasy	we�ght)	(g) FD	(mµ)

Local	sheep
Male 589.3	±	85.43 39.40	±	1.87
Female 621.8	±	105.94 30.72	±	4.98

Crossbred	Sheep
Male 2,834.8	±	360.99 22.32	±	1.47
Female 2,988.7	±	453.56 23.56	±	2.04
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sheep	used	�n	th�s	study	were	between	Mer�no	(wool	producers)	and	Dorset	(meat	
type),	�t	�s	therefore	the	wool	was	�dent�f�ed	as	med�um	type,	unl�ke	most	Mer�nos	
have	f�ne	wool.	

Wool processing technique
Th�s	study	shows	that	the	wool	process�ng	techn�que	was	qu�te	s�mple.	There	

were	10	steps	�dent�f�ed	�n	the	process�ng,	�nclud�ng	(�)	sort�ng	1	(��)	wash�ng	(w�th	
detergent	and	d�s�nfectant)	(���)	dry�ng	(�v)	sort�ng	2	(v)	comb�ng	(v�)	yarn�ng,	(v��)	
wh�ten�ng/bleach�ng,	 (v���)	des�gn�ng	(�x)	color�ng	and	(x)	weav�ng.	More	s�mple	
steps	were	shown	�n	F�gure	1.	

Wool	
Shear�ng

Wash�ng	
(Detergent	+	
Des�nfectant)

Dry�ng Sort�ng	II

Comb�ng

Yarn�ngWh�ten�ng	/	
Bleach�ng

Handwoven	
Products	:
-Wall	hang�ngs
-Table	runners
-Placemats
-Lamp	Covers
-Carpets,	etc.

Color�ng

Des�gn�ng

Sort�ng	I

Weav�ng

F�gure	1.	D�agram	of	steps	�n	wool	process�ng	techn�que	

In	f�rst	step,	sort�ng	was	appl�ed	by	clean�ng	and	throw	away	any	d�rts/strange	
mater�als	st�cked	on	the	wool,	such	as	dry	feces,	so�ls,	dry	grass	etc.	Wash�ng	process	
was	started	by	soak�ng	the	wool	�n	water	for	24	hours	to	part�t�on	st�cky	wool	f�bres.	
Then	soak�ng	and	clean�ng	w�th	detergent	for	2-3	hours	(100	g	detergent/10	l�ters	
of	water)	was	appl�ed	to	the	greasy	wool.	The	next	step	was	soak�ng	for	one	hour	
and	clean�ng	w�th	d�s�nfectant	(10	cc	detergent/10	l�ter	of	water).	Dry�ng	procedure	
was	proceeded	by	putt�ng	the	wool	under	sun	unt�l	dr�ed	for	2-3	days	depend�ng	on	
the	cl�mate	cond�t�on.	The	dr�ed	wool	were	then	sorted	aga�n	by	separat�ng	the	wool	
f�bres	by	hands	and	hand	carders.	The	next	process	was	comb�ng	the	wool	f�bers	
by	us�ng	drum	carder	several	t�mes.	The	comb�ng	wool	staples	were	then	process	
to	become	wool	yarn	by	yarn�ng	the	wool	us�ng	non-mach�ne	yarn�ng	tool.	Yarn�ng	
needs	exper�ence	to	pract�ce	to	be	a	sk�llful	yarn�ng	techn�c�an.	To	clean	any	left	
wool	grease	produced	by	sebaceous	glands	�n	order	to	make	cleaner	and	more	wh�te,	
wh�ten�ng	the	yarn	was	then	appl�ed	by	bo�l�ng	the	wool	for	2	m�nutes	�n	solut�on	of	
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2	l�ters	of	water,	10	cc	of	perox�de	ac�ds	(H2O2)	and	2	tea	spoons	of	detergent,	then	
r�ns�ng	w�th	clean	water	and	dr�ed	under	�nd�rect	sunsh�ne.	Color�ng	the	wool	yarn	
was	appl�ed	by	bo�l�ng	the	wool	yarn	�n	a	solut�on	of	10	l�ters	of	water,	0.3	l�ters	of	
v�negar	concentrate	for	1	hour,	r�ns�ng	and	then	dry�ng.	Type	of	color	depends	on	the	
des�gn	of	the	woven	hand�crafts.	The	last	step	was	weav�ng	the	yarn	by	us�ng	non-
mach�ne	weaver.	Th�s	techn�que	needed	a	spec�al	sk�lls	�nvolv�ng	pat�ence,	accuracy	
and	arts.									
	
Processing Performance

Wool	staples	from	both	breed	were	processed	accord�ng	to	the	techn�que	�den-
t�f�ed	�n	th�s	study.	The	loss	of	wool	dur�ng	process�ng	�s	�mportant	to	study	the	eff�-
c�ency	of	wool	process	that	w�ll	determ�ne	the	prof�t	of	�ts	bus�ness.	The	results	show	
that	there	were	no	s�gn�f�cance	d�fferences	of	process�ng	loss	between	sheep	sex	at	
any	process�ng	steps	�n	both	sheep	breeds	(p>0.05)	(Table	2).	However,	when	com-
par�ng	sheep	breed,	local	sheep	wool	was	l�kely	to	have	more	loss	�n	all	process�ng	
steps.	For	local	sheep	wool,	the	average	loss	percentage	�n	sort�ng	1,	wash�ng/dry-
�ng,	sort�ng	2,	card�ng	and	yarn�ng	were	5.8;	45.7;	12.1;	16.1;	12.8	%,	respect�vely,	
whereas	for	crossbred	the	average	lost	�n	the	steps	were	1.52;	31.2;	4.12;	13.1;	6.6	
%,	respect�vely	at	the	wool	process�ng	steps.	Th�s	f�nd�ngs	may	�nd�cate	that	pro-
cess�ng	performance	of	crossbred	sheep	wool	was	better	than	local	sheep	wool.

Wool	f�bres	can	be	processed	dur�ng	espec�ally	card�ng,	yarn�ng	and	weav�ng	
when	the	wool	staples	need	to	be	strong.	Kerat�n	prote�n	�n	wool	foll�cles	make	the	
strength,	�n	add�t�on	the	wav�ness	of	wool	mak�ng	flex�b�l�ty	dur�ng	the	process	to	
avo�d	 breakage	 of	 f�bres.	 F�ner	 wool	 would	 have	 better	 wool	 process�ng	 perfor-
mances	(Leeder,	1984).	Wool	process�ng	performance	such	as	the	loss	dur�ng	pro-
cess�ng	depends	on	breed,	sheep	nutr�t�on	and	cl�mate	cond�t�ons	(Hynd,	1989).

Table	2.		Process�ng	loss	of	wool	�n	local	sheep	and	crossbred	sheep	�n	both	sex

Sheep	Breed Sex
Process�ng	Loss	(%)

Sort�ng	1 Wash�ng	+	
Dry�ng Sort�ng	2 Card�ng Yarn�ng

Local	sheep
Male 3.74	±	1.45 38.52	±	8.63 12.52	±	8.55	 16.58	±	4.74 17.44	±	8.08
Female 7.76	±	6.00 52.84	±	9.62	 11.6	±	4.74 15.58	±	4.67 9.36	±	1.67

Crossbred	
Sheep

Male 1.18	±	1.52 27.40	±	4.25 5.14	±	1.41		 13.90	±	6.55 5.30	±	4.20
Female 1.86	±	2.47 34.98	±	6.18 3.10	±	1.84 12.30	±	7.61 7.94	±	2.53

Conclus�ons

Wool	product�on	of	local	sheep	was	l�kely	less	than	�n	crossbred	sheep.	F�ber	
d�ameter	 of	 crossbred	 sheep	 was	 clearly	 f�ner	 than	 �n	 local	 sheep	 wool.	 Wool	
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process�ng	techn�que	was	qu�te	s�mple	and	rel�able	to	process	local	and	crossbred	
sheep	wool.	Th�s	process	steps	were	(�)	sort�ng	1	(��)	wash�ng	(���)	dry�ng	(�v)	sort�ng	
2	(v)	comb�ng	(v�)	yarn�ng,	(v��)	wh�ten�ng,	(v���)	des�gn�ng	(�x)	color�ng	and	(x)	
weav�ng.		Wool	�n	local	sheep	was	able	to	process,	however	process�ng	performance	
of	crossbred	sheep	wool	was	l�kely	better	than	local	sheep	wool.	It	�s	recommended	
that	 the	 techn�que	 can	 be	 appl�ed	 to	 develop	 wool	 process�ng	 small	 �ndustry	 to	
�ncrease	value	added	of	sheep	farm�ng	bus�ness	as	well	as	source	of	�ncome	for	the	
commun�ty.
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Abstract
 
This experiment was aimed to identify characteristics and comparative 

advantage of Iranian sheep breed wool. Fiber characteristics of 270 male and 
female sheep of 1, 2, 3 and 4 years of age belonging to Afshari, Zandi, Mehrabani, 
Lori and Baluchi sheep breeds were studied. Samples of fiber were taken from the 
left midside of sheep and analyzed using standard objective measurements for staple 
length (SL), mean fiber diameter (MFD), coefficient of variation of fiber diameter 
(FDCV), inner coat fiber ICF, outer coat fiber (OCF), kemp fiber (KF) and clean 
wool production (CWP). A general linear model was used to analyze the data usin 
SAS package. The mean (s.e) for SL, MFD, FDCV, ICF, OCF, KF and CWP were 
110.8±0.1 mm, 36.9±0.5 µm, 50.2±0.8 %, 84.2±0.6 %, 9.8±0.4 %, 5.9±0.4 % and 
69.3±0.7 respectively. MFD of  22% of all  wool samples les was between 22 – 30 
µm. MFD of a further 36 and 42 percent of wool samples was between 31 – 37  µm 
and coarser than 37 µm .  SL of 12 % of wool samples was shorter than 100 mm and 
38 % of samples between 100 – 120 mm and 50 % of samples were longer than 120 
mm. There is substantial scope to improve the quality of fiber produced by Iranian 
sheep breeds through genetic selection.

Keywords: fiber diameter, fiber types, sheet, staple length, wool

Introduct�on

Sheep	populat�on	of	Iran	was	53.8	m�ll�on	heads	�n	2008	wh�ch	ranks	5th	�n	the	
world	(FAO,	2010)	w�th	27	well	def�ned	breeds.	Th�s	populat�on	of	sheep	produces	
annually	about	400,000	tones	of	meat,	820,000	tones	of	m�lk,	60,000	tones	of	wool,	
22	m�ll�on	sk�n	pelts	and	188,000	tones	of	guts	(M�n�stry	of	Agr�culture,	2009).	More	
than	1.6	m�ll�on	people	are	d�rectly	�nvolved	�n	sheep	breed�ng	w�th	s�gn�f�cant	role	
�n	the	economy	and	l�vel�hood	of	rural	and	nomad�c	soc�et�es.	

The	fleece	of	sheep	grows	from	spec�al�zed	foll�cles	�n	the	sk�n.	Wh�le	pr�mary	
foll�cles	 bear	 medullated	 outer	 coat	 coarse	 f�ber	 (ha�r)	 and	 prov�de	 mechan�cal	
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protect�on,	secondary	foll�cles	produce	non-medullated	�nner	coat	f�ne	f�ber	or	true-
wool	wh�ch	prov�de	thermal	protect�on	(N�xon,	et	al.	1991).	Carpet	wool	qual�ty	and	
value	�s	pr�mar�ly	determ�ned	by	f�ber	d�ameter	and	length	wh�ch	reflect	the	degree	
of	wool	growth	and	f�neness	respect�vely.		Presently,	l�ttle	techn�cal	data	�s	ava�lable	
on	Iran�an	sheep	f�ber	character�st�cs.	Accord�ngly,	the	present	work	was	des�gned	
to	�dent�fy	f�ber	character�st�cs	and	development	opt�ons	for	future	ut�l�ty.	

Mater�als	and	methods
	
A	total	of	212	sheep	(75	males	and	137	females)	of	Afshar�,	Zand�,	Mehraban�,	

Lor�	and	Baluch�	breeds	respect�vely	from	Zanjan,	Qom,	Hamedan,	Lorestan	and	
South	Khorasan	prov�nces	were	used	�n	th�s	study.	The	sheep	grazed	all	year	but	
the�r	d�ets	were	supplemented	dur�ng	w�nter	w�th	l�m�ted	amount	of	forage	and	gra�n	
(conta�n�ng	15	g	N	kg-1	dry	matter	and	9.1	MJ)	and	were	housed	at	n�ght	dur�ng	
severe	weather	cond�t�ons.	Sheep	were	grouped	�nto	4	age	groups:	1,	2,	3	and	4	years	
old.	

About	10	g	of	f�ber	conta�n�ng	ha�r,	kemp	(medullated)	and	true	wool	(non-
medullated)	from	the	left	m�d-s�de	s�te	was	cut	from	a	5	×	5	cm	square	close	to	the	
sk�n	us�ng	regular	sc�ssors.	Each	sample	was	separately	packaged	and	labeled	w�th	
ear	tag	number,	age,	gender	and	the	breed	of	the	sheep.	

To	determ�ne	the	percentage	of	clean	wool	we�ght,	net	bags	conta�n�ng	samples	
w�thout	contam�nants	were	we�ghed	�mmed�ately,	�mmersed	�n	three	scour�ng	bowls	
solut�on	conta�n�ng	0.3%	of	Na2CO3	and	0.1%	of	soap	and	water	and	st�rred	for	15	
m�nutes	at	a	temperature	of	52±3	oC.	Th�s	procedure	was	repeated	once	more	but	only	
w�th	warm	water.	Washed	samples	were	oven-dr�ed	and	we�ghed	and	the	percentage	
of	clean	wool	we�ght	was	est�mated.	The	mean	f�ber	d�ameter	of	the	washed	wool	
sample	was	measured	us�ng	a	project�on	m�croscope	(Chapman,	1960).	The	average	
staple	length	for	each	wool	sample	(�n	tr�pl�cates)	was	measured	to	the	nearest	0.1	
cm..	The	number	of	non-meduallated	�nner	coat	f�ber,	meduallated	outer	coat	ha�r	
f�ber	and	medullated		kemp	f�ber	was	measured	(IWTO,	1952).	Analys�s	of	var�ance	
was	performed	us�ng	a	general	l�near	model	(GLM)	of	SAS	package	(SAS,	1996).	
D�fferences	between	means	were	tested	us�ng	Duncan’s	new	mult�ple	range	test.

Results	and	D�scuss�on

For	 the	 measured	 wool	 character�st�cs	 total	 mean	 and	 standard	 errors	 are	
prov�ded	for	d�fferent	breeds,	genders	and	ages	(Table	1),	and	d�fferent	ranges	of	
f�ber	are	shown	(Table	2).	22	and	36%	of	all	wool	 samples	had	a	 f�ber	d�ameter	
between	22-30	and	31-37	µm	respect�vely.	A	further	42%	of	the	wool	samples	were	
coarser	than	37	µm.	All	samples	were	longer	than	80	mm	but	shorter	than	147	mm	
w�th	12%	less	than	100	mm,	38%	between	100	and	120	mm	and	50%	longer	than	
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120	mm.	67%	of	all	samples	had	a	percentage	of	�nner	coat	f�ber	greater	than	80	
wh�le	28	and	5%	of	wool	samples	had	a	non-meduallated	�nner	coat	f�ber	percentage	
of	65-80	and	less	than	65	respect�vely.	

Percentage of wool fiber types
The	9.8	%	medullated	OCF	�n	the	present	study	�s	s�m�lar	to	that	reported	for	

Arab�	 (10.9	%)	 (Ashmaw�	and	El-Azzawy,	1980)	 lower	 than	 those	 �n	 the	Awass�	
sheep	�n	Jordan	and	Iraq	(12%)	(Tabbaa	et al.	,2001,	Al-Azzaw�,	1977)	and	h�gher	
than	 those	 �n	 the	Oss�m�	(5.3%)	and	Rahman�	(2.3%)	sheep	(Mar�a	et al.,	1992).	
There	was	no	s�gn�f�cant	d�fference	�n	 �nner	coat	f�ber	percentage	between	males	
and	females	of	Iran�an	breeds	of	the	present	study,	�n	agreement	w�th	the	f�nd�ngs	of	
Jordan�an	Awass�	sheep	breed.	Tabbaa	et	al.	2001	reported	11	and	10%	medullated	
�nner	coat	f�ber	for	male	and	female	Awass�	lambs	respect�vely.	One	year	old	sheep	
had	h�ghest	percentage	of	�nner	ICF	percentage	and	decreased	w�th	age.	Tabbaa	et 
al.	(2001)	and	Seoudy	et al.	(1973)	also	reported	that	the	percentage	of	�nner	coat	
decreased	w�th	advanc�ng	age	�n	Awass�	and	Bark�	sheep	breeds.	One	year	old	sheep	

Table	2.		Class�f�cat�on	of	the	�nc�dence	(%)	of	sampled	wool	based	on	mean	f�ber	d�ameter	
(MFD),	staple	length	(SL)	and	non-medullated	�nner	coat	f�ber	(ICF).

MFD % SL % ICF %
22-30 22 <100 12 <65 5

All	Breeds 31-37 36 100-120 38 65-80 28
>37 42 >120 50 >80 67

22-30 5 <100 0 <65 9
Afshar� 31-37 36 100-120 60 65-80 48

>37 59 >120 40 >80 43
22-30 60 <100 0 <65 5

Zand� 31-37 35 100-120 62 65-80 5
>37 5 >120 38 >80 90

22-30 3 <100 85 <65 5
Mehraban� 31-37 24 100-120 15 65-80 15

>37 73 >120 0 >80 80
22-30 35 <100 0 <65 0

Lor� 31-37 52 100-120 10 65-80 13
>37 13 >120 90 >80 87

22-30 43 <100 0 <65 0
Baluch� 31-37 55 100-120 4 65-80 4

>37 2 >120 96 >80 96
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had	 the	 lower	percentage	of	kemp	f�ber	 than	older	sheep,	a	 f�nd�ng	 �n	agreement	
w�th	Awass�	sheep	(Tabbaa	et al.,	2001).	

Large	 var�at�on	 �n	 the	 percentage	 of	 ICF	 (58.9-98.6)	 and	 undes�rable	 KF	
(0-33.6)	demonstate	 the	poss�b�l�ty	 for	 �mprov�ng	Iran�an	sheep	fleece	qual�ty	by	
select�on.	Farmers	need	to	be	tra�ned	on	select�on	cr�ter�a	for	breed�ng	rams	based	
on	 subject�ve	wool	 assessment	 to	 avo�d	keep�ng	breed�ng	males	w�th	h�gh	kemp	
percentage.
 
Mean fiber diameter and staple length

Zand�	and	Balouch�	breed	had	the	f�nest	and	longest	wool	wh�le	Mehraban�	
sheep	had	the	coarsest	and	shortest	w�th	73%	of	wool	samples	coarser	than	37	µm.	
Wh�le	Baluch�	and	Zand�	wool	�s	used	�n	mak�ng	f�ne	carpets,	Mehraban�	wool	�s	
used	�n	very	rough	and	bulky	appearance	carpets	�nd�cat�ng	the	need	for	breed�ng	
programs	to	decrease	the	f�ber	d�ameter	and	�ncrease	the	staple	length.					

Results	�nd�cated	that	overall	f�ber d�ameter	was	36.9	µm	wh�ch	�s	comparable	
to	M�ddle	Eastern	 carpet	wool	 sheep	breeds,	36.0	µm	for	Awass�	 (Tabbaa	et al.,	
2001),	31.0	µm	for	Bark�	(Seoudy	et al.,	1973),	35.4	µm	for	Oss�m�	and	31.5	µm	
for	Rahman�	(Mar�a	et al.,	1992).	A	s�gn�f�cant	effect	of	age	on	f�ber	d�ameter	�s	�n	
agreement	w�th	younger	an�mals	(S�dwell	et al.,	1971)	and	the	Bark�	and	Mer�no	
breed	crosses	�n	Egypt	(Seoudy	et al.,	1973).	The	�mpact	of	age	could	be	assoc�ated	
w�th	larger	body	s�ze	and	reduced	sk�n	foll�cle	dens�ty	and	compet�t�on	for	nutr�ents	
and	therefore	f�ber	d�ameter	of	older	sheep	�ncreases.	In	contrast	w�th	the	present	
study,	�ncreas�ng	age	had	no	s�gn�f�cant	effect	on	f�ber	d�ameter	�n	Awass�	and	Arab�	
sheep	(Tabbaa	et al.,	2001,	Al-Azzaw�,	1977,	Ashmaw�	and	El-Azzawy,	1980)	pos-
s�bly	because	the	an�mals	were	younger.				

The	staple	length	of	110.8±0.1	mm	of	Iran�an	sheep	breeds	of	the	present	
study	�s	lower	than	that	of	Awass�	sheep	�n	Jordan	140.0	mm	(Tabbaa	et al.,	2001)	
but	h�gher	than	Arab�	(Ashmaw�	and	El-Azzawy,	1980)	Oss�m�	and	Rahman�	sheep	
(Mar�a	et al.	1992).	A	s�gn�f�cant	effect	of	age	and	sex	on	staple	length	�s	�n	agree-
ment	w�th	Tabbaa	et al.	(2001),	S�dwell	et al.	(1971)	and	Azzaw�	(1977).		

Fiber shedding
It	was	observed	that	Afshar�	sheep	was	the	only	breed	that	had	f�ber	shedd�ng.	

Shedd�ng �s also common �n double-coated Br�t�sh sheep breeds such as pr�m�t�ve	�s	also	common	�n	double-coated	Br�t�sh	sheep	breeds	such	as	pr�m�t�ve	
W�ltsh�re	 and	 Soay	 sheep	 (Slee,	 1963)	 and	 feral	 sheep	 such	 as	 Mer�no	 breed	 �n	
Arapawa	Island	(Orw�n	and	Wh�taker,	1984)	however	the	level	of	shedd�ng	wh�ch	
causes	complete	wool	cast�ng	�n	latter	breeds	�s	much	h�gher.

Conclus�on

It	�s	apparent	that	there	are	d�fferences	between	Iran�an	sheep	breeds	�n	the	way	
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the	f�bers	they	produce	wh�ch	contr�butes	to	d�fferent	fleece	character�st�cs	such	as	
f�ber	d�ameter,	staple	length	and	the	level	of	medullat�on.	Hand	made	carpet	weavers	
and	 manufacturers	 prefer	 f�ner	 wool	 w�th	 lower	 f�ber	 d�ameter	 and	 medullat�on	
for	mak�ng	h�ghly	notted/mm2	and	softer	carpets.	S�gn�f�cant	d�fference	 �s	 found	
between	 sheep	 �n	 wool	 character�st�cs	 �nd�cat�ng	 the	 potent�al	 to	 �mprove	 wool	
qual�ty	and	the	need	for	adopt�ng	proper	management	and	select�on	methods.	

References

Al-Azzaw�,	W.	A.	1977.	A	comparat�ve	study	of	fleece	character�st�cs	�n	Iraq�	sheep.	
M.	Sc.	Thes�s.	Ca�ro	Un�vers�ty,	faculty	of	Agr�culture,	Egypt.	112	pp.	

Ashmaw�,	G.	M.,	El-Azzawy,	W.	1980.	Effect of age, local�ty and system of hus-Effect	of	age,	local�ty	and	system	of	hus-
bandry	on	 fleece	character�t�cs	of	Arab�	 sheep.	Egypt�an	 J.	An�m.	Prod.	20,	
179-187.

Chapman,	R.	E.	1960.	Measurement	of	wool	samples.	In:	Fraser,	A.	S.,	Short,	B.	F.	
(Eds).	The	B�ology	of	Fleece).	An�mal	Research	Laborator�es,	Techn�cal	Paper	
no.	3,	Commenwealth	Sc�ence	and	Industr�al	Research	Organ�zat�on,	Sydney.	
Pp.	71-86.

Food	and	Agr�culture	Organ�zat�on	of	the	Un�ted	Nat�ons.	2010.	www.FAOSTAT.
com.

Mar�a,	 I.	 F.	 M.,	 Gebr�el,	 G.	 M.,	Abou-Fandoud,	 I.	 1992.	 Relat�onsh�ps	 between	
blood	groups	and	some	wool	character�st�cs	�n	Egypt�on	coarse-wool	fat-ta�l	
sheep.	An�m.	Prod.	55,	123-127.	

M�n�stry	of	Agr�culture,	2009.	The	role	of	l�vestock	and	poultry	product�on	on	na-
t�onal	economy.

N�xon,	A.	J.,	Gurnsey,	M.	P.,	Better�dge,	K.,	M�tchell,	R.	J.,	Welch,	R.	A.	S.	1991.	
Seasonal	ha�r	foll�cle	act�v�ty	and	f�ber	growth	�n	some	New	Zealand	cashmere-
bear�ng	goats	(Capra	h�rcus).	Journal	of	Zoology.	London,	224:	589-598.

Orw�n,	D.	F.	G.,	Wh�taker,	A.	H.	1984.	Feral	sheep	(Ov�s	ar�es	L.)	of	Arapawa	Is-
land,	Merlborough	sound,	and	a	compar�son	of	the�r	wool	character�st�cs	w�th	
those	of	four	other	feral	flocks	�n	New	Zealand.	New	Zealand	Journal	of		Zool-
ogy.	11:	201-224.

SAS,	2008.	SAS	Users	Gu�de.	Stat�st�cs.	Vers�on	(6.12th	Edn.),	SAS	�nst.	Inc.	Cary.
	 NC.
Seoudy,	A.	M.,	Ghanem,	Y.	S.,	Ghone�n,	K.	E.	1973.	Heteros�s	of	wool	character-

�st�cs	�n	a	cross	between	Mer�no	and	Bark�	sheep.		II.	Grease	fleece	we�ght,	
f�ber	d�ameter,	cr�mps,	dens�ty	and	f�ber	type	rat�o.	Mesopotam�a	J.	Ag�c.	8,	
147-158.

S�dwell,	G.	M.	W�lson,	R.	L.,	Hour�han,	M.	E.	1971.	Product�on	�n	some	pure	breeds	
of	sheep	and	the�r	crosses.	IV.	Effect	of	crossbreed�ng	on	wool	product�on.	J.	
An�m.	Sc�.	32,	1099-1102.



601Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

Slee,	J.	1963.	B�rth	coat	shedd�ng	�n	W�ltsh�re	Horn	lamb.	An�mal	Product�on.	5:	
301-316.

Tabbaa,	M.	J.,	Al-Azzaw�,	W.	A.,	Campbell,	D.	2001.	Var�at�on �n fleece character�s-Var�at�on	�n	fleece	character�s-
t�cs	of	Awass�	sheep	at	d�fferent	ages.	Small	Rum�nant	Research.	41:	95-100.



602 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

Training Programme of Biogas to Minimize Environmental 
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Abstract

The cattle in the village Tempok traditionally maintained, in the sense that 
no caged animals. On the afternoon of cattle grazing in the garden, the evening 
brought home and left on the home page. The problem, waste of cattle can cause 
environmental pollution. Based on the problems of making biogas training was 
conducted with the aim to increase knowledge and awareness of peasant farmers 
in minimizing environmental pollution and produce biogas reactor. The goal of 
this group was the farmers’ cattle Pinatoroan and Samperongan. The method used 
of the application of science and technology was extension and training program 
of making biogas. Waste of cattle produces methane (CH4), which can increase 
greenhouse gas emissions. One of the activities that can be done is processing of 
biogas as an effort to improve environmental quality. Biogas reactor is made of 
2 pieces and has successfully seen the fire coming out of the stove. This activity 
is done to reduce greenhouse gas emissions produced from waste of cattle. The 
result of the application of science and technology was to increase knowledge and 
awareness of peasant farmers in minimizing environmental pollution. Biogas reactor 
produces gas as a fuel substitute. Benefits derived from these activities is to reduce 
expenditures for kerosene, reducing the dependence of fuel wood, the home page be 
clean, pleasing to the eye and reduce odor.

Keywords: biogas, cattle waste, environment

Introduct�on

Accord�ng	to	Putro	(2007),	global	energy	cr�s�s	caused	world	o�l	pr�ces	reached	
U.S.	$	70/barrel.	Th�s	cond�t�on		�nfluenced	the	l�fe	of	Indones�an	�nclud�ng	rural	
people	of	 the	d�str�cts	Tompaso.	There	 �s	a	need	 to	prov�de	an	alternat�ve	energy	
supply	through	development	non-fuel	energy	technolog�es	wh�ch	are	env�ronmentally	
fr�endly.	
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Based	on	jo�nt	dec�s�on	of	the	M�n�ster	of	Home	Affa�rs	and	M�n�ster	of	Agr�-
culture,	No.	54	of	year	1996:	304/KPTS/L.P.120/4/96,	about	Gu�del�nes	for	Imple-
mentat�on	of	Agr�cultural	Extens�on,	a	program	to	 �mprove	farmer	groups,	based	
on	local	cond�t�ons	and	potent�al	resources,	and	cons�der�ng	the	strateg�c	env�ron-
ment	 that	 �nfluence	 �t,	 have	 been	 run	 (Department	 of	An�mal	 Husbandry,	 1998).	
The	program	was	pr�mar�ly	�ntended	for	low	�ncome	rural	households.	One	energy	
technology	�n	accordance	w�th	the	requ�rements	of	the	rural	households	was	b�ogas	
technology.	Accord�ng	to	Sr�sertpol	et al.	(2010),	b�ogas	was	one	k�nd	of	energy	and	
susta�nable	development	that	were	essent�al	to	energy	and	env�ronmental	plann�ng.	
B�ogas	from	cattle	waste	could	subst�tute	kerosene	wh�ch	were	expens�ve	and	scarce	
�n	rural	area.	

In	D�str�ct	Tompaso	 there	were	 two	groups	of	cattle	 farmers,	namely	group	
of	cattle	farmers	P�natoroan	and	Samperongan.	The	groups	ma�nta�ned	the�r	cattle	
trad�t�onally	and	extens�vely.	On	the	morn�ng	unt�l	late	afternoon	the	cattle	were	let	
graz�ng	�n	the	f�eld.	In	the	afternoon,	around	18:00	o’clock,	the	cattle	were	brought	
back	and	let	slept	�n	the�r	home	yard.	The	system	caused	env�ronmental	problem	due	
to	unmanaged	of	the	cattle	dunk(El-Had�d�	and	A-Turk�,	2007).	

Based	on	these	problems,	we	conducted	a	program	to	use	cattle	waste	to	make	
b�ogas.	The	purpose	of	program	was	to	tra�n	members	of	the	cattle	farmer	groups	
to	convert	the�r	cattle	waste	�nto	b�ogas.	Th�s	program	were	cons�sted	of	two	act�v�-
t�es	namely	extent�on	serv�ce	and	tra�n�ng.	These	act�v�t�es	were	done	as	efforts	to	
�ncrease	awareness	of	the	cattle	farmers	�n	m�n�m�z�ng	env�ronmental	pollut�on.

Mater�als	and	Methods

Based	on	the	background	and	the	problems	above,	extent�on	serv�ce	and	tra�n�ng	
for	 groups	 of	 cattle	 farmers	 Semporongan	 and	 P�notoroan	 have	 been	 conducted.	
P�notoroan	group	cons�sted	of	23	members	wh�le	the	Samperongan	group	have	20	
members.	In		l�vestock	development,	espec�ally	beef	cattle,	extens�on	serv�ce	take	an	
�mportant	role	espec�ally	�n		strengthen�ng	of	farmer	groups	and	�ncrease		adopt�on	
of	farm	technology	(Abdullah,	2008).	Extens�on	serv�ce	that	have	been	conducted	
�n	the	rural	Tempok	were	a�med	at	chang�ng		of	the	farmer	behav�or	toward	a	better	
d�rect�on	 (Pambudy,	 1999).	 Mater�als	 and	 med�a	 used	 were	 brochures	 and	 LCD	
projector.	After	the	extens�on	serv�ces,	the	farmers	were	tra�ned	�n	mak�ng	b�ogas	
reactor	 and	 how	 to	 produce	 b�ogas.	 Mater�als	 and	 equ�pment	 used	 was	 waste	 of	
cattle,	two	old	drum	conta�ner,	hoses,	and	gas	stove.	Extens�on	serv�ce	have	been	
successfully	carr�ed	out	can	be	seen	from	the	compactness	of	the	group	members	�n	
response	to	the	manufacture	of	b�ogas.	Technology	adopt�on	�s	measured	from	the	
b�ogas	reactor	has	been	successful	�n	produc�ng	a	flame.
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Results	and	D�scuss�on

The	number	of	cattle	owned	by	members	of	the	Semporongan	group	was	55	
and	P�natoroan	group	owned	64	cattle.	The	cattle	were	pr�vately	owned	by	the	group.	
The	cattle	released	waste	da�ly.	Unmanaged	cattle	waste	produced	methane	(CH4),	
wh�ch	�ncreased	greenhouse	gas	em�ss�ons	(GHG).	Methane	was	a	greenhouse	gas	
that	accumulates	 �n	 the	atmosphere	due	 to	human	act�v�t�es	 (Masse	et al.,	2003).	
Therefore,	cattle	farm�ng	have	been	blamed	to	cause	global	warm�ng.	

L�vestock	waste	was	a	potent�al	source	of	CH4	em�ss�ons	(Moss,	1993	�n	Masse	
et al.,	2003).	Therefore,	�t	should	be	converted	�nto	b�ogas.	Accord�ng	to	Y�r�doe	et	
al.	(2009),	product�on	of	b�ogas	�n	general,	was	cons�dered	f�nanc�ally	feas�ble	�f	�t	
was	made	from	50	cows	or	200	sows.		

In	 average,	 a	 fam�ly	 energy	 needs	 for	 cook�ng	 was	 2000	 l�ters	 per	 day.	
Accord�ng	Putro	(2007),	household	cook�ng	energy	needs	can	be	met	from	waste	
of	 3	 cattle.	Therefore,	 b�ogas	 produced	 by	 the	 group	 was	 cons�dered	 f�nanc�ally	
feas�ble	(numbers	of	cattle	owned	by	the	group	were	more	than	50	w�th	average	of	
cattle	owned	was	3).	

B�ogas	 technology	has	 been	 �ntroduced	 and	 developed	 qu�te	 a	 long	 t�me	 �n	
Indones�a	(W�dodo	et al.,	2009).	B�ogas	technology	can	be	appl�ed	to	the	scale	of	
household,	 commerc�al	 or	 v�llage	 (Eze,	 2009).	 Bond	 and	 Templeton	 (2011)	 ex-
pla�ned	that	the	b�ogas	conta�ns	50-70%	CH4	and	30-50%	CO2.	In	nature,	methane	
gas	was	always	there,	but	there	was	a	need	for	equ�pment	and	spec�f�c	cond�t�ons	to	
accelerate	the	format�on	of	gas	(Putro,	2007).

B�ogas	reactor	was	a	dev�ce	that	can	process	waste	�nto	b�ogas.	Each	b�ogas	
reactor	un�t	had	been	made	from	two	drum	conta�ner.	The	other	 two	drums	were	
used	to	bu�ld	a	gas	reservo�r.	Cattle	waste	was	m�xed	w�th	water	�n	the	rat�o	1:	1,	
st�rred	unt�l	d�ssolved	and	then	�nserted	�nto	the	b�ogas	reactor.	B�ogas	reactor	was	
made	s�mply	to	be	access�ble	to	the	farmers	(F�gure	1).	Lo	et al.	(1984)	noted	that	
unw�ll�ngness	of	North	Amer�can	farmers	to	adopt	the	b�ogas	technology	were	due	
to	 the	h�gh	cap�tal	 �nvestment	 for	 construct�on	of	b�ogas.	The	earl�er	 reactor	had	
been	made	for	convert�ng	p�g	waste	(Adl	et al,	2012).

	A	larger	drum	w�th	a	capac�ty	of	200	l�ters	were	f�lled	w�th	water.	The	drum	
served	as	a	control	gas	format�on.	Then	a	smaller	drum	w�th	a	capac�ty	of	120	l�ters	
were	then	be	put	�nto	the	larger.	The	drum	were	fed	w�th	fresh	cattle	waste	every	
day.	The	b�ogas	process	could	reduce	the	rat�o	of	carbon	to	n�trogen	(C/N)	21.82	to	
14.19	(Chen	et al,	2010).

The	b�ogas	were	resulted	after	3-4	weeks	of	cattle	waste	convert�on	�n	the	
b�ogas	reactor.	B�ogas	was	produced	by	bacter�a	that	convert	organ�c	mater�al	�n	the	
absence	of	oxygen	(anaerob�c	process)	(Putro,	2007).	Th�s	process	took	place	dur-
�ng	process�ng	or	fermentat�on.	The	resulted	gas	was	cons�sted	ma�nly	out	of	CH4	
and	CO2.	If	the	content	of	CH4	gas	was	more	than	50%,	then	the	m�xture	was	h�ghly	
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flammable	gas.	The	CH4	gas	content	�n	the	b�ogas	produced	from	cattle	waste	�n	th�s	
tra�n�ng	were	about	60%.

F�gure	1.	B�ogas	Reactors	us�ng	Drum	(Oley	et al.,	2009)

The	b�ogas	reactor	was	connected	to	the	reservo�r	gas,	methane	gas	generated	
out	through	the	hose	to	the	gas	reservo�r.	The	result�ng	methane	gas	can	come	out	
through	the	hose	from	the	gas	reservo�r	to	the	gas	stove.	After	4	weeks,	the	gas	can	
be	heated	up	and	used	for	cook�ng.	B�ogas	product�on	could	part�ally	replace	fos-
s�l	fuel	energy	so	as	to	reduce	the	env�ronmental	�mpact.	B�ogas	was	cleaner	fuels	
and	renewable	energy	(Sch�evano	et	al,	2009).	Furthermore,	Barnhart	(2012)	sa�d	
that	household-scale	b�ogas	technology	could	be	used	for	cook�ng	as	a	subst�tute	to	
f�rewood	and	�mproved	human	health	and	the	env�ronment.

Tra�n�ng	of	mak�ng	b�ogas	 for	 cattle	 farmers	 �n	 the	v�llage	of	Tempok	very	
benef�c�al	to	the	ava�lab�l�ty	of	fuel	energy.	As	a	result,	household	expend�tures	for	
kerosene,	 wh�ch	 was	 �ncreas�ngly	 expens�ve	 and	 scarce,	 could	 be	 suppressed.	 In	
add�t�on,	th�s	act�v�ty	could	be	benef�c�al	for	reduct�on	of	env�ronmental	pollut�on.	
Accord�ng	to	S�mpson	(1979),	b�ogas	product�on	may	also	benef�ted	from	reduct�on	
of	fl�es	and	mosqu�toes	reproduct�on	cycle.	Wh�le,	Aklaku	et	al	(2006)	expla�ned	
that	the	presence	of	b�ogas	as	an	energy	source	would	free	the	farmer	from	the	de-
pendence	on	wood	fuel,	reduced	bad	smell	and	the	presence	of	an�mal	pests	such	as	
fl�es.	Accord�ng	B�yatmoko	and	W�jokongko	(2011),	an	�mportant	benef�t	of	b�ogas	
as	a	fuel	alternat�ve	was	because	of	�t	was	cheap,	the	raw	mater�als	were	eas�ly	ava�l-
able,	and	because	�t	was	env�ronmentally	fr�endly.	Methane	gas	that	w�ll	burn	and	
destroy	ozone	could	be	opt�mally	ut�l�zed	as	a	source	of	fuel	�n	rural	commun�t�es.

Accord�ng	Amj�d	et	al	(2011),	the	opportun�ty	cost	of	women	�ncreased	�n	the	
presence	of	b�ogas	and	gave	a	pos�t�ve	 �mpact	on	households.	But	 �ts	appl�cat�on	
as	an	alternat�ve	energy	source	was	l�m�ted	because	of	several	problems	�nclud�ng	
costly	�nvestment	for	development	of	each	farmer.	W�dodo	et	al	(2009)	conducted	a	
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study	to	develop	a	b�ogas	reactor	for	scale	of	the	group	farmers.	In	th�s	case	the	de-
velopment	of	the	v�llage	Tempok	need	government	�ntervent�on.	Accord�ng	B�yat-
moko	and	W�jokongko	(2011),	there	was	an	urgency	for	soc�al�sat�on	of	b�ogas	uses	
and	�mprov�ng	publ�c	perce�v�ng	�n	b�ogas	ut�l�zat�on.	Th�s	cond�t�on,	espec�ally	�n	
rural	 commun�t�es,	 �nclud�ng	 �mprovement	 of	 capac�ty	 �n	 techn�cal	 and	 manage-
ment	d�gester	care.

Conclus�on

Appl�cat�on	 of	 sc�ence	 and	 technology	 can	 �mprove	 farmer	 knowledge	 and	
awareness	of	�n	m�n�m�z�ng	env�ronmental	pollut�on.	The	ava�lab�l�ty	of	two	un�ts	
of	b�ogas	 reactor	 �n	 the	Tempok	V�llage	produced	gas	 that	can	be	used	as	a	 fuel	
subst�tute	 for	petroleum.	Benef�ts	der�ved	from	these	act�v�t�es	were	 reduct�on	of	
expend�tures	for	kerosene,	reduc�ng	the	dependence	on	fuel	wood,	produced	a	better	
env�ronment	for	the	farmer	by	means	of	cleaner	yard	and	less	smell	of	cattle	waste.
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Abstract

Koumiss is a traditional fermented milk product originated from the Central 
Asian steppes and mostly produced from mare milk by spontaneous fermentation of 
lactose to lactic acid and alcohol. Koumiss’s starter cultures consist of lactic acid 
bacterias (Lc. lactis and Lb. acidophilus) and yeast (Sc. cereviceae). Koumiss is 
believed to pose health promoting properties, which is mainly related to the ability 
of the starter to produce vitamins of the B-group and antimicrobials. Koumiss could 
also served as functional food that was showed by its capability to produce the 
antimicrobial substrate that inhibit pathogenic bacterias. The objectives of this 
research were to identify microbiological characteristics of koumiss and to study its 
antimicrobial activity towards pathogenic bacterias such as S. Typhimurium ATCC 
14028 and M. tuberculosis H37RV. The experimental design used on this research 
were non parametric of cohran test for M. tuberculosis H37RV and descriptive 
analysis for S. Typhimurium ATCC 14028. Variables observed were diameter of 
inhibition zone of the antagonistic assay used well diffusion method agar for S. 
Typhimurium ATCC 14028. In addition, the Lowenstein Jensen (LJ) modification 
agar was used for study the inhibition of M. tuberculosis H37RV. The result showed, 
koumiss could decrease the total of coliform. The average of koumiss’s inhibition 
zone in different storage time toward S. Typhimurium ATCC 14028 was ± 7.801 mm. 
It was bigger than filtrate which was ± 6.002 mm. The average of diameter showed 
the antimicrobial activity of koumiss against S. Typhimurium ATCC 14028. The 
result of Cohran test showed the growth of M. tuberculosis H37RV could obstructed 
with modification of LJ extra koumiss stored for 4, 6, and 8 days. The conclusion of 
this research that koumiss was effective to against pathogenic bacterias such as S. 
Typhimurium ATCC 14028 and M. tuberculosis H37RV.

Keywords: antimicrobial activity, koumiss, mare’s milk, pathogenic bacteria
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Introduct�on
								
M�lk	�s	an�mal	products	conta�n	a	var�ety	of	potent�al	nutr�ents	that	the	body	

needs.	Phys�cal	and	chem�cal	compos�t�on	of	mare’s	m�lk	�s	d�fferent	from	cow’s	
m�lk,	goat,	buffalo	and	camels.	Mare’s	m�lk	has	a	low	fat	content	�s	1.6%	and	h�gh	
lactose	of	6.1%	Chandan et	al. (2008).	�n	Indones�a	mare	m�lk	called	w�ld	horse	m�lk	
�s	w�dely	produce	�n	West	Nusa	Tenggara	(NTB).	Th�s	m�lk	�s	a	naturally	fermented	
m�lk	product	that	has	a	l�qu�d	cons�stency	w�thout	pasteur�zat�on	treatment.	

Koum�ss	 �s	made	by	 fermentat�on	w�th	 a	m�xed	m�croflora,	wh�ch	 conta�ns	
d�fferent	lact�c	ac�d	bacter�a	and	yeasts	that	use	for	the	treatment	of	tuberculos�s	�n	
Russ�a.	Bacter�a	are	commonly	used	as	starter	cultures	are	produc�ng	ant�m�crob�al	
substrates	that	have	antagon�st�c	propert�es	aga�nst	pathogen�c	bacter�a. The	number	
of	h�gh	ant�m�crob�al	substrates	w�ll	play	a	more	powerful	�n	�nh�b�t�ng	pathogen�c	
bacter�a,	espec�ally	Salmonella typhimurium	and	Mycobacterium tuberculosis	bac-
ter�a.

Mater�als	and	Methods

Preparation of Koumiss starter culture
The	f�rst	step	for	mak�ng	a	starter	koum�ss	�s	pasteur�zed	mare	m�lk	at	65	°C	

for	30	m�nutes,	then	cooled	to	a	temperature	of	28	oC.	Koum�ss	starter	culture	made			
by	d�v�d�ng	the	three	equal	parts,	one	part	m�lk	w�th	Lc. lactis	D-01,	one	part	m�lk	
�noculated	w�th	Lb. acidophilus	Y-01	and	then	�ncubated	at	37	°C	for	seven	hours	
and	one	part	m�lk	�noculated	w�th	Sc. cereviceae	at	25	°C	for	f�ve	hours.		Lc. lactis	
D-01,	Lb. acidophilus	Y-01	and	Sc. cereviceae	as	much	as	3%-5%	(v/v)	m�ved	�nto	
the	mare	pasteur�ze	m�lk.	The	results	of	a	m�xture	of	m�lk	and	starter	cultures	were	
�ncubated	at	28	°C	for	24	hours	to	form	the	des�red	starter	(mod�f�ed	Rahman	et	al.,	
1992).

Koumiss manufacture
	Koum�ss	made			by	pasteur�zed	at		65	°C	for	30	m�nutes	and	after	the	tempera-

ture	reached	28	°C	were	�noculated	w�th	a	starter	(30%).	Incubat�on	was	performed	
aga�n	at	28	°C	for	42	hours	(Rahman	et al,	1992).

Characteristics of microbiological koumiss
P�petted	one	ml	koum�ss,	put	�n	a	petr�	d�sh,	then	poured	w�th	15-20	ml	of	ster�le	

med�um	and	homogen�zed.	Petr�	d�shes	were	�ncubated	w�th	the	s�tuat�on	reversed	�n	
an	�ncubator	temperature	of	37	°C	for	24	hours	(Fard�az,	1992).	M�crob�al	colon�es	
formed	was	calculated	based	on	the	Standard	Plate	Count	(SPC).
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The antimicrobial activity of Koumiss against Salmonella Typhi-murium
The	�nh�b�t�on	of	ant�m�crob�al	act�v�ty	aga�nst	the	Salmonella	typh�-mur�um	

made			by	the	well	agar	d�ffus�on	method	(W�ryawan	et al.,	2009).	Th�s	method	per-
formed	by	spread�ng	the	bacter�a	standard	0.5	Mc.	Farland	w�thout	equally	d�luted,	
cut	well	w�th	a	hole	punch	or	cork	borer	(5	mm),	coated	w�th	Bacter�olog�cal	med�a	
koum�ss	used	to	avo�d	seep	at	the	bottom	of	the	well.	A	total	of	50	µl	koum�ss	p�pet-
ted	�nto	the	well,	then	the	cup	�s	placed	�n	the	refr�gerator	and	then	�ncubated	at	37	
°C	for	24	hours.	

The antimicrobial activity of Koumiss against Mycobacterium tuberculosis
Inoculat�on	of	bacter�al	suspens�on	beg�ns	w�th	the	preparat�on	of	Mycobac-

terium tuberculosis	H37RV	w�th	a	standard	concentrat�on	of	0.5	Mc.	Farland	and	
d�luted	to	103	cfu/ml.	D�lut�on	made			by	add�ng	1%	of	bacter�a	(v/v)	�nto	f�ve	ml	of	
NaCl	ster�le.	A	total	of	100	ml	bacter�al	suspens�on	was	�noculated	�nto	the	med�a	of	
res�stance	that	has	been	prepared.	Incubat�on	med�a	tubes	w�th	hor�zontal	pos�t�on	
w�th	the	angle	of	30o	to	the	�ncubator	at	37	°C	for	one	n�ght	w�th	the	l�d	loose.	After	
�ncubat�on,	the	tube	caps	are	t�ghtened	and	enforced	tube	�nto	a	vert�cal	pos�t�on.	
Colony	growth	read�ngs	performed	at	day	28	and	42	(Sjahrurachman, 2008).Sjahrurachman,	2008)..

Statistical Analysis
Test�ng	treatment	for	M. tuberculosis	H37RV	�s	day	0,	2,	4,	6	and	8.	Analys�s	of	

data	for	M. tuberculosis	H37RV	us�ng	non-parametr�c	des�gn,	Cohran	test.	Stat�st�cal	
models	are	used	as	follows:
Cohran	Test	(Dan�el,	1990)

Informat�on:
Q	=	Cohran	stat�st�cs
C	=	Number	of	repl�cat�on
N	=	Total	number	of	treatment
R	=	Total	number	of	repl�cat�on

Results	and	D�scuss�on

Microbiological characteristics of Koumiss
Koum�ss	m�crob�olog�cal	charac-ter�st�cs	observed	a	total	col�form,	total	m�-

croorgan�sms	(TPC),	total	lact�c	ac�d	bacter�a	and	yeast	total.		M�crob�olog�cal	cha-
racter�st�cs	of	koum�ss	�n	th�s	study	had	9.67	log10	cfu	TPC/ml,	col�form>	1	log10	
cfu/ml,	LAB	10.13	log10	cfu/ml	and	9.72	log10	cfu	yeast/ml.

The	number	of	yeast	colon�es	dur�ng	storage	ranged	9-11	 log10	cfu/ml.	Th�s	
amount	 �s	 less	 than	 the	number	of	LAB	colony	dur�ng	storage	 ranged	8-12	 log10	
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cfu/ml.	LAB	and	yeasts	grew	together	form	a	symb�os�s	�n	the	koum�ss	l�ke	kef�r	
gra�ns.	Yeasts	 �n	 the	kef�r	gra�ns	 serves	 to	ma�nta�n	 the	 �ntegr�ty	and	v�ab�l�ty	of	
m�croflora	 populat�ons.	 Essent�al	 am�no	 ac�ds	 and	 growth	 factors	 for	 lact�c	 ac�d	
bacter�a	produced	by	yeast,	whereas	the	metabol�tes	of	LAB	�s	used	as	an	energy	
source.	 Symb�os�s	 between	 the	 LAB	 and	 the	 yeast	 �s	 mak�ng	 kef�r	 �nto	 a	 stable	
product	(Farnworth	and	Ma�nv�lle,	2003).

The inhibitory activity of antimicrobial Koumiss againts S. typhimurium ATCC 
14028

The	 d�ameter	 �nh�b�t�on	 of	 koum�ss	 aga�nst	 S. typhimurium	 ATCC	 14028	
�ncreased	on	the	day	of	the	storage	(H8).	Koum�ss	has	a	pH	of	3.87	±	1.77	0.004	±	
0.032	and	TAT.	The	opt�mum	pH	value	for	growth	of	S. typhimurium	�s	6.5	to	7.5	
(Cox,	2000),	the	growth	of	S. typhimurium	ATCC	14028	koum�ss	been	restra�ned	by	
a		low	pH.	D�ameter	�nh�b�t�on	of	koum�ss	aga�n	S. typhimurium	ATCC	14028	w�th	
a	spread	plate	method	�s	smaller	than	the	pour	plate	method.	The	populat�on	of	S. 
typhimurium	ATCC	14028	on	a	spread	plate	method	�s	108	cfu/ml,	whereas	the	pour	
plate	method	106	cfu/ml.	

Ant�m�crob�al	act�v�ty	can	be	observed	�n	the	d�ffus�on	test	wells	�nfluenced	by	
several	factors,	such	as:	(1)	the	type	and	s�ze	of	the	tube,	(2)	the	type	of	agar,	pH	and	
salt	content,	(3)	the	ab�l�ty	of	substances	to	d�ffuse	�nto	the	agar,	(4)	character�st�cs	
of	the	med�a	and	(5)	type	of	test	bacter�a	used	(Branen,	1993).

Inh�b�t�on	of	the	f�ltrate	and	koum�ss	by	category	Morales	et	al.	(2002)	�ncluded	
the	 �ntermed�ate	 category.	 Intermed�ate	 category	 �s	 the	 category	 w�th	 �nh�b�tory	
response	 aga�nst	 bacter�al	 pathogens	 that	 need	 to	 be	 treated	 w�th	 h�gh	 doses	 of	
ant�m�cro-b�als.	One	way	�s	by	do�ng	regular	therapy	w�th	these	ant�m�crob�als.

The inhibitory activity of antimicrobial Koumiss againts M. tuberculosis H37RV 
on variety storage times

Control	 �nd�cates	 the	 growth	 of	 M. tuberculosis	 w�th	 means	 proport�on	 of	
1.00	M. tuberculosis	H37RV	grown	on	Lowenste�n	Jensen	med�a	controls	that	are	
genu�ne	growth	med�um	M. tuberculosis.	Growth	of	M. tuberculosis	H37RV	�n	the	
8th	week	of	observat�on	�s	presented	�n	F�gure	2.

Growth	of	M. tuberculosis	H37RV	�n	the	8th	week	of	observat�on	for	the	con-
trol	 treatment	h�ghly	 s�gn�f�cant	 (P<0.01)	w�th	 the	add�t�on	of	koum�ss	 treatment	
on	day	zero	storage	t�me	(H0),	four	days	(H4),	s�x	days	(H6)	and	e�ght	days	(H8).	
Ad�tama	(1999)	suggest	that	the	�nh�b�tory	propert�es	of	fermented	compounds	are	
bacter�ostat�c,	because	M. tuberculosis	st�ll	can	grow	when	the	ac�d�ty	�s	removed	
unt�l	�t	reaches	a	neutral	pH.
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	 	 			control	(n=6)	 	 	 	 koumiss	H8	(n=6)

F�gure	2.	Growth	of	M. tuberculosis	H37RV	�n	the	Storage	Koum�ss	Days	(H2),	(H4),	(H6)	
and	(H8)

Conclus�on

Koum�ss	w�th	storage	treatment	can	�nh�b�t	bacter�al	growth	of	S. typhimurium 
ATCC	14028	�n	the	range	of	�nh�b�t�on	zones	vary�ng,	wh�le	the	ant�m�crob�al	act�v-
�ty	of	koum�ss	effect�ve	�n	�nh�b�t�ng	the	growth	of	bacter�a	M. tuberculosis	H37RV	
after	the	product	has	a	m�n�mum	of	four	days	of	storage.	
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Abstract

Wool from local sheep have not been utilized and become a waste when the 
farmers shear the wool for sanitation purposes. The wool of local crossbred sheep 
can be still processed for a handwoven handicrafts. Study of the wool processing in 
Indonesia are still very limited, it was therefore this study was conducted to investigate 
the potency of the product itself and the economic potency of this product. This was 
a case study in a wool processing small industry in Indramayu, West java. Wool 
materials used were from local crossbred sheep. Wool product potency evaluated 
were types, capacity and favorability of the product through primary and secondary 
data from observation, questioners and references. Economic potency was analyzed 
with descriptive and financial analysis. Descriptive analysis was used to describe 
value chain and labor absorption. Financial analysis used indicator of NPV (net 
present value), IRR (internal rate of return) and PBP (payback period. The results 
show that the wool processing products were mostly wool woven wall hangings (size 
of 60 x 120 cm2) which were only produced at 4 % of its production potency. The 
consumers liked the products as they were beautiful as natural fiber product and 
had high value of arts.  The wool handicraft production also had good economic 
potency in terms of its NPV, IRR and PBP. In addition of financial profit, the small 
industry also provided jobs to community. It is concluded that this wool handicraft 
small industry can be recommended to develop as a profitable small business in 
Indonesia.

Keywords: economy, hand woven handicrafts, potency, product

Introduct�on
Wool	 from	 local	 sheep	 �n	 Indones�a	 have	 not	 been	 ut�l�zed	 and	 become	 a	

waste	when	the	farmers	shear	the	wool	for	san�tat�on	purposes.	For	crossbred	sheep	
that	have	been	well	adapted	 for	decades	 (called	as	 local	 sheep)	 st�ll	had	potency	
to	process.	They	had	much	f�ner	 f�ber	d�ameter	 (FD)	around	25	mµ	and	produce	
around	3-4	kg/year	of	greasy	wool	(Lupton	et al.	2004),	as	they	were	cross�ng	sheep	
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between	dual	purpose	sheep	(meat	and	wool	type,	such	as	Dorset,	Texel	or	Mer�no)	
and	nat�ve	local	sheep	that	had	FD	more	than	40	mµ	and	produced	only	0,4	kg/year	
of	 greasy	wool	 (Parakkas�	et al.,	 1994;	Syamyono	et al.,	 2003).	There	had	been	
small	�ndustry	�n	Indramayu,	West	Java,	that	processed	th�s	type	of	crossbred	sheep	
wool	and	had	been	qu�te	successful	to	run	�ts	bus�ness	unt�l	nat�onal	cr�s�s	occurred	
�n	1999,	the	small	bus�ness	was	collapsed.	At	present,	nat�onal	economy	has	been	
progress�vely	ach�eved.	 It	 �s	 therefore,	 th�s	 current	work	was	conducted	 to	 study	
present	potency	of	paper	d�scussed		work	was	conducted	to	research	that	had	been	
conducted	as	a	case	study	�n	the	wool	process�ng	small	�ndustry	was	reported	based	
on	present	cond�t�ons,	to	show	�ts	great	potency	to	develop	as	a	prof�table	bus�ness.	
Th�s	object�ves	of	th�s	study	were	to	study	product	and	econom�c	potency	of	wool	
process�ng	small	�ndustry	�n	Indones�a.

Mater�als	and	Methods

Product Potency of Wool Handicraft
To	 study	 th�s	wool	product	potency,	 a	 case	 study	 �n	wool	 small	 �ndustry	 �n	

Indramayu	was	conducted.	Some	parameters	of	th�s	potency	were:
a.	 Type	of	wool	products:	Quest�oners	were	used	and	d�rect	observat�on	were	con-

ducted	�n	th�s	study.		Respondents	of	the	quest�oners	were	the	owner	of	the	small	
�ndustry	and	some	exper�enced	employees	�n	the	�ndustry	for	techn�cal	matters	of	
the	products.		

b.		Percentage	of	products	capac�ty:	was	the	capac�ty	of	wool	products	made	�n	the	
�ndustry	was	compared	to	ava�lab�l�ty	of	raw	mater�als	based	on	secondary	data	
of	sheep	populat�on.

c.		Product	Favorab�l�ty:	Ten	female	academ�c	staff	at	faculty	of	An�mal	Sc�ence	IPB	
became	the	respondents	for	the	favorab�l�ty	and	marketab�l�ty	of	the	products.

Economic Potency of Wool Handicraft 
Data	 on	 Economy	 potency	 were	 analyzed	 w�th	 descr�pt�ve	 and	 f�nanc�al	

analys�s.		Descr�pt�ve	analys�s	were	used	to	descr�be	value	cha�n	and	labor	absorpt�on.				
F�nanc�al	analys�s	used	�nd�cator	of	NPV	(net	present	value),	IRR	(�nternal	rate	of	
return)	and	PBP	(payback	per�od).				

Where:	
NPV1		(NPVNPV2	)	= NPV w�th d�scount factor �		NPV w�th d�scount factor �NPV	w�th	d�scount	factor	��1	(�(��2)
� = d�scount factor; Bt = benef�t year-t; Ct = cost year-t	=	d�scount factor; Bt = benef�t year-t; Ct = cost year-td�scount	factor;	 Bt	=	benef�t	year-t;	 Ct	=	cost	year-t



616 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

Results	and	D�scuss�on

Products Potency of Wool Handicraft

Type and characteristic of wool products.  The	results	of	 th�s	case	study	show	
that	the	wool	product	produced	were	woven	hand�crafts	wh�ch	could	be	�ncluded	
wall	 hang�ngs,	 prayer	 mats,	 lounge	 cover,	 bags,	 hand	 phone	 cover,	 place	 mats,	
lamp	 cover	 and	 carpets.	 It	 was	 reported	 that	 among	 the	 products,	 wall	 hang�ngs	
were	dom�nantly	produced.	Others	were	made	based	on	spec�al	order	from	certa�n	
consumers.	The	wall	hang�ngs	were	made	�n	the	s�ze	of	60x120	cm2,	w�th	d�fferent	
des�gn	such	as	contemporary,	ethn�c,	natural	p�ctures	depend�ng	on	locat�on	of	wall	
hang�ngs	 would	 be	 placed.	 	The	 product	 can	 be	 placed	 �n	 a	 l�v�ng	 room,	 d�n�ng	
room,	bedroom	or	lobby	�ns�de	houses,	off�ces	or	hotels.	Th�s	type	of	product	�s	an	
art	work,	�t	�s	therefore	that	bes�de	qual�ty	of	mater�als,	des�gn	�s	very	�mportant	to	
cons�der	before	mak�ng	 the	products.	One	example	of	wall	hang�ngs	 �s	shown	�n	
F�gure	1.

F�gure	1.		Wool	hand�craft	product	as	a	wall	hang�ng	w�th	an	ethn�c	des�gn.

Percentage of products capacity.		At	present	populat�on	of	local	crossbred	sheep	
produc�ng	 meat	 as	 well	 as	 coarse	 wool	 (Mer�nos	 x	 Texel	 x	 local	 sheep)	 were	
concentrated	 �n	West	Java	 �n	Banjarnegara	and	Wonosobo.	 In	Banjarnegara	 �tself	
the	local	sheep	populat�on	was	around	107.272	heads	and	�t	was	pred�cted	that	there	
were	20.000	heads	of	local	crossbred	sheep	�nclud�ng	10.000	heads	of	adult	sheep	
produc�ng	around	30	tones	of	coarse	wool	(Yam�n	et al.,	2009).	The	wool	could	be	
processed	to	make	for	18.000	p�eces	of	wall	hang�ng	(60x120	cm2)	per	year.	Th�s	
study	 found	 that	 Indramayu	 wool	 hand�craft	 group	 produced	 only	 60	 p�eces	 per	
month	or	720	p�eces	per	year.		Th�s	only	contr�buted	around	4%	of	product	capac�ty	
compared	to	�ts	potency.	Th�s	means	that	the	small	bus�ness	can	be	further	developed	
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by	�ncreas�ng	wool	product�on	and	qual�ty	as	well	as	prepar�ng	profess�onal	craft	
men	and	bus�nessmen	�n	th�s	area.	

Product Favorability.  The	results	show	that	the	product	of	wool	hand�craft	were	
mostly	 wall	 hang�ngs	 are	 bas�cally	 art	 mater�als,	 therefore	 des�gn	 of	 the	 product	
should	 be	 �nterest�ng,	 beaut�ful	 and	 touchful	 as	 well	 as	 �t	 must	 have	 characters.	
The	results	of	th�s	case	study	showed	that	80	percents	of	the	respondents	l�ked	the	
products	very	much.	Ma�n	reason	of	the	answer	was	that	the	mater�als	were	from	
natural	f�bers	of	Indones�an	local	sheep	coarse	wool	wh�ch	were	amaz�ng	th�ngs	to	
see	an	unexpected	product	of	wool	�n	Indones�a.	

Economic Potency of Wool Handicraft 
Econom�c	potency	of	wool	hand�craft	was	�llustrated	from	market	pontency,	

f�nanc�al	feas�b�l�ty	and	labor	absorbt�on	of	wool	hand�craft	�ndustry.	

Market potency.  Hand	made	wool	hand�craft	was	an	art	product,	therefore	�ts	pr�ce	
was	 relat�vely	 expens�ve.	 The	 pr�ce	 of	 th�s	 product	 var�ed,	 depend�ng	 on	 des�gn	
of		hand�craft	(mot�f),	raw	mater�als	used,	level	of	d�ff�cult�es	and	per�od/length	�n	
mak�ng	the	hand�craft.	

The	average	of	the	pr�ce	for	the	wall	hang�ng	at	craftmen	s�ze	60	x	120	cm2,	
was	Rp	220,000,-/p�ece.		The	products	were	sold	by	the	craftmen	around	48.89%	to	
souven�r	shop,	22.22%	to	�nter-reg�onal	m�ddlemen	trader,	and	28.89%	sold	d�rectly	
to	consumers	v�s�t�ng	the	craftmen	workshop.	At	reta�ler	(souven�r	shop),	the	sell�ng	
pr�ce	of	those	product	var�ed	depend�ng	on	des�gn.	M�n�mum	sell�ng	pr�ce	was	Rp	
280,000,-.	The	more	�nterest�ng	of	�ts	looks,	the	sell�ng	pr�ce	would	be	more	expen-
s�ve	(F�gure	2).		

F�gure	2.	Market	cha�n	of	wool	hand�craft	wall	hang�ngs
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The	market	dest�nat�ons	of	 the	product	were	outs�de	 Indramayu	such	as	 Ja-
karta,	Bandung	and	other	 c�ty	 shopp�ng	centers	 �n	West	 Java	Prov�nce.	Souven�r	
shops	were	located	�n	other	tour�sm	c�t�es	outs�de	West	Java	(e.g.	Jogjakarta,	Bal�)	
were	also	a	potent�al	market	for	the	products.		Bes�de	domest�c	market,	�nternat�onal	
markets	were	also	potens�al	for	th�s	product	market.		

Financial feasibility and labor employment.  G�tt�nger	(1986)	stated	that	f�nanc�al	
analys�s	�s	an	analys�s	to	compare	cost	and	benef�t	obta�ned	to	determ�ne	whether	a	
project	�s	prof�table	for	per�od	of	the	project.	Handwoven	craft	�ndustry	need	cap�tal	
�nvesment	for	bu�ld�ng,	non-mach�ne	sp�nner	and	equ�pments.	F�nanc�al	feas�b�l�ty	
analys�s	 need	 to	 be	 calculated	 to	 know	 wether	 the	 �nvestment	 was	 econom�cally	
feas�ble	or	not.	Invesment	and	var�able	cost	of	handwoven	craft	�ndustry	(�n	the	case	
of	Indramayu	w�th	the	assumpt�on	of	product�on	capac�ty	of	60	p�eces	per	month)	
were	calculated.

Investment	needed	for	produc�ng	60	p�eces	of	wall	hang�ngs	per	month	was	
Rp	89.82	m�ll�on	w�th	operat�onal	cost	of	Rp	217	404,-/p�ece.	Total	product�on	cost	
per	p�ece	was	Rp	258	494,	and	sell�ng	pr�ce	was	Rp	280	000,	then	net	prof�t	w�ll	be	
Rp	21	505,-.	Th�s	net	prof�t	could	be	h�gher	�f	the	sell�ng	pr�ce	�s	h�gher	by	sell�ng	
to	better	promot�on,	more	exclus�ve	target	and	better	des�gn.			

Based	on	those	techn�cal	coeff�c�ent	and	pr�ces,	�t	obta�ned	f�nanc�al	feas�b�l�ty	
�nd�cators,	as	shown	�n	Table	1.		Internal	rate	of	return	(IRR)		was	36%,	mean�ng	that	
handwoven	craft	 �ndustry	f�nanc�ally	feas�ble	because	the	IRR	was	greater	or	 the	
sama	w�th	d�scount	level	(Kadar�ah	et al., 1999).			At	�nterest	rate	of	15%,	�nvesment	
of	handwoven	craft	�ndustry	obta�ned	net	present	value		(NPV)	of	Rp	107	654	046,-	
w�th	the	total	cap�tal	�nvesment	of	Rp	116	511	900,-.	Th�s	�nd�cates	that	the	bus�ness	
�s	feas�ble	because	�ts	NPV	was	larger	than	0		(Kadar�ah	et al., 1999).			

In	add�t�on	of	f�nanc�al	prof�t,	handwoven	craft	�ndustry	also	prov�ded	job	to	
sp�nn�ng	and	woven	labors	for	5	and	3	mandays	per	p�ece,	respect�vely	for	the	two	
act�v�t�es.		At	product�on	capac�ty	of	60	p�eces	per	month,	handwoven	craft	�ndustry	
employed	25	female	labor	of	sp�nner	and	15	women	of	weaver,	w�th	20	work�ng	days	
/	month,	respect�vely	each.		Labor	wage	of	weaver	(Rp	25.000/mandays)	was	h�gher	
than	sp�nner	(Rp	15.000/mandays),	because	�t	needs	spec�al	sk�lls	for	weav�ng.

Table	1.		Ind�cators	of	f�nanc�al	feas�b�l�ty	of	handwoven	craft	�ndustry

Ind�cator Un�t Value
IRR % 36
NPV	(15%	�nterest	rate) Rp 107	654	046
Pay	back	per�od	(15%	�nterest	rate) year 4
Cap�tal	(Investment	+	2	month	operat�onal	cost) Rp 116	511	900
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Conclus�ons
	
Development	of	Wool	Hand�crafts	Product�on	�n	Indones�a	had	great	potency,	

e�ther	the	product	�tself	or	�ts	econom�c	potency.	The	product	was	an	art	work	us�ng	
natural	wool	f�bre	from	local	sheep,	was	beaut�ful	and	�nterest�ng.	Econom�c	potency	
was	also	good.		Wool	process�ng	products	were	mostly	wool	woven	wall	hang�ngs,	
the	small	�ndustry	only	used	4%	of	�ts	product�on	potency.	The	consumers	l�ked	the	
products	as	they	were	beaut�ful	as	natural	f�ber	product	and	had	h�gh	value	of	arts.	
The	wool	hand�craft	product�on	also	had	good	econom�c	potency	�n	terms	of	�ts	NPV	
and	IRR.	It	�s	concluded	that	th�s	wool	hand�craft	small	�ndustry	�s	recommended	to	
develop	to	become	a	prof�table	small	bus�ness	�n	commun�ty.	
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Abstract

Egg as a source of protein has many benefits. All parts of the egg could be 
used as a source of food; for instance, egg yolk is used as an ingredient for herbal 
drinks. Mixing raw eggs in drinks like herbal medicine, energy drinks or food have 
become a habit for some people.  The addition of egg yolk into drinks such as herbal 
medicine had to be supervised because it usually used raw eggs. Raw eggs are 
easily contaminated by bacteria during storage. The objective of this research was 
to analyze physical, chemical and microbiological characteristics of herbal drinks 
that contain duck egg yolk and honey. Complete Randomized Design with two-
factor factorial pattern was used in this experiments design. The first factor was the 
treatment of honey addition (addition of honey and without addition of honey) and 
the second factor was the difference in age of the egg (day 2, day 5, and day 8). Data 
was processed by using ANOVA, then the results that showed significant effect was 
further analyzed by using Tukey’s test. Data on the microbiological properties were 
analyzed descriptively.  The temperature increased significantly with honey addition.  
pH decreased significantly with honey addition and increased significantly during 
storage. The interaction between honey addition and the difference in age of the 
egg had significant effect in viscosity, water contents and protein contents of herbal 
drink. Honey was not only known as calorie source but also it had ability to reduce 
the amount of microbial contamination in herbal drink that contained egg yolk. The 
result of microbiological test showed that duck egg yolk was safe to eat until day 8 
of storage.  

Keywords: duck egg yolk, herbal drinks, honey, storage

Introduct�on

Egg	�s	one	of	 the	an�mal	or�g�n	food	nutr�t�ous	because	�t	conta�ns	nutr�ents	
needed	by	human	body	such	as	prote�ns	w�th	a	complete	am�no	ac�d,	fat,	v�tam�ns,	
m�nerals	and	have	a	h�gh	d�gest�b�l�ty.	Desp�te	of	as	a	source	nutr�t�on	for	humans,	food	
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der�ved	from	an�mal	�s	a	food	source	for	m�croorgan�sms.	Eggs	as	a	source	of	an�mal	
prote�n	should	be	guaranteed	safety	for	consumers,	because	eggs	are	per�shable	food.	
One	�s	the	use	of	eggs	as	an	�ngred�ent	for	health		dr�nks.	M�x�ng	raw	eggs	�n	dr�nks	
l�ke	herbal	med�c�ne,	energy	dr�nks	or	food	have	become	a	hab�t	for	some	people.	
The	add�t�on	of	egg	yolk	�nto	dr�nks	such	as	herbal	med�c�ne	had	to	be	superv�sed	
because	�t	usually	used	raw	egg.	Raw	eggs	are	eas�ly	contam�nated	by	bacter�a	dur�ng	
storage.		As	a	health		dr�nk,	duck	egg	yolk	usually	m�x	w�th	honey.		It	�s	necessary	
to	sudy	of	phys�cal,	chem�cal	and	m�crob�olog�cal	character�st�cs	health		dr�nk	that	
conta�ns	honey	and	duck	egg	yolk	�n	d�fference	age.	

Th�s	object�ve	of	th�s	research	was	to	study	phys�cal,	chem�cal	and	m�crob�o-
log�cal	character�st�cs	health		dr�nk	that	conta�ns	honey	and	duck	egg	yolk	�n	d�ffer-
ence	age.	

Mater�als	and	Methods
 
Location and Time

Th�s	 research	 was	 done	 �n	 the	 Integrated	 laboratory	 at	 Faculty	 of	 An�mal	
Husbandry,	Bogor	Agr�cultural	Un�vers�ty,		�n	August-December	2010.

Materials
Egg	samples	used	�n	th�s	study	were	duck	eggs	wh�ch	d�fferent	age	(day	2,	day	

5	and	day	8).	Egg	samples	used	were	obta�ned	from	farms	�n	Leuw�l�ang,	Bogor.
 
Procedures

Samples	of	duck	eggs	w�ped	w�th	alcohol	before	broken.	After	a	broken	egg,	each	
egg	was	separated	between	albumen	and	yolk.	Duck	egg	yolk	was	treated	by	add�ng	
honey	�n	the	rat�o	2:1.		The	yolk		was	added	w�th	honey,	wh�pped	homogeneously.	
The		character�st�cs	stud�ed	were		phys�cal,	chem�cal	and	m�crob�olog�cal.

Parameters were measured
Phys�cal	propert�es	test�ng	conducted	on	the	study	�nclude	color,	v�scos�ty	and	

temperature.	Test�ng	chem�cal	propert�es	measured	were	pH	value	(AOAC, 1995),(AOAC,	1995),	
prote�n	content,	and	mo�sture	content	(SNI 01-2891-1992). M�crob�olog�cal qual�ty(SNI	01-2891-1992).	M�crob�olog�cal qual�tyM�crob�olog�cal	qual�ty	
�ncluded:	total	plate	count	(TPC),	Salmonella,	Escherichia coli	and	Coliforms	(DSN,(DSN,	
1992).	

Experimental Design 
Complete	Random�zed	Des�gn	w�th	 two-factor	 factor�al	pattern	was	used	 �n	

th�s	exper�ments	des�gn.	The	f�rst	factor	was	the	treatment	of	honey	add�t�on	(w�th	
and	w�thout	add�t�on	of	honey)	and	the	second	factor	was	the	d�fference	�n	age	of	
the	egg	(day	2,	day	5,	and	day	8).	Data	was	processed	by	ANOVA,	then	the	results	
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that	showed	s�gn�f�cant		treatment	effect	was	further	analyzed	by	us�ng	Tukey’s	test.	
Data	on	the	m�crob�olog�cal	propert�es	were	analyzed	descr�pt�vely.		

Results	and	D�scuss�on
  
Microbiological Characteristics

Based	on	Table	1	can	be	assumed	that	health		dr�nk		conta�ned		honey	and	duck	
egg	yolk	had	lower	of	total	plate	count	than	w�thout	the	add�t�on	of	honey.	Based	
on	the	SNI	01-7388-2009	(DSN,	2009)	unt�l	the	e�ghth	day,	duck	egg	yolks	are	safe	
for	consumpt�on.

Accord�ng	to	Tonks	(2003),	honey	has	ant�m�crob�al	act�v�ty	or	ant�-bacter�al,		
because	honey	has	a	mo�sture	content	that	�s	relat�vely	low	at	less	than	20%	and	a	
h�gh	sugar	content.	The	cond�t�on	do	not	support		to	the	growth	of	m�croorgan�sms	
due	to	osmot�c	effects	that	can	k�ll	m�croorgan�sms.	Honey	has	a	low	pH	levels	that	
can	�nh�b�t	the	growth	of	m�crobes,	has	a	large	osmot�c	pressure	and	the	carbon	to	
n�trogen	rat�o	�s	h�gh	(Ros�ta,	2007).	In	add�t�on,	honey	can	�nh�b�t	the	growth	of	
m�croorgan�sms	through	a	compound	of		hydrogen	perox�de	produced.

Contam�nat�on	of	Salmonella	and	E. Coli	were	not	found	�n	duck	egg	yolks	w�th	
or	w�thout	the	add�t�on	of	honey.	However,	Coliform	contam�nat�on	was	found	�n	duck	

Table	1.	M�crob�olog�cal	character�st�cs	of	duck	egg	yolk	w�th	or	w�thout	add�t�on	of	honey	
�n	d�fference	age	

D�fference	age Add�t�on	of	honey W�thout	add�t�on	of	honey
Total	Plate	Count	…………………….......……..CFU	/	g………………………………..

Day	2 <	30×101		(1x101) <	30×101	(1.5x101)
Day	5 <	30×101	(6,5x101) <	30×101	(12.5x101)
Day	8	 <	30×102	(0,9x102) <	30×102	(1.1x102)

Col�form	……………………………......…........CFU	/	g………...………………………
Day	2 <	30×101	(1×101) <	30×101	(2x101)
Day	5 <	30×101	(1,5x101) <	30×101	(2.5x101)
Day	8	 <	30×101	(0,6x101) <	30×102	(0.4x102)

Salmonella	……………………………......…….	/	25	g………...………………………..
Day	2 Negat�f Negat�f
Day	5 Negat�f Negat�f
Day	8	 Negat�f Negat�f

E. coli	……………………………................…..CFU	/	g………….....…………………..
Day	2 <	30×101	(0×101) <	30×101		(0×101)
Day	5 <	30×101	(0x101) <	30×101		(0x101)
Day	8	 <	30×101	(0x101) <	30×101		(0x101)
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egg	yolks	w�th	or	w�thout	the	add�t�on	of	honey.	Coliform	contam�nat�on	�n	duck	egg	
yolk		w�thout	the	add�t�on	of	honey	was	h�gher	than	the	add�t�on	of		honey.	Coliform	
�ncreased	dur�ng	storage.			Unt�l	the	e�ghth	day,	both	the	duck	egg	yolks	w�th	the	add�t�on	
of	honey	or	w�thout	the	add�t�on	of	honey	were	not	�n	accordance	w�th		SNI	01-7388-
2009			(DSN,	2009)	wh�ch	states	�n	food	Col�form	l�m�t	�s	3	CFU	/	g.	Honey	could		�nh�b�t	
the	growth	of	pathogen�c	bacter�a	such	as E. coli, Salmonella Typh�mur�um, Listeria 
monocytogenes, Bacillus cereus and Staphylococcus aureus	(Taorm�na	et al.,	2001).	

pH value 
The	analys�s	showed	that	the	pH	range	duck	egg	yolk	s�gn�f�cantly	d�fferent	

(P	<0.05)	by	d�fferences	�n	age	of	duck	eggs	and	h�ghly	s�gn�f�cant	(P	<0.01)	by	the	
add�t�on	of	honey	treatment	(Table	2).	There	�s	no	�nteract�on	between	factors	A	(ad-
d�t�on	of	honey)	and	factor	B	(aged	eggs)	to	the	pH	value	of	egg	yolk.	pH	value	of	
duck	egg	yolks		w�th	the	add�t�on	of		honey	was	lower	than	w�thout	the	add�t�on	of	
honey.		The	add�t�on	of	honey	made	reduc�ng	of	pH	value	because	honey	has	pH		at	
3.65	–	4.96	and	duck	egg	yolk	has	pH	at	6-6.5.

D�fferences	�n	the	age	of	eggs	used	also	showed	d�fferences	�n	the	pH	of	the	
yolk.	pH	�ncreased	dur�ng	storage,	th�s	m�ght	be	caused	by	H2O	and	CO2	evapora-
t�on	 �n	 the	eggs.	Evaporat�on	of	CO2	�n	 the	egg	caused	by	compounds	 that	break	
down	�nto	NaOH,	NaHCO3,	and	NaOH	w�ll	decompose	back	�nto	�ons	Na+	and	OH-	
(S�lvers�de	and	Scott,	2000).	

Table	2.	pH	value	of	duck	egg	yolk	w�th	or	w�thout	add�t�on	of	honey	�n	d�fference	age

D�fference	age	 Add�t�on	of	honey	 W�thout	add�t�on	of	honey		 Average
Day	2 5.78±0,04	 6.08±0,02	 5.93b	
Day	5 5.83±0,04	 6.15±0,08	 5.99ab	
Day	8	 5.86±0,09	 6.19±0,05	 6.02a	

Average	 5.82B	 6.14A	

Temperatures 
Duck	egg	yolk	temperature	affected	h�ghly	s�gn�f�cant	(P	<0.01)	by	the	add�t�on	

of	honey	treatment,	but	d�d	not	d�ffer	(P>	0.05)	by	d�fferences	�n	age	of	eggs	and	
also	there	�s	no	�nteract�on	between	both	factors.	Average	temperature	can	be	seen	�n	
Table	3.		Temperature	of	duck	egg	yolks		w�th	the	add�t�on	of		honey	was	h�gher	than	
w�thout	 the	 add�t�on	 of	 honey.	 Honey	 conta�ns	 carbohydrates	 espec�ally	 fructose	
wh�ch	�s	nutr�ents	as	an	energy	source.	

Note:	Means	�n	the	same	coloumn	w�th	d�fferent	superscr�pt	d�ffer	s�gn�f�cantly	P<0.05)
Means	�n	the	same	row	w�th	d�fferent	superscr�pt	very	d�ffer	s�gn�f�cantly	(P<0.01)
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Viscosity
The	treatment	of	honey	add�t�on,	age	of	the	egg	and	�nteract�on	had	h�ghly	s�g-

n�f�cant	effect	on	v�scos�ty	(P<0.01)	(Table	4).	The	add�t�on	of	honey	�ncreased	on	
v�scos�ty	of	health	dr�nk,	but	v�scos�ty	decreased	dur�ng	storage.						

Water Content 
The	treatment	of	honey	add�t�on	and	age	of	the	egg	had	no	s�gn�f�cant	effect	on	

the	water	content.	The	average	of	water	content	was	42.97%	(Table	5).

Table	3.	Temperature	of	duck	egg	yolk	w�th	or	w�thout	add�t�on	of	honey	�n	d�fference	age

D�fference	age Add�t�on	of	honey	 W�thout	add�t�on	of	honey	 Average	
Day	2 24.13±0.12 23.77±0.40	 23.95	
Day	5 24.03±0.25	 23.7±0.20	 23.87	
Day	8	 23.97±0.15 23.53±0.32	 23.75	

Average 24.04A	 23.67B	

Table	4.	V�scos�ty	of	duck	egg	yolk	w�th	or	w�thout	add�t�on	of	honey	�n	d�fference	age

Table	5.	Water	content	(%)	of	duck	egg	yolk	w�th	or	w�thout	add�t�on	of	honey	�n	d�fference	
age

Note:	Means	�n	the	same	row	w�th	d�fferent	superscr�pt	very	d�ffer	s�gn�f�cantly	(P<001).

Interact�on	 Factor	A	x	Factor	B	 V�scos�ty		(dpa.s)
1 KT0	H2 7.33±0.58A

2 KT0	H5 4.70±0.26B

3 KT0	H8 3.73±0.25C

4 KT1	H2 1.83±0.21D

5 KT1		H5 0.93±0.06E

6 KT1		H8 0.73±0.06E

Note:	Means	�n	the	same	column	w�th	d�fferent	superscr�pt	very	d�ffer	s�gn�f�cantly	(P<001).

D�fference	age Add�t�on	of	honey W�thout	add�t�on	of	honey Average
Day	2 42.58±2.63	 42.64±0.46	 42.61
Day	5 42.92±0.87	 43.13±1.32	 43.03	
Day	8	 43.32±1.74	 43.23±1.11	 43.28	

Average 42.94	 43.00	
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Protein Content 
The	treatment	of	honey	add�t�on		had	h�ghly	s�gn�f�cant	effect	on	prote�n	con-

tent	(P<0.01)	(Table	6).	Prote�n	content	of	duck	egg	yolks	w�th	the	add�t�on	of	honey	
was	lower	than	w�thout	the	add�t�on	of	honey.	Decreas�ng	of	prote�n	content	of	duck	
egg	yolk	w�th	honey	add�t�on	was	caused	by	�ncreas�ng	of	water	content.	

Conclus�on

Honey	was	not	only	known	as	calor�e	source	but	also	�t	had	ab�l�ty	to	reduce	
the	 amount	 of	 m�crob�al	 contam�nat�on	 �n	 herbal	 dr�nk	 that	 conta�ned	 egg	 yolk.	
Based	on	total	plate	count	test,	duck	egg	yolk	was	safe	to	eat	unt�l	day	8	of	storage.	
Otherw�se	based	on	col�form	test,	duck	egg	yolk	wasnot	safe	to	eat	unt�l	day	8	of	
storage.		
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Abstract

As a diversification product, probiotic yoghurt can be used as raw material to 
make a jelly drink. The jelly drink of probiotic yoghurt could be useful as a health 
drink  because it contains lactic acid bacteria, probiotic and fiber. The objective 
of this research was to analyze the microbiological quality of the jelly drink made 
by  probiotic yoghurt as raw material during storage in a refrigerator. Randomized 
complete design with three repetition was used as experimental design. The 
treatment was storage time of the product in refrigerator (day 0, day 7, day 14, day 
21 and day 28). Data was processed by using ANOVA, then the results that showed 
significant treatment effects was further analyzed by using Tukey’s test. The storage 
time  decreased significantly (P<0.01) Total Plate Count (TPC), total lactic acid 
bacteria, total of Bifidobacterium longum and total of Lactobacillus acidophilus.  
The storage time influenced significantly to the number of mold and yeast in the 
product (P<0.01). Hygiene and sanitation of environment during processing and 
storage must be evaluated, because coliform was found in the product aged of 
28 days storage. Base on the number of lactic acid bacteria observed, it could be 
concluded that probiotic yoghurt jelly drink may be regarded as a functional food.  
Due to the acidity of the product, the incorporation of antifungi is needed to preserve 
the probiotic yoghurt jelly drink from the growrh of mold and yeast during storage. 

Keywords: jelly drink, lactic acid bacteria, probiotic, storage, functional foods

Introduct�on

Yoghurt	�s	made	by	fermented	m�lk	and	has	many	benef�ts,	�t	can	be		can	be	
consumed	by	people	w�th	 lactose	 �ntolerance.	Prob�ot�c	yoghurt	 �s	a	yoghurt	 that	
resulted	from	a	fermentat�on	of	m�lk	by	us�ng	yoghurt	starter	culture	e.g	Streptococ-
cus salivarius	spp.,	S. thermophilus	and	Lactobacillus delbrueckii spp. Bulgaricus	
that	comb�ned	w�th	prob�ot�c	bacter�a	such	as	Bifidobacterium longum	and	Lacto-
bacillus	acidophilus.		A	beverage	of	jelly	dr�nk	made	by	prob�ot�c	yogurt	could	be	
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useful	as	health	dr�nk.	It	conta�ns	lact�c	ac�d	bacter�a	and	f�ber.	As	a	health	dr�nk,	
prob�ot�c	yoghurt	jelly	dr�nk		has	h�gh	nutr�t�on	and	water	content.	Consequently,	�t	
�s	a	per�shable	food.				

The	object�ve	of	th�s	research	was	to	analyze	m�crob�olog�cal	qual�ty	of	jelly	
dr�nk	made	by		prob�ot�c	yoghurt	as	raw	mater�al	dur�ng	storage	�n	refr�gerator.

Mater�als	and	Methods

Location and Time
Th�s	research	was	done	�n	the	laboratory	of	da�ry	process�ng		at	the		Faculty	of	

An�mal	Sc�ence,	Bogor	Agr�cultural	Un�vers�ty,		�n	2007.

Procedures
Stages	of	research	were:	(1)	process	of	mak�ng	yogurt	prob�ot�c,	(2)	process	

of	mak�ng	jelly	dr�nk	w�th	yogurt	prob�ot�c,	and	(3)	storage.	Based	on	v�scos�ty	and	
sensor�al	value	 �n	prel�m�nary	 test,	 the	best	concentrat�on	of	 jelly	powder	 for	 the	
jelly	dr�nk	was	0.8%.	

Parameters 
Measured	parameters	�n	th�s	research	were	total	plate	count,	total	lact�c	ac�d	

bacter�a,	total	of	B. longum,	total	of	L. acidophilus,	total	of	mold,	total	of	yeast	and	
total	of	col�form	dur�ng	storage	(day	0,	day	7,	day	14,	day	21	and	day	28)	�n	refr�-
gerator	(4-7	oC).	

Experimental Design 
Random�zed	complete	des�gn	w�th	three	repet�t�on	was	used	�n	th�s	exper�ment.	

The	s�ngle	factor	of	th�s	exper�ment		was	storage	durat�on	(day	0,	day	7,	day	14,	day	
21	and	day	28).		

Results	and	D�scuss�on

M�crob�olog�cal	qual�ty	of	prob�ot�c	yogurt	jelly	dr�nk	dur�ng	storage	�s	shown	
�n	Table	1.

Total Plate Count and Total Lactic Acid Bacteria 
Total	plate	count	cons�sts	of	total	lact�c	ac�d	bacter�a	,	total	of	pathogen	bacter�a	

and	total	fung�.	The	number	of	bacter�a	decreased	dur�ng	observat�on.	Storage	t�me	
�nfluenced	s�gn�f�cantly	to	decreased	the	number	of	lact�c	ac�d	bacter�a	�n	the	product.	
To	be	effect�ve,	prob�ot�c	stra�ns	must	reta�n	the�r	funct�onal	health	character�st�cs,	
�nclud�ng	the	ab�l�ty	to	surv�ve	trans�t	through	the	stomach	and	small	�ntest�ne.	then	
to	colon�ze	the	human	gastro�ntest�nal	tract	(Tuomola	et al.	2001).		The	opt�mum	
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number	of	prob�ot�c	bacter�a	 requ�red	 to	prov�de	 the	des�red	health	or	nutr�t�onal	
benef�ts	for	consumers	�s	not	known	(G�ll�land	et al.,	1989).	Counts	h�gher	than	7	
Log10	CFU/g	have	been	suggested	by	V�derola	and	Re�nhe�mer	(2000)	�n	order	to	
ensure	prob�ot�c	effects.	

The	decrease	�n	the	total	amount	of	lact�c	ac�d	bacter�a	unt�l	day	28	was	st�ll	
above	 the	 m�n�mum	 of	 lact�c	 ac�d	 bacter�a	 as	 prob�ot�c	 (7.25	 Log10	CFU/g).	The	
growth	 rate	 of	 lact�c	 ac�d	 bacter�a	 based	 on	Table	 1	 was	 -6.5	 X	 104	 generat�ons	
per	m�nute.	These	results	�nd�cated	the	presence	of	growth	�nh�b�t�on	compared	to	
the	opt�mal	growth	rate	at	35-45	oC	temperature	was	0.014	generat�ons	perm�nute	
(W�dowat�	and	M�sg�yarta,	2002;	Tam�me	and	Rob�nson,	1999).		

Total  B. Longum 
B. longum	 �s	 a	 prob�ot�c	 bacter�a	 that	 has	been	 recommended	by	Generally	

Regarded	as	safe	(GRAS).		The	treatment	of		storage	had	a	h�ghly		s�gn�f�cant	effect	
on	the	total	of	B. longum	(P	<0.01).	The	total	of	B. longum	decreased	dur�ng	storage	
was	 caused	 	 by	 bacter�oc�n	 that	 from	 S. thermophilus	 	 	 B. longum was	 anaerob�	
bacter�a	(Holt	et al.,	1994),	therefore	the	ex�stence	of	oxygen	could	hold	the	bacter�a	
growth.	B. longum populat�on	�n	the	prob�ot�c	yoghurt	jelly	dr�nk		unt�l	the	end	of	
storage	(7.39	log10	cfu/g)	st�ll	fulf�lled	the	standard	prob�ot�c	bacter�a	requ�rement	�n	
food	based	on	Shah	(2000)	wh�ch	�s	6.00	log10	cfu/g.	

Table	1.	M�crob�olog�cal	qual�ty	of	prob�ot�c	yogurt	jelly	dr�nk	dur�ng	storage

Var�able
Days	of	storage

0 7 14 21 28
Log	10	cfu/ml	

Total	Plate	
Count	 9.3A	±	0.01 9.00A	±	0.03 8.93A	±	0.01 8.34B	±	0.04 8.43B	±	0.03

Total	Lact�c	
Ac�d	Bacter�a 9.22A	±	0.04 8.94B	±	0.04 8.86B	±	0.01 7.39C	±	0.02 7.25D	±	0.05

Total	of	B. 
Longum 9.30A	±	0.01 9.00A	±	0.04 8.93A	±	0.03 7.98B	±	0.02 7.39C	±	0.06

Total	of	L. 
acidophilus 9.25A	±	0.06 8.91B	±	0.04 8.59C	±	0.21 7.40D	±	0.06 7.30D	±	0.02

Total	of	mold	 <	1* 1.86B	±	0.05 2.58C	±	0.07 2.95D	±	0.01 3.09E	±	0.02
Total	of	yeast	 <	1* 1.54B	±	0.06 1.83C	±	0.16 2.20D	±	0.03 2.33D	±	0.03
Total	of	
col�form	 <	1* <	1* <	1* <	1* 1.00

Note:	Means	�n	the	same	row	w�th	d�fferent	superscr�pt	very	d�ffer	s�gn�f�cantly	(P<0.01).
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Total  L. acidophilus
The	treatment	of		storage	had	a	h�ghly		s�gn�f�cant	effect	on	total	of		L.	aci-

dophilus	 (P	<0.01).	L. acidophilus populat�on	 �n	product	decreased	after	14	days	
of	storage.	It	may	have	been	caused	by	H2O2	accumulat�on	from	bacter�a	metabo-
l�sm.	Shah	(2000)	sa�d	 that	prob�ot�c	bacter�a	v�ab�l�ty	 �n	yoghurt	was	 �nfluenced	
by	product�on	of	H2O2.	L. acidophilus �s	one	of	the Lactobacilli	groups	that	could	
accumulate	H2O2	�n	the	product,	because	�t	was	a	negat�ve	catalayzed	bacter�a	(d�d	
not	have	catalayzed	enzyme	to	break	H2O2	�nto	O2	and	H2O).	Its	bacter�a	populat�on	
st�ll	fulf�lled	the	standard	prob�ot�c	bacter�a	based	on	Samona	and	Rob�nson	(1994)	
in V�derola	et al.(2000)	wh�ch	�s	a	m�n�mum	6.00	log10	cfu/g	unt�l	the	end	of	storage	
t�me	(28	days).	

Total Mold and Yeast 
The	 treatment	of	 	 storage	had	a	h�ghly	 	 s�gn�f�cant	 effect	on	 total	 of	 	mold	

and	yeast	(P	<0.01).	Total	of	mold	and	yeast	�ncreased	dur�ng	storage.	Deter�orated	
m�crobes	such	as	mold	and	yeast	were	less	sens�t�ve	to	the	env�ronment	factor,	so	
�t	�s	poss�ble	to	grow	and	expand	(Rahman	et al., 1992).	Rob�nson	(1981)	sa�d	the	
max�mal	number	of	total	mold	�s	2	log	10	cfu/ml,	and	the	max�mal	number	of		total	
yeast	�s	3	log	10	cfu/ml.	The	yoghurt	prob�ot�c	jelly	dr�nk	was	safe	unt�l	14th	day	for	
customers.	

Total Coliform
Col�form	�s	usually	 �nd�c�tave	of	poor	process	and	contam�nat�on	after	 food	

process�ng	(Str�nger	and	Denn�s,	2000).		Total	col�form	started	to	grow	at	28th	day.		
Rob�nson	sa�d	the	max�mal	number	of	total	col�form	�s	less	more	1	log	10	cfu/ml.		
The	yoghurt	prob�ot�c	jelly	dr�nk	was	not	safe	unt�l	28th	day	for	customers.	

Conclus�on

Storage	t�me	had	a	h�gly	s�gn�f�cant	effect	on	the	m�crob�olog�cal	character�st�cs	
of	 the	yoghurt	prob�ot�c	 jelly	dr�nk.	Th�s	product	was	 st�ll	 a	 funct�onal	prob�ot�c	
food	unt�l	28th	day.		Otherw�se	based	on	total	mold,	yeast	and	col�form	th�s	product	
was	safe	unt�l	14th	day	for	customers.		
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Abstract

The application of tenderizing methods such as enzyme, internal endpoint 
temperature, and thawing method on beef from different age and breed of cattle 
are important to investigate. The objectives of this research were to study effect of 
papain enzymes, internal endpoint temperatures and thawing methods on Warner-
Bratzler shear force (WBSF) and cooking loss of meat from yearling Brahman Cross 
and Ongole Cross 3-4 years old used as young and mature beef respectively. Young 
frozen beef was thawed for 24 hr in refrigerator or soaking in ambient temperature 
water for 30 min. Old beef was only thawed used first thawing method. Cooking 
loss and WBSF were evaluated after beef were treated with or without soaking 
in papain enzyme solution for 30 min and continued with boiling until internal 
endpoint temperature 80 oC, 90 oC or 100 oC. The result showed that papain could 
improve tenderness of mature beef if reach internal endpoint temperature 90 oC, but 
could not at young beef. Cooking loss of young and mature beef that were boiled 
until internal endpoint temperature 80 oC or 90 oC had no differences. Thawing 
for 24 hr in refrigerator with internal endpoint temperature 80oC resulted in the 
most tenderness and the lowest cooking loss in young beef. In conclusion; the use 
of papain enzyme to improve tenderness was effective for mature beef, and internal 
endpoint temperature 80 oC or 90 oC was better than 100 oC to get lowest cooking 
loss at young beef neither mature beef. In this research beef from mature Ongole 
Cross (Indonesian local breed) has lower WBSF value (more tender) than beef from 
young Brahman Cross (Australian Brahman Cross).

Key words: beef tenderness, cooking loss, tenderizing method

Introduct�on	

Tenderness	�s	the	ma�n	factor	that	�nfluences	meat	palatab�l�ty	and	consumer	
dec�s�on	for	choos�ng	the	meat	(Brooks	et al.,	2000).	Beef	tenderness	was	affected	by	
breed	(Huffman	et al.,	1967;	Slanger	et al.,	1985),	age	(Shorthose	and	Harr�s,	1990;	
Huff-Lonergen	et al.,	1995),	feed	(Ponnampalam	et al.,	2002),	ag�ng	(George-Ev�n	



633Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

et al.,	2004),	ch�ll�ng	and	rate	of	cook�ng	(K�ng	et al.,	2003).	Papa�n	enzyme	was	
proteolyt�c	enzyme	that	could	�mprove	the	meat	tenderness	(Huffman	et al.,	1967;	
Ionescu	et al.,	2008).	Ionescu	et al.	(2008)	reported	that	papa�n,	bes�des	bromel�n,	
led	 to	 a	 l�m�ted	 hydrolys�s	 of	 beef	 meat	 prote�ns,	 to	 a	 loss	 of	 phys�cal	 �ntegr�ty	
of	 muscle	 and	 connect�ve	 t�ssue,	 accompan�ed	 by	 a	 h�gh	 solub�l�ty	 of	 structural	
prote�ns,	and	to	an	�mprovement	of	the	beef	meat	tenderness.	Add�t�on	end	po�nt	of	
�nternal	temperature	�n	cook�ng	also	plays	a	part	�n	beef	tender�z�ng	(Parr�sh	et al.,	
1973;	L�u	and	Berry	1996;	George-Ev�n	et al.,	2004).	The	other	factor	that	could	
affect	beef	tenderness	before	cook�ng	�s	thaw�ng	method.	

Informat�on	 about	 meat	 tender�z�ng	 method	 was	 necessary	 to	 produce	 beef	
tender.	Bes�des	that,	cook�ng	loss	also	to	be	concern	as	beef	cook�ng	character�st�c	
that	�nfluence	consumer	acceptance.	Tender�z�ng	treatments	such	as	enzyme,	�nternal	
temperature,	and	thaw�ng	method	on	beef	from	d�fferent	age	and	breed	of	cattle	have	
to	be	�nvest�gated.	The	object�ves	of	th�s	research	were	to	study	the	effect	of	papa�n	
enzymes,	�nternal	endpo�nt	temperatures	and	thaw�ng	methods	on	Warner-Bratzler	
shear	force	(WBSF)	and	cook�ng	loss	of	meat	from	yearl�ng	Brahman	Cross	and	
Ongole	Cross	3-4	years	old	used	as	young	and	mature	beef	respect�vely.

Mater�als	and	Methods	

Beef	that	used	�n	th�s	research	were	got	from	round	of	male	yearl�ng	Brahman	
Cross	as	young	beef,	and	Ongole	Cross	3-4	years	old	as	mature	beef.	Both	of	meats	
were	frozen	unt�l	evaluat�on	procedures	were	held.	Frozen	young	beef	was	thawed	
w�th	d�fferent	method.	Beef	that	st�ll	covered	�n	plast�cs	packag�ng	were	thawed	for	
24	hr	�n	refrigerator or	soaked	�n	amb�ent	temperature	water	for	30	m�n.	The	mature	
beef	was	only	thawed	by	f�rst	thaw�ng	method.	After	thaw�ng,	the	packag�ng	were	
removed	from	samples,	and	were	treated	w�th	or	w�thout	soak�ng	�n	papa�n	enzyme	
solut�on	(2%	crude	extract;		w/v)	for	30	m�n	that	cont�nued	w�th	bo�l�ng	unt�l	reach	
�nternal	endpo�nt	temperature		(IET)	80	oC,	90	oC	or	100	oC.		

Tenderness	was	measured	by	WBSF	(kg/cm2).	Beef	samples	bo�led	accord�ng	
to	each	 treatment,	and	 then	m�n	of	 three	1.27	cm	d�ameter	and	 length	3-4	cm	of	
samples	cores	were	taken	parallel	to	the	muscles	f�ber.	Then	the	cores	were	shared	
by	Warner-Bratzler	shear.	Cook�ng	loss	represented	we�ght	losses	after	cook�ng	that	
was	measured	as	sample	we�ght	marg�n	before	and	after	bo�led.	

The	effect	of	IET	(80oC,	90oC	dan	100oC),	papa�n	enzyme	(w�th	and	w�thout),	
and	thaw�ng	method	(soak�ng	30	m�n	�n	water	and	refr�gerator	for	24	hr)	on	WBSF	
and	 cook�ng	 loss	 of	 young	 beef	 from	 Brahman	 Cross	 were	 arranged	 �n	 factor�al	
des�gn	3	x	2	x	2	w�th	3	repl�cat�on	and	used	random�ze	complete	des�gn	as	bas�c	
des�gn.	Wh�le	effect	of	 �nternal	endpo�nt	 temperature	 (80	 oC,	90	 oC	dan	100	 oC),	
papa�n	 enzyme	 (w�th	 and	 w�thout)	 on	WBSF	 and	 cook�ng	 loss	 of	 Ongole	 Cross	
stud�es	used	factor�al	des�gn	3	x	2	w�th	3	repl�cat�on	and	random�ze	complete	des�gn	
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as	bas�c	des�gn.	Analys�s	of	var�ance	was	used	to	analyze	effect	of	the	treatment,	and	
mean	d�fferences	among	treatment	was	analyzed	us�ng	Tukey	test.	

Results	and	D�scuss�on	

Beef	thawed	at	refr�gerator	(4-6	oC)	for	24	hr	was	more	tender	(was	�nd�cated	
by	lower	WBSF	at	P<0.05)	than	beef	soaked	for	30	m�n	at	amb�ent	temperature	water	
(Table	1).	Th�s	fact	�nd�cated	that	beef	tenderness	was	caused	by	the	damage	of	meat	
f�ber	as	consequence	of	�ce	crystal	format�on,	and	the	damage	of	meat	f�ber	thawed	
at	refr�gerator	was	more	�ntens�ve	than	that	thawed	�n	water.	Th�s	explanat�on	make	
reference	to	L�nares	et al.	(2005)	that	reported	that	slow	thaw�ng	as	�t	happened	�n	
refr�gerator	causes	more	damage	through	�ce	crystall�zat�on	�n	the	meat.	

Actually,	 enzyme	 papa�n	 and	 IET	 treatment	 d�dn’t	 affect	 the	 tenderness	 of	
young	beef	from	yearl�ng	Brahman	Cross	(Table	1).	That	case	was	d�fferent	w�th	
WBSF	value	of	beef	from	mature	Ongole	Cross.	WBSF	value	of	beef		from	mature		
Ongole	 Cross	 s�gn�f�cantly	 affected	 (P<0.05)	 by	 �nteract�on	 of	 IET	 and	 papa�n	
enzyme	 treatment.	Non-papa�n	 treatment	 resulted	 �n	 the	 lowest	WBSF	 (the	most	
tender)	at	endpo�nt	�nternal	temperature	100	oC,	wh�le	�f	use	papa�n	treatment,	the	
lowest	WBSF	(the	most	tender)	reached	at	IET	90	oC	(Table	2).	

Table	1.	Warner-Bratzler	sheared	force	of	young	beef	treated	by	papa�n	enzyme,	d�fferent	
thaw�ng	method,	and	�nternal	endpo�nt	temperature	(kg/cm2)

Thaw�ng/Enzyme
Internal	Temperature

80	oC 90	oC 100	oC
Soak�ng,	30	m�n

Non-papa�n 5.32	±	0.98 4.19	±	0.36 6.40	±	2.07
Papa�n 6.89	±	1.28 4.83	±	0.76 5.07	±	0.38
Mean 5.42	±	1.33a

Refr�gerator,	24	hr
Non-papa�n 4.09	±	1.12 4.36	±	0.15 4.47	±	0.22
Papa�n 4.71	±	0.40 5.40	±	0.81 4.84	±	1.13
Mean 4.62	±	0.80b

Mean	of	�nternal	temperature 5.17	±	1.40 4.65	±	0.71 5.19	±	1.27
Mean	of	Papa�n

Non-papa�n 4.77	±	1.23
Papa�n 5.27	±	1.05

Note:	D�fferent	superscr�pt	�n	the	same	column	�nd�cate	s�gn�f�cant	d�fferent	(P<0.05).
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Th�s	study	�nd�cated	that	papa�n	appl�cat�on	to	�mprove	tenderness	was	effect�ve	
for	mature	beef.	The	result	could	be	expla�ned	accord�ng	to	report	of	Ionescu	et al.	
(2008)	that	papa�n	showed	hydrolyt�c	act�v�ty	on	the	connect�ve	t�ssue,	lead�ng	to	a	
better	tender�zat�on	of	the	adult	beef	meat.	Another	fact	from	th�s	research	showed	
that	beef	from	mature	Ongole	Cross	(Indones�an	local	breed)	has	lower	WBSF	value	
(more	 tender)	 than	beef	 from	young	Brahman	Cross	(Austral�an	Brahman	Cross)	
(Tabel	1	and	2).	

Cook�ng	loss	of	young	beef	from	Brahman	Cross	was	affected	by	�nteract�on	
among	IET,	thaw�ng	method	and	use	of	papa�n	enzyme	(P<0.05).		The	lowest	cook-
�ng	loss	reached	by	IET	80oC	for	both	of	papa�n	and	thaw�ng	treatment,	and	90	oC	
for	all	the	treatment,	except	thaw�ng	by	soak�ng	for	30	m�n	�n	amb�ent	temperature	
water	and	w�thout	papa�n	us�ng	(Table	3).	Cook�ng	loss	of	mature	beef		from		Ongole		
Cross		s�gn�f�cantly		affected		(P<0.05)	by		�nteract�on		between		papa�n	enzyme	and	
IET	of	cook�ng	(Table	4).	Internal	endpo�nt	temperature	80oC	w�th	or	w�thout	pa-
pa�n	enzyme	treatment	resulted	lower	percentage	of	cook�ng	loss,	and	no	d�fference	
w�th	IET	90oC	w�th	or	w�thout	enzyme.	Th�s	research	showed	that	�ncreas�ng	of	IET	

Table	2.	Warner-Bratzler	sheared	force	of	mature	beef	treated	by	papa�n	enzyme	and	�nternal	
endpo�nt	temperature	(kg/cm2)

Enzyme
Internal	Temperature

80	oC 90	oC 100	oC
Non-papa�n 3.91	±	0.15a 3.82	±	0.50a 2.64	±	0.42ab

Papa�n 3.02	±	0.48ab 2.22	±	0.52b 3.73	±	0.64a

Note:	D�fferent	superscr�pt	�n	the	same	raw	and	column	�nd�cate	s�gn�f�cant	d�fferent	(P<0.05).

Table	3.	Cook�ng	loss	of	young	beef	treated	by	papa�n	enzyme,	d�fferent	thaw�ng	method,	
and	�nternal	endpo�nt	temperature	(%)

Note:	D�fferent	superscr�pt	�n	the	same	raw	and	column	�nd�cate	s�gn�f�cant	d�fferent	(P<0.05).

Thaw�ng/Enzyme
Internal	Temperature

80	oC 90	oC 100	oC
Soak�ng,	30	m�n

Non-papa�n 37.90	±	3.75bcd 42.70	±	4.10abc 47.49	±	6.21ab

Papa�n 35.24	±	6.93bcd 39.35	±	6.41abcd 46.80	±	5.87ab

Refr�gerator,	24	hr
Non-papa�n 29.16	±	4.95d 37.84	±	4.63bcd 43.59	±	6.16ab

Papa�n 28.68	±	3.49d 39.07	±	2.84abcd 50.96	±	7.23a
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�ncreased	percentage	of	cook�ng	loss	both	of	young	and	mature	beef.	The	result	ac-
cord	w�th	George-Evan	et al.	(2005)	reported	that	the	�ncreas�ng	of	IET	�ncreased	
cook�ng	t�me	and	cook�ng	losses.	

Conclus�ons		

The	 use	 of	 papa�n	 enzyme	 to	 �mprove	 tenderness	 was	 effect�ve	 for	 mature	
beef,	and	�nternal	endpo�nt	temperature	80oC	or	90	oC	were	better	than	100	oC	to	get	
lowest	cook�ng	loss	at	young	beef	ne�ther	mature	beef.	In	th�s	research	beef	from	
mature	Ongole	Cross	(Indones�an	local	breed)	has	lower	WBSF	value	(more	tender)	
than	beef	from	young	Brahman	Cross	(Austral�an	Brahman	Cross).
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V. SOCIAL ECONOMICS AND POLICY 
IN ANIMAL PRODUCTION
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Abstract

The research was conducted to analyse technical and economical of Kalung 
crickets cultivation productivity and to analyse any factors that influence them. 
The research was conducted in Central Java (Demak, Kudus, and Purwodadi) and 
East Java (Tulungagung, Kediri, and Porong) from March 3rd until March 12nd, 
2010. The research consisted of two stages: (1) determination of research area 
and the number of samples and (2) data collection. Survey method was used in 
this research and the samples were selected purposively based on farm scale and 
farmer’s experience. The farm’s productivity, income and R/C ratio were analysed 
descriptively. The average of cricket’s production in Central and East Java were 
9.78 and 12.69 tons/year respectively. Technical productivity in both provinces was 
not different, in contrary to economical productivity. The average income in Central 
Java was IDR 134,714,300.00 or 72.21% from IDR 186,566,666.00 revenue, while 
in East Java was IDR 149,899,333.00 or 58.56% from IDR 255,960,000.00 revenue. 
The R/C ratios in both provinces were more than one which meant the enterprises 
is profitable and feasible economically. The value of R/C ratio in Central Java (3.5) 
was higher than East Java (2.6). Low R/C ratio value in East Java was caused by 
high cost in feed, equipment and cage. The farmers should utilize local resources 
optimally. 

Key words: income, kalung crickets (Gryllus bimaculatus), productivity, R/C ration

Introduct�on

Cr�ckets	are	an�mal	from	�nsects	class	that	has	great	potent�al	to	be	developed	as	
a	prote�n	resource	�n	l�vestock	feed.	Some	researchers	have	showed	that	cr�cket	has	
h�gh	prote�n	content	(61.58%)	w�th	a	fa�rly	complete	am�no	ac�d	(Nov�ant�,	2003).	
Tremendous	potent�al	of	cr�ckets	�s	what	makes	the	commun�ty	of	Central	Java	and	
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East	Java	Prov�nce	attempted	to	cult�vate	cr�cket	so	that	the	area	�s	renowned	as	a	
centre	for	the	cult�vat�on	of	cr�ckets.	The	research	object�ves	were	to	evaluate	the	
product�v�ty	of	the	cult�vat�on	of	Kalung	cr�ckets	techn�cally	and	econom�cally	as	
well	as	the	factors	that	affect	the	product�v�ty	of	Kalung	cr�ckets	cult�vat�on.	

Mater�als	and	Method

The	research	was	conducted	�n	the	commun�ty	of	Kalung cr�cket’s	cult�vators	
�n	Central	Java	(Purwodad�,	Demak,	Kudus)	and	East	Java	(Tulungagung,	Ked�r�,	
Porong).	Research	was	carr�ed	out	for	two	weeks,	from	March	3	to	12,	2010.

The	mater�als	used	�n	th�s	study	were	stat�onery,	thermometers,	cameras,	and	
quest�onna�res	to	obta�n	pr�mary	data	cult�vat�on	of	Kalung cr�ckets	�n	the	farmer’s	
commun�ty.	Pr�mary	data	was	collected	us�ng	a	quest�onna�re	through	d�rect	�nterv�ew	
w�th	respondents.	The	respondents	were	purpos�vely	selected	�n	each	reg�on;	one	
person	was	taken	of	each	reg�on.	Selected	farmers	are	cr�cket’s	cult�vators	that	have	
greatest	 and	 longest	 cult�vated	 for	 more	 exper�enced	 and	 sk�ll	 of	 the	 cult�vat�on	
of	cr�ckets.	Secondary	data	was	obta�ned	from	the	l�terature	and	report	documents	
from	related	government	agenc�es.	

Th�s	 research	 was	 des�gned	 as	 a	 survey.	 Descr�pt�ve	 analys�s	 was	 used	 to	
descr�be	the	character�st�cs	of	cr�cket’s	cult�vat�on	techn�ques,	cr�cket’s	product�v�ty,	
and	�ncome	analys�s.	

Results	and	D�scuss�on

Kalung Crickets Cultivation Techniques
Kalung cr�cket’s	hatch�ng	eggs	are	usually	der�ved	from	the�r	own	cult�vat�on	

or	some	were	obta�ned	from	c�cada	eggs	merchants.	Egg	harvest�ng	�s	done	us�ng	
a	stra�ner	or	s�eve	to	separate	the	eggs	from	the	sand	and	d�rt.	Harvest�ng	�s	done	
every	day.	Eggs	that	have	been	harvested	then	�ncubated	for	hatch�ng.		Meanwh�le	
the	med�a	�s	returned	to	the	nest�ng	box	for	brood	stock	ma�ntenance.	Th�s	must	be	
done	 to	ant�c�pate	 the	poss�b�l�ty	 �f	not	 the	ent�re	parents	spawn�ng.	Exam�nat�on	
of	 spawn�ng	 med�a	 �s	 done	 every	 3-4	 days.	The	 character�st�c	 of	 a	 good	 qual�ty	
cr�cket’s	 eggs	 are	 cream-colored,	 translucent,	 sh�ny,	 clean,	 not	 d�ngy,	 and	 warm	
when	wrapped	(Pa�m�n,	1999;	Pa�m�n	et al.,	1999).	Cr�cket’s	cult�vators	use	cloth,	
sand,	and	sawdust	for	hatch�ng	med�a.	The	relat�ve	hum�d�ty	requ�red	for	hatch�ng	
eggs	range	between	65-80%,	w�th	a�r	temperature	26	oC.	Temperature	and	relat�ve	
hum�d�ty	needs	to	be	ma�nta�ned	to	prevent	the	hatch�ng	fa�lure	caused	by	poor	egg	
qual�ty,	unsu�table	mo�sture	and	many	predators.	Nymph’s	ma�ntenance	�s	�mportant	
�n	cr�cket’s	cult�vat�on.	

Cult�vators	 �n	Central	Java	use	cages	made	of	bamboo	and	plast�c,	wh�le	 �n	
East	Java	they	used	cages	made	of	wood	and	plywood.	There	are	two	type	of	box,	
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open	 and	 closed	 or	 compound	 and	 no	 compound.	 Select�on	 of	 the	 type	 �s	 more	
due	 to	 the	 ease	 of	 feed�ng	 and	 dr�nk�ng,	 ma�nta�n�ng,	 harvest�ng,	 clean�ng	 cages	
and	for	the	prevent�on	from	predator.	The	cr�ckets	are	placed	�n	an	area	free	from	
d�rect	sunl�ght	and	complemented	w�th	a	h�d�ng	place,	made	of	dr�ed	banana	leaf	or	
egg	tray.	Observat�on	�n	the	f�eld	showed	that	the	cage	cleanl�ness	was	ma�nta�ned	
properly.	Farmers	always	change	the	h�d�ng	med�a	and	the	cult�vator	used	pedestal	
�n	feed�ng	the�r	cr�ckets.	Cages	were	also	prevented	from	predators	such	as	l�zards,	
ants,	m�ce	and	other	an�mals	by	cover�ng	the	cage	w�th	gauze,	cloth,	ant�-ants	chalk	
or	putt�ng	mat	conta�n�ng	kerosene	or	used	motor	o�l	on	each	foot	cage.	The	average	
s�ze	of	the	cage	for	4000	cr�ckets	per	cage	�n			Central	Java	was	250x112x50	cm	and	
230x112x58	cm	�n	East	Java.	Cage	dens�ty	�n	both	prov�nces	was	lower	than	the	
dens�ty	reported	by	W�dyan�ngrum	(2001)	that	was	5000	cr�ckets	�n	every	cage.	Th�s	
cage	dens�ty	affected	the	cr�cket’s	mortal�ty.	Problems	that	affect	cr�cket’s	mortal�ty	
are	low	hatchab�l�ty,	cage’s	dens�ty,	unsu�table	temperature,	dwarf�sm,	cann�bal�sm,	
d�sease	and	death-smell�ng	d�arrhea.	

Cr�ckets	 feed	on	Central	and	East	Java	cons�sted	of	concentrate	and	forage.	
Cult�vators	used	lay�ng	qua�l	or	bro�ler	feed	for	cr�cket’s	concentrate.	Forages	used	
by	 farmers	 �n	Central	and	East	 Java,	were	banana	stems,	 squash,	cassava	 leaves,	
thorns	cottonwood	leaves,	cabbage	leaves,	grass,	mustard	greens,	fru�ts	and	stems	
of	papaya.	Var�at�on	of	forage	feed	depended	on	the	forage	resources	ava�lable	�n	
each	area.	V�ta	ch�ck	and	v�tam�ns	were	commonly	g�ven	when	the	env�ronmental	
cond�t�ons	of	cult�vat�on	was	not	good.	

Cricket’s Productivity
Techn�cal	product�v�ty	of	the	cult�vat�on	of	Kalung cr�ckets	�n	Central	and	East	

Java	vary	�n	each	product�on	per�od.	Th�s	�s	due	to	many	factors	that	�nfluence	cul-
t�vat�on	such	as	temperature	and	hum�d�ty	env�ronment,	predators,	egg	qual�ty,	feed	
qual�ty,	and	cult�vator’s	management	sk�lls	(W�dyan�ngrum,	2001;	Prad�tya,	2003;	
F�tr�yan�,	2005).	The	average	product�on	�n	Central	Java	was	9.78	tons/year,	wh�ch	
was	lower	than	�n	East	Java	(12.69	tons/year)	(Table	1).	Average	product�on	�n	East	
Java	cr�ckets	was	h�gher	due	to	better	management	of	cult�vat�on.	

Income Analysis
Farm	�ncome	analys�s	(Table	1)	showed	that	the	average	�ncome	per	year	cult�-

vators	�n	Central	Java	was	Rp134,714,300.00	and	Rp149,899,333.00	for	cult�vators	
�n	East	Java.	Feed�ng	cost	�n	Central	Java	was	Rp8,000,000.00	and	�n	East	Java	was	
Rp27,712,000.00.	The	cost	of	feed	�n	East	Java	needs	to	be	reduced	through	the	use	
of	 local	 resources	 to	 �ncrease	benef�t.	Equ�pment	cost	 �n	East	Java	 �s	also	h�gher	
(Rp17,892,000.00)	than	�n	Central	Java	(Rp216,000.00).	The	analys�s	showed	that	
�n	Central	Java	the	largest	proport�on	of	var�able	cost	was	cost	of	labor	(46.29%)	
and	hatch�ng	eggs	(30.23%),	whereas	�n	East	Java	was	the	cost	of	feed	(26.13%),	
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labor	(25.08%),	and	equ�pment	(16.87%).	The	percentage	of	hatch�ng	eggs	cost	�n	
Central	Java	was	h�gh	because	33.3	per	cent	cult�vators	bought	eggs	from	c�cada	
eggs	merchants.	Product�on	cost	�n	Kalung cr�ckets	was	affected	by	farm	scale,	and	
wage	 rate	 �n	 each	 reg�on.	F�xed	costs	 cons�st	of	deprec�at�on	of	 cage	and	equ�p-
ments.	The	average	cr�cket’s	pr�ces	�n	Central	Java	was	Rp19,166.67/kg,	wh�le	�n	
East	Java,	the	average	pr�ce	was	Rp19,500.00/kg.	The	farmers	stated	that	they	w�ll	
get	a	break-even	�f	the	pr�ce	of	cr�ckets	was	not	less	than	Rp10,000.00	per	kg.	Rev-
enue-Cost	Rat�o	(R/C)	of	Kalung cr�cket’s	cult�vat�on	�n	Central	Java	and	East	Java	
was	3.5	and	2.6,	respect�vely.	Value	of	R/C	rat�o	�s	more	than	one	�nd�cates	that	the	
cult�vat�on	of	Kalung cr�ckets	that	cult�vators	�n	Central	Java	and	East	Java	run	th�s	
bus�ness	prof�table	and	v�able,	desp�te	fluctuat�ons	�n	the	pr�ce	of	each	harvest	pe-
r�od	(Hernanto,	1993;	Soekartaw�,	1995).

Table	1.	The	character�st�cs	and	product�v�ty	of	kalung	cr�cket’s	cult�vat�on

Ind�cator Central	Java East	Java
Average	product�on 9.78 12.69
Scale Large Large
Average	�n�t�al	scale	(box) 18 4
Average	scale	dur�ng	research	
(box)

38 28

Bus�ness	typology Ma�n	(33,3%) Ma�n	(100%)
Part-t�me	(66,7%)

Cap�tal Self-equ�ty Self-equ�ty
Harvest	t�me Every	32	days Every	27	days
Harvest	frequency 8	t�mes/year More	than	10	t�mes/year
Packag�ng	mater�al Plast�c	bag Plast�c	bag	&	box
Packag�ng	s�ze 2	kgs/pack Accord�ng	to	consumer’s	

demand
Market�ng	target Collectors Reta�lers,	consumers
Market�ng	area Ins�de	the	reg�on Ins�de	&	outs�de	the	reg�on
Average	farm	gate	pr�ce	
(Rup�ah/kg)

19,166.67 19,500.00

Payment	system Delayed	(�n	1	weeks) Cash	&	delayed	(�n	2	days)
Revenue	(Rup�ah) 186,566,666 255,960,000
Cost	(Rup�ah) 51,852,366 106,060,666
Prof�t	(Rup�ah) 134,714,300 149,899,334
Revenue/Cost	Rat�o 3.5 2.6
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Conclus�on

The	product�v�ty	of	Kalung cr�cket’s	cult�vat�on	�n	Central	Java	and	East	Java	
prov�nces	techn�cally	was	not	d�fferent.	Farm	�ncome	analys�s	showed	that	Kalung	
cr�cket’s	cult�vators	�n	East	Java	get	h�gher	�ncome	than	cult�vators	�n	Central	Java.	
The	 R/C	 rat�o	 �n	 both	 locat�on	 was	 more	 than	 one,	 means	 that	 Kalung cr�cket’s	
cult�vat�on	�s	econom�cally	prof�table	and	feas�ble	to	run.	

Cr�cket’s	farmers	�n	East	Java	are	necessary	to	save	the	cost	of	feed,	through	
the	 use	 of	 local	 resources	 w�thout	 reduc�ng	 the	 product�v�ty	 of	 cr�ckets.	 S�m�lar	
research	can	be	done	by	larger	number	of	farmers	and	areas	�ncluded	so	we	can	get	
more	accurate	data	to	�ncrease	product�v�ty	and	�ncome	of	cr�cket’s	cult�vators	�n	
the	future.

References

F�tr�yan�,	J.	2005.	Performance	of	Kalung	cr�ckets	(Gryllus bimaculatus)	�n	cages	
w�th	and	w�thout	smear�ng	mud	and	�nsulat�on.	Thes�s.	Faculty	of	An�mal	Sc�-
ences.	Bogor	Agr�cultural	Un�vers�ty,	Bogor.	

Hernanto,	F.	1993.	Farm	Management.	Penebar	Swadaya,	Jakarta.
Mukson,	E.	Prasetyo,	B.	M.	Set�awan	&	H.	Set�yawan.	2005.	Analys�s	of	factors	

that	�nfluence	the	development	of	farms	�n	Central	Java.	Journal	of	Soc�al	Eco-
nom�cs	of	L�vestock.	Vol	1.	31-37.

Nov�ant�,	J.	2003.	The	chem�cal	compos�t�on	of	Kalung	cr�cket’s	(Gryllus bimacu-
latus)	flour	at	var�ous	age	and	d�fferent	dry�ng	temperatures.	Thes�s.	Faculty	of	
An�mal	Sc�ences.	Bogor	Agr�cultural	Un�vers�ty,	Bogor.	

Pa�m�n,	F.	B.	1999.	Overcome	the	Problem	of	Cr�ckets.	1st	Ed�t�on.	Penebar	Swa-
daya,	Jakarta.

Pa�m�n,	F.	B.,	I.	E.	Pudj�astut�	&	Ern�awat�.	1999.	Successful	Cr�cket’s	Breed�ng.	1st	
Ed�t�on.	Penebar	Swadaya,	Jakarta.

Prad�tya,	A.	A.	2003.	Opt�m�zat�on	of	Kalung cr�cket’s	management	 �n	brood�ng	
per�od.	 Thes�s.	 Faculty	 of	An�mal	 Sc�ences.	 Bogor	Agr�cultural	 Un�vers�ty,	
Bogor.	

Soekartaw�.	1995.	Farm	Analys�s.	UI-Press,	Jakarta
W�dyan�ngrum,	P.	2001.	Effect	of	sol�ds	spreader	and	the	type	of	feed	on	the	pro-

duct�v�ty	of	three	spec�es	of	�deal	cult�vated	cr�ckets.		D�ssertat�on.	Graduate	
Program.	Bogor	Agr�cultural	Un�vers�ty,	Bogor.	



646 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

 Public Perception in Thai Native Chicken (Pradu Hang-Dum 
Chiang Mai) via Food Contests

Aphirak Phianmongkhol 1, Tri Indrarini Wirjantoro 1, Charan Chailungka 2, 
Chartri Prathum 2 & Amnuay Leotaragul  2 

 
1Faculty of Ago-Industry, Chiang Mai University, Chiang Mai 50100 Thailand, 

e-mail:aphirak.p@cmu.ac.th
 2Livestock and Breeding Research Center, Department of Livestock Development, 

Ministry of Agriculture and Cooperatives, Chiang Mai 50120 Thailand 

Abstract

Thai native chicken variety Pradu Hang-Dum Chiang Mai (PD-CM) was 
developed and bred in the year 2002-2007 from a joint-cooperation between 
the Department of Livestock Development (DLD), Ministry of Agriculture and 
Cooperatives, and Thai Research Fund (TRF). The chicken meat had lower fat, 
cholesterol and triglyceride contents as compared to those of crossbred and broiler 
meats. In addition, the appearance of the whole chicken meat was appraised by 
some of the Northern Thai people, particularly the hill tribes, for religious ceremony 
purposes. A survey data from 207 consumers revealed that chicken’s meat was 
the second popular meat for cooking. For northern people, the most favorite dish 
prepared from the meat was “Kang Kai”, which was a thick-chili soup with green 
cabbage. This present study was aimed to promote the PD-CM chicken as a native 
chicken to Thai people and to encourage the utilization of the meat as a source of 
delicious and healthy meat through food competitions. Three food contests were 
organized in Chiang Mai within several months interval. Based on the audience 
assessment, the contests tended to increase the perception of the PD-CM chicken in 
all targeted sample groups. The perception of the ordinary people who attended the 
contest was increased from 25.5% in the first contest to 69.4% in the last contest. 
A survey in both farmers who produced chicken and administrative staffs of DLD 
indicated that the perception percentages were also improved.

Key words: food contest, native chicken, Pradu Hang-Dum Chiang Mai 

Introduct�on	

Tha�	domest�c	fowl	�s	d�verse	�n	terms	of	both	phenotype	and	var�ety.	Twelve	
var�et�es	of	Tha�	nat�ve	ch�cken	were	character�zed	by	The	Department	of	L�vestock	
Development	(DLD),	M�n�stry	of	Agr�culture	and	Cooperat�ves	and	d�str�buted	to	
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ch�cken-ra�s�ng	farmers	(Amnuay	et al.,	2010a).	However,	w�thout	controll�ng	of	
cross	breed�ng,	some	of	these	purebred	ch�ckens	were	reduced	�n	number.

Pradu	Hang-Dum	Ch�ang	Ma�	 (PD-CM)	 �s	 one	of	 the	Tha�	 nat�ve	 ch�ckens	
wh�ch	faced	the	same	s�tuat�on	of	problem	relevant	w�th	the	number	of	purebred.	
Therefore,	the	var�ety	was	recalled	under	a	well	organ�zed	research	work	dur�ng	the	
year	2002-2007	from	a	jo�nt-cooperat�on	between	the	DLD	and	Tha�	Research	Fund	
(TRF).	The	work	was	a�med	to	conserve	the	var�ety	and	to	ut�l�ze	the	meat	as	a	h�gh	
qual�ty	prote�n	source	(Amnuay	et al.,	2011).

Naturally,	 most	 of	 the	 Tha�	 nat�ve	 ch�ckens	 are	 f�ght�ng	 cock.	 Therefore,	
they	are	ra�sed	ma�nly	for	sport	not	for	food	mater�als.	However,	the	qual�ty	of	the	
nat�ve	ch�cken’s	meat	�n	part�cular	PD-CM	was	much	better	than	those	of	crossbred	
and	bro�ler.	Th�s	was	because	the	meat	of	PD-CM	conta�ned	lower	content	of	fat,	
cholesterol	and	tr�glycer�de	(Sancha�	et al.,	2011).	In	add�t�on,	the	appearance	of	the	
whole	ch�cken	meat	was	appra�sed	by	some	of	the	Northern	Tha�	people,	part�cularly	
the	h�ll	tr�bes,	for	rel�g�ous	ceremony	purposes.	From	these	potent�al	character�st�cs,	
the	PD-CM	meat	was	chosen	as	a	front�er	food	mater�al	from	nat�ve	ch�cken	to	be	
�ntroduced	to	consumer.	Acceptab�l�ty	of	the	consumer	could	lead	to	the	market�ng	
opportun�ty	and	consequently	susta�nab�l�ty	of	purebred	var�ety.	

The	 food	 contest	 was	 proved	 to	 be	 one	 of	 the	 most	 effect�ve	 act�v�t�es	 for	
promot�ng	consumer	percept�on.	The	enjoyable	food	prepared	from	PD-CM	meat	
and	�mpress�ve	env�ronment	m�ght	�ncrease	publ�c	percept�on	�n	the	ch�cken	as	food	
mater�al.	Therefore,	th�s	present	study	was	a�med	to	promote	the	PD-CM	ch�cken	
as	a	nat�ve	ch�cken	to	Tha�	people	and	to	encourage	the	ut�l�zat�on	of	the	meat	as	a	
source	of	del�c�ous	and	healthy	meat	through	food	compet�t�ons.							

Mater�als	and	Methods	

Survey on utilization of chicken meat as food ingredient
A	survey	was	carr�ed	out	at	5	fresh	markets	�n	Ch�ang	Ma�	prov�nce	around	

one	month	before	the	f�rst	food	contest	started	by	�nterv�ew.	A	quest�onna�re	was	
developed	and	tested	before	the	survey.	Two	groups	of	consumer	(each	of	100)	were	
randomly	selected.	The	f�rst	group	was	the	people	or�g�nally	from	Northern	part	of	
Tha�land	and	the	second	group	was	the	people	from	other	parts	of	the	country.	

Public perception in PD-CM via food contests
The	food	contests	were	organ�zed	3	t�mes	�n	Ch�ang	Ma�.	The	menus	used	�n	

the	contests	were	based	on	the	prev�ous	survey.	Sensory	propert�es	of	bo�led	PD-
CM	meat	(from	3	month’s	old	ch�cken	w�th	a	we�ght	between	1.0	and	1.5	kg)	were	
determ�ned	from	panel�sts	who	attended	the	contest.	A	percept�on	assessment	about	
PD-CM	 was	 also	 carr�ed	 out	 from	 the	 aud�ence	 attended	 �n	 each	 contest.	 In	 the	
f�rst	food	contest	94	aud�ences	were	�nterv�ewed,	whereas	�n	the	second	and	th�rd	
contests	the	number	of	people	�nterv�ewed	was	107	and	124,	respect�vely.			
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Results	and	D�scuss�on	

Utilization of chicken’s meat as food ingredient
A	survey	data	�n	Ch�ang	Ma�	prov�nce	from	207	consumers	revealed	that	the	

consumer	from	both	Northern	and	other	parts	of	Tha�land	preferred	to	consume	the	
meat	from	pork	and	ch�cken	as	food	mater�als	(Table	1).	A	trad�t�onal	Northern	style	
hot	and	sp�cy	soup	w�th	vegetables	namely	Gang Kare	was	the	most	popular	menu	
to	be	prepared	from	ch�cken’s	meat	�n	the	Northern	of	Tha�land,	wh�le	people	from	
the	other	parts	of	 the	country	preferred	 to	use	ch�cken’s	meat	 �n	a	hot	and	sp�cy	
(th�ck	and	clear)	soup	called	Tom Yum	(Table	2).						

The	 meat	 from	 nat�ve	 ch�cken	 was	 accepted	 more	 than	 bro�ler’s	 meat	 by	
Tha�	 consumer	 (Ap�cha�,	 1993;	Amnuay,	 2010b).	 Th�s	 trend	 was	 s�m�lar	 to	 that	
of	 consumer	 �n	Ch�na	 (Tang	et al.,	 2009).	Results	 from	 th�s	 study	 �nd�cated	 that	
flavor,	nutr�t�onal	values	and	f�rmness	of	the	meat	were	�mportant	factors	as	pos�t�ve	
propert�es	of	the	nat�ve	ch�cken’s	meat	wh�le	supply	of	the	meat,	pr�ce	and	st�ck�ness	
produced	the	negat�ve	propert�es	(F�gure	1).	Sc�ent�f�c	ev�dences	for	th�s	matter	have	
been	prev�ously	reported	(Sancha�	et al.,	2003;	2011).

Public perception in PD-CM via food contests
The	food	contests	were	organ�zed	3	t�mes	�n	the	c�ty	of	Ch�ang	Ma�.	The	f�rst	

contest	was	carr�ed	out	on	Apr�l	7th,	2010	at	Northern	cultural	market,	Faculty	of	
Agr�culture,	 Ch�ang	 Ma�	 Un�vers�ty.	 The	 second	 compet�t�on	 was	 organ�zed	 on	

Table	1	Popular	meat	for	food	preparat�on	�n	Ch�ang	Ma�

Meat	types
Number	Chosen

Scored Rank�ng
1st	rank 2nd	rank 3rd	rank 4th	rank

Northern	
					Ch�cken 18 52 41 8 318 2
					Pork 70 32 14 3 407 1
					Beef	and	buffalo 4 11 18 86 171 4
					F�sh 27 24 46 22 294 3
Others
					Ch�cken 19 36 21 5 231 2
					Pork 42 23 11 5 264 1
					Beef	and	buffalo 5 2 13 61 113 4
					F�sh 15 20 36 10 202 3

Not�ce:	Scored	=	(the	no	of	the	1st	rank	x	4)	+	(the	no	of	the	2nd	rank	x	3)	+	(the	no	of	the	3rd	rank	
x	2)	+	(the	no	of	the	4th	rank	x	1).
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December	4th,	2010	at	Agr�cultural	Fa�r,	Royal	Flora	Botan�c	Garden	and	the	last	one	
was	accompl�shed	on	January	22nd,	2011	at	B�g	C	Supermarket.	The	last	compet�t�on	
was	done	w�th	a	cooperat�on	w�th	Mae	He�a	Mun�c�pal�ty.

Table	2.	Popular	menu	prepared	from	ch�cken	meat	�n	Ch�ang	Ma�

Not�ce:	Scored	=	(the	no	of	the	1st	rank	x	4)	+	(the	no	of	the	2nd	rank	x	3)	+	(the	no	of	the	3rd	rank	
x	2)	+	(the	no	of	the	4th	rank	x	1).

F�gure	1.		Op�n�ons	 about	 advantage	 (a)	 and	 d�sadvantage	 (b)	 of	 nat�ve	 ch�cken’s	 meat	
as	 food	 �ngred�ent	 of	 people	 from	 Northern	 (top)	 and	 other	 parts	 (bottom)	 of	
Tha�land	

Menu
Number	Chosen

Scored Rank�ng
1st	rank 2nd	rank 3rd	rank 4th	rank

Northern	
					Yum 28 27 31 26 281 2
					Gang	Kare 33 34 24 21 303 1
					Gang	Om 18 32 40 22 270 3
					Steamed	ch�cken 33 19 17 43 266 4
Others
					Tom	Yum 27 22 26 5 231 1
					Gang 14 30 14 22 196 3
					Gr�lled	ch�cken 9 17 17 37 158 4
					Fr�ed	ch�cken 30 11 23 16 215 2
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Sensory	propert�es	of	the	bo�led	PD-CM	meat	that	were	evaluated	by	the	panel�sts	
who	attended	the	food	contests	are	shown	�n	Table	3.	The	overall	acceptab�l�ty	of	
the	meat	was	very	good	as	a	result	from	�ts	texture	and	taste.	These	propert�es	of	the	
ch�cken	were	well	�n	an	agreement	w�th	prev�ous	f�nd�ng	observed	by	Amnouy	et al.	
(2010).	However,	all	volat�les	m�ght	evaporate	dur�ng	a	cook�ng	process	resulted	�n	
low	score	for	odor	attr�bute	(Sancha�	et al.,	2011).						

Table	3.	Sensory	propert�es	of	bo�led	PU-CM	meat

Sensory	attr�bute Scored
F�rst	food	contest	(95	panel�sts)
					Texture 4.03	±	0.37
					Odor 3.67	±	0.64
					Taste 4.02	±	0.40
					Overall	acceptab�l�ty 4.16	±	0.41
Second	food	contest	(107	panel�sts)
					Texture 4.04	±	0.45
					Odor 3.79	±	0.71
					Taste 4.09	±	0.69
					Overall	acceptab�l�ty 4.18	±	0.72
Th�rd	food	contest	(122	panel�sts)
					Texture 4.02	±	0.67
					Odor 3.97	±	0.76
					Taste 4.13	±	0.74
					Overall	acceptab�l�ty 4.17	±	0.76

Not�ce:	values	are	expressed	as	mean	+	standard	dev�at�on	
Scored	1=poor,	2=fa�r,	3=	good,	4=	very	good	and	5=	excellent

F�gure	2.	Evolut�on	of	percept�on	�n	PD-CM	ch�cken	dur�ng	the	food	contests
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The	percept�on	of	the	publ�c	about	PD-CM	was	�ncreased	after	the	food	contests	
as	showed	�n	F�gure	2.	The	obta�ned	data	�nd�cated	that	a	joyful	act�v�ty	that	was	
�ncorporated	w�th	 sensory	 tr�al	 of	 food	products	promot�ng	good	 �mpress�on	 and	
enhanced	the	percept�on	of	the	products	(P�toon,	1994;	S�r�torn,	2002).		

Conclus�ons		

Ch�cken’s	meat	was	one	of	the	popular	meats	for	Tha�	food.	Flavor,	nutr�t�onal	
value	and	texture	of	Tha�	nat�ve	ch�cken’s	meat	contr�buted	to	�ts	qual�ty.	However,	
the	 supply	 �n	 the	market	 and	pr�ce	produced	a	negat�ve	 feed	back	 for	 �ts	market	
potent�al.	The	meat	qual�ty	of	PD-CM	was	acceptable	espec�ally	�n	terms	of	sensory.	
The	 food	 contest	 w�th	 enterta�nment	 act�v�t�es	 dramat�cally	 �mproved	 the	 publ�c	
percept�on	�n	PD-CM	ch�cken.					
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Abstract

Over the years Malaysia has undergone a substantial and persistent food 
trade deficit. It is continue to grow at an alarming rate as the figures climbed to 
a staggering RM 10.1 billion in 2008. Registered at 3.4 billion in 2005, it swelled 
to RM 4.9 billion in 2000. If this detrimental trend continues unimpeded, the food 
trade deficit is expected to reach RM12.4 billion by 2010 with food imports at 
RM27.3 billion, far outweighing exports worth RM14.9 billion. This phenomenon 
has to be arrested, which requires Malaysia to boost its food exports and it is a 
need of the policy makers, practitioners, producers and the government agencies 
to undertake appropriate action related this issues. This study is to evaluate the 
related factors and to evaluate the competiveness of 10 food commodities in the 
meat and meat preparation sector. The data cover non ruminant commodities in 
the HS 6 digits group which are expected to have high potential in the future.  The 
studies will be based on the concept of revealed comparative advantage (RCA). 
The basic logic behind RCA is that it evaluates comparative advantage on the basis 
of a country’s specialization in (net) exports relative to some reference group. A 
different interpretation of comparative advantage is furnished by Vollrath indices, 
which are adopted in this study. Vollrath offers three alternative specifications of 
revealed comparative advantage, they are; relative export advantage (RXA), relative 
import advantage (RMA) and relative trade advantage (RTA). From this studies 
contributed and demonstrated the potential performance of sub selected sector in 
the non ruminants.

 
Keywords: meat preparation, non-ruminants, sub sectors, trade meat performance
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Introduct�on

Malays�a	 has	 undergone	 a	 substant�al	 and	 pers�stent	 food	 trade	 def�c�t.	 It	
cont�nues	 to	grow	at	an	alarm�ng	rate	as	 the	 f�gures	cl�mbed	 to	a	stagger�ng	RM	
10.6	b�ll�on	�n	2009.	In	l�ne	w�th	the	global	food	cr�s�s	�n	2008,	�t	has	he�ghtened	
government	awareness	and	brought	th�s	�ssue	to	the	forefront	of	publ�c	�nterest.	Th�s	
phenomenon	has	to	be	addressed,	wh�ch	requ�res	Malays�a	to	boost	�ts	food	exports	
and	to	subst�tute	�mports.	There	�s	a	need	to	determ�ne	the	local	commod�t�es	that	
are	capable	of	subst�tut�ng	�mported	products	and	at	the	same	t�me,	search�ng	for	
var�et�es	of	potent�al	products	for	export.	Th�s	�s	part�cularly	�mportant	for	the	food	
process�ng	�ndustry,	as	the	scheduled	l�beral�zat�on	of	trade	under	the	World	Trade	
Organ�zat�on	 (WTO)	 and	 the	 ASEAN	 Free	 Trade	 Area	 (AFTA)	 would	 produce	
greater	 challenges	 and	 st�ff	 compet�t�on	 to	 Malays�an	 food	 producers.	 Thus,	 to	
penetrate	a	w�der	range	of	fore�gn	markets,	along	w�th	the	effort	to	curta�l	the	food	
trade	def�c�t,	�t	�s	cruc�al	for	Malays�an	food	processors	to	�dent�fy	food	sub-sectors	
that	are	�nternat�onally	compet�t�ve	and	v�able.	

The	meat	and	meat	preparat�on	sector	�n	Malays�a	has	been	chosen	as	to	date,	�t	
�s	ma�nly	an	�mported	�tem.	It	�s	the	a�m	of	th�s	study	to	evaluate	the	compet�t�veness	
of	10	food	commod�t�es	�n	the	meat	and	meat	preparat�on	sector	(d�v�s�on	01)	cover-
�ng	the	per�od	of	1997	to	2008.	The	data	cover	only	the	non	rum�nant	commod�t�es	
�n	the	HS	6	d�g�ts	group	wh�ch	are	expected	to	have	h�gh	potent�al	�n	the	future.	

Our	�nvest�gat�on	�s	based	on	the	concept	of	revealed	comparat�ve	advantage	
(RCA).	 Vollrath	 offers	 three	 alternat�ve	 spec�f�cat�ons	 of	 revealed	 comparat�ve	
advantage.	The	major	d�fference	between	the	Balassa	�ndex	and	the	Vollrath	�nd�ces	
�s	 that	 the	 latter	el�m�nate	country	and	product	double-count�ng.	T�me	ser�es	data	
were	obta�ned	from	Global	Trade	Atlas	(GTA)	and	Internat�onal	F�nanc�al	Stat�st�cs	
(IFS).	

The	rema�nder	of	th�s	paper	�s	structured	as	follows:	Sect�on	II	reports	a	rev�ew	
of	some	of	the	related	l�terature.	Sect�on	III	d�scusses	the	methodology.	Sect�on	IV	
reveals	the	f�nd�ngs	and	the	conclus�ons	are	summar�zed	�n	Sect�on	V.

Recent	Stud�es	on	Compet�t�veness	and	Comparat�ve	Advantage

For	many	decades,	 the	concept	of	compet�t�veness	has	been	w�dely	used	 �n	
econom�c	research	and	econom�c	pol�cy	from	var�ous	po�nts	of	v�ew.	A	large	and	
grow�ng	 body	 of	 l�terature	 attempts	 to	 assess	 the	 �ssue	 theoret�cally	 and	 emp�r�-
cally.	 The	 def�n�t�on	 of	 compet�t�veness	 �tself	 may	 also	 vary	 w�th	 respect	 to	 the	
level	cons�dered	(Havr�la	&	Gunawardana,	2006).	The	d�vers�ty	of	the	concepts	and	
measures	largely	perta�ns	to	the	var�ety	of	pol�cy	analys�s	needs,	perspect�ves	and	
object�ves	of	the	research.	

Recently,	a	study	carr�ed	out	by	Bojnec	and	Ferto	(2009)	attempted	to	�nvest�-
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gate	the	level,	compos�t�on,	and	d�fferences	�n	agro-food	relat�ve	trade	advantages/
d�sadvantages	 for	 e�ght	 Central	 European	 and	 Balkan	 countr�es	 on	 the	 European	
Un�on	(EU)	markets	and	the�r	�mpl�cat�ons	for	food	pol�cy.	H�gher	and	more	stable	
relat�ve	trade	advantages	were	found	for	bulk	pr�mary	raw	agr�cultural	commod�t�es	
and	 less	so	 for	consumer-ready	foods,	 �mply�ng	compet�t�veness	shortcom�ngs	 �n	
food	process�ng	and	�n	�nternat�onal	food	market�ng.	Durat�on	analys�s	showed	that	
the	EU	enlargement	has	had	a	negat�ve	�mpact	on	agro-food	relat�ve	trade	advan-
tages	for	all	e�ght	analyzed	countr�es.	Est�mat�ons	�mply	that	the	durat�on	of	agro-
food	relat�ve	trade	advantages	were	the	h�ghest	for	Hungary	and	Poland,	and	also	
for	Bulgar�a	�n	d�fferent�ated	products,	�nd�cat�ng	the�r	agro-food	trade	potent�al	�n	
the	EU-15	markets.

Bojnec	and	Ferto	(2006)	exam�ned	the	comparat�ve	advantage	and	compet�-
t�veness	of	Hungar�an	and	Sloven�an	agro-food	trade	�n	the	EU	markets.	Apply�ng	
a	h�ghly	d�saggregated	trade	dataset,	they	descr�bed	the	pattern	of	agro-	food	trade	
�n	Hungary	and	Sloven�a	us�ng	the	Balassa	�ndex.	The�r	f�nd�ngs	�nd�cated	that	both	
countr�es	have	lost	the�r	comparat�ve	advantage	for	a	number	of	product	groups	over	
t�me.	The	�nd�ces	of	spec�al�zat�on	have	tended	to	converge.	For	part�cular	product	
groups,	the	�nd�ces	d�splayed	greater	var�at�on.	They	are	stable	for	product	groups	
w�th	a	comparat�ve	d�sadvantage,	but	product	groups	w�th	a	weak	to	strong	com-
parat�ve	advantage	show	s�gn�f�cant	var�at�on.

W�th	the	a�m	to	move	the	attent�on	away	from	advanced	�ndustr�al�zed	econo-
m�es,	Uch�da	and	Cook	(2005)	exam�ned	the	trends	for	trade	and	technolog�cal	spe-
c�al�zat�on	among	the	East	As�an	develop�ng	econom�es.	The	analys�s	�s	conf�ned	to	
seven	East	As�an	econom�es:	Hong	Kong,	South	Korea,	S�ngapore,	Indones�a,	Ma-
lays�a,	the	Ph�l�pp�nes,	and	Tha�land.	Important	d�fferences	are	found	�n	the	patterns	
of	spec�al�zat�on,	and	�n	 the	relat�onsh�p	between	them	among	the	advanced	East	
As�an	econom�es	and	those	catch�ng	up.	The	country	level	analys�s	�nd�cated	that	a	
d�fference	�n	the	patterns	of	compet�t�ve	advantage	among	the	East	As�an	econom�es	
was	greater	for	technology	than	for	trade.	Cumulat�ve	or	path-dependent	technolog�-
cal	change	was	found	to	be	�mportant	�n	Hong	Kong,	South	Korea,	and	S�ngapore.

As	too	l�ttle	attent�on	has	been	pa�d	to	exam�ne	the	develop�ng	countr�es’	com-
parat�ve	advantage	�n	serv�ces,	Seyoum	(2007)	attempted	to	f�ll	th�s	gap	by	analy-
z�ng	the	compet�t�veness	of	selected	serv�ces:	bus�ness,	f�nanc�al,	transport	and	trav-
el	serv�ces	�n	develop�ng	countr�es	�n	relat�on	to	that	of	the	rest	of	the	world	based	
on	three	�nd�ces	of	revealed	comparat�ve	advantage.	Strong	comparat�ve	advantages	
ex�st	for	many	develop�ng	countr�es	�n	transport,	and	travel	serv�ces.	There	�s	sub-
stant�al	room	for	�mprovement	�n	f�nanc�al	and	bus�ness	serv�ces.	Trade	l�beral�za-
t�on	and	lack	of	adequate	preparat�on	appears	 to	have	resulted	�n	a	weaken�ng	of	
the�r	comparat�ve	advantages	over	the	years.	However,	the�r	revealed	comparat�ve	
advantages	rema�n,	by	and	large,	stable	and	do	not	show	a	fundamental	sh�ft	�n	the	
structure	of	the�r	comparat�ve	advantages.
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Methodology

A	d�fferent	�nterpretat�on	of	comparat�ve	advantage	�s	furn�shed	by	the	Vollrath	
�nd�ces,	wh�ch	offer	three	alternat�ve	spec�f�cat�ons	of	revealed	comparat�ve	advan-
tage.	They	are	relat�ve	export	advantage	(RXA),	relat�ve	�mport	advantage	(RMA),	
and	relat�ve	trade	advantage	(RTA),	expressed	as,	

Where	X	are	the	exports	and	M	are	the	�mports	of	sector	(or	product)	�	of	country	j,	n	
�s	the	rest	of	the	products	and	r	represent�ng	the	rest	of	the	world.	Accord�ng	to	Voll-
rath,	pos�t�ve	values	of	the	RTA	�ndex	�nd�cate	a	comparat�ve	advantage,	whereas	
negat�ve	values	�nd�cate	otherw�se.		

Vollrath	 (1991)	po�nted	out	 that	 the	appra�s�ng	of	comparat�ve	advantage	at	
aggregate	and	d�s-aggregated	levels	can	‘�dent�fy	the	overall	d�rect�on	and	dr�ve	�n	
wh�ch	a	country’s	�nvestment	and	trade	should	take	�n	order	to	explo�t	�nternat�onal	
d�fferences	�n	product	and	factor	supply	and	demand’	as	well	as	‘to	evaluate	soc�ally	
des�rable	spec�al�sat�on	patterns	along	narrow	product	l�nes’.	He	further	argued	that	
the	est�mat�on	of	comparat�ve	advantage	may	be	part�cularly	benef�c�al	when	con-
s�der�ng	trade	between	countr�es	w�th	d�fferent	factor	endowments.	

Results	and	D�scuss�on

The	analys�s	of	the	Vollrath	�nd�ces	(RXA,	RMA	and	RTA)	outl�ned	the	trad�ng	
spec�al�zat�on	of	Malays�a	�n	the	non	rum�nant	sector.	Through	analys�ng	Malays�a’s	
�nd�ces,	 the	 results	 that	 we	 obta�ned	 were	 somewhat	 amb�guous.	 In	 the	 relat�ve	
export	advantage	�ndex	(RXA),	as	presented	�n	Table	1,	we	can	see	that	the	duck	
products	(Duck,	Goose	&	Gu�nea	Fowl	Meat	&	Meat	Offal	Prepared	or	Preserved	
Exclud�ng	L�vers,	Ducks,	Geese	And	Gu�nea	Fowls,	Domest�c,	Whole,	Frozen	and	
Duck,	Geese	or	Gu�nea	Fowl	Cuts	And	Ed�ble	Offal,	Domest�c,	Frozen)	have	the	
h�ghest	value	wh�ch	are	all	more	than	1.	The	rest,	espec�ally	ch�cken	products,	can	
be	cons�dered	to	have	a	comparat�ve	d�sadvantage.	The	relat�ve	�mport	advantage	
(RMA)	shows	 that	none	of	 th�s	 sub	sector	has	RMA	values	of	more	 than	1.	The	
h�ghest	value	for	Malays�a	�s	observed	�n,	Duck,	Geese	or	Gu�nea	Fowl	Cuts	and	
Ed�ble	Offal,	Domest�c,	Frozen	wh�ch	 represents	 the	major	 �mport�ng	product	 �n	
th�s	 sector.	As	 �nd�cated	 above,	 negat�ve	 values	 (pos�t�ve)	 �nd�cate	 a	 compet�t�ve	
trade	d�sadvantage	(advantage).	Thus,	from	the	table	�t	�s	apparent	that	Malays�a	�s	
compet�t�ve	�n	the	product�on	of	non-rum�nant	sub	sector.	Of	the	10	commod�t�es	�n	
meat	and	meat	preparat�on,	all	the	pos�t�ve	values	are	less	than	1.	
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Conclus�on

The	analys�s	prov�ded	here	revealed	that	Malays�a	�s	generally	very	compet�t�ve	
�n	the	non	rum�nant	sector.	A	good	compet�t�ve	performance	was	observed	�n	HS	
160239	(Duck,	Goose	&	Gu�nea	Fowl	Meat	&	Meat	Offal	Prepared	or	Preserved	
Exclud�ng	L�vers)	wh�ch	�s	conf�rmed	by	both	�ts	relat�ve	export	advantage	(RXA)	
and	relat�ve	trade	advantage	(RTA)	�nd�ces,	whereas	the	RTA	�ndex	shows	strong	
compet�t�veness.	Malays�a	demonstrates	 a	good	performance	 �n	 th�s	 selected	 sub	
sector.	A	great	deal	of	attent�on	should	be	g�ven,	through	aggress�ve	research	and	
development	of	new	products	and	product�on	techn�ques,	to	ma�nta�n	and	�mprove	
the	compet�t�veness	of	the	Malays�an	food	sector.	

Table	1.	Average	relat�ve	export,	relat�ve	�mport	and	relat�ve	trade	advantage	for	selected	
meat	and	meat	preparat�on	sectors	�n	Malays�

HS	Code Commod�ty RXA RMA RTA
HS	020711 Ch�ckens	and	Capons,	Whole,	Fresh	

or	Ch�lled
0.7961 0.0043 0.7918

HS	020712 Ch�ckens	and	Capons,	Whole,	Frozen 0.5531 0.1470 0.4062
HS	020713 Ch�cken	and	Capon	Cuts	and	Ed�ble	

Offal,	Fresh	or	Ch�lled
0.7833 0.0017 0.7815

HS	020724 Turkeys,	Whole,	Fresh	or	Ch�lled 0.0565 0.0091 0.0473
HS	020732 Ducks,	Geese	or	Gu�nea	Fowls,	

Domest�c,	Whole,	Fresh	or	Ch�lled
0.4570 0.0013 0.4558

HS	020733 Ducks,	Geese	and	Gu�nea	Fowls,	
Domest�c,	Whole,	Frozen

21.334 0.0283 21.053

HS	020735 Ducks,	Geese/Gu�nea	Fowl	Cuts	&	
Ed�ble	Offal,	Exclud�ng	Fatty	L�vers,	
Fresh	or	Ch�lled

0.0757 0.0229 0.0528

HS	020736 Duck,	Geese	or	Gu�nea	Fowl	Cuts	and	
Ed�ble	Offal,	Domest�c,	Frozen

12.677 0.3509 0.9168

HS	160232 Ch�cken	&	Capon	Meat	&	Meat	Offal	
Prepared	or	Preserved	Exclud�ng	
L�vers

0.1123 0.0183 0.0943

HS	160239 Duck,	Goose	&	Gu�nea	Fowl	Meat	
&	Meat	Offal	Prepared	or	Preserved	
Exclud�ng	L�vers

190.304 0.0338 189.967

Source:	Author’s	calculat�on
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Abstract

Coconut plantation is a source of income of South Minahasa community. Land 
under coconut plantation is utilized for the development of cattle farming in an 
integrated cattle-coconut plantation system. System integration is maintained in 
cattle under coconut trees, the land planted with forage and cattle waste used as 
fertilizer. While non-integration system is the land under a coconut tree is used for 
forage and cattle waste is used as fertilizer. The problem is how the benefits of system 
integrated cattle-coconut. The objective of this study was to analyze the benefits of 
system integrated cattle-coconut. District and Subdistrict purposively determined 
by consideration of having the largest cattle population. Number of respondents 
consisted of 86 of farmers are determined based on the ownership of at least 2 cattle 
and had to sell cattle. Data analysis was using descriptive analysis. Coconut lands 
are managed either by owners or tenants amounted to 10 935 trees (an average of 
165.68 trees per respondent). Coconut land for grazing cattle borrowed amount 
to 2250 trees (an average of 112.50 trees per respondent). The results showed that 
the average farmer earned income non integrated system of Rp 16,583,767.54 per 
year. The average income earned on the system integration of Rp 21,658,525.52 per 
year. In conclusion, cattle-coconut plantation integration system provides benefits 
such as availability of feed resources under coconut, improve soil fertility and as an 
alternative source of income.

Keywords: cattle, coconut, integrated

Introduct�on

Coconut	�s	one	of	the	agr�cultural	commod�t�es	that	dom�nate	�n	South	M�na-
hasa	regency.	Coconut	�s	a	source	of	�ncome	of	most	people	�n	the	reg�on	and	�t	�s	
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sold	�n	the	form	of	copra.	Accord�ng	to	Supad�	and	Nurmanaf	(2006),	coconut	as	a	
strateg�c	commod�ty	has	a	soc�al	role,	cultural	and	econom�c	l�fe	of	soc�ety.	Land	
under	coconut	 farmers	ut�l�zed	for	 the	development	of	beef	cattle.	Waste	of	 food	
crops	�s	a	source	of	feed,	whereas	cattle	manure	used	for	so�l	fert�l�ty	�mprovement	
under	a	coconut	tree.	Th�s	farm�ng	system	�s	known	as	crop-l�vestock	�ntegrat�on.

System	of	crop-l�vestock	�ntegrat�on	has	many	advantages	such	as	ava�lab�l�ty	
of	food	resources,	reduce	the	cost	of	weed	control,	�mproved	so�l	fert�l�ty,	�ncrease	
crop	y�elds	and	pr�nc�pal	d�v�des	the	r�sk	of	loss	(Mansyur	et al.,	2009).	These	ben-
ef�ts	can	�ncrease	the	product�v�ty	of	land	�s	h�gher,	thus	prov�d�ng	greater	benef�ts	
for	the	farmer.	Integrated	of	farm�ng	�s	effort	related,	mutually	support�ve,	mutually	
re�nforc�ng	and	mutually	benef�c�al	(synerg�st�c).	Ramrao	(2006)	concluded	that	the	
�ntegrated	farm�ng	system	�s	the	most	prof�table.

Accord�ng	Channabasavanna	et al.	(2009)	that	the	Integrated	Farm�ng	System	
are	very	product�ve	and	prof�table.	S�nce	1977,	the	�ntegrated	farm�ng	system	has	
been	cla�med	to	reduce	land	degradat�on	and	product�v�ty	compared	w�th	conven-
t�onal	 r�ce-based	 system.	 Integrated	 l�vestock	 farm�ng	 �s	 the	 development	 of	 the	
l�vestock	resource	use	that	can	reduce	the	r�sk	of	hav�ng	the	pr�nc�ples	of	susta�n-
ab�l�ty	efforts	(Soedjana,	2007).	In	th�s	case,	Rajasekaran	et al.	(1991)	�ntroduced	a	
system	of	natural	resource	management	for	susta�nable	agr�cultural	development.

The	problem	of	cattle	 farm�ng	 �n	South	M�nahasa	 �s	 that	 the	cattle	 �s	 trad�-
t�onally	ma�nta�ned	by	graz�ng	system	that	t�ed	under	the	coconut	trees	and	move	
around.		Based	on	these	problems,	th�s	study	a�med	to	analyze	prof�tab�l�ty	of	the	
cattle–coconut	�ntegrat�on	farm�ng	�n	South	M�nahasa.

Mater�als	and	Methods	

The	 research	 was	 conducted	 �n	 South	 M�nahasa	 Regency	 us�ng	 the	 survey	
method.	 The	 M�nahasa	 Regency	 was	 purpos�vely	 selected	 for	 the	 study	 as	 the	
Regency	was	a	centre	for	coconut	product�on	and	cattle	farm�ng	�n	North	Sulawes�.		
The	d�str�cts	�n	South	M�nahasa	was	determ�ned	by	purpos�ve	sampl�ng;	S�nonsayang	
and	Tenga	d�str�cs	were	the	d�str�cts	w�th	the	largest	cattle	populat�on	(BPS	South	
M�nahasa,	2011).		Peasant	farmers	�n	every	v�llage	of	the	sample	was	restr�cted	to	
coconut	farmers	who	owned	at	least	2	(two)	heads	of	cattle	and	had	to	sell	cattle.		
There	were	as	many	as	86	respondents.	The	type	of	data	used	were	cross	sect�on	
and	t�me	ser�es	data.		The	data	collect�on	techn�ques	were	by	�nterv�ews	w�th	cattle	
farmers	and	d�rect	observat�on	�n	the	f�eld.	The	collected	data	were	analysed	us�ng	
descr�pt�ve	analys�s	method.

Results	and	D�scuss�on

The	results	showed	that	�n	South	M�nahasa	the	number	of	coconut	trees	owned	
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by	farmer	ranged	between	30	-	1000	trees	for	a	total	of	13.185	trees.	Coconut	lands	
were	 managed	 e�ther	 by	 owners	 or	 tenants	 that	 amounted	 to	 10.935	 trees,	 or	 an	
average	of	165.68	trees	per	farmer.	Meanwh�le	the	borrowed	land	for	cattle	graz�ng	
was	managed	by	 the	 tenants	 and	 coconut	 trees	 numbered	2250	or	 an	 average	of	
112.50	 trees	per	 farmer.	Coconuts	was	processed	 �nto	copra.	Coconut	product�on	
per	 tree	was	about	20-40	p�eces.	To	produce	100	kg	of	 copra,	400-450	coconuts	
were	requ�red	depend�ng	on	the	s�ze	of	the	coconuts.	The	copra	pr�ces	preva�l�ng	�n	
the	study	area	ranged	from	Rp	570.000	to	Rp	980.000	per	100	kg	copra.	The	pr�ce	
would	be	d�fferent	when	the	farmers	sold	the	copra	to	the	coconut	o�l	factory	wh�ch	
greatly	affected	the	�ncome	of	the	farmer.	

Cattle	sales	made	�n	the	“blant�k”	market	�n	the	v�llage	Ongkaw;	the	trader	who	
arr�ved	at	the	s�te	was	a	farmer	and	sold	the	cattle	to	other	farmer.	The	pr�ce	of	cattle	
depends	upon	the	pr�ce	of	beef	wh�ch	�s	about	Rp	50.000-Rp	70.000	per	kg.	Income	
from	l�vestock	enterpr�ses	 that	consume	waste	and	grass	 that	are	not	qual�f�ed.	If	
the	 land	 under	 coconut	 trees	 used	 to	 grow	 qual�ty	 grass	 then	 the	 �ncome	 would	
be	h�gher.	Land	use	under	the	coconut	to	serve	as	a	cover	crop	forage.	Accord�ng	
to	Rah�m	(2006),	cover	crops	 �s	an	act	of	conservat�on	at	 the	 t�me	 �nstead	of	 the	
grow�ng	season.

The	average	land	area	for	ma�ze	cult�vat�on	was	0.9	ha	and	the	plant�ng	of	corn	
was	�n	a	1-3	year	per�od.	Most	of	the	farmers’	cattle	(66	respondents	or	76,74%)	
planted	corn	under	coconut	trees	w�th	an	area	of	0,71	ha	on	average.	The	number	
of	 respondents	who	grew	corn	 �nstead	of	under	 the	coconut	 trees	as	much	as	20	
respondents	(23,26%)	w�th	an	area	of	dry	land	on	average	0.87	ha.	The	�ncome	of	
the	farmer	from	the	three	farms	wh�ch	were	not	�ntegrated	can	be	seen	�n	Table	1.

In	Table	1,	�t	turns	out	that	the	average	�ncome	earned	per	respondent	of	Rp	
15.899.081,29	per year. Th�s �ncome �s obta�ned by the system of d�vers�f�cat�on ofper	year.	Th�s	�ncome	�s	obta�ned	by	the	system	of	d�vers�f�cat�on	of	
farm�ng	systems.	Accord�ng	to	Rota	and	Sperand�n�	(2010)	that	the	system	cons�sts	
of	components	of	plant	d�vers�f�cat�on	and	free-l�v�ng	an�mals	at	the	same	t�me.	In	
th�s	case,	 the	�ntegrat�on	of	crops	and	l�vestock	�s	pr�mar�ly	to	m�n�m�ze	r�sk	and	
resource	recycl�ng.

Table	1.	Average	relat�ve	export,	relat�ve	�mport	and	relat�ve	trade	advantage	for	selected	
meat	and	meat	preparat�on	sectors	�n	Malays�

Sources	of	Income Amount
(Rp/Year)

Average	
(Rp/Year/Respondent) %

Coconut	Farm�ng 871,987,077.30 10,137,896.25 63.77
Cattle	Farm�ng 64,174,413.10 746,214.11 4.69
Corn	Farm�ng 206,180,500.00 2,397,447.67 15.08
Labor	of	Cattle 225,107,000.00 2,617,523.26 16.46
Total	Income 1,367,448,990.40 15,899,081.29 100
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The	�ntegrated	product�on	process	showed	that	land	under	coconut	trees	could	
be	used	for	fodder	crops	(forage	or	legume).	Dolev	and	K�mh�	(2010),	land	area	�s	
a	determ�nant	factor	of	the	v�ab�l�ty	of	agr�culture.	One	Ha	of	land	under	coconut	
trees	cover�ng	an	area	of	0,8	ha	planted	w�th	forage	grass	seed	needs	of	16,000	cut-
t�ngs.	The	average	land	area	owned,	managed	and	borrowed	by	farmers	accord�ng	to	
the	results	of	th�s	study	was	0.71	ha	of	grass	cutt�ngs	Brach�ar�a	mut�ca	requ�r�ng	as	
many	as	11,360	cutt�ngs.	Technolog�cal	�nnovat�on	�n	the	an�mal	feed	crop-l�vestock	
Integrat�on	Systems	Waste-Free	(SITT-BL)	accord�ng	to	Haryanto	(2009)	prov�des	
an	exc�t�ng	opportun�ty	to	clean	green	and	agr�cultural	development.	Grasses	that	
can	be	generated	as	much	as	85.2	tons	/	year	�s	equ�valent	to	6.67	AU/year,	w�th	cut	
and	carry	system.

If	the	land	under	coconut	trees	planted	forage	then	the	respondent	may	obta�n	
�ncome	from	these	forages.	If	the	grass	produced	can	be	sold	to	other	farmers	then	
the	respondent	w�ll	earn	�ncome	of	Rp	35.328.093.00	per	year	per	respondent.	

Cattle	manure	 �n	 the	study	area	was	only	allowed	on	agr�cultural	 lands	and	
not	used	as	compost.	In	an	�ntegrated	product�on	process	then	all	the	ex�st�ng	waste	
ut�l�zed	by	the	pr�nc�ple	of	zero	waste.	In	th�s	case,	no	waste	�s	wasted	and	the	manure	
can	be	processed	to	generate	�ncome	for	farmers	and	the�r	fam�l�es.	Ineff�c�ent	use	
of	 �nputs	accord�ng	to	Asche	et al	 (2008)	may	worsen	the	env�ronmental	 �mpact.	
Fleck�nger	and	Glachant	(2011)	suggested	that	each	manufacturer	must	collect	and	
process-related	waste	products.

Some	research	�nd�cates	that	a	cattle	can	produce	as	much	as	10	kg	of	faeces	
per	cattle	per	day.	Impur�t�es	can	be	processed	�nto	compost	by	3	kg.	If	the	pr�ce	
of	compost	 �s	assumed	 to	be	Rp	3.000	per	kg	 �n	a	day	 then	 the	 revenue	 that	 the	
amount	 of	 Rp	 9.000.	 The	 average	 of	 ownersh�p	 of	 3.4	 cattle	 w�ll	 produce	 10.2	
kg	 of	 compost	 for	 the	 revenue	 obta�ned	 �s	 Rp	 11.169.000/year.	 Compost	 can	 be	
expressed	 as	 an	 alternat�ve	 �ncome	 for	 farmers	 who	 had	 only	 left	 the	 plantat�on	
lands	or	�n	the	yard.	Another	advantage	�s	the	compost	can	be	used	by	farmers	to	
subst�tute	art�f�c�al	 fert�l�zer	pr�ces	h�gher.	The	benef�ts	of	compost	 �s	 to	 �mprove	

Tabel	 2.	 Farmer	 Income	 on	 Integrat�on	 Cattle-Coconut	 Farm�ng	 �n	 South	 M�nahasa	
Regency

Sources	of	Income Amount
(Rp/Year)

Average	
(Rp/Year/Respondent) %

Coconut	Farm�ng 871,987,077.30 10,137,896.25 16.90
Cattle	Farm�ng 64,174,413.10 746,214.11 1.25
Forage	Farm�ng 3,038,215,998.00 35,328,093.00 58.88
Compost	Bus�ness 960,534,000.00 11,169,000.00 18.61
Labor	of	Cattle 225,107,000.00 2,617,523.26 4.36
Total	Income 5,160,018,488.40 59,998,725.62 100
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so�l	fert�l�ty	owned	by	farmers	�n	the	study	area.	Organ�c	fert�l�zer	/	compost	der�ved	
from	m�xed	Chromalaena	and	manure	can	replace	about	50%	of	chem�cal	fert�l�zers	
(Urea	and	SP-36)	(Abdullah	and	Pusp�tasar�,	2007).	Prov�s�on	of	organ�c	mater�als	
from	manure	and	crop	res�dues	can	�mprove	so�l	phys�cal	propert�es	(Prasetyo	and	
Sur�ad�karta,	2006).	The	�ncome	of	farmers	as	a	respondent	�n	an	�ntegrated	cattle-
coconut	farm�ng	can	be	seen	�n	Table	2.

As	shown	�n	Table	2,	the	average	�ncome	of	the	farmer	obta�ned	an	�ntegrated	
farm�ng	system	was	Rp	59.998.725,62 per year. Th�s �ncome was greater than the59.998.725,62	per year. Th�s �ncome was greater than theper	year.	Th�s	�ncome	was	greater	than	the	
farm�ng	of	cattle-coconut	that	�s	not	�ntegrated.	Accord�ng	Salendu	and	Elly	(2011)	
that	 susta�nable	 l�vestock	 development	 �n	 North	 Sulawes�	 could	 be	 �mplemented		
by	 develop�ng	 models	 of	 coconut-cattle	 �ntegrat�on.	 Rota	 and	 Sperand�n�	 (2010)	
suggested	that	the	h�gh	�ntegrat�on	of	crops	and	l�vestock	are	often	cons�dered	as	a	
step	forward.	Ahmed	et	al	(2011)	states	that	the	pattern	of	�ntegrated	farm�ng	�s	the	
best	farm�ng	system	�n	terms	of	resources,	eff�c�ency,	product�v�ty,	product�on	and	
food	supply.

Conclus�on

Based	on	the	research	results	�t	could	be	concluded	that	the	�ncome	rece�ved	
by	 farmers	 w�th	 cattle-coconut	 �ntegrat�on	 system	 was	 greater	 than	 that	 w�th	 the	
non-�ntegrat�on	 system.	 Cattle-coconut	 �ntegrat�on	 system	 prov�des	 benef�ts	 such	
as	 ava�lab�l�ty	 of	 feed	 resources	 under	 coconut,	 �mprove	 so�l	 fert�l�ty	 and	 as	 an	
alternat�ve	source	of	�ncome.
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Abstract

Integration of mulberry plant and livestock can be optimal when implement 
the applicable management that promote benefits to the farmers, so it can support 
its sustainability. The aim of this research was to improve farmers’ income as well 
as animal productivity by exploring some applicative models.  There were three 
applicative models which were tested: the P1 Model= introduction of two goats 
into the silkworm farming system to enable them to utilize mulberry leaves that are 
not consumed by the silkworms; the P2 Model= Using the whole mulberry plants 
as feed ingredients for two feedlot cattle; the P3 Model= Selling mulberry leaves 
produced for concentrate ingredient. Parameter measured was net income generated 
from each model. Result of the study indicated that integration models of mulberry 
plant with livestock have their own uniqueness to be applied. The highest income 
for farmer was obtained when the whole mulberry plant was used as feedstuff for 
feedlot cattle (the P2 model). Income of Silkworm farmers also increased when 
applying the P1 model, which introduced two goats for each box of silkworm rose. 
But in a certain occasion, it was more beneficial for the farmers to harvest and dry 
mulberry plant then sells it for concentrate ingredient (the P3 model). In conclusion, 
the main factor to be considered in choosing one particular model to be implemented 
is mainly determined by ability of the farmers to procure cattle or goat to be raised 
in the mulberry plant–livestock integration model without ignoring the forecast of 
dry and rainy seasons.

Keywords: Integration model, mulberry, livestock, income, farmers

Introduct�on

Ut�l�z�ng	locally	ava�lable	feedstuff	can	be	cons�dered	as	a	strateg�c	and	w�se	
cho�ce.	The	cho�ce	�s	g�v�ng	a	chance	to	enhance	nat�on	self-suff�c�ency	�n	l�vestock	
sector.		Mulberry	plant	as	a	local	feed	resource	has	a	potency	to	be	a	value	feedstuff	
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due	to	�ts	potent�al	product�on,	�ts	nutr�ent	content	and	�ts	well	adaptable	growth.	
Est�mate	product�on	of		mulberry	leaves	could	reach	19	tones	DM/ha/year,	wh�ch	
�s	h�gher	than	the	y�eld	of	such	other	legumes	as		Gliricidia sepium	w�th	product�on	
7-9	tones	DM/ha/year	(Horne	et	al.,	1994).	Nutr�ent	contents	of	mulberry	are	crude	
prote�n	 22-23%;	 total	 sugars	 8-10%,	 m�nerals	 12-18%,	 ADF	 35%,	 NDF45.6%,	
hem�cellulosess	10-40%,	cellulose	21.8%	(Datta	et	al.,	2002).	Based	on	the	nutr�ent	
contents	and	h�gh	product�on	of	 leaves,	 �t	 �s	potent�al	 to	subst�tute	concentrate	 �n	
rum�nant	feed�ng	system	(Doran	et	al.,	2006).	

An	exper�ment	to	evaluate	the	potency	of	mulberry	leaves	for		subst�tut�on	of		
concentrate	on	r�ce	straw	based	feed�ng	system	has	been	conducted.	The	result	of	
the	study	�nd�cated	that	50%	of	mulberry	leaves	could	be	used	as		the	opt�mum	level	
for	subst�tut�on	of		concentrate.	Th�s	level	�ncreased	the	rum�nal	b�o-fermentat�on	
(Syahr�r	et	al,	2009).

A	good	management	�n	crop-l�vestock	�ntegrat�on	should	pr�or�t�ze	the	benef�t	
for	 farmer	 so	 that	 �t	 could	 support	 susta�nable	 �ncrease	 �n	 l�vestock	 product�on.	
Therefore	 a	 study	on	 �ntegrated	 farm�ng	 system,	 espec�ally	 appl�cat�ve	model	on	
the	�ntegrat�on	of	mulberry	plants	and	l�vestock	becomes	�mportant.	The	purpose	of	
th�s	research	was	to	bu�ld	a	management	model	of	the	�ntegrat�on	of	mulberry	plant	
and	l�vestock	system	�n	order	to	�ncrease	farmer	�ncome	and	to	support	susta�nable	
l�vestock	product�on.	

Mater�als	And	Methods

The	 study	 was	 carr�ed	 out	 �n	 three	 spots	 of	 lands	 of	 mulberry	 plant	 estate,	
Enrekang	Regency.	The	s�ze	of	each	land	sect�on	was	approx�mately	3,000	m2	(the	
s�ze	 �s	equ�valent	 to	an	area	of	a	mulberry	estate	requ�red	to	ra�se	 three	boxes	of	
s�lkworms).	Each	sect�on	of	land	was	ass�gned	to	one	of	the	three	appl�cat�ve	models	
of	�ntegrated	mulberry	plant	and	l�vestock	as	treatments.	The	models	were:
The	P1	Model	=	The	�ntroduct�on	of	two	goats	�nto	one	box	of	s�lkworm	farm�ng		

so	that	the	goats	can	ut�l�ze	mulberry	leaves	wh�ch	are	not	consumed	
by	the	s�lkworms.

The	P2	Model		=	Replac�ng	the	s�lkworm	farm�ng	w�th	fatten�ng	two	beef	cattle	
The	P3	Model	=	Farmers	produce	mulberry	leaves	that	w�ll	be	sold	as	�ngred�ent	for	

concentrate.	The	sell�ng	pr�ce	w�ll	be	adjusted	s�m�lar	to	the	market	
pr�ce	of	mulberry	leaves.	

F�eld	 study	 was	 conducted	 for	 s�x	 months	 cons�sted	 of	 three	 per�ods	 (two	
per�ods	for	ra�s�ng	s�lkworm	and	one	per�od	for	beef	cattle	fatten�ng).	The	whole	cost	
used	for	ra�s�ng	s�lkworms	and	for	feed	supplement	(other	than	mulberry	leaves)	of	
the	P1	and	the	P2	models	were	calculated	as	the	product�on	cost.	S�m�larly,	�ncome	
generated	from	sell�ng	the	cocoon	and	l�vestock	of	both	models	was	cons�dered	as	
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the	 �ncome.	Parameters	measured	were	 total	product�on	cost	and	 �ncome	of	each	
appl�cat�ve	model.	Data	were	analyzed	descr�pt�vely.

Results	And	D�scuss�on

All	of	the	three	models	showed	certa�n	un�queness.	The	select�on	of	one	par-
t�cular	model	to	be	appl�ed	by	farmers	w�ll	be	strongly	�nfluenced	by	each	farmer’s	
cap�tal	for	obta�n�ng	cow	or	goat	as	well	as	the	season	and	cond�t�on	of	mulberr�es.	
Each	of	the	result�ng	appl�cat�ve	models	�s	descr�bed	below:

The P1 Model
Th�s	appl�cat�ve	�ntegrat�on	model	of	s�lkworm	farm�ng	w�th	goat	�s	�ntended	

to	 max�m�ze	 the	 ut�l�zat�on	 of	 mulberry.	 In	 th�s	 �ntegrat�on	 model,	 farmers	 ra�se	
s�lkworms	by	prov�d�ng	an	area	of	+	1000	m2	of	mulberry	plants.

Some	of	the	mulberry	plants	were	not	ut�l�zed	dur�ng 	the	s�lkworm	farm�ng,	
because	 farmers	 always	 prov�de	 an	 area	 of	 mulberry	 plantat�on	 that	 exceed	 the	
necessary	amount	needed,	ant�c�pat�ng	a	cond�t�on	of	�neffect�ve	mulberry	plants.	In	
add�t�on,	the	mulberry	leaves	left	over	from		feed�ng	on	the	s�lkworms		are	usually	
ava�lable.	The	 �ntroduct�on	of	goats	 for	s�lkworm	farmers	can	opt�m�ze	mulberry	
plant	ut�l�zat�on,	lead�ng	to	an	�ncrease	of	the	farmer’s	�ncome.	

Dur�ng	 the	 6	 months	 of	 mulberry	 farm�ng	 act�v�ty,	 the	 �ntroduct�on	 of	 two	
goats	�ncreased	the	farmer’s	�ncome	by	Rp	633,000.	Th�s	add�t�onal	revenue	almost	
equals	 to	 the	 ma�n	 �ncome	 obta�ned	 from	 sole	 s�lkworm	 farm�ng	 of	 Rp	 643,667	
(Table	1),	g�v�ng	total	revenue	for	the	farmers	of	Rp	1,277,000.		Another	advantage	
ga�ned	from	the	�ntroduct�on	of	two	goats	�nto s�lkworm	farm�ng	was	the	ava�lab�l�ty	
of	composted	manure	from	goat	feces	wh�ch	helped	reduce	the	product�on	cost	of	
mulberry	plant�ng.

The P2 Model
Appl�cat�ve	model	wh�ch	replace	s�lkworms	w�th	fatten�ng	two	beef	cattle	was	

used	by	farmers	who	possess	a	land	of	mulberry	plants	to	ra�se	one	box	of	s�lkworm.	
The	descr�pt�ve	data	can	be	seen	�n	Table	1,	�n	wh�ch	dur�ng	the	6	months	of	study,	
when	the	whole	mulberry	plant	was	used	as	feedstuff	for	feedlot	cattle,	the	average	
�ncome	for	the farmers	was	Rp	1,833,000.	The	�ncome	was	even	larger	�f	the	cost	of	
grass	suppl�es	used	to	feed	cattle	wh�ch	�s	usually	calculated	as	a	ma�ntenance	cost	
of	Rp	950,000/farmer,	was	�ncluded	as	farmer’s	�ncome.	

In	 add�t�on	 to	 the	 �ncome	 obta�ned	 from	 the	 purchase	 and	 sale	 pr�ce	 of	 the	
fatten�ng	cattle,	farmers	also	benef�ted	from	the	feces	product�on	of	the	cattle.	The	
feces	produced	by	one	beef	cattle	was	approx�mately	3	kg	DM/day,	therefore	each	
farmer	can	acqu�re	more	prof�t	from	as	much	as	6	kg	DM/day	of	feces	product�on.	
Th�s	can	replace	most	of	the	cost	of	fert�l�zer	used	on	mulberry	plants.	
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Table	1.		The	average	product�on	cost,	gross	�ncome,	and	net	�ncome	of	s�lkworm	farmers	
apply�ng	e�ther	the	P1,P2,	or	P3	models

No Descr�pt�on Value	
The	P1	Model	
Ma�n		�ncome	from	s�lkworm	

Product�on	cost	:
			-	Ra�s�ng	per�od	I	(Rp) 128,000
			-	Ra�s�ng	per�od	II	(Rp) 183,000
Total	cost	(Rp) 311,000
Gross	�ncome	(Rp) 954,667
Net	�ncome	(Rp) 643,667

Add�t�onal	�ncome	from	�nclus�on	of	goat
Product�on	coast:
	-		Pr�ce	of	goat	(Rp) 1,666,667	
	-		Vacc�nat�on	and	med�c�ne	(Rp) 100,000
Total		cost	(Rp) 1,766,667	
Gross	�ncome	(Rp) 2,400,000	
Net	�ncome(Rp) 633,333
Total	net	�ncome	(Rp) 	1,277,000	

The	P2	Model
Cattle	fatten�ng

Product�on	cost	:
		-	Cattle		(Rp) 9,066,667	
		-		Grass	(Rp) 950,000
		-	Vacc�nat�on	and	med�c�ne		(Rp) 100,000
Total	product�on	cost	(Rp) 10,116,667	
Gross	�ncome	(Rp)	 12,000,000	

	 Total	net	�ncome	(Rp)	 1,883,333	
The	P3	Model
Harvest	I Fresh	mulberry	leaves	product�on	(kg) 526

Dry	mulberry	leaves	product�on	(kg) 149
Net	�ncome*	(Rp)	 446,000

Harvest	II Fresh	mulberry	leaves	y�eld	(kg) 973
Dry	mulberry	leaves	y�eld	(kg) 224
Net	�ncome*	(Rp)	 673,000

Total		product�on 	Fresh	mulberry	leaves	(kg) 1,499
	Dry	mulberry	leaves	(kg) 373
Total	net	�ncome	(	Rp) 1,119,000	

	*Pr�ce	of	mulberry	leaves	meal	=	Rp.	3.000/kg
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The P3 Model
The	appl�cat�on	of	the	P3	model	that	�nvolves	the	product�on	of	raw	mater�al	�n	

the	form	of	mulberry	plant	b�omass	by	mulberry	plant	farmers,	wh�ch	w�ll	then	be	
sold	as	feed	�ngred�ents	for	concentrate,	�s	another	v�able	alternat�ve.	Dur�ng	the	6	
month	per�od	of	research,	the	�ncome	that	farmers	ga�ned	from	the	sale	of	dr�ed	mul-
berry	leaves	usually	used	for	feed�ng	1	box	of	s�lkworms	was	Rp.	1,119,000.	(Table	
1).	Th�s	result	was	h�gher	than	the	�ncome	of	farmers	who	solely	farm	s�lkworms,	
wh�ch	amounted	 to	Rp.	643,667,	but	 sl�ghtly	 lower	 than	 the	 �ncome	of	mulberry	
farmers	who	farm	s�lkworms	and	also	�ntroduced	two	goats,	wh�ch	amounted	to	Rp	
1,277,000	(Table	1).

The	 appl�cat�on	 of	 the	 P3	 model	 �s	 effect�ve	 for	 farmers	 who	 face	 certa�n	
problems	wh�ch	resulted	 �n	 �ncapab�l�ty	for	 them	to	farm s�lkworms	for	a	certa�n	
per�od	of	t�me.	All	th�s	t�me,	dur�ng	the	per�ods	where	mulberry	farmers	are	�ncapable	
of	farm�ng	s�lkworms	due	to	certa�n	constra�nts,	the	mulberry	plants	are	left	to	grow	
and	are	only	tr�mmed	when	the	farmers	are	ready	to	nurture	s�lkworms.	

Conclus�on

Appl�cat�on	of	 each	of	 the	 Integrat�on	models	 of	mulberry-l�vestock	has	 �ts	
own	un�queness.	The	conclus�ons	that	could	be	drawn	from	the	appl�cat�on	of	those	
three	models	are:	
1.	Ut�l�zat�on	the	whole	mulberry	leaves	as	feedstuff	for	fatten�ng	beef	cattle	(the	P2	

Model)	generates	the	h�ghest	�ncome	for	the	s�lkworm	farmers.	
2.	Revenue	for	the	s�lkworm	farmers	�ncreases	when	apply�ng	the	P1	Model,	wh�ch	

�s	�ntroduc�ng	two	goats	for	every	box	of	s�lkworm.	
3.	When	mulberry	farmers	face	a	problem	part�cularly	�n	a	certa�n	cond�t�on,	they	

could	harvest	and	dry	the	mulberry	plant	then	sell	�t	as	�ngred�ent	for	leaf	meal	
concentrate	(the	P3	Model).
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Abstract

Outbreaks of highly pathogenic avian influenza (HPAI) subtype H5N1 have 
occurred in Indonesia since February 2004. The outbreaks still can be found in 
many areas of the country up to now. This study described the spatial and temporal 
patterns of the HPAI subtype H5N1 outbreaks in East Java, Indonesia from 2009-
2011. The aim of the study is to to describe the spatial and temporal patterns of the 
HPAI H5N1 outbreaks reported between January 2009 and December 2011 and to 
compare endemic areas of HPAI H5N1 in East Java. According to the report, HPAI 
H5N1 outbreak increase up to 167% in average each year. This study described the 
spatial pattern through three endemic areas in East Java which were defined as West, 
Central and East region. As the result, GSTAR modeling gave further information 
that aside being correlated spatially, the series also patterned temporally. West and 
East region are both affected by other regions, while Central region only being 
affected by the last time condition of certain location.

Keywords: avian influenza, epidemiology, H5N1, Indonesia, spatio-temporal 
analysis

Introduct�on	

Outbreaks	of	h�ghly	pathogen�c	av�an	�nfluenza	(HPAI)	subtype	H5N1	have	
occurred	 �n	Indones�a	s�nce	February	2004.	Therefore	 the	d�sease	has	spread	and	
now	becom�ng	endem�c	�n	large	parts	of	the	country.	The	f�rst	step	�n	controll�ng	
the	 spread	of	HPAI	v�rus	 �s	 to	understand	 the	 �nfect�on	dynam�cs	of	 the	v�rus	 �n	
the	 env�ronment	 and	 have	 �ns�ght	 �nto	 the	 causes	 of	 the	 d�sease	 process.	 An	
understand�ng	 of	 the	 complex	 ep�dem�olog�cal	 system	 that	 �nvolves	 the	 frequent	
�nteract�ons	between	the	var�ous	�nfect�on	reservo�rs	and	hosts	�s	needed	to	be	able	
to	break	the	transm�ss�on	cycle.	Cluster�ng	of	d�sease	events	prov�des	clues	to	the	
causes	of	the	d�sease	process,	and	may	ass�st	�n	formulat�ng	d�sease	prevent�on	and	
control	programs	(Ekong	et al.,	2012).
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The	 object�ves	 of	 th�s	 study	 therefore	 were	 (1)	 to	 descr�be	 the	 spat�al	 and	
temporal	patterns	of	the	HPAI	H5N1	outbreaks	reported	between	January	2009	and	
December	2011;	and	 (2)	 to	compare	endem�c	areas	of	HPAI	H5N1	 �n	East	 Java.	
Th�s	 �nformat�on	 may	 be	 useful	 �n	 plann�ng	 prevent�on,	 surve�llance	 and	 control	
strateg�es	�n	HPAI	H5N1	v�rus	h�gh-r�sk	areas	and	also	to	d�rect	future	research	�nto	
HPAI	H5N1	ep�dem�ology	�n	the	country.

Mater�als	and	Methods	

Study area and study period
East	Java	occup�es	a	land	area	of	46.428,57	km2	and	compr�sed	of	29	regenc�es	

and	9	c�t�es	w�th	number	of	people	37.476.757	�n	the	year	of	2010.	Among	three	
years,	from	January	2009	to	December	2011	�nclus�ve,	the	outbreaks	of	HPAI	H5N1	
were	recorded	�n	th�s	areas.	Of	these,	20	commune-level	outbreaks	are	clustered,	then	
d�v�ded	to	three	reg�ons,	West,	Central,	and	East,		as	endem�c	areas.	Furthermore,	�t	
�s	def�ned	as	study	areas.

Data sources and case definition
From	 January	 2009	 to	 December	 2011,	 we	 used	 data	 obta�ned	 from	 an	

household-report	 that	 was	 conducted	 by	 the	 Department	 of	 An�mal	 Health	 of	
East	 Java	 Prov�nce.	 The	 HPAI	 H5N1	 surve�llance	 rel�es	 on	 poultry	 households	
level	recogn�z�ng	s�ck	or	dead	poultry	�n	a	flock	and	then	report�ng	the	deta�ls	of	
these	events	to	commune	veter�nar�ans.	In	th�s	study,	the	�ndex	household	�n	each	
commune,	that	�s	the	f�rst	case	ever	recorded	and	d�agnosed	to	be	H5N1	pos�t�ve	�n	
the	commune,	was	recru�ted	as	the	case	and	controls	were	def�ned	as	households	
that	had	poultry	not	show�ng	cl�n�cal	s�gns	of	d�sease.	

F�gure	1.	Endem�c	Reg�on	of	Av�an	Influenza	of	East	Java	through	2009-2011

Data analysis
The	data	were	restr�cted	only	for	a	certa�n	areas	wh�ch	were	endem�c	areas.	

From	 29	 regenc�es	 and	 9	 c�t�es,	 there	 were	 20	 regenc�es	 that	 h�ghly	 endem�c	 of	
H5N1.	Those	endem�c	areas	are	clustered	�nto	three	reg�ons	that	are	West,	Central	
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and	 East	 reg�on.	 The	 data	 analyses	 have	 three	 major	 components:	 descr�pt�ve	
analys�s,	 spat�al	methods,	 and	modell�ng.	The	descr�pt�ve	analyses	were	done	by	
us�ng	M�crosoft	Excel.	The	spat�al	data	was	v�sual�zed	us�ng	ArcVIEW	GIS	3.2.	
And	model�ng	method	was	done	by	SAS.

Spatio-Temporal
All	data	have	a	more-or-less	prec�se	spat�al	and	temporal	label	assoc�ated	w�th	

them.	A	purely	spat�al	model	usually	has	no	causat�ve	component	�n	�t;	such	models	
are	useful	when	a	space-t�me	process	has	reached	temporal	equ�l�br�um,	or	when	
short	term	causal	effects	are	aggregated	over	a	f�xed	t�me	per�od.	Data	that	are	close	
together	 �n	space	 (and	 t�me)	are	often	more	al�ke	 than	 those	 that	are	 far	apart.	A	
spat�al	model	�ncorporates	th�s	spat�al	var�at�on	�nto	the	generat�ng	mechan�sm,	�n	
contrast	to	a	nonspat�al	model	(Cress�e,	1993).	Spat�al-temporal	models	ar�se	when	
data	are	collected	across	t�me	as	well	as	space.

Generelized Space Time Autoregressive (GSTAR)
In	 pract�cal	 problems,	 GSTAR	 model	 �s	 frequently	 appl�ed	 to	 geology	 and	

ecology	 [10].	The	 general�zed	 space-t�me	 autoregress�ve	 model	 of	 order	 (p;λ1,…
,λp),	 shorten	by	GSTAR(p;λ1,…,λp),	 �s	one	of	space-t�me	models	character�zed	by	
autoregress�ve	terms	lagged	�n	the	pth	order	�n	t�me	and	the	order	of	(p;λ1,…,λp)	�n	
space	(Nurhayat�,	)

Spat�al		dependent		�n		GSTAR		model		�s		expressed		by		we�ght	matr�x.	Let		
{Z(t)	:	t	=	0,±1,±2,...}	be		a		mult�var�ate		t�me		ser�es		of		N	components.		In	matr�x	
notation,  the GSTAR model of  autoregressive order p and spatial orders λ1,λ2,…,λp,	
GSTAR (λ1,λ2,…,λp)	could	be	wr�tten	as	(Borovkova	et al.,	2002)	:

we�ghts	are	choosen	to	sat�sfy	 10 )()( =∑= ≠ ji
k

ij
k

ii wandw .	Select�on	or	determ�nat�on	
of	space	we�ght	�s	one	of	the	ma�n	problems	at	GSTAR	model�ng.	Some	methods	for	
determ�n�ng	space	we�ght	have	been	proposed	to	the	appl�cat�on	of	GSTAR	model.	
One	of	the	methods	�s	un�form	we�ght,	�.e.	 iij nw 1= ,	where	ni	number	of	spaces	or	
locat�ons	where	are	located	near	to	locat�on	i	(Borovkova,	2002).

Results	and	D�scuss�on	

In	total,	478	outbreaks	were	recorded	from	20	regenc�es	as	endem�c	areas	�n	
East	Java	through	2009	unt�l	2011.	In	 that	mean	t�me	East	reg�on	had	the	largest	
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number	of	 �nc�dents	(Table	1).	The	�nc�dent	reports	of	HPAI	H5N1	are	 �ncreased	
167%	�n	average	each	year.		

Table	1.	Overall	percentage	of	HPAI	outbreaks	 �n	 three	 reg�on	 through	 the	 study	per�od	
(n=478)

Reg�on
2009	(n=45) 2010	(n=113) 2011	(n=320) 2009	–	2011	(n=478)

N	% N	% N	% N	% Mean 95%	CI
West 20	45 4	4 80	25 104	22 6 [0.11]
Central 10	22 33	29 95	30 138	29 4 [2.6]
East 15	33 76	67 145	45 236	49 7 [4.10]

n:	number	of	HPAI	outbreaks;	%:	percentage	of	HPAI	outbreaks;	CI:	conf�dence	�nterval	of	%;	N:	
number	of	outbreaks	by	reg�on

Spatial Pattern
The	spat�al	pattern	of	three	endem�c	areas	�s	descr�bed	as	F�gure	2.	Total	�nc�dent	

through	2009	unt�l	2011	be�ng	summar�zed	�n	seven	classes	then	each	regency/c�ty	
�s	 colored	accord�ng	 to	 the	class.	The	most	 �nfected	areas	 are:	Magetan,	Mad�un	
and	Lamongan	regenc�es	w�th	outbreak	more	than	36	cases,	as	we	can	see	from	the	
darkest	color.

F�gure	2.	Endem�c	Mapp�ng	of	Av�an	Influenza	of	East	Java	through	2009-2011

GSTAR Model
Through	th�s	study	per�od,	the	h�ghest	outbreaks	occur	�n	24th	unt�l	28th	per�od	

wh�ch	are	 January	unt�l	Apr�l	2011.	Th�s	pattern	can	be	 seen	 �n	overall	 locat�on.	
Accord�ng	to	the	t�me	ser�es	plot	across	2009-2011	we	can	see	that	outbreaks	�n	East	
reg�on	tend	to	be	h�gher	than	the	two	others.	

After	be�ng	transformed	due	to	stat�onar�ty	�n	var�ance,	autocorrelat�on	funct�on	
of	the	three	reg�ons	�s	shown	�n	Table	2	(MACF).	The	(+)	and	(-)	s�gns	are	�nd�cat�ng	
the	lags	wh�ch	are	s�gn�f�cantly	d�fferent	from	2*standard	error.		Through	MACF	we	
can	conclude	that	the	ser�es	are	stat�onary	�n	mean.
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Table	2.	Schemat�c	representat�on	of	Cross	Correlat�on	and	Part�al	Cross	Correlat�on	for	
Three	Reg�ons

MACF Reg�on	\	Lag 0 1 2 3 4 5 6 7 8 9 10
West +.. +.. … … … … … .-. .-. … …
Central .++ .++ --+ … … … … .-. … … …
East .++ .++ .++ … … … .-. .-. .-. .-. …

MPACF Reg�on	\	Lag 0 1 2 3 4 5 6 7 8 9 10
West +.. … … … … … … … … … …
Central .+. … … … … … … … … … …
East ..+ … … … … … … … … … …

+	�s	>	2*std	error,	-	�s	<	-2*std	error,	.	�s	between

Accord�ng	to	Mult�var�ate	Part�al	Auto	Correlat�on	Funct�on	(MPACF)	(Table	
2)	the	chosen	tentat�ve	model	to	be	tested	�s	GSTAR(11)	w�th	AIC	(Aka�ke	Index	
Cr�ter�on)	-8.73.	After	be�ng	we�ghted	un�formly	for	each	reg�on,	parameter	test�ng	
�s	done	us�ng	l�near	regress�on	analys�s.	The	models	for	each	reg�on	are	computed	
as	the	follow�ng	matr�x	and	Table	3.	

Table	3.	Models	for	Each	Reg�on

As	we	can	see	�n	Table	3	every	reg�on	�s	affected	by	the	last	t�me	cond�t�on.	
West	and	East	reg�ons	both	are	affected	by	other	reg�ons,	whereas	Central	reg�on	
only	�s	affected	by	the	locat�on	�tself	�n	the	last	cond�t�on.	We	can	use	the	models	for	
forecast�ng	as	well.	

Conclus�ons		

The	 data	 analyses	 prov�de	 the	 ev�dence	 of	 spat�o-temporal	 of	 HPAI	 H5N1	
outbreaks	at	the	household	level.	The	number	of	reported	�nc�dents	�ncreases	more	
l�kely	tw�ce	each	year.		Accord�ng	to	the	number	of	outbreaks,	study	area	�s	clustered	
�nto	three	reg�ons.	From	these	reg�ons,	the	East	has	the	largest	number	of	outbreaks	
dur�ng	 study	 per�od	 (49%).	 GSTAR	 method	 g�ves	 a	 model	 for	 each	 reg�on.	The	
models	show	that	sWest	and	East	reg�on	are	both	affected	by	other	reg�ons,	wh�le	
Central	reg�on	only	be�ng	affected	by	the	last	t�me	cond�t�on	of	certa�n	locat�on.
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Abstract	

Mouse deer (Tragulus javanicus) is one of endangered animals that are  
distributed in tropical forests of Southern Asia, including Java, Sumatera, and Borneo 
Islands. The mouse deer population is predicted to decrease, as a side effect of high 
conversion of their habitat into human needs land. However, conservation of this 
mouse deer is urgently required. Unfortunately, we still lack of scientific information 
relating to its reproductive system, including anatomical and morphological data. 
Understanding of the reproductive system is required in developing a suitable 
technology in mouse deer breeding. This technology will be applied in deer 
conservation and improvement of their population. The aim of this study was to 
characterize anatomy and morphometry of male reproductive organs of mouse deer. 
This study was conducted in Field Laboratory Unit of the Faculty of Veterinary 
Medicine, Bogor Agricultural University (IPB). Growing mouse deer aged 2 to 3 
years old and weighed 1.8-2.0 kg were used in this experiment. The reproductive 
organs of male mouse deer were observed, measured, weighed, and documented. 
The collected data were tabulated and analyzed descriptively as follow: Penis type 
of mouse deer was fibroelastic, length of testis was 12.33±2.89 mm and weigh was 
0.81±0.17 g, Vas deferens was 113±3.60 mm, Ampula was 17.33±2.87 mm, Vesicularis 
gland was 18.00±3.46 mm and 5.7±1.10 mm in dimension. The Mouse deer had 
gland bulbourethralis, with 8.26±1.02 mm in length and 0.86±0.04 g of weight, 
and length of its free penis of preputium was 58.33±10.41 mm. In conclusion, the 
male reproductive organ of mouse deer was similar to reproductive organ of other 
domestic livestocks, they had similarity in dimension of various organs, including 
primary organ (gonad or testis), accessories gland (ampula, gland vesicularis, and 
bulbourethralis prostate), channel part, which was consisted of epididymus, vas 
deferens and urethra, and also organ copulatoris or exterior organ, called penis. On 
the other hand, penis showed different characteristics from other livestock’s’ penis 
in its morphology. Their penis showed a clockwise turn spiral-like form, with the 
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number of rotations was two and a half and showed branch form, which the function 
was not yet known.

Key words:  Male mouse deer, reproductive organ, anatomy

Introduct�on

Mouse	deer	(Tragulus javanicus)	�s	the	smallest	rum�nant	an�mals	�n	the	world.	
Th�s	an�mal	�s	only	found	�n	trop�cal	forests	�n	southern	As�a,	�nclud�ng	the	�slands	of	
Java,	Sumatra,	and	Kal�mantan.	The	populat�on	of	mouse	deer	�s	thought	to	decl�ne	
due	to	hab�tat	destruct�on	and	convers�on	�nto	agr�cultural	uses	and	hunt�ng	act�v�ty	
as	well	as	the	threat	of	predators	that	can	prey	on	�t.

Natural	 	breed�ng	of	mouse	deer	 �n	capt�v�ty	has	not	succeeded	yet.	Factors	
caus�ng	the	fa�lure	of	mouse	deer	breed�ng		�n	capt�v�ty	are		not	known,	but	most	
l�kely	�t	 �s	caused	by	a	lack	of	knowledge	or	 	 �nformat�on	about	the	reproduct�ve	
b�ology	of	th�s	an�mal.

Informat�on	about	the	anatomy	and	morphometry	of	male	mouse	deer	repro-
duct�ve	organs	has	not	been	w�dely	reported.	Male	reproduct�ve	system	�s	an	�m-
portant	 factor	 �n	 the	 success	 of	 an�mal	 breed�ng	 or	 an�mal	 reproduct�on	 technol-
ogy.	Knowledge	of	such	�nformat�on	�s	one	of	 the	 �mportant	and	dec�s�ve	factors	
�n	ach�ev�ng	the	success	of	an�mal	breed�ng		�n	capt�v�ty.	The	purpose	of	th�s	study	
was	to	exam�ne	the	anatomy	and	morphometry	of	the	male	mouse	deer	reproduc-
t�ve	organs	to	support	the	an�mal	breed�ng	and	reproduct�on	for	conservat�on	and	
cult�vat�on.

Mater�als	and	Methods

Time and Location

Th�s	study	was	conducted	�n	May	and	October	2009	at	the	F�eld	Laboratory	of	
Reproduct�ve	Rehab�l�tat�on	Un�t	(URR),	Department	of	Cl�n�c,	Reproduct�on,	and	
Pathology,	Bogor	Agr�cultural	Un�vers�ty.

Materials
Three	healthy	and	mature	(had	can�ne	teeth)	male	mouse	deer	w�th	body	we�ght	

ranged	1.8-2.0	kg	were	used	�n	the	exper�ment.

Measurement and Weighing of the Reproductive Organs
Th�s	study	used	three	male	mouse	deer	that	were	not	adapt	and	f�nally	d�ed	�n	

capt�v�ty.	The	dead	an�mals	were	then	prepared	to	obta�n	the�r	reproduct�ve	organs.	
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These	organs	were	cleaned	from	fat	and	la�d	�n	�ts	or�g�nal	pos�t�on	�n	the	body.	They	
were	observed,	documented,	measured,	and	we�ghed	and	 the	data	were	 tabulated	
and	analyzed	descr�pt�vely	accord�ng	to	Toel�here	(1993).

Testes. The	length	of	the	testes	was	measured	by	plac�ng	a	measur�ng	tape	at	the	
end	 of	 the	 testes	 from	 one	 s�de	 to	 another	 w�th	 or	 w�thout	 the	 caput	 and	 cauda	
ep�d�dym�s.	 D�ameter	 of	 the	 testes	 was	 measured	 by	 us�ng	 a	 m�crocal�per	 at	 the	
largest	part	of	the	testes,	and	then	we�ghed	us�ng	an	analyt�cal	balance.

Vas deferens.	The	length	of	the	vas	deferens	was	measured	by	plac�ng	the	measur�ng	
tape	at	the	end	of	the	cauda	ep�d�dym�s,	and	the	tape	was	then	pulled	unt�l	�t	reached	
the	 end	 before	 the	 enlargement	 of	 the	vas	 deferens	 to	 the	 ampulla.	Vas	 deferens	
d�ameter	was	measured	by	us�ng	m�crocal�per	before	�t	was	we�ghed.

Ampulla of vas deferens.	Ampulla	of	vas	deferens	length	was	measured	from	the	
�n�t�al	 enlargement	 of	 the	 vas	 deferens	 to	 the	 border	 w�th	 ves�cular�s	 gland.	The	
d�ameter	of	ampulla	was	measured	at	the	largest	part	before	�t	was	we�ghed.
	
Vesicularis gland.	The	longest	part	of	the	ves�cular�s	gland	was	cons�dered	as	the	
length,	wh�le	the	shortest	was	cons�dered	as	the	w�dth.	D�ameter	of	the	ves�cular�s	
gland	was	measured	w�th	a	m�crocal�per.	The	two	glands	had	been	separated	from	
the	ma�n	organ	before	they	were	we�ghed.

Prostate.	 Measurement	 of	 prostate	 length,	 d�ameter,	 and	 we�ght	 were	 s�m�lar	 to	
those	of	ves�cular�s	gland.

Bulbourethralis (Couper).	Measurements	of	bulbourethral�s	were	s�m�lar	to	those	
of	ves�cular�s	glands.

Penis.	Measurements	of	total	pen�s	length	was	started	from	the	base	of	the	pen�s	
(the	rad�x)	up	to	the	pen�s	free	end,	and	length	measurement	was	also	conducted	for	
pen�s	parts	such	as	the	pen�s	glans	and	prepuce.	D�ameter	of	the	pen�s	was	measured	
at	the	largest	part	of	the	organ.

Data	 obta�ned	 from	 each	 measurement	 were	 tabulated	 and	 the	 average	 was	
calculated	and	analyzed	descr�pt�vely.

Results	and	D�scuss�on

In	general,	parts	of	a	male	deer	reproduct�ve	organs	were	s�m�lar	to	those	of	
other	 domest�c	 l�vestock;	 they	 were	 the	 pr�mary	 sex	 organs	 (male	 gonads	 or	 the	
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testes),	complementary	sex	glands	(the	ampulla,	the	ves�cular�s	gland,	the	prostate,	
and	the	bulbourethral�s),	and	channels	cons�st�ng	of	the	ep�d�dym�s,	the	vas	deferens	
and	 the	 urethra,	 and	 the	 external	 gen�tal	 organs	 or	 copulator�s	 organ	 called	 the	
pen�s.

Testes.	Male	mouse	deer	had	a	pa�r	of	test�cles	wh�ch	were	wrapped	by	the	tun�ca	
albugen�a	protected	by	the	scrotum	on	the	outs�de.	The	testes	funct�ons	to	produce	
spermatozoa	�n	a	process	called	spermatogenes�s	and	produces	testosterone	hormone	
�n	the	�nterst�t�al	cells	(Leyd�g)	(Hafez	&	Hafez	2000;	Toel�here	1987).	Mouse	deer	
testes	length	was	12.33	±	2.89	mm,	d�ameter	was	8.20±	1.92	mm,	and	we�ght	was	
0.81±	0.17	g		(Table	1).

Table	1		Morphometry	of	male	mouse	deer	reproduct�ve	organs

Organs Remarks Mouse	Deer
Testes	w�thout	scrotum	 Length	(mm) 12.33±2.89

D�ameter	(mm) 8.20±1.92
We�ght	(g) 0.81±0.17

Vas	deferens Length	(mm) 113±3.60
D�ameter	(mm) 2.0
We�ght	(g) 0.48±0.04

Ampulla Length	(mm) 17.33±2.87
D�ameter	(mm) 2.0
We�ght	(g) 0.07±0.01

Ves�cular�s	gland Length	(mm) 18.00±3.46
D�ameter	(mm) 5.73±1.10
We�ght	(g) 0.29±0.09

Prostate	(body) Length	(mm) 17.33±2.52
D�ameter	(mm) 6.53±0.06
We�ght	(g) 0.43±0.07

Bulbourethral�s	gland Length	(mm) 8.27±1.02
D�ameter	(mm) 5.47±0.85
We�ght	(g) 0.86±0.04

Pen�s Total	length	(mm) 142.33±14.74		
Free-preput�um	length	(mm) 58.33±10.41		
Pen�s	glans	(mm) 44.33±2.08
D�ameter	(mm) 4.0	
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Epididymis.	The	ep�d�dym�s	�s	a	structure	that	�s	elongated	and	t�ghtly	attached	to	
the	test�s.	The	mouse	deer	ep�d�dym�s	cons�sted	of	caput	�n	the	anter�or,	corpus	�n	
the	dorsal,	and	cauda	ep�d�dym�s	�n	the	poster�or.

Vas deferens.	Vas	deferens	connected	the	ep�d�dym�s	w�th	the	accessoryes	glands,	
serves	as	a	channel	of	transport	of	spermatozoa	from	the	ep�d�dym�s	to	the	ampulla.	
The	length	of	the	mouse	deer	vas	deferens	�n	th�s	study	was	113	±	3.60	mm	wh�ch	
was	shorter	than	that	of	t�mor	deer	(452.0	±	0:44	mm)	(Nalley	2006)	or	sheep	(24	
cm)	(Hafez	1987).	

Ampulla of vas deferens.	Ampulla	of	vas	deferens	�s	the	magn�f�cat�on	of	the	end	
of	the	vas	deferens	before	ves�cular�s	gland.	The	length	of	the	mouse	deer	ampulla	
(17.33	±	2.87	mm)	was	smaller	than	that	of	T�mor	deer	(72.53	±	2.39	mm)	(Nalley	
2006)	or	sheep	(70	mm)	(Hafez	1987).

Vesicularis gland.	There	was	a	pa�r	of	ves�cular�s	glands		attached	to	the	dorsolateral	
edge	 of	 ves�ca	 ur�nary	 neck.	 Mouse	 deer	 ves�cular�s	 gland	 length	 and	 d�ameter	
were	18.00	±	3.46	mm	and	5.73	±	1.10	mm,	respect�vely.	Th�s	was	smaller	than	the	
ves�cular�s	gland	of	t�mor	deer	(45.36	±	1.42	mm)	or	sheep	(40	mm).

Bulbourethralis gland (Cowper).	 In	 the	 mouse	 deer,	 there	 was	 a	 pa�r	 of	
bulbourethral�s	glands	w�th	a	length	of	8.26	±	1.02	mm,	d�ameter	of	5.47±0.85	mm	
and	we�ght	of	0.86	±	0:04	g.	Bulbourethral�s	gland	�s	also	very	clearly	seen	�n	horses	
and	p�gs.	Nalley	(2006)	reported	that	these	glands	were	not	found	�n	T�mor	deer.

Penis.	The	pen�s	�s	a	male	copulat�on	organ	and	�s	establ�shed	by	the	erect�le	t�ssue.	
The	pen�s	of	mouse	deer	was	f�broelast�c	wh�ch	�s	s�m�lar	to	that	of	cattle,	so	that	the	
pen�s	corpus	and	glans	were	only	sl�ghtly	enlarged	dur�ng	erect�on.

Mouse	 deer	 pen�s	 was	 composed	 of	 rad�x	 and	 the	 corpus	 had	 a	 s�gmo�d	
flexura	 wh�ch	 was	 s�m�lar	 �n	 general	 to	 other	 rum�nants.	 Free-preput�um	 pen�s	
length	 �n	mouse	deer	 (58.33±10.41mm)	was	 longer	 than	 the	pen�s	of	T�mor	deer	
(35.38±0.88mm)	(Nalley	2006)	or	sheep	(40	mm)	(Hafez	1987).	Character�st�cs	of	
the	mouse	deer	pen�s	had	the	features	that	could	d�st�ngu�sh	�t	from	other	an�mals,	
such	as	the	t�p	of	the	pen�s	wh�ch	form	sp�ral	rotat�on	�n	clockw�se	d�rect�on	w�th	
two	and	a	half	sp�ns.	Funct�on	of	th�s	rotated	pen�s	t�p	�s	not	yet	clearly	known.	The	
same	feature	was	also	found	�n	p�g’s	pen�s,		but	oppos�te	d�rect�on	w�th	a	total	sp�n	
of	one	and	a	half.
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Conclus�on		

Mouse	deer	pen�s	 �s	 character�zed	by	 a	 flexura	 s�gmo�dea,	 f�broblast�c	 type	
w�th	a	very	d�st�nct�ve	pen�s	t�p,	wh�ch	forms	a	sp�ral	w�th	a	sp�n	number	of	two	and	
a	half	�n	clockw�se	d�rect�on.
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Abstract	

Laying hen is raised and selected to produce eggs. Poultry could be infected 
by several kinds of Salmonella enterica such as S. enteritidis as a specific bacterium 
which is carried by chickens. Salmonella enteritidis can depress the hen weight by 
dehydration and contaminate the egg which is very dangerous for human health. 
Regarding this negative effect, the preventive treatment to eliminate Salmonella 
enteritidis contamination in eggs becomes a major concern.  This research aimed 
to determine the optimum dosage and frequency applied of probiotic L.acidophilus 
to avoid contamination of Salmonella enteritidis in ovary and egg of laying hens.
The result showed that probiotic treatment could increase feed consumption, egg 
production, however, in the other hand decreased the feed conversion. Among other, 
probiotic treatment was effective to reduce the population of Salmonella enteritidis 
in ovary and egg of laying hens. The optimum dosage of L.acidophilus probiotic was 
within population of 109 cfu/ml and frequency of twice a day was the most effective 
as biocontrol.

Key words: L. acidophilus, laying hen, probiotic, Salmonella enteritidis

Introduct�on	

Food	secur�ty	�s	a	major	�ssue	�n	nat�onal	development	program.	Food	�s	a	bas�c	
requ�rement	for	the	fulf�llment	of	-	human	r�ghts	for	everyone.		Food	safety	�ssues	
are	major	concern	�n	publ�c	health	pol�cy.	Foodborne	d�sease	and	food	contam�nat�on	
�nc�dents	 occurred	 �n	 var�ous	 countr�es,	 not	 only	 �n	 develop�ng	 countr�es	 where	
san�tat�on	and	hyg�ene	cond�t�ons	are	generally	poor,	but	also	�n	developed	countr�es.	
One	of	the	emerg�ng	pathogen	�s	Salmonella enteritidis	transovar�an	contam�nat�on	
of	grade	A	eggs.	These	eggs	are	contam�nated	s�nce	the	start	of	�ts	format�on	�n	the	
body	because	�ts	parent	�s	infected	by	S.enteritidis	�n	ovar�es	(Ganto�s	et al.,	2009).		
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B�osecur�ty	v�a	b�ocontrol	�s	needed	to	apply	�n	layer	ch�cken	farms	as	prevent�ve	
effort.

Lactobacillus acidophilus	2B4	has	been	proven	as	prob�ot�c	(Ar�ef,	2011).		Th�s	
stra�n	could	�nh�b�t	the	growth	of	S. enteritidis	�solated	from	the	ovary	of	lay�ng	hen	
by	�n	v�tro	analys�s	(Ulup�	et al.,	2009).	Appl�cat�on	of	prob�ot�c	L. acidophilus	2B4	
as	a	b�ocontrol	agent	for	the	prevent�on	of	contam�nat�on	of	eggs	by	S. enteritidis	
transovar�an		�s	very	necessary,	espec�ally	�n	lay�ng	hens.	The	a�m	of	th�s	research		
was	to	f�nd	out	the	dosage	and	frequency	of	prob�ot�c	L. acidophilus 2B4	treatment	
to	prevent	contam�nat�on	of	S. enteritidis	�n	ovar�um	and	egg	of	layer	hen

Mater�als	and	Methods	

S�xty	 layer	 hens	 	 were	 d�v�ded	 �nto	 4	 Treatments.	 Treatment	 1	 (R1)	 was		
lay�ng	hens	w�thout	oral	 adm�n�strat�on	of	 	L. acidophilus	 2B4	and	S. enteritidis	
(as	 control).	 	R2	was	 lay�ng	hens	w�thout	L. acidophilus	 2B4,	but	were	 �nfected	
by	S. enteritidis.	R3	was	lay�ng	hens	adm�n�stered	of	L. acidophilus	2B4	once	per	
day	(dosage	1	x109	cfu/ml)	and	were	�nfected	by	S. enteritidis. R4	was	lay�ng	hens	
w�th	oral	adm�n�strat�on	tw�ce	per	day	(dosage	2	x109	cfu/ml)	and	were	�nfected	by	
S. enteritidis.	L. acidophilus	2B4	was	g�ven	v�a	dr�nk�ng	water	for	20	days,	and	S. 
enteritidis	was	g�ven	by	oral	adm�n�strat�on	for	5	days	(day	5-day	9).		Each	treatment	
cons�sted	of	15	lay�ng	hens.		,	A	total	of	3	hens	of	each	treatment	were	slaughtered	
for	parameters	evaluat�on.	�n	day	5,	10,	15	and	20.

Parameters	 observed	were	performances	of	 layer	 hens	 and	Salmonella	 con-
tam�nat�on	on	ovar�um	and	eggs.	Analys�s	of	Salmonella	contam�nat�on	was	done	
by	qual�tat�ve	analys�s	accord�ng	to	BAM	(2007).	The	samples	were	�ncubated	on	
select�ve	med�a	on	Lys�ne	Desoxycholate	xylose	med�a	(XLD)	Agar,	Hectoen	Eter�c	
Agar	 (HEA),	 and	 B�smuth	 sulf�te	 agar	 (BSA).	These	 three	 select�ve	 med�a	 were	
�ncubated	at	35	±	2	°C	for	24	±	2	hours.	After	�ncubat�on	typ�cally	appearance	was	
observed	whether	there	was	a	grow�ng	colony.	The	analys�s	followed	the	b�ochem�-
cal	tests	us�ng	tr�ple	sugar	early	Iron	(TSI)	and	Lys�ne	Iron	Agar	(LIA)	�n	�tal�cs.		
Typ�cal	colon�es	that	grew	on	the	three	spec�f�c	med�as	XLD	Agar,	HE	agar	and	BS.	
Each	loop	was	�noculated	us�ng	a	ster�le	needle	on	TSI	agar	and	LIA	agar.	

The	exper�mental	was	completely	random	des�gned	w�th	3	repl�cat�ons.	Data	
were	analyzed	us�ng	ANOVA	and	then	further	subjected	 to	Tukey	 test	 (Steel	and	
Torr�e,	1995)	�f	there	were	any	d�fferences.		

Results	and	D�scuss�on	

Performance of layer hens
Performance	 of	 layer	 hens	 were	 affected	 by	 prob�ot�c	 adm�n�strat�on	 as	

descr�bed	�n	Table	1.
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Prob�ot�c	treatment	affected	the	amount	of	feed	�ntake.	R4	treatment	�nd�cated	
more	eff�c�ent	 than	other	 treatments.	There	was	a	d�fference	between	R2	and	R4	
treatments.		Egg	product�on	of	R4	was	h�ghest	than	the	others.		Th�s	was	presumably	
because	use	of	feed	consumed	by	ch�ckens	R2	to	�mprove	decl�ned	cond�t�on	due	
to	the	adm�n�strat�on	of	Salmonella enteritidis.	Wh�le	at	R2	and	R4	the	�mproved	
funct�on	of	the	body	cond�t�on	has	been	taken	over	by	the	prob�ot�c	L. acidophilus	
2B4.		R4	was	better	than	R3.	It	meant	that	prob�ot�c	g�ven	tw�ce	per	day	was	more	
effect�ve	to	enhance	performance	than	R2.

Based	on	the	we�ght	of	eggs,	there	were	not	s�gn�f�cant	d�fferences	�n	all	treat-
ments.	Th�s	f�nd�ng	was	cons�stent	w�th	the	Indones�an	Nat�onal	Standard	(1995)	
wh�ch	states	the	cr�ter�a	and	the	we�ght	of	eggs	for	egg	consumpt�on	are	extra	large	
(more	than	60	grams),	large	(55-60	g),	moderate	(51-59	grams),	small	(	45-50	grams),	
and	extra	small	(less	than	46	grams).	V�scos�ty	of	the	album�n	can	be	character�zed	
by	h�gher	album�n	(S�ra�t,	1986).	The	h�gh	album�n	�s	used	to	determ�ne	the	value	
of	Haugh	Un�ts	of	eggs.	The	h�gher	Haugh	Un�t	value	�nd�cates	the	h�gher	qual�ty	of	
the	eggs	(Sudaryan�,	2000).	Haugh	Un�t	values	of	th�s	treatment	were	more	than	90	
for	each	treatment,	therefore,	Haugh	Un�t	value	of	each	treatment	was	categor�zed	
�nto	AA	(USDA,	1964).	Salmonella	contam�nat�on	on	ovar�um	and	egg	of	layer	hens	
was	descr�bed	�n	Table	2.

At	day-5,	add�t�on	of	prob�ot�c L. acidophilus 2B4	could	decrease	Salmonella	
�n	layer	hens	(R3	and	R4).		After	�nfect�on	of		S. enteritidis	by	oral	adm�n�strat�on	
at	day	5-9,	Salmonella	could	also	be	decreased	by	add�t�on	of L. acidophilus 2B4	
tw�ce	per	day.	R4	was	better	than	R2	and	R3.	S. enteritidis	�s	�nvas�on	bacter�um	that	
�nvades	 from	gastro�ntest�nal	 tract	 to	blood	and	 reach	ovar�um.	After	Salmonella	
�nvas�on,	add�t�on	of	prob�ot�c	L. acidophilus	2B4	tw�ce	per	day	(R4)	could	reduce	
Salmonella	on	ovar�um	at	day-20.	It	was	better	than	add�t�on	of	prob�ot�c	only	once	
per	day	(R3).		Adm�n�strat�on	of	prob�ot�cs	enhances	�ntest�nal	ant�bod�es	to	al�en	
ant�gens,	and	reduce	colon�zat�on	of	pathogens	�n	gastro�ntest�nal	tract	(Hagh�gh�	et 
al.	2006).

Table	1.		Performance	of	layer	hens

Performance R1 R2 R3 R4
Feed	consumpt�on	(g/hen/day) 111.81a 112.80a 118.29b	 118.54b

Egg	product�on	(%) 67.64a 70.31a 75.91b	 81.97c

Egg	we�ght	(g/egg) 59.43 58.89 59.57 59.58
Feed	convers�on 3.34a 3.48a 3.36a 2.72b

Mortal�ty 0 0 0 0
Haugh	Un�t	(HU) 96.40(AA) 94.00(AA) 94.59(AA) 95.30(AA)

D�fferent	superscr�pt	�n	the	same	l�ne	means	s�gn�f�cantly	d�fferent	(P<0.05),	except	HU	
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Adm�n�strat�on	of	prob�ot�c	L.acidophilus	2B4	could	reduce	Salmonella	con-
tam�nat�on	on	egg	after	�nfect�on	S. enteritidis	on	day-10.	Addd�t�on	of	L. acidophi-
lus	2B4	tw�ce	per	day	(R4)	was	better	than	once	per	day	(R3).	There	was	correlat�on	
between	Salmonella	contam�nat�on	on	ovar�um	and	egg.	That	proved	that	Salmo-
nella	�nvas�on	could	be	spred	by	vert�cal	contam�nat�on	from	ovar�um	to	egg.	

Conclus�ons		

Adm�n�strat�on	of	prob�ot�c	L. acidophilus	2B4	could	�ncrease	feed	consump-
t�on	and	egg	product�on	of	layer	hens	wh�ch	was	contam�nated	by	S. enteritidis.		Ad-
m�n�strat�on	of		L. acidophilus	2B4	tw�ce	per	day	was	more	effect�ve	than	once	per	
day	for	20	days	treatments	to	reduce	feed	convers�on.		L. acidophilus	2B4	also	could	
reduce	Salmonella contam�nat�on	on	egg	and	ovar�um.	It	proved	that	L. acidophilus	
2B4	was	effect�ve	used	as	b�ocontrol	to	prevent	Salmonella enteritidis	�nfect�on	on	
lay�ng	hens
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