-, =8 r

International Seminar on Animal Industry 2012

FACULTY OF ANIMAL SCIENCE
BOGOR AGRICULTURAL UNIVERSITY

THE SECOND INTERNATIONAL SEMINAR ON ANIMAL INDUSTRY

“Empowering Local Resources for Sustainable Animal Production in Adapting
to Climate Change”

5-6 July 2012
Jakarta Convention Center, Jakarta-Indonesia

PROCEEDING

Organized by:

PT KALTIM PRINA COAL




Scientific Editors

Chief

Member

Technical Editors

List of Reviewers

LIST OF EDITORS

: Prof. Dr. Ir. Dewi Apri Astuti, MS.

: Prof. Dr. Ir. Komang G. Wiryawan

Prof. E. R. Orskov

Prof. H.M. Shelton

Prof. Jong K. Ha

Prof. Dr. Ir. Wasmen Manalu, M.Sc
Prof. Dr. Ir. Ronny R. Noor, M.Rur. Sc.
Prof. Dr. Ir. Muladno, MSA

Prof. Dr. Ir. Cece Sumantri,M.Sc
Prof. Dr.Ir. Toto Toharmat, M.Sc
Dr. Sri Suharti, S.Pt., M.Si.

Ir. Anita S. Tjakradidjaja, M.Rur.Sc.
Tuti Suryati, S.Pt., M.Si.

: [Irma Nuranthy Purnama, S.Pt.

Nur Hidayah, S.Pt.
Titis A.P. Apdini, S.Pt.

Prof. Dr. Ir. Dewi Apri Astuti, MS. Dr. Ir. Dwierra Evvyernie, MS
Prof. Dr. Ir. Komang G. Wiryawan Dr. Ir. Henny Nuraini, M.Si.

Prof. Dr. Ir. Muladno, MSA Dr. Ir. Idat Galih Permana, M.Sc
Prof. Dr. Ir. Ronny R. Noor, M.Rur. Sc. Dr. Irma Isnafia Arief, S.Pt., M.Si.
Prof. Dr.Ir. Toto Toharmat, M.Sc Dr. Ir. Luki Abdullah, M.Agr.Sc.
Prof. Dr. Ir. Wasmen Manalu, M.Sc Dr. Ir. Panca Dewi MHKS, MS
Prof. Dr. Ir. Erika B. Laconi, MS Dr. Ir. Rarah Ratih A.M, DEA.
Prof. Dr. Ir. Iman Rahayu, MS Dr. Ir. Rita Mutia, M.Sc.

Ir. Anita S. Tjakradidjaja, M.Rur.Sc. Dr. Rudi Afnan, M.Sc.Agr.

Tuti Suryati, S.Pt., M.Si. Dr. Ir. Rudy Priyanto, MSc.

Dr. Ir. Asep Sudarman,

Dr. Ir. Asnath M. Fuah

M.Sc. Dr. Sri Suharti, S.Pt., M.Si.
Dr. Ir. Sumiati, M.Sc.

Dr. Despal, S.Pt., M.Agr.Sc. Dr. Ir. M. Yamin,M.Agr.Sc
Dr. Anuraga Jayanegara Dr. Ir. Yuli Retnani, MS

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



FOREWORD FROM CHAIRPERSON
OF ORGANIZING COMMITTEE

Dear colleagues,

It is my great pleasure to welcome all of you to the Second International
Seminar on Animal Industry 2012, and to Jakarta the capital city of Republic of
Indonesia. This seminar is conducted by the Faculty of Animal Science - Bogor
Agricultural University in collaboration with Animal Scientist’s Association of
Indonesia, Indolivestock 2012 Expo and Forum, Directorate General of Higher
Education — Ministry of Education and Culture Republic of Indonesia, Directorate
General of Livestock and Animal Health Services-Ministry of Agriculture, as well
as Journal of Animal Science and Technology (Media Peternakan).

There will be 131 papers presented during the seminar consisted of 12 papers
from invited speakers, and 119 papers from participants in which 72 papers will be
presented orally and 47 papers will be presented as posters. The invited speakers
come from several different countries including Australia, England, Japan, South
Korea, South Africa, Sweden, Switzerland, United States of America, and of course
Indonesia. The presenters for supporting papers come from several countries namely
Malaysia, Thailand, Turkey, Iran, Irak and Pakistan, as well as from 22 different
universities and research institutes in Indonesia.

This is a great opportunity for all of us to share knowledge and experience
regarding the advanced development of animal science and technology in different
part of the world especially related to the recent climate changes which may interferes
animal production system. By closely collaborating and sharing information we will
be able to overcome the problems better, faster and more comprehensive.

On behalf of the organizing committee, I would like to express my sincere
thanks to Directorate General of Higher Education - Ministry of Education and
culture for funding this seminar through Himpunan Profesi Grant, also to PT. Napindo
Media Ashatama for partly funding the seminar and to Director General of Animal
Livestock and Animal Health Services — Ministry of Agriculture for his support and
collaboration. Thanks are also addressed to our sponsors namely PT. Nutreco, PT.
Cheil Jedang, PT. Sinta Prima Feedmill, PT. Kaltim Prima Coal, CV. Swen IT. This
seminar is also supported by some units of Bogor Agricultural University namely
Department of Nutrition and Feed Technology, Department of Animal Production
and Technology - Faculty of Animal Science, Graduate School, Diploma Program,
and Graduate Business School.

Last but not least, [ would like to thank the organizing committee who has been
working very hard to make this seminar a successful event. For all participants, I
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apologize for the inconveniences before, during, and after the seminar. I wish all of
you will have a great time and a fruitful discussion. Thank you.

Jakarta, July 5th, 2012
Chairperson of Organizing Committee
Prof. Komang G. Wiryawan, Ph.D
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FOREWORD FROM CHAIRPERSON
OF ORGANIZING COMMITTEE

Ladies and Gentlemen,
Assalamualaikum warahmatullahi wabarakatuh

First of all, I would like to extend my warm welcome to all participants of the
Second International Seminar on Animal Industry 2012 to Jakarta Convention Centre.
Together with us in this seminar are delegates from various parts of the world: South
Africa, Switzerland, Japan, Australia, UK, Sweden, South Korea, Pakistan, United
States of America, Turkey, Iran, Irak, Thailand, and a part from the local delegates,
our colleagues from various universities in Indonesia: from Sabang to Merauke,
representatives from the government livestock service agencies, research centre as
well as businessmen.

It is an honor for me, the Dean of Faculty of Animal Science, Bogor
Agricultural University to be able to host such an important seminar. Let me begin
by acknowledging the Napindo Media Tama Limited Corp. and Animal Scientist’
Society of Indonesia for their collaboration in organizing this event. In this special
occasion I would also like to express my appreciation to Dr. Ir. Suswono, MMA,
the Indonesian Minister of Agriculture for his support and encouragement. We
also extend our gratitude to Directorate General of Higher Education, Indonesian
Ministry of Education and Culture as main sponsor of this seminar. My appreciation
also goes to all invited speakers for their willingness to share their knowledge and
vision with us. To the contributors and sponsors, I would like to express my great
thanks. To all members of steering and organizing committee, I would like to express
my deep appreciation for their effort to make this event successful.

Ladies and Gentlemen,

Global climate changing is a subject that is very intense we hear lately. It
affects all sectors of our life including animal production system. The ability of
our stakeholders to adapt to it will determine our survival. The emphasis of the
seminar is on animal industry as this sector is seen as a leverage factor of the
animal production system. The development of animal industry is vital in producing
significant contribution of animal production system as a whole.

The objective of this seminar is primarily to present the development of
science and technology innovations in animal industry, to disseminate the results
of animal research on livestock production improvement, to broaden perspectives
of stakeholders on potencies, prospects, and constrains on animal industry. Issue
strategic with respect to animal breeding and genetic, feed and nutrition, animal
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management and production, animal product’s technology, socio-economic and
policy, as well as animal disease and its prevention will also be discussed in depth.

Ladies and Gentlemen,

As we are all aware, the impact of globalization upon us is becoming manifest.
To be able to join the mainstream, we have to improve our local competitiveness and
uniqueness through optimalization of our local resources utilization. What needs to
be strengthened may include persistency of culture identity since animal production
systems in several countries are not only socio, technologic or economic aspects of
the people. It is a culture of life.

Ladies and Gentlemen,

Over the next two days, I believe you will be discussing issues and matters
regarding the empowering local resources for sustainable animal production in
adapting to climate change. This seminar will include discussions based on more
than 119 paper presentations that cover issues and topics encompassing animal
breeding and genetic, feed and nutrition, animal management and production, animal
product’s technology, socio-economic and policy, as well as animal disease and its
prevention. I believe you will find such topics interesting. Because the speakers are
well known in their respective fields and will be able to provide you with the current
state of the art of animal industry development in their region.

On this occasion, we will have the opportunity to work together to improve our
contribution to animal industry development for the future. We have been fortunate
enough to be given a great opportunity whereby we can learn from each other. I also
hope that all of you will use this opportunity to strengthen the existing network. I am
sure that all participants will greatly benefit from this seminar.

Let’s get our act together for excellence and quality in research so that we can
improve our contribution to the development of animal industry in the future.

Wabillahi taufiq wal hidayah
Wassalamualaikum warahmatullahi wabarakatuh

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

Thursday, 5 July 2012

) Ballroom
Time
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 ngcome Address from Rector of Bogor Agricultural Prof. Hery Suhardiyanto
University IPB
Opening and Keynote Speech by Minister of Agriculture | Minister of Agriculture,
09.30-10.00 . . . .
of Republic Indonesia Republic of Indonesia
10.00 = 10.10 Declar'at|.on 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
Plenary 1 :
10.40 - 10.05 - - - - Prof. Goran Anderson, Ph.D.
Animal genetic potency for climate change adaptation
Plenary 2 :
11.05-11.30 [ GM and non-GM rumen microorganisms in enhancing | Prof. Jong K. Ha
animal productivity
Plenary 3 :
11.30-11.55 [ Mitigation of fermentation gasses through modification of | Dr. F. Leiber
nutrient metabolism
Plenary 4
11.55-12.20 , — , , — Prof. Fukuda
Carrier protein in milk : basic and potential application
12.20-14.00 | Lunch and Poster Session
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Room A
Moderator : Room B Room C
Time Prof. Cece Sumantri Moderator: Moderator:
(Genetic, Breeding and Dr. Ir. Idat G.P Dr. Ir. Asnath M. Fuah
Reproduction) (Feed and Nutrition) (Animal Manag. & Prod)
14.00 | M. A. Yaman™; Yurliasni., A. Hayirli* V.S. Lestari* &
- Zulfan & M. Daud S.N.Sirajuddin
14.15 | Improvement The Genetic Managerial and Nutritional Factors Affecting to Biosecu-
Potential of Local Chicken by Strategies to Minimize Lacta- rity Adoption on Laying Hen
Combination of Crossbreed- tional and Reproductive Losses | Farmers
ing, Selection Method,Cellular in Heat-Distressed Dairy Cows.
Analysis and Nutritional
Requirements to Produce the
Candidate of Local Layer
14.15 | M.I.A.Dagong, *, C. [.Badarina®, D. Evvyernie, | M. Ma’sum™ & A. Saleh
- Sumantri, R.R. Noor, R. T.Toharmat, E.N Herli-
14.30 | Herman & M. Yamin yana, L.K. Darusman
Polymorphisms of Calpastatin Biodegradation of Coffee Husk | The Perception of The Slaugh-
(CAST) Gene and It's Associa- | Substrate During The Mycelial ter Cattle’s Farmers o Imple-
tion with Physical Meat Quality | Growth of Pleurotus os- mentation of Artificial Insemina-
in the Local Sheep treatus and The Effect on/n | tionin Three Central Area of
Vitro Digestibility Slaughter Cattle in Indonesia
14.30 | A. Anggraeni* H. D.Yulistiani* A. Budiman, I. Herna-
- Hasinah, S.A. Arta, man*, & D. Latipudin
14.45 | B.Tiesnamurti, R. Misri-
anti, &E. Andreas
Genetic Variation of the IGF and | Ruminal Fungi Colonization Utilization Of Datura metel
OPN Genes in Holstein-Friesian | of Stem Tissue of Untreated Linn. to Decrease Transporta-
Dairy Cattle of Historical and and Urea Treated Rice Straw tion Stress on Sheep
Non-Historical Twins Varieties
1445 | E. T. Margawati*, Paskah | M. Amizi*, A., Yazid, M.E., | S. Baba*
- P. Agung & Muhamad A.Razak, M.N ,M. M.
15.00 | Ridwan Ismail & M. A. Islam
Oil Palm Fronds (OPF) as
Genetic Marker Approach for Potential Affordable Source of Barrier to Adoption of Biogas
Confirming the Existing Twin- Feeds for Ruminants for Small | Technology in South Sulawesi
ning Trait in PO Cattle Holders
15.00 | E.M. Sari*, R.R.Noor, C. Fatmawati
- Sumantri. Margawati.E. T
15.15 | Carcass Traits Association with | In Vitro Digestibility of Lam-
GH/Alul Gene Polymorphismin | poyangan Grass (Panicum
Indonesian Aceh Cattle Sarmentosum Roxb) in Form
of Hay and Silage
COFFEE BREAK
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Moderator :
M. Baihagqi, S.Pt.,M.Sc.

Moderator :
Dr. Burhanudin Sundu

Moderator :
Dr. M. Amizi

(Animal Prod. (Feed and Nutrition) (Socio economic)
Technology)
15.30 | Il Arief*, R.R.A. Ma- R.W.S. Ningrat &Khasrad | A.Phianmongkhol*, T.I.
- heswari, T. Suryati & Wirjantoro, C. Chailungka,
15.45 | N.Kurniawati C. Prathum & A. Leota-
ragul
Protein Quality of Fermented Effect of Waste Products on Public Perception in Thai Native
Beef by Lactobacillus Plan- | Ruminal Microbe Population Chicken (Pradu Hang-Dum
tarum 1b1 and Rumen Charateristics /n Chiang Mai) via Food Contests
Vitro
15.45 | H.R. Ansari-Renani*, J.P. T. Rostini* & I. Zakir M. M. Ismail* & M. Amizi
- Mueller, B. Rischkowsky,
16.00 | S.M. Seyed Momen, O.
Alipour, M.Ehsani, S.
Moradi
Cashmere Quality of Raeini Evaluation of Complete Ration | Trade Performance of Meat
Goats Kept by Nomads in Iran Silage on Performance and and Meat Preparation Sector
Quality of Goat Meat in Malaysia : The Case of The
Non-Ruminant Sector
16.00 | Phianmongkhol, A. & T.I. Adrizal*A. Suprapto & Rahmawati, Y.P*H. C. H.
- Wirjantoro* Mirzah Siregar & L. Cyrilla
16.15 | Various Properties of Salt Co- The Potency of Sugar Cane Productivity of Kalung Cricket
agulated Cheese Produced by | Waste Product for Supporting (Gryllus Bimaculatus)
Calcium Chloride and Calcium Sustainable Beef Cattle Feed Cultivation
Propionate Resources at Integrated Farm-
ing Center in Solok Regency,
West Sumatra
16.15 | Yamin, M.* &Rahayu, S M. Taghavi-Nezhad, M. Ashfaq & S. Al
- D. Alipour, P.Zamani,&
16.30 S.Yadegari
Wool Fibre of Local and The Effect of Essential Qils of Economic Losses Due to
Crossbred Sheep: Production, Spearmint on the /n Vitro Ru- | Delayed Conception of Dairy
Processing Technique and men Fermentation, Growth and | Animals Among Small Farmers
Performance Deaminative Activity of Amino in Pakistan
Acid Fermenting Bacteria
Moderator : Moderator : Moderator:
Prof. Erika B. Laconi Dr. Anuraga Jayanegara Dr. Asep Sudarman
(Feed and Nutrition) (Feed and Nutrition) (Feed and Nutrition)
16.30 | EF. Munier® & H. Hartadi Hermon* Suryahadi, K. G. | K. Fauziyah™ H. A.
- Wiryawan, H .Soedarmadi | Sukria, Burhanuddin
16.45 | Theobromine Contentin Cocoa | Effect of Energy and Protein A Model of Sustainable Rumi-

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

Contents of Dietary on Local
Beef Cattle Performance

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

mented Cocoa Pods Using
Phanerochaete Chryso-
sporium Supplemented By
Mangan (Mn) and Calsium (Ca)

17.00 | B. Sesarahardian® Rofiq, M.N, S. Martono*,, Nahrowi*, M. Ridla,
- M. Gérglilii, & M. Boga A. Jayanegara, E.B.
17.15 Laconi,&A.D. Lubis
Effect of Prebiotic on Broiler Combination Effect of Clove Cell Wall Polysaccharides of
Performance : A Meta-Analysis | and Cinnamon Qil on In Vitro | Some Fungi and Its Potency as
Rumen Gas and Methane Novel Additive Source in Poulry
Production
17.15 Suparjo*, E.B.Laconi, K.G.
- Wiryawan,D.Mangunwi-
17.30 djaya
Evaluation of Nutrient Digestibil-
ity Of Goats Fed on Biofer-
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Friday, 6 July 2012

) Ballroom
Time
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 | Plenary5:
Prospect and challenges of animal agribusiness in Dr. Arief Daryanto

Indonesia

09.00-09.25 | Plenary6:

Customer preference on meat commercial cut
09.25-09.50 | Plenary7:

Improvement of local feed resources to increase nutrient |  Prof. E.R. Orskov, Ph.D.
efficiency to support sustainable animal production

09.50 - 10.15 | Coffee Break
Moderator : Prof. Dr. Ir. Dewi Apri Astuti, MS.

Prof. Dr. L.C. Hoffmann

10.15-10.40 | Plenary 8: Dr. Henk Enting
Sustainability in Animal Production: Animal Nutrition (Global Technical Manager
Perspective Poultry)

10.40-11.05 | Plenary9:

Planning Dairy Development in Tropical Asia
11.05-11.30 | Plenary 10:

Development of tropical forages
11.30-11.55 | Lunch and Poster Session

17.00-17.30 | Closing Ceremony

John Moran

Prof. Max Shelton

Time Room A Room B Room C
Moderator : Moderator: Moderator:
Dr. Despal Dr. Desianto Dr. Anneke Anggraini
(Feed and Nutrition) (Feed and Nutrition) (Animal Manag. & Prod)
14.00 | D.R. Lukiwati*, T. W. Suharti, S.*, N. Aizah, D. M. Younas™
- Agustini, B.A. Kristanto, M. Suci, D.A. Astuti & E.
14.15 | Surahmanto Wina
Production and Nutrient Uptake | /n Vitro Fermentation and Effect of Climate Change (Heat
of Sweet Corn with Manure Bacterial Protein Synthesis Stress) on Livestock Production
‘Plus’ and Inorganic Fertilizer in the Different Diets Supple- in Pakistan
mented with Lerak Extract
plus Mineral (Ca, P, Mg, S)
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14.15

14.30

N. R. Kumalasari*, E.
Bergmeier, & L. Abdullah

M. Sarwar*,M.Aasif
Shahzad, M.Nisa

M. Ulfah*, Mulatsih, S., N.
M. Nurapriani, N. M.

Diversity and Potency of Weed | Effects of Feeding Different The Characteristic of Farming
on Rice Field for Ruminant Level of Dietary Protein with or | System for The Walik Chicken
Feed in Java without Probiotics or lonophores | in West Java, Indonesia
on Performance of Growing
Kids
14.30 | Karti, PD.M.H.K*, L. A.Sudarman®, K.G. Wiry- | Rudi Afnan® & Martina
- Abdullah, D.A. Astuti,., N. awan, & A. Purnomoadi Gerken
14.45 | Kurniaty, & Nissa
Mineral Balance of Brachiaria | Reducing Methane (CH,) Long-Term Heat Stress in
humidicola Pasture which is Emission of Sheep through Relation with Productive and
Introduced with Legume Creep- | Supplementation of Coconut Oil | Reproductive Performances of
ing in UP3J And/or Palm Oil into the Ration | Slow Growing Broiler Parents
14.45 | A.Pebriansyah™, Panca Y. S. Nur*, K. G. Wiry- Najamudin®, Amrozi, S.
- DM. H. K. &A. T. Per- awan, R. Syarief, Agungpriyono, T. Las-
15.00 | mana Nahrowi wardi, Yusuf
Role of Arbuscula Mycorrhizal Palm Press Fiber-Cr Organic Anatomy and Morfometry of
Fungi (AMF) in Overcoming Fermented As An Forage Alter- | Male Reproductive Organ
Drought Stress Of Several native For Sheep of Mouse Deer (Tragulus
Tropical Grasses (Chloris Javanicus)
Gayana, Paspalum
Dilatatum, and Paspalum
Notatum)
15.00 | L. Abdullah I. Prihantoro® Y. Sari, (Ulupi N¥, I.1. Arief, B.
- L.Riyanti, Enggar, Brahmantiyo & KE. Ri-
15.15 D.Evvyernie Amirroenas, wayati
T.Toharmat)
Indigofera zollingeriana : A | Nutritive Values of Forages Effectiveness of Lactobacil-
Promising Forage and Shrubby | Evaluated Using A Mixed Bac- lus acidophilus as Biocon-
Legum Crop for Indonesia teria Isolated from The Rumen | trol to Prevent Salmonella
Liquor of Buffalo enteritidis Infection on Laying
Hens
COFEE BREAK
Moderator: Room C Moderator:
Prof. Toto Toharmat Moderator : Dr. Yantyati Widyastuti
(Feed and Nutrition) Prof. Iman Rahayu (Feed and Nutrition)
(Feed and Nutrition)
15.30 | A.S. Tjakradidjaja™®, K. G. Hafsah*, N.Marfuah, B. Sundu?, U. Hatta &
- Wiryawan, M. Afriyanti) Sugiarto H.B. Damry
15.45 | Fermentability and Digestibility | Cholesterol Contents and Comparison of Mycotoxin Bind-
(In Vitro) of Ration Containing | Carcass Composition of Broiler | ers in the Aflatoxin B1-Contami-
Crude Curcin Extracted from Meats Fed by Different Level of | nated Broiler Diets
Jatropha curcas L. Seed Garlic Meal
Meal by Microbes from The Ru-
men Fluid of Cattle and Buffalo
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15.45

16.00

Despal®, N.A. Qitri, K.B.
Satoto & I.G. Permana

D. Biyatmoko™ & T.
Rostini

Khalil*

Comparison of portable and The Supplementation Effect Improvement of Nutritive
static types of silo on silage of Fish Qil, Corn Oil and Zinc Values of Local Feedstuffs As
quality of total mixed ration con- | in Fiber Ration on Cholesterol Mineral Sources for Kampongs’
tained ramie leaves (Boehmeria | Profile, Omega-3 Omega -6 of | Laying Hens
nivea, L. GAUD) Alabio Duck Egg
16.00 | D.A. Astuti*, S. Rahayu, T. Budiati*, G. Rusul, W. | S. Mawaddah*
- B. Satoto, R. Priyanto, L. N. Wan Abdullah , Y.M. W.Hermana, W.G.P iliang
16.15 | Khotidjah, T.Suryati and Arip, R. Ahmad
M. Baihaqi
Blood Metabolite Status Of Lo- | The Bacteriological Quality of The Content of Choles-terol,
cal Sheep Fed With Indigo- Chicken Offal and Spoiled Egg | Fat, Vitamin Aand E in the
fera Sp. As Feed For Catfish and Tilapia | Meat, Liver, and Eggs in
Rearing in Penang, Malaysia Japanese Quails Given Katuk
Leaves Extract in the Diet
16.15 | Permana, I.G™. Suryahadi, | E. Sulistyowatr*, T. Rostini, | T. Pasaribu, M. Prayuwi-
- & E. Qurimanasari Suharlina, I. Martaguri, R. | dayati*, R, Palupi, K. G.
16.30 Muthia, A. Sudarwan, & K. | Wiryawan, A. Sudarman,
G. Wiryawan & R. Mutia
Greenhouses Gases Emissions | Production Performance of The Effects of Dietary Energy
from Dairy Cattle in Indonesia Broiler Chickens Fed Gluco- Sources on Immune Organs of
genic and Lipogenic Diets Broiler Exposed Heat Stress
16.30 | Suryahadi*, A. S. Tjakra-
- didjaja & D. Sunaryo)
16.45

Improving Production Perfor-
mance of Peranakan Ongole
Cows and Nutrient Digestibility
of Rice Straw Based Diet with
Supplementation and Complete
Feed
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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

Introduction

Manipulation of ruminal fermentation has been one of the preferred methods
in improving the performances of ruminant animals and rumen microbes have
been extensively used for manipulating rumen ecology. The contribution of
rumen microbes in its ecology has been partially defined with predominant rumen
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bacteria; Butyrivibrio fibrisolvens, Prevotella ruminicola and Streprococcus bovis
which occupy a large population in the rumen and this fact allows them to be a
proper target for genetic manipulation (Selinger et al., 1996; Ekinci et al, 2002).
The leading purposes of genetic manipulation of predominant rumen microbes are
increasing the fibrolytic activity, detoxification, limitation of protein degradation
or improving microbial protein synthesis in the rumen (Forano and Flint., 2000).
Although some successful evidences have been reported under in vitro conditions,
efficacy of genetically modified rumen micobes has been marginal under in vivo
conditions. Usage of non-GM rumen microbes can be an alternative way to avoid
the potential risks of GM microbes. Some of recent areas of interest with non-
GM rumen microbes are increasing the amount of CLA and mitigation of methane
production. This paper will briefly discuss potentiality of GM and non-GM rumen
microbes in enhancing animal productivity.

Genetically modified rumen microbes

The principal purpose which genetic modification has been intended during
several decades is adding the beneficial traits (improvement of fiber digestion and
amino acid synthesis, reduction of dietary protein degradation and alleviation of
effect of toxic materials) (Gregg et al., 1994; Teather., 1985) into rumen microbes for
their efficient fermentative action in the rumen. This modification strategy mainly
targeted into the predominant ruminal bacteria including B. fibrisolvens, S. bovis and
P. ruminicola (Forano and Flint., 2000). These efforts resulted in the construction of
various kinds of GM microbes.

GM microbes often re-introduced into the rumen ecosystem for confirming
the survival rate and capacity to be dominant in its environment but the period of
survival was quite restricted, besides they usually do not maintain their recombinant
traits (Kobayashi and Yamamoto., 2002; Krause et al., 2001). It is believed that
foreign fibrolytic enzyme genes did not act properly in the rumen ecology. Inhibition
by antibacterial-agent, bacteriocin, existed in the natural rumen ecology can be
partly responsible for this. Despite non-significant impact on rumen fermentation
and production with GM microbes, B. fibrosolvens transformed with fluoroacetate
dehalogenase gene is regarded as one of positive examples (Gregg et al., 1998).
Retaining the adequate population of recombinant bacteria to stabilize in the rumen
is crucial factor for detoxification. In this experiment GM B. fibrisolvens maintained
its population above 10° cells per ml and this was enough to detoxify the toxic
molecule in the rumen ecology.

Despite successful expression of heterologous genes in the rumen microbes,
the GM microbes have not been directly applied to the animal industry because
of its potential risks. Possible gene transfer between rumen microbes and related
environment or changes in the traits of rumen microbes are the most important
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factors for examination of GMQO’s risks Forano and Flint., 2000). Though the risks
of GMO are vague, the acceptability of GMO by the public who directly consume
the animal products is usually low. Due to the difficulty of public agreement on
certain evaluation criterion, assessment of GMO’s risk is not yet fully constructed.
Because the advantage of genetic modification is distinct and efficient use of this
technology can be beneficial to animal industry, scientific standard is needed for the
proper utilization of GMO.

Non-GM rumen microbes

Since the usage of GM microbes has restricted in most countries due to their
potential risks, many research have been focused on another approach with Non-
GM microbes. Microbes isolated from the rumen could be re-introduced into the
digestive tract of ruminants hoping to enhance digestive functions.

Major bodies of research results are with rumen bacteria. Isolated rumen
bacterium Pseudobutyrivibrio xylanivorans Strain MzS5T was evaluated for its
possible role in the rumen ecology through in vitro studies (CEPELINIKet al., 2003).
This strain produced butyrate as a major product and fiber degrading enzymes, and
bacteriocin were also synthesized. Characteristics of this strain such as providing
enengy to the colonocyte and reducing pathogenic bacteria may facilitate it as a
possible candidate for probiotics. Propionibacteria is also the available nominee
for the probiotics. According to the research by Stein ef a/ (2006) increased milk
production and the molar percentage of propionate were detected in dairy cows
after the treatment of Propionibacteria. Y oung calves are main targets of probiotics
because this stage is important for infants to develop their pre-gastric fermentative
organs which are required for the efficient degradation of forage. Dosing probiotic
mixture compound which consisted of five rumen microbes increased ADG,
improved fibrolytic action and decreased incidence of diarrhea in young Holstein
calves (Aldana et al., 2009). Since dairy cows need proper controlling for parturition
and calving, probiotic supplementation is in a position to alter the rumen fermentation.
Megasphaera elsdenii is well-known lactate-utilizing bacterium and Aikman et al.
(2011) inoculated this bacteria into the rumen for the purpose of reducing rumen
acidosis at the postcalving period. Though ruminal pH did not show significant
change, dosing the bacterium resulted in lower acetate : propionate ratio and less
fluctuation of ruminal pH and other positive effects on the animal performance such
as milk production and energy balance. Similar positive response to the addition of
rumen fungi has been reported previously. Rumen fungi secrete various enzymes to
degrade fiber components, and some studies tried to use rumen fungi as probiotcs.
Piromyces sp. isolated from goat improved digestibility and total VFA production in
vitro, but the same culture did not show any significant effect for heifers (Samanta
et al., 2008a,b)
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Interests in CLA which has beneficial effect on humen health have been
increased from the decades upward (Wahle ef al., 2004) and extensive research
efforts have been made to elucidate the mechanism of CLA formation in the rumen
and to find ways of enhancing the process. However, only a few studies looked
at possibility of using rumen microbes to enhance CLA production in the rumen.
Rumen protozoa are able to synthesize CLA by the isomerase activity though they
cannot convert the CLA to others including vaccenic acid and stearic acid (Or-
Rashid et al., 2008). Among the classified rumen bacteria, Butyrivibrio fibrisolvens
which is prevalent in the rumen isomerlizes linoleic acid at a higher rate than other
ruminal microbes (Maia et al., 2007). B. fibrisolvens MDT-5 isolated from rumen
of goat by Fukuda et a/ (2006) was used as CLA enhancer in the rumen. The strain
was believed to have high linoleic acid isomerase activity and no CLA reductase
activity. By analogy with this successful result of MDT-5 which show increment of
CLA in pet animals, there is possibility of obtaining beneficial effects by using the
same strain with domestic animals, although it is uncertain with ruminants which
already have CLA-producing bacteria in their own environment.

Methane is major green house gas produced by diverse activities including
agriculture industry. Among the agriculture aspect, ruminants take the great
possession of methane production through their enteric fermentation. Therefore
reducing methane emmision by ruminants is emphasized. Present approaches can
be classified into largely two strategies. First approach is through improving the
quality of nutrition supplied to the animals, so that more product may be produced
per unit of methane. Secondly, through the modification of rumen fermentation
using various methods actual production of methane can be reduced in the enteric
fermentation (Igbal er al., 2008). Homoacetogens are able to utilize H, coming
from fermentation of feeds in the rumen. Removing hydrogen from the mechanism
which was naturaly used by methanogens to produce methane is beneficial for
animals, because if homoacetogen convert the CO, to acetate with hydrogen, the
acetate generates energy for the animal and contributes to the animal productivity.
Lopez et al. (1999) defined the competition ability of homoacetogen incubated with
ruminal fluid including methanogen in vitro. Without any additives, homoacetogens
did not reduce methane production, though the amount of methane was reduced
after treatment with 2-bromoethanesulfonic acid. Paul ef al. (2011) reported about
novel sulphate-reducing bacterium(SRB), Fusobacterium sp, and characterized its
available role in mitigating methane production in vitro. Sulphate reduction could
be better options for removing hydrogen from the rumen ecology because these
bacteria could compete with methanogens and homoacetogens for utilization of H,.
After incubation with novel isolated SRB, concentration of methane was reduced
and the population of SRB also increased. Much more information is needed to
apply the same technology to practice.
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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. Atthe 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

Introduction

Animal producers around the world are currently faced with the common
challenge of trying to feed the seven billion people on earth with an ever-diminishing
supply of natural resources. Not only are there global decreases in the amount of
suitable land available for farming, butthere are also a number of other universal
hardships being faced, such as extreme weather patterns, degradation of land due
to unsound farming practices and increases in zoonotic diseases. The only manner
by which the production of meat protein can be increased is for animal producers
to become more scientific in their production methodologies. This will almost
certainly necessitate an increase in the intensification of animal production systems.
Nonetheless, modern consumers are frequently expressing aversions to consuming
meat that is derived from an intensive ‘factory-like’ production system.

The intensification of animal production invariably leads to theprovision
of balanced feeds to the animals. This brings the needs of the animals into direct
opposition with those of humans, where both would be competing for protein
and energy resources such as those typically supplied by cereals and other crops.
Additionally, a strong contender for these energy resources is the bio-fuel industry.
This has caused many of the feedlot industries to use metabolic enhancers (Dikeman,
2007; Hansen, Frylinck& Strydom, 2012) so as to improve the food conversion
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efficiency of the system. On the other hand, the use of antibiotics in feed are a common
practice in the poultry industries, and to a lesser extent in the pork industries(Sofos,
2008). The use of stimulants and antibiotics, however, once again leads to mixed
perceptions among consumers, primarily since different countries may permit or
ban the use thereof.

Another major challenge faced by food producers is to ensure that highly
perishable products reach the market in a‘safe’ manner, with a minimal decrease
in quality. A large proportion of the meat production in the world is from regions
that are situated far from the market, such as is the case in the South Americas.
Such situationsdepend critically on the maintenance of the cold chain throughout
transportation so as to minimise post-harvest waste. The transportation of meat across
the globe also has implications in terms of the costs and the carbon footprint. The
latter, in particular, has led to consumer movements in some first-world countries
that promote the purchasing of*“locally produced”foods sincethese are perceived to
be more sustainable or environmentally-friendly.

Another major socio-economic challenge currently being faced relates to the
fact that a large proportion of the world’s people do not possess sufficient financial
means to purchase high-quality protein sources, such as those produced from animals.
In stark contrast, another portion of the world population may have a great surplus
of financial resources and these individuals can often be highly critical in their food
choices. In the latter case, extrinsic cues such as the carbon footprint and animal
welfare issues associated with the production process become increasingly important
purchasing drivers (Grunert, 2006) and the more affluent consumers are frequently
willing to pay a price premium for their choices (Bennett, Anderson &Blaney, 2002).
Although many producers have a strong social responsibility towards feeding the
world’s population, they are also faced with the reality of having to be economically
viable. In other words, farmers will not produce food unless it is economically
feasible for them to do so. According to the United Nations Food and Agricultural
Organization (FAO), agricultural output will need to increase by 70% by 2050 in
order to feed the world’s population. Such a forecast will require the production of
another billion tonnes of food grain and 200 million tonnes of livestock meat. The
key to increasing food production from animals will rely on the improvement of
productivity through selectively using genetic technologies to breed for increased
animal production criteria (Gao, Zhang, Hu & Li, 2007; Allan & Smith, 2008). These
breeding objectives should simultaneously also address welfare-friendly objectives,
such as enhanced disease resistance (Thomas, Scollan& Moran, 2011). Other means
of fulfilling the predicted requirementsmay include the breeding of animals that are
appropriate or well-suited to their environments (Silanikove, 2000;Gregory, 2010;
Craine, Elmore, Olsen &Tolleson, 2010; Bell, Charmley, Hunter & Archer, 2011).

Although all indications are that the price of meat as a protein source will
continue to increase in the future, the demand for this commodity is also set to increase.
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The increase in demand is strongly linked to the huge increase in buying power from
China and India. The wealthier consumer, who can afford red meat, is frequently
also a well-educated and travelled person who places value on the quality aspects of
the meat (Martelli, 2009). However, this perceived quality is multi-dimensional and
includes sensory quality, healthiness, convenience and process characteristics like
animal welfare and production (frequently ‘organic’) systems (Grunert, 2006). The
pressure on red meat sales due to the worldwide economic recession has caused a
reappraisal of the factors which influence its appeal to consumers, which ultimately
all comes back down to the quality of the meat. According to Wood, Enser, Fisher,
Nute, Richardson &Sheard (1999), some of the factors determining meat quality
include the absence of microbial hazards, the prevention of animal exploitation, the
sensory appeal of the meat and the perceived healthiness, especially in relation to
the amount and type of fat.

Sensory Quality

Irrespective of the purchasing ability of the consumer, each individual inevitably
wants to have the best eating experience for their money. In the lower income groups,
meat is eaten for its nutritional value, while in the higher income groups it is often
consumed for the eating experience itself. In fact, the consumption of meat is seen
as a sign of prosperity and wealth. Thus, as the wealth of a community increases,
sodoes their meat consumption (Aaslyng, 2009). However, the type and amount of
meat consumed is influenced byother factors, such as gender, age and marital status.
Men eat more meat in general and a greater proportion of red meat than women
(reviewed by Aaslyng, 2009). Additionally, older people typically eat more meat
in general and a greater proportion of red meat than children. Families also tend
to eat more meat than single people. Interestingly, Aaslyng (2009) notes that less-
educated, adult men exhibit one of the highest levels of meat consumption, while
young, well-educated women show one of the lowest levels of consumption.

It is self-evident that the traditional manner in which meat is prepared will
influence the quality descriptors. A consumer eating a fresh steak will have different
quality cues compared to one eating a traditionally dry/smoked or stewed meat
product. Although a large amount of research has focused on the quality attributes
of fresh meat (typically consumed as steaks), the desire for greater convenience in
meal preparation has also resulted in an increase in the consumption of ready-to-eat
meat products. The quality attributes of these would also differ and be more focused
on perceived healthiness (fat levels, cholesterol, salt concentrations) and ease of
preparation and consumption, with time-saving being of essence.

Ultimately, meat is consumed for pleasure. For fresh meats such as steaks, chops
and roasts, three sensory attributes are of major importance for the hedonic value of
the meat: tenderness, juiciness and flavour (both in the presence of fried flavour and
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the absence of off-flavours) (Aaslyng, 2009). These three attributes have received a
huge research focus in the past and will continue to receive attention in the future.
The value of each characteristic also differs within each situation. For instance,
when meat is very tender, then the value placed on juiciness and flavour becomes
more important. However, tenderness is the most important of the three. It is now
well established that no single factor influences these characteristics, but that it is
rather a cumulative effect of a large number of factors that are extrinsic and intrinsic
to the animal itself. The modern scientific animal producer will use a number of
technologies (such as DNA markers for meat quality traits) and production systems
(intensive feedlot that restrict movement thereby minimising the effect of exercise
on muscle colour and toughness) to ensure that a fresh product is produced that
meets the expected hedonic value deemed appropriate by the consumer. However,
it is also known that a number of negative activities along the supply chain could
negate these technologies.Of special interest to the modern discerning consumer is
the welfare status of the animals in transit to the abattoir (see section 6).

The aforementioned quality characteristics are all applicable to cooked meat.
Prior to cooking, the meat has to be purchased and the primary quality characteristic
at this time is the visual appearance (colour of the meat). The colour of the meat is
determined by numerous extrinsic and intrinsic factors such as the age of the animal,
the environment in which the animal was raised (i.e. whether it was exposed to a
high level of physical activity), the muscle type, the concentration of myoglobin
pigments and then the chemical state of the myoglobin (Mancini, 2009; Mancini
&Hunt, 2005). Other factors such as ante mortem stress also lead to abnormal colour
developments, such as dark, firm and dry (DFD) or pale soft and exudative (PSE)
meat. The former is typically associated with the meatfrom ruminants, whilst the
latter is more frequent with that from monogastric animals. The stressor that causes
these abnormal phenomenon are typically induced by human-animal interactions
(Coleman & Hemsworth, 2012), but can also be caused by other factors such as
extreme weather fluctuations (King, Wheeler, Shackelford &Koohmaraie, 2009).

After the meat has been purchased and cooked, the next important quality
characteristic is the tenderness. This characteristic also plays a very important role
in the consumer’s willingness to repurchase the same product (Aaslyng, 2009).
Although it is well recognised that the age of the animal plays an important role in
determining the tenderness of meat (older animals have more heat stable collagen),
most animals slaughtered in intensive production units are young adults, of which a
large proportion are intact males. Age-induced toughness is thus generally of lessor
importance. Other factors such as ante mortem stress also play an important role
(King et al., 2009; Terlouw, Bourguet&Deiss, 2012) in terms of tenderness. When
animals experience stress, they frequently try and move away from the stressor,which
results in the metabolism of glycogen reserves prior to death. The entire aerobic/
anaerobic metabolism is influenced, causing thepost mortem lactic acid production
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(measured as pH) to deviate from the norm and resulting in either DFD or PSE.
This in turnimpactson the activity of the proteolytic enzymes that are responsible
for tenderising the meat (Devine ef al., 2006). Numerous strategies may be applied
in an attempt tonegate the decrease in tenderness, includingelectrical stimulation,
carcass suspension, chilling regime, aging, use of external enzymes, mechanical,
hydrodynamic shock, pressure and pre-rigor stretching (Thompson, 2002; Farouk,
Wiklund &Rosenvold, 2009). Nonetheless, all of these methods are costly, and the
quality of the end product still frequently differs considerably from that expected of
the fresh meat product. Of special note in this regardare the Bosindicus breeds that
are known to have higher levels of calpastatin, the inhibitor for the calpain enzymes,
causing the meat from these breeds to be tougher (Shackelford, Koohmaraie, Miller,
Crouse & Reagan, 1991; Strydom, 2006).

Juiciness is an important factor in the eating quality of meat, although its
importance is determined by the specific meat product being consumed.For instance,
juiciness is more important when consuming a steak than it is when consuming
that meat which has been cut into small strips for a stew. Whereas ante mortem
stress plays an important factor in determining the water-binding capacity of fresh
muscle (by influencing the rate of decrease of muscle pH as well as the final pH), the
main factor determining the juiciness of meat is the end-point temperature during
the cooking (Aaslyng, 2009).Increased amounts of intermuscular fat also increases
juiciness, especially when the meat is cooked at a high temperature. Aaslyng (2009)
noted that the most important factor to increase the juiciness of meat is to educate
the consumer on not over-cooking the meat. However, ethnic differences in food
preparation also have to be taken into account when addressing this parameter.

The flavour of any meat is a combination of its taste and aroma, which are
strongly influenced by additional factors such as mouthfeel and juiciness. Raw
meat has hardly any aroma and only a blood-like flavour. During the application
of heat, a complex series of thermally-induced reactions occur between the non-
volatile components of the lean and fatty tissues (Elmore &Mottram, 2009). Over
1000 volatile compounds have been identified in meat. Elmore &Mottram (2009)
reviewed the two main reactions that result in flavour development as meat is
cooked. The first is the Maillard reaction, occurring between the reducing sugars
and amino acids, and which is responsible for the typical meaty flavour and savoury,
roast and boiled character. The second factor is lipid degradation that results in fatty
aromas typically found in cooked meat. Inevitably, it is also the fat composition that
is responsible for the flavour and aroma differences between species (Wasserman &
Talley, 1968).

Thediethasastronginfluence on the fatty acid composition ofanimals, especially
when considering monogastric animals. In ruminants, the rumen microorganisms in
the digestive system have a major impact on the composition of fatty acids leaving
the rumen for absorption in the small intestine (Jenkins, 1993; Doreau&Chilliard,
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1997). Microbial enzymes derived from Butyrivibriofibrisolvensare responsible for
the isomerisation and hydrolysis of dietary lipids and the conversion of unsaturated
fatty acids (UFA) to various partially and fully saturated derivatives, including
conjugated linoleic acid (CLA: C18:2 cis-9, t-11) (c), trans vaccenic acid (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
occurring within the rumen ensure that the major fatty acid leaving the rumen is
C18:0. The uptake of UFA into the small intestine by ruminants is similar to that
in non-ruminant animals, but differs in the case of saturated fatty acids (SFA)
(Bauchart, 1993). The intestinal absorption co-efficient of individual fatty acids
is higher in ruminants than in non-ruminants, ranging from 80% for SFA to 92%
for polyunsaturated fatty acids (PUFA) in conventional low fat diets. The higher
absorption efficiency of SFA by ruminants has been attributed to the greater capacity
of the bile salt and lysophospholipidmicellar system to solubilise fatty acids, as well
as the acid conditions within the duodenum and jejunum (pH 3.0-6.0). The low pH
is due to a low concentration of pancreatic hydrogen carbonate which reduces the
conversion of SFA into insoluble calcium salts (which cannot be absorbed by the
enterocytes). However, triacylglycerol resynthesis in ruminants takes place via the
glycerol-6-phosphate pathway due to the virtual absence of 2-monoacylglycerol.
The resynthesized lipid is carried as lipoproteins, chylomicrons and very low density
lipoproteins (VLDLP) in the blood stream for uptake by the lipoprotein lipase
enzyme and incorporation into the tissues. An important difference between non-
ruminant and ruminant animals is that in the latter, the long chain PUFA, C20 and
C22, are not incorporated to any great extent into triacylglycerols, but instead are
incorporated into the membrane phospholipids and will be deposited in significant
amounts in the intramuscular tissue (Enser, Hallett, Hewett, Fursey& Wood,1996;
Offer, Marsden, Dixon, Speake& Thacker,1999).

Healthiness

The past number of years has been characterized by an increase in consumer
interest in their nutrition and health, which has resulted in the development of health
directives by governments for some food components, especially fats (Simopoulos,
2001).

Beef, Lamb and mutton contain high concentrations of SFA, so much so that
their PUFA:SFA ratio is lower than the recommended minimum value of 0.45 for
human diets. The excessiveconsumption of food with a high proportion of SFA is
a major predisposing factor to the risk of coronary heart diseases (CHD), hyperten-
sion, stroke, diabetes and obesity in humans, which has led to a worldwide decline
in red meat consumption (Webb, Casey & Van Niekerk,1994; Moloney, Mooney,
Kerry & Troy, 2001). Although the relationship between dietary fat and the in-
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cidence of diseases associated with the modern lifestyle are widely documented,
especially CHD (Kritchevsky, 1998, 2000) and various cancers (Wood et al., 2003),
this has also been challenged in the past few years (McAfee et al., 2010). As an ex-
ample, in a meta-analysis and review of epidemiological cohort studies, no indepen-
dent association could be found between the consumption of animal fat and breast
cancer (Alexander, Morimoto, Mink & Lowe, 2010). The low PUFA:SFA ratio of
ruminants is a consequence of the extensive biohydrogenation of ingested PUFA
by the rumen microorganisms, leading to the formation of trans-MUFAs and SFA,
which are then incorporated into the lipids in the muscle (Jenkins, 1993).

The degree of saturation of animal fats is influenced by its fatty acid composition
(Webb & Casey, 1995). Accordingly, the quality of fat is determined by the fatty
acid composition, which affects the palatability and shelf life. As mentioned, a
shift in fatty acid composition can be induced by means of dietary manipulation,
which will subsequently enhance the nutritional quality of red meat and fat quality.
Dietary manipulation strategies are also available that minimise biohydrogenation
of ingested PUFA in the rumen (Chikunya, Demirel, Enser, Wood, Wilkinson &
Sinclair, 2004).

Another aspect that has been the focus of consumer attention as pertaining to
red meat is the level of sodium (Na), due to its correlation with high blood pressure.
Epidemiological studies indicate a positive association between excessive intake of
Na, blood pressure and prevalence of hypertension (Appel et al., 2006). However,
the Na levels in fresh meat are low. Rather, it is frequently the high levels of salt
(NaCl) that are added to many processed meats consumed in the western diet that
leads to an elevation in the Na levels. However, consumers are generally not always
able to distinguish between the Na in fresh meat and that in processed meat.

Convenience

Within the current sophisticated world, the purchasing behaviour of the con-
sumer has changed. Typically in an economically vibrant society, time isofpremium
value and the modern consumer prefers the purchasing of a convenient product.
This product should either be a ready-to-eat (RTE) one or it shouldbe packaged in
such a manner that it requires minimal preparation time.The food industry has large-
ly addressed this consumer desire by developing and producing a variety of RTE
products which are now widely marketed in retail outlets across the globe. Since
RTE products generally require minimal processing on the part of the consumer, the
safety standards for these are normally stringent and are most often addressed by the
implementation ofa strong HACCP (Hazard Analysis Critical Control Points) plan
in most manufacturing facilities. In addition, a number of novel packaging strate-
gies have been developed to extend the shelf-life of RTE products, such as modified
atmospheric packaging (McMillin, 2008).
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With food safety and transparency in mind, most countries have nowenactedfood
labelling regulations that require that certain information be displayed on packaging,
which includes (but is not limited to) a full ingredient list, nutritional composition
data,recommended daily allowances (RDAs), as well as the declaration of certain
common allergens.A great deal of research, however, has shown that consumers
frequently experience difficulty in understanding much of the information presented
on food labels (Shannon, 1993; Sadler, 1999; Kempden, 2011). When individuals
do not understand labelling or information overload arises, they tend to avoid the
presented information altogether (Kaswell&Padberg, 1992) and food labels become
an ineffective information source and do not serve as successful purchasing drivers
(Kempden, 2011)

New innovative mobile phone technology now allows consumers to selectively
acquire additional information on certain characteristics of food products, and in
so doing, assists with their interpretation of food labels. Using such applications,
individuals are able to scan food product barcodes in store using their cellular phones
and they can thereafter browse information relating to the nutritional composition
of the product, the farm of origin, the carbon footprint and other pertinent content
relating to animal treatment and environmental sustainability. Another technological
trend geared towards convenience is shopping on-line, which permits consumers to
choose which products they wish to purchase without going into the store.

Although there has undoubtedlybeen an increased preference for convenience
foods, there has also been a recent consumer trend towards the purchasing of ‘home-
grown’or ‘locally-produced’ products, typically from weekend markets or farm-
stalls. The driving ideology behind this trend is that*home-grown’ and ‘local’ is best,
with all attributes linked to the modern concepts of organically-produced, carbon
foot print and so forth, which encompasses not only the production system but also
the value chain as pertaining to transport and packaging. Underlying the purchasing
of these products is a belief that they are healthy and safe to consume (Gellynck,
Verbeke& Vermeire (2006), which may not always be the case, especially where
there are no authorities to ensure that the necessary regulations are adhered to.

Process/production characteristics

Theresponsetoanimal welfareis largely a citizen response based on extrinsic and
intrinsic cues (Grunert, 2006). However, there are an increasing number of consumers
who are willing to pay more for a product that is perceived to have been produced in
an ethical manner, that includes accepted standards and norms as pertaining to animal
welfare (Bennett ez al., 2002; Napolitano, Girolami&Braghieri, 2010). Of course, the
credibility of the authentication authority is of utmost importance as pertaining to the
consumer’s willingness to pay for the product being endorsed (Martelli, 2009; Van
Loo et al., 2011). Animal scientists, food scientists and consumers all have different
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ideas and perceptions onthe definitions ofmeat quality. There are unquestionably
certain congruencies and divergences between producers and consumers (Sepulveda,
Maza&Pardos, 2011), indicating that the flow of information between these two
ends of the value chain requires further development. To an animal scientist, quality
would be linked to production performance, wherethe welfare aspects would be
underwritten by the following five basic principles: adequate air, water, and feed;
safe housing and sufficient space; appropriate complexity of the environment;
regular supervision and effective health care; sensible handling. On the other hand,
for a food scientist, quality would be linked to aspects measurable in the product,
such as pH, colour, chemical composition as well as sensory characteristics. For the
consumer, the following major dimensions have been identified which are considered
as being relevant to the quality of animal products: sensory characteristics, including
taste, odour, appearance, texture; healthiness, as animal-based foods are associated
with their composition; intake of essential nutrients but these are also frequently
deemed as potentially impairing human health (e.g. source of saturated fatty acids,
vector of infections or pollutants); convenience, concerning the ease of preparation;
and process characteristics, dealing with the way food products of animal origin
are obtained, including farming systems, even though these aspects may have no
effects on the other quality dimensions (Grunert, Beach-Larsen &Bredal, 2000).
Each dimension aims to satisfy consumer purchase motives or values within the
corresponding context (Grunert, 2006).

The animal producer is well aware that if they were to abide by the basic
principles of animal welfare, the production performance of the animals would be
improved. In dairy cattle, for instance, close human interaction with the animal will
result in better milk yield (Hemsworth, Coleman, Barnett, Borg & Dowling, 2002).
In young gilts, a positive experience with the stockperson will result in larger litter
sizes (Hemsworth, Barnett, Coleman & Hansen, 1989), however, an important
aspect in this regard would be the animal-stockperson interaction and the attitude
of the latter to animals (Hemsworth, 2003).1t is therefore in the best interest of the
producer to ensure that the animal is comfortable and has all its needs addressed. It
is also well known that the animal welfare, especially as relating to the ante mortem
stress experienced by an animal, will result in a decline in meat quality (Mach, Bach,
Velarde& Devant, 2008). However, in the developing world in particular, producers
frequently have no inputs into the value chain of the animal leaving the farm en
route to the abattoir, nor do they have any input on the activities associated during
the offloading, lairage and ultimately stunning and killing of the animal.Hoffman
and Liith1(2012), for instance,noted that there were numerous factors contributing to
the stress (bruising) of cattle during theirtransportation in Namibia that were outside
the control of the producer. Additionally, Hoffman and Fisher (2010) found that
the condition of the roads influenced the stress experienced by pigs en route to
the abattoir. Similarly, Huertaset al. (2010) also reported that the conditions of the
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road influenced the level of bruising and thus the welfare of cattle transported to
slaughterhouses in Uruguay. Alamet al. (2010) found that the treatment of cattle
and spent water buffalos in Bangladesh at the point of sale and during the transport
to the abattoir did not adhere to animal welfare guidelines. Most of the welfare
malpractices noted was caused by others along the process/value chain and not the
producer.lt is of further interest to note that as from 1 January 2013, all countries
exporting meat into the EU will have to meet the requirements of Council Regulation
(EC) No 1099/2009 (2009), which includes requirements in the following areas: the
layout, construction and equipment of slaughterhouses, handling and restraining of
animals and stunning and slaughter (Cassidy, 2012).

In some cases, the modern marketplace itself places requirements on the
producers that are actually detrimental to the animal’s welfare, for example, the
regulations found in most countriesrequiring that cattle be identified prior to
being slaughtered. This practice results in the excessive handling of cattle during
mustering in Namibia where the animals need to be hot branded for ownership
identification (Hoffman &Liihl, 2012). In the review by Gregory (2008), it was
concluded that the additional handling imposed by checking livestock passports
needs to be reconsidered and that the use of remote animal identification methods
may help solve animal welfare problems associated with the reading of ear tags.
For the modern consumer, the idea of a wet market where live animals are kept and
slaughtered in public is abhorrent, not only from the perceived inhumane treatment
of the animals, but also from the beastiality response invoked when the animal is
butchered in public. Gregory (2008) expands on the welfare issues related to wet
markets such as excess handling and rudimentary care.

Conclusion

It is clear that as the profile of the modern consumer changes, their requirements
for fresh meat and meat products are concurrently modified. Today, more emphasis
is being placed on the ethical production of meat and it effect on the environment.
Fortunately for the animal producer, ethical production and treatment for animals
is positively correlated with good welfare practices. To meet the increasing global
demand for animal protein, producers will need to become more scientific in their
production systems — even when farming extensively. An area where there will be
a rapid increase in the near future will be the genetic selection of animals to ensure
that their performance meets the requirements of the consumer.
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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

Introduction

Animal Feed in so-called developed and developing countries

In so-called developed countries much of the agricultural land is used for
producing feed for animals. In temperate zones animals graze in the summer and
other parts of the land are used to provide feed for animals to be used in the winter
where animals are kept indoors. The feed for winter maybe silage made from land
producing silage from grass or hay from good quality grass. Some of the agricultural
land can be used for fodderbeet and turnips for winter feed for animals. Some
of the grain is used mainly for animals. The straw may be used as animal feed
and bedding in winter and the barley grain used for concentrate feed for the farm
animals. Wheat gain is used mainly for human food.

In the following I will concentrate more on animal feed from so-called
developing countries in tropical and subtropical areas of Asia , including of course
Indonesia. Here the main product from agricultural land is human food while the
by-products are used for animal feed such as rice straw, wheat straw, rice bran,
wheat bran, cassava leaves, skin of cassava roots etc. While farm animals mainly
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cattle, sheep and goats may be grazing this would generally be on non agricultural
land such as hills and mountains and under trees in Agroforestry systems . Most of
the farmers are small farmers and the rural population is far greater than the urban
population.

Improvement of local feed resources for animals

I was asked to speak about how to improve local feed resources and here of
course we must speak about the main animal feed i.e. the by-products. Here I have
some experience from years ago! We developed a very simple tool to measure
the nutritive value of feed for ruminants namely the nylon bag technique (Qrskov
and McDonald 1979.) This technique made it possible to very rapidly determine
the nutritive value of feed for ruminants and one question that came to mind was
whether it was possible to improve the nutritive value of straw without affecting the
quality and quantity of grain. We tested 4 varieties of barley, the results of which are
given in Table 1 (Reid ef al., 1988).

The straw varieties were given ad libitum to steers which also receiving 1.5
kg of concentrate daily. It was very clear that there were quite large differences in
live weight gain varying from 106 to 400g/day. Also digestibility varied from 40.1
to 48.4% and feed intake varying from 3.4 to 5.2 kg per day

A student from India also tested 2 varieties of rice straw (Walli ef al 1998). In
the experiment described in Table 1 there were no differences in grain yield but
on the whole, plant breeders have paid no attention to the results and not selected
for straw quality putting all attention to grain yield and quality. In Indonesia rice
straw is probably the most important source of roughage and plant breeders could
pay more attention to whether the quality can be improved without affecting the
quantity and quality of rice grains. There may well be other by-products as mentioned
above which could be improved by selection without affecting the main product.
As mentioned before,there are simple techniques such as using nylon bags or gas
production which can be used to rapidly access the nutritive value of the feed. Plant

Table 1. Effect of variety of barley on straw utilization by steers also fed 1.5 kg of concentrate

per day
Variety rfl‘;?lgflfgr/yd Digestibility gﬁg’ﬁﬁi Gro‘;}g rate
Gerbil 3.43 40.9 7.23 106
Igri 3.56 41.21 7.16 126
Golden Promise 443 45.2 7.35 198
Corgi 5.16 48.4 7.82 400
SE 0.18 1.2 - 40
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breeders and animal nutrition experts need to work together to increase the value of
the crop by-products.

Storage of by-products

During parts of the year there maybe an excess of by-products so storage is
needed. Again there exist many methods which depend on type of feed, climate etc.
Straw can be stored easily if dry and straw stacks made so that rain cannot penetrate
them. For rice straw there is sometimes a problem as rice is grown in wet fields.
It is also possible to store in wet form. If urea is relatively cheap it can be used to
spray on the straws at about 4% of dry matter. Then the wet straw containing urea
can be covered with plastic the urea will hydrolyze to ammonia which not only will
preserve wet straw but also due to the alkali make it more digestible so animals can
eat much more of it, maybe 50% more dry matter compared to untreated straw.
Some by-products high in soluble carbohydrate maybe preserved as silage if the
carbohydrate can ferment to give a low pH.

Type of animal and animal products

For many small farmers small ruminants e.g. goats and sheep are very important.
They also serve as security or a type of bank. The feeds for small ruminants are often
different from those needed by large ruminants. Goats in particular are very selective
and very good at eating leaves from branches of trees which often form part of their
food. Many trees particularly leguminous trees e.g. Leucaena, Caliandra, Glyricidia
etc, have additional advantages in containing tannins which have anti-parasitic
properties and help to reduce problems of gut nematodes and coccidia (Mui et al
2005). Milk from goats is generally very much in demand. In many areas goat kids
are given milk from cattle as goat milk can be sold for considerably more than cattle
milk.

If rice is the main product it is also possible to let ducks do the weeding of the
field instead of using herbicides and pesticides. Ducks will excrete manure in the
rice field which in turn can fertilize plankton which can be eaten by fish. In Vietnam
(Minh et al 2006) showed that using this technique farmers income can be increased
several fold and even rice yield is increased without the need for herbicides.

Another aspect which can increase income for small farmers is installation of
small units for biogas production. These units are very important in Vietnam and
India and are increasing in Indonesia.The manure from animals can be fermented
to yield methane for cooking and the biogas slurry can be used as a fertiliser or in
some areas with plenty of water it can go through fish ponds to feed the plankton
for fish production.Thereafter that the water from the fish pond can be used for
fertilizer.
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Conclusion

There are several options available in so-called developing countries to im-
prove the efficiency and quantity of nutrients for sustainable animal production.
Since animal feed here consists mainly of crop by-products more work needs to
be done to understand the possibilities of improving the quantity and quality and
by-products without affecting quantity and quality of main products for human con-
sumption. Itis also necessary to know how best to preserve and improve the quality
of by products externally for instance by using urea. Other options depend on soil,
climate and socio-economic circumstances.

References

Nguyen Thi Mui, Dinh Van Binh and E.R. Orskov. 2005. Effect of foliages con-
taining condensed tannins and on gastrointestinal parasites. Journal of Animal
Science & Technology, 121, 77 — 87.

Nguyen Thi Minh, Le Viet Ly, E.R. Orskov, Margaret Gill.2006 The duck-fish-
rice system in agricultural sustainable development and poultry product safety
in Vietnam. X171 European Poultry Conference. Verona, Italy. 10-14 September
2006

Orskov, E.R. and McDonald, 1. 1979. The estimation of protein degradability in the
rumen from incubation measurements weighted according to rate of passage.
J. agric. Sci., Camb. 92, 499-503.

Reid, G.W., Orskov, E.R. and Kay, M. 1988. A note on the effect of variety, type
of straw and ammonia treatment on digestibility and on growth rate in steers.
Anim. Prod. 47, 157-160.

Walli, TK., Orskov, E.R. and Bhargava, P.K. 1988. Rumen degradability of straw.
3. Botanical fractions of two rice straw varieties and effects of ammonia treat-
ment. Anim. Prod. 46, 347-352.

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



Planning Dairy Development Programs in Tropical Asia

J. B. Moran' & J. W. Brouwer?

!Profitable Dairy Systems, 24 Wilson St. Kyabram, Victoria 3620 Australia,
Email: jbm95@hotmail.com
?SkyGlow Enterprises, Lot 825B, Jl Subang 6, 47510 Subang Jaya, Selangor,
Malaysia
Email: skyglow.asia@gmail.com

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

Introduction

The last 20 years of dairy research, development and extension in many
Western countries has produced quite sophisticated dairy production systems.
Herd sizes have grown, efficient feeding systems have evolved and many farmers
routinely monitor test results on their cows for milk production, composition and
quality and for mastitis. They then use this information for making decisions on
culling milking cows and for breeding genetically improved stock. High labour costs
have led to much mechanisation, such as machine milking, forage conservation and
feeding stock, while cows grazing at pasture are able harvest their own forages more
efficiently than can farmers. Low population pressures, hence relatively cheap land,
have allowed farms in Western countries to expand in both size and cow numbers.

Unfortunately this has not been the case for small holder dairy farmers in most
Asian countries. Being in the tropics, feed quality suffers from high temperatures,
humidities and often strongly seasonal rainfall patterns. Dairy cows are temperate
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animals with thermo neutral (comfort) zones closerto 10°C thanto 30°C. Furthermore,
high humidities reduce feed intakes which exaggerate the adverse effects of high
fibre forages on appetite. A good measure of heat stress, the Temperature Humidity
Index, shows milking cows in the lowlands of the humid tropics to be in the “high
stress” and “reduced performance” zones for much of most days throughout the
year. Many dairy specialists correctly argue that potentially high performance dairy
breeds, such as Friesians, may not necessarily be the best cattle genotype for tropical
regions, except in highland areas or those with low humidities.

There are many socio-economic reasons why the efficiency of small holder dairy
farming in Asia has not greatly improved over the last two decades. Granted, numbers
of cows has greatly increased in most Asian countries, largely through government
support for social welfare and rural development programs. The increased demand
for milk (accentuated through school milk programs) and the concept of national food
security are the driving forces behind most dairy development initiatives. However
in terms of feed inputs per kg of milk produced or farm milk outputs, improvements
have been slow. This is demonstrated by the inability of virtually all dairy industries
in SE Asian to markedly improve their self-sufficiencies in milk over the last 10
years (Moran 2009) hence reduce their reliance on imported dairy products.

In addition to the above biological constraints, the other major problem to
achieving national dairy development production targets has unfortunately been a
common human failing, namely an inability to properly plan for such initiatives,
in the short as well as the long term. This paper discusses this problem at three
levels, firstly at a regional dairy program level, secondly a “greenfield” or new farm
development level and thirdly, trouble shooting an existing dairy farm that is not
performing, even to expectations. Many regional dairy development projects involve
the construction of a series of medium to large scale dairy farms (say from 200 to
1000 milking cows) frequently on a “greenfield” site or one with little existing dairy
infrastructure. The third level occurs all too often when poor planning has resulted in
a new or existing farm that does not achieve realistic production and profit targets.

The importance of long term planning is paramount in any dairy development
program. We often hear the comment “Failing to plan is planning to fail”. Unfortu-
nately this applies to much of the dairy development around tropical SE Asia.

Planning dairy programs

Regional dairy programs

A common problem with many regional dairy development programs is the
desire to introduce the stock long before the infrastructure has been fully prepared to
support them. Importing pregnant dairy heifers provides a small window of opportu-
nity for their eventual calving and milk production, but all too often this window is
too small to prepare for their change to a lactating cow, requiring optimum feeding
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and herd management to settle into their new, often more hostile, environment.

Figure 1 lists ten steps that should be followed in any large scale regional dairy
development program. It is essential to organise markets, milk processors, physical
and social infrastructure before introducing stock. The actual cost of milk produc-
tion cannot be determined until the stock are on site and their actual, rather than their
predicted, levels of performance and required inputs can be quantified.

An additional step that overrides the success of all those in Figure 1 is a planned
and ongoing supply of finances to ensure each step actually occurs “on time and
on budget”. This requires a long term commitment from financiers well before the
program starts. This budget must incorporate realistic levels of cow performance
based on local information or estimates and not those from other, generally temperate
and hence less stressful, environments. The budget obviously needs to incorporate a
cash flow as well as long term loan repayments and should not plan for any profits
for several years into the programmed development.

A “greenfield” or new farm development site

Converting a greenfield site into a profitable and sustainable dairy farm also
requires careful planning. The steps to take are similar to those in Figure 1 except
that several of them would be taken for granted. For example, one would assume
that there is an existing market and milk processors (Steps 1 and 2) or at least one
that will definitely develop in time to utilise the raw milk from the new farm. En-
suring a sustainable feed supply (Step 3) and suitable staff (both managerial and
general farm staff, Steps 4 and 5) are essential prior to introducing the stock.

Step 6, training the staff, could be taken for granted as that would have been
ascertained prior to the project starting. The basic facilities must be constructed be-
fore the stock arrive. Of greatest importance, the assurance of sufficient and timely
supply of finances is essential to ensure the project does not stall at any step along
the way.

Probably the most important decision that needs to be made for a greenfield
site is the proposed stocking capacity, that is the number of milking cow units to
be maintained per ha of forage production area. One milking cow unit is one adult
cow plus 20% of its replacement heifer, that is assuming a 20% replacement rate per
annum. The farm should aim to supply as much of the annual forage requirements
as possible, to give the farm management team more control over the supply and
quality of such forages than if they have to be purchased off farm. The hardest part
of this decision process is the assumption of annual growth rates of such forages.
This has been discussed in detail by Moran (2005), who has concluded that to ensure
all forages can be grown on farm, such target stocking capacities should range
from 7 to 10 milking cow units per ha forage production area. Once this has been
decided, then a more realistic calculation can be made of the total tonnages of forage
that need to be purchased. The annual requirements for the other major dairy feed,
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namely concentrates (either formulated or sourced as raw ingredients) also needs to
be ascertained so that long term sources can be assured early in the project.
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By products 3. Feed supplies
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Figure 1. The ten steps to be followed in any regional dairy development program

Net cash flow means an estimate of farm expenses as well as farm income.
The majority of cash is generated by the sale of milk. The shape of the lactation
curve (Moran 2005) means that this can only be consistent from month to month
with careful planning to source dairy stock at several times during the early years of
the project, and not all at once. All too often such greenfield projects fail altogether
or require major cash flow revision because all the stock were introduced at the
same time.
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Hitting the “white wall”

The above highlights a classic scenario where “new” farmers enjoy a rapidly
increasing cash flow when all cows calf down over a short time frame. The farmer
often then increases his cash input, sometimes into lower priority investments,
neglecting the most important ones, such as maintaining a high quality (hence
high intake) ration as cows approach mid and late lactation and ensuring optimum
reproductive performance (using fertile bulls rather than depending entirely on
artificial insemination and ensuring all field staft develop skills in heat detection).
Persistency of milk production (as quantified by the average monthly decline in
milk yield from peak) is one of the often neglected, key measures of success of a
feeding program. It should be of the order of 8% rather than the all too common
12% or more (Moran 2005).

All too often herd milk production rapidly decrease as cows move into their
less productive phases of their lactation phase, reduced cash flows follow and the
farm’s net income declines to such an extent that it’s long term viability may be at
risk. Such scenarios are rarely made public as national pride can be at stake, hence
it is often repeated by new, inexperienced investors in dairy development.

Trouble shooting an existing dairy farm

This can cause the biggest problem because errors in design and construction
of facilities, shortfalls in supplies of feeds, particularly forages, and inadequacies in
managing the stock may have already introduced constraints on potential cow and
farm performance. We will discuss this using a theoretical case study based on an
actual situation.

A 150 milking cow free stall barn farm was established using pregnant grade
Friesian heifers, all imported at the same time, in a hot humid environment in
tropical SE Asia. Insufficient area was allocated to forage production and very few
staff had had much experience with tropical dairy farming. Within its first 5 months
of operation, milking stock were suffering from severe weight loss, stock (cows
and calves) were dying, milk yields fell to average only 7 kg/d, cows were not
cycling post-partum and there were increasing new cases of mastitis occurring every
month.

Over the following 5 months the farm management, with consultant advice,
were prepared to invest in a series of farm improvements which had dramatic
beneficial effects of cow and farm performance. Milk yields and body condition
increased and the cows started cycling. These farm improvements included:

e Developing more area for forage production

e Introducing a mixer wagon to allow for blending the ingredients and
mechanical feed delivery

e Concentrating on ration formulation to balance energy, protein and other
nutrient supplies
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* Introducing a fermentable energy and a rumen degradable protein source

* Incorporating a small amount of rice straw in the diet to provide physically
effective fibre

* Formulating lower cost rations to reduce feed costs

* Improving new born calf hygiene and colostrum feeding

* Routinely Californian Mastitis Testing cows followed by antibiotic treatment
of subclinical mastitis cases and culling chronically infested cows

* Purchasing bulls for natural mating, rather than planning to practice artificial
insemination

* Installing a water sprinkler system and cooling fans for better climate
control

* Introducing recording systems, using both note books and computer software,
to more closely monitor daily management practices

+ Establishing a computer system to quantify milk income less feed costs and
the proportion of feed consumed by non-productive stock each day

» Selling off bull calves and cull stock

 Initiating regular faecal and blood sampling and vaccination protocols for
better disease management

* Using pregnancy diagnosis and record keeping for better reproductive
management

» Importing pregnant stock with a range of expected calving dates

* Improving on farm biosecurity

Over a 12 week period, following these improved management practices:
* The number of cows dying decreased from 5 per week to zero
* Feed intakes increased from 8.4 to 15.0 kg DM/cow/day
* Average milk yields increased from 6.4 to 13.6 L/cow/day
* Body condition scores improved from 2.3 to 5.6 units (out of 8)
* The farm manager signed the consultant up for a further period
* The owner was seen more often with a smile on his face

Importing dairy stock from overseas

Very rarely, if at all, can dairy development programs rely on natural increases
of heifers to populate the new regions. Calf mortalities are just too high in most SE
Asian countries. For example, Moran (2011) reviewed the published data concluding
that a range of 15 to 25% pre-weaning and early post-weaning mortality rates would
be typical on many tropical dairy farms, in contrast to the 3 to 5% considered normal
on well managed dairy farms in developed temperate countries. Such high mortality
rates would also be indicative of large numbers of surviving calves that have suffered
permanent health problems leading to reduced lifetime performance. Therefore the
only way to source more dairy stock to improve farm and regional milk outputs,
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assuming they can be fed adequately, is through an active program of importation.
Australia and New Zealand seem to be the countries of choice, although Thailand
also has an active dairy heifer export market especially to Malaysia and Vietnam.

When considering importations of dairy heifers, there are two major decisions
to be made, namely what genotype is the most suitable and what age should they
be on arrival. Unfortunately all too often, the first is considered a “given” by many
decision makers who plan dairy development policies. That is, they must be “black
and white”! If the dairy region is in the highlands (say above 800 to 1000 m above
sea level) and or in a region without extremes in temperature and humidity, this is
often the correct decision. However there seems little point in requesting Friesian
heifers out of dams that have produced 5000 L milk per lactation, because it is highly
unlikely that the imported heifers or their progeny will be managed well enough to
achieve such milk yields, particularly if they are to be run on smallholder farms. In
most cases, any dairy genotype imported from a developed country is likely to be of
higher genetic merit that the typical milking cow in tropical Asia.

Jerseys or their crosses should be seriously considered in tropical dairy systems
when climate constraints are apparent and/or when feeding and herd management is
very much sub optimum. They are smaller, hence have lower maintenance require-
ments, have better climatic tolerance (due both to lower milk yields and physical
characteristics such as sweat gland density and skin colour) and often better repro-
ductive performance. In areas where premiums encourage farmers to produce milk
with higher solids content, Jerseys also outdo Friesians. There are other dairy breeds
that seem to perform better than Friesians in the torrid tropics such as Brown Swiss,
or synthetic breeds such as Australian Friesian Sahiwals or the Girolanda (from Bra-
zil), while the purebred Sahiwal (from Pakistan) justifies further consideration.

The other decision to make is whether to import pregnant heifers or yearling
(virgin) heifers. Pregnant heifers are the most favoured because farmers get “two for
the price of one”, assuming the foetus is a dairy genotype. In addition as the heifer
is pregnant (at least diagnosed as pregnant) she does not have to be mated soon on
arrival at her new home where there is no guarantee that she will easily conceive.
However with only a few months to adapt to her new environment, there is also no
guarantee that that heifer will become a long term member of the milking herd once
she calves down. All too often one hears stories of very high numbers (up to 30 or
40%) of imported heifers being culled and slaughtered after having only one calf.
The most likely reason is that her poor feeding management post-calving and her
higher genetic propensity to utilise body reserves to produce milk, have combined to
result in anoestrus for many, many months post calving. Such animals have become
very expensive dairy beef animals. In the long run, yearling heifers may be better
economic propositions than pregnant heifers.

Lastly and of equal importance when importing dairy stock into tropical Asia,
are issues of animal health. All countries, both importing and exporting countries
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have disease management protocols. Such protocols must be strictly enforced and
regularly reviewed, in case of new disease outbreaks in countries of origin. Foot
and mouth diseases and brucellosis are the two most commonly talked about but
there are others to consider. In one recent example, two diseases, namely bovine
viral diarrthoea (BVD) and infectious bovine rhinotracheitis (IBR) were isolated in
virtually every aborted foetuses arising from one importation. These can have long
lasting adverse impacts on cow performance so require additional surveillance to
ensure they do not enter the country with the consignment.

Conclusions

Dairy farming would have to be one of the most sophisticated forms of live-
stock production in the world and should only be undertaken after careful and logi-
cal planning, and with expectations of a long term investment before profits accrue.
To be successful, such development programs must involve sourcing, or at least
seeking support from, personnel with proven experience in both dairy farming prac-
tices and dairy farm business management. Much can be learnt from the litany of
failed dairy development projects throughout tropical Asia so these mistakes will
not be repeated, as unfortunately occurs all too often.
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Introduction

Milk is an essential and perfect food for mammalian infants to promote their
appropriate and healthy development during the lactation period. The biological
role of milk is ensured by a broad spectrum of ingredients such as carbohydrates,
lipids, proteins, minerals, and vitamins, which provide a rich nutritional source and
confer passive immunity to newborns. Besides, some of milk components act as
“messengers” to trigger innate behaviors (e.g., suckling behavior) (Schaal et al.,
2003) and metabolic development (e.g., thermogenesis in adipose tissues) (Hondares
et al., 2010) in newborns. Among the milk components, several milk proteins play
significant roles in carrying nutritional and bioactive substances. Caseins, the
most abundant milk proteins, may be taken as carrier proteins in a broad sense,
because many bioactive peptides are encrypted within its sequence and are released
by the action of digestive enzymes in the gastrointestinal tract of infants (Meisel
and Bockelmann, 1999), and moreover they can bind calcium ions. However, only
carrier proteins that are capable of binding nutritional or bioactive substances in
whey are focused here.

Whey is a clear and either almost no color or shallow yellow liquid which can
be obtained by a removal of casein from skimmed milk, containing carbohydrates,
peptides, proteins, minerals, and vitamins. It is well known that the major whey
proteins are immunoglobulins, serum albumin, a-lactalbumin, and B-lactoglobulin
(lacking in human and camel milk), however, recent proteomic research revealed that
approximately 150 proteins are present in bovine whey including these major whey
proteins (D’Amato et al., 2009). There are indeed many binding proteins in milk,
including carbohydrate-, ion-, vitamin-, and lipid-binding proteins, some of which
are supposed to be carrier proteins. Common abilities of the carrier proteins are in
binding and solubilization of poorly water-soluble substances, which are widely
diverse, and hence their physiological functions usually show very broad spectra.

In this paper, basic knowledge of biochemical properties and physiological
functions of major carrier proteins so far known in milk (Table 1) are reviewed, and
then their potential use for application is discussed.
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Carrier Proteins in Milk

a,-Acid glycoprotein

a,-Acid glycoprotein (AGP) is a heavily glycosylated 41 — 43 kDa protein with
a pl of 2.8 —3.8 (Fournier et al., 2000). Molecular mass of protein moiety of bovine
AGP is 23 kDa, therefore its carbohydrate content accounts for about 45% of the
total weight of the whole molecule. AGP is expressed in hepatocytes and secreted
into blood; its expression level increases several-fold in acute phase response to
systemic reaction caused by tissue injury, inflammation, pathogenic infection, and
trauma (Ceciliani ef al., 2005). It is likely that several AGP isoforms in milk are not
derived from blood plasma but from mammary epithelial cells and somatic cells
(Gendler et al., 1982; Ceciliani et al., 2005). Extra-hepatic expression of AGP in
protein and mRNA levels has been reported in a wide variety of cells and organs,
supporting a hypothesis that an acute phase response may take place in extra-
hepatic cell types and may be regulated by inflammatory mediators as observed in
hepatocytes (Fournier et al., 2000).

The entire picture of physical functions of AGP remains unknown, however, it
is undoubted that one of the most important biological functions of AGP is immu-
nomodulation, and large part of this function is owing to the carbohydrate moiety.
On the other hand, the protein part of AGP exhibits a common structural fold of
lipocalin, a protein superfamily, of which members share a conserved B-barrel that
consists of eight anti-parallel B-strands (Fig. 1). There is an internal cavity in the
B-barrel structure of lipocalin, and various small hydrophobic molecules can be cap-
tured in there. Indeed, AGP has also an internal cavity as is known that AGP in blood
plasma is capable of binding wide variety of compounds such as histamine (Chachaj
et al, 1980), melatonin (Morin et al., 1997), serotonin (Schmid et al., 1973), and
vanilloids (Szallasiet al., 1992). Furthermore, AGP can bind mainly neutral and ba-
sic drugs like tamoxifen (Schmid et al., 1973) and propanolol (Albani et al., 1984),
via hydrophobic and electrostatic interactions, suggesting that AGP expression level
in blood may affect pharmacological effects of exogenous drugs (Fournier et al.,
2000).

AGP is secreted at a concentration of 162 + 63.7 mg/L in bovine colostrum at
12 h postpartum, but it is no longer detectable at 3 d postpartum (Ceciliani et al.,
2005). Secretion of AGP from neutrophils into milk was enhanced within 15 min
by an exposure of Zymosan activated serum and phorbol 12-myristate 13-acetate,
which mimics inflammatory activation (Rahman et al., 2008), indicating that at
least neutrophils-derived AGP in milk is also involved with the anti-inflammatory
activity. Natural ligands of AGP in milk are unknown.

Apolipoprotein
Apolipoproteins (apo-) are produced by hepatocytes and secreted into blood.
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They form water-soluble macromolecules, lipoproteins including chylomicron,
very low density lipoprotein (VLDL), intermediate density lipoprotein (IDL), low
density lipoprotein (LDL), and high density lipoprotein (HDL), making complexes
with lipids (triglycerides, cholesterol, and phospholipids) and one or more specific
proteins (Mahley et al., 1984). They play crucial role in transporting and targeting
lipids to the appropriate destination in the body. So far more than ten classes and
subclasses are known: apo A (apo A-I, apo A-I1, 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-1V), apo D, apo
E, apo H, apo J (clusterin), apo L, and apo M. Since a crystal structure of human apo
E has first been solved to be an unusually elongated (65 A) four-helix bundle, with
the helices apparently stabilized by a tightly packed hydrophobic core that includes
leucine zipper-type interactions and by numerous salt bridges on the mostly charged
surface (Wilson et al., 1991), similar structures of human apo A-I (Ajees et al.,
2006; Fig. 1), human apo C-I (Rozek et al., 1999), and human apo C-II (MacRaild
et al., 2004) have been reported. Crystal structure of recombinant human apo M,
which is a 25-kDa HDL-associated apolipoprotein, in complex with a fatty acid has
recently been solved to be the typical lipocalin fold (Sevvana et al., 2009).

In bovine milk, apo A-I, apo A-II, apo A-IV, apo C-III, apo E, apo H, and
apo J have been found by proteomic analysis (Yamada et al., 2002; Reinhardt and
Lippolis, 2008; D’Amato et al., 2009; Senda et al., 2011; Table 1). Fong et al.
(2007) have identified apo A-I and apo E to be minor components of the milk-fat-
globule membrane (MFGM), which is surrounding lipid droplets budded off from
the apical side of mammary epithelial cells. Besides liver, expression of several
apolipoproteins has been observed in adrenals, brain, intestine, testis, and widely in
other peripheral tissues (Elshourbagy et al., 1985; Powell et al., 1987; Boyles et al.,
1990), but expression in mammary tissues is not evident, and hence apolipoproteins
in milk are most likely derived from blood as observed in mice (Monks et al.,
2001). Physiological functions of apolipoproteins in milk are supposed to be lipid
solubilizer and transporter.

Lactoferrin

Lactoferrin (Lf) is a member of transferrin superfamily along with serum
transferrin, ovotransferrin, and melanotransferrin, all of which function in iron
transport and in inhibition of carbonic anhydrase (Garcia-Montoya et al., 2012). Lf
is produced by mucosal epithelial cells in various mammalian species and secreted
into biological fluids including tears, saliva, vaginal fluids, semen, nasal and
bronchial secretions, bile, gastrointestinal fluids, urine, milk, and colostrum (Garcia-
Montoya et al., 2012). Lf exhibits multiple physiological functions in relation to
nutritional regulation and innate defense, such as regulation of iron absorption,
immunomodulation, antioxidant and antimicrobial activities, and anti-carcinogenic
and anti-inflammatory properties (Garcia-Montoya ef al., 2012).
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Lf is approximately 80 kDa glycoprotein folded into two symmetrical lobes,
N- and C-lobe, which are connected by a hinge region containing a-helix (Fig. 1).
Each robe consists of two similar domains, domains I and II, which are composed by
a-helices and B-strands. Each lobe can bind di- and trivalent cations with very high
affinities, e.g., 10* M at pH 7.4 for Fe*" (Aisen et al., 1978). Lf content in human
milk is 1 to 3 mg/ml, of which only 3 to 5% are saturated by iron that causes their
strong chelating ability and antimicrobial activity.

S-Lactoglobulin

B-Lactoglobulin (B-Lg), one of the major bovine whey proteins, is known to
bind retinol, fatty acids, and a wide variety of hydrophobic compounds including
serotonin (Taheri-Kafrani ez al., 2011), however, its specific physical function is
still unclear. Molecular weight of B-Lg is approximately 36 kDa, as being a dimer
under physiological conditions, but it tends to dissociate into monomers at pH 2 to 3
(Sawyer and Kontopidis, 2000). B-Lg is also a member of the lipocalin superfamily.
It is synthesized in mammary gland and secreted into milk at a concentration of 14.3
+ 4.6 g/L in the first milking sample, and then its concentration rapidly decreased
over several days and reached a stable value of 2 to 4 g/L in the mature milk in
case of cows (Levieux and Ollier, 1999). However, it is not detectable in human
milk through the overall lactation period, supposed to be the major reason for cow’s
milk allergy in human infants. It should be pointed out that B-Lg is not universally
distributed in mammalian milks, as it lacked in human and camel milks, and even
exist, the ligand specificity is variable, e.g., horse and pig B-Lgs do not bind fatty
acids (Pérez et al., 1993). Judging from these facts, a specific and significant
physiological function of B-Lg seems to be implausible, although several possible
roles including antimicrobial activity (Ouwehand et al., 1997), carrier of encrypted
bioactive peptides (Mullally ef al., 1997), and retinol transport (Pervaiz and Brew,
1985) have been suggested.

Odorant-binding protein

Odorant-binding protein (OBP), a member of the lipocalin superfamily,
was first discovered as an abundant protein in bovine nasal mucosa in the early
1980’s (Pelosi and Pisanelli, 1981). To date, among mammals, OBPs have been
found in nasal circumstances of human, bovine, porcine, rabbit, elephant, dog, rat,
mouse, and porcupine. OBP is capable of binding several odor molecules, such as
a bell pepper odor, 2-isobutyl-3-methoxypyrazine, with sub-micromolar range of
dissociation constants. OBP was initially assigned to solubilize hydrophobic odor
molecules in aqueous mucosal layer prior to their reach to olfactory receptor, so-
called “perireceptor event”. Although intensive studies have been performed to date,
the physiological function of OBP is still unclear.

Recent studies revealed the presence of OBP-like protein in bovine colostrum
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and mature milk (D’Amato et al., 2009; Fukuda et al., 2009). This protein, bovine
colostral OBP (bcOBP), showed 52% of sequence similarity against bovine nasal
OBP. Secretion of bcOBP into milk was constant on the day of parturition until at
least 10 d postpartum at a concentration of 181 + 39 pg/L (Japaridze et al., 2012).
Besides milk, bcOBP occurred in the nasal mucus, saliva, amniotic fluid, vaginal
discharge, and blood plasma. Despite its low concentration, the distribution pattern
and the finding that bcOBP harbored a characteristic sequence motif, CxxxC, which
is conserved among insect and mammal pheromone binding proteins, suggest that
bcOBP functions as a pheromone carrier (Japaridze et al., 2012). In sow milk,
an odorant-binding protein was also found to be a potential pheromone carrier
(Guiraudie-Capraz et al., 2005). Cross-reactivity of the monoclonal antibody against
bcOBP was also found in the colostrum of farm animals belong to Cetartiodactyla,
such as sheep, goat, camel, and pig (Japaridze et al., 2012).

Retinol-binding protein

Retinol-binding protein (RBP), a member of the lipocalin superfamily, is
expressed in various cells and tissues. RBP binds retinoids including vitamin A and
retinoic acid, which are essential for multiple physiological processes, ranging from
vision to embryonic development, with high selectivity and affinity (Noy, 2000).
RBP is also known to make a complex with transthyretin (see below). Among RBP
subtypes, RBP4, which is synthesized in hepatocytes and adipocytes, is secreted
into blood and transferred to various tissues via cardiovascular system and into milk.
RBP4 is known to act as an adipokine with its increasing concentration in subjects
with impaired glucose tolerance or type 2 diabetes (Cho et al., 2006). Elevated serum
RBP4 causes insulin resistance, which seems to occur by an indirect inhibition of
insulin signaling in adipose tissue through activation of pro-inflammatory cytokines
in macrophages (Norseen ef al., 2012).

During gestation period, vitamin A has a significant impact on the healthy de-
velopment of lung of the fetus (Bohles, 1997). Despite that the nutritional impor-
tance of vitamin A is relevant, it is still unclear that RBP in milk can affects the
nutritional status of the newborn throughout the breastfeeding period, because no
clear relationship has been observed between plasma vitamin A level in mother and
that in her neonate (Bhaskaram ez al., 2000; Scaife et al., 2006).

Serum albumin

Serum albumin (SA) is an all-a protein whose dominative secondary structure
is a-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 o-
fetoprotein and vitamin D-binding protein as member proteins. Molecular mass and p/
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of mature bovine serum albumin (BSA) are 66 kDa and 4.7, respectively, containing
17 disulfide bridges and a free thiol group. BSA is supposed to be expressed in
hepatocytes and secreted into milk via the bloodstream. SA can bind many molecules
including monovalent and divalent ions, fatty acids, hormones, bilirubin, and water
molecule. SA possibly plays significant roles in the maintenance of colloid osmotic
pressure (Blunt ef al., 1998) and in zinc transport (Smith e al., 1979) in blood, but
its physiological function is controversial in milk, although thyroxine (Etling and
Gehin-Fouque, 1984), zinc, and copper (Lonnerdal ef al., 1982) have been found
associated with SA in milk.

BSA is known as one of the major milk allergens that induce immediate allergic
symptoms in allergic children (Goldman et al, 1963a; Goldman et al, 1963b).
Conformational or sequential epitopes, which located on the loops connecting
the a-helices, for the specific recognition of immunoglobulin E toward BSA are
integrated by enormous number of the internal disulfide bonds (Restani et al., 2004).
Although increasing digestibility of food allergens including BSA can decrease their
allergenicity to some extent, it is still challenging to have hypoallergenic foods by
technological treatments.

Transthyretin

Transthyretin (TTR), formerly prealbumin, is a homotetrameric transporter
protein that can bind thyroxine, a thyroid hormone increasing the cell metabolism, and
RBP-retinol complex resulting in stabilization of retinol-binding to RBP (Goodman
and Leslie, 1972; Robbins, 1975). Molecular mass of the monomer is ranging from
14 to 16 kDa with glycosylation. Each monomer folds into a f-sandwich topology
composed by two sets of four antiparallel B-sheets, which are connected by a short
helical fragment (Blake et al., 1978). The dimeric structure is shown in Fig. 1. The
tetramer is formed by assemble of the two dimers linked by hydrogen bonds and
hydrophobic contacts. TTR is produced in the liver and excreted into blood (Felding
and Fex, 1982). It is most probable that TTR is secreted into milk from the blood.

TTR binds and transport thyroxine accounting for 15 to 20% and up to 80% of
the total thyroxine in the blood and the central nervous system, respectively (Hagen
and Elliott, 1973). On the other hand, TTR concentration in serum negatively
responds to the acute phase reaction (Dickson ef al., 1982). Unusually low levels of
TTR in patients with transthyretin-associated amyloidosis and a portion of at-risk
individuals for this condition have been observed (Skinner et al., 1985), leading
subsequent research effort for TTR to focus on the medical and clinical fields.
Synthesize of TTR observed in the gastrointestinal mucosa of human fetus (Gray
et al., 1985) may suggest a possible physiological function of TTR in milk to be a
thyroxine transporter.
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Vitamin D-binding protein

Vitamin D-binding protein (DBP), also known as Ge-globulin, binds more than
90% of lipophilic 25-hydroxyvitamin D, which is the principal circulating vitamin D
metabolite in blood (Millen and Bodnar, 2008). DBP binds actin as well, indicating it
may functions as a scavenger of monomeric actin released during cell lysis (Harper
et al., 1987). DBP belongs to the albuminoid superfamily as same as SA. Molecular
mass of bovine DBP is approximately 53 kDa with glycosylation. DBP was first
discovered in bovine colostrum by Hollis & Draper (1979). Its expression level was
evaluated to be 250 and 6 pg/mL in bovine colostrum and mature milk, respectively
(Ena et al., 1992). DBP is synthesized in the liver and likely to be secreted into milk
via the bloodstream (Hollis et al., 1981).

Possible physiological function of DBP in milk underlies normal bone forma-
tion in neonatal calves, in that supplemented vitamin D metabolites promote cal-
cium absorption in the gastrointestinal tract (Mitchell and Lyles 1990; Cao et al.,
2009). Normally little 25-hydroxyvitamin D passes into breast milk from the blood
that causes vitamin D deficiency in the newborns (Kovacs, 2012). Vitamin D status
in milk does not affect on calcium concentration of lactating mothers accustomed to
a low calcium intake (Prentice ef al., 1997), and moreover maternal adaptations dur-
ing pregnancy and lactation appear to provide calcium to fetus and neonate without
relying on vitamin D (Kovacs, 2012). Therefore, contribution of DBP to osteogen-
esis of neonates seems to be limited just in solubilization of 25-hydroxyvitamin D
especially in the very short period of postpartum.

Possible Applications of Carrier Proteins in Milk

As described above, carrier proteins in milk exhibit a wide variety of biological
functions. Safety of bovine milk is moreover guaranteed by a long eating experience,
encouraging their application use in various areas including food industry, drug
development, and clinical treatment. Several types of possible applications have
to date been examined: (i) antibiotics, (ii) nutrient and drug carriers, (iii) immune
bodies, and (iv) biomarkers.

Despite Lf promotes the growth of health-beneficial microorganisms such as
Lactobacillus and Bifidobacteria (Sherman et al., 2004), it exhibits a broad spec-
trum of antimicrobial activity against Gram-positive and -negative bacteria, fungi,
yeast, viruses, and even parasites. The iron binding ability of Lf confers antimicro-
bial activity, as being sequestering iron from the target pathogenic bacteria (Zarem-
ber et al., 2007; Valenti et al., 2011). Also Lf and its peptic peptide, lactoferricin,
directly interact with cell surface of Gram-negative bacterial and can damage their
outer membrane (Yamauchi ef al., 1993). Indeed, many commercial uses of Lf and
its derivatives have already existed on the basis of the fact that they exhibit broad
bioactivities including antimicrobial, anticancer, anti-inflammatory, and immuno-

Proceeding of the 2" International Seminar on Animal Industry | Jakarta, 5-6 July 2012 41



modulatory (Garcia-Montoya ef al., 2012). In terms of antimicrobial activity of Lf,
for example, it offers applications in food preservation and safety with decreasing
bacterial counts (Naidu, 2002).

Remarkable achievements have recently been reported in the development of
nanoparticles, using milk carrier protein derivatives, which can deliver nutrients or
drugs to the target sites efficiently. BSA-dextran conjugates prepared by Maillard
reaction can bind ibuprofen through hydrophobic and electrostatic interactions, re-
sulting in suppression of the precipitation of ibuprofen (Li and Yao, 2009). Nanopar-
ticles of the BSA-dextran-ibuprofen complex can be formed by heat treatment. BSA
nanoparticles coupled with cyclodextrin were indicated to be available for nasal
delivery of anti-Alzheimer drug tacrine (Luppi ef al., 2011). Octyl modified SA can
form a core-shell structure in aqueous media by self-assembling due to core segre-
gation and a combination of intermolecular forces (Gong et al., 2009), suggesting
for intravenous water-insoluble drug delivery. Electrostatic nanocomplexes consist-
ing of B-Lg and pectin can entrap and protect docosahexaenoic acid molecules with
a very good colloidal stability, suggesting that they are useful tools for enrichment
of acid non-fat clear drinks (Zimet and Livney, 2009). Lf conjugated poly (ethyl-
eneglycol)-poly (lactide) nanoparticles was demonstrated to promote the uptake of
intravenously administrated coumarin-6 into rat brain (Hu ez a/., 2009).

Taking advantage of the structural stability of pB-barrel scaffold and the high
structural plasticity of ligand binding site of lipocalin, site-directed random muta-
genesis and selection via phage display against prescribed molecular targets were
done, and by this means it was possible to confer antibody-like activities to lipocalin
(Skerra, 2008). This artificial lipocalins with novel ligand specificities were termed
as “anticalins”, which have advantages in robustness, monovalency, flexibility, and
broad affinities towards target molecules, compared with conventional antibodies.
This approach is highly potential to provide many applications such as reagents for
biochemical research and new drugs for medical therapy. Recently, a new anticalin
against estradiol was successfully established using bilin-binding protein, a member
of the lipocalin family, derived from Pieris brassicae (Liu et al., 2012). There have
so far been reported on anticalins constructed by using the bilin-binding protein,
human apo D (Vogt and Skerra, 2004; Eichinger et al., 2007), human neutrophil ge-
latinase-associated lipocalin (NGAL) (Goetz et al., 2002), and human tear lipocalin
(Breustedt et al., 2005).

Several milk carrier proteins are highly expected as biomarkers for mastitis.
Apolipoproteins are expressed in bovine milk with experimentally induced coliform
mastitis (Boehmer et al., 2010), and furthermore, expression level of isoforms of the
bovine prostaglandin D synthase also increase in bovine milk with mastitis (Baeker
et al., 2002). Despite no direct clinical relevance has been elucidated, some proteins
found in relation to human diseases are present in milk. Apo A-I localized in bron-
chial mucosa was found as a biomarker of chronic obstructive pulmonary disease
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(Nicholas et al., 2010). Folate binding protein (FBP), which has been found in hu-
man and bovine milk (Metz et al., 1968; Ford et al., 1969), is a glycoprotein capable
of binding folic acid and its analogues. FBP serves as biomarker and also mediates
targeted therapies in cancer and inflammatory diseases, because it contains multiple
N-glycosylation sites selectively expressed in tissues and body fluids (Mathias et al.,
1996; Leamon et al., 1999; Smans et al., 1999; Jaiswal et al., 2012). NGAL, also
a member of the lipocalin superfamily, is expressed in bovine mature milk with a
concentration of 1 ug/mL (van Veen et al., 2006). NGAL is known to be a potential
biomarker of acute renal injury after cardiac surgery (Mishra et al., 2005).

Conclusions

Carrier proteins in milk are essential for nutrition transfer, especially of poorly
water-soluble compounds, from mother to her neonate. Their structural features are
likely to be categorized into five: apo A-I type, albuminoid superfamily, lipocalin
superfamily, transferrin superfamily, and transthyretin type, with the molecular mass
ranging from 10 to 80 kDa. They bind ligands with a wide range of affinities mainly
through hydrophobic and electrostatic interactions. Applications of milk carrier
proteins examined to date are not primarily focused on solubilization and delivery of
hydrophobic compounds, but on antimicrobial and immunological activities, owing
to their important biological functions. Some challenges have been successful in this
context, however, a lot of room remains to be elucidated. Potential of modified milk
carrier proteins for nutrient and drug carriers and of natural milk carrier proteins for
biomarkers of human and animal diseases are of particular interest in the future.
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Indonesia Farm Animal Genetic Resources in Adapting
to Climate Change
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In developing countries, most people depend on agriculture. Crops and livestock
are usually produced on the same farm with small plot of land. Grazing animals in
open grassland also exist but its contribution in terms of animal products is relatively
much less when compared to mixed crop animal farming system (Chantalakhana
and Skunmun, 2002). Furthermore they stated that most farmers in developing
countries can be classified as smallhorders, mostly live in rural areas and some in
peri-urban. The role and contribution of animals in rural farms are far more complex
than that in spesialized commercial farm since there exist so close and sophisticated
relationships among farm family, animals, crops, social and agriculture.

Agriculture must become more productive if it is to feed a much larger world
population. In responding to the daunting environmental challenges ahead, the
combined effect of population growth, strong income growth and urbanization is
expectedtoresultinalmostthe doubling of demand for food, feed and fiber (FAO,2009)

The Role of Livestocks

In 2050 world population is projected to rise to 9.1 billion from a current 6.7
billion, as results it require a 70-percent increase in farm production (FAO, 2009).
Based on FAO (2008) report, the livestock sector has great potential to contribute
to poverty reduction and the achievement of the Millennium Development Goals
(MDG). Agricultural growth can be highly effective in reducing poverty as the largest
share of the world’s poor live in rural areas. Livestock provide food and income
to the majority of the 1.2 billion people living on less than $1 per day. Demand
for livestock products is growing fast in developing countries, faster than demand
for staple crops, and will continue to do so in the foreseeable future. This demand
growth can provide significant opportunities for many rural and peri-urban poor
to increase returns from their livestock resources. However, effective and coherent
pro-poor public policies, alleviating both institutional and technical constraints, are
crucial to capitalise on the pro-poor opportunities offered by the livestock sector.

The FAO State of Food Agriculture (SOFA) 2010-2011 report stresses the
importance of livestocks to the livelihoods of around one billion poor people.
Livestock provides income, high-quality food, fuel, draught power, building material
and fertilizer, thus contributing to food security and nutrition. For many small-scale
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farmers, livestock also provides an important safety net in times of need. However,
the FAO stressed the need for substantial investments and stronger institutions at
global, regional, national and local levels, to ensure that continued growth of the
livestock sector contributes to livelihoods, meets growing consumer demand and
mitigates environmental and health concerns (FAO, 2010).

The livestock sector is one of the fastest growing parts of the agricultural
economy. Livestock contributes 40 percent of the global value of agricultural
production and supports the livelihoods and food security of almost one billion
people. Globally, livestock contributes 15 percent of total food energy and 25 percent
of dietary protein. Products from livestock provide essential micronutrients that are
not easily obtained from other plant food products (FAO, 2010).

Rising incomes, population growth and urbanization are the driving forces
behind a growing demand for meat products in developing countries—and they will
continue to be important. To meet rising demand, global annual meat production is
expected to expand from 228 currently to 463 million tons by 2050 with the cattle
population estimated to grow from 1.5 billion to 2.6 billion and that of goats and
sheep from 1.7 billion to 2.7 billion, according to FAO estimates (FAO, 2010).

Strong demand for animal food products offers significant opportunities
for livestock to contribute to economic growth and poverty reduction. But many
smallholders are facing several challenges in remaining competitive with larger,
more intensive production systems (FAO, 2010).

Livestock can play an important role in both adapting to climate change and
mitigating its effects on human welfare, FAO said (FAO 2010). To realize the
sector’s potential to contribute to climate change mitigation and adaptation based
on enhanced capacities to monitor report and verify emissions from the livestock
production new technologies will need to be developed.

Loss of Farm Animal Genetic Resources (FAnGR) Diversity

In general, Local breeds of domestic animals are much better suited to the
conditions of biotic and abiotic stress than those improved breed. In addition, the
local breed also reflect the cultural and historical identity of communities that have
developed and continues as an integral part of life and traditions of various societies.
Along with the advance of agriculture industrialized through, the indigenous breeds
are disappearing in favor of modern high productivity but low ecological plasticity
(Maxim et al., 2011).

In the last few decates, Farm Animal Genetlc (FAnGR) diversity has rapidly
decline, mainly due to changing market demand and intensification of agriculture.
Agriculture is shifting away from small production system to large commercial
systems, and as a result, selection goals and production environment are now very
similar throughout the world (Prentice and Anzar, 2010). According to the FAO,
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approximately 20 percent of the world’s breed of cattle, goat, pigs, horses and poultry
are currently at risk of extinction, and at least one livestock breed become extinct
per month over the past several years, resulting in its genetic characteristics being
lost forever (Buerkle, 2007). So it is importance to conserve and maintain animal
genetic resources to ensure the ability to respond to selection plateaus, consumer
demand changes but more importantly biosecurity, environmental and food safety
and potentially useful genes available in the gene pool (Pereira and Marques, 2008;
Andrabi and Maxwell, 2007)

Genetic erosion of domestic animal diversity has placed 30% of the world
breeds at risk of extinction often as a results of goverment policy / programs. Con-
servation and sustainable development of Animal Genetic Resources (AnGR) re-
quires a broad focus that includes the many adaptive breeds that survive well in the
low external input agriculture typical of developing countries (Drucker at al., 2001).

Major Indonesia FAnGR

The Bali breed is one of the four existing indigenous cattle breeds (Aceh,
Pesisir, Madura and Bali) in Indonesia. The Sumban-Ongole and Javan-Ongole may
also be considered local breeds. Although no official historical records exists, it
is generally accepted that the Bali cattle is the domesticated direct descendant of
the wild Banteng still surviving as an endangered species in three National Wild
Reservation Parks (Ujung Kulon, Baluran and Blambangan) in Java (Martojo,
2012). Bali cattle still represents 27% of the total cattle population in Indonesia,
and it is considered the pillar breed for small farmers (Purwantara et al., 2012)
In oder to study the origin of of Indonesian cattle Muhamad et al. (2009) utilized the
Y-chromosomes (Y), mitochondrial DNA (mt) and autosomal microsatellite alleles
(ust). They concluded that Bali cattle is clearly separate from other breeds of catle.
Noor et al. (2001a) using the isoelectric focussing method concluded that the Bali
cattle has a unique B® haemoglobin band that does not exist in Bos taurus cattle
(Limmousin, Simmental and Brangus). Furthermore, Handiwirawan et al. (2003)
found that The A and B alleles at INRA035 microsatelite locus are monomorphic
and can be used for a spesific marker for Bali cattle. Allele A at locus HEL9 that
has high frequency (92.90%) in Bali cattle and 100% in Banteng can also be used a
supporting marker. All of the studies indicate that Bali cattle are native to Indonesia
and have been domesticated in Indonesia.

In general, the productivity of native animals in the tropics is low, but their
adaptability and survival in poor environments my be quite satisfactory. In many
tropical countries, attempts to increase productivity have been made by importation
of animals from temperate areas and crossbreeding with native animal. This
importation and crossbreeding policy has been based on comparison of the high
production of breeds from developed countries (primarily temperate) relative to
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the production of native breed in less developed countries (primarily tropical), thus
leading to unrealistic expectations of the potential for rapid improvement (Barker,
1995). However, while gains may be made for some traits in the crossbred progeny,
their overall performance and that of subsequent generations may not be better than
the native breed because of their inability to tolerate the adverse environmental
conditions, for example poor nutrition and high temperature (Noor et al., 1992).

Pure breeding of Bali cattle can be found at Bali Island, Sumbawa Island,
Flores Island and Bone district of South Sulawesi province. Indonesian government
has allocated those islands as the main source of Bali cattle. Crossbreeding program
can only be conducted outside areas. However due to indiscriminate crossbreeding,
the pure Bali cattle at those areas have been contaminated with other breeds., i.e.
Simmental, Limousine, Brangus, Charolais, indicating by high frequency of abnormal
appearances, including abnormal color patterns and horn shapes (Handiwirawan et
al.,2003)

The most recent study shows that the percentage of abnormal sperm on Bali
cattle bulls is lower than those of Holstein, Limousine and Simmental bulls. In
addition, the monomorphism for FSH sub beta, FSH receptor and GH exist in Bali
cattle bulls and can be used as specific markers for the sperm quality. These three
markers are closely related to the sperm quality (Ishak, 2012). This result clearly
shows that native and domestic animal that experienced a long period of both
natural and artificial selection can adopt the climate change. The Bali offers the
advantage of a high resistance against most diseases, a remarkable ability to grow
on low-quality fodder and a high fertility (McCool, 1991). The superiority of Bali
cattle in extensive system and marginal conditions is also exhibit by most of native
and domestic Indonesian FAnGR. List of Indonesian FAnGR that can be expected
survive in the period of climate change is presented in Table 1.

Global Cimate Change

Reports have indicated that developing countries are more vulnerable to the
effects of climate change due to their high reliance on natural resources, very limited
capacity to adapt institutionally and financially, and high poverty level (Thornton et
al., 2006). Drucker ef al (2007) stated that the harsh effect of climate change give
more impact in intensive livestock production system, such as pastoral communities
whose livelihoods depend on climatic sensitive resources. In the face of climate
challenges, adaptation of different livestock species to tropical conditions becomes
crucial. FAO’s Committee on Genetic Resources for Food and Agriculture noted
that the management of animals under natural selection by pastoralists in marginal
area plays an essential role in their adaptation and fitness in marginal environment
(CGRFA, 2009).

In terms of global climate change, increasing resistance to pathogens and
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Table 1. List of Indonesia Major Farm Animal Genetic Resources (FAnGR)

FAnGR Breed Investigators
Cattle Aceh Sari et al. (2010); Abdullah ef al.(2012)
Bali Noor et al.(2001a); Sukmasari ef al. (2002); Nijman et al.

(2003); Mohamad et al. (2009); Handiwirawan et al. (2003);
Handiwirawan and Subandriyo (2004); Purwantara et al.
(2012); Martojo (2012); Ishak (2012)

Katingan  Utomo et al. (2010); Utomo et al. (2011)
Madura Winaya (2010)
Pesisir Sarbaini (2004); Jakaria et al. (2007)
PO Hartati et al. (2010)
Buffalo Spotted Yulnawati et al. (2008)
Swamp Sumantri et al. (2010); Misrianti ef al. (2010)

Horse Manado Takaendengan ef al. (2011a); Takaendengan et al. (2011b)
Goat PE Zurriyati el al. (2011)

Kacang Batubara et al. (2011a); Batubara et al. (2011b)

Marica Batubara et al. (2011a); Batubara et al. (2011b)

Samosir 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)
Bengali Batubara et al. (2011a); Batubara et al. (2011b)
Jeneponto  Rahardja (2007)

Sheep Kisar Salamena (20006)
Fat Tailed  Noor ef al. (2001b); Maskur and Arman (2010)
Thin Tailed Dagong et al. (2011)

Garut Inounu et al. (2008); Inounu et al. (2009); Dagong et al.
(2011)

Chicken Kampung  Sartika et al. (2004); Sartika et al. (2005); Zein and Sulandari
(2008); Sartika et al. (2008); Sulandari et al. (2009); Mu’in et
al. (2010); Nataamijaya (2008);

Pelung Iskandar (2004)

Duck Alabio Prasetyo and Susanti (2007); Rukmiasih et al. (2011);
Matitaputty et al. (2011)

Cihateup Matitaputty et al. (2011); Rukmiasih et al. (2011);
Tegal Prasetyo and Susanti (2010)
Mojosari Prasetyo and Susanti (2007); Prasetyo and Susanti (2010)
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pests to chemical, high freqency of epidemics growing, increasingly heavy pollu-
tion, reduction of genetic diversity may compromise the sustainable of livestock
production. Local breeds adapted to local conditions, are often the most suited for
providing environmental services, such as management of landscape, including the
maintenance and promotion of a particular type of vegetation, crossing corridor
preservation of habitats and wildlife. Local breeds may contribute to the prosper-
ity of livestock farmers, even in the poor area, the ecological and cultural tourism
(Maxim et al., 2011). Furthermore they emphasized that protecting local breeds can
be done by identifying and promoting quality products. Many local races provide
unique products of superior quality to those from commercial breeds.

The harsh effect of climate change is expected to have maximum impact on
vulnerable pastoral community engaged in extensive livestock production system in
dry lands. Osani and Bebe (2010) emphasized the importance of for the selection of
animal in harsh environment. Analysis of progeny history records also provide infer-
ences relating to the repeatability of kid survival and a measure of the environmen-
tal variance and can be used to predict future performance of dams (Falconer and
MacKay, 1996). All these represent useful information for the selection of dams in
harsh environment. Some action plan that could be applied include (i) the develop-
ment of simple methods to characterize adaptive traits in marginal lands (Hoffmann,
2008); (i1) fostering participatory planning and the development of breeding goals
and the design of breeding structures for community based adaptation to climate
change (Osani and Bebe, 2010); (iii)understand herders perspective on how exten-
sive livestock production system are tailored toward exploiting structural and envi-
ronmental unpredictability (Kratly, 2008), and finally , this approach will contribute
to the strengthening of livestock keepers’ capacity and resilience (Hoffmann, 2008)

Conclusion

Global climate change represents a critical challenge to FAnGR in the 21*
century. However, Indonesia has many native and domestic FAnGR that have adapted
to harsh tropical climate and conditions for a long time. In order to survive the face
of climate change, the FAnGR should be kept pure and utilized in sustainable way.
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Tropical Forages in Indonesia: Past experience and Future
Opportunity

HM Shelton

University of Queensland, Australia

Overview of Cattle Industry in Indonesia

Continuing economic growth in Indonesia is encouraging higher beef con-
sumption with annual consumptioncurrently around 500,000 tonnes, or around 2kg/
capita. This is low by comparison to many developed countries e.g. 33 kg/capitaare
consumed annually in Australia.The Indonesian Government’s objective is to raise
consumption even further to Skg (Dr John Ackerman,as reported in Beef Central).

Between 2004 and 2006, imported beef accounted for about 75% of total
Indonesian demand (Beef Central).In response, the Indonesian government has
initiated a program to boost domestic beef cattle production and productivity called:
“PengembanganSwasembadaDagingSapi or Self Sufficiency in Beef Supply”.Since
smallholder production accounts for over 80% of beef production, it is vital that the
supply capability of smallholdersby expanded.

The debate regarding the best way to achieve this target has focussed on lifting
beef cattle numbers. The vice-minister for Agriculture was quoted as saying that from
the “census for Beef Cattle and Buffaloes in 2011, the local beef cattle population
is 14.8 million head. He said that “Indonesia would need 20 to 27 million head of
cattle to support its own requirements. That’s roughly the size of the beef herd in
Australia” (Dr John Ackerman as reported in Beef Central).

However, the goal of lifting output is as much about increasing individual
animal performance as it is about lifting overall cattle numbers. Expansion of the
smallholder sectoris seriously hampered by poor nutrition which constrains both
breeding herd productivity and growth rates of young animals to slaughter weight.
Lifting productivity of both these parameters requires improved nutrition.

In our project “Improving smallholder cattle fattening systems based on forage
tree legume diets in eastern Indonesia and northern Australia”, the Australian Centre
for International Agricultural Research (ACIAR) is focussing on increasing the
productivity of cattle being fattened for sale by smallholders. By improving the
nutritional quality of their diets using locally produced feeds, we aim to double the
output of cattle fatteners. This has been identified as the best way to improve the
livelihoods of the rural poor, who are otherwise largely involved in producing food
for family consumption.
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The Problem of Poor Nutrition

While the farm—gate price per kg live weight is similarfor Indonesian farmers
and northern Australiangraziers, there are many additional problems in Indonesia
viz. high calf mortality, lack of good quality bulls, long calving interval, poor growth
rates and slaughter of productive cows.

Indonesian farmers produce an inferior product by all accepted indicators
(rate of liveweight gain, carcass weight, age, dressing % (45% in Indonesia cf 54%
in northern Australia) and carcass quality at slaughter). The lower productivity of
Indonesian cattle can be related principally to inadequate nutrition, although other
factors may also be influential. The key limitations are:

» Seasonal rainfall together with lack of land leading to scarcity of forage sup-
ply, especially in the dry season.

» Insufficient quantity and quality of forage fed and lack of understanding of
the importance of good nutrition to achieve better animal performance.

* High calf mortality due to poor cow nutrition and management

* Stunted growth following weaning, when cattle are free grazed on native
rangelands, reducing growth potential even when animals are returned to a
higher quality diet.

*  Other factors including: (a) Breed type: cattle in most of Eastern Indonesia
have lower potential growth rates compared to tropically adapted cattle in
northern Australia; (b) poor sanitation, housing and health management e.g.
internal parasites; and (c) lack of sufficient water of appropriate quality

Of these limitations, the most important is poor animal nutrition under the
traditional integrated crop/livestock feeding systems employed. Even in tethered
fattening systems, cattle typically gain only 0.15 to 0.25 kg per day or 27— 46 kg in
6 months of intensive feeding prior to sale. In extensive free grazing systems,cattle
lose weight during the dry season.

More and better quality forage is vital to improve all aspects of animal
reproductive and growth performance. A faster rate of live weight gain (LWG)
would mean faster turn off, higher liveweight and dressing percentage at slaughter,
a higher quality product and therefore greater returns per kg of live weight.

The current minimum liveweight for slaughter of 250 kg is too small and
contributes to the low dressing percentage (45%); it is the lowest of all beef cattle
producing countries for which production data are collated. The average for tropical
breeds in northern Australia is 54%. It is desirable, profitable and technically possible
for Indonesian farmers to fatten to live weights of >300 kg.

Improved forage supply is central to achievement of each of these cattle
development goals.
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Need for Planted Forages and Importance of High Quality Diets

There has been little farmer interest in planted forages in Indonesia during the
period 1960-1990) despite significant investments in forage research during that
period. The reasons for lack of interest were:

(a) Low value for animal product, ready access to communal grazing, and lack of
well-developed beef market leading to anon-commercial attitude to livestock,

(b) Since most cattle were free grazed, early work focused on improving communal,
pastures, a concept that has generally proved unworkable due to the lack of graz-
ing control. Some success was achieved with the introduction of highly grazing
tolerant species e.g. Stenotaphrumsecundatum under coconuts (Shelton and Stur
1990), however gains were modest.

Interest in planted forages increased during the mid to late 90s due to changing
circumstances, namely:

(a) Increasing value and demand for animal product due to increasein the wealth
of Indonesia’s population, which in turn has fostered the development of local
markets,

(b) Less communal land available and thereforedeclining access to free forage,

(c) High labour requirement to herd free range animals.

Innovative smallholders began to tether their cattle and feed cut and carry forage
collected from communal areas, and then eventually from forages deliberately planted
on their own land. Initially, farmers were predominantly interested in using grasses
which gave higher yields, more feed per unit area, and therefore lower labour costs.
This bias towards feeding grasses remains today, for both farmers and Government
personnel. During the two decade from 190 to 2010, there has been much good
research work done; firstly, comparing the suitability and adaptability of various
tropical grasses for cut and carry e.g. Panicum maximum cv. Simuang (purple pigeon
grass), Pennisetumpurpurteum ‘Napier’, and the Brachiaria Hybrid ‘Mulatto’; and
secondly, developing successful participatory approaches to achieving uptake of
planted forages by smallholder farmers (Stur et al. 2007). There were a number of
forage projects in Indonesia, mostly supported by International aid funds e.g. ‘The
Forages for Smallholders Project’ (1995-2005) supported byAusAID / CIAT funds,
and ‘Pastures for Plantation Crops’ (1988-1995) supported by ACIAR.

As farmers became more commercially oriented, they needed to improve
reproductive performance, calf and weaner management, and growth rates, in order
to speed up turn-off. These improvements are principally achieved by feeding higher
quality diets. Tropical grasses alone are insufficient as they are low in protein and
digestibility, especially as they mature.The response of farmers was to supplement
with feed concentrates e.g. rice bran, pig and poultry concentrates; while this achieved
the objective of better animal performance, supplementation with concentrates was
expensive and reduced profits.
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The alternative was to make greater use of tropical legume forages which are
naturally high in protein and generally of higher digestibility than tropical grasses;
an approach that is gaining acceptance but still not widely practiced or understood.

The stylos(Stylosanthes guianensis, S. hamata, S. scabra) were the initial
legumes of choice by Government agencies due to their quick growth on most soils
including acidic, infertile sandy soils.However, they are not as high quality as some
other legumes due to their higher proportion of fibrous stem when mature, and they
are often short term. For these reasons, there has been limited use of herbaceous
legumes, although another ACIAR project (SMAR/2006/003LPS: Integrating forage
legumes into the maize cropping systems of West Timor)is having success with the
integration of herbaceous legumes with maize plantings.

In the meantime, farmers of their own volition began to make greater use of
forage tree legumes (FTL) (Gutteridge and Shelton 1994;Shelton ef al. 2000), most
notably leucaena (Leucaena leucocephala), sesbania (Sesbania grandiflora), gliri-
cidia (Gliricidia sepium)and calliandra (Calliandra calythyrsus). But other species
were also used e.g. Acacia leucophloeain Timor.

Role of Forage Tree Legumes

It became apparent that forage tree legumes were more appropriate source
of leguminous forage for smallholders for several reasons(Gutteridge and Shelton
1994):

» They are deep rooted and have the ability to provide forage through the dry sea-
son when it is most needed.

* They are true perennials and do not require to be replanted on a regular basis.

* They are readily harvested and transported requiring less time for harvesting
even than grass.

* They supply multi-purpose products for households e.g. apart from forage, they
are a source of timber, fuelwood and even human food.

» There are several species of forage tree legumes, while introduced,grow natu-
rally in Indonesia in a wide range of differing environments.

With best possible nutrition involving substantial use of expensive purchased
concentrates, the potential growth rate of Bali cattle is about 0.76 kg/d or 139 kg in 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).

Quigley and Poppi (2009) reported “that the potential growth rate of 6 to 12
month old Bali calves can be lifted from 0.1 - 0.2 kg/d, under prevailing feeding
scenarios, to over 0.4 kg/d, closer to the potential liveweight gain of approximately
0.65 kg/d (Figures 1 and 3). Simple feeding strategies available to farmers include
the provision of feeds high in protein, such as Leucaena leucocephala, Sesbania
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grandiflora or copra meal and rice bran. At low levels of inclusion (10 g DM/kg
W/d) these protein supplements resulted in financially beneficial increases in live
weight gain”.

To achieve these levels, increased access to, and improved knowledge of, the
nutritional value of FTL is required. This approach has potential to not only increase
slaughter weights, but also reduce the slaughter of productive females.
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Figure 1. Average daily gain of weaned early weaned Bali cattle (60-110 kg live) fed a
range of diets in JawaTimur, Nusa Tenggara Barat, Nusa Tenggara Timur and
Sulawesi Tengah (Quigley and Poppi 2005).
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Figure 2. Average daily gain of weaned early weaned Bali cattle (60-110 kg live) fed a
range of tree legume diets in JawaTimur, Nusa Tenggara Barat, Nusa Tenggara
Timur and Sulawesi Tengah (Quigley and Poppi 2005).
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The Key Tree Legume Species

As mentioned, there are several species of FTL being used as a source of forage
in Indonesia; however this paper will focus on two of the highest quality species,
namely, Leucaena leucocephala and Sesbania grandiflora.

Leucaena in Indonesia

The tropical leguminous shrub Leucaena leucocephala (leucaena) is widespread
in Indonesia where it occurs as an invader of disturbed areas where soil and climate
parameters are conducive to its growth. Where these areas overlap with ruminant
production, some farmers have evolved feeding systems utilizing freshly harvested
leucaena as a much needed source of protein in cattle, goat and buffalo diets.
Leucaena is especially widespread in the seasonally dry Provinces of NTB and NTT
and is often the sole feed especially in the dry season. There is immense potential to
increase the use of this valuable underutilized forage.

Leucaena was promoted in the semi-arid islands of Nusa Tenggara Timur pro-
vince in eastern Indonesia in the 1930s to 1960s by government institutions and
NGOs to reduce degradation and increase production and promote sustainable agri-
cultural systems (Piggin and Nulik 2005). They reported that “the Amarasi system
in Timor is based around the use of leucaenaas forage for tethered cattle and goats.
The Sikka system in Flores was developed in the 1960s and involves contour rows
of leucaena to prevent erosion and create indirect terraces where corn, peanuts, and
mungbeans are grown and mulched with leucaena clippings from the hedgerows”.

“These systems each now cover about 50,000 hectares or 70% and 30% of the
Amarasi and Sikka areas respectively, contributing substantially to farm production,
wood supply, and stabilization of the resource base. Given that villager families farm
about 2 ha, this suggests that some 25,000 farm families may be growing leucaena
in both Amarasi and Sikka” (Piggin and Nulik 2005).

While the above examples of use of leucaena by smallholders are well docu-
mented, recent investigations have shown that the feeding of leucaena to livestock
is more widespread than previously thought. For instance, we visited Balinese vil-
lages in western Sumbawa (Jati Sari), villages on the southern coast of Sumba, and
villages north of Sengiti on the eastern coast of Lombok, that have for extended
periods, based their livestock feeding around the use of both naturally occurring
and planted leucaena. The Balinese farmers in Jati Sari informed us that leucaena
feeding was common practice in Bali before they migrated to Sumbawa approxi-
mately 30 years ago. On arrival, they initially found jobs as labourers in the shrimp
fisheries, but eventually were able to buy land and use their previous experience to
become cattle fatteners.

We have no doubt that similar practices exist in many other areas of those
Provinces, and probably in other Provinces of Indonesia.
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The potential for making use of existing leucaena areasfor livestock feeding,
or extending the area of leucaena by new plantings, is enormous; there are large
areas of uplifted coral landscapes, in both NTB and NTT that are eminently suitable
for the growth of leucaena. Indeed our early results from plantings in the village of
Kuanheum and Batulesavillages in Timor and in Pametinganga hamlet in Kambataana
village, Pandawaisubdristrict in Sumba, demonstrate this conclusion.

The origin of the naturally occurring variety is not known and may be one of the
original giant K-series provenances distributed from the University of Hawaii. Our
recent work in NTT has demonstrated the superiority of cv. Tarramba,an Australian
released variety (Gutteridge and Shelton 1996), compared to the local variety; it is
higher in palatability, yield, and psyllid tolerance. Tarramba leucaena is currently
being distributed widely in NTT and now NTB as part of the ACIAR project referred
to above. It is imperative that local seed production of this variety is promoted to
ensure its widespread distribution and use.

Leucaena toxicity. Whilst leucaena can support excellent animal growth rates, it
possesses an anti-nutritive property - the toxic non-protein amino acid mimosine.
However, mimosine is readily degraded by plant and rumen microbe enzymes to
3-hydroxy-4(1H)-pyridone (3,4-DHP) (Hegarty et al. 1964) and then, if the bacteria
Synergistes jonesii is present, to harmless by-products which are likely to have
nutritional value (Jones and Megarrity 1986). In the absence of the specific gram
negative bacteria S. jonesii, undegraded DHP is absorbed into the blood stream and
is then excreted in urine. While clinical symptoms include enlarged thyroid glands,
subclinical toxicity is more common and presents as reduced appetite and reduced
animal productivity. Subclinical 3,4-DHP toxicity can retard animal growth by 30-
50% (Jones and Winter 1982; Quirk et al. 1988). The most practical method for
checking the protection status (presence of bacteria capable of degrading DHP) of
ruminants is analysis of urine for presence of DHP (Graham 2010). The method is
inexpensive and confirms not only the presence of bacteria but also their effectiveness
in degrading DHP when ruminants are consuming high leucaena diets.

As part of The University of Queensland’s ongoing study into leucaena
toxicity, the Australian Centre for International Agricultural Research (ACIAR)
has funded a survey of the Indonesian provinces of Nusa Tenggara Barat (NTB)
and Nusa Tenggara Timur (NTT). The aim was to determine the local protection
status of ruminants to leucaena toxicity in twenty villages chosen from the islands
of Lombok, Sumbawa, Sumba and Timor.

Preliminary urine test results showed large variability, not only between is-
lands, but also between animals in the same village and between villages on the
same island.

On every island, there were some animals excreting high levels of toxin while
other animals consuming large amounts of leucaena were excreting no toxin in
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their urine. These latter animals are of particular interest for further studies, as they
possess ruminal bacteria capable of complete degradation of mimosine and DHP.
Interestingly, there were also animals excreting high amounts of urinary DHP toxin
in neighbouring villages, in some cases less than 1 km apart. Cattle of Balinese
villagers in Sumbawa and cattle in Timor with well-established leucaena feeding
practices, were excreting low amounts of toxin, and showed protection against
leucaena toxicity.

A surprising finding was that goats and buffalos within Sumba, an island
previously thought to be unprotected due to its isolation from other islands, showed
low or no toxin excreted while on high leucaena diets.

The findings of this survey are encouraging and will aid research into improving
current inoculation practices to prevent toxicity wherever leucaena feeding is
practised.

Sesbania in Indonesia

Sesbania (Sesbania grandiflora) is a multi-function tree. Its main use In
southern Lombok, the major region for goat and cattle production, is as the main
(and sometimes the only) component of ruminant diets (Dahlanuddiner al. 2005).
It was originally introduced to Lombok in the 1970s as part of a national program,
aimed initially at improving soil fertility and replanting barren areas.

Dahlanuddiner al. (2005) reported that “Sesbania has the highest nutritive
value and is the most widely used of all tree legumes available for livestock feeding
in Lombok. It is planted in single rows along the bunds of rice paddies. The leaves
are cut and fed fresh in a cut-and carry system; the branches are dried for firewood.
Farmers harvest only the side branches of the tree to avoid tree mortality, and to
make the trunk straight for pole timber when cut at around 3 years of age. Southern
Lombok has limited forest resources, making sesbania the main source of firewood
and timber for both housing and animal pens”.

Dahlanuddinet al. (2005) reported that “sesbania is planted on approximately
25% ofrice field bunds on Lombok, mostly on the southern part of the island (which
is the main rice region in Lombok). Mature seeds that drop naturally during the
dry season provide sufficient seedlings in the early wet season for transplanting
onto the bunds. Each farmer plants an average of 520 plants, 40-60cm apart. From
an estimate of the total length of the bunds over Lombok island, circa 65K small
farmers plant sesbania”.

The fact sheet on the tropical forages web site (www.tropicalforages.info)
indicates that““an annual dry matter yield of 27 kg of green leaf/tree was achieved by
harvesting side branches. When fed to ruminant animals, it may comprise up to 70%
of total forageallowance during the dry season. Anecdotal reports of high liveweight
gains in cattle are common. In India, milk yield was increased by 8% (9.2-9.9 1/day)
when cattle were fed 5 kg fresh leaf/day”. However, the plant contains canavanine,
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the nutritional implications of which are unknown. It also Contains low quantities
of condensed tannins and the seeds are poisonous to fish.

The system has potential for expansion to other areas of Lombok and
Indonesia with similar agroecological conditions.Sesbania planting is a valuable
and sustainable technology that fits well into smallholder farms. It allows farmers to
produce high quality forage. However, better agronomic information is required on
planting configuration, management for optimal forage and wood production, and
genetic diversity.

Empowering Local Resources for Sustainable Animal Production Due
to Climate Change

The theme of this conference is Empowering Local Resources for Sustainable
Animal Production Due to Climate Change. Forage tree legumes contribute to this
goal in many ways:

Contribution to sustainability

1. They can be crucial contributors of forage to the productivity of household
ruminants, lifting the economic returns to rural families, and improving the
welfare of both farmers and their animals.

2. They are long-lived perennials that stabilize often degraded environments
protecting them from erosion and degradation.

3. Being legumes they contribute N to the integrated crop-livestock systems so
common in Indonesia.

4. They provide much needed forage for livestock reducing grazing pressure
on communal lands.

Contribution to climate change

1. The improvement in quality of ruminant diets by the addition of forage
tree legume foliage reduces methane emissions. “CSIRO research shows
that northern (Australian) cattle fed on a diet of predominantly leucaena,
a legume tree, emit less methane than cattle grazing on tropical grasses”
(Charmley 2011).

2. Substantial amounts of C are sequestered in the woody frame and timber of
FTL. Research being conducted at the University of Queensland indicate
that leucaena-grass pastures sequester C at depth in the soil profile (below
60 cm) and can store 370 — 400 t ha-1 C compared with 270 t ha-1 C in grass
only (buffel grass) pastures; however, the amounts are highly dependent
on management practices, soil type and climate (Kathryn Conrad, personal
communication).
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Conclusions

The Indonesian Government has made a priority to lift cattle productivity and
move towards self-sufficiency in beef production. Smallholders are crucial to this
strategy as they supply a high percentage of output. The best way to achieve this
goal is to improve the amount and quality of forages used by farmers to feed their
cattle; this will have a direct positive effect on reproductive efficiency of females
(by lifting calving percentages and reducing calf mortality) and the rate of growth
of young bulls post weaning and therefore turn off from smallholder cattle fattening
enterprises.

Forage tree legumes can play an important role as they are commonly present
in rural environments, they are perennial and supply dry season forage, and many
farmers already use them in their feeding programs.The key tree legume species
areLeucaena leucocephala and Sesbania grandiflora but other species such as
Gliricidia sepium are also important. FTL have the additional advantage of promoting
sustainability of animal production due to their longevity and have the potential to
reduce greenhouse gases via their C sequestration capability and to reduce methane
emissions from ruminants consuming higher quality diets.
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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/vear. 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 (4) 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

Introduction

Breeding program of local animal will be able to support economic stability
and food security programs which are more valuable than the import of animal
from abroad. This program will stimulate the Indonesian people to produce its own
products and have alternative jobs for community. One of the great potential of local
animal in Indonesia is local chicken (ayam kampung) which could be developed by
genetic improvement to reduce the dominance of imported chicken (broiler or layer).
This effort will support the genetic development of local chickens as a commercial
layer chicken that is more productive and profitable for business activity. These
objectives could be achieved by a sustainable strategic approach including genetic
selection and nutritional adjustment (M. Aman Yaman et al., 2000a: 2000b: 2010)
and up-grading technology through genetic approach and breeding technology (May,
1971: Brillard, 2003).

The breeding technology developed for local chicken selection should have
advantages in terms of output, applicative and more economical (Ansah et al., 1985:
Bennewitz et al., 2007). The previous studies of local chicken have categorized
two types of local chicken from Aceh Province resulted by genetic selection using
exterior parameters, namely (a) the type of potentially meat chicken and (b) the
type that can be oriented as laying hens. The previous results also showed that the
average local chicken eggs only produced between 70 to 90 eggs /year. Until now,
the conventional program of genetic selection for local chicken have not been able
to raise the potential of local chickens as productive laying hens (M. Aman Yaman
et al., 2008: 2009). In order to solve such problems, the application of genetic
programs for selecting local chicken needs to be done through a combination of a
more comprehensive, more effective and applicable method using crossbreeding
program.

In principle, to stimulate the gene expression of local chicken as layer requires
the supply of nutrients according to their requirements since the starter, grower,
pre-laying and laying period (M. Aman Yaman et al, 2002: Wattiaux, 2006).
Development of methods of selection, crossbreeding and nutritional approaches in
an effort to generate a new strain of local chickens for egg production will be highly
appropriate for a local chicken. It is possible to perform crossbreeding program using
artificial insemination to increase the expression of genetic potential (Szwaczkowski
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et al., 2000: Sapp et al., 2004). The present research will focus on producing a layer
chickens resulted by crossbreeding between local chicken, Arab chicken and Hy-
Line Brown layer. The combination of breeding and nutritional approach could be
considered to produce a new strain of local chicken which genetically able to produce
egg higher than the original local chicken. The characteristic of egg produce by this
chicken also must be qualified for market standard as a commercial chicken egg.

Materials and Methods

Ten adult male selected chickens (crossing between female of Kampung chicken
with male of laying commercial chicken) and sixty female Arab chicken were used
to evaluate the quality of offspring as a candidate of layer chicken. Crossbreeding
was carried out by artificial insemination and all parameters were performed on
offsprings (F1 — F3). The research design used was randomized factorial (2x4) and
data was processed statistically using analysis of variance. Evaluation of genetic
potential was performed in any growth stage of chicken during the selection process.
The effect of nutritional adjustment on selection program was examined by treatment
of protein and energy balance to evaluate feed conversion parameter.

The treatment of energy and protein balance were A (3000 Kcal:21%), B(2900
Kcal:20%), C(2800 Kcal:19%) and D(2700 Kcal:18%). At 90 days of age, analysis
of cellular parameters (protein, RNA and mRNA) in muscle tissue was performed on
breast muscle sample of offspring (F3) to indentify selected chicken as a candidate
of laying chicken. At the end of period, other parameters were measured: egg
production, egg weight, haugh unit (HU), egg grade, egg shape and eggshell color.

Sampling of hatching egg resulted by crossbreeding to produce F1-F3 offspring
were selected by the following criteria ; eggshell color is reddish-white, oval shape,
egg weight from 35 to45 gram and fertile. Sample of breast muscle and liver tissue
were collected from chicken to evaluate the response of chicken type and nutritional
treatments on cellular parameters for selection program carried out by the method
of dislocation neck (cervical spine fracture) and chemical analysis. All sample
tissue was preserved by immersing into liquid nitrogen and stored at -80° C until
analysis. Protein, RNA and mRNA contents were analyzed by chemical treatment
and measured by spectrophotometer (M. Aman Yaman et al., 2000).

Results and Discussion

The present result showed that crossbreeding between local chicken, layer
chicken and Arab chicken produced two types (heavy and medium types) of
productive laying hen (called as Kamaras chicken) with a specific performance and
difference in egg productivity (Table 1). Both of Kamaras chickens have a similar
body shape but difference in body weight during mature sex and dominant color.
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Heavy type chicken has a black dominant color and gray dotted, while medium type
has a black dominant color and white/golden dotted. At the age of mature sex, body
weight was 1580 gram (heavy type) and 1420 gram (medium type). The average of
egg production of both types of Kamaras chicken ranged between 171 to 177 eggs
/year. There was no difference in egg quality of both types of chicken. However, the
FCR of medium was lower (2.6 kg) compared to the heavy type chicken (2.9 kg)
during 90 days of rearing period. The results also show that through crossbreeding
program and combination of selection methods produced a derivative type of local
chicken which has an ability to produce eggs was higher than the origin of local
chicken but still has a similar characteristic in egg quality.

Table 1. Parameter of Kamaras chicken (female line) resulted by cross breeding program as
a candidate of local productive laying hens

Specification Heavy type Medium type
Body shape Layer Layer

. Black and gra Black and white
Dominant color dotte dg Y dotted
Body weight of pra-laying (gram) 1580 1420
First laying age (week) 19 18
Clutch (egg/week) 5 4
Mean of egg production (egg/year) 177 171
Egg weight (gram) 35-47 32-43
Haugh unit 74 72
Egg shell color Creamy white Creii}ivxzhlte
Hatchability (%) 93 91
Feed conversion rate (FCR) for 90 days 2.9 2.6

Combination selection program and mating strategy to explore the potential of
genetic during breeding process will largely affect the derivative type of chicken (M.
Aman Yaman et al., 2008 and 2009). On poultry breeding program, the dominant
characteristic that appears in exterior parameter followed by analysis of cellular
parameter will be used as a very useful parameters to produce a new type of chicken
in accordance with the breeding purpose (Brah, 2005; Bennewitz et al., 2007)
including breeding program to stimulate the increase in egg production and egg
quality of local chicken. The combination of selection program on a local chicken
through cellular and exterior parameters influenced the appearance of the chicken
peformance and egg production (Wattiaux, 2006) . The present result approved
that crossbreeding followed by a strike selection method using local chicken, layer
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chicken and female Arab produced a new type of chicken which can replace the role
of local chickens as laying hens in the future.

Analysis of cellular parameters (Table 2) in the two types of chicken Kamaras
showed that protein, RNA and mRNA contents in the pectoral muscle has equal to
those in commercial laying hens. These indications show that the chicken Kamaras
could be categorized as slow-growing type of chicken similar to the characteristics of
laying hens. Cellular content in breast muscles of poultry could be used as a reference
for functional selection of laying hens or broilers, in which the concentration of
protein, RNA and mRNA of chicken breast muscle layer is lower than broilers due
to the different types of fiber muscle (Kita ef al., 2002 and M. Aman Yaman, 2010).
The results of this study approved that the chicken Kamaras have a very strong
character as laying hens that can be developed into a productive laying hens.

Table 2. The concentration Protein, RNA and mRNA contents on breast muscle of Kamaras
chicken (F3) resulted by crossbreeding between male selected chicken and female

Arab chicken

Parameter Medium type Heavy type
Chicken age (days) 90 90
Body weight (gram) 857 993
Breast muscle weight (gram) 17.15 18.49
Protein (mg) 3023 3155
RNA (mg) 12.93 13.24
mRNA (ug) 3276 3340

It was also observed that protein and energy balance in the feed significantly
affected on egg production rate and egg quality (HU value) in both type of Kama-
ras chicken. However, there was no influence of chicken type (heavy and medium
types) on egg production of Kamaras chicken. It was known that adjustment of pro-
tein and energy balance increased the number of eggs and egg quality. The egg pro-
duction of Kamaras chicken fed on diet containing 19% of crude protein and 2800
Kcal of energy significantly increased than other nutritional treatments (Table 3). It
was also informed that the requirement of protein and energy balance was different
between Kamaras chicken and commercial layer chicken. In general, commercial
laying hens require 17% of protein and 2900 Kcal of energy in ration. It was due to
the difference in genetic characteristic as the result of crossbreeding between 3 types
of chicken. The present result also showed that breed and chicken type, genetically
affected the egg production but the nutritional balance in particular; protein, energy
and minerals is a important factor affecting the production and egg quality of lay-
ing hens (Kino, 1993; Bennewitz et al., 2007). The two types of Kamaras chicken
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produced between 147-170 eggs/year higher than origin chicken (70-90 eggs / year).
The influence of genetic characteristic from the Arab and layer chickens as male and
female line during crossbreeding program caused an increase in egg production of
Kamaras chicken.

Table 3. The effect of chicken type and nutritional treatment on number and egg quality of
Kamaras chicken (F3) resulted by crossbreeding between male selected chicken
and female Arab chicken

Type .of Nutritional ~Number of HU wliigggh ¢ Egg Egg yolk tI;:ngcgljllql:le
offspring  treatments egg/year (@ grade color (mm)
A 157° 68° 33 A Reddish yellow 0.33
B 162¢ 71° 35 A Reddish yellow 0.34
Heavy C 167¢ 73° 36 AA Reddish yellow 0.37
D 1420 642 32 B yellow 0.32
A 156° 67" 34 A Reddish yellow 0.32
B 164¢ 70° 34 A Reddish yellow 0.35
Medium C 170¢ 73 36 AA Reddish yellow 0.36
D 1472 65° 32 B yellow 0.32

Different superscript in the same line means significantly different (P<0.05)

The differences in protein and energy balance in ration also effected egg weight,
shell thickness, albumen height, yolk color of egg. It was also observed that the value
of HU and grade eggs on both types of chicken Kamaras was significantly affected
by protein and energy balance in ration. The egg weight of Kamaras chicken fed on
ration contained 19% of crude protein and 2800 kcal of energy was higher and it
was also followed by an increase in egg components, egg grade and HU. The results
are consistent with several previous studies that nutritional adjustment resulted in
increased egg weight and albumen quality that have an impact on increasing the
Haugh Unit of egg (M. Aman Yaman et al., 2008:2009 and 2010).

Conclusions

Cross breeding program between selected local chicken, Arab chicken and Layer
Hy Line Brown has produced a potential local laying chicken called as Kamaras
chicken. The third offspring of crossbreeding use 3 type chickens generated two types
of local laying chicken (medium and heavy types) with the high egg production than
the origin local chicken. It was also known that the egg production and egg quality
of Kamaras chicken could be stimulated by fed on ration contain 19% of protein and
2800 Kcal of metabolizable energy (ME).
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In conclusion, egg production and egg quality of Kamaras chicken from cross
breeding, genetic selection and nutritional adjusment was better than their origins so
it could potentially be developed as a local chicken laying.
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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

Introduction

Local sheep is one of the genetic resource potential to be developed. This is
due to their several advantages which are prolific, good adaptability to the harsh
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environments, disease resistance, shorter production cycles and relatively requires
small capital. In addition, in some densely populated areas like Java, sheep are
able to substitute some beef that have to be imported each year. Based on 2008
data, special needs of sheep in West Java alone reach the range of 3.343.365 heads
(Ditjennak 2009). The amount of the request indicates that the prospects for sheep
farming is still wide open.

In relation to sheep development efforts, some weaknesses of the local sheep
is that -their slaughter weights and daily body weight gain are low vaired between
54 - 174 g/head/day (Yamin et al. 2009), in addition, the carcass quality and meat
is also highly variable and do not meet international market standards. In order to
solve the problem the genetic quality improvement efforts are needed to increase
productivity, carcass and meat quality so the impact on lamb production will in-
crease the contribution of lamb to total meat production in the country that currently
only around 5% (Ditjennak 2009).

Molecular biotechnology advances allow the selection can be done at the DNA
level through the use of marker genes that have an association with the highly eco-
momic traits. One of marker genes associated with body weight in local sheep was
calpastatin (Sumantri et al. 2008). Numerous other studies have also shown a re-
lationship of calpastatin gene with carcass quality (Schenkel et al. 2006), and meat
quality, especially tenderness (Casas et al. 2006; Curi et al. 2009).

Calpastatin (CAST) is a member of the calpain-calpastatin system involving
three molecules of the enzyme p-calpain, m-calpain and calpastatin that serves as
both calpain inhibitor. This system plays a important role in diverse physiological
processes such as regulation of protein turn over and growth (Goll ef al. 1992), and
myoblast migration (Dedieu et al. 2003), therefore CAST is believed as a good
candidate gene for growth, carcass and meat quality.

Information on meat quality based on various calpastatin gene genotype in the
local sheep currently is not yet available, so the information is needed in order to
describe the effect of this gene on meat quality.

Materials and Methods

Sample and Genotyping

This study used 21 heads of Thin Tail Sheep (TTS) from UP3J Jonggol that
reared intensively. Sheep then grouped based on their genotype variation based on
Dagong et. al. (2011) methods. A pair of PCR primer, forward: 5’-GTTATGAATT-
GCTTTCTACTC-3’ and reverse: 5’-ATACGATTGAGAGACTTCAC-3’ was de-
signed to amplify part of intron 5 and whole exon 6 of CAST gene, as described by
Zhou et al. (2007). PCR amplification was carried out in 25 pl reaction containing
50-100 ng genomic DNA, 0.25 uM of each primer, 200 uM dNTPs (Fermentas), 4.0
uM Mg*, 0.5 U of Toptaq DNA polymerase (Qiagen, Hilden, Germany), and 1x
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the reaction buffer. The condition of thermal cycling consisted of pradenaturation
at 95 °C for 5 min, followed by 35 cycles of denaturation 95 °C for 30 s, annealing
56 °C for 45 s, and extension 72 °C for 45 s. The final extension step was at 72 °C
for 5 min. Amplification was carried out in a thermal cycler (Mastercycler Personal
22331, Eppendorf, Germany). The PCR amplicon were checked on 1.5% agarose
gels in 0.5 x TBE buffer containing 10% of ethidium bromide at 100 volt for 45 min
and visualized by UV transiluminator. A SSCP procedure was used to identify varia-
tion in the amplicon of CAST locus. The sheep that have been known to represent
the CAST genotype then slaughter each genotype to identify their physical meat
charactreristics.

Physical Meat Characteristics

Meat quality was measured based on the physical parameters which include:
pH measurement by pH meter and measured after aging for 24 hours. Meat tender-
ness was shown by the enormous strength (kg/cm?) required to cut the meat cores
indicated by the needle cutter Warner Bratzler Shear Force (WBSF) that moves
over the scale with a measurement sensitivity of 0.1 kg/cm?. Water Holding Capac-
ity was measured with a planimeter by finding out the amount of water (mg H,O).
Cooking loss was measured by substracting the initial weight with the weight after
sample cooked at 80 °C for 1 hour.

Association of CAST gene polymorphims with physical meat quality was
analyzed by t-test with the following statistical equation:

S — ———
t=——— = _ !E-:_-:i(}{__—}{_lj-_E.:_.:_ll:xl_xzj_
(1 1 o= - -
In, " n, ' ny +ng — 2
NIy T N

Where :

X,and X, = Mean value in genotype 1 and genotype 2
n andn, = Number of sample in genotype 1 and genotype 2

7 = Total varians

Physical meat quality data corrected in advance using the following statistical
equation:
Xstandard

X, correction = —————x X, observed
X obzserved

Where :
X. correction = value of physical meat characteristics after being corrected by sex
and age
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X standard = mean of physical meat characteristics of standard population

X observed = mean of physical meat characteristics of observed population
X. observed = value of physical meat characteristics before being corrected by
sex and age

Results and Discussion

Differences of physical meat characteristic

Means value of physical meat quality from different CAST genotypes on the
local sheep are shown in Table 1. There was no significant difference (P>0.05) either
in tenderness, water holding capacity, cooking loss and pH from three different
CAST genotyes (CAST-11, CAST-12 and CAST-22) in local sheep. Similar results
with a previous study by Zhou et al. (2008), who reported that all allelic variation
(CAST-1, 2 dan 3) or variations of genotypes were identified in the CAST locus did
not significantly affect the lamb tenderness.

Tenderness value of research results in the range 2 - 3 in a tender category, but
no differences among the three genotypes. In contrast to some previous studies that
identified a significant association between CAST variation with beef tenderness.
In cattle, CAST gene variations have been used commercially as genetic markers.
Two markers are currently available commercially were GeneSTAR Tenderness and
Igenity TenderGENE. GeneSTAR using SNP G/A in 3’UTR region (Barendse 2002),

Tabel 1. Mean value of physical meat characteristics from various CAST genotypes of local
Thin Tail Sheep

Genotypes

Physical meat CAST-11 CAST-12 CAST-22
characteristics - 0 - 0 - )

(n=4) CV(%) (n=10) CV(%) (n=7) CV(%)
Tenderness (Kg/ 3.16+£0.72 22.78 2.98+0.79 26.51 2.494+0.71 28.81
cm?)
Cooking loss (%) 49.5443.24 6.54 43.76+3.61 8.25 46.32+6.53 14.10
Water Holding 117.31£13.70  11.68  99.46+19.83  19.94 103.73+19.27 18.58
Capacity (WHC)
(MgH,0)
Persentage of 39.10+4.56 11.66 33.15+6.60 19.91 34.57+6.42 18.57
WHC
(% MgH,0)
pH (24 h) 5.57+0.07 1.26 5.75+0.31 5.39 5.80+0.32 5.54

Note: CV = Coefficient of variation (standard deviation/mean x 100% )

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



while Igenity TenderGENE using SNP G/C in intron 5 region (Van Eenennaam et
al. 2007).

Differences in CAST gene effect sheep meat tenderness and beef probably
caused by the fact that sheep meat is more tender due to the rate of myofibrils pro-
teolysis of sheep meat is faster than beef (Koohmaraie et al. 1991), therefore, the
differences in sheep meat tenderness has smaller effect on meat tenderness.

Conclusion

There was no difference between physical meat quality with CAST genotype
variation in 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 SnaBl1 for The IGF-1 gene and Bsrl 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 Snabl 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 Bsrl, 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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Introduction

Productivity of dairy cows is strongly determined by the level of their fertil-
ity. The potency of a cow to give twin births needs to be studied to get information
on how far this trait can be inherited. The inheritance of twin births in cattle had a
similar pattern to quantitative traits, it was controlled by many genes and interacted
with environment (Lien et al., 2000). DNA molecular techniques focusing on ge-
nomic analysis can be used to examine the insidences of mutation of the sequences
of DNA fragments related to the changes in breeding values or performances of
valuable traits.

Genetic polymorphisms of two fertility genes in cattle, including the IGF1 and
OPN genes, using the method of restriction fragment length polymorphisms (RFLP)
or others have been studied. The IGF1 gene in cattle is located in the chromosome 5
(BTAS), of which containing QTL regions of controlling twin (multiple) births. So
this gene was possible to be used as a candidate gene to increase the genetic potency
of cows to calve twin or multiple (Lien et al., 2000). The IGF1 gene played an im-
portant role in regulating folliculogenesis and possibly be involved also in regulat-
ing multiple ovulations in cows (Kim et al., 2009). Therefore, the IGF1 gene could
be used as a positional candidate gene and intron 2 IGF1 gene was highly significant
(P=0.003) associated with twinning traits in cattle (Kim et al., 2009).

Osteopontin (OPN) gene in cattle is located in the chromosome 6 (BTA6),
closely located to the QTL genes of milk production (Leonard ef al., 2005). The bo-
vine OPN gene consisted of 6 exons with the size of about 7 kb from genomic DNAs
(Gen Bank accession number: NW _255516) and encoded a 278-AA protein (Kerr et
al., 1991). Regulation and immediately functional implication of the conditions in-
volving the OPN gene gave temporary and partial possibilities as the result of join-
ing activities in developing and ensuring the maintenance of a pregnancy (Johnson
et al., 2003). The objective of this study was to determine genetic polymorphisms
of the IGF1 and OPN genes in HF cattle with historical twin and non-historical twin
raised by small dairy farmers in Lembang District, West Java Province.

Materials and Methods

Blood and DNA Samples

A total blood sample number of 42 heads of HF dairy cattle consisting 27 heads
of historical twin birth cattle and 15 heads of non-historical twin birth ones as the
control. Genomis DNA was extracted from fresh blood sampes by using standard
phenol-chloroform protocol (Sambrook and Russel, 2001).

Amplification and Polymorphism Identification
Amplification of IGF-1 and OPN gene fragments was done by using poly-
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merase chain reaction (PCR) methods. Reagents were used for amplification of both
fragments are 2 pl of DNA sample, 25 pmol of each primers (Table 1), 200 pM of
dNTPs mixture, | mM of MgCl,, and 0.5 unit of DreamTaq™ DNA polymerase with
its buffer (Fermentas) in 25 pl of total solutions. Amplification process was running
within GeneAmp® PCR system 9700 (Applied Biosystems™) with the condition of
pradenaturation at 95°C for 5 minutes, 35 cycles consisting of denaturation at 95°C
for 30 second, primer annealing at 60°C for 45 second and extension at 72°C for 1
minute, and the final extension at 72°C for 5 minutes.

Polymorphism identification both in IGF-1 and OPN gene fragments were de-
tected by restricted fragment length polymorphism (RFLP) methods. The restricted
enzyme which used for IGF-1 gen fragment was SnaBI (New England Biolabs) and
for OPN was Bsrl with following manufacture’s instructions. The product of RFLP
methods were visualized on 2% agarose gel (w/v) which stained by EtBr (ethidium
bromide). Allele identification was followed Siadkowska et al. (2006) for IGF-1
gene and Leonard et al. (2005) for OPN gene.

Table 1. Primers information were used

PCR  Restriction

Gene Sequence (5°-3”) Product  enzyme Reference
IGF-1 F:ATTACAAAG CTG CCT GCC CC 249 bp SnaBI  Siadkowska
R: ACC TTA CCC GTA TGA AAG GAA et al., 2006
OPN F: GCAAAT CAGAAGTGT GATAGAC 290 bp Bsrl Leonard et
R: CCA AGC CAA ACG TAT GAG TT al., 2005
Statistical Analysis

Genotype frequency represents the ratio of a genotype to total population.
Allele frequency is a ratio of an allele to the overall allele at a locus in the population.
Mathemathics model genotype and allele frequency (Nei and Kumar, 2000) is
represented as follows:

Ty
X =I x 100%

¥ = (2n; + Zz’:_;l'ﬂi_;l':]

" 2N
Note :
il = iith genotype frequency
nii = number sample of ii genotype
nij = number sample of ij genotype
N = total sample
xi = ith allele frequency
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Results and Discussion

Amplification and Genotyping of the IGF1 Gene Fragment

Amplification of IGF-1 gene fragment was successful to amplified the 249 bp
fragment were located in intron 1 of IGF-1 gene. Genetic polymorphism of the IGF-
1 gene was detected by PCR-RFLP method by Siadkowska et al. (2006) through the
examination of the presence of a C/T base transition at the 472 nucleotide position
in non-codign region of Bos taurus IGF-1 gene. The substitution of C to T produced
a new SnaBI (IGF-1|SnaBI) restriction site. The animals were genotyped by follow
Siadkowska et al. (2006). Animal with homozigot TT was indicated by the presence
of two fragments i.e. 223 and 26 bp, while the genotype homozigot CC was indi-
cated by absent of SnaBI restriction site and showed only one fragment i.e. 249 bp.
The heterozigot CT was indicated by the presence of three fragments i.e. 249, 223
and 26 bp.

The RFPL analysis samples show that the genotype of HF cattle was homozigot
CC. The allele was found are allele C. This result caused the frequency of the CC
genotype obtained are 100%, regardless of the CT and TT genotype are 0%. This
result was contrast to those of some previous studies by detecting the presence of ge-
netic polymorphisms in the bovine IGF-1 gene. Polymorphism short tandem repeat
(STR) in the 5’flanking region of intron 3 on IGF1 gene was identified by Kirkpat-
rick (2001). Single strand conformation polymorphism (SSCP) in the 5’ flanking
region of intron 1 on IGF-1 gene was also identified as a transition of T/C known as
RFLP|SnaB1 (Ge et al., 2001). Two polymorphisms of the IGF1 gene, the insertion/
dilesi TTTG (InDel) in intron 4 and RFLP|Dpnl in intron 5 were found in Norway
cattle (Lien et al., 2000).

Amplification and Genotyping of the OPN Gene Fragment

Amplification of the intron 4 OPN gene which located at the chromose 6
(BTAO6) investigated in HF cattle resulted in a fragment length of 290 bp. The ampli-
fication product was then restricted by Bsrl enzyme to detect the presence of point
mutation in the intron 4 OPN gene. Genetic polymorphism of the OPN gene in this
study followed the methods of Leonard ez al. (2005) which examined the transition
C/T in the 5’ non-code area in the intron 4 of Bos taurus OPN gene .

The substitution of C to T produced a new Bsrl (OPN|Bsrl) restriction site.
Animal with homozigot CC was indicated by the presence of two fragments i.e.
200 and 90 bp, while the genotype homozigot TT was indicated by absent of Bsrl
restriction site and showed onlyone fragment i.e. 290 bp. The heterozigot CT was
indicated by the presence of three fragments i.e. 290, 200 and 90 bp.The analysis
of RFLP on the OPN|Sbrl within HF cattles with historical twin from Pangalengan
district show that there was found three genotypes, namely the CC genotype, CT,
and the TT genotype.
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Table 2. Genotype and allele frequency of the OPN gene in HF historical twin and control

Genotype Frequency (% Allele Frequency (%
Population Cattle (Head) P d y (%) 4 y (%)

cC CT TT C T

Pangalengan ~ Non-twin (0) - - - -
Sub total (17) 24 (4) 53 (9) 24 (4) 50 50
Twin (10) 40 (4) 60 (6) 0(0) 70 30
Lembang Non-twin (15) 20 (3) 40 (6) 40 (6) 40 60
Sub total (25)  28(7) 48(12) 24 (6) 52 48

Total Twin (27) 308) 56(15) 144 57 43
Non-twin (15) 20 (3) 40 (6) 40 (6) 40 60
Total (42) 26 (11)  50(21) 24(10) 51 49

Note: (....) was blood samples

The frequencies of the occurrences of CC, CT and TT genotypes of the OPN
gene of HF historical twin cattles from Pangalengan ditrict were 24, 52 and 24%
repectivelly. For HF cattles from Lembang district were found some interesting
things. For non-historical twinning cattles as the controls were identified three
genotypes, namely CC, CT and TT genotypes, with the frequencies of the occurences
of the respective genotypes were succesively 20, 40 and 40%y. For historical twin
animals in this location were found none animal having the TT genotype (0%), so
those historical twin cattle had only two genotypes of CC (40%) and CT (60%)
respectively.

Conclusion

Genotyping on the intron 1 region of IGF-1 gene in the BTAS in HF cattles
of both historical twin and non-historical twin resulted in no genetic polymorphism
(monomorphic) as the DNA fragment representing solely the CC genotype. This is as
indication of the C/T substitution in the intronl IGF1 gene might be disappearence,
so this gene was unable to be functioned as a candidate gene in studying twinning
traits in HF cattles.

Genotyping on the intron 4 of OPN gene in HF cattles with historical twins and
non-historical twins resulted in three genetic variance, providing CC, CT, and TT
genotypes, but their frequencis was varied. This result proved that the C/T transition
in the non-code area on intron 4 of OPN gene could be used as an early indicator as
a candidate gene to study its control on milk uterus secretion to mediate twinning
birth in in HF cattle.
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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 Al 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 BMSI1216 (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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Introduction

Traditional genetic selection in livestock has been conducting up to present to
select important traits which have economic values. This manner has contributed
many advantages in livestock development this present. However, this traditional
selection manner has been considered as not an effective way in breeding program
since this selection is time consuming and involves many persons to measures the
performance of desired traits.

In the past 20 years ago, there was a great changing in livestock breeding from
quantitative genetics shifting to molecular genetics with emphasized in the identifi-
cation of quantitative trait loci (QTL) and marker-assisted selection (MAS). In that
past, advances in molecular genetics have lead to either the identification of multiple
genes or genetic markers or single gene associated with specific traits (Dekkers,
2004). In addition, those genetic markers could identify QTL or genomic regions
that affect quantitative traits.

Genetic selection in cattle for some difficult traits or the trait with low heri-
tability, such as reproduction, it has traditionally had very little success (Allan et
al., 2009). The advances in DNA technologies, genetic selection of traits with low
heritability could improve reproductive efficiency more rapidly in cattle. One im-
portant trait of reproductive traits is twinning birth in industry of cattle producers.
This twinning trait is shown very small percentage in cattle since cattle is a unipo-
rous cattle with a single delivered calf in each birth. As reported byKomisarek and
Dorynek (2002), the accidence of twinning birth is smaller (about 1%) in beef cattle
and more than 4% in dairy cattle then increased in more age in cows.

The QTL study associated with twinning trait was reported in chromosome 5
of bovine by using genome-wide linkage analysis(Lien et al., 2000).Microsatellite
markers have been used in initial genome mapping (De Atley et al., 2008) and also
used to identify the location of Quantitative Trait Location (QTL). Even though
today it most efforts involved SNP (Single Nucleotide Polymorphism) marker in ge-
nome mapping. Microsatellites have been identified in both coding and non-coding
regions of the genome and have been utilized to detect QTL (Sellner, et al., 2007).

Our observation of twinning birth in Ongole ascendant (PO) at one district of
Grobogan regency in central Java, it was often occurred and delivered every year.
Owners or stakeholders of twinning birth have fertilized their cows by using either
bull (naturally) or Al (Artificial Insemination), (unreported data).Based on that in-
formation, this study was designed to confirm those cows whether the twinning trait
affected genetically or by chance. All DNA samples of cows delivering twin birth
were used for confirming the candidate gene (s) associated with twinning birth in
PO cattle by application of microsatellite markers.
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Materials and Methods

DNA Genome Samples

Samples of DNA were collected from fresh blood of 35 cows delivering twin-
ning birth at some districts under Grobogan regency of Central Java Province in
2011. As 12 DNA control samples (PO without twin background) were also in-
cluded. A modified method of high salt (Montgomery and Sise, 1990) was used to
extract the DNA samples.

PCR Optimization and Amplification

In prior to DNA amplification, it was performed optimization of PCR in order
to get suitable annealing temperatures of three pairs of microsatellite primers using a
PCR gradient (Techne, UK). The work of PCR was conducted based on the suitable
annealing temperatures. Three pairs of primers for microsatellite genetic markers
were BMS-1216 (Accession No. G18633); BM-321 (Accession No. G18515) and
RM103 (Accession No.U10391) drawn from NCBI, see Table 1. Those primers
were used for amplification of all DNA samples. The PCR reagent consisted of 2
ul DNA template; 4 pl of 10 pm primer; 2.5 ul of buffer for Taq polymerase; 2 pul
of 25mM MgCl, 2 ul of 2.5 mM dNTP, 0.3 ul Taq Polymerase (1 unit per 1 pl),
and added dd-H,O up to 25 ul of total volume. A program of PCR was performed as
following procedure: 2 min at 94 °C as initial denaturation, followed by 30 cycles
of 30 sec at 94 °C, 45 sec at 54/59 °C, and 30 sec at 72 °C, with a subsequent 5 min
final extension at 72 °C.

Table 1. Nucleotides of the Used Primers

Primer F/R  Primer Sequens Acc No. An?oeél;mg
F GCCTGCATGTGTCTGTGG
BMS1216 G18678 59
R TCTGTGTCGGAATACCCTCC
F TCTGTGCACTTTACATTTAACAGA
RM103 U10391 54
R GTGGTCTATTGAACTTTTGTTCAGA
F AAGGGTCAGACAAAACTTAGCA

BM321 G18515 54
R ATCCTTGCCCTAATTCTCATTC

Sources: Thara et al. (2004).

Visualization of Targeted Fragment

PCR products were visualized through 8% ND-PAGE (Non-Denaturing Poly-
Acrylamide Gel Electrophoresis). Targeted fragments were detected by confirming
the emerged bands with the 100bpDNA ladder. The right sizes of band performance
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indicated the candidate locus of the candidate of desired gene encoding the twin
birth trait.

Results and Discussion

Samples of DNA collected for this study were drawn from all cows delivering
twin calves and some of twin calves. Total of DNA samples was 35 and stored at -
20°C. Optimization of PCR for confirming the closely suitable annealing temperatures
was conducted to all three primer pairs of chosen microsatellite genetic markers by
using a gradient PCR. The obtained annealing temperatures were 54 °C (RM 103;
BM 321) and 59 °C (BMS 1216).

Based on those annealing temperatures, each of DNA samples (35) were
amplified with the mentioned above of PCR program and PCR reaction using 3 pairs
of genetic microsatellite primers. Therefore, it was found 105 fragments bearing
candidate locus that expected containing genes encoding twinning trait in PO cattle,
see Figure 1.

M12 34567 89 M 12 3 4 5 6 7

P

143-165 bp 200 bp -

(=]

200 bp

100 bp | p114-144bp

100bp -

200 bp

100 bp —» 108-126 pb

Figure 1. Amplification results on 8% ND-PAGE using primers of BMS 1216(a), RM 103
(b), BM 321 (¢). M: 100bp DNALadder; No. 1 to 7; 1 to 9: DNAsamples of PO
cattle.

Figure 1 showed representative fragments of the PO DNA twin samples. The
results of DNA amplification showed that all fragments or bands were on right sizes
of BMS1216 (143-165bp); BM-321 (108-126bp) and RM 103 (114-144bp) on the
Bovine chromosome 5. This finding indicates that the all DNA samples might bear
the putative locus of twinning trait that encoded by twinning gene(s). The whole
fragments showed at the same pattern of monomorphyc double bands.
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Therefore, allele frequency of the three microsatellite markers is a hundred
percent of monomorphyc. In this study, there was not found specific allele(s) for
twinning trait since the twinning trait is influence by multi genes (Komisarek and
Dorynek, 2002). Twinning trait therefore could be associated with either high ovu-
lation rate (Meuwissen et al., 2002; Allan et al., 2009) or higher milk production
(Fricke and Wiltbank, 1999; Wiltbank et al., 2000; Weller et.al., 2008;) or could be
associated with growth trait.

As comparation, negative samples of PO DNA or without twinning birth ex-
perience were also amplified with those three microsatellites. However the result
seemed to be a weak approval of either bearing or without bearing the putative locus
of twinning traits (Figure 2). Compared to the twinning sample, 12 DNA samples
without twinning background did not show a significant difference between twin-
ning and negative (control) samples.

This finding is still a rough report as an initial clue that the whole DNA samples
derived from all cows and calves showed as early proof for twinning birth traits. This
finding might be supported by the source of collected DNA samples were derived
from cows with twinning history in their live and twin calves.

2 3456 7 89 M 10 11 12 13 14 15

1
-

(I E

200 bp 200 bp

100 bp

100 bp

M : Marker 100 bp 10,11,12,13,14 : Primer BM321 single
1,2,3,and 4 : Primer RM103 single 15 : Primer BM321 twin
5 : Primer RM103 twin

6,7,and 8 : Primer BMS1216 single

9 : Primer BMS1216 twin

Figure 2. Negative (control) samples amplification results on 8% ND-PAGE using primers
of BMS1216, RM103, and BM321.

Identified locus in this study was still a wider location of desired gene of twin-
ning birth. The incidence of twinning birth is associated with the high of ovulation
rates in cattle (Allan et al., 2009). Genomic scans for ovulation rates have been
studied in selection of cattle population to increase the incidence of twinning rate
(Kappes et al., 2000). Twinning trait is multiple genes that can be traced by imple-
mentation of molecular genetics of microsatellite. Advances in molecular genetics
could identify multiple genes or genetic markers associated with genes that affect
traits of interest in livestock, including genes for single-gene traits and QTL or ge-
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nomic regions that affect quantitative traits (Dekkers, 2004). In addition, this molec-
ular genetics has advantage in enhancing the selection response of particular traits
that are difficult to improve by conventional selection such as traits with a lower
heritability or traits for which the measurement of phenotype is difficult, expensive
and only possible late in life, or not possible on selection candidates.

Therefore, this result needs to be further studied with emphasizes on using SNP
markers. Nowadays, most efforts involve a Single Nucleotide Polymorphism (SNP)
marker. The SNP marker could detect mutation of by either insertion of deletion of
single nucleotide.

Conclusion

Based on the applying of three microsatellite markers in the confirming of
twinning traits in PO cattle it showed that all DNA samples emerged the right size
of targeted fragments in the same pattern of monomorphyc bands. This is an early
indication that the obtained fragments might be bearing putative locus encoding
twinning trait. Further study in Single Nucleotide Polymorphism (SNP) might be
necessary to confirm the existence of the twin gene(s) in 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/Alul 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/Alul in Aceh cattle, and there was not correlation of GH/Alul
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

Introduction

The enhancement of beef cattle’s productivity in Indonesia will be more
appropriate if it is done through a selection which is not only based on the phenotype,
but also combined with direct selection on the level of DNA which codes the
phenotype in which the quality needs to be improved. The bovine genome map
made based on markers on genome DNA uses molecular technique such as RFLP,
microsatellite, minisatellite, PCR-RFLP, and PCR-SSCP make it possible to identify
gene locus which are responsible for trait variations having economic values.

GH gene as a genetic marker is frequently used in researches because growth
hormone gene (GH) is one of the genes which influence growth (D1 Stasio ef al.
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2005). Casas et al. (2004) reported that QTL for growth traits, carcass composition
and beef quality was spread on chromosome 1, 2, 3, 16, 17, 19, 20, 21 and 26. GH
gene has a great role in beef cattle’s performance (Breier. 1999), hence it is very
interesting to identify GH gene polymorphism on Aceh cattle.

Materials and Methods

This research included field and laboratory activities. Field activity was con-
ducted in Banda Aceh and Aceh Besar slaughterhouses. The DNA extraction and
characterization of GH/Alu I gene diversity was conducted in Animal Molecular
Genetics Laboratory, Faculty of Animal Science, Bogor Agriculture University,
whereas the examination of carcass and meat quality was carried out in Ruminansia
Besar Laboratory, Department of Animal Production and Technology. This activity
was done in October 2009 - November 2010.

Blood Sample of Aceh Cattle

This research used Aceh cattle’s meat (muscle) in which this cattle is local ones
originating from Aceh province. Twelve (12) samples were taken in RPH Banda
Aceh, and thirty (30) samples from RPH Antassalam, Aceh Besar (Table 1). The
sample used was longisimus dorsi muscle on the 12" — 13" rib. The cattle slaughtered
were bred traditionally, in which during daytime, they were herded, and put in stalls
at nights. The slaughter was done traditionally.

Table 1 The number of meat sample used for GH/Alul gene analysis

Population Number
RPH Banda Aceh 12
RPH Aceh Besar 30

Total 42

Genome DNA Extraction (Meat)
DNA extraction was done from the meat. The extraction procedure followed
phenol-chloroform method (Sambrook ef al. 1989).

GH Gene Amplification

The amplification of GH gene fragment was done using PCR (polymerase chain
reaction) method. The PCR machine used was thermal cycler (Ependorf 5332). The
arrangement of primers used can be seen in Table 2.
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Table 2 Primers GH/Alul (Gen Bank M57764.1, Gordon et al., 1983)

Temperature ~ Product
annealing PCR

GH/Alul 59°C 404bp  F:5-TAGGGGAGGGTGGAAAATGGA-3’
R:5’-GACACCTACTCAGACAATGCG-3’

Locus Sequences of Primers

Genotype Determination Using PCR-RFLP

The genotype determination of each individual was done using restriction
fragment length polymorphism (RFLP) which was visualized on agarose gel 1.5%
with the buffer of 0,5x TBE (tris borat EDTA), functioned on 100 V for 40 minutes,
and colored with ethidium bromide on UV trans illuminator. Alul was utilized as a
cutter enzyme for the target gene fragment.

Data Analysis
Gene Frequency. The genotype frequency was the ratio of the number of a
certain genotype towards population number. Allele frequency was the ratio of
a certain allele towards the whole allele in a locus in a certain population. The
frequency of each allele in each locus was counted based on Nei dan Kumar (2000)
formula:
X, =(2n;+Xn,)/(2N)

Results and Discussions

GH Gene Amplification Results

The amplification of growth hormone (GH) gene fragment done on Aceh
cattle showed primers forward on the position of intron 4 and primers reverse on
the position of flaking region 3 (Figure 1). The GH gene fragment amplification
was conducted using thermal cycler (Ependorf 5332) machine on the temperature
of annealing 63 °C.

Intron 4 1865 bp — Exon 5 2138 bp- 2439 bp Flanking region 3
/_ 2137 bp L L | 2440 — 2856 bp 7[
R
2054 bp-2074 bp 2437 Hp — 2457 bp

Product PCR 2457 bp — 2054 bp = 404 bp

Figure 1. Primers forward position, primers reverse and PCR GH gene product
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The result of gene fragment amplification visualized on agarose gel 1.5% is
presented on Figure 2. The length of GH gene fragment amplification is 404 bp.

M 1 2 3 4 5 6 7 8 9 10 11

400 bp-> < 404bp

100 bp™>

Figure 2. Visualization of GH gene fragment amplification result on agarose gel 1.5% (M:
marker 100 bp, 1 -11: research sample)

The amplification results conducted by Gordon et al. (1983), Yao et al. (1996),
Ge et al. (2003) and Zakizadeh et al. (2006) with the same primers showed that
annealing primers GH/Alul gene fragment on 59 °C for 80 seconds, 65 °C for 30
second, and 57 °C for 60 seconds resulted in good PCR product. The annealing
temperature used in this research was 63 °C for 45 second to obtain optimal PCR
product so that it can be read clearly.

Identification of GH gene variants using PCR-RFLP

The determination of GH gene genotype in this research was carried out using
PCR-RFLP with Alul as the cutter enzyme. Alul enzyme recognized AG|CT cutting
site. Based on the sequence of GH gene DNA fragment being amplified, two Alul
cutting sites were obtained; they are fragments with the length of 87, 132, and 185
which are knows as leucyne allele (L) (Picture 3).

The cutting using Alul enzyme on Alul GH gene fragment as much as 404 bp
only resulted in one kind of fragment: a fragment which can be cut (two bars) known
as LL genotype, whereas the fragment which cannot be cut (one bar) known as VV
genotype and combined fragment (three bars) knowns as LV genotype cannot be
found in this research (Figure 3).

The visualization result using agarose 1.5% shows that GH/Alul locus on the
Aceh cattle sample population being observed is uniform. The genotype found on
Aceh cattle in this research is LL genotype. Based on the analysis, the LL genotype
frequency was one (1). This made the LV and VV genotype frequency zero (0). Based
on Nei dan Kumar (2000) equition, allele L frequency is 1 and V allele frequency is
0. This result is likely caused by the very limited research samples.

Proceeding of the 2" International Seminar on Animal Industry | Jakarta, 5-6 July 2012 107



M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

185b
- p

<

132 bp

Figure 3. Visualization of GH|4/ul 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 quality can be
seen on Table 3. The pH value of the meat in this research has the average of 5.46,
which shows the pH range of normal meat 5.4 — 5.8. The meat color is in category I
(score 1 —5) according to SNI (Indonesian National Standard, 2008). The degree of
tenderness 4 -5 is considered moderate, not too tender and not too tough.

Table 3 The results of Aceh cattle’s meat and carcass quality

Parameter n Average i s.tandard Indonesian National
deviation Standard

Weight (kg) 42 301.88 +£125.59 -

Eye muscle area (cm?) 42 34.19 £3.51 -

pH 42 5.46 +0.39 5.4-5.8

Tenderness (kg/cm?) 42 479+ 1.74 4-5

Cooking loss (%) 42 3538 £6.24 -

DMA (%) 42 29.94 + 4.55 -

Meat color 42 3.8+ 1.81 1-5

The research results identify that Aceh cattle’s carcass/meat has finer meat
fiber and its color is red. The quality and meat structure greatly depend on types of
meat and location. Marbling is also very influenced by the breeding system and food
given.

Conclusions
Based on this research results, it can be identified that the use of GH/Alul only
resulted in LL genotype and monomorphic, so that it cannot be used as a marker to
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associate with the carcass quality on Aceh cattle. This phenomenon is likely due to
the limited number of samples and the existence of natural selection towards LV
and VV genotype as the consequence of Aceh cattle adaptation’s to the local envi-
ronment. Thus, a further research is still necessary, by using more samples and if
diversity is found, sequencing needs to be done so that it results in 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
Ist to 5th months (TDI1-TDJ5) 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 5Smo. was 2296 + 469 It. (1200-3780 It.). Cows with CMP
Smo. above 2296 It. 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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Introduction

National dairy cattle population currently was around 407,767 hds (DGLS,
2010). The highest population was in East Java Province by 141,199 hds (34.6%),
followed by Central Java by 190,562 hds (34.4%), and West Java by 120,768 hds
(29%). Javais well known as the Island with the densest population and the highest
intensified-land use. This condition made the dairy businesses were mostly carried
out under an integrated crop-livestock system, of which the sources of forages as
animal feeding directly influenced by the availability of agricultural and industrial
crops by-products (Devendra, 1999; Anggraeni and Sofyan, 2008).

Small-scale dairy farmers commonly faced many constraints such having
limited land and capital beside of unwell keeping in breeding and farming practices
(Kusmaningsih et al., 2008). Cattle were commonly kept in a freestall housing
system from where the supplies of feeding and input production closely related to the
outside. This caused of most of small dairy farmers more likely taking the decision of
maintaining only lactation cows compared to heifers and calves (female). Lactating
cow was considered directly generate income through the saling on their milk yield
every day, so they could pay daily cost of input production.

Producing replacement stoks (RSs), especially young lactating cows to replace
cows having a low productivity and to renew old cows, was therefore an essential
aspect in the effort to increase domestic fresh milk production. Provision of female
cattles as RSs with a high genetic potency to express milk yield in the high agro-
ecosystem in central dairy area in Java then should get attention. The aim of this
research was to identify young lactating cows to be considered as qualified RSs by
producing milk 30% above the average in small dairy farmers.

Materials and Methods

This field research was carried out in a highland of the central dairy region in
the North Lembang Milk Cooperation Unit (MCU), Lembang District, West Java.
Research location was selected for the reason of having high density of dairy cows
and a low rate of animal mutation. Dairy farmings studied were represented by
small-scale dairy cattle farmings as the members of the North Lembang MCU. HF
lactating cows observed came from two Milk Collecting Groups (MCGs) of Gunung
Putri and Nagrak from the total of the existing 23 MCGs. These two MCGs were
selected as having the densest population and reaching high milk yield compared
to those of other MCGs. HF lactating cows studied were identifed by purposive
sampling.

Test day milk yields (morning and afternoon) or milk TDs were recorded for
individual cow per month during five months of lactation observed. Data were re-
corded rotationally by a contracted recorder, from July to November, 2010. Re-
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corded cows were selected in more similar status of lactation, by considering the
biological aspects of early months or stages of lactation and lactation periods. The
total number of cows recorded for their milk TDs in one month depended on the
recorder’s capability. Previous analysis showed that recorded milk TDs data were
distributed within early lactations at 1-5 months and lactation periods of 1-5 times.
Their effects on milk TDs were investigated.

Based on the previous analysis showed months of lactation significantly
affected on milk TDs (P<0.01), so its effects were standardized to the ranges of
2-6 months (TD2-TD6) of lactation. This was done by formerly estimating milk
TD curve of individually lactating cow with regarding to develope an appropriate
regression equation (linear or quadratic) in developing suitable correction factors.
Partial cumulative milk production for 5 months (CMP 5mo.) of each cow was
calculated as the sum of the multiplication of each standardized TD (TD2-TD6) x 30
(number of days in one month). Cows having CMP 5 mo of 30% above the average
were then identified as qualified RSs.

Results and Discussion
General Research Condition

Research Location. North Lembang MCU was well known for the potency of their
HF cows in producing high milk in central dairy area in Lembang District, West
Java. This MCU supervised a large number of small dairy farmers as the members.
Most working area of this MCU were located high land at the altitude of around
1,200-1,257 m asl. Climate had the temperature in a range of 15.6 - 16.8 °C during
rainy season and 30.5 - 32.7 °C for dry season. Rainfall was around 1,800-2,500
mm per year. Ensminger (1971) stated Bos taurus dairy cows could produce milk
optimally at the ranges of temperature of 10-15.6 °C and humidity of 50-70%. Cows
still produced more milk at the temperature up to 21.1 °C.

Dairy Farmers. Dairy cattles were commonly raised at a small-scale by dairy
farmers. The North Lembang MCU had 22 working area, 23 Milk Collecting Groups
(MCGs), and 603 Milk Collecting Units (MCUs). MCUs were built to facilitate the
collecting fresh milk from the farmers. The two selected Gunung Putri and Nagrak
MCGs were identified with their HF lactating cows produced milk yield around
12.7 It/d and 15.9 1t/d respectively.

Management. Animals were very commonly kept in pens with their location sepa-
rated from the houses, either behind or beside of farmers’ houses. The size of hous-
ing of mature cow was around 1.5 m x 2.0 m. Roofing was made by any materials
such as tiles, zinc, asbestos, and their combination. Wall mostly opened through
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outside. Floor used a variety of materials such as cement, wood, rubber and their
combination. Rubber was used as the base of floor for facilitating farmers more
easy in cleaning pens and keeping animals not easily slipped. Water resources were
from local water drinking company or well and used for drinking and bathing ani-
mals as well as cleaning pens.

Feeding Animal. Feeding animals highly depended on agricultural and industrial
crops by products. Farmers fed animals by mixturing concentrate. Some additional
feeding as protein and energy sources were used, such as bran, soybean, cassava
pulp, and beer. Feeding forages to animals varied widely. Generally, farners gave
wild, elephant and King grasses. Forages were cut from their own garden or com-
munity land or from the sourrounding. Some farmers rent grassing land from Local
Government Forestry. Farmers had the difficulty to obtain forages during the dry
season, so the effort of finding forages could be expanded farther even in other dis-
tricts.

Milk Production

Total HF lactating cows recorded on their milk TDs were 184 hds. By plotting
milk TDs into five months of lactation resulted general pattern of these milk TDs
continually decreasing by progressing lactation. Decreasing trends occured for all
lactation periods (1-5). The averages of test day milk yields (TD1-TDS5) were suc-
cesively 15.2, 14.8, 13.8, 12.5, and 12.2 It at the first lactation; and 17.4 , 16.1, 14.9,
13.4, and 13.0 1t at the fifth lactation.

By distributing milk TDs into different early months of lactation (1-5) showed
that those milk TDs were expanded from the first up to the eight months of lacta-
tion (Table 2). HF lactating cows studied seemingly showed of having milk TDs
curves close to the normal milking curve. By progressing months of lactation, milk
TDs continually decreased. The averages of milk TDs (TD1-TD8) for all lactation

Table 1. Daily milk yield of HF lactating cows by lactation period

Lactation =~ Number Test Day Milk Yield (Litre)
period of animal
(hds) TD1 TD2 TD3 TD4 TD5

1 34 15243.0 148432  13.842.9 12,5423 122423
2 39 17.3+4.4  16.6+4.3 149432 13.6£3.0 132424
3 35 18.0+4.8  16.4+4.3  15.0£3.9 13.6£2.8 13.242.6
4 24 18.0£5.1 165439  15.6+3.6  13.842.5  13.442.1
5 22 17.4+4.1 161439 149435 134423  13.0£2.0

Average 184 172442  16.0£3.9 148434 13.442.6 13.0+2.3
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Table 2. Daily milk yield of HF lactating cows based on early months of latation (milk

TD1-TDg8)
Month of Ist 2nd 3rd 4th 5th 6th 7th 8th
lactation Month  Month  Month  Month  Month  Month  Month  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

periods were succesively 18.2, 17.5, 16.6, 15.5, 14.3, 14.0, 13.1, and 12.3 1t.

Milk TDs of HF lactating cows in this study were higher compared to those
of HF cows maintained in Colimber MCG as another MCG in the North Lembang
MCU (Sukandar, 2010). HF cows were reported in producing milk TDs (TD1-TD10)
succesively 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 1t/d.

TD milk yileds of HF cows in this study were also lower than those daily
milk yields of Holstein heifers kept in Brazil in 1988-1991, by reporting milk TD1-
TD10 succesively 21.8, 23.6,23.3,22.1,20.9, 19.7, 18.3, 17.3, 16.0, and 15.0 It/d.
(Machado et al., 1999). The differences possibly caused by some kactors such as
animals milking ability, management and environment.

Standardization of Milk Production

As previously escribed, the excisting differences of the months (stages) of
lactation and lactation periods of observed HF lactating cows required the examining
their effects on recorded milk TDs. Differences in the early months of lactation
certainly made a major influence on daily milk yileds among lactating cows studied.
The significantly effect of different months of lactation on milk TDs (TD1-TD5),

Table 3. Daily milk yields of HF lactating cows standardized into TD2-TD6 months of

lactation
Lactasion X Cow Standardized Test Day Milk Yield (Litre) Average
Period  (Hds) TD 2 TD 3 TD 4 D5 TD 6 (Litre)

1 34 16.3+0.7  15.240.7 14.0£0.6  13.0+£0.5  12.3x0.4  14.2+0.6
2 39 17.9+0.7  17.0£0.6  15.3+0.5 14.0£0.5 13.2404  15.54+0.5
3 35 19.1£0.7  17.0£0.7  15.240.6  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 14.3x0.6  13.1£0.5 15.7+0.7
Significancy ns ns ns ns ns -

Description: The effects of lactation period on individual standardized daily milk yields (TD2-TD6)
were not significant (P>0.05).
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that was identified previously, were then standardized to 2-6 months of lactation.
Standardization of milk TDs was more frequently developed by a quadratic equation.
The averages of daily milk yields as the result of standardization into TD2-TD6 was
presented (Tabel 3).

Further examination of the influence of different lactation periods (1-5) on the
standardized milk TDs (TD2-TD6) proved that not one of this effect was significant
(P>0.05). This implied that standardization was not required to the lactation peri-
ods.

Cumulative Milk Production

Cumulative milk production of five months of lactation after standardized to
the months of lactation of TD2-TD6 was abbreviated by CMP 5 mo. CMP 5 mo.
for each lactating cow from the total HF lactating cows of 154 hds were evaluated.
The estimated CMP 5 mo. of individual HF cows were then be ranked, starting from
the highest to the lowest ones. The average of the estimatef CMP 5 mo. of the HF
lactating cows were by 2,296 + 469 It with a range between 1,200-3,780 It. By
considering the qualified RSs as those HF lactating cows having CMP 5 mo. of 30%
above the average, therefore those qualified RSs should reach CMP 5 mo. above
2,985 1t. These qualified RSs were identified for 10 hds, succesively 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 first rank was for the cow of No. 3780 with CMP 5 mo of
4,218 1t., while the lowest was for the cow of No. 096 with CMP 5 mo. by 3,015 It.

HF cows possesing CMP 5 mo. more than 2,296 liters could be considered
as qualified RSs. However, to ensure more cows available be used as good RSs in
regarding to replace the cows of less productive and the old ages, then HF lactating
cow with CMP 5 mo. exceeding the average of 2,296 + 469 could be possible to
be considered as good RSs. By including the cows with CMP 5 mo. above the
average as good RSs could guarantee more good RSs were available for small dairy
farmers. These RCs could considrerably produce optimal milk under small-scale
dairy farmings. From this research results, a following-up action was required for
collecting more data in daily milk yields and related traits to indentifed good RSs
better. Lacating cows that could be identified accurately as good RSs became a key
factor of ensuring sustainable of small-scale dairy farmings in our country.

Conclusion

e The number of HF lactating cows identified as qualified RSs for having CMP 5
mo) 30% above the average denden closely to the average TD milk yields of the
cows in the targetted location.

e HF lactating cows classified as qualified RSs in this research location (Gunung
Putri and Nagrak MCGs) if their estimated CMP 5 mo. exceeded 2,985 1t.
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e Qualified HF RSs in this research were identified for 10 animals, from whict at
the first rank was for the cow No. 3780 (CMP 5 mo. =4,218 It.) 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

Introduction

The Walik chicken is chategorized as one of the rare indigenous chickens
in Indonesia based on their small population number, very limited data of their
morphological features and biological parameters, and very limited data on their
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current utilization (Sartika & Iskandar, 2007). The Walik chicken own a frizzling type
of feather (Sartika & Iskandar, 2007), and has various names based on the geographic
region of sampling, such as Walik or Rintit chickens in West Java. The monogenic
traits based on pigmentation differences, and comb types are one of approach that
can be used to describe the genetic variations in chickens. The qualitative traits
of the chickens also have important economic, cultural, and religious function,
therefore the specific characteristics must be carefully identified and considered in
developing breeding programs. In term of Walik chicken in Indonesia, till now, the
data on their qualitative traits is very limited. Therefore, the objective of this study
was to identify the qualitative traits of the Walik chicken populations cared under
traditional farming system in West Java to provide base line data that would be
useful for their conservation efforts and potency development.

Materials and Methods

The study areas were selected based on purposive sampling method. The initial
survey to identify the individual households kept the Walik chickens was done by
interviewing the head of villages, and the oldest people in a society who know well
the people in the study areas as described on the snow ball methods. Thirty six Walik
chickens (15 cocks, 21 hens) from 4 villages (Padanaan, Palasah, Ujungjaya dan
Keboncau) in Sumedang District, and 42 (16 cocks, 26 hens) Walik chickens from 9
locations (Kampung Cangkrang, Desa Cikarawang, Kampung Carang pulang, Desa
Situgede, Desa Babakan Lebak, Desa Babakan Lio, Desa Cibeureum Dramaga, Desa
Neglasari, and Desa Kahuripan) in Bogor District, West Java, Indonesia 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 (plumage
color and comb types), sex-linked genes (variety on base color of feather, flick
feather, and shank color), and feather pattern were quantified based on Nishida et
al., (1980), and Stanfield (1982).

Results and Discussion

The frequency distribution pattern of the qualitative traits in Walik chickens is
presented on Table 1. The Walik chickens, either from Sumedang and Bogor District
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%). Whereas the Walik chickens from
Sumedang District population were dominated by the plain feather/b (54%), and
golden flick feathers/s (84%).
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The coloured plumage of brown, black, and mixture were predominantly
observed among Walik chickens to white colour either in Bogor or Sumedang
District population (Table 1). Pigmentation differences, which are attributable to
melanin, produce a variety of plumage colours in the chickens. The presence and
level of melanin pigments such as trichochrome is related to feather colour and is
considered to be indicative of genetic differences among certain plumage colours
(Smyth, 1991). There are 2 kinds of melanine, namely eumelanine and pheomelanine.
Eumelanine forms the black and blue colour of feather, whereas the pheomelanin
forms the red-brown, salmon and dark yellow (Brumbraugh and Moore, 1968). The
strip base color of feather present if the distribution of melanine on seconday feather

Table 2. Frequency Distribution of Qualitative Traits in Walik Chickens found in Sumedang
and Bogor District, West Java, Indonesia

Gene Frequency

Qualitative Traits Sumedang Bogor
(n=36) (n=42)
Plumage Color
ql 0 0.01
qi 1.00 0.99

Variety on base color of feather

qZB 0.47 0.52

qZb 0.54 0.48
Flick feather

qzZS 0.16 0.54

qZs 0.84 0.47
Feather pattern

qE 0.20 0.10

qe+ 043 0.51

qe 0.37 0.38
Comb type

qP 0.24 0.17

qp 0.76 0.83
Shank color

qZld 0.5 0.79

qZid 0.5 0.21

ql= white, qi= colored-plumage, qZB= strip; qZb= plain, qZS= silver, qZs= golden, gE= black, qe+
= wild, ge= columbian, qP= pea, qp= single, qZId= white/yellow; qZid= black/green.
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is blocked. The variety of base color of feather is the sex linked gene that will be
found as ZBW and ZPZ® or ZPZ", respectively in male and female (Hutt, 1949).

The relatively low frequency of the white plumage colour (Tabel 1) can be
attributed to the fact that white chickens (especially cocks) are important components
in traditional religious of the community, therefore they are readily to be sold. Large
variation in plumage colour on the indiginous chicken population is indicative
of unconscious selection effort. Ensminger (1992) stated that plumage color and
pattern, skin color, shank, and comb type are inherited by single pairs of genes that
able to influence the preference of the consumers. However, till know there was a
very limited data that the variation in plumage colour of the indiginous chickens
in Indonesia is mainly due to the lack of conscious selection or breeding programs
towards choice of colour.

Our finding also showed that the single comb/p predominates with a frequency
of 76%, and 83% for Walik chickens in Sumedang and Bogor District population,
respectively, to pea comb (24%, and 17%). The higher frequency of single to pea
comb indicated that Walik chickens are mainly recessive for comb type. If the
heterozygote genotipe has any relative advantages, improvement of the stock would
be slow to medium since only 17% and 24 % posessed the pea comb that is generally
regarded as the dominant comb type.

The higher frequency of white/yellow shank color (79%) to black/green color
(21%) of Walik chickens in Bogor District population is in line with the report of
Sartika & Sofjan (2007) who found the white/yellow skin was dominant in the
indiginous chickens in Indonesia. The melanine on epidermis relates to the black
color of chicken shank, whereas the lipochrome on epidermis and melanine on
dermis relate to the green color of chicken shank (Jull, 1951). It has been generally
assumed that the red junglefowl is the sole wild ancestor of the domestic chicken
(Crawford, 1990, Fumihito ef al. 1994, Romanov & Weigend, 2001, Sulandari &
Zein, 2008). However, Eriksson et al., (2008) demonstrates that though the white
skin allele originates from the red junglefowl (Gallus gallus), the yellow skin allele
originates from a different species, most likely the closely related to grey junglefowl
(Gallus sonneratii). Therefore, the molecular characteristics is also important to be
observed to complete a set of identification and characterization of the indiginous
chickens in Indonesia, mainly the Walik chickens. The rearing of Walik chickens
either in Sumedang and Bogor Districts is also an integral part of the smallholder
farming system, where they kept by the rural poor to fulfill multiple function. This
could also become a sources of variation of the qualitative traits of chickens since
the presence or absence of the carotenoid pigments, primarily xanthophylls, in the
feed is also responsible for the diversity in skin colour of chickens (Eriksson et al.
2008).

Indigenous chickens of the tropics are important reservoirs of useful genes and
posses a number of adaptive traits (Horst, 1989). However, diverse human needs
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in the form of selective breeding for distinct phenotypes also contributed to the
diversity of the present day chicken populatios maintaned in different parts of the
tropics (Dessie ef al., 2011). From our findings, we predict that the Walik chicken
have a high similarity with the Kampong chicken which naturally have e* gene,
as described by Nishida et al. (1980). We also predict that the Walik hens from
Sumedang Districts, which were dominated by the plain feather (54%), have shown
similarities with the Single Rhode Island Red that mainly was developed as the
meat producing chickens. The foreign gene from Barred Plymouth Rock was also
identified based on the strip feather of Walik chicken from Bogor District population.
Historically, the Barred Plymouth Rock are developed as egg producing chickens.
Weigend and Romanov (2001) stated that the identification and characterization of
the chicken genetic resources generally requires information on their population,
adaptation to a specific environment, possession of traits of current and future value
and socioecultural importance, which are crucial inputs to decisions on conservation
and utilization. Therefore we recommend that the further studies on the quantitative
traits, in term of egg and meat production need to be done to predict the utilization
potencies of Walik chicken.

Conclusions

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%). Whereas 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 identification
and characterization of the Walik chickens.
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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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Introduction

Mesocricetus (M.) auratus (Syrian hamster) was the first species which was
used as a laboratory animal at a university in Jerrusalem in 1930 (Hafez, 1970).
Sanders and Sandadura (1992) reported that M. auratus was the appropriate labora-
tory animal for studying the effect of boiled coffee on hypercholesterolemia. Born-
hop et al. (2003) also used M. auratus in observing Luminescent Lanthanide Che-
late Contrast Agents for detecting early - stage malignant lesions in Syrian hamster
cheek pouch. Most of M. auratus had been used as laboratory animals in medical
research, nowadays, the animals are becoming popular as pet animal, and it had
been used as pet animals in England since 1880 (Grzimek, 1975).

Genetic information can be obtained by studying body morphometry of M.
auratus. Characteristics in body size and shape of M. auratus is determined through
Principal Component Analysis (PCA); Factor Analysis (FA) is used to determine
factors for classifying body size on the basis of relations between body size varibles
which are independent each other (Gaspersz, 1992). The last analysis can be viewed
as an expansion analysis of PCA. The original variables can be used as a factor if
total variability was approximately 80 - 90% (Gaspersz, 1992).

Quantitative characteristics can be useful for conservation and breeding de-
velopment. Body size of M. auratus is included in medium size (Henwood, 2007),
but the hobbyist like hamster with small size; as a result, body sizes of M. auratus
is becoming the focus of this study. Therefore, this study is conducted to classify
M. auratus into large, medium and small body sizes. Classification through FA and
PCA (Gaspersz, 1992) was carried out on the basis of linear sizes of body surfaces
which include body length (X,), chest width (X,), pelvic width (X,) and wrist cir-
cumference of front arm or front leg (X,).

Materials and Methods

The experiment was conducted in the Laboratory of Animal Genetics,
Department of Animal Production and Technology, Faculty of Animal Science,
Bogor Agricultural University, Bogor. Syrian hamsters used in this experiment
were 58 heads (24 males and 34 females) at the mature body age. Other materials
used were vernier caliper and thread for measuring linear variables of body surface.
Hotelling T?-statistic was used to compare linear measurements of body surface
between males and females with the formula suggested by Gaspersz (1992). If
the results reject H hypothesis, the two average values of linear variables of body
for were different and the test were continued with FA (Factor Analysis) and PCA
(Principal Component Analysis). The FA used was calculated on the basis of formula
suggested by Gaspersz (1992) as follows : X10 =c F + c, F+ ...+ cmem + €p
with description: Xp= random variables; ¢, = parameters reflecting the importance of
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j™ factor in composition from i™ respons; in FA was known as weighting (loading)
from i respons at the same factor of j; F= the same factor of j*; € = error from i*
respons, in FA was known as i specific factor which was random; i= 1, 2, 3,4 (p=
4); =1, 2, 3, 4 (m=4); p= numbers of variables measured. Factor score (SF) was
calculated using formula of Gaspersz (1992) as follows: SF= C'K! (XJ.-X ); j=1,2,.
., n; with description: SF= matrix for factor score (descendant from covariance); C'=
matrix for weighting factor (descendant from covarian); K''= invers from covarian
matrix K; X.= vector for observation of j™ individu; X= vector average value from
variable X; n= sample size. Classification based on body measurements (small,
medium and big or large) was conducted using formula recommended by Gaspersz
(1992) which were: large group if SF > SF + sSFs, medium group if SF —sSF < SF
< SF + sSF, small group if SF < SF — sSF, with description: SF= factor score, SF=
average of factor score, sSF= standard deviation of factor score. Principle Component
Analysis (PCA) by Gaspersz(1992), equation model for body parts were: Yp=a pX,
+a,pX, +a,pX, +a,pX,; with description:Yp= p" principle component (p= 1, 2, 3,
4); X, = body length, X = chest girth, X,= pelvic width, X = wrist-circumference.
Classification on the basis of body linear size that was observed (small, medium and
large) was conducted using Garpersz (1992) formula large group: if'y, >y +s ;
medium group: if y,—s , <y, <y, +s  andsmall group ify, <y, —s . Data was
processed using statistical software of Minitab.

Results and Discussion

Table 1 demonstrates descriptive statistics for body linear size variables of
Syrian hamster. T>-Hotteling statistic showed that there were differences in body
linear sizes between male and female Syrian hamster (P<0.01). These differences
were also observed by Fox et al. (1984). The highest body linear size variables
influencing body sizes of male and female hamsters was obtained on the basis of
communality at Factor Analysis.

Tabel 1. Average and standard deviation for body linear sizes of male and female Syrian
hamster (Mesocricetus auratus) (cm)

Sex Body length Chest girth Pelvic width Wrist circumference
3 9.45+0.70 (7.41%)" 1.87+0.15 (8.02%)'  1.12+0.09 (8.04%)'  1.54+0.14(9.1%)'
(n=24)? (n=24)? (n=24)? (n=24)?
1.10£0.12
0/\1 0/\1 N 0/\1
9.2240.55 (5.97%)"  1.88+0.22(11.7%) (10.91%)! 1.69+0.09 (5.33%)
(n=34)? (n=34)* (n=34)* (n=34)*

' (%)= coefficient of variance; >n= sample numbers.
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Table 2 showed the communality (proportion of variability of each variable
origin) in body linear size variables of Syrian hamster. The results demonstrated
that the body length (X|) was expressed as a factor F1 of body size in males.
Variable affecting the body size of male Syrian hamster in this study was body
length (X). This variable had a value 0of 0.70 which was the primary factor affecting
the body size of male significantly. According to Pontoh (2007), a weighting factor
value closing to +1 or -1 can be used as primary factor. Body length of male Syrian
hamster showed a positive relationship between the closeness of the body length and
the F1-factor. The higher the body length then the body size will be greater in male.
The results demonstrated that the body length (X) was expressed as a factor F1 of
body size in females. Weighting factor of body length (X,) on the F1 factor had the
greatest value, ie. -0.55. According to Hair, Jr. et al. (1998), the weighting factor
was greater than + 0.50, but was not greater than + 0.55; so the statistical value of
the weighting factor has no effect. The results stated that body length was the main
factor determining body - size in males, but not in females.

Body length in male, therefore, can be used as a reference in a selection pro-
gram based on body size measurements that are not directly related to body weight.
Linear size of the body in Syrian hamster observed was associated with the condi-
tion of the body skeleton.

Table 2. Factor weighting (correlation between original variable with factor), Eigen value
(), total variance (%), cumulative variance (%) and body size communality score
of male & female Syrian hamster (Mesocricetus auratus)

Variables measured (Male) Factor Communality
F1 F2 F3 F4 score
Body length (X1) 0.70 -0.01 -0.00 -0.01 0.49
Chest girth (X2) -0.01 -0.13 0.08 -0.01 0.02
Pelvic width (X3) 0.04 -0.05 -0.03 0.06 0.01
Wrist circumference (X4) -0.05 -0.09 -0.10 -0.03 0.02
Eigen value (A) 0.50 0.03 0.01 0.00 0.54
Total variance (%) 91.1 5 3 0.9 100
Variables measured (Female) F1 F2 F3 F4
Body length (X1) -0.55 -0.04 0.01 -0.01 0.31
Chest girth (X2) 0.15 -0.16 0.04 -0.01 0.05
Pelvic width (X3) 0.01 -0.08 -0.09 0.00 0.01
Wrist circumference (X4) -0.02 -0.01 0.00 0.08 0.01
Eigen value (1) 0.33 0.03 0.01 0.01 0.38
Total variance (%) 87 8.6 2.5 1.9 100

F1= 1* factor, F2= 2" factor, F3= 3" factor, F4= 4" factor
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Table 3. Body size and shape equations with the total diversity and Eigen values in the
Syrian hamsters (Mesocricetus auratus) male and female

. Total Eigen

Sex Equation Div(;rsity Va%ue
Male Size = X, —0.02X, +0.06X, - 0.07X, 91.1% 0.50
Shape = 0.04X, +0.80X, + 0.28X, + 0.53X, 5.0% 0.03
Female Size =0.96X, —0.26X,-0.01X, +0.04X, 87.0% 0.33
Shape = 0.24X, +0.86X, + 0.44X, + 0.06X, 8.6% 0.03

X = body length, X = chest width, X,= pelvic width, X = wrist circumference

Discriminatory variable for body sizes of male and female Syrian hamster were
body length (X) based on the highest Eigen value on body size equation (Table 3).
Everitt and Dunn (1998) stated that the first principal component represents the
overall size of the body must explain the total variability between 50%-95%. The
first principal component is the body size. Discriminatory variable for body shape
of male and female Syrian hamster were chest width (X,). Everitt and Dunn (1998)
stated that the second principal component represents the overall body shape, must
explain the total diversity of at least 1%.

Classification the male Syrian hamster can be performed based on the value
of first factor scores (SF-1) in Table 2; can be divided into large group with SF-1 >
1.01 (five heads), medium group with SF-1 -1.01 to + 1.01 (13 heads) and small
group with SF-1 <-1.01 (six heads). Classification the female Syrian hamster can
be performed based on the value of first factor scores (SF-1) that can be divided into
large group with SF-1 > 1.06 (five heads), medium group with SF-1-0.94 to + 1.06
(13 heads) and small group with SF-1 <-0.94 (six heads).

Classification based on the score of body size based on Table 3 demonstrates
that male with a score value > 10.03 (five heads) is for large group, a score value
8.63 to 10.03 (13 heads) is for medium group and a score value < 8.63 (six heads) is
for small group. The classification for the females results in the score value > 9.02
(five heads) for the large group, the score value : 7.88 to 9.02 (23 heads) for the me-
dium group and the score value < 7.88 (six heads) for the small group. Distribution
of Agouti Non Golden (ANG), Agouti Golden (AG), and Non Agouti (NA) in each
group of Syrian hamster indicated that the coat color was not related to body size.

Conclusion

Variable that affects 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 was found as well as discriminatory variable for body size of male and fe-
male. Discriminatory variable for body shape of male and female M. auratus were
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chest width. The distribution of colors that occur in each body size class indicated
that M. auratus still has a variety in coat colors. Classification of body size in M.
auratus based on factor analysis and principal component analysis showed the same
results.

References

Bornhop, D.J., J. M. M. Griffin, T. S. Goebel, M. R. Sudduth, B. Bell and M. Mota-
medi. 2003. Luminescent Lanthanide Chelate Contrast Agents and Detection
of Lesions in the Hamster Oral Cancer Model. Applied Spectroscopy, Vol. 57,
Issue 10, pp. 1216-1222.

Everitt, B.S., and G. Dunn. 1991. Applied Multivariate Data Analysis. Edward Ar-
nold. London.

Fox, J. G., B. J. Cohen. and F. M. Loew. 1984. Laboratory Animal Medicine. Aca-
demic Press, Inc. Boston.

Gaspersz, V. 1992. Teknik Analisis dalam Penelitian Percobaan. Volume II. Penerbit
Tarsito. Bandung.

Grzimek, B. 1975. Grzimek’s Animal Life Encyclopedia. Volume XII. Van Nos-
trand Reinhold Company. Zurich.

Hafez, E. S. F. 1970. Reproduction and Breeding Techniques for Laboratory Ani-
mals. Wayne State University School of Medicine. Detroit, Michigan.

Hair Jr. J. F., R. E. Anderson., R. L. Tatham and W. C. Black. 1998. Multivariate
Data Analysis. 5" Ed. Prentice Hall International Inc. New Jersey.

Henwood, C. 2007. Discovery of Syrian Hamsters. http://www.hamsoc.org.uk/
varieties.php?id=golden [April 7, 2007].

Pontoh, Z. M. A. 2007. Factor Analysis (Chapter 15, KACHIGAN). http://mail.
pl.itb.ac.id/~zpontoh/P1.212/StatCH15/index.htm [2007].

Sanders, T.A.B. and S.Sandaradura. 1992. The cholesterol-raising effect of coffee
in the Syrian hamster. British Journal of Nutrition 68: 431-434.

Proceeding of the 2" International Seminar on Animal Industry | Jakarta, 5-6 July 2012 | 129



Phenotypic Characteristics of Legund Chickens in West Java,
Indonesia

Jakaria, Maria Ulfah, & Desha Anandya Putri

! Faculty of Animal Science, Bogor Agricultural University, Bogor, 16680,
Indonesia
e-mail: jakaria@ipb.ac.id

Introduction

The Legund chicken is the rare Indonesian native chicken that is naturally
devoid of feathers on its neck due to the autosomal incomplete dominant naked
neck (Na) gene. This gene is not only responsible for defeathering the neck
region, but also restricts the feathering areas around the body by 20-30% in the
heterozygous (Nana) and up to 40% in the homozygous (NaNa) genotype. Due to
the association with the reduction in feather coverage, improved heat tolerance and
better adaptability, survivability, and productibility under heat stress conditions, the
Na can be used as a marker gene that is economically important in modern breeding
system. However, the characteristic of this chicken has been poorly characterized
to date in Indonesia due to their small population number, very limited data of
their phenotypic characteristics, and biological parameters, and very limited data
on their current utilization. Therefore, the purposes of this study were to observe
the phenotypic characteristics, the influence of imported breed and the purity level
of native gene of the Legund chicken populations cared under traditional farming
system in West Java. The research findings will be very important to provide base
line data that would be useful for the desaining their conservation program and
improvement of utility development.

Material and Methods

Thirty one (3 cocks and 28 hens), and 32 (8 cocks and 24 hens) Legund chickens
respectively from Subang, and Bogor District populations, West Java, Indonesia were
observed in this study. The purposive sampling method was used to select the study
areas. The identification of individual households owned the Walik chickens was
done by using the snow ball method. The phenotypic characteristics such as 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 (feather color and comb types),
sex-linked genes (feather feature, feather shine, and shank color), and feather pattern
were quantified based on Nishida et al., (1980), and Stanfield (1982). Prediction of
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introgression rate of imported breeds (Rhode Island Red, White Leghorn and Barred
Plymouth Rock), and purity level of native gene were calculated based on Nishida
et al. (1980).

Results and Discussion

The control of gene constitution on phenotypic characteristic of Legund chicken
either on Subang or Bogor District population was ii E+ B ss Id _P. However, we
didn’t find a single comb (pp) of Legund chickens on Subang District populations
(Table 1).

Table 1. Frequency Distribution of Phenotype Characteristics in Legund Chickens found in
Subang and Bogor District Populations, West Java, Indonesia

Crmetsics 15 ey 0o
ubang  Bogor

Feather color | I — (White) ql 0.02 0.03
ii (Colored) qi 0.98 0.97

Feather pattern E>e">e¢ E (Black) qE 0.03 0.10
et (Wild) qe’ 0.97 0.90

ee (Colombian) qe 0.00 0.00

Feather feature B>Db B (Barred) qB 0.96 0.89
(Sex linkage)  Bb (No barred) gb 0.04 0.11

Feather shine S>s S (Silver) gs 0.37 0.21
(Sex linkage)  ss (Gold) gs 0.63 0.79

Shank color Id >id Id (White / Yellow) qld 0.65 0.52
(Sex linkage) id (Black / Grey) qid 0.35 0.48

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

The feather colour of Legund chickens was expressed as brownish, red,
black, white, and barred or show a mixture of colours which are found to be highly
phenotypic variability. This variation may result in increasing of their survival under
local conditions. The relatively low frequency of the white plumage colour (Tabel
1)) can be attributed to the fact that white chickens (especially cocks) are important
components in traditional religious of the community, therefore they are readily
to be sold. In term of genotipe, we had difficulity to recognize the heterozigous
and homozigous genotipe of Legund chickens in the field as the owners applied
a very poor breeding record. However the frequency distribution of feather was
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dominated by the barred feather, either on Subang District or Bogor District, 0.96
and 0.89, respectively (Table 2). Horst (1988) stated that in homozygous condition,
naked neck chickens have a completely bare neck whereas in the heterozygous
condition they have a bare neck with a tuft of feathers. Since Na is a major ‘marker’
gene identified by qualitative criteria (visual, biochemical or serological) that may
show association with quantitative traits, either because of pleiotropy (Johnson and
Rendel, 1968), or because of linkage with other genes (Crawford, 1990), therefore
the further investigation of sex linkage genes on that chickens should be done based
on a complete breeding record.

Table 2. The Comparison of Introgression Rate of Imported Breeds (Q) Rhode Island Red
(SR), White Leghorn (WL) and Barred Plymouth Rock (BR) to Legund Chickens
in Subang and Bogor District Population

Introgression Rate QSR + QWL + Purity Level of
Population BR . N
QSR QW QPR Q Native Gene (%)
Subang -0.31 0.02 0.94 0.65 35
Bogor -0.37 0.03 0.86 0.52 48

We also predict that the the gene of Barred Plymouth Rock mainly influenced
the Legund chickens in both population. The introgression rate of Barred Plymouth
Rock (QP}) to the Legund chickens populations was highest (0.94) followed by
White leghorn (Q"') and Rhode Island Red (QS?) (Table 2). This finding is congruent
with the Legund chickens that is predominated by the barred feather (B ) (Table 1),
as a special character of Barred Plymouth Rock. We then predicts that the Legund
chickens are primarily developed by the farmers as meat producers, event in the
field the farmers utilize this chickens for dual purposes of meat and egg producers.
Further study on the morphological features and productivities of the chickens
should be done to predict their production potency.

The purity level of native gene in Legund chicken at Subang District population
was lower (35%) than that of Bogor District population (48%). Nishida et al.
(1980) found that the purity level of native gene in Indonesian indigenous chicken,
mainly Kampong chicken was 28-55% (46% for West Java). The differences of
breeding practices to improve chicken productivities applied by the farmers may
result on this differences. Recent findings show that Na gene result a better heat
tolerance and better adaptability, survivability, and productibility under heat stress
conditions. The gene is clearly expressed under unfavourable conditions such as
higher temperatures (Cahaner ef al., 1993), smaller diurnal or seasonal fluctuations
and under poor management conditions (Islam & Nishibori 2009). Therefore the
existency of such gene must be maintained and can be used as a marker gene that is
economically important in modern breeding system. The breeding program that also
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maintain Na gene must be set up to support the the conservation and utilization of
Legund chickens in Indonesia.

Conclusions

The control of gene constitution on phenotypic characteristic of Legund chicken
either on Subang or Bogor District population wasii E+ B_ssId P. The introgression
rate of Barred Plymouth Rock (Q®¥) to the Legund chickens populations was highest
(0.94) followed by White leghorn (Q"") and Rhode Island Red (QS®). The purity
level of native gene in Legund chicken at Subang District population was lower
(35%) than that of Bogor District population (48%). Maintaining the Na gene is
needed to support the conservation efforts and improvement of utilization of Legund
chickens in Indonesia.
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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

Introduction

Thin tail sheep is one of the Indonesian native sheep that have potential to be
developed. Although the adult animal’s body weight is relatively small compared
with sheep tail fat, but thin tail sheep are well adaptable to the limited availability of
food and high temperature and child sheep mortality are relatively low (Subandriyo,
2003).

Progress in molecular biology allow livestock selection efforts can be done
at the gene level, ie by looking for the diversity of genes that control livestock
productivity. One marker genes associated with weight gain in the local sheep genes
is gene that controlling regulation of calpain and calpastatin synthesis (Sumantri et
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al.,2008). According to Camau et al. (2007), calpain and calpastatin are included in
the calpain system. Calpain system is enzymes that contribute in meat tenderness by
proteolytic post-slaughter. Calpain system has three members of the protein that is
p-calpain, m-calpain and calpastatin. Activity of p-calpain and m-calpain is affected
by Ca* ions. The functions calpain enzyme on live animal is to degrade proteins in
the myofibril myofibrillar structure formation (Scanes, 2003).

Calpastatin is an enzyme to inhibit protein degradation muscle cells by the
enzyme p-calpain and m-calpain. Increased calpastatin activity can increase muscle
mass (hypertrophy) accompanied by a decrease in meat tenderness. Calpastatin
associate with myostatin regulate muscle growth rate, so the diversity of calpastatin
gene is expected to affect the local sheep growth properties, and therefore variations
in calpain system genes in sheep will not only influence the rate of postmortem meat
tenderness but also expected to influence muscle growth.

The objective of this research was to study the comparative morphometry
performance of thin tail sheep in the different variations of calpastatin genotypes.

Materials and Methods

This research used thin tail sheep from the Jonggol Animal Science Teaching
and Research Unit (JASTRU). Based on the preliminary research for the detection
of calpain and calpastatin gene diversity obtained calpastatin gene variations,
that should have 3 variations of the genotypes MM, MN and NN, obtained only
2 variations genotipee, MM and MN, and NN gene variation was not found. M
denotes the normal calpastatin allele, whereas N indicates that mutation calpastatin
allele. Samples taken from sheep that had calpastatin genotypes MM and MN with
the same calpain genotype (TT). Sheep with MM calpstatin genotype obtained of
5 samples, while for sheep with MN genotype obtained 4 samples. Sheep selected
were male with a thin tail sheep ready for slaughter age is in the range of 1 to 1.5
years (I1).

The study was conducted in April to August 2011 at the Outdoor Laboratory
of Small Ruminants, Animal Production and Technology Department, Faculty of
Animal Science, Bogor Agricultural University.

Measurements on live animals were body weight and morphometrics
performances. The morphometrics performances were measured body frame
conformation. Body frame conformation Measurement used tuberosity and the
processus that clearly visible in live sheep. This measurement was carried out to
study the pattern of development and growth of both overall and per body part of
sheep. Parameters observed in measurements of morphometry were:

a. Primary Morphometrics
- Body length - Wither depth
- Body height - Wither widhth
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- Hips leight - Rump width

- Hearth girth
b. Part of Columna vertebralis
- Ossa vertebrae cervicales - Ossa vertebrae lumbales
- Ossa vertebrae thoracicae - Os vertebrae sacrales
c. Extrimity Length
- Os scapula - Os femoris
- Os humerus - Ossa tibia-fibula
- Ossa radius-ulna - Ossa metatarsalia

- Ossa metacarpalia
The data obtained were analyzed using Student’s t test, two-tailed hypothesis
to compare differences of calpastatin gene variations between MM and MN.
Mathematical model according to Steel and Torrie (1991) was:

(Xa —Xb) — (ua — ub)
b= Sxa — xb
explanation :
t : T value to be compared with the t table to determine the acceptance
of the hypothesis

(Xa — Xb) :The average difference in sample a and b
(o — ub) : Difference in the average of population a and b

Sxa—xb : Standard error value

Results and Discussion

Morphometric measurements used to determine rate of livestock growth.
Morphometric performance of sheep with differences of calpastatin genotypes are
presented in Table 1. Body weight, daily body weight gain, height, chest height
and width of the hips did not show significant differences. Body length of thin tail
sheep MM genotype significantly longer than MN genotype. The main components
that affect body length are the joints of the spine (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 thin tail sheep significantly longer than the
MN genotype, so muscle formed on a commercial cuts of neck, rack and loin will be
longer when compared with the MN genotype.

Hearth girth and wither depth are parameters that indicate the dimensions of
rib cage (rib cage). Based on the measurements, MM genotype of thin tail sheep
had significantly larger hearth girth and longer wither depth than the MN genotype.
It showed that MM genotype of the thin tail sheep had rib cage dimensions larger
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than the MN genotype. MM genotype of Thin tail sheep had a longer Os scapulae
compared with MN genotype. Os scapula sizes would give a influence of shoulder

percentage.

Tabel 1. Morphometric performance of sheep with differences of calpastatin genotypes

Calpastatin Genotypes

Parameters

MM (n=5) CV (%) MN (n=4) CV (%)
Primary Morphometrics
Body weight (kg) 20.56 +2,27 12.77 19.12 £2.09 10.93
Body length (cm) 54.13 + 2.83° 5.22 51.28 +2.22° 4.32
Body height (cm) 56.46 +2.54 4.50 55.81 £ 1.67 2.99
Hips height (cm) 57.69 +£1.95 3.38 57.30 £2.28 3.98
Heart girth (cm) 63.17 +2.764 4.36 59.86 +2.308 3.84
Wither depth (cm) 26.18 +1.17°® 4.49 25.04 +1.19° 4.74
Wither width (cm) 14.64 + 0.38 2.57 14.59 +£0.47 3.22
Ramp width (cm) 13.03 +0.734 5.62 11.83 +£0.588 491
Part of Columna vertebralis
Ossa vertebrae cervicales (cm) 11.59 £ 0.64*° 5.48 11.01 +0.49° 4.47
Ossa vertebrae cervicale (cm) 18.48 + 0.96* 5.22 17.51 £0.75° 4.28
Ossa vertebrae lumbales (cm) 11.32 +£0.59° 5.20 10.73 £0.45° 4.16
Os vertebrae sacrales (cm) 7.99+0.41* 5.18 7.58 +£0.34° 4.46
Part of Extrimity
Os scapula (cm) 21.72 +0.964 4.40 20.64 +0.848 4.07
Os humerus (cm) 15.82 +£0.70 4.40 15.64 +£0.47 2.99
Ossa radius-ulna(cm) 14.98 +0.67 4.45 14.82 + 0.44 2.96
Ossa metacarpalia (cm) 10.05 + 0.44 4.39 9.93+0.30 3.05
Os femoris (cm) 13.09 + 0.38 2.92 12.94 +0.39 2.99
Ossa tibia-fibula (cm) 20.74 +£0.93 4.49 20.50 + 0.64 3.11
Ossa metatarsalia (cm) 15.93 +0.54 3.37 15.92 +0.47 2.97

Different superscript letters on the same lines suggested a significant difference between treatments
(P <0.05), superscript capital letter stating the difference highly significant (P <0.01), n = number of
samples (tail), KK= coefficient of variance (standard deviation / average x 100%).

Hips Width indicate the distance between the pubis (Os pubis) to the
hip band (Ossa membri pelvini). This parameter indicate the distance be-
tween the feet, which is the stifle area muscle deposition. Hips Width of
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MM genotype of thin tail sheep were larger than that of MN genotype.
Based on the overall data, thin tail sheep with MM genotype had larger morphometri
performance than MN genotype. It suggested that calpastatin had potential to influ-
ence the growth of bones, especially in body axis. It was closely related to the func-
tion of calcium as bone formation and calpain enzyme whose activity is influenced
by the concentration of ions Ca?".

Conclusions

Thin tail sheep with MM genotype had larger morofometri performance than
MN genotype. It suggested that calpastatin had potential to influence the growth of
bones, especially in body axis.
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II. FEED AND NUTRITION
Sub Theme: Agrostology
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Dwi Retno Lukiwati !, Tri Winarni Agustini °, Budi Adi Kristanto!, & Surahmanto'’

'Faculty of Animal Agriculture, Diponegoro University, Semarang Indonesia
’Faculty of Fisheries and Marine Science, Diponegoro University, Semarang
Indonesia
e-mail:driukiwati_07@yahoo.com

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 P205/ha, respectively. All plot received basal fertilization of KCI (150 kg
K20/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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Introduction

Crop-livestock system (CLS) has been used by farmers in Indonesia. The char-
acteristic of CLS is crops yield for food, stover for ruminant feed and manure can be
used as organic fertilizer. Farmyard manure is traditionally widely used for improv-
ing soil fertility, but since it is relatively low in phosphorus in relation to nitrogen
and potassium, it is often supplemented with a phosphatic fertilizer or with a mixed
fertilizer with a high phosphate component (Ann, 1993). Superphosphate fertiliz-
er (SP) has been widely used to improve food crop production on non-productive
lands in Indonesia. However, the high cost of SP is now focusing attention on rock
phosphate (RP) fertilizer and scallop shell meal as P sources. In addition, Lukiwati
(2002) showed that RP and SP fertilizer increased maize grain yield, dry matter
(DM) stover yield of maize stover over those of the control that did not receive P
fertilizer. Finely ground RP is an apatite mineral not readily soluble in water, and
when added to acid condition, the solubilization of RP is increased. Therefore, and
expensive P source (SP) can be replaced by RP when the application of the latter is
combined with amonium sulphate fertilizer (Lukiwati et al., 2001) or decomposi-
tion process of organic materials (Sumida and Yamamoto, 1997). Combination of
manure ‘plus’ and inorganic fertilizer as being an alternative strategy for more ratio-
nal and sustainable agriculture. The objective of the research was to investigate the
influence of manure and manure ‘plus’ combined with inorganic fertilizer (N, P) on
sweet corn yield and nutrient uptake of stover in the acid soil.

Materials and Methods

A field experiment of completely randomized block design with three block
as replicates was conducted in Semarang-Central Java Indonesia, during 70 days on
acid soil with the following pH values 5.15 (block I), 5.30 (block II), and 5.11 (block
IIT). Available P (Bray-I) was 2.17 (block I), 1.48 (block II), and 1.18 ppm (block
III). Soil nitrogen content (%N) were 0.132 (block I), 0.164 (block II), and 0.142
(block IIT). Thus the soil was acid, low in both of P and N content. The experiment
was conducted on 350 m? divided into 24 plots. Each plot size was 3m x 3m or 9
m?. The treatments consisted of P fertilizers from two sources; RP-27 and SP-18.
Nitrogen fertilizers from two sources; urea and amonium suplphate. Level of both P
and N fertilizers was at 66 kg P/ha and 100 kg N/ha, respectively. Level of manure
and manure ‘plus’ at 1 ton/ha. Manure made from cattle dung and urine mixed with
waste of forage of straw waste, while it combined with P and scallop shell meal as P
source was called manure ‘plus’. A basal application fertilizer was KCl at 125 K/ha,
was applied to each plot. The treatments of fertilization 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 dibbled into small holes, spaced 100 x 50 cm. Each plot contained 30 plants
from 15 holes planting. The sweet corn was harvested at 70 days after planting.
After harvesting of sweet corn, the stover was cut close to the ground and measured
for DM yield, nitrogen and phoshorus uptake. The analyses of variance for sweet
corn yield, DM yield, N and P uptake of stover were made using the general linear
model procedue of SAS. Significant differences among the treatments were calcu-
lated using DMRT.

Results and Discussion

Result showed that sweet corn yield, DM yield, N and P uptake of sweet
corn stover (Table 1) were significantly (P<0.05) influenced by the treatments.
Table 1 showed that manure ‘plus’ (T2) resulted sweet corn yield and DM yield
non-significantly different compared to manure (T1). The application of manure
‘plus’combined with inorganic fertilizer (T7 and T8) resulted in significantly dif-
ferent of sweet corn yield and DM yield of stover compared to manure and manure
‘plus’ only (T1 and T2). Inorganic fertilizer (T3 and T4) resulted in non-significant
difference on sweet corn yield compared to T1 and T2. Dry matter production with
SP-+urea (T4) showed significantly higher compared to T1 and T2. Dry matter pro-
duction of T3 showed a significant difference compared to T1 and tend to higher
compared to T2. Manure + SP + urea (T6) resulted in significantly higher of corn
production compared to T1 and T2, while TS significantly different compared to T1
and tend to higher compared to T2. However, the application of manure combined
with inorganic fertilizer (T5 and T6) resulted in significant different of DM yield of
stover compared with T1, T2, T3 and T4. Application of both manure and manure
‘plus’ resulted in similar sweet corn yield, and DM yield of stover compared in the
same combinations of inorganic fertilizers, i.e. TS vs T7, and T6 vs T§. Combina-
tion of N and P fertilizers from difference sources resulted in similar sweet corn
yield, and DM yield of stover, i.e. T3 vs T4.

Application of manure and manure ‘plus’ combined with inorganic fertilizers
T5, T6 and T7, T8 resulted in N and P uptake of sweet corn stover non-significantly
different. Application of TS5, T6 and T7, T8 resulted N and P uptake tend to be
higher compared with inorganic fertilizer only (T3, T4). Combination between or-
ganic and inorganic fertilizer resulted nutrient uptake tended to be higher compared
to inorganic only. The application of manure and manure ‘plus’ combined with in-
organic fertilizers (T7 and T8) resulted in significantly different of phosphorus and
nitrogen uptake of sweet corn stover compared to manure and manure ‘plus’ only
(T1 and T2). Inorganic fertilizer (T3 and T4) resulted in significantly different on
N and P uptake of sweet corn stover compared to T1 and non-significantly different
compared to T2.
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Table 1. Production of sweet corn and dry matter, nitrogen and phosphorus uptake of stover
with manure ‘plus’ and inorganic fertilizer

Treatments S‘lefge/tr;?)m Dry matter N(;/pnt;l)(e P uptake
Manure (T1) 0.63¢ 139.90¢ 2.01¢ 0.72¢
Manure ‘plus’ (T2) 0.81% 161.43% 3.07° 1.01°
RP +AS (T3) 1.022¢ 170.49< 3.17¢ 0.88°
SP + urea (T4) 1.05%¢ 199.96" 3.36" 0.91°
M + RP + AS (T5) 1.15% 222.74%® 3.84® 1.14®
M+SP-+urea (T6) 1.31° 248.79% 4.11* 1.42¢
M*plus’+ AS (T7) 1.36 269.87® 4.82% 1.39
M’plus’+ urea (T8) L.512 279.49* 5.38° 1.21%

Different superscript in the same column means significantly different (P<0.05).

Inorganic fertilizers (T3 and T4) resulted in higher on sweet corn yield, DM
production, N and P uptake of stover compared to organic fertilizers (T1 and T2).
Soil fertility is more limited without inorganic fertilizers (ntrogen and phospho-
rus), and only using manure or manure ‘plus’ (Min et al., 2002). Nutrient content
(P, N) of manure ‘plus’ (T2) was increased, because made from manure with RP
and scallop shell meal added. The agronomic effectiveness of RP can be enhanced
through acid condition (Bationo and Kumar, 2002; Lukiwati, 2002). Sumida and
Yamamoto (1997) showed that decomposition process of organic materials could
released organic acids, and decreased pH and redox potential might have increased
the availability of plant nutrients which high solubility in acid condition. There-
fore, manure ‘plus’ (T2) resulted in higher of sweet corn yield, DM production, and
nutrient uptake compared to manure (T1) only. Combination between manure and
manure ‘plus’ with N and P fertilizers increased the availbility of soil nutrient i.e N
and P for sweet corn plant (Lukiwati et al., 2010). Combination between manure
or manure ‘plus’ with inorganic fertilizers (N and P) could improve nutrient bal-
ance for sweet corn plant. Application of both manure or manure ‘plus’ resulted in
similar sweet corn yield, DM yield and nutrient uptake of stover compared in the
same combination of inorganic fertilizers. The dosage of both organic and inorganic
fertilizers were not different, respectively. Combination of N and P fertilizers from
different sources resulted in similar of sweet corn yield, and DM yield of stover.
The dosage of those fertilizers were not different, respectively. Therefore, sweet
corn yield, DM and nutrient uptake response to those fertilization were not differ-
ent as well. The same result reported by Toth et al. (2006). N and P — based manure
applications did not differ in ability to supply nutrients for crop growth. Lukiwati et
al. (2001) reported that P fertilizers (SP, RP) in combination with N fertilizers (AS,
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urea) resulted in similar DM yield and crude protein content of Setaria splendida.
According to Nassir (2001), reactive RP when it was directly applied at initial rates
of between 80-360 kg P O,/ ha, not only increased yields of corn, but resulted in
similar yields than SP and also increased soil pH. Phosphorus fertilizers could in-
crease the plant growth, especially if the P nutrient is a major limiting factor to the
plant production (Lukiwati, 2002). Combination between manure or manure ‘plus’
with inorganic fertilizer could improve nutrient balance for sweet corn plant.

Conclusions

Manure ‘plus’ resulted in higher of sweet corn yield, dry matter yield and nu-
trient uptake of stover compared to manure only. Organic fertilzers (manure and
manure ‘plus’) combined with inorganic fertilizes resulted in higher of sweet corn
yield, DM yield and nutrient uptake of stover compared to application both of or-
ganic’ or inorganic fertilizers separatedly. Therefore, organic fertilzer could increase
sweet corn yield, DM yield, and nutrient uptake in acid soil, if it is combined with
inorganic fertilizer.
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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
L. 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' harvest!. 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, . 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

Introduction

Significant problem in ruminant animal production system is low nutrition in-
take that cause low animal productivity. About 70% of forages used by farmers
originates from local grasses that has been known low in protein content (7-9%)
and high crude fiber, and most of them low in digestibility. To improve feed quality
and nutrition intake, farmers use concentrate as additional menu in ruminant ration.
However use of concentrate has led regionally to increase of feed raw materials
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price and uncertainty in quality. Farmers have difficulties in controlling feed qulity
due to not only variation of feed material quality but also its low availability in the
market. This, in turn leads to reduction of animal production, particularly dairy
production. Importation of some feed materials like soybean meal has in some cases
solved the problem, however farmers are not able to access the materials as the con-
sequence of price and availability. Use of other agroindustrial waste becomes more
trading issue rather then technical aspect. But still farmer do not have big chance to
access high and stable quality of raw feed materials.

Recommendation to use more concentrate portion ruminant animals more
problem raise in controlling feed availability and quality. Seeking local raw feed
materials originating from high quality forages such as legumes become an alterna-
tive to suplement even substitute concentrate feed raw materials. The recent suc-
cess with Leucaena as a new high quality forage species for northern Australia has
prompted a search for other legume tree and shrub species suitable for introduction
to other grazing system (Blunt and Jones, 1977; Clem et al., 1993). It is a good ex-
ample that may inspire farmer in Indonesia.

Use of legume particularly tree or shrub legume species may reduce feed cost
and contributes to environment. Legume is able to improve soil fertility through bi-
ological nitrogen fixation (Danso ef al., 1992) and other symbiotic solubilizing bac-
teria. Many studies about legume-michorrizal fungi symbiosis revealed benefits for
P eficiency. One of promising legume we have studied is 1. zollingeriana. The sci-
entific name of this legume crops has determined by our colleague at Indonesian In-
stitute of Science (LIPI). This shrub legume may be as one of promising forage crop,
which confirms nutritionally high quality (Abdullah, 2010; Abdullah and Suharina,
2010; Tarigan et al., 2010) ) and farmers begin widely establish the legume crop in
Indonesia to improve goats milk production.

This paper aims to describe the role of /. zollingeriana as a source of high
quality forage, and its role on soil ecology.

Material and Methods

Agronomy study about /. zollingeriana has been conducted since year 2009
at research station of Bogor Agricultural University to investigate effect of foliar
fertilizer on forage production improvement and the role of the crops in maintaining
soil fertility (Abdulah, 2010; Abdullah and Suharlina, 2010). Some chemical and
biological soil properties were observed to investigate the effect of Indigofera’s
rhizosphere on N, P and P-solubelizing bacteria (Suharlina, 2010). Compiled data
based on in vitro test in investigation of nutritional value of Indigofera leaf in dairy
goat rument (Jovintry, 2011) was extracted for this paper. Besised, in vivo experiment
involving I. zollingeriana as substituting feedstuff to commercial concentrate was
carried. In form of pellet, its leaf was fed to 2 groups of dairy goats consisting of
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third period of lactating saanen and second period of lactating etawah crossbred
(Apdini, 2011). Data are extracted and used for discussion of the paper.

Results and Discussion

Persistent Forage Production

Forage production is an important parameter indicating the potential of dry
matter available to ruminants. Observation of /. zollingeriana forage biomass pro-
duction for 9 times of defoliation carried out with interval of 60 days showed that
dry forage production ranged between 6-10 tons /ha/crop. Variations occur due to the
season and intensity of branching formation and intensive leaf development. This
leads to overlapping leaves, so that the effectiveness of photosynthesis is reduced.
Although forage production fluctuated, but it still showed higher average yields than
those of other legume species such as Gliricidia and Calliandra. 1. zollingeriana
forage productivity is affected by defoliation intensity. As discussed earlier, defolia-
tion with a height of 1 m showed a more persistent production (Figure 1.)
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Figure 1. I. zollingeriana forage production during the period of observation with defoliation
for 9 times (defoliation intensity 60 days).

High Quality Forage Source

Indigofera has both desirable agronomic characteristics and high nutritive
value to be useful as forages. The nutrition value of a feed is determined by its
ability to provide the nutrients required by an animal for its maintenance, growth
and reproduction. Farmers have recognised for decades that some Indigofera species
offer considerable potential nutrition (Table 1.) for improving the productivity of
goat. Nutrition value of Indigofera as shown in Tabel 1 varied depended on soil
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fertilizer application and nutritional (in vitro) study

Tabel 1. Nutrition value of Indigofera zollingeriana recorded during agronomic study

Value
Parameters
Without fertilizer With fertilizer
Crude protein (%) 27.68+0.75 31.31+1.04*
Tannin (%) 0.36+0.05 0.61+0.01
Saponin (%) 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

Source: Abdullah, 2010; Jovintry, 2011, * Suharlina, 2010 using supramin as N source.

fertility and application of foliar fertilizer (Abdullah, 2010). Trials carried out at
Livestock Research Center in Medan showed improved daily gain of local goat and
local x Boer cross bred during feeding program with Indigofera (Tarigan, 2009).

Forage quality of Indigofera changed depended on defoliation management.
Interval defoliation every 60 days showed a best quantity and quality forage (Abdul-
lah and Suharlina, 2010) than 90 days (Tarigan, 2009). The intensity of defoliation
was investigated as high as 1m to 1.5 m above ground, which produced highest herb-
age production and nutritive value. /n vivo experiment using pelleted Indigofera’s
leaf for both two groups of lactating Etawah crossbred and Saanen revealed high
persistence of milk production prior a month of dry periods. Ration with commer-
cial concentrate produced lower milk (379 ml/head) than ration containing pelleted
Indigofera’s leaf (762 ml/head) a month prior a month of dry periods (Apdini, 2011).
Use of Indigofera leaf in lactating does reduced feed cost for about US$ 0.39 dolar/L
of milk (Abdullah et al., 2012).

Ecologically Beneficial

Legumes produce most biologically fixed nitrogen and are therefore crucial to
maintaining the N-balance in nature. A very high yielding leguminous crops can add
up to 500 kg of nitrogen to the soil per hectare per year was estimated (NAS 1979).
Study on the ecological function of 1. zollingeriana revealed the legume could be
expected to maintain soil fertility. This is evident from previous studies, that /.
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Tabel 2. Effect of Indigofera zollingeriana on soil nutrient properties and P-solubilizing
bacteria population

C-organic (%) N total (%) P available  P-solubilizing

(%) bacteria*
Before Indigofera 0.97+0.17 0.16+0.01 1.48+0.18 8.66+2.81
cultivation
After Indigofera 12740.06  0.1340.03  148£0.04  37.53+6.8
cultivation

*Cell per collony/100g; data were extracted from Suharlina, 2010.

zollingeriana plants can maintain the content of N and available P in soil, and im-
proved soil organic C content and P-solubilizing bacteria population (Table 2).

Conclusions

1. zollingeriana is a shrubby legume species that plays an important role in
improving the quality of feed and maintain soil quality. Theresults provide information
that these plants can be recommended as a source of high quality forage for ruminants.

References

Abdullah,L. D.A.Astuti and T.AP.Apdini.2012.Use of /. zollingeriana as forage pro-
tein source in dairy goat ration. Proc. Asian Dairy Goat Conference, Kuala
Lumpur,10-11April 2012.

Abdullah, L. 2010. Herbage production and quality of shrub Indigofera treated by
different concentration of foliar fertilizer. Med. Pet. 33(3): 169-175.

Abdullah, L and Suharlina. 2010. Herbage yield and quality of two vegetative parts
of Indigofera at different time of first regrowth defoliation. Med.Pet. 33(1):44-
49.

Andi Tarigan, L. Abdullah, S.P Ginting and I.G. Permana. 2010. Produksi dan Kom-
posisi Nutrisi Serta Kecernaan In Vitro Indigofera sp pada Interval dan Tinggi
Pemotongan Berbeda. Jurnal Ilmu Ternak dan Veteriner, 15(2): 188-19.

Andi Tarigan. 2009. Produktivitas Dan Pemanfaatan Indigofera sp. Sebagai Pak-
an Ternak Kambing Pada Interval Dan Intensitas Pemotongan Yang Berbe-
da. Master Thesis. Institut Pertanian Bogor. http://repository.ipb.ac.id/han-
dle/123456789/74/browse?value=Tarigan%2C+Andi &type=author

Apdini, T.A.P. 2011. Pemanfaatan Pellet Indigofera sp. pada Kambing Perah Per-
anakan Etawah dan Saanen di Peternakan Bangun Karso Farm. Skripsi. Institut
Pertanian Bogor. http://repository.i pb.ac.id/handle/123456789/108/browse?v

Proceeding of the 2" International Seminar on Animal Industry | Jakarta, 5-6 July 2012 | 153



alue=Apdini%2C+Titis+ Anugraheni+Putri&type=author.

Blunt, C.G. and Jones, R.J. (1977) Steer liveweight gain in relation to the propor-
tion of time on Leucaena leucocephala pastures. Tropical Grasslands 11, 159-
164.

Clem, R.L., Esdale, C.R., Conway, M.J. and Macintyre, D. (1993) Beef production
from commercial Leucaena leucocephala pastures in a dry subtropical envi-
ronment. Proceedings of XVII International Grasslands Congress.

Danso, S.K.A., Bowen, G.D. and Sanginga N. (1992) Biological nitrogen fixation in
trees in agro-ecosystems. Plant and Soil 141, 177-196.

Jovintry, I. 2011. Fermentabilitas dan kecernaan in vitro daun tanaman Indigofera
sp. yang mendapat perlakuan pupuk cair untuk daun. Skripsi. Institut Pertanian
Bogor. http://repository.ipb.ac.id /handle/123456789/48107.

NAS.1979.Tropical Legumes Resources for the FutureNational Academy
Press,Washington DC,331p

Suharlina. 2010. Peningkatan Produktivitas /ndigofera sp. Sebagai Pakan Berkuali-
tas Tinggi Melalui Aplikasi Pupuk Organik Cair dari Limbah Industri Pe-
nyedap Masakan. Master Thesis. Institut Pertanian Bogor.http://repository.ipb.
ac.id/handle/123456789/74/browse?value= Suharlina &type=author.

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



Potential of Weeds for Ruminant Feed on Rice Fields in Java
N.R. Kumalasari', E. Bergmeier' & L.Abdullah’

'Faculty of Biology, University of Géttingen, Géttingen 37073, German,
e-mail: nurrkumala@gmail.com
SFaculty of Animal Science, Bogor Agricultural University, Bogor 16680 Indonesia

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

Introduction

Increasing the level of rice self-sufficiency of Indonesia led to an increase in
the intensity of rice (Oryza sativa L.) cropping in many areas since the 1970s. In
Indonesia, rice cultivation covers a total of aboutl1.5 million hectares throughout
the archipelago, on Java alone around 5.4 million hectares (National Development
Planning Board, 2003).About 70% of the area comprise irrigated rice fields, which
have been estimated to be 100 times more productive than upland rain-fed rice
farming upland rice (Fairhurst and Dobermann, 2002).

One consequence of cropping intensification in irrigated systems is a shift and
an increase in weeds populations. Weeds compete with rice for sunlight, nutrients
(Nyarko and Datta, 1993) and water, and causes loss of yield by about 10-50% (Chin
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et al, 2000). Weed management therefore poses a significant challenge to Indonesian
farming systems. Herbicide treatments change the weed community composition
interrelated to crop productivity (Ulber 2010). A new approach to biodiversity
friendly management is therefore to enhance the benefits derived from desirable
weed species with high value for the farmer and the agroecosystem. The use of weed
species is possibly the most efficient management to overcome problems of pollution
through herbicide usage, slow breakdown or burning. Weed plants and vegetation
vary enormously in morphology, phytomass and species composition depending on
habitat conditions and land-use (Soerjani ef al., 1987). Due to their chemical and
physical characteristics weeds may or may not be grazed by ruminants. The feeding
value of rice field weeds is little-known in scientific literature but the local farmers
have considerable knowledge which should be combined. The main objectives of
the present study were -to assess characteristics of farming systems in Java and to
evaluate the potential of rice weed biomass as ruminant feed.

Materials and Methods

The research was done in October 2011 until March 2012 in lowland (0-100 m)
and upland areas (>400 m)of rice field in Java, i.e. Karawang (33 — 53 masl), Brebes
(26 — 44 masl), Gresik (14 — 41 masl), Cianjur (527 — 856 masl), Karanganyar(403
— 714 masl) and Malang (526 — 684 masl). In each of the sites, suitable landscape
sections of ca. 5 km x 5 km size were selected and 15 plots located therein.The
weeds were sampled in cultivated areas, fallowed areas and on rice field terraces.

Fresh biomass was measured from weed sources in each plot by placing
squareframes sized 30 cm x 30 cm. The weeds were sampled on three plots on each
rice field and terrace in each district. Weed samples were collected in each plot, cut
and weighed as fresh biomass. The samples were dried at 60°C for 48 h and weighed
as dry biomass.

Results and Discussion

Overview

The study revealed that rice farming systems in Indonesia are dependent on
elevation. In upland areas continuous water supply throughout the years facilitated
weed control and reduced herbicide application. Herbicides were commonly applied
in lowland areas. The proportion of farmers who used herbicides on their farms
was 60% or more in the lowland areas while less than 15% of the farmers applied
herbicides in the upland areas (Table 1). Weed biomass source sites in upland areas
were mostly on terraces as a result of continuous control in rice field area while in the
lowlands the most important weed biomass sources were fallows. Manual weeding
was common practice to reduce weeds in almost every rice field area. Weeding is
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Table 1. Characteristics of rice farming systems

District
West Java Central of Java East Java

Parameters

Cianjur  Karawang Karang- Brebes Malang Gresik

anyar

Herbicide 13.33 60 0 66.67 6.67 66.67
application (%)
Manual weeding (%) 71.5 100 100 100 100 93.3
Time of fallow 34 6-10 3-5 3-8 3-4 10-14
(weeks)
Weed biomass Terrace Fallowed Terrace Fallowed Terrace Fallowed
source area area and area and

terrace terrace

usually done two times, specifically 20 and 40 days after transplanting of rice plants,
with the exception of Gresik.

In Gresik, direct seeding was practiced due to a shortage of labor and the higher
costs of rice transplanting. Manual weeding in Gresik would commonly be done
simultaneously with rice plant thinning to reduce labor costs. Labor for manual
weeding is becoming increasingly scarce. Therefore the application of herbicides in
the first tillage increases to eradicate all weeds that emerged in the time of fallow. In
addition, poor maintenance of the irrigation infrastructure reduces water availability
for rice production in the dry season and increases surface water sand flooding in
rice field areas in the rainy season.

Weed Biomass

Weed biomass is the most important indicator of feed availability for ruminant
in rice field area. There was a significant difference in weed biomass among rice
field areas, with upland areas (Cianjur, Karanganyar and Malang) producing higher
biomass values than lowland areas (Karawang, Brebes, Gresik) (Table 2). There
were no significant differences between the locations of eastern, central, or western
Java, respectively. Fresh weed biomass in the first rice growing season (early rainy
season) yielded 891-2369 g/m?*(Table 2). Weed biomass varies enormously between
regions and even between small farms in the same village due to differences of
environmental factors and farming management. The results showed that high values
of fresh weed biomass had the potential to supply ruminant feed in Java although
variability in water regime affected the populations and growth of weed species.

Fresh weed biomass in Javanese rice fields differed from that found byRoder
et al. (1998) who measured 220-990 g/m?*/year of fresh weed biomass over the rice
growing season in northern Laos. There are many factors affecting the weed biomass
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Table 2. Weed biomass in rice field areas

District
West Java Central of Java East Java

Parameters

Cianjur  Karawang Karang- Brebes Malang Gresik

anyar

Characteristic of Upland Lowland Upland Lowland Upland Lowland
region
Fresh weight (g) 2369.0° 900.1° 1912.22 922.3% 2130.7 890.7°
Dry weight (g) 284.3¢ 140.1° 245.8¢ 151.3° 258.3¢ 127.5°
Dry matter (%) 12.0¢4 15.6° 12.9¢ 16.42 12.1¢ 14.3°

Different superscript in the same line means significantly different (P<0.05)

between countries, such as seasonal and climatic variation as well as different
farming management systems (Machado, 2005). Yakup (2007) reported that weed
infestation in rice farms increased along with elevation. Common weeds in the
upland rice field areas in West Java are Myriophyllum aquaticum and Sagittaria
guayanenesis while in lowland areas Leersia hexandra, Sacciolepis interrupta and
Ipomea aquatic are common (Yakup, 2007).

The combination of herbicide application and manual weeding in the lowland
rice field areas of Karawang, Brebes and Gresik resulted in a significantly higher
degree of weed suppression. Variability of surface water condition affects the growth
ofrice weed communities (Juraimi et al., 2011). Hence, weed biomass in upland
areasis concentrated on terraced sites since weeds have been suppressed on about
70% of the rice field areas through ponding surface waters. In all lowland areas,
rice weeds were found to grow mainly in times of fallow and the values were not
significantly different from each other.

There were biologically small but statistically significant differences in the
comparison of dry matter percentage in each location. In the lowland areas higher dry
matter values were found than in the upland area. Cutting times and plant structural
composition seems to affect production yields (Yolcu et al., 2006).

Conclusions

Selecting weed species suitable for ruminant feed supply and production
in a particular region (based on agro-pastoral farming) is very important to sustain
animal production both economically and ecologically. Rice weeds have the
potential to yield substantial amounts of biomass in fallowed areas and terraces.
Rice weed biomass in upland areas is currently higher than in lowland areas due
to the combination of herbicide application and manual weeding in the lowlands.
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Xinqing et al. (2006) suggested four principles for selecting appropriate species as
feed, i.e. biogeographical matching of species, ecological matching, production yield
and forage quality.It is essential, therefore, to further study the phytogeographical,
ecological, biological and functional traits of the Javanese wild plants of rice
fields.
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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 P : Control (Pasture concisted of Brachiaria humidicola), P,: B. humidicola
introduced with Pueraria javanica, Centrosema pubescens and Calopogonium
mucunoides with NPK fertilizer of NPK), P, B. humidicola with Pjavanica,
P B. humidicola with C. Pubescens, P: B. humidicola with C. mucunoides,
P B. humidicola with P. javanica and C. Pubescens, P,: B. humidicola with P,
Jjavanica and C. mucunoides, P, B. humidicola with P. javanica, C. pubescens
and C. Mucunoides. P, until P, 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 P, P,and P,
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 P, The mineral imbalance of P and Ca occurred in all treatments
except P2, N for P, and P, Mg for P and P, 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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Introduction

Excellent quality forages could result the best production of ruminants. Rumi-
nants can consume a wide variety of forages plants. Feeding of legume forage will in-
crease the protein intake needed by ruminants. High mineral uptake such as N, P,
Ca from pasture can increase the quality of forage (Karti, 2010). The lack of mineral
content from the forage in Pastures can result in mineral deficiency, especially for
pregnant sheep because the minerals are also used for the development of the fe-
tus. Brachiaria humidicola has an average protein content of 6.6% and 55% TDN
(Vendramini et al, 2008), while the TDN requirement for pregnant sheep was 86%
and 14.16% protein (NRC, 1985) at the age of 4 months pregnancy with a body
weight 20-30 kg. Based on these requirement, the addition of feed in the pasture
is necessary. One of them is by introducing creeping legume. The purpose of this
research was to study mineral balance of B. humidicola pasture which is introduced

with creeping legume.
Materials and Methods

The materials used consisted of pasture of B. humidicola, three kinds of creep-
ing legumes, i.e. Pueraria javanica, Centrosema pubescens and Calopogonium
mucunoides, NPK fertilizer, manure and Soil Potential Microorganism obtained
from Agrostology Laboratory, Faculty of Animal Science, Bogor Agricultural Uni-
versity. The experiment used block randomized design with eight treatments and
four replications. The treatments were P : Control (Pasture of Brachiaria humidi-
cola), P,: B. humidicola introduced with Pueraria javanica, Centrosema pubescens
and Calopogonium mucunoides and fertilized with NPK), P.: B. humidicola with
Pjavanica, P,: B. humidicola with C. Pubescens, P B. humidicola with C. mucuno-
ides, P B. humidicola with P. javanica and C. Pubescens, P:B. humidicola with P
Javanica and C. mucunoides, P, B. humidicola with P. javanica, C. pubescens and
C. Mucunoides. P, until P,used NPK half doses, manure and soil potential micro-
organisms. Parameters observed were level and intake of N, P, K, Ca, Mg from for-
age, 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).

Results and Discussion

Consumption of dry matter in the treatment of P,-P_is higher when com-
pared with controls. The highest dry matter intake at P4 treatment. Introduction
of legumes can increase dry matter intake. Consumption of dry matter of P,-P, higher
than the control due to the introduction of legume. Intake of N, P, K, Ca was higher
in P, P, compared with controls. Intake of N, P, Ca was highestin P, K intake in P,
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Mg intake in P, and P_. Mg intake was lowest in P.. Introduction of legumes can in-
crease the intake of N,P, K, Ca and Mg. Uptake of N, K, Ca, Mg were higher in P,-
P, compared with P, and control. N uptake was highest in P, and P, P uptake in
P,, P, P and P, K uptake was highest in P,, P, uptake on Ca and Mg uptake in
P,, P, P, P Introduction of legumes can increase the uptake of N, P, K, Ca, Mg.
Mineral retention of N, P, and Mg were higher in treatment P-P,. Mineral reten-
tion of N, P, K, Ca and the highest in P, P_, P, P, and P,. Introduction of legumes
can increase the retention of mineral N, P, K, Ca and Mg.

Table 2. Mineral balance (without urine) in B. Aumidicola pasture which is introduced
with legume creeping

Mineral Balance(g)
Treatments

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

P,: Control (Pasture of Brachiaria humidicola), P,: B. humidicola introduced with Pueraria javanica,
Centrosema pubescens and Calopogonium mucunoides and fertilized with NPK), P.: B. humidicola
with P. javanica, P,: B. humidicola with C. Pubescens, P_: B. humidicola with C. mucunoides, P : B.
humidicola with P. javanica and C. Pubescens, P_: B. humidicola with P. javanica and C. mucunoides,
P.: B. humidicola with P. javanica, C. pubescens and C. Mucunoides.

Nitrogen balance in P and P, showed a negative value means there is imbal-
ance of nitrogen, and indicating that soil in this treatment is deficiency with nitro-
gen. Magnesium balance in P, and P, showed a negative value means there is im-
balance of magnesium, and indicating that soil in this treatment is deficiency with
magnesium. Phosphorus imbalance in all treatments except P,. P, is the treatment
is given with NPK fertilizer with a higher P levels compared with other treatments.
The mineral imbalance occurred on Ca, but mineral balance occurred on K. Min-
eral balance can be improved by the introduction of legume and fertilizer P and Ca
by using organic or an organic fertilizers in pasture. If not done can cause mineral
deficiencies of Ca and P, and resulting in decreased growth.
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Conclusions

Consumption of N in each treatment was not sufficient for sheep requirement,
except P,, P, and P,. Consumption of P in al treatments were not sufficient. Con-
sumption of K and Mg for all treatments were sufficient. Consumption of Ca in each
treatment was not sufficient, except P,. Introduction of legumes can increase con-
sumption of dry matter, intake, uptake and retention of mineral N, P, K Ca and Mg

The mineral imbalance of P and Ca occurred in all treatments except P,, N
for P, and P, Mg for P, and P,. The mineral balance occured on K. To solve the
problem of mineral imbalance can be done with addition of organic or anorganic
fertilizers in 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, MOS1= 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

Introduction

The livestock sector development can not be separated from the provision of
high quality forage and sustainable. More than 60% of feed consumed by ruminants
is forage, either in fresh or in dried form. Green fodder can be grasses, legumes or
other types of leaves. The types of forage can be administered alone or mixed with
grass or legume be given only in the form of grass.

The forage is one source of forage for grazing and appropriate use as forage
cut because of its ability to regrow after the cutting or grazing. Tropical grasses
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such as Chlorisgayana, Paspalumdilatatum and Paspalumnotatumis are specific
tolerant grasses species (Nahak, 2011). They have good adaptability to defoliation
and regrouwth. However some of tropical grasses species do not adaptive to drought
condition, which mainly showed suffer in growth and produce low herbage and its
qualityAvailability of feed grass that is still lacking is mainly influenced by soil
conditions, climate and water availability.

Water is needed for plant growth in optimum level. Availability of water in the
soil is mainly determined by the intensity and distribution of rainfall, which in turn
affects ground water pool and nutrient supply. Water shortage is one of the main
problems for the growth and development of a plant. Shortage of water internally
at the plant resulted in a decrease direct and magnification of cell division. In the
vegetative growth stage, the water used by plants for cell division and enlargement
are indicatedby the increase in plant height, diameter magnification, multiplication
leaf, and root growth (Sasli, 2004).

At this time in Indonesia forage crops can be developed on the dry soil
conditions. Haryadi and Yahya (1988) describes drought stress in plants can be caused
by two things: (1) lack of water in the root zone, (2) the rate of evapotranspiration
is higher than the rate of water absorption by roots of plants that need high water on
the leaves. Plants experiencing drought stress are stunted, due to the availability of
water in plants and soil affect soil nutrient uptake by plant roots.

One of alternative that can be applied to several types of plants cultivated in
water stress is overcome by the use Arbuskula Mycorrhizal Fungi (AMF) on the
plant. The symbiosis between AMF and its host plant is a symbiotic mutualism
(mutually beneficial). This symbiosis involves the provision of photosyntate by the
host for the fungus and host plant otherwise acquire nutrients and water from the
ground taken by its hyfa. This association did not lead to infection of the roots of
disease

Karti (2005) explains that the role of mycorrhizal addition to improving
nutritional status of plants, may also increase drought resistance. Rungkat (2009)
explains that the mycorrizal plants usually grow better than plants that do not
mycorrizal. Mycorrhizae have a role for growth and crop production, namely: a)
increase the absorption of nutrients, b) protect host plants from the damaging effects
caused by drought stress, c) be able to adapt quickly to the contaminated soil, d)
can protect plants from root pathogens e) can improve the productivity of the soil
and stabilize soil structure of the soil. In the tropical grass plants on the growth
of mycorrhizal influence is also quite good. Objective of the present study was to
know the effects of drought and the addition of mycorrhizal fungi on growth and
productivity arbuskula some tropical grasses Chloris gayana, Paspalum dilatatum
and Paspalum notatum.
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Materials and Methods

The location of research was conducted at the Faculty of Animal Sciences in
Greenhouse, Agrostologi Laboratory, Laboratory of Dairy Cattle Nutrition, Faculty
of Animal Science, Bogor Agricultural University. Implementation of the recearch
began in July 2010 to July 2011.

Materials used in this study were: Pols Chlorisgayana, Paspalumnotatum,
Paspalumdilatatum, Latosol soil, and NPK and KCI fertilizer, and FMA obtained
from the Forest and Environmental Biotechnology Research Center of Biological
Resources LPPM IPB. Equipment used were scales, pots, watering tools, pieces of
stone, plastic, shovel soil, brown envelopes, scissors, solatip, ruler and oven.

Data were statistically analized using completely randomized design with 4
treatments consisting of M0SO= without mycorrhizal and daily watering, M0OS1=
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 followed by the Duncan’s Multiple Range Test to determine
signigicant differences.

Results and Discussion

Effect of Treatment of Groundwater Levels

The moisture of soil content that describes the amount of available water is
absorbed by plant roots for growth to an extent where the water becomes available
and the plants have withered. Average percentage of soil moisture content in
rhizosphere of Paspalum notatum, Paspalum dilatatum, and Chloris gayana at the
time of harvest, are shown in Table 1. The data were collected at the condition
of permanent wilting point (M1S1 and M0S1). Based on analysis of variance the
treatments significantly influenced (P<0.01) soil water content of the rhizosphere of
Paspalum notatum, Paspalum dilatatum, and Chloris gayana.

The highest value of soil moisture content on the treatment indicated by the
treatment of MOS0 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
addition, it is shown that the treatment of M1S1 and M1S0 treated has less water
availability compared to those of MOS1 and M0SO0. This indicated effective role of
mycorrhizae in grass crops in term of water absorption.

In Chloris Gayana, MOS0 treatment resulted in highest value of soil water
content on day 12th, whereas M1S0 provide the highest value on day 16 to day
20, this suggests an increment effect of mycorrhizal soil water content after a few
days on infected plants (Figure 1a). In Paspalum dilatatum soil water content was
affected by the treatment on day 12%, whereas the lowest treatment occurred on
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Table 2. Mineral balance (without urine) in B. humidicola pasture which is introduced
with legume creeping

Percentage soil moisters (%)

Treatment

Chloris gayana Paspalum notatum  Paspalum dilatatum
MOS0 36.0+8.0 66.9+2.54 38.1+£15.24
MOS1 27.9+£5.08 26.2+1.1¢ 10.4+4 3¢
M1S0 39.9+8.14 65.3+3.8% 42.4+8.04
MI1S1 27.2+10.58 32.5+4.78 27.7+6.68

Description:Different letters in the same column indicate significantly different effect (P<0.01).
MOS0: without mycorrhizal and watered every day; MOS1: without mycorrhiza land flushing; M1S0:

the mycorrhizae and watered every day; M1S1: with the mycorrhizal and not watered.
Different plant conducted a separate study.

day 24™ at M0S0, MOS1, M1S0, and M1S1, it indicated that the response levels the
highest water Paspalum dilatatum plants occurred on day 12" and the lowest soil
water content levels near the permanent wilting point (Figure 1b).

The Times series of Chloris gayana

The Times series of Paspalum dilatatum The times series of Paspalum notatum
Experiments (day/day)

Experiments (day/day) Experiments (day/day)

nmmmmu ;ézélgnhllhh

s 5 | m [ = MOSO
EMOS1 58 64 58 117 30 16 2l W MOs1

Soil of Moistures (%)
-Ba83BE
Soil of moistures (%)
oHBZEEEEEE

Illlll"ilhhhhll

mMOS0| 148 | 61

114 lMUﬁl 152 | 57 64 131 45 R 82 n 27 2%
M50 57 55 7 63 a7 a4 41 Miso &2 64 63 114 59

EMIS1 55 52 121 bl 3 k) £z Mis1 60 &2 52 0

132

4 M1S0| 146 | 63 82 | 147 62 42 | 58 | 63 | 49 65

34 2 EM151) 167 | 68 57 | 143 43 25 | 35 | 4 32 313
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Figure 1. Effect of soil moisture treatment of plants Chloris gayana: MOS0= no mycorrhiza
and watered every day; MOS 1= without mycorrhizal and not watered; M1S0= with
mycorrhizal and watered every day; M1S1= with mycorrhizal and not watered

Conclusions

The role of mycorrhiza was effective in maintain soil water content in
both Paspalum notatum and Paspalum dilatatum, but it was
Chlorisgayana.

not effective in
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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!. 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™) and
saline soil (EC= 11 dS m™). 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

Introduction

The effect of global warming is climatic change that increase the sea level. It
was reported that the increasing of sea level was 3 mm/year. Increasing sea level
causes soil salinization along the coast area of island. The sea water that contain
high concentration of sodium will be intrusion to the soil along the coast. The high
temperature with low rainfall will cause sodium move toward the top soil that affect
the plant growth. Abrol (1988) reported the salt affected areas in Indonesia was ap-
proximately 13.2 million ha.

Three main groups of salt affected areas are saline soil, saline-sodic soil and
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sodic soil. Saline soil contains sufficient neutral soluble salts that adversely affect
the growth of most crop plants. The soluble salts are mainly sodium chloride and
sodium sulfate with EC (electrical conductivity) more than 4 dS/m and ESP (ex-
change sodium percentage) less than 15. Saline-sodic soil has EC more than 4 dS/m
and ESP more than 15. Sodic soil has EC less than 4 dS/m and ESP more than 15
(Majerus, 1996). In relation to crop growth, Abrol (1988) classify soil salinity into
five classes. There are non saline soil, slightly saline soil, moderately saline soil,
strongly saline soil and very strongly saline soil. Saline soil has EC between 0-2
dS/m, salinity effects are negligible. Slightly saline soil has EC between 2—4 dS/m,
yields of sensitive crops may be restricted. Moderately saline soil has EC between
4-8 dS/m, yields of many crops are restricted. Strongly saline soil has EC between
816 dS/m, only tolerance crops yield satifactorily. Only a few crops yield satisfac-
torily at EC more than 16 dS/m or very strongly saline soil.

The effect of soluble salt at soil to plant growth is very complex. Salinity will
cause ionic stress, osmotic stress and secondary stress. Accumulation of sodium
(Na) and chloride (Cl") at leaves harm the plant growth. The high osmotic pressure
hampers the plant water uptake, resulting the physiological drought. Excessive so-
dium ions at the root surface may disrupt plant potassium uptake that is vital for the
maintenance of cell turgor, membrane potential and the activity of many enzimes
(Xiong and Zhu, 2002). Wang et al. (2002) reported the total chlorophyll of el-
ephant grass decrease from 181 at control to 125 at soil with EC 10 dS/m. Increasing
NaCl at liquid media from 0 to 100 mM significantly decrease leaf area, chlorophyll
content and photosintetic rate of Leucaena leucocephala and Centrosema pubes-
cens (Kusmiyati et al., 2009a). Salinity also affects nutrient uptake. Kusmiyati et
al. (2009b) reported increasing NaCl concentration from 0 mM to 300 mM at liquid
media significantly decreased nitrogen (N), phosphorous (P) and potassium (K) up-
take at shoot and root of elephant grass and king grass.

The experiment was designed to evaluate herbage mineral concentration
(nitrogen, phosphorous, potassium and sodium) of Panicum maximum, Setaria
sphacelata, Euchlaena mexicana, Brachiaria brizantha, and Cynodon plectostachyus
at saline soil compare with non saline soil. The obtained results can contribute to a
better knowledge of understanding the physiological effect of salinity to develop a
tolerant plant.

Materials and Methods

The experiment was conducted at greenhouse in Animal Agriculture Faculty,
Diponegoro University, Tembalang Campuss — Semarang. Split plot design with
completely random design was used to arrange the experiment. The main 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 soil salinity level (T1= non saline soil, T2= saline soil). There were three
replications.

Pols of each forage grass were planted at pot that contain 10 kg of soil. The
first cut was one month after planting to make uniform planting material. Fertil-
izer dosage are use 60 kg N/ha/cutting, 150 kg P,O /ha and 100 kg K O/ha. Grasses
were cut 8 weeks after the first cut. Herbage was cut 5 cm above the surface of the
soil. Shoot material were weighed and dried in open air for one week. Dried tissues
were re-weighed and ground to pass through a 1 mm screen for subsequent tisssue
analysis.

Forage N contents were measured by Kjedahl method (AOAC, 1975). Phos-
phorous was analyzed by spectrophotometer method (Sulaeman et al., 2005). While
potassium and sodium content were measured by flamefotometry (Sulaeman ef al.,
2005). The mineral concentration (N, P, K, and Na) were calculated in term of g/kg
dry matter (DM). The results were analyzed using analysis of variance, then fol-
lowed by LSD test to compare the different mineral concentration between non
saline and saline soil at each forage grass (Steel and Torrie, 1980).

Results and Discussion

Non saline soil was latosol soil that was taken from Tembalang sub district,
Semarang city, Central Java. While saline soil was taken from Kaliori sub-district,
Rembang—Central Java. Saline soil was classify as alluvial type. Electrical con-
ductivity of saline soil was 11.1+0.35 dS/m with pH 8.3+0.11. According to Abrol
(1988), the electrical conductivity of saline sail is classified as strongly saline soil.
Non saline soil had EC 0.5+0.01 dS/m and pH 6.81+0.01.

Analysis of variance showed that nitrogen of herbage were significantly differ-
ent between forage grasses (P<0.05) (Table 1). Herbage nitrogen concentration was
not different between non saline and saline soil, except for B. brizantha (Tabel 1).

Table 1. Nitrogen concentration of grasses at different levels of soil salinity

Grasses Non saline soil Saline soil Mean

P. maximum 18.99+0.38* 19.96+0.81° 19.48+1.70°
S. sphacelata 18.87+0.74* 19.00£1.21° 18.94+0.90°
E. mexicana 18.55+0.84* 19.31£0.96° 18.93+0.932
B. brizantha 19.42+1.20° 14.46:£1.58° 16.94+3.32°
C. plectostachyus 15.62+0.29* 15.21+£0.54° 15.42+0.46¢
Mean 18.29+1.94* 17.59+£2.82°

Means followed by a different letter at the same row or column were significantly different at the 0.05
probability level according to LSD test. Number followed by a different letter at the same species of
grass was significantly different at the 0.05 probability level according to LSD test.
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Nitrogen was absorbed by plant in the form of nitrate (NO,") and ammonium

(NH 4+). Nitrate move to the root surface mainly by mass flow. Mass flow reference
to the movement of water together with dissolved electrolytes (ions) through the soil
(Tisdale and Nelson, 1975). The reduction of herbage N concentration at saline soil
compared with non saline soil of B. brizantha and C. Plectostachyus were 25% and
2% respectively, while there were no reduction of N concentration at P. maximum,
S. Sphacelata and E. Mexicana

Forage grasses had similar concentration of phosphorous at different salinity
level of soil, except for S. sphacelata (Table 2). Reduction of phosphorous concen-
tration was ranged from 4% to 10%. Plants absorb most of their phosphorous as the
primary orthophosphate ion (H2PO-). Phosphorous moves from soil to roots by ion
diffusion process. Plant absorb P by contact exchange (Tisdale and Nelson, 1975).
Nitrogen and phosphorus uptake of forage grasses was not different between non
saline and saline soil. At saline soil, forage grasses still can absorb nitrogen and
phosphorous because the water was available. At this experiment, water at saline
soil was maintained at field capacity.

Table 2. Phosphorous concentration of grasses at different levels of soil salinity

Grasses Non saline soil Saline soil Mean
P. maximum 1.79+0.29? 1.50+0.292 1.66%
S. sphacelata 1.99+0.05% 1.78+0.06° 1.89%e
E. mexicana 2.46+0.482 2.27+1.072 2.36°
B. brizantha 2.21+0.042 2.01+0.802 2.11%
C. plectostachyus 1.44+0.36° 1.38+0.21? 1.41¢
Mean 1.98* 1.792

Means followed by a different letter at the same row or column were significantly different at the 0.05
probability level according to LSD test. Number followed by a different letter at the same species of
grass was significantly different at the 0.05 probability level according to LSD test.

Potassium concentration of P. maximum S. sphacelata, E. mexicana, B. brizan-
tha, and C. plectostachyrus herbage was significantly lower at saline soil (P<0.05)
(Table 3). Potassium concentration reduction of P. maximum, S. Sphacelata, E. Me-
xicana B. brizantha and C. plectostachyus are 48%, 74%, 55%, 55%, and 34%.

Sodium concentration of five grasses herbage increased significantly at saline
soil (P<0.05) (Table 4). Saline soil has high concentration of NaCl. High salinity
in growth media cause excessive sodium at the root surface. Sodium at high con-
centration has a strong inhibitory effect on potassium uptake by root (Xiong and
Zhu, 2002). Sodium and chloride shoot concentration increased and K decreased as
the external NaCl concentration increased (Teakle ef al., 2006). This condition will
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Table 3. Potassium concentration of grasses at different levels of soil salinity

Grasses Non saline soil Saline soil Mean
P. maximum 21.19+£2.77¢ 10.95+0.91° 15.42°
S. sphacelata 38.59+4.48° 10.01+3.33° 24.422
E. mexicana 20.04+3.85° 8.90+1.04° 14.47°
B. brizantha 13.31+0.322 5.97+1.80° 9.64¢
C. plectostachyus 21.56+2.96° 14.03+2.62° 17.80°
Mean 22.942 9.86°

Means followed by a different letter at the same row or column were significantly different at the 0.05
probability level according to LSD test. Number followed by a different letter at the same species of
grass was significantly different at the 0.05 probability level according to LSD test.

Table 4. Sodium concentration of grasses at different levels of soil salinity

Grasses Non saline soil Saline Soil Mean
P. maximum 1.15+0.35° 6.77+1.65° 3.96°
S. sphacelata 1.16+0.35° 8.86+1.89° 5.01°
E. mexicana 0.99+0.03% 9.09+0.752 5.04°
B. brizantha 1.194+0.39% 11.63+0.81* 6.41°
C. plectostachyus 1.15+0.36° 10.57+1.34¢ 5.86%®
Mean 1.13° 9.382

Means followed by a different letter at the same row or column were significantly different at the 0.05
probability level according to LSD test. Number followed by a different letter at the same species of
grass was significantly different at the 0.05 probability level according to LSD test.

cause nutrient imbalances and deficiencies. Paksoy e al. (2010) reported K applica-
tion to plant growth media significantly increased mineral content of okra seedling
under saline condition. Tolerant plants had more K uptake than the susceptible ones.
Potassium had an important role in salt tolerance (Rubio et al. 2004). Salinity will
cause ionic stress, osmotic stress and secondary stress. Accumulation of sodium
(Na®) and chloride (CI') at leaves harm the plant growth. Excessive sodium ions at
the root surface may disrupt plant potassium uptake that is vital for the maintenance
of cell turgor, membrane potential and the activity of many enzimes (Xiong and
Zhu, 2002).

The percentage enhancement of sodium concentration were ranged from 488%
to 877% at saline soil compared with non saline soil. Sodium concentration at P.
maximum was 488%, while B. Brizantha was 877% at saline soil compared with non
saline soil. Among the five grasses that were tested at this experiment, P. maximum
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showed the most tolerant plant. P. maximum was capable to suppress the uptake of
sodium, also suppressed the reduction of potassium uptake.

Conclusion

It could be concluded that nitrogen concentration in herbage of Panicum maxi-
mum, Setaria sphacelata, Euchlaena mexicana and Cynodon plectostachyus was not
different between non saline and saline soil. Herbage phosphorous concentration of
Panicum maximum, Euchlaena mexicana, Brachiaria brizantha, and Cynodon plec-
tostachyus was similar at non saline and saline soil. High salt concentration at saline
soil reduced potassium uptake and increased sodium uptake of Panicum maximum,
Setaria sphacelata, Euchlaena mexicana, Brachiaria brizantha, and Cynodon plec-
tostachyus. Among the five grasses that were tested at this experiment, P. maximum
showed the most tolerant plant.
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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 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 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. ficuum
BPT. There were 4 chop sizes i.e., irrigular size (4,), 1x5 cm (4,), 3x5 cm (4 3), and
S5x5 cm (A 4) The incubation times were; 0, 5, 7, and 9 days, with three replications.
The solely parameter was theobromine 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 for
chop size A,and incubated 9 days was 38.088 ppm. CPH fermented using A. oryzae
had the lowest of theobromine content in A,and 9 days only 36.215 ppm. CPH
fermented with A. ficuum had the lowest of theobromine content in A,and 9 days
reach 42.914 ppm. It was concluded that the best of CPH fermented for reducing of

theobromine content for 1x5 cm (4,) chop size with 9 days fermentation, fermented
by A. oryzae.

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

Introduction

Cocoa pod husk (CPH) utilization is expected to be capable of feed fulfilling the
ruminant animal requirement yearly, so the animal will not be lacking of nutrients for
its life and production. This condition has reason because cocoa trees have fruit in
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a long year which is CPH abundant available in harvest season. Ultilization of fresh
CPH as feed supplement has limiting factor which one alkaloid is theobromine. CPH
has high of theobromine content or 3,7-dimethylxanthine (Mahyuddin and Bakrie,
1993; Aregheore, 1999). The high concentration theobromine affected the health of
animal (Golding, 1985). The theobromine content of CPH about 0.17-0.20% (Wong
and Hassan, 1988), while in cocoa beans reached 1.5-3.0%, and in dry cocoa beans
reached 1.8% (Willson, 1999).

Decreasing of theobromine content can be done with fermentation method us-
ing microbe agent such as fungi. Some researchers used A. niger as decomposer
of CPH in solid fermentation process (Yamaoka-Yano and Mazzafera, 1999; Hugq,
2006) or A. oryzae (Lubis et al., 2002). They found that CPH theobromine content
were reduced due to the role of enzyme activity that secreted by Aspergillus spp.

Based on those results, in this research we used A. niger, A. oryzae and A. fi-
cuum in solid fermentation with CPH as a substrate. The aim of this research was
to decrease theobromine content of CPH in Laboratory scale that subsequently the
fermented CPH would used for alternative forage, and also we studied about storage
time of fermented CPH as feed.

Materials and Methods

This experiment was fermented CPH using three of Aspergillus spp.i.e. A. ni-
ger, A. oryzae and A. ficuum, in four types of chop sizes i.e. irregular size (A)) as
control, 1 x 5em (A,),3x 5 em (A,), and 5 x 5 cm (A,) and four kinds of incubation
times i.e. 0, 5, 7 and 9 days. CPH was air dried for 8 hours after chopping, while
powder fungi were used as much as 1% and then added urea 1% of CPH weight.
Urea dissolved with sterile water in ratio 1 : 10 parts. Fresh CPH used 1 kg every
treatment which this was spread in plastic box (the first coating). CPH sprayed with
urea and inoculated of Aspergillus spp., the next with same procedure was done for
the second and third coatings.

After completion of fermentation process, CPH was removed and to be air-
dried for 6 hours. The weighing of CPH and to be continued with samples drying
using oven in temperature of 55 °C for 4 days. About 100 g of fermented CPH was
dried using freeze dryer for 4 days. Dried CPH was ground with the mortal which
was surrounded by ice to maintain optimal temperature and theobromine content,
and then followed by analysis of theobromine content of CPH. Analysis of theobro-
mine content was recommended by EFSA (2008) using High-Performance Liquid
Chromatography (HPLC).

Results and Discussion

Theobromine as alkaloid compound cause bitter in cocoa beans and CPH. Al-
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kaloid is organic component from plant which has contain of nitrogen, commonly as
alkalis and it has biology activity. The alkaloid in plant has function for attact of pest
(Urich, 1994). Fermentasi treatment can decrease CPH theobromine content. CPH
non fermented has higher of theobromine content (Table 1).

Table 1. Theobromine content of cocoa pod husk fermented by 4. niger (ppm)

Incubation Treatment of chop sizes

. Average

times (days) Al 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

Note: A = irregular size, A=1x5cm,A;=3x5cm,A=5x5cm.

The finding results showed that fermentation process affected the decreasing
of CPH theobromine content. In 4. niger fermentation treatment, there was an effect
on CPH theobromine content due to differences of chop sizes and incubation times.
Reducing of CPH chop size was parallel to reducing of theobromine content. The
A, and A chop sizes showed average of the lowest and the highest of theobromine
content, respectively. On the other side, increasing of incubation time was inversed
with decreasing of average of theobromine content. The lowest average of theobro-
mine content was achieved through fermentation at 9 days of incubation (reduced
76.91%). From this experiment, the lowest of theobromine content (38.088 ppm)
was achieved in A, chop size when incubated during 9 days.

Fermentation using 4. oryzae in treatment of chop sizes and incibation times
showed effect to decreasing of CPH theobromine content that was presented in Ta-
ble 2. Reducing of CPH chop size had correlation with reducing of theobromine
content. The A, chop size showed average of the lowest theobromine content, while
A, was the highest theobromine content. The longer incubation time supported re-
ducing theobromine content. The lowest average of theobromine content was occur
at 9 days fermentation (reduced 23.81%). From this experiment, the lowest of theo-
bromine content (36.215 ppm) was achieved in A, chop size when incubated during
9 days.

The finding results showed that fermentation CPH using 4. ficuum affected
the decreasing of theobromine content (Table 3). Decreasing of CPH chop size had
relation with decreasing of theobromine content. The A, chop size showed average
of the lowest for theobromine content. On the other side, increasing of incubation
time was inversed with decreasing of average of theobromine content. The lowest
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Table 2. CPH theobromine content KBK nonfermented and fermented with 4. niger (ppm)

Incubation Chop sizes

. Average

times (days) Al A2 A3 Ad
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: A = irregular size, A,=1x5cm,A=3x5cm,A=5x5cm.

Table 3. CPH theobromine content KBK nonfermented and fermented with A. ficuum (ppm)

Incubation Chop sizes

. Average

times (days) Al A2 A3 Ad
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 42914 58.360 80.048 56.593

Average 87.793 83.894 107.701 120.858

Note: A = irregular size, A=1x5cm,A;=3x5cm,A=5x5cm.

average of theobromine content was achieved through fermentation at 9 days of
incubation (decreased 28.09%). From this experiment, the lowest of theobromine
content (36.512 ppm) was achieved in A, chop size when incubated during 9 days.

The average for theobromine content in CPH non fermentation (0 day) was
192.556 ppm (192.556 mg/kg), kg). This value was lower from reported by Haryati
and Harjosuwito (1984); Wong and Osman (1988) about 0.17-0.20% (1,700-2,000
mg/kg), but EFSA (2008) reported higher reach 0.40% (4,000 mg/kg). Different
of theobromine content for non fermented CPH was caused by different treatment
of chop size. This research, CPH was chopped and air dried during 8 hours which
was decrease water content and followed by decreasing of theobromine content.
The cocoa bean had theobromine content higher reached 1.5-3.0% (15,000-30,000
mg/kg) (Harrison, 2001), while dry beans had theobromine content lower only 1.8%
(18,000 mg/kg) (Willson, 1999). The CPH theobromine content was the lowest
among 3 varieties of Aspergillus spp. after fermentation process that was 4. niger in
A, with incubation of 9 days (45.052 ppm).

Reducing of CPH theobromine content caused by decomposing activity of
Aspergillus spp. which was during fermentation process to result heat (increasing
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of substrate temperature). Beside that occured hydrolysis in CPH substrate. In this
step, theobromine dissolve in cell liquid and came out together with evaporation
process. Rohan (1963) and Alamsyah (1991) were reported that theobromine con-
tent reduce during fermentation process because soluble in cell liquid and diffu-
sion in cocoa bean nib. Diffusion process will stop if occur balance of theobromine
content in cocoa bean. Decreasing of CPH theobromine content was relatively low
between A. niger compared A. ficuum. This case had relatition with ability 4. niger
to utilize theobromine as energy source. According to Asano et al. (1993) and Hakil
et al. (1999) that A. niger had ability to utilize theobromine as energy source th-
rough methylxanthines degradation.

Conclusions

The chop size of 1x5 cm and incubation times of 9 days affected decreasing of
CPH theobromine content. The best of CPH fermented for reducing of theobromine
content for chop size 1x5 cm (A,) with 9 days fermentation, fermented by 4.
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

Introduction

Silage is defined as forage that is preserved in the controlled fermentation
(McDonald et al., 1991). It is a complex routine preparation to determine chemical
constitution and characterisation of silage products. Due to silage is a product of
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microbial fermentation activity which produce volatile and unstable chemical com-
pound such as ammonia, volatile fatty acids, and lactic acid (Régo et al. 2010). To
overcome the problems, many researchers often use a freeze drying technique for
a better sample preparation in future analysis (Grabber, 2009). However, there are
limitations applying this method including relatively expensive equipment, more
complex sample preparation, etc. On the other hand, there are some relatively sim-
ple preparation methods to proceed, such as oven drying (Kamarloiy and Yansari,
2008) or freeze drying (Calabro et al.. 2005, Grabber, 2009).

It is necessary to investigateeffects of substrate preparation (i.e. freeze versus
oven dried) on in vitro digestibility of king grass (Pennisetum hybrid) on the basis of
in vitro gas production technique. This is because sample preparation method pro-
duced highly significant influence on in vitro degradation test. Calabro et al. (2005)
indicated that there was significant interaction between sample method preparation
and fermentability parameters. Total gas production is known to give a good estima-
tion of digestibility (Beuvink and Kogut, 1993). This method is also able to predict
fractions of rumen fermentable organic matter, crude protein and starch escaping
rumen degradation as well as in vitro organic matter digestibility (DeBoever et al.,
2005).

Therefore, the objective of this study was to investigate the effect of sample
preparation method on king grass silage digestibility based on determination of in
vitro dry matter and organic matter digestibility, total gas and volatile fatty acids
production using gas production technique.

Materials and methods

Silage was made from king grass (Pennisetum hybrid). Grass was wilted for
24 hours to increase dry matter (DM) content. Feed materials were chopped with
shredded size 1-3 cm. Inoculants 1% (v/w) was added into grasses and water was
also added to adjust moisture content up to 75%. After mixing homogenously, all in-
gredients were packed in plastic bag (5 kg/pack) and incubated for 21 days. Samples
were prepared by two methods of drying. The first group was dried by oven-drying
(60°C) for 20 h, and the other one was dried by freeze-drying method using a freeze
dryer Leybold-Heraecus GT Lyovac type-2 (Peterswan Ltd., Edinburgh) at -20°C
for 20 h. Samples were then ground with a mortar and sieved by a filter (1.0 mm
screening).

Evaluation of silage digestibility, volatile fatty acids (VFA) and ammonia
(NH,) productions were measured by the total gas production using Menke et al.
(1979) that was modified by Jayanegara et al. (2009). In vitro DM and organic mat-
ter (OM) digestibility (IVDMD or IVOMD) were measured according to Bliimmel
et al. (1997) method. In vitro digestibility was determined by calculating degrada-
tion percentage of DM or OM after incubation for 24 h.
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Ground silage samples (380 mg, DM 86.4%) were placed into the syringe to
the pre-incubation for 24 h at 39°C. Rumen fluid (10 ml) and buffer solution (20
ml) were inserted into syringe with saturated CO,. Composition of buffer solution
per 100 ml rumen fluid (Menke et al., 1979) consisted of macrominerals (23.7
ml), micro-minerals (0.012 ml), bicarbonate buffer solution (23.7 ml), resazurin
4% (0.122 ml), reducing solution (4.96 ml) and distilled water (47.5 ml). Rumen
fluid was taken from fistulated beef cattle (Ongole crossbred) which had been
conditioned to feeding standard (feed composition consisted of 60% forage and 40%
concentrate). Gas production kinetics was calculated based on exponential equation
(Orskov and McDonald,1979). The estimated value of a, b, ¢ were calculated by
fitting curve method using Neway Software (Rowett Research Institute, Aberdeen,
UK) installed at Microsoft Office Excel 2007 that was developed by Chen (1997).
VFA was analysed using gas chromatography method (Friggens et al., 1998) and
NH, analysis using spectrophotometric method (Broderick and Kang, 1980).

Evaluation of in vitro digestibility and fermentability were arranged on fac-
torial completely randomized design with 2 factors of treatments. Each treatment
consisted of 3 replications with 2 sub samples. Pangola grass (Digitaria decumbens)
was used as standard sample and each syringes containing silage, standard samples
and blank were randomly allocated in the incubator. Incubation was carried out for
48 h and gas production was observed at 0, 1, 2,4, 6, 8, 12, 18, 24, 36 and 48 h after
incubation. Data of IVDMD and IVOMD, gas production, VFA total, acetate (C,),
propionate (C,), butyrate (C,), and NH, were analyzed with analysis of variance
(ANOVA) and if among the treatments showed significant differences (P<0.05) fol-
lowed by t-test (Gomez and Gomez, 2007).

Results and discussions

Effect of drying methods on in vitro IVDMD and IVOMD were shown at
Table 1. IVOMD and IVDMD of silages prepared by freeze drying method were
5-6% higher than those of silages prepared by oven drying method. However, dry-
ing methods had no significant influences on those variables. In vitro digestibility of
silage could be influenced by many factors which were sample preparation methods
and chemical component of feedstuff.

Fresh or freeze-dried silages tended to be more fermentable than oven-dried
silage (Calabro et al., 2005, Grabber et al., 2009), the nutritive value, especially
protein and crude fiber in silage, was closely related to in vitro degradability (De-
Boever et al., 2005). In many cases, overheating affected solubility of nutrients.
Proteins were binding to NDF content in silage if drying temperature was more than
70°C (Cone et al., 1996). Because of sample was dried at low temperature (60°C),
there was no significant alteration of total nutrient solubility indicated by a similar-
ity in digestibility of oven-dried sample to that of freeze-dried sample. Calabro et
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Table 1. In vitro digestibilities, gas production parameters, production of volatile fatty acid
(VFA) and amonia (NH,) from silage prepared by oven and freeze drying

Drying Methods
Oven (60 °C) Freeze Dry (-20 °C)

Variable

In vitro digestibility

IVDMD! (%) 43.7443.18 46.29+8.62
IVOMD? (%) 50.61+3.01 53.83£10.55
Gas production®
a (ml/h) -0.450+0.401 -0.518+0.479
b (ml/h) 48.32+2.623 50.746+4.675
atb (ml/h) 47.87+2.517 50.227+4.580
c (ml/h)* 0.032+0.006b 0.02540.003a
Total VFA (mM) 161.11+63.74 162.99 +79.10
Acetate (C)) (mM) 114.11+47.86 109.79 + 54.89
Propionate (C,) (mM) 34.89+£11.93 39.25+17.61
Butyrate (C,) (mM) 12.11£5.31 13.96 £7.94
Ratio C,:C, 3.20+0.63 2.75+0.39
NH, (mg/100 ml) 32.13+£3.68 32.08+4.68

TVDMD: in vitro Dry Matter Digestibility, 2IVOMD: in vitro Organic Matter Digestibility, Gas
Production from Soluble Fraction (a) and Potential Soluble Fraction (b), and Rate of Gas Production
(c), * Mean with different superscript at same row showed significant difference (P<0.05).

al. (2005) reported that there were no differences in OM degradability (707 vs 708
g/kg) from silage dried by freeze- and oven- drying (65°C). VFA and ammonia were
readily vapor by increasing temperature in drying chamber. Unstable chemical com-
pound (VFA and NH,) could be exhausted after silo was opened and silage was dried
(Régo et al., 2010). To maintain volatile or unstable compounds, in silage could be
conserved by freeze drying (Grabber, 2009). Differences of drying methods were
significantly influence kinetics of gas production during 48 h incubation. Gas pro-
duction was higher for freeze-dried sample than that of oven-dried sample (Figure
1A). This result indicated that gas production from silage was higher when it was
prepared by freeze-drying than by oven-drying.

Gas production obtained from freeze-dried silage (Y) could be estimated by
that from oven-dried silage (X) following the equation: Y=1.085X+0.795 (R*=
0.998) (Figure 1B). This equation showed a significant analysis based on consistent
increases in gas production from both silages prepared by different methods. Oven-
dried silages could be used as estimation of gas production produced by freeze-dried
silages. Deinum and Maassen (1994) stated that forage dried at at 70 °C produced
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Figure 1. Gas production kinetics (A) and relationship of gas production (B) from silage
prepared by freeze and oven drying

less nutrient destruction, but drying up to 105 °C caused more protein bound to NDF
fraction and increased other compound losses. This was due to Maillard reaction to
occur between amino acid (protein) and glucose that strengthened chemical linkage
in those fractions and less fermentable indicated by lowering gas production.

Variables of soluble (a) and insoluble fraction (b) showed non-significant dif-
ferences between sample prepared by both drying methods. However, gas produc-
tion rate (c) data was able to show nutrient loses produced by oven-drying method.
Fresh silage (200 mg) produced gas (45.6 ml) higher than dried silage (32.4 ml) at
24 h incubation (Calabro et al., 2005). Drying at low temperature was able to keep
volatile compound in silage, and this type of silage could be similar to that of fresh
silage. Metabolites in silage were dominated by organic acids such as lactic, acetic,
propionic, and butyric acids, N-ammonia (McDonald ef al., 1991).

There were no significant differences between oven- and freeze- drying for
silage preparing method on total VFA, acetate, propionate, butyrate and ammonia.
Average productions of acetate, propionate and butyrate were 112.0, 37.1, and 13.1
mM, respectively, with average ratio of acetate (C)) and propionate (C,) was 2.98
and ammonia production was around 32.0 mg/100 ml. Calabro et al. (2005) reported
that freeze- and oven- drying produced different effects on corn silage, but were not
statistically significant. The results showed that total VFA (90.90 vs 82.94 mmol/g
OM), acetate (65,60 vs 54.56 mmol/g OM), propionate (23.4 vs 22.26 mmol/g OM),
butyrate (1.99 vs 3.03 mmol/g OM). Moreover, those differences value showed that
not significant differences. Based on fermentability variables, there were similarity
in responses between the two methods. Volatile compound produced by microbes
during ensilage was not significantly lost when silage sample was prepared by oven
drying (60 °C, 20 h). A higher drying temperature caused many losses of compound
in fresh forage decrease in digestion rate, conversely a lower drying temperature
(50-70°C) caused less several loses (Deinum and Maasen, 1994).
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Conclusion

There were no differences between oven-dried (60 °C, 20 h) and freeze-dried
(-20 °C, 20 h) samples on in vitro digestibility and fermentability. Gas production of
freeze-dried silage (Y) could be predicted by that from oven-dried silage (X) using
the following equation: Y=1.085X+0.795 (R>=0.998). It was concluded that oven-
drying (60 °C, 20 h) method can be used for preparing silage samples in in vitro
digestibility analysis.
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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

Introduction

A prebiotic compound is defined as a nondigestible food ingredient that can
be utilized by intestinal microflora, which beneficially affects the host (Gibson and
Roberfroid, 1995). Oligosaccharides as prebiotics are carbohydrates composed of
short chain of monosaccharides. Some are thought to enhance the growth of beneficial
organisms in the gut and others are thought to function by competing with pathogenic
bacteria for attachment sites in the lumen (Kim et al., 2011). Oligosaccharides are

carbohidrates that yield 2 to 10 monosaccharides upon hydrolysis (Benites et al.,
2008).
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However, certain oligosaccharides such as fructo-oligosaccharides, galacto-
oligosaccharides and mannan-oligosaccharides due to their unique chemical
structures, are resistant to digestive enzymes in the upper digestive tract of a host
enter in the hindgut, fermented by the intestinal microflora and transit unchanged into
the large intestine (Rehman et al., 2007). Prebiotics have indirect favorable effects
on the host immunity. They stimulate the growth of lactic acid-producing bacteria.
These bacteria can influence the immune system by producing immunostimulating
compounds (Houshmand et al., 2012). Mannan-oligosaccharides (MOS) are present
in the cell wall of yeast and have been shown to alter microbial populations in
livestock (Biggs et al., 2007). MOS have unique functions as a competitive binding
site, the bacteria bind to it and are carried out of the gut rather than binding to the
intestine (Griggs and Jacob, 2005). Inulin, a prebiotic polyfructan, extracted from
chicory (Chicorium intybus) that contains (2 — 1) glycosidic bond and resistant
to host-derived digestive enzymes (Rehman et al., 2007). But, the major prebiotics
of interest as poultry feed additives are fructo-oligosaccharide and mannan-
oligosaccharide (Shanmugasundaram and Selvaraj, 2012).

However, there were inconsistency and inconclusive data of the application
of prebiotics on broiler performance (Griggs and Jacob, 2005). An alternative to
find out this problem is the meta-analysis approach that allows integrating different
variables and establishing systematic responses adjusted to the diversity of available
experimental publications (Andrette et al.,2012). Therefore, this study was performed
using meta-analysis to investigate the relationship of several prebiotics on broiler
chickens performance.

Materials and Methods

Literature Preparation

Indexed publications with in vivo experimental results on broiler feed supple-
mented with prebiotics were selected. The search strategy to select the publications
was to consult different online data sources with key words in English. The main
criteria for selecting publications were a) diets with prebiotics comparing without
prebiotics, b) research with no challenge treatment, c¢) effects of prebiotics on broiler
chicken performance. After the selection of the publications, the performance vari-
ables such as feed intake, body weight, body weight gain and feed conversion were
tabulated to permit the descriprive analysis of studies included in the database.

Description of the Database

The database composed from 37 articles publised (peer reviewed journal) be-
tween 2003 and 2012. The most frequent preiodicals in the database were Journal of
Poultry Science (32.43 % of the papers), British Poultry Science (29.73 %), Journal
of Animal Physiology and Animal Nutrition (10.81 %), South African Journal of
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Animal Science (8,11 %), Journal of Applied Poultry Research (5.41 %), Interna-
tional Journal of Poultry Science (5.41 %), Australian-Asian Journal of Animal Sci-
ence (5.41 %), Brazilian Journal of Poultry Science (5.41 %) and Journal of Animal
and Veterinary Advances (5.41 %). Most of the experiments were conducted in Eu-
ropean (43.24 % of the papers), Australian (24.32 % of the papers) and American
(18.92 % of the papers) institutions.

The studies included in the database total 13,928 broilers, with an average of
376 broilers per paper. The genetics were described in 86.49 % of the papers (40.54
% Cobb and 35.14 % Ross). Most (59.46 %) of the papers used male broilers, 13.51
% used mixed lots and 27.03 % did not describe broiler sex in the study. The facili-
ties used included floor (32.43 %) and cages (51.35 %) and 16.22 % of the authors
did not present the installation type. Average temperature in experimental facilities
was 28.18 °C (ranging from 18 - 35 °C). No information about stress caused by envi-
ronmental conditions (heat, cold or humidity) or sanitary challenge was presented in
database papers. Vaccination (for Mareks, Coccivac, ND, IB or IBD) was described
in 7 studies under analysis. However, only data from animals vaccinated in the pre-
trial period were considered for analysis. The other papers did not describe the pro-
cedures for animal vaccination. Corn and soybean meal were the main ingredients
(70.27 %), where wheat based diets (18.92 %) also used for broiler diets.

Statistical analysis

The meta analysis considered only the prebiotic that was evaluated in two or
more than two independent studies. The effect size was calculated for each study :
effect = mean of the group fed prebiotic — mean of control group/mean of control
group (Faria-Filho et al., 2006). Statistical analysis was performed using 47 pairs data
on literatures for each of parameters and conducting paired t-tests and probability of
statistical significance.

Results and Discussion

Fourty seven experimental data from thirty seven articles (2003-2012) was
collected and divided into 4 prebiotics, FOS, GOS, MOS and Inulin. Some of articles
which conducting research using chito-oligosaccharides, Aspergillus prebiotics,
isomalto-oligosaccharides, stachyose did not used as meta-analysis data because
insufficient articles that report the effect of those prebiotics on broiler chicken.

No significant differences was seen of meta-analysis of the use of prebiotics
on feed intake of broiler chickens compairing with control diet. Table 1 showed that
average feed intake was 2634.46 g/birds in the basal diets versus 2686.48 g/birds in
the basal diets and prebiotic addition. The use of prebiotic give 1.974% improvement
compared with basal diet without any supplementation of prebiotics but did not give
any significant effect (P>0.05) on feed intake of broiler chickens. It was reported
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Table 1. Meta-analysis of the effect of prebiotics on feed intake of broiler chicken

Statistical Feed Intake Body Weight BWG FCR
Analysis Without ~ With ~ Without ~ With ~ Without ~ With  Without  With
Overall 2634.46 268647 203578 208093 891.94 917.15  1.69 1.67
average

Difference

) 1.974 222 2.83 1.153
t-value

(Paired tesh) P>0.05 P<0.05 P<0.05 P>0.05

that dietary prebiotic from FOS or MOS did not improve feed intake of broiler
chickens (Kim et al., 2011; Swiatkiewicz et al., 2011). The use of prebiotics may
reduce feed intake of broiler chickens (Biggs et al., 2007) while others have reported
no significant effects (Yang et al., 2008*; Abdel-Raheem et al., 2011).

The use of prebiotics give significantly effect (P<0.05) on body weight by
2.22% improvement, compared to basal diets without any prebiotics. Table 1
showed that body weight of broiler chicken fed prebiotics was 2080.93 g/birds,
higher than broiler chicken fed basal diets (2035.78 g/birds). It was reported that the
use of prebiotics may improve body weight of broiler chickens (Ortiz et al., 2009;
Houshmand et al., 2011). In contrast, however, another research reported that prebi-
otics added in broiler feed did not improve body weight (Rehman et al., 2008).

In the present meta-analysis, body weight gain was greater (P<0.05) for the
broiler chicken diets with prebiotic addition. From Table 1, it showed that body
weight gain of broiler chickens fed prebiotics was 917.15 g and 2.83% higher than
broiler chickens fed basal diet without any prebiotics addition (891.94 g). Kim
et al. (2011) observed that body weight gain were improved in broilers fed diets
supplemented with 0.25% FOS and 0.025% MOS compairing with basal diet. This
result also similar with Xu et al. (2003); Abdel-Raheem et al. (2011) and Yang et
al. (2008°).

Nonsignificant (P>0.05) changes of feed conversion ratio of broiler chickens
using prebiotic diets were 1.153% or 0.02 point compared to basal diets without
any prebiotics. Table 1 showed that feed conversion ratio of broiler chickens fed
prebiotics was 1.67 compared with basal diets (1.69). Kim et al. (2011) observed
that dietary FOS or MOS did not improve feed conversion of broiler chickens.
Another result reported that the use of MOS have no effects on FCR (Yang et al.,
2007; Houshmand et al., 2012).

From the meta-analysis data indicated that there were inconsistency results
of the use of prebiotics on broiler performance. In one hand, it was reported that
the use of prebiotics could improve broiler performance, but in the other hand,
addition of prebiotics on broiler diets did not have any significant effect on broiler
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performance. This variability on the effectiveness of prebiotics may be due to the
effect of different factors: type and inclusion level of prebiotics, type of diet, animal
characters and degree of hygiene in husbandry conditions (Verdonk et al., 2005;
Biggs et al., 2007).

The lack of beneficial effects of the prebiotic also related to stress factors be-
cause of temperature, humidity and stocking density (Houshmand et al., 2012). En-
vironmental challenge and disease also the main factor of the effect of prebiotic.
Yang et al. (2008?) reported that the use of MOS could improved the broiler perfor-
mance of the E. coli challenged birds more than FOS did by the end of the experi-
ment, whereas, within the unchallenged birds, FOS largely increased the BWG of
birds compared to MOS.

Conclusion

The meta-analysis performed in this study allowed us to address and system-
atically quantify the effects of prebiotics on broiler performances. Finally, it can be
concluded that the use of prebiotics could improve body weight and body weight
gain but not feed intake and feed conversion ratio. Also, it can be continued to analy-
sis the use of MOS as feed additive on broiler performance due to sufficiency and
consistency 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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Introduction

Feed availibility and quality are among of 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 competitive market very supported feedmill
development (Sukria dan Krisnan, 2009). Based on characteristic of animal farming,
ruminant depends on biological prosess and natural resources so goverment have
to concern with local potential feedstuff. The aims of this research was 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.

Materials and Methods

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 were decided with randomized
sampling. Potential, effective, and real production of agricultural by product was
calculated based on Dry Matter (DM), Crude Protein (CP), Total Digestible Nutrient
(TDN). The potential production (ton DM) was calculated with formula: wide of crop
area (ha) x DM productivity (ton/ ha) and production of agroindustrial by product
was calculated with formula: total of by product (ton) x DM (%) (Tabrany, 2006).
The effective production was calculated with formula: the potential production x
proper use factor. The proper use factor of rice 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% (Reksohadiprojo, 1984). The real
production was calculated with formula: the effective production x feedstuff used
factor of Jepara. Carrying capacity was calculated by dividing production (ton/year)
based on DM, CP, and TDN with nutrient consumption for 1 animal unit (AU) (ton/
year) (Syamsu, 2006) with assumption that 1 AU consumes 9,59 kg/day DM, 1,151
kg/day CP, and 5,71 kg/day TDN (NRC, 1988). Analysis of model of sustainable
ruminant feed industry consist of population and nutrient consumption analysis,
feedstuff availibility evaluation, and feedstuff carrying capacity analysis.

Results and Discussion

Production of agricultural by product in Jepara consisted of available and
unavailable product. The available production became feed use factor of agricultural
by product, feed use factor of rice 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 production based on
CP (%DM) was the lowest production, so it became a limiting factor in production
of agricultural by product in Jepara. Production of agricultural by product in Jepara
was showed in Table 1.

The result showed that production of agricultural by products in Jepara were
available among January with March and May with October. Lack of feedstuff
happened at April, November, and December. The real production was available and
exploited agricultural by product. Real production in Jepara was 37,23% of effective
production, while 62,77% of production was exploited for another industries.
Production of agroindustrial by product in Jepara (ton CP/year) was 3.440,08 consist
of rice bran was 3.401,54, soybean cake (tahu) by product was 14,48 and fermented
soybean (tempe) by product was 24,05.

Carrying capacity Jepara was capability of Jepara to provide ruminant
feedstuff in form of agricultural and agroindustrial by product that accomodate for a
number of ruminant in Jepara. The result of carrying capacity showed that based on
potential production, Jepara could accommodate 40.156,46 AU, based on effective
production 36.207,88 AU, and based on real production 27.480,79 AU. Carrying
capacity based on real production was optimum population that could be accomoded
by Jepara based on available and exploited feedstuff. Based on real production,
Jepara excessed about 8.781,21 AU.

Nalumsari, Batealit, and Mayong Sub-district were potential agricultural by
product center in Jepara. Developing Feedstuff industry could support this potency,
it managed agricultural by product as crude fiber (CF) source, while, alternative
feedmill location were Pakis Aji, Mlonggo, and Bangsri Sub-district.

Tabel 1. Production Potential of Agricultural by Product Based on CP (%DM) Jepara (tons/

year)
Production CP (%DM)

Feedstuffs Potential Effective Real

Production Production Production
Rice 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 potential for developing beef cattle and buffalo (Tabrany,
2006) so model of feedmill industry was recommended to produce concentrates feed
for beef cattle. Jepara had 9.620 beef cattles, they were dominated Ongole hybrid
with weight 200 kg, a beef cattle consumed 3% of weight DM and 1% of weight
concentrate (Tillman et al, 1991) so concentrate consumption was needed by beef
cattles in Jepara was 19,24 ton/day or 577,2 tons/month.

The sustainable feed industry was developing of sustainable feed industry; it
was an effort to manage resources conservation trough technology development
and based on institution in order to provide available feed in Jepara. Developing
of sustainable feed industry based on efficiency and zero waste principle. Model
of sustainable feed industry based on integrated farming in Jepara was showed in

Figure 1.
/ Amlndus \

Feedstuff
Industry

\

Figure 1. Model of Sutainable Ruminant Feed Industry Based on Intregated Farming in
Jepara

Figure 1 showed that intregated farming consisted of:

1. Feedstuff industry that managed and processed agricultural by product. Jepara
had real production of agricultural by product 8.105,01 tons/year and carrying
capacity 19.292,36 AU so it provided feed for 5.772 AU beef cattles.

2. Agricultural industry that managed and processed agricultural product from lo-
cal farmer, whereas its main product and by product became feedstuff for feed-
mill.

3. Feedmill that produced concentrates 577,2 tons/month for 9.620 beef cattles..
Alternative feedmill location were Kecamatan Pakis Aji, Mlonggo, and Bangsri
Sub District.

4. Organic fertilizer and bioenergy industry that managed feces became organic
fertilizer and bioenergy. 9.620 beef cattles produced 192.400 kg/day solid feces
and 86.580 wet feces with assumption that a beef catle produced 20 kg/day
solid feces and 9 kg/day wet feces. If 3 beef cattles provided energy for a family,
so Jepara could provide energy for 3.206 families.
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Conclusions

The most available agricultural by product in Jepara were soybean straw was
98%, cassava leaf was 98%, rice bran was 100%, and fermented soybean (tempe)
by produc was 100%. Carrying capacity of Jepara based on potential production
was 40.156,46 AU, effective production was 36.207,88 AU, and real production
was 27.480,79 AU. Model of sustainable feed industry based on integrated farming
consisted of feedstuff industry, agricultural industry, feedmill, organic fertilizer and
bioenergy industry. Feedmill was recommended to produce concentrates for 9.620
beef cattles that need 577, 20 ton/month. Recommended alternative feedmill loca-
tion were Pakis Aji, Mlonggo, and Bangsri Sub-district.
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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: TO= 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 27.5-290C. 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

Introduction

Cane is chief source of sugar confection replace rain large tropical countries
and subtropical . Plantation in pt nusantara (PTPN) vii in love sweet south sumatra
cane crop production in 2010 reached 69.23 ton/hectares from the acreage of the
sugar cane plantations 12.715 and produce 14% shoots of sugar cane from produc-
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tion (Koeshartowo, 2011). Shoots of sugar cane is waste not much used by pro-
ducers sugar potentially as providing fodder potential. Besides, plant cane ordinary
harvested season so that can be used as an alternative a grass substitute who in the
season persediaannya greatly reduced. According to Muchtar et al. (1983) declaring
that shoots of sugar cane as a grass substitute elephant not give negative influence
against cattle cut and dairy.

Shoots of sugar cane can be given in the form of fresh or dried. But weakness
of shoots of sugar cane was to have the nature of quick-drying, wilt and yellow in
time relatively quickly, therefore necessary preservation as silage. Prayitno (2010)
reported that ingredients nutrients shoots of sugar cane processed better than given
fresh. Sumasih et al. (2009) declaring that silage is the storage and fermenting for-
age fresh in anaerobic condition with the help of lactic acid bacteria. Composi-
tion nutritional value in silage will experience change namely carbohydrates should
abate, but protein rough on silage good will not undergoing many changes.

Effective microorganism 4 (EM-4) is a mixture of various microorganisms
which can be utilized as a source of inoculum in improving feed quality. Utilization
of the EM-4 as a source of mikrobia in sugar cane shoots in silage laboratoris can
improve nutrition and expected to play a role in overcoming the constraints of lack
of feed dry all season.

Materials and Methods

This research was carried out at the farm as well as Enclosure Experiment
Laboratory of Nutrition and Chemical Laboratory and Microbiology Agricultural
Faculty of Agriculture University of Sriwijaya for 4 months.

The materials used in this research is derived from the shoots of sugar cane sugar
cane plantations love sweetly district of suspects ogan, ilir effective microorganism-
4 (em-4) derived from palembang cinde market and chemicals and equipment for
analysis .

The making of silage shoots of sugar cane

The shoots sugar cane first cleaned then will be cut with 2-3 cm and dikering
anginkan to the water level 60-70%. Each sample was em-4 in accordance with the
dose of the treatment. Later included in into the plastic bags to dense and bound to
happen anaerobic condition and deposited for 21 days. After the fermentation of the
21 days finished, the sample measure temperature it is, and then opened and was
taken immediately samples analyzed.

Research design and data analysis
The design that was used in this study is a randomized design complete (RAL)
consisting of 5 and 3 times a recycling treatment:

Proceeding of the 2" International Seminar on Animal Industry | Jakarta, 5-6 July 2012 | 207



TO = Shoots sugar cane without treatment (control)

T1 = Shoots sugar cane + 4% EM-4 (v/iw)

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 is processed and analyzed with the fingerprint of the deskriftif variety in
accordance with the draft is used, If the treatment effect is real then conducted tests
in Multiple Areas of Advanced Multiple Range Test Duncan (DMRT) (Steel and
Torrie, 1991).

Variable

The variables observed ware the physical characteristics including tempera-
ture, color, aroma and texture of a percentage of the fungi (Yusmadi, 2008), pH
(AOAC, 1990), and the amount of lactic acid bacteria (Fardiaz, 1987).

Results and Discussion

Characteristics of Silage

The temperature of the sugar cane shoots during the process of silage ensilase
ranges from 27.5-29 °C, temperature is a characteristic of a good silage. This is in
accordance with statement Okine et al. (2005), which reported good quality silage
is produced at temperatures between 25 to 37 °C. The difference in temperature is
due to the existence of the activity of micro-organisms that produce carbon and heat
production due to the process of respiration in the initial phase (phase aerobic) ensi-
lase so that the formation of carbon dioxide (CO,), water (H,0) and heat (Coblentz,
2003).

Research results show that sugarcane shoots aromatic treatment TO, T1, T2,
and T3 is an aromatic acid, whereas treatment T4 was flavorful fragrant fermen-
tation. The difference in this fragrance guess because the higher the level the use
of EM-4 to 10% dose (T4), leading to an increased number of lactic acid bacteria
(Table 1), in which the bacteria that produce fragrant aroma of fermenting. Smells
sour on treatment of TO, T1, T2, and T3 is allegedly the end product of fermenta-
tion lactic acid not only alone, but also produces butyric and acetic acid, alcohol.
Abdelhadi et al. (2005), stating the characteristics of good silage is aromatic acids
and fragrant fermentation (Abdelhadi et al., 2005).

Color observation silage sugarcane shoots on each treatment having the same
color from fresh green before ensilase to green yellowish. The addition of the EM-4
to 10% of the dose of the accelerating phase of anaerobic, as more and more adding
EM-4 to dose 10% then the more the amount of lactic acid bacteria too which helps
speed up anaerobic phase. Coblentz (2003) States that the increase in temperature
can affect the structure of silage for example color change silage becomes dark.

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



Tabel 1. The physical characteristics, pH and total of lactic acid bacteria silage shoots of

sugar cane
Treatment Tertr:l;;:ra— Colour  Aromatic  Texture pH % fungi > LAB
TO 29 Green Acid rather 5.240.1°  2.29+0.25* 3.4x 108
yellowish delicate
Tl 28 Green Acid rather 4.6+0.1> 2.244+0.20° 4.1x10®
yellowish delicate
T2 28 Green Acid rather 4.5+0.0> 2.16+0.44> 4.6x 10°
yellowish delicate
T3 28 Green Acid rather 4.5+0.0° 1.49+0.87° 4.9x10*
yellowish delicate
T4 27.5 Green Fragrant  refined  4.3£0.0° 0.52+0.41* 5.2 x 108
yellowish

Note: different supercript shows significant (P<0.05).

The research results of texture for silage sugarcane shoots silky-textured show
that until rather delicate. The addition of the EM-4 at a dose of 10% (T4) can fine-
tune the texture of sugar cane, silage at the helm had expected the EM-4 can be
rough fibers and degrades the Flex bond lignoselullosa, so that the texture of silage
sugarcane shoots becomes refined. This is in accordance with statement Darmawan
(2010), which reported the use of EM-4 in fermentation can lower the levels of
crude fiber. Good silage will see a refined texture (Ratnakomala et al., 2006; Ridla
etal.,2007).

Statistical results show the addition of the EM-4 at the helm of different silage
sugarcane real (P>0.05) against the percentage of fungi. T4 treatment has the lowest
percentage of fungi (0.52%) while the highest on treatment TO (2.29%). The addi-
tion of the EM-4 to 10% of the dose of the accelerating phase of anaerobic, because
the higher the addition of EM-4 to 10% of the dose the higher the amount of lactic
acid bacteria too which helps speed up anaerobic phase so that the fungus cannot
grow with fertile, while in treatment TO (control) is allegedly a longer phase of
aerobnya because it is not added to the EM-4 so slow lactic acid bacteria evolved as
a result of fungi can utilize aerobic phase to grow and thrive. Fungal growth on this
research only at the top of the course, because dense less than perfect, so the process
of respiration continued as a result formed CO,, H,O and heat. Water that is formed,
causing difficult going anaerobic conditions, so that fungi grow and develop. This
fungus will produce mikotoksin/toxins that can interfere with the health of cattle
(Coblentz, 2003).

pH Silage Shoots of Sugar Cane
The results showed the addition of diverse EM-4 silase in the sugar cane
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different real (P>0.05) in degrees acid (pH). The result showed that the continued
degrees acid (pH) silase this research is varied in sugar cane criteria from good to
bad. The quality of a good silase found in treatment T4 (4.3) and the quality of poor
for treatment TO (5.2). Macaulay (2004) said that can silase the quality of being
inducted into four categories, which is well (pH 3.2-4.2), good (pH 4.2-4.5), bad
(pH 4.5-4.8), and very bad (> 4.8). The addition of the EM-4 pH affect the quality
of silage, because the higher the awarding of EM-4 to 10% dose, then the greater
the decrease in pH. A decrease in the pH of the silage is influenced by lactic acid
bacteria during the process of ensilase. With the large number of lactic acid bacteria
contained in the silage sugarcane leaf would be more effective to facilitate the pro-
cess of ensilase and will continue to progress until the pH is low enough to inhibit
the growth of mikoorganisme predominantly adverse (Lopez, 2000).

Total Lactic Acid Bacteria

Lactic acid bacteria are a group of bacteria that are capable of converting car-
bohydrates (glucose) into lactic acid. Bakterisidal effects of lactic acid are associ-
ated with a decrease in the pH of the environment being 3 to 4.5 so that the growth
of other bacteria including pembusuk bacteria will be hampered. The largest amount
of lactic acid bacteria in treatment of T4 (5.2 x 108 CFU/gr), while the lowest treat-
ment TO (3.4 x 106 CFU/gr). The difference in the amount of lactic acid bacteria is
affected by pH of silage. the pH will determine which microorganisms are active in
making silage. Lactic acid bacteria shows optimal activity at pH= 4.3 (Woolford,
1984). Treatment with additional t4 EM-4 to 10% placeman pha&nogamous dur-
ing the lowest ensilase. With the number of lactic acid bacteria contained in silage
shoots of sugar cane of inhibiting the growth will mainly mikoorganisme is harmful.
Chen and Weinberg (2008), declare silage good dominated by working lactic acid
bacteria and produces lactic acid on the contrary, the process of fermentation silage
a less well cause clostridia develops characterized by high levels of butyric acid
(elferink et al., 2000).

Conclusions

Based on the research inconclusive that increases in dosages effective microor-
ganism- 4 treatment of 10% dosages can improve the physical quality of of silage
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

Introduction

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. Wafer complete ration is a feed
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physically formed to a compact and concise which is expected to ease in handling
and transportation, has complete nutritional content, and use relatively simple
technology so easy to apply (Trisyulianti ef al., 2003). Wafer complete ration is feed
processing technology, especially in the dry season. Basic research and applications,
in particular regarding the potential of improving the quality of sago waste as feed, it
until now still not widely applied. Therefore, studies on the utilization of sago waste
are continuously still very necessary. Most research has so far directed sago waste in
the utilization of sago waste as raw material for biofuels and fungi or bacteria growth
substrate for the production of extracellular enzymes (Akmar & Kennedy, 2001).
However, the use of information sago waste as raw material for the manufacture of
a complete wafer as a livestock feed ration is still very limited.

Observing this, a study needs to be done on the potential of sago waste as
raw material for the manufacture of a complete wafer; this is an effort to ration the
supply and implementation of strategies that feed technological innovation-oriented
economy that is capable of providing complementary feed at any time. This study
aims to determine the quality and physical properties of wafer-based complete
rations of sago waste residue made up of different formulation and different storage
time.

Materials and Methods

Experimental equipment

Equipment used in this study were felt wafer hidrolic machine (temperature of
150 °C, pressure 200-300 kg/cm? for 15-20 minutes), machine mixer, hammer mill,
mixing container, AW meter, and termohigrometer.

Complete rations formulation

Complete ration used in this study were concentrates containing raw materials,
such as coconut cake, rice bran, sago, molasses, vitamins, minerals and sago waste.
Ration treatments consisted of : P1= ration containing 10% sago waste, P2= ration
containing 40% sago waste, P3= ration containing 30% sago waste, P4= ration
containing 40% sago waste. Complete ration wafer formulations were prepared
using the method of trial and error. Ration of a complete wafer composition was
shown in Table 1.

Preparing wafer complete rations

Wafer complete ration was prepared as follows : (a) all concentrated sources of
raw material was dried by the sun, (b) all raw materials for concentrate were milled
using a hammer mill to mash size, (¢) treated feed materials (sago waste) was mixed
with molasses as an adhesive material (5%) until blended, after being mixed with
the concentrate to be a complete ration, mixing was done manually, (d) complete

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



ration was incorporated into rectangular molds measuring 25 cm x 25 cm x 5 cm.
After hot compression was performed at a temperature of 150 °C with a pressure
of 200-300 kg/cm? for 15-20 minutes, cooling was done by placing sheets of wafer
in the open air for 24 hours until the moisture content and the weight was constant,
then the results were put in sacks.

Table 1. Composition of wafer complete ration

Treatment

Feed Material

P1 P2 P3 P4
Sago waste (%) 10 20 30 40
Rice 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
Vitamin (%) 0.5 0.5 0.5 0.5
Minerals (%) 1 1 1 1

100 100 100 100

P1=ration containing 10% sago waste, P2= ration containing 40% sago waste, P3=ration containing
30% sago waste, P4= ration containing 40% sago waste.

Wafer tester

Wafer testing are: (a) wafer that has been made to cut the size of 5 cm x 5 cm
x 2 cm samples were then taken for the proximate analysis (dry material, ash, crude
protein, crude fiber, crude fat, Beta-N, and TDN), testing the physical properties
(water content, density and water activity). The wafer was then stored for 2, 4, 6,
and 8 weeks. Treated wafer that would be stored, was placed in a sackt to determine
the difference.

Statistical analysis

The data obtained from the results of the study were analyzed using completely
randomized factorial design with two factors (A: ration, B: storage time) with 3
replications; if significantly different occurred, the data will be tested further with
Orthogonal Contrast Test (Steel and Torrie, 1995).

Observed variables

Observed variables in determining the quality and physical properties of the
wafer was done by analyzing the nutrients of complete ration wafer (proximate
analysis), wafer content (AOAC, 1984), density wafer (Trisyulianti et al., 2003),
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water activity (Syarief and Halid, 1993) , texture and storage capacity (2, 4, 6, and
8 weeks).

Results and Discussion

Chemical composition of wafer complete rations

Chemical composition of wafer complete rations and sago waste (dry matter,
ash, crude protein, crude fiber, crude fat, Beta-N, and TDN) of four treatments was
shown in Table 2 and Table 3.

Table 2. Chemical composition of wafer complete rations

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 protein (% DM) 14.92 15.13 14.33 13.53
Crude fiber (% DM) 12.73 11.93 11.23 11.53
Crude fat (% DM) 5.74 6.51 7.06 7.61
Beta-N (% DM) 58.36 59.56 60.26 58.06
TDN (% DM) 71.17 71.93 70.48 69.03

Results of analysis: Nutritional Laboratory, Department of Animal Husbandry, Unsyiah (2011). P1=
ration containing 10% sago waste, P2=ration containing 40% sago waste, P3= ration containing 30%
sago waste, P4=ration containing 40% sago waste.

Table 3. Chemical composition of sago waste

Dry matter Ash Crude fat Protein Crude fiber ~ Carbohydrate
(%) (% DM) (% DM) (% DM) (% DM) (% DM)
85.29 4.30 0.16 4.99 33.33 50.61

Results of analysis: Nutritional Laboratory, Department of Animal Husbandry, Unsyiah (2011)

Water levels

Wafer complete rations with a kind of different composition of sago waste
significant affected (P<0,05) moisture content. The water content of the composition
of the residue on the wafer with real sago 40% was higher when compared to other
wafer sago waste. Wafer complete rations with a composition of dreg sago 10% had
fewer cavities causing evaporation that occured over the resistor, while the wafer
with a composition of 40% had the sago waste cavities that were more numerous
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and large causing evaporation was running fast. Moisture contents of each treated
wafer was indicated in Table 4.

Table 4. Water content value of wafer complete rations

Storage time

Treatment
2 weeks 4 weeks 6 weeks 8 weeks
P1 13.44+0.12° 14.00+0.34 14.07+0.87 14.30+0.77
P2 14.34+0.20 13.59+0.55° 14.90+0.61 15.80+0.61
P3 14.44+0.15 14.35+0.45° 13.89+0.15 14.56+0.67
P4 13.00+0.562 14.454+0.67 13.56+0.54 14.12+0.65

The value of flats with different superscripts in the same column showed a significantly different (P
<0.05). P1= ration containing 10% sago waste, P2= ration containing 40% sago waste, P3= ration
containing 30% sago waste, P4= ration containing 40% sago waste.

Storage time of wafer complete rations affected significantly (P<0.05) water
content. Average value of the highest water levels in storage was for 2 weeks, because
the wafers absorb water from the environment. Average value for six weeks was not
stable, this was caused by humidity and temperature values that changed frequently.
The interaction between factor A (wafer complete ration) and factor B (storage
time) were not significantly different to water content although P2 treatment had
the highest water content which was equal to 15.80+0.61. Storage conditions were
likely to increase the water content. This occurred due to the influence of humidity,
and ambient temperature during the storage periods. The activity of microorganisms
can be on tap on the water content of 8-12%, so that the feed material was not easy
to mold and rot (Verma et al.1996).

Wafer density

Density of the wafer determined the dimensional stability and physical
appearance of a complete wafer feed (Jayusmar et al., 2002). Wafer density was a
measure of the cohesiveness of the sheet and the particle size depended on the density
of materials used and the amount of pressure exerted during the four sheets of wafer
manufacturing process. Wafers that have a high density of the feed would provide
a solid and hard texture; so it would be easily in both the storage and handling of
shocks during transportation and was expected to last longer in storage (Trisyulianti
et al., 2003). Ration of a complete wafer density value was indicated in Table 5.

Wafer complete rations with different composition of sago waste had no effect
on density. Week-long storage of two bonds between the particles of the material
was still strong. Wafer density decreased at week 4 to week 8. The interaction
between factor A (wafer complete rations) and factor B (storage time) did not
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significantly affect the density of the wafer feed. The lowest density value obtained
was in treatment P3 which was 0.45+0.04 g/cm?®, while the highest 0.78+0.04 g/
cm?®. Density values were not stable due to high relative humidity caused the liquid
condensed on the surface of the material; so that the surface material became wet,
and was very conducive to microbial growth and damage.

Table 5. Wafer complete rations density with various storage times (g/cm?)

Storage times

Treatment
2 weeks 4 weeks 6 weeks 8 weeks
P1 0.50+0.01° 0.56+0.05° 0.48+0.02° 0.52+0.00°
P2 0.78+0.04°¢ 0.65+0.06°¢ 0.58+0.05° 0.50+0.08*
P3 0.66+£0.05°¢ 0.454+0.04° 0.49+0.06° 0.49+0.09°
P4 0.78+0.33°¢ 0.52+0.06° 0.51+0.01° 0.61+0.00°

The value of flats witth different supperscripts in the same column showed a significantly different at
(P<0.05). P1=ration containing 10% sago waste, P2= ration containing 40% sago waste, P3= ration
containing 30% sago waste, P4= ration containing 40% sago waste.

Figure 1. Wafer complete rations density with various storage times. P1= ration containing
10% sago waste, P2= ration containing 40% sago waste, P3= ration containing
30% sago waste, P4= ration containing 40% sago waste.
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Water activities

Wafers with a variety of different composition of sago waste did not significantly
affect the activity of water (Table 6). Storage time did not significantly affect the
activity of water. Water activity at the beginning of week 2 to 8 was still high. Water
activity was the amount of free water used for growing microorganisms (Syarief
and Halid, 1993). Storage up to 4 weeks did not change the color to black. The
interaction between factor A and factor B showed no significantly different results.
The lowest water activity obtained at P1 was equal to 0.60+0.05. This was because
the humidity was low, the liquid surface of the material would evaporate a lot; so
that microbial growth was hampered by dehydration and a dark surface material.

Tabel 6. Wafer complete rations of water activity with various storage times

Storage time

Treatment
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 wits different supperscripts in the same column showed a significantly different at
(P<0.05). P1=ration containing 10% sago waste, P2= ration containing 40% sago waste, P3= ration
containing 30% sago waste, P4= ration containing 40% sago waste.

Conclusion

Wafer complete rations with different composition of sago waste does not
affect the specific gravity, density of water activity, but affected water levels with the
highest value found in the wafer with a composition of 40% sago waste. Storage for
8 weeks old greatly increases the water content, lower specific gravity and density,
but does not affect the activity of water. The wafers stored up to 6 weeks is still in

a good condition, but at 8 weeks of storage, the surface of the wafer start to rancid
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
(T'1) vegetable waste+rice bran, (T2) vegetable waste+rice bran+trice straw, (T3)
vegetable waste+onggok, (T4) vegetable waste+onggok-+rice straw, (T5) vegetable
waste~+pollard, (T6) vegetable waste+pollard+rice straw. Lactobacillus plantarum
1A4-2 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 (290C or 28,30C). 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 1A4-2, onggok, pollard rice bran, vegetable
waste silages

Introduction

Forage is major feed for ruminant, but increasingly difficult to obtain due to
competing land uses with human interests. Therefore, it is necessary to find new
resources that can substitutes the forage. Vegetables waste is a potential feed source
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for ruminant, to overcome lack of grass, especially in dry season. Vegetable waste is
part of the vegetables that are not consumed by humans, usually already discarded
by traders, so has no economic value. Traditional farmers already give vegetable
waste to their cattle, but its high water content made it easily decayed and cannot be
stored for long period. This limitation increased the cost and difficulties in handling
because farmers have to take vegetable waste from traditional market everyday.
Treatment is necessary to improve the quality and the nutritional value of vegetable
waste as feed.

Silage production is a method of moist forage preservation which is widely
used all over the world (Saele, 2002). It is based on natural fermentation when lactic
acid bacteria (LAB) ferment water soluble carbohydrates to organic acids, mainly
lactic acid, under anaerobic conditions. As a result, the pH decreases, inhibiting det-
rimental anaerobes, and so the moist forage is preserved (Merry and Davies, 1999).
A combination of anaerobic condition and acidity protects the forage from the pro-
liferation of deleterious bacteria and fungi, and it also increases the palatability of
the forage due to lactic acid production (Yang et al., 2001, Weinberg et al., 2003,
Filya, 2003).

In terms of storage, silage is more durable because of spoilage bacteria do not
resistant to low pH, so its availability and quality of feed can be assured. Silage can
also be used as probiotics and organic acid sources for livestocks as an alternative
to antibiotics. In order to improve the ensiling process and to obtain a high-quality
fermented product, various chemical and biological additives have been developed
and used during silage fermentation. The biological additives are advantageous be-
cause they are safe and easy to use, non-corrosive to machinery, do not pollute the
environment and are regarded as natural products (Filya et al., 2000; Weinberg and
Muck, 1996). Seale et al. (1986) found that sugar is a limiting factor in producing
good-quality fermented products. Sugar mainly serves as a carbon source for micro-
organisms. Molasses, lactose and a mixture of cereal grains and malt, dextrose, corn
or tapioca flour have been used as additives (Zahar et al., 2002).

A successful ensiling process requires a minimum concentration of fermentable
sugars (3-5% in DM). However, the majority of carbohydrates in plants are in the
form of fibrous polymers that make up the cell wall and are not fermented by lactic
acid bacteria (LAB). In order to obtain the necessary level of fermentable water-
soluble carbohydrates (WSC) for the lactic fermentation in crops which are low in
WSC, the use of carbohydrate sources has been suggested.

Research on the ensiling of vegetable waste is still limited, and the effects
of different additives may vary from one to another, resulting variety of resulting
silages. Therefore, the objective of this experiment was to evaluate the quality of
vegetable waste silages, using rice bran, onggok (cassava flour waste) and pollard
as carbohydrate sources.
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Materials and Methods

Vegetable waste was collected from local traditional market in Bogor, con-
sisted of corn husk, chinese cabbage and cabbage. After chopping, vegetable waste
was air dried to decrease water content. It was sprayed with Lactobacillus planta-
rum 1A-2 as an innoculum and divided into equal portions for the application of
treatments. All innocula were diluted with distilled water, so that they were applied
at the same rate (10 ml of solution/kg of vegetable waste).

Experiment was held in a randomized block design consisted of six treatments
with 3 replications. Treatments were (T1) vegetable waste + rice bran, (T2) veg-
etable 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.

Each treatment was packed into =15 L plastic drum as silos in triplicate and
sealed. Silos were stored at room temperature. After 45 days ensiled, each silo were
sampled for chemical and microbial analyses. The DM content was determined by
oven drying for 48 h at 60 °C. After drying, samples were ground through a 1-mm
screen miller, and stored in glass bottle at room temperature for chemical (proxi-
mate and fiber) analysis. 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 at Laboratory of Feed
Technology, IPB.

Another portion of original sample was diluted with autoclaved distilled water
and blended in high-speed blender for 30 s. The diluted samples were enumerated
for LAB on pour-plates using MRS agar (DeMan, Rogosa, and Sharpe) with TPC
(Total Plate Count) method, cultivated at 30 °C for 48 hours (modification from
Cappucino and Sherman, 1983). Colonies were counted from plates of appropriate
dilutions containing a minimum of 30 colonies. pH was immediately measured from
the remainder of diluted sample.

Results and Discussion

Quality of silage can be observed from the physical characteristics of the re-
sulting silage. After 45 days of ensiling, vegetable waste silage in this study exhibit-
ing a yellowish green color, fresh aroma and not slimy. There was only a few fungal
contamination visually observed on the surface of the silage due to aerobic condi-
tions. Those physical characteristic indicated a successful fermentation process. Use
of rice bran, onggok (cassava byproduct), and pollard as source of carbohydrates in
each treatment resulted in only a little color differences of silages. Silage using ong-
gok had a lighter color while silage using pollard and rice bran had a darker color.
Physical appearance of vegetable waste silages from each treatment can be seen in
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Figure 1. Physical appearance of vegetable waste silages. 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.

Other variables for evaluating silage quality is the chemical (temperature, pH
and lactic acid production) and microbiological (LAB population) characteristics of
silage presented in Table 1. Temperature of silage at the end of fermentation varied
between treatments. The highest temperature was recorded (29 °C) on silage with
rice bran addition (T2), which was significantly higher compared to others.

Value of pH, lactic acid production, and population LAB were not signifantly
affected by carbohydrate sources addition. Vegetable waste silages treated with ong-

Table 1. Chemical and microbiological characteristics of vegetable waste silages

Treatments

Tl T2 T3 T4 T5 T6

Temperature  28.33+0.01° 29.00+0.00° 27.00+0.00° 27.33+£0.57* 27.33+0.57* 27.00+0.00°
“C)
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
Lactic acid 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)  7.10x10%+ 10.40x10°+ 6.97x10%  16.5x10°+  6.71x10%  5.48x10%+

4.98x108 4.10x108 3.59x108 8.97x108 2.08x108 3.06x108

Note: LAB= Lactic Acid Bacteria; 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 wast