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REPORT OF THE ORGANIZING COMMITTEE 

Welcome to the 5th  International Seminar of the Animal Nutrition and Feed Sciences. On 

behalf of the organizing committee I would like to thank :  

▪ Dr. Rosiadi Sayuti, the Secretary of NTB Governor for his time and effort to officially 

open this seminar.  

▪ Mrs. Widayati Haryanto, Diector of Feeds DGLHS who will be the keynote speaker in this 

seminar. 

This seminar is attended by more than 100 scientists from Indonesia, Malaysia, Timor Leste, 

Australia and New Zealand. We really appreciate the participations of our invited speakers: 

▪ Dr. Andrew Ash from CSIRO Australia 

▪ Professor Abdul Razak Alimon, UPM Malaysia 

▪ Professor Dennis Poppi, University of Queensland Australia 

▪ Professor Steve Morris, Massey University, New Zealand 

We also planned a special symposium of beef cattle nutrition sponsored by The Australian 

Centre for International Agricultural Research. At least 15 international scientists were 

planned to participate in this symposium but, unfortunately, due to Mt Agung potential 

eruption, our sponsor have cancelled this symposium. This symposium will be conducted at 

the end of January 2018. 

During this seminar, the organizing committee have organized three field trips; 1) cattle 

fattening and breeding at Karang Kendal with sightseeing to Sendang Gila Water Fall North 

Lombok, 2) cattle fattening at Repok Nyerot village with sightseeing to Sukarara 

handweaving, Sade (Sasak traditional village), Kuta and Tanjung Ann beach Central Lombok 

and 3) Gili trawangan island North Lombok. The organizing committe would like to thank 

our sponsors;  

a. Gold sponsors: NTB government (facilitated by Dr. Rosiady Sayuti) and West Sumbawa 

Government (facilitated by Dr. Amri Rahman),  

b. Silver Sponsors: PT Charoen Phokphand and Indonesian Feedmill Association (facilitated 

by The Vice President of PT Charoen Pokphand Dr. Desianto Budi Utomo,) and one of 

our alumni who does not want his name to be announced. 

Finally, I would like to give a great appreciation to all members of the organizing committee 

for their hard work to organize this event professionally. Please let us know if any of the 

participants has concerns or anything that the committee can help. 

 

Professor Dahlanuddin 

Chairman of the organizing Committee   
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WELCOME ADDRESS 

Due to increasing the number of people and their prosperities, the demand for food from 

animal products is also becoming improve. While production of livestock such as meat and 

milk bit slow. Many scientists reported that the main constrain of that phenomenon is due to 

availability and quality of feedstuffs. Currently, the global climate change has also 

contributed to the feed and food shortage. We do believe this constrain will continue to affect 

the livestock production in the next future. 

To anticipate and overcome these issues, the Indonesian Association of Nutritionist and Food 

Scientist has conducted the 5th International Seminar of Animal Nutrition and Feed Sciences 

held in Mataram, Nusa Tenggara Barat Province, from 7 to 9 of November 2017. For this 

series, the Steering committee has discussed several relating issues under the great theme of 

“Improving livestock productivity, quality and safety to response to the increasing 

demand from upper and middle-class consumers”. 

More than 100 Animal Nutrition Scientists coming to this memorial events discussing the 

variety of topics ranging from applied feeding to physiology of ruminants to non-ruminants’ 

nutrition. They came from Australia, New Zealand, Malaysia, Timor Leste, and Indonesia 

share of their practical and theoretical experiences in their countries, respectively. Those 

edited paper are compiled in this proceedings. 

We do believe this scientific tradition will continue to the future and all papers presented in 

this proceedings will be benefit for the development of practical and theoretical livestock 

production. Moreover, doe to variety of scientist background, the editors may not be properly 

edited those papers published in this issue and we believe that the nature and scientific aspect 

of the paper are still the authors’ responsibility, respectively 

The editors and seminar committee may realize that many constrain, limitation, and unusual 

behaviors during the conducting of this memorial event and two days’ seminar may not 

enough to share our knowledge and experiences. Therefore, this unforgettable event in 

Mataram will be continued in the 6th International ANFS at Tadulako University in 2019. 

See you all there! 

 

Mataram, 27 November 2017 

Prof. Dr. Ir. Nahrowi, M. Sc 
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OFFICIAL ADDRESS  

THE DIRECTOR GENERAL OF LIVESTOCK AND ANIMAL HEALTH  

REPUBLIC OF INDONESIA 

 

First of all, I would like to thank the God Almighty, by His grace upon a good health; so that 

we could attend the event of The 5th Animal Nutrition and Feed Sciences International 

Conference in Lombok today. 

The topic of today’s presentation is about “Improving Livestock Productivity, Quality and 

Safety Using Locally Available Resources”. I believe that this has been a very interesting 

idea to discuss and explore, as we have noted that in order to produce a well-qualified and 

safe livestock, similarly high quality of animal feed is required. That is, Safety feed for 

safety food. 

In this conjunction, I would like to share some of my thoughts about particular policies and 

programs from Indonesian Government which are devided in three sections. Firstly, I would 

like to share to main government programs called the UPSUS SIWAB (The National 

Program to Accelerate the Cattle Population), and fulfil the requirement of animal feed in 

Indonesia. Secondly, there will be a sharing regarding Ministry of Agriculture regulations. 

Lastly, I would like to share expectation to all experts in the área of animal feed, in order to 

support Indonesia to achieve meat self-sufficiency with high quality livestock and animal 

feed.  

I would like to begin with UPSUS SIWAB Program. This Program has been performed with 

an intensed coordination among technical functions through artificial insemination.The main 

purpose of this program is to gradually increase domestic ruminant populations (that include 

beef cattle, dairy cattle, and buffalo);  and their products, by intensifying the performance of 

artificial insemination to our livestock. It is targeted that by 2017, we would be able to breed 

4 (four) million acceptors and 3 (three) million pregnant cattles. If this target is succesfully 

achieved, Indonesian people’s demand over meat (which is set to 2 million cattles per year) 

could be fulfilled. UPSUS SIWAB’s main mechanism is to maximise the activity of artificial 

insemination intensively in the area of cattle breeding. This program also intends to 

optimalise AI in the semi-intensive location, as well as introduce AI in the extensive location 

(which still performs more natural breeding activity). With an AI technology and other 

technical requirements being fulfilled, then we could build more local cattle center. 

Further, there are two imperative principals in UPSUS SIWAB relating to the area of animal 

feed. Firstly, the feed security, is ensuring that there will be sufficient supply of animal feed 

for local breeders. Secondly, the feed safety, which is the guarantee that the animal feed 

available in the market has high quality and is safe for livestock consumption.  

The policy in feed security is directed to the supply of the forage, as well as the support of 

animal feed concentrates and performed with four strategies: (1) Building the source of seeds 

and forage (2) Increasing the use of agricultural and forest land to perform livestock-

integrated programs (3) Accelerating the ”pasture” concept and ”cut and carry system” (4) 

Developing animal feed technology.  
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The development of the seed and forage sources has highly involved coordination from 

central government to each Technical Implementation Units located in 9 provinces in 

Indonesia, in order to ensure sufficient supply of seed and forage sources to local breeders.  

Morever, Indonesian Government has also performed GERBANG PATAS program to 

encourage the local community to grow a well-qualified forage and provide more pasture 

lands to increase the supply of animal feed. This program aims to provide high quality animal 

feed in the areas where ruminants livestocks are bred; as well as support the development of 

animal feed barn and water conservation. In the areas which have extensive farming system 

and potential pasture field, Indonesian Government facilitates the development and 

maintanance of those areas, through several strategies, which are: the development of ”mini 

ranches” that are developed by the community and the development of the water source, 

cattle yard, and holding ground. The government also provides the system and structure to the 

local community to manage the pasture. 

The feed safety policy will be performed through the enhancement of animal feed quality 

standard and increasing the number of laboratories that are used for testing the animal feed 

quality and monitoring animal feed that is produced and distributed to Indonesian 

community. 

Starting the second section, Indonesian Government has stipulated two important regulations 

in supporting the high quality and quantity of animal feed in Indonesia, which are:  

1. Regulation of the Agriculture Minister No. 22 year 2017 concerning Animal Feed 

Registration and Supply. This regulation manages the registration and distribution of 

animal feed in Indonesia. Each of this feed should have a feed registration number, that is 

assessed by a well-qualified feed  manufacturing practice certification.  

2. Regulation of the Agriculture Minister No. 14 year 2017 concerning Animal Drugs 

Classifcation, which explains about the restriction of antibiotic growth promotor to be 

added in the production of animal feed. 

Both regulations are expected to adrress any challenge relating to the quality and safety of 

animal feed, that is produced, and then sold and used in the community.  

Finally, I believe that we all should work together to address the challenges to improve the 

livestock productivity, quality, and safety using locally available resources. We really hope 

that there will be a constant feedback, support and cooperation from all relevant parties, 

particularly from animal feed organisations and associations such as Indonesian Association 

of Nutritionist and Feed Scientist (AINI). 

Some initiatives that we expect to get more contributions from all animal feed experts and 

professionals are: 

1. Supporting Indonesian Government to evaluate the best strategies relating to accessibility 

to animal feed and nutrition for breeders, due to the fact that there has been a significant 

rise in the animal feed price and an increased amount of animal feed competitors and 

technology from other countries. 

2. Creating innovation to increase eficiency livestock breeding system in order to grow 

domestic livestock population. 
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3. Creating a positive investment opportunity in the area of animal feed, for example is to 

involve more middle-scale local business owners to invest and support the production 

and supply of animal feed in their areas. 

4. Developing applied research regarding animal feed alternatives with prospects, which 

could be produced locally and have good quality. 

I would like to extend my sincere appreciation to The Faculty of Animal Science University 

of Mataram and all members of Indonesian Association of Nutritionist and Feed Scientist 

(AINI) for organizing this international conference to improve the productivity, quality, and 

safety of Indonesia’s livestock and animal feed, as well as sharing knowledges which is 

involving experts and professionals from different corners of the world. 

To end my speech, please allow me to wish you all the best for your successful deliberation 

in this conference, and particularly wish that all distinguised guests, ladies and gentlemen, 

could fully contribute to the learning and development in the area of the welfare of 

Indonesian livestocks that includes animal feed subject. Therefore, Indonesia could grow as a 

stronger nation that could achieve meat self-sufficiency and reduce the country’s dependency 

to meat import from other countries.  

Thank you very much, 

 

I Ketut Diarmita 

Director General of Livestock and Animal Health  
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CHALLENGES AND OPPORTUNITIES IN ACHIEVING WIDER ADOPTION OF 

ANIMAL NUTRITION TECHNOLOGIES 

 

Andrew Ash1, Dahlanuddin2, and Yusuf A. Sutaryono2, 
1Commonwealth Scientific and Industrial Research Organization (CSIRO) Australia 

2Faculty of Animal Science, University of Mataram, Indonesia 

 

ABSTRACT 

Over the last two decades, a range of technologies have been developed to improve the nutrition 

of ruminant livestock in eastern Indonesia. These technologies have been primarily aimed at 

overcoming the low quality of tropical forages, which typically have both low digestibility and 

low protein during the long dry season. The technologies include high protein legume forages, 

concentrates, and high quality crop residues, all of which have the ability to significantly 

increase productivity. While there have been some successes, widespread uptake of these 

technologies has been relatively slow, despite the benefits that can be realized. Some reasons for 

low adoption include: (a) improper use of the technology – farmers don’t receive appropriate 

training and the technology is not applied properly e.g. using improved grasses but not applying 

the proper cutting interval so quality of cut material remains low; (b) economic – some 

technologies require additional input costs and farmers can’t acquire the loans to implement the 

technology or they opt for inferior quality, low cost alternatives; (c) resource constraints – this is 

related to economics but is more specifically the constraint in land or space to either expand the 

herd or grow additional forages; (d) social and institutional-extension/training networks are not 

sustained which limits wider adoption and/or policies don’t provide the right incentives for wider 

uptake. Overcoming these constraints to wider adoption requires not only the appropriate 

policies and incentives from government but also some new approaches such as involving the 

private sector much more actively in taking up and applying nutritional technologies. A new 

program connecting the private sector and research institutes is testing this model in the beef and 

dairy sectors in eastern Indonesia. 

 

Key words: nutritional technologies, adoption, economics, policies, private sector 

 

INTRODUCTION 

Overcoming nutritional deficiencies in livestock systems in tropical environments has 

been a science and policy goal for many decades (Thornton 2010). There have been considerable 

advances in our understanding of ruminant digestion and in particular the challenges associated 

with tropical forages, the role of legumes and protein supplements, prediction of feed intake and 

animal performance. This research has included both fundamental understanding of digestion to 

more applied research on the value of different feedstuffs for animal performance.  

For example, in tropical environments where the quality of grass forage limits production 

there is now good knowledge of the production benefits of feeding tropical legumes. This is 
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highlighted in Figure 1, where it is now well known that the feeding of tropical legumes can 

significantly improve the liveweight gain of ruminants who have a baseline diet of local grasses 

and crop residues (Dahlanuddin et al., 2012; Dahlanuddin et al. 2014; Panjaitan et al., 2014). 

 

Figure 1.  Change in liveweight of Bali cattle maintained under the traditional management 

system (Control; ● male and ○ female) or weaned at nine months of age and fed 

sesbania (10 g DM/kg W.d) (Treatment; ▲ male and ∆ female ) in villages in Central 

Lombok, Indonesia. From Dahlanuddin et al. 2012. 

 

Challenges with adoption of technologies 

Despite the clear biophysical benefits of nutritional technologies, their adoption by 

smallholder farmers is often very modest. Reasons for low adoption include:  

(a) Improper use of the technology  

Farmers may not receive the appropriate training and as a consequence the technology is 

not applied properly. A good example of this is the way in which the high yielding forage, 

Napier grass (Pennisetum purpureum) is used in ruminant feeding systems. It is well known that 

cutting frequency needs to be less than six weeks to maintain forage quality. However, total 

forage production is greater with longer cutting intervals. Consequently, there is a trade-off 

between production and quality (Figure 2). Farmers or fodder traders often opt for overall 

production over quality with detrimental impacts on animal production.  
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 Figure 2. Trade-off between forage production and forage quality with differing cutting 

intervals (based on the data of Van Man and Wiktorsson (2003)). 

 

(b) Economic factors 

Technologies to increase production can require purchase of additional inputs, especially 

where high quality crop residues or additional protein is required in the diet. For example, 

feeding high quality concentrates increased the daily gain of cattle from 0.50 kg/head/day to 0.80 

kg/head/day smallholder subsistence farmers and increased net incomes from IDR 

13,380/animal/day to IDR 20,730/animal/day D. Poppi pers comm.) However, input costs 

doubled from IDR 4,300/animal/day to IDR 9,810/animal/day. These additional feed costs need 

to be sourced from cash flows from other activities or from loans, which can be difficult to 

obtain. Another example is the use of forage grasses versus forage legumes. Most grasses are 

perennial and can be established vegetatively or seed only needs to be purchased once. However, 

annual forage legumes which can be important in filling protein gaps in feed supply have to be 

purchased and sown annually and as a consequence farmers tend to prefer forage grasses. 

(c) Resource constraints  

Even where there is strong interest in adopting technologies there may be other resource 

constraints. Most tropical farming systems involve smallholder farmers who have limited access 

to land. Improving the nutrition of ruminant livestock through providing additional forages either 

requires additional land for forages or forages need to be substituted for food crops. A study of 
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adoption and scaling out of nutritional technologies in central Lombok found that 60% of 

farmers were not able to adopt new forage technologies because of land constraints 

(Dahlanuddin et al. 2016).  

(d) Social and institutional  

Social, cultural and institutional factors are often stronger barriers to adoption than the 

technological challenges. Food security is often paramount to smallholder farmers in crop-

livestock systems. So even where an economic rational decision may be to replace a food crop 

with improved forages, farmers will often choose to keep growing a staple crop such as rice to 

ensure reliable food reserves for the household (Lisson et al. 2010, Grünbühel and Williams 

2016).  This does not mean that farmers are not willing to experiment or innovate: they will do 

so where the new approaches do not compromise existing livelihood strategies (Grünbühel and 

Williams 2016). 

Other barriers include government extension networks not being sustained or resourced 

with appropriate capacity (Owen et al. 2012), failure of scientists to engage in a participatory 

way with farmers, and/or policies don’t provide the right incentives for wider uptake. 

 

New approaches to achieving wider uptake 

One approach to improving rates of adoption of agricultural technology by small holder 

farmers has been a recent push to greater involvement by the private sector (Ion et al. 2014). It 

has been argued that publicly funded research extension is increasingly under-resourced and 

ineffective in achieving benefits for farmers and private sector engagement is a means to 

overcoming this constraint (Preciados and Hall 2017). Cost-benefit analysis of research and 

development projects involving the private sector show that adoption rates are accelerated and 

Net Present Value of investments are substantially increased (Preciados and Hall 2017). 

Through the Australian Government Department of Foreign Affairs and Trade, the 

Commonwealth Scientific and Industrial Research Organisation (CSIRO) is working with the 

Ministry for Research, Technology and Higher Education (Kemenristekdikti) in Indonesia to 

explore how private sector engagement with research institutes can be harnessed to improve the 

livelihoods of smallholder farmers in eastern Indonesia. This involves a number of case study 

projects and one such example is a project to improve uptake of the fodder tree leucaena to 

increase productivity of Bali cattle and net incomes of local farmers. Leucaena is known to 

improve cattle productivity in this region (Panjaitan et al. 2014). The case study project is being 

undertaken by the University of Mataram working with a beef processing company and local 
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traders. The concept is that leucaena-fattened cattle can be sold for premium cuts in the higher 

end markets in Jakarta, thereby stimulating demand for locally fattened beef in the island of 

Sumbawa. In parallel, the project team at the University of Mataram is working with farmers 

traders to provide a more objective and equitable basis for the sale of cattle, through wider use of 

scales to weigh animals at the time of sale rather than relying on visual assessment in the 

negotiation of price.  

The project commenced in late 2015 and Table 1 shows the uptake of leucaena by local 

farmers in two districts of Sumbawa Island. While it is early days in this process of private sector 

engagement to accelerate adoption, some early lessons are emerging. First, markets are fickle 

and private sector engagement is contingent on prevailing market conditions. The beef 

processing company is still highly engaged with the project but a change in Indonesian 

government policy in 2016 permitted the import of cheap frozen buffalo meat from India in an 

effort to reduce the price of beef for consumers. This has resulted in a reduction in the wholesale 

price of beef and the local beef processing company, who are producing higher value fresh beef 

cuts, can’t currently compete with cheap frozen imports. Efforts of the project team have as a 

consequence moved more towards engagement with traders and working with local government 

and the private sector to develop a road-map for a branded beef product with clear 

differentiation.  

Table 1. Uptake of leucaena use for fattening by farmers in two districts of Sumbawa from late 

2015 until mid-2017. 

Category 
No of 

farmers 

Total no 

of cattle 

(heads) 

No of 

cattle 

fattened 

(heads) 

No of 

leucaena 

trees 

planted 

Total 

leucaena 

area (Ha) 

Fattening cattle using wild leucaena 316 1,740 843 0 0 

Just planted leucaena but have not 

started cattle fattening  
116 745 0 177,601 60.47 

Planted leucaena and fattening using 

wild leucaena 
156 1,310 687 334,637 104.1 

Fattening cattle and planted leucaena 170 1,468 648 402,518 124.6 

Total 758 5,263 2,178 914,756 289.0 

Despite these early challenges in achieving greater private sector participation, there is 

strong interest being shown by farmers in the technology and good rates of adoption are being 

achieved. It is expected that these levels of adoption will accelerate when market conditions 

improve. 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

6 
 

REFERENCES 

Dahlanuddin, D., Yulianto, T. B., Priyanti, A., Poppi, D. P., & Quigley, S. P. (2012). Weaning 

and supplementation increase liveweight gain of Bali (Bos javanicus) cattle of small-

holder farmers in central Lombok, Indonesia. Journal of Animal Production, 14(3), 173-

179. 

Dahlanuddin, Yanuarianto, O., Poppi, D. P., McLennan, S. R., & Quigley, S. P. (2014). 

Liveweight gain and feed intake of weaned Bali cattle fed grass and tree legumes in West 

Nusa Tenggara, Indonesia. Animal Production Science, 54(7), 915-921. 

Dahlanuddin, L. A., Sutaryono, Y. A., Hermansyah, K. P., McDonald, C., Williams, L. J., 

Corfield, J. P., & van Wensveen, M. (2016). Scaling out integrated village management 

systems to improve Bali cattle productivity under small scale production systems in 

Lombok, Indonesia. Livestock Research for Rural Development, 28, 5. 

Grünbühel, C. M., & Williams, L. J. (2016). Risks, resources and reason: understanding 

smallholder decisions around farming system interventions in Eastern Indonesia. Journal 

of Agriculture and Rural Development in the Tropics and Subtropics (JARTS), 117(2), 

295-308. 

Ion, Alison, Kristin Beyard, and Santiago Sedaca. (2014). Trends in Public-Private Partnerships 

(PPPs) and Inclusive Business Models (IBMs) for Improving Food Security and Rural 

Development through Agriculture. Carana Corporation for the Food Systems Innovation 

Inititiative. 

Lisson, S., MacLeod, N., McDonald, C., Corfield, J., Pengelly, B., Wirajaswadi, L., Rahman, R., 

Bahar, S., Padjung, R., Razak, N., Puspadi, K., Dahlanuddin, Sutaryono, Y., Saenong, S., 

Panjaitan, T., Hadiawati, L., Ash, A. & Brennan, L. (2010). A participatory, farming 

systems approach to improving Bali cattle production in the smallholder crop-livestock 

systems of Eastern Indonesia. Agricultural Systems, 103 (7), 486–497. 

Owen, E., Smith, T., & Makkar, H. (2012). Successes and failures with animal nutrition practices 

and technologies in developing countries: A synthesis of an FAO e-conference. Animal 

Feed Science and Technology, 174(3), 211-226. 

Preciados, L. S., & Hall, D. (2017). Assessing the Economic Potential of Public-Private 

Partnerships (PPPs): An Ex-ante Cost-Benefit Analysis for Agricultural R&D in Southern 

Philippines. Journal of Educational and Human Resource Development, 4, 1-13. 

Thornton, P. K. (2010). Livestock production: recent trends, future prospects. Philosophical 

Transactions of the Royal Society of London B: Biological Sciences, 365(1554), 2853-

2867. 

Van Man, N., & Wiktorsson, H. A. N. S. (2003). Forage yield, nutritive value, feed intake and 

digestibility of three grass species as affected by harvest frequency. Tropical 

Grasslands, 37(2), 101-110. 

 

 

 

 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

 

7 
 

BRIDGING THE GAP: STRATEGIES TO INCREASE LIVE WEIGHT GAIN AND 

PROFITABILITY  IN BEEF CATTLE IN INDONESIA 

 

D.P. Poppi1, Marsetyo2, S.P. Quigley1, D.EMayberry3,F. Cowley4, K.J. Harper1 and S.R. 

McLennan1 

1 School of Agriculture and Food Sciences, University of Queensland, Gatton 4343, Australia 
2 Department of Animal Sciences, Tadulako University, Palu, Central Sulawesi 94118, Indonesia 

3 CSIRO, Queensland Bioscience Precinct, St Lucia 4072, Australia 
4 School of Environmental and Rural Science, University of New England, Armidale 2351, 

Australia 

 

ABSTRACT 

Indonesia can increase carcase output by increasing individual animal live weight gain, 

improving feed conversion efficiency and hence offspring output/breeding cow. This needs to 

use least cost ration formulations and be more profitable than current systems. Bulls growing at 

higher growth rates will better meet emerging requirements for weight for age, be younger at 

slaughter with better meat eating quality and will have less methane production/kg meat 

produced. Current systems have low growth rates under village based systems and even medium 

scale feedlots use a high proportion of low quality ingredients which compromise live weight 

gain and feed conversion efficiency. Both systems have difficulty reaching target weights and 

farmers often feed for least cost (Rp/d) rather than least cost for a target live weight gain or feed 

conversion efficiency. There are many options to choose from when designing a fattening system 

for an individual farmer or a region. Maximum live weight gain may not always be the most 

profitable. A minimum live weight gain for a particular market needs to be identified and the 

least cost ration for that target live weight gain designed. Simple least cost ration formulators for 

metabolisable energy (ME) and metabolisable protein (MP) (or at least crude protein (CP) need 

to be used. Previous ACIAR work has identified ME and MP requirements for Bali and Ongole 

cattle. Many strategies exist. Tree legume systems, especially those based on leucaena or 

sesbania, achieve target live weight gains and are often, but not always the cheapest or simplest 

system to use. On the same principle, grasses and legume forages provide another strategy but 

the live weight gains may be too low if not cut and fed at a younger stage of plant maturity. By-

products such as rice bran, copra meal, palm kernel cake etc, offer other ways to increase growth 

rates but the quality of these by-products can vary enormously. Cassava and its various by-

products have the highest ME value of Indonesian by-products but have low CP. To be able to 

use these various feed resources effectively farmers need to target higher live weight gains and 

feed conversion efficiencies than are currently achieved but they must be done under a least cost 

ration formulation system for required ME and CP. Some examples show these systems can 

markedly increase profit for smallholders over current systems. 

 

Key word : Live Weight Gain, Profitability, Beef Cattle 
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INTRODUCTION 

Indonesia’s economic development through increasing gross domestic product (GDP) per 

capita has boosted the demand for beef production.  A significant increase in beef consumption 

was recorded in the last few years.  For example, beef consumption of Indonesian people  was 

2.36 kg/per capita in 2014 and increased to 2.40kg/capita in 2015 (Ministry of Agriculture, 

2016). Beef consumption of Indonesian people is still lower than that of neigbouring countries 

(egMalaysia consumes 7.2kg/capita/year).  This means that there is huge potential for increasing 

demand for beef.  

Smallholders have potential to participate in this demand for beef and there are also 

medium scale and large commercial feedlots. East Java is a province that contributes a high 

proportion of the supply.  In 2015, the population of beef cattle in East Java was  4.3 million 

head head while the national beef population was 15.4 million head (LAHS, 2015).  Most of the 

fattening bulls were kept by smallholder farmers. The main cattle breeds kept by smallholder 

farmers are Ongole crossbreed (33%) followed by Madura cattle (24%) and othe imported breeds 

(Brahman crosses, Limousin and Simmental crossbreeds (42%) while Bali cattle contributed up 

2% (Kementan-BPS, 2012). In other provinces, Bali cattle are the predominant breed.  

The smallholder fattening enterprises in East Java are characterised by low level of cattle 

ownership (1-3 head/farmer).  The farmers have limited land and rely on purchased feeds for 

their bulls with intensive cut and carry systems providing the bulk of the feed.   Most of the feed 

given to animals were locally available forages and agricultural byproducts.  Farmers do not 

balance diets and they feed bulls based on the lowest cost ingredients not on feed conversion 

ratio or least cost formulation for a given metabolisable energy (ME) and crude protein content 

to result in high feed conversion efficiency.  Supplements and high quality forages are not 

common. Although  these fattening systems have been practiced by farmers for many years, 

there are currently limited data on growth performance of the bulls, costs and profits in the 

existing feed system. 

 

What is happening in Australia? 

Australia has faced similar problems. Initially it produced a carcase weight with weight 

for age and fat depth specifications. For animals which experienced low growth over their 

lifetime, usually sourced from northern Australian rangelands, there was a market for 

manufacturing beef where quality was not important. Requirements from the market have now 

placed requirements for high quality beef which are classified under the new Meat Standards of 
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Australia (MSA). This requires younger animals (defined dentition and ossification scores), 

defined fat depth, Brahman content (hump size) and hormone status. This is to provide a 

guaranteed meat eating quality from the product which consumers requested as negative meat 

eating experiences from beef meat was of major concern to consumers paying a high price for 

beef meat. The expanding middle class in Indonesia will have similar concerns. So the challenge 

is for the Indonesian supply chain from smallholders to reflect these value chain differences and 

to capitalise on their advantages. One example is the Bali beef from Sumbawa which has 

established a market in Java for high quality Bali beef grown from leucaena based systems and 

which achieve high growth rates (Dahlanuddin et al, 2014; Panjaitan et al., 2014). The large 

scale commercial feedlots target this high quality market now for the hotel trade and the 

supermarkets,using imported Brahman crossbred cattle from northern Australia,but there is no 

reason smallholders cannot participate in this supply chain.  

Australia has also faced the issue of greenhouse gas emissions with respect to ruminants. 

Recent studies have shown that the greenhouse gas emission/kg meat produced has reduced in 

Australia (Wiedemann et al 2015) and this coupled with the fact that the cattle population has 

remained essentially static since 1970 and that the sheep population has almost halved since that 

time, means that Australia has evidence that they are meeting greenhouse gas emission targets, 

although more needs to be done. Indonesia will face similar concerns from various international 

bodies and NGOs and similar accounting will need to be done to demonstrate compliance with 

international obligations and market requirements. It is quite clear from all studies that increasing 

growth rate of animals reduces greenhouse gas emissions/kg meat produced in addition to 

increasing meat production/breeding cow and turnover and profit/individual smallholder. This 

becomes a win/win situation for fattening enterprises.  

So, how to achieve this? McLennan and team (McLennan 2014) studied growth paths of 

animals to slaughter. The features were knowing what the current system achieved, identifying 

points along the growth curve of the animal to slaughter where some intervention to increase 

growth rate would be effective, identifying options for intervention (pastures, crops, 

supplements) and testing the system (Fig 1). They studied supplements, time of supplements and 

leucaena. Leucaena was the most economic. The important point was to test biological options 

first and then to evaluate the economics. Economic conditions change so it is important in this 

approach to have sound biological responses that can be used in the future. 
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What is happening in Indonesia? 

Indonesia has a long history of looking for ways to increase meat production/cow by 

increasing reproductive rate and the growth rate of offspring. We will not exhaustively review all 

of these studies. However some points can be made: 

● Reproduction rate measured through calving % or weaning % is low across all regions of 

Indonesia (Bakry1994, Affandhy et al 2011,Mayberry et al 2014, Mayberry 2016) and there 

are many reasons of which poor body condition score (BCS) of the cow at calving and 

access to a bull or AI are the most important. Elsewhere at this meeting there are papers on 

strategies to increase reproductive performance in Bali andOngole cows. Using Brahman 

cows is not a solution without associated better nutrition (Mayberry et al 2014, Mayberry 

2016. 

● Growth rate of bulls in villages is low (Table 1) irrespective of breed type but can be 

increased markedly through better nutrition. Farmers feed bulls using the least expensive 

feed ingredients either through cut and carry or by-products (eg rice straw).  The least 

expensive feed ingredient is not necessarily the best and other approaches using introduced 

forages (eg tree legumes, introduced grasses etc) or better formulation using high quality 

(but more expensive) ingredients results in better feed conversion, live weight gain, time to 

slaughter and profit. However, these approaches require a greater financial outlay and with 

that comes risk. 

The ACIAR Straw Cow project monitored the growth rate of bulls in villages (Table 1, 

3). The values were very low and no doubt there are villages and regions where better growth 

rates are recorded. However, the results are very common and demonstrate that the focus on 

using the least expensive ration is not necessarily the best approach. For Ongole cattle targeting a 

live weight gain of 1kg/d will take 100 days to increase weight of the bull by 100kg but the 

village studies show that Ongole or Ongole X breeds would require 200-500 days to put on 

100kg and that is the importance of focussing on feed conversion efficiency and live weight gain 

in a fattening enterprise (Antari et al 2012, 2014). Bali bulls can reach 0.7kg/d under good 

nutrition (Moran 1985; Dahlanuddin et al 2014; , Panjaitan et al 2014; Quigley et al 2014) and it 

would take 143 days for them to increase weight by 100kg.  

The only biological way to increase live weight gain is for intake of metabolisable energy 

(ME) to increase and that will only occur through feeding high quality forages (eg tree legumes) 

or using high ME content by-products of approximately 12 MJME/kg DM. The only options for 

this which have enough tonnage across Indonesia are cassava and the various by-products 
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(onggok would be the most common) and rice bran. All options are best addressed by using a 

least cost ration formulation approach to deliver a target high ME content and adequate CP 

content. Such rations provide the highest feed conversion ratio (kg feed/kg live weight gained). 

The approach applies to using forage (tree legumes or introduced grasses) as much as it does to 

formulating and mixing by-products. Simply the cost/kg of the feed type (tree legumes, cut and 

carry grass, by-products)can be determined and then a least cost ration formulation system can 

deliver the best combination at the least cost to deliver a target ME content and CP content. Such 

an approach has also been used in farm management to devise whole of farm systems and 

combinations of pastures and stock in NZ. 

Various studies have looked at inclusion of onggok(cassava bagasse after starch 

extraction) or cassava powder in rations. Onggok is widely used in the commercial feedlot sector 

in Indonesia. In Vietnam, Ba et al (2008)used response curves to cassava powder inclusion to 

show that approximately 0.7-1.0 %W.dinclusion of cassava powder gave the best result for live 

weight gain. Thang et al (2010) showed similar results and the requirement for higher N with 

higher levels of inclusion. They also demonstrated the role of cassava leaf as part of the ration to 

provide CP.Antari et al (2012) found that approximately 40-50% inclusion of cassava powder in 

a high concentrate ration gave a live weight gain of 0.74-0.80 kg/d in Ongole bullsand 

Kusmartono et al (pers. comm) using onggok found a similar result with Madura bulls where 

higher levels depressed intake and live weight gain (and also Table 2). A common feature in all 

these studies has been that inclusion of onggok or cassava powder at around 40-50% in a ration 

gave the highest live weight gain and feed conversion. It is interesting to speculate why when a 

ration formulated for higher levels (approximately 70%) of cassava or onggok inclusion results 

in a depression in intake and live weight gain when it would meet the required content of ME 

and CP. The residual HCN level could be one contributing factor but with such processed feed 

types it is unlikely and Kusmartono et al (pers. comm.) could not find any HCN in the onggok 

they used. Other factors are rumen acidosis and rumen degradable protein levels, both of which 

could be addressed by accepted changes in management of feeding. These results highlight that 

simply formulating for a target ME content and CP content is not enough and diet formulations 

need to be tested before widespread application.  

This approach was usedin the Straw Cow project to look at dietary combinations but the 

project was limited in the combinations tested nor did they formulate using a least cost ration 

formulation system. Nevertheless some interesting results emerged (Table 2). In on station 

experiments liveweight gain and feed conversion efficiency were improved by using a diet with 
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approximately 40% onggok but there was a marked depression in intake and live weight gain 

with onggok levels of approximately 68%, a result in agreement with the studies mentioned 

above. The better diet formulation was thenused as a supplement in villages with bulls offered 

the better formulation at 12.5g supplement/kg W/d. Live weight gain increased markedly 

(Priyanti et al 2012, Ratnawati et al 2015, Table 3). Of greater significance was the better 

economics measured as income over feed costs (IOFC) which increased markedly but of course 

required a greater outlay of capital and risk (Priyanti et al 2012, Mayberry 2016, Table 3). Days 

required to increase live weight by 100kg also reduced markedly. Similar results can be obtained 

by the use of tree legumes such as leucaena (Panjaitan et al 2014, Quigley et al, 2014;)  and 

Sesbania(Dahlanuddin et al., 2014, Quigley et al.,2014). No attempt was made in the straw cow 

project to further reduce the cost of the ration but replacing the high CP ingredients (copra meal 

and palm kernel cake) with lower cost tree legumes, other legume forages or cassava leaf provide 

a way of further improving the cost effectiveness of this approach. Of course a 100% tree legume 

approach is also possible but there are limits to the DM production/unit area and, with 

smallholders with small areas of land, a combination of home grown forages and purchased by-

products offers further options to improve household income. A key message is the need to focus 

on least cost ration formulation, feed conversion efficiency and target live weight gains but just 

as importantly to test the outcomes from the system in terms of live weight gain for a bull 

fattening enterprise. 

 

CONCLUSIONS 

Fattening enterprise operated by smalllholder farmers play a strategic role in meeting the 

national beef demand.  However, generally the liveweight gain of bulls of all breed types were 

low and well below their genetic potential.  Complete diets (feedlot) or supplements based on a 

least cost ration formulation system for high ME content and CP content markedly increased live 

weight gain, feed conversion and profitability but come at a risk because of the higher cost of the 

feed. However this approach needs to focus on reducing the cost of the expensive feed 

ingredients, usually the protein meals, and combinations of cassava by-products (tubers and leaf) 

and tree legumes offers another option to those expanded upon in this conference viz tree 

legumes, high quality forages. Grain, as used elsewhere in the world, is not a suitable option.  
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Figures and Tables 

 

Figure 1. Seasonal changes in the post-weaning liveweight of steers receiving various nutritional 

inputs where all groups received urea/S in the first dry season post-weaning and 

subsequently received no further supplement (Low input) or were fed high-level 

molasses/urea/copra meal supplement in the second dry season (Supplement) or were 

relocated to a leucaena/grass-based pasture at the start of the second dry season 

(Leucaena).  Adapted from McLennan (2014).  

 

Table 1.  Live weight gain (kg/d) of bulls in villages in East Java (Pamungkas et al 2012, 2013) 

following the common practice feeding systems. All these breeds are genetically 

capable of growing to at least 1 kg/d. 

 Dry season Wet season 

 

Ongole PO 

 

0.20 

 

0.21 

   

OngoleXbred (Euro etc) 0.34 0.39 

   

Brahman 0.41 0.26 

   

Brahman Xbred 0.47 0.39 
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Table 2.  Growth and feed conversion efficiency of Ongole bulls fed elephant grass (EG) ad 

libitum or EG plus one of two supplements formulated to meet metabolisable energy 

requirements for growth at least cost. 

 Elephant grass 

ad libitum 

EG + Balanced 

concentrate of 

medium onggok 

20% EG 

40% onggok 

20% copra meal 

20% palm kernel cake 

EG + Balanced 

concentrate of high 

onggok 

20% EG 

68% onggok 

6% copra meal 

6% palm kernel cake 

 

Dry matter intake 

(g/kg W/d) 

 

16.7 

 

21.8 

 

17.2 

Live weight gain 

(kg/bull/d) 

0.23 1.00 0.24 

Feed conversion 

efficiency (kg DM 

intake/kg live weight 

gain) 

25 7.1 25 

 

Table  3. Live weight gain (kg/d)and income over feed cost (IOFC) when  villageOngolebulls 

were fed a balanced concentrate of medium onggok (see Table 2) at the rate of 12.5 g 

balanced concentrate /kg W.d compared to control bulls fed the current cut and carry 

and by-products within the village (Priyanti et al 2012, Ratnawati et al 2015) 

 Control Control + balanced concentrate supplement 

 

Live weight gain (kg/d) 

 

0.50 

 

0.82 

Income over feed cost (IOFC) 

IDR/d 

13,382 20,725 
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ABSTRACT 

Beef meat makes up 21% of the total world meat production and New Zealand contributes 6% of 

world trade in beef, hence it contributes significantly to the New Zealand economy with total 

beef exports worth around $3 billion per year. New Zealand beef is grass fed and f has a 

marketing advantage internationally due to being largely disease free. The main cow breeds are 

Angus and Hereford.  The dairy industry contributes significantly to beef supply through bull  

calves kept and reared  on beef farms and make up 20% of the adult cattle slaughter. Farming 

beef to reduce the environmental footprint is becoming increasingly important. Meat quality is 

increasingly becoming a focus of beef production as exporters take a value chain approach and 

carefully consider consumer needs in the many markets they supply.  There some lessons to be 

learnt from the New Zealand approach that can be applied to beef production from leucaena 

based systems in Sumbawa and producing beef for high value Indonesian markets  

 

Key word: Grass-Fed, Beef Production, Sumbawa 

 

Introduction to New Zealand Beef production  

The world has a large and increasing appetite for meat.  Global meat production and 

consumption over the last 50 years has trebled to 322 million tonnes with beef having a 21% 

share as shown in Table 1.  Around 13% of global beef production is traded internationally with 

New Zealand producing 0.9% of the total production but 6% of the traded volume.  The beef 

industry plays a significant role in the New Zealand agricultural sector with beef exports worth 

$3 billion a year.  About 20% of production is consumed domestically with the annual per capita 

consumption of beef meat in New Zealand being 24kg while in Argentina it is 63kg, Australia 

32kg, USA 35kg, Indonesia 2.4 and China 4.6kg. 

Grazed pastures are the mainstay of the New Zealand economy with around 55% of the 

total annual export earnings generated by the livestock industries in the year ending 30 

September 2016 (Beef + Lamb New Zealand 2017). The New Zealand climate favours pasture 

growth and hence grazed pasture and forage crops supply in excess of 95% of the beef cattle diet 

on New Zealand farms (Hodgson et al., 2005). Most beef cattle are found on hill country with 

dairying and intensive sheep systems on the easier more productive flat areas. 

mailto:s.t.morris@massey,ac,nz
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Table 1.  World meat market at a glance (Food & Agriculture Organisation, Food Outlook June 

2017) 

World balance 
2015 2016 2017 Change: 2015 2015 2017 

million tonnes % % of World Production 

Production 320.5 321.0 322.0 0.3 100.0% 100.0% 100.0% 

Bovine meat 67.6 68.3 69.6 1.9 21.1% 21.2% 21.6% 

Poultry meat 116.9 117.2 117.7 0.4 36.4% 36.5% 36.5% 

Pigmeat 116.1 115.6 114.7 -0.8 36.2% 36.0% 35.6% 

Ovine meat 14.4 14.4 14.5 0.6 4.5% 4.5% 4.5% 

   

New Zealand produces around 600,000 tonnes of beef annually and the sector has a 

strong export focus with 80% of beef meat exported. Of the adult cattle that were slaughtered for 

export each year approximately 26% were steers,17% heifers, 37% cows and 20% were bulls 

(Beef + Lamb New Zealand 2017). The average carcass weights for steers and bulls are 316 kg 

and 306 kg respectively. The dairy industry contributes significantly to beef production with an 

estimated 35% of calves entering the beef industry each year being born on dairy farms.  

North America is the dominant export market for beef accounting for 50-55% of beef 

exports by volume while North Asia, mainly China but including Japan, Hong Kong, South 

Korea and Taiwan, accounts for 30% of exports.  New Zeaalnd’s disease free status allows 

exports of fresh, chilled and frozen beef to a large number of markets. Our international animal 

health status was further bolstered in 2012 with the introduction of a compulsory individual 

electronic individual animal identification (EID) program. With the introduction of compulsory 

EID and tracking of cattle this has not only enabled high level disease surveillance but also 

greatly enhances our biosecurity integrity and therefore the confidence of our international 

customers.  

The beef cattle industry is considered a seasonal industry, principally because most beef 

is produced from pasture. This marked seasonality in supply of cattle with 85% of slaughtering 

occurring during the months November to June inclusive, is seen as a limitation for marketers to 

meet the demand of some markets.  Therefore, limits to some of our supply chains become fixed 

by the availability of suitable cattle in the winter month of July, August and September.   

 

Structure of the industry  

The different systems of beef cattle production that exist in New Zealand can be 

conveniently divided into those involving beef breeding cows and those that are concerned with 

the growing and finishing of beef cattle (Morris 2007). Both systems are operated on the same 
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farm in some cases. Most beef-breeding cowherds are found on hill country farms, usually in 

conjunction with other livestock such as sheep. The growing and finishing farms for beef 

production, in contrast, are mainly on lowland farms where the cattle can be finished on high 

quality pastures. For almost all beef cattle raised in New Zealand pasture contributes over 95% 

of their total diet. Supplementary feed of various types (hay, silage, and forage crops) may be 

used during times of feed shortage during winter or during particularly dry summers (Morris 

2013).  

 

Beef breeding cow herds 

Of the 1.0 million beef breeding cows and heifers in New Zealand the two dominate 

breeds are Angus and Hereford and crossbreds involving these two breeds (Beef + Lamb New 

Zealand 2012). If a terminal sire is used the most numerous is Charolais and second is the 

Simmental breed. The national annual calving percentage, calculated as the number of calves 

weaned as a percentage of cows mated, is between 80 and 85%. Age at first calving is usually 2 

years of age although some 30 % farmers calve their heifers for the first time at three years of 

age (Hickson et al.,2008;  2010). The top third of herds in any year average 90% calving or 

better (McFadden et al., 2004). Most farmers aim to have a condensed spring calving pattern to 

match the increased pasture growth that occurs in spring. Cows are mated for three cycles and 

usually the aim is to have at least 60% of cows calving in the first 21 days of calving. Artificial 

Insemination is only used in bull breeding herds and all commercial beef farmers use natural 

mating as it is cheaper and more convenient. Calves remain on their mothers for 6 months and 

weaning occurs in autumn as pasture growth rates start to decline. A commonly accepted live 

weight gain over this period is approximately 1.0 kg day while a calf suckles it dam (Morris 

2007). Condition scoring on a scale of 1 (thinnest) to 10 (fattest) is used as a means of allocating 

feed to cows and usually in a typical season cows gain condition and live weight over the later 

spring early summer period so that at weaning they are in the best condition (condition score 6-

8). Cows will then progressively use this stored energy over the winter period (when pasture 

growth is at its lowest) to calve the next spring in an average condition score of 5 or 6. There is 

considerable potential for further  increases in  reproductive performance of the national beef 

herd and in the growth of calves from birth to weaning (Law et al., 2013).  
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Beef finishing systems 

Considerable flexibility and variation exist in the management objectives and feeding 

strategies for growing cattle. Farmers differ in their objectives in the timing of, and live weights 

for selling finishing cattle. Beef weaners at 6 months of age grow from 200-250 kg live weight at 

weaning to 550 – 580 kg live weight at slaughter with the best farmers achieving this by 20 – 22 

months of age and others taking until 30 months of age to achieve these final live weights. From 

an economic perspective growth rates of over 1.0 kg/head/day are required. Pasture in excess of 

1,500 kg DM/ha or 6 to 8 cm sward surface height are required for these live weight gains in 

excess 1.0 kg/head/day in the spring. As pasture quality and quantity starts to decline in summer 

and autumn animal growth rates decrease to around 0.5 to 0.75 kg/head/day and to even lower 

rates in the winter depending on pasture supplies and if any supplements (hay or silage are used) 

(Morris 2007).  

The dairy herd contributes to beef finishing systems through the supply of Friesian bull 

and crossbred calves to beef cattle farmers. Typically, spring-born Friesian calves are purchased 

as weaned calves in October and November at 3–4 months of age and 100 kg live weight. These 

bulls will be farmed through the following year and sold for slaughter over the period December 

to April when 16–20 months of age at 550–580 kg live weight (280–310 kg carcass weight). To 

achieve this weight an average live weight,gain of 1.10 kg per day is required for the entire 

period (McRae 2003). The seasonal match of feed demand and pasture growth rate is achieved 

by increases in livestock numbers in November when weaner bulls are purchased, sale of older 

bulls through the summer and autumn, and by adjusting the rate of live weight gain achieved per 

bull per day according to the seasonal patterns of pasture production (Cosgrove et al., 2003). 

Beef cross dairy steers are also now often used as beef finishing systems b New Zealand farmers 

(Schreurs et al., 2014; Coleman et al., 2016).  Only a very small proportion (less than 1%) of 

cattle in New Zealand are finished on feedlots, mainly because of the high price of local grain 

relative to pasture. 

 

Improved Management Systems  

Examples of change in management practices on New Zealand beef farms that has lead to 

increased production include increased application of fertiliser, improved pasture production and 

management, implementation of pregnancy scanning, body condition scoring, use of terminal 

sires, use of crossbreeding including development of composite breeds, genetic selection for 

improved production traits and improved whole herd health plans (Morris & Kenyon 2014). 
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Today’s forage supply systems beef cattle farms are similar to those of 20 years ago, in that they 

are still based on permanent grass–clover pastures. The focus is on increasing efficiency through 

minimising costs, and the major production expenditure is on those inputs with a high return on 

investment, for example fertiliser, subdivision, and labour-saving devices. Unlike many countries 

the New Zealand beef industry has not extensively utilised reproductive technologies such as 

artificial insemination (AI) and embryo transfer (ET) due to the extensive nature of beef cattle 

farming in New Zealand and the logistics and cost of these technologies. 

There is an increasing awareness of the potential of increasing utilisation of pasture 

growth through better matching of livestock feed demand to forage supply. The use of 

supplementary feed either as hay, baleage, silage or fodder crops is limited to farms that have an 

area of cultivatable land. A new development has been the increased use of herb-based pastures 

usually plantain and chicory with or without red and white clover (Kenyon et al., 2017; Pettigrew 

et al., 2017).  

 

Environmental considerations 

The big environmental issues of the beef cattle industry revolve around water quality and 

supply, climate change and greenhouse gas (GHG) emissions. Beef cattle contribute significantly 

to the economic wellbeing of New Zealand, so minimising environmental impacts while 

improving animal performance and economic returns are a major national concern. Leaching of 

nitrogen (N) and loss of phosphorous (P) are undesirable effects of agricultural intensification as 

N and P are considered to be pollutants in waterways. The problem is that pasture nutrients or 

fertiliser cannot yet be applied in a form that enables 100% uptake, and furthermore, optimum N 

for plant growth is higher than that required by animals. Most N is leached during winter and 

spring when rainfall exceeds evapotranspiration and soil moisture status is high.  Reducing 

surplus N within the animal through feeding condensed tannins or high sugar grasses and 

chemical transformation in soil to reduce the formation of nitrate is being researched.  

In the future beef cattle farms are likely to be evaluated for N losses and the N loss 

restrictions currently being applied to dairy farms will be increasingly in the future applied to 

sheep and beef farms. The development of future farm systems will likely also need an 

environmental impact evaluation if they are to be accepted by society both within New Zealand 

and in the major markets we supply around the world.  
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Meat Quality  

In order to create a more sustainable meat industry in New Zealand there has been a shift 

towards a value-chain approach for meat production which includes careful consideration of the 

consumer needs and development of products that fit the consumer’s criteria for quality. This 

information is fed back to producers with the idea that a higher valued product is achieved 

creating improved and stable returns to the farmer. It has been identified that consumers want a 

high quality product but also a product of consistent quality. To-date the majority of the research 

in the area of meat quality has considered the effects of treatments that occur after the animals 

have left the farm. However, given the need to have a clearer understanding of what causes 

variability in meat quality there has been a transition to consider on-farm factors such as diet, 

breed, growth rate and season on meat quality. Superiority of an animal in terms of beef quality 

cannot be described so easily because of the multiple components of meat quality and the wide 

variations in preferences. A further complication for meat quality characteristics is that they vary 

widely from muscle to muscle within the same carcass, and factors that may affect one muscle 

may have little or no effect on another. 

The diet of an animal can influence the meat quality. most notably, the flavour of the 

meat can be altered (Schreurs et al., 2008; Young et al., 2003). However, other meat quality 

attributes such as, tenderness, colour, juiciness and nutritive value of the meat for human 

consumption may also be changed as a consequence of the animal’s diet. The diet may act 

directly on the meat or may act indirectly through factors such as growth rate or level of fatness 

(Purchas 1989).  Herbage-based diets have been shown to enhance the polyunsaturated n-3 fatty 

acids and also allow the production of beef meat with higher contents of the precursors for 

vitamin A and E and other antioxidants such as glutathione and superoxide dismutase activity 

than grain-fed diets (Daley et al., 2010) 

 

Beef Production from Forage in Sumbawa  

Leucaena based cattle finishing systems have been developed in Sumbawa (Dahlanuddin 

et al., 2017) and presently over 700 farmers have been using these systems. Feeding leucaena has 

doubled animal live weight gain from 0.2 kg/animal/day to 0.4 kg/animal/day. There exists a 

huge opportunity to market beef from Sumbawa to the higher priced markets such as Jakarta. 

Using a brand that distinguishes beef produced on the island by the leucaena based systems with 

terms such as “clean green beef” can lead to a story about how the beef is produced than then can 

be developed and used in the promotional sales material. It is important to remember that 
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Sumbawa will only produce a small amount (22,308 heads in 2016, Hermansyah et al., 2017) of 

beef for these markets and hence it is sensible to aim that production at the high priced end of the 

market. There will need to be sufficient quantities to encourage private investment onto the value 

chain with food safety and traceability being paramount in the claims for the product. Hence high 

standards of processing the animals are required and a form animal identification to ensure 

traceability will be critical to substantiate claims of clean green beef produced on the island of 

Sumbawa. An independent certification system will be critical to the success of this venture. But 

the story does exist as beef from Bali cattle is low in fat content, has high conjugated linoleic 

acid levels and is rich in omega 3 and omega 6 fatty acids all of which add to healthy brand 

attributes, 

This will take time but once a vision is created for “Sumbawa clean beef” then it can be 

actioned and data collected to justify the brand and then infrastructure and standard operating 

procedures for processing and marketing the beef can be developed 

 

CONCLUSION 

New Zealand will, in the future, promote and market its beef on the basis of quality, and 

position itself at the top end of the market. The clean, green and natural production images, seen 

by the 3 million or so tourists that visit New Zealand each year will almost certainly be an 

advantage for our meat exports as they compete in the high-priced ‘niche’ markets of the world. 

The industry will think more in terms of quality not quantity and value not volume. 

Improvements and enhancement in traceability in alignment with profuse use of social media to 

disseminate information will see increase societal and consumer awareness of on-farm 

production practices creating demand for improved farm-animal well-being. 

Extracting value for New Zealand beef will require production to be consistent with 

particular points of difference from the rest of the world. These might also be appropriate to 

distinguish Sumbawa beef from other beef produced in Indonesia. They might be 

• Natural production systems associated with  forage based systems, low chemical input,  high 

animal welfare standards and environmentally sustainable systems of production. 

• A consistent product in terms of tenderness, eating quality, presentation, appearance of meat 

and fat colour and level of fatness. 

• A high standard of food safety with full traceability. 

• Promotion of  health benefits of beef for humans  
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ABSTRACT 

Leucaena leucocephala cv Tarramba was introduced from Australia to Indonesia in 2001 (Nulik 

et al. 2004, Shelton, 2016), with large scale adoption beginning in 2011 through a collaborative 

research project involving the University of Queensland Australia, Assessment Institute for 

Agricultural Technology and the University of Mataram Indonesia. The objective of the 

introduction was to solve the problem of limited availability of high protein feeds for cattle 

fattening in the dry areas of Nusa Tenggara. In addition to its high protein content and high 

digestibility, Tarramba leucaena is tolerant of drought and psyllid attack. It is also long-lived 

(can be harvested for up to 30 years) and grows well without irrigation or fertilizer in the climate 

and soils of Nusa Tenggara. This paper focuses on the results of the project on Sumbawa Island 

in West Nusa Tenggara. Studies on Sumbawa demonstrated that, with a 1–2 week adaptation 

period to leucaena, feeding up to 100% of the diet was safe for consumption (Halliday et al. 

2014), and allowed consistently high growth rates. Planting of Tarramba extended the 

availability of high protein feed into the dry season (Panjaitan et al. 2013). This feeding strategy 

had been utilized successfully by traditional Balinese farmers in Sumbawa for the past 30 years. 

During the period 2011–2016, Tarramba leucaena was successfully established in Sumbawa and 

West Sumbawa districts involving more than 250 farmers. As a result, this leucaena variety is 

becoming widely used in the region for fattening cattle with live weight gains of male Bali cattle 

increaseing from 0.2 kg under the traditional system to 0.4 kg or higher due to improved feed 

quality and feed supply. Further scaling out is occurring with the support from several 

international collaborative projects between CSIRO Australia, Massey University New Zealand 

and the University of Mataram, with support from local government. Currently, more than 1000 

farmers on Sumbawa have been involved in establishing and using Tarramba leucaena for cattle 

fattening. This number is expected to increase with the improved awareness by farmers that this 

tree legume is well suited to the area and safe for consumption at high levels of diet, combined 

with continuing support of the local government in promoting the use of leucaena. 

 

Key words : Bali cattle, Leucaena leucocephala cv Tarramba, growth rate 

 

INTRODUCTION 

The main constraint to improving cattle production in Sumbawa is the declining 

availability of communal grazing area. The decline is due to weed invasions (Zizypus jujuba, 

Calotrophis gigantean, Chromolina odorata, Jatropha sp and Lantana camara) and land 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

26 
 

conversions (for production of crops or for non-agricultural purposes). A change from the 

extensive grazing system to a semi-intensive tethering system is thus inevitable (Hermansyah et 

al 2016). This is a big challenge for the farmers on Sumbawa because they are not used to raising 

cattle in pens, which requires them to plant forages on their own land for harvest and cut-and-

carry feeding of their cattle.  

Among forages, leucaena (Leucaena leucocephala) has many advantages. As a deep-

rooted tree legume, its foliage provides high protein and highly digestibility feed well into the 

dry season; it is long-lived (can be harvested for up to 30 years), and is especially suitable as a 

cut-and-carry option for smallholder villagers. While Indonesia has a long history of leucaena 

use, cultivar Tarramba was first introduced to Indonesia as a component of ACIAR Project 

AS2/2000/157 Leucaena management in West Timor and Cape York (1 January 2001 to 31 

December 2003) (Nulik et al. 2004, Shelton, 2016). Leucaena cv Tarramba is well-suited to the 

dry areas of West Nusa Tenggara and Nusa Tenggara Timor because it is not only high in protein 

and digestibility, but it is also more tolerant of drought and psyllid attack. It grows well without 

irrigation and fertilizer in the climate and soils of these Eastern Indonesian provinces.  

There is now widespread recognition of the superior value of the cultivar which was 

found to be preferred by cattle, less affected by psyllids, leafier, lasted longer into dry season, 

and yielded better poles. It is widely accepted as superior to local or Cunningham varieties. The 

development and use of Tarramba have been highly supported by Provincial Bappeda and 

Livestock Dinas, Distrcts Livestock Dinas, etc. 

Since the time of the first introduction of cv Tarramba, several projects have been 

initiated, or are about to be initiated, to promote the use of the variety for cut-and-carry feeding. 

These are now discussed. 

 

The ACIAR project: Cattle fattening based on leucaena in Sumbawa. 

A collaborative research project (Improving smallholder cattle fattening systems based on 

forage tree legume diets in eastern Indonesia and northern Australia) involving the University 

of Queensland Australia, Assessment Institute for Agricultural Technology (BPTP NTB) and the 

University of Mataram was carried out from 2011 to 2016 to improve capacity of farmers in 

NTB in the use of tree legumes for cattle fattening (Nulik et al. 2013,  Shelton, 2016). The two 

tree legumes promoted in this project were Sesbania grandiflora and Leucaena leucocephala.  

Direct contact with farmers and farmer groups was largely handled by a team of Field 

Researchers under the supervision and mentorship of Indonesian project leaders.  Seven active 
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successful demonstration sites became case study sites and were used for demonstration and 

training. Significant adoption occurred during the project, measured in several ways e.g. number 

of FTL seedlings planted, number of bulls fattened, the number of farmers involved. For 

instance, more than 2000 kg of Tarramba leucaena seed was distributed throughout every 

province in Indonesia. More than 1,000,000 FTL trees have been planted to fatten bulls in NTB 

and NTT provinces (Shelton 2016). 

 

Highlight of findings from Sumbawa: 

During the first year of the leucaena introduction, Sumbawanese farmers were mostly 

reluctant to adopt leucaena planting as they thought that Leucaena was unpalatable for their 

cattle. The solution was to transport Sumbawanese farmers to engage in a farmer to farmer 

learning process at the Balinese village of Jatisari where farmers had been feeding leucaena for 

more than 30 years. As a result many local Sumbawanese farmers became aware that leucaena 

was an excellent feed for cattle and that fattening cattle using leucaena was profitable.  

In Sumbawa, the method of promoting leucaena was also changed from a group only 

approach, which was successful in Lombok, to a group plus individual farmer approach. The 

project team learned that farmer groups in Sumbawa were not as cohesive as those on Lombok 

so planting leucaena on common land did not work, as there was no general agreement among 

members of the farmer group as to what should be done. This is partly because the distance 

between households on Sumbawa is greater than for farmers on Lombok; accordingly, farmers 

on Sumbawa tend to work individually on their own land. With a combination of group and 

individual approaches, the adoption of leucaena planting and feeding increased significantly. By 

early 2016, Tarramba leucaena was successfully established and used for cattle fattening in 

Sumbawa and West Sumbawa districts involving more than 250 farmers. 

The main factor that underpinned the improved adoption of the leucaena feeding by 

farmers was the rapid improvement in cattle condition which significantly increased the value of 

the farmers’ cattle. A high cattle price (more than IDR 45,000 per kg live weight) was an 

additional incentive for the rapid adoption. 

There was a concern about leucaena toxicity in the early stages of the project and this was 

also a cause of the slow early adoption. However, based on experience from Jatisari farmers, 

who demonstrated that following a 1–2 week adaptation to leucaena, feeding up to 100% of the 

diet was safe and highly profitable for fattening (Halliday et al. 2014). Farmers achieved 

consistently high growth rates at  0.4 to 0.6 kg/day (Panjaitan et al. 2013). This outcome was 
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surprising and contradictory to published findings (Jones and Hegarthy, 1984) that the mimosine 

and its derivative compounds 3,4 and 2,3-dihydroxy pyridine (DHP) in leucaena were toxic and 

would disrupt the endocrine system, suppress thyroid hormone, lower liveweight gains, and lead 

to poor growth and reproductive performance. 

Contrary to those predictions, farmers enjoyed more than 100% increase in the daily live 

weight gains, benefiting from greatly improved income from cattle fattening. Waldron et al 

(2015) reported that the leucaena based feeding system in Sumbawa and West Sumbawa districts 

doubled profit margins. 

 

The ARISA project in Sumbawa and West Sumbawa districts 

A scaling out program was initiated through The Applied Research and Innovation 

Systems in Agriculture (ARISA). The project was a public-private partnership scheme to 

improve farmer profits by encouraging participation of private sector in improving capacity of 

farmers to adopt technology. This project was a collaboration between University of Mataram 

and the Commonwealth Scientific and Industrial Research Organisation (CSIRO) with funding 

support from The Australian Department of Foreign Affairs and Trade (DFAT). 

One of the technologies promoted in this ARISA project in Sumbawa and West 

Sumbawa districts was the leucaena based fattening system in which the private sector and 

government were expected to help farmers in the planting and use of leucaena for cattle 

fattening. A summary of this program is given in the following table. 

Table 1.  Adoption of Leucaena based cattle fattening system in Sumbawa and West Sumbawa 

district. 

No Category 
No of 

farmers 

No of cattle 

fattened 

Leucaena 

area (ha) 

Total eucaena 

trees 

1 Fattening cattle using 

wild leucaena 
316 843 0 0 

2 Just planted leucaena but 

have not started cattle 

fattening 

116 0 60.37 177,601 

3 Planted leucaena but still 

use wild leucaena 
156 687 104.08 334,637 

4 Fattening cattle using own 

Taramba leucaena 
170 648 124.55 402,518 

TOTAL 758 2178 289 914,756 
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It was found that the adoption was still dominated by the use of wild leucaena for 

fattening cattle. This occurred because there was abundant unused wild Leucaena; many farmers 

found it more convenient to collect wild leucaena using their motor bikes when it was located a 

long distance from their tethered cattle. Many farmers fattened cattle using wild leucaena 

because they did not have suitable land to plant leucaena. 

Farmers with sufficient land area planted an average area of 0.43 ha or 1,090 leucaena 

trees per household, with some farmers planting more than 2 ha (around 10,000 leucaena trees). 

The planting was either in an alley cropping (generally 1x7 m spacing) (mostly maize) or 

monoculture configuration (1x2 m spacing).  

Adoption mostly occurred through farmer to farmer interaction facilitated by project field 

officers. The established leucaena systems of local Sumbawanese farmers were particularly 

useful in the process of farmer to farmer learning because barriers were less than when farmers 

had to learn from the Balinese farmers. 

Farmers who adopted the leucaena based fattening system were those who: (a) had 

participated in a cross visit to an established fattening system based on leucaena; (b) had a large 

land area (minimum of 1 ha); (c) had dry land on a slope that was not suitable for cropping; and  

(d) had experienced increased income from feeding leucaena. 

 

The IFSCA project in Dompu district 

Further scaling out was initiated through the IFSCA (project (Massey University New 

Zealand and the University of Mataram) in Dompu. This project is a multidisciplinary program 

to improve income through improving capability of farmers to adopt better farming practices. 

Leucaena based fattening system was one of the improved farming practices promoted through 

this project. A summary of this program is given in the following table. 

Table 2. Adoption of Leucaena based cattle fattening system in Dompu district. 

No Category 
No of 

farmers 

No of cattle 

fattened 

Leucaena 

area (ha) 

Total 

leucaena 

trees 

1 Fattening cattle using wild leucaena 25 49 0 0 

2 
Just planted leucaena but have not 

started cattle fattening 
90 0 42.88 53,911 

3 
Planted leucaena but still use wild 

leucaena 
58 117 54.25 25,341 

4 
Fattening cattle using own Taramba 

leucaena 
10 27 9.35 24,332 

TOTAL 183 193 106.48 103,584 
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Demonstration plots of the leucaena – maize integration was distributed in 5 locations 

around Dompu district. However, adoption was not even across all demonstration plots. The 

majority of adoption occurred in areas where there was plenty of dryland and farmers had prior 

experience in fattening cattle. 

As the project also aimed to improve farmer income from maize, leucaena was 

recommended to be planted as an alley cropping system with maize. The recommended planting 

spacing was 1x7 m so that the potential decrease in maize production was not significant. 

However, some farmers tended to plant leucaena in a mono-culture closest to their cattle pen and 

plant maize on land furthest from their cattle pen. This may be a good model as many farmers 

had more than 4 ha of land and did not have enough labor to cut-and-carry leucaena over a long 

distance. 

 

Other scaling out initiatives of cattle fattening based on leucaena in Sumbawa occurred via 

other parties 

Other scaling out activities are also conducted by other parties.  The Assessment 

Agencies for Agricultural Technology (Balai Pengkajian Terknologi Pertanian, BPTP) NTB 

have been working in Labangka area with around 60 farmers to implement leucaena -corn 

integration. They have also been working with more than 50 farmers in Dore Bara, Dompu, on 

cattle fattening based on leucaena. 

In Doro Ncanga area in Dompu, The NTB Provincial Dinas Peternakan dan Kesehatan 

developed about 100 Ha of leucaena and grass pastures. The system was successfully established 

but the local farmers did not manage it properly. The number of cattle grazed in the pasture was 

more than twice the carrying capacity so they damaged the pasture. 

 

Challenges in scaling out of leucaena based cattle fattening in Sumbawa 

The scaling out leucaena based cattle fattening system has been constrained by the 

difficulties in establishing leucaena nurseries. As the replanting is mostly use bare stump 

technique, the seedlings should be four months old at the time of replanting. This means that the 

nurseries should be started in the peak of the dry season and therefore most farmers find it 

difficult to water the seedlings every day. 

Fencing is also a constraint. In many cases, leucaena is successfully established in wet 

season while the plot is still fenced because there are crops (mostly maize) in the plot. In the dry 

season (after crop harvest) the fence is mostly damaged by grazing animals (cattle and goats) and 
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the established leucaena is damaged. Therefore, only farmers with high motivation who can 

ensure that the leucaena is well protected. 

 

CONCLUDING REMARKS 

By October 2017, more than 1000 farmers in Sumbawa island have adopted the leucaena 

based feeding system. The number of farmers adopting is expected to increase with the improved 

awareness by farmers that this tree legume is good for fattening, is well suited to the area and is 

safe for consumption at high levels in diet. The potential for increased adoption is further 

enhanced by the continuing support of the local government in promoting the use of leucaena. A 

series of ACIAR funded experiments are underway to define the optimum level of leucaena in 

diets of fattening cattle. 
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ABSTRACT 

Edible bird nest (EBN) is a dried glutinous secretion of the salivary glands of several swiftlet 

species mainly the Aerodramus fuciphagus and Aerodramus maximus. A major component of 

EBN which is glycoprotein has unique functional properties, traditionally believed to be related 

to health, vigour and beauty. This study involved the production of bioactive glycopeptides 

derived from EBN (Aerodramus fuciphagus) after enzymatic hydrolysis. From the results, 

nutritional composition of crude EBN for protein, carbohydrate, moisture, ash and fat are 

58.55%, 22.28%, 15.9%, 2.6% and 0.67% respectively. Hydrolysis with pancreatin, alcalase or 

Protamex® for 1.0, 1.5 or 2.0 hours produced hydrolysates with degree of hydrolysis (DH) of 

86.5 %, 82.7 % and 77.9 % respectively. EBN hydrolysates produced showed that peptide 

content and protein solubility were directly proportional to increase in DH. The hydrolysates 

were subjected to antioxidative (DPPH and ABTS free radicals scavenging and Fe3+ reducing 

power, FRAP), antihypertensive, antidiabetic, prebiotic and toxicity assays. There were 

significant (p<0.05) increase in antioxidative activity of hydrolysates compared to the control 

(crude EBN).  The highest DPPH radical scavenging activities achieved by hydrolysates from 

each enzyme treatment were; alcalase (59.45 %), pancreatin (49.49 %) and Protamex® (49.75 

%), as compared to control EBN (27.17 %). For ABTS radical scavenging activity, the highest 

activity was shown by hydrolysates treated with alcalase, pancreatin and Protamex® at 68.79 

µM 62.53 µM and 60.14 µM TE respectively, compared to control (27.52 µM TE). The highest 

FRAP activity achieved by hydrolysates from each enzymes were alcalase (0.57), Protamex® 

(0.48) and pancreatin (0.44) compared to control EBN (0.27). Results on antihypertensive 

analysis suggested that 1 hour of hydrolysis time using alcalase enzyme significantly contributed 

to the best ACE inhibitory activity about 86.24% (IC50 = 0.02mg protein/ml). In conclusion, 

EBN glyco-peptide hydrolysates produced could be classified as a healthful food ingredient as it 

showed antioxidative and antihypertensive properties. 

 

Key word: Bird Nest, Nutritional Composition, Functional Properties 

 

NTRODUCTION 

There are more than 24 species of swiflets distributed around the world, but only a few 

produce nests that are deemed ‘edible’. The majority of EBN traded worldwide come from two 

heavily exploited species, the White-nest swiflet (Aerodramus fuciphogus) and the Black-nest 

swiflet (Aerodramus maximus). Their habitats range from the Nicobar Islands in the Indian 

Ocean to sea caves in the coastal regions of Thailand, Vietnam, Indonesia, Borneo and the 

mailto:daging@ukm.edu.my
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Palawan Islands in the Phillipines. Malaysia is situated right at the heart of the ‘golden triangle’ 

of swiftlet birdnest production, making our country as a strong and potential competitor in this 

industry. 

Edible bird’s nest is the nest of the swift that is made from its saliva. The therapeutic 

affects of EBN, including replenishing deficiency and expelling phlegm, were recorded in a 

Chinese ancient literature first publish in 1695 (Zhang 1959). In the past two decades, hormone-

like substances such as mitogen and avian epithelial growth factor have been reported found in 

EBN (Kong et al. 1987, Ng et al. 1986). As these substances stimulate cell division and growth, 

they can enhance tissue growth and regeneration and are therefore believed to be the source of 

EBNs reputed rejuvenating properties. For these therapeutic and beauty-rejuvenating 

applications, the EBN is much in demand in the international market. 

Hong Kong is considered the world’s largest importer and consumer of the processed 

nests with North America being the second largest market (Goh et al. 2001). The estimated 

market for EBN in 2004 was about HK$ 3 billion in Hong Kong alone (Leung 2004). World 

trade figures conservatively estimates that 17-20 million nests are harvested each year with the 

total weight being estimated at approximately two metric tones (Goh et al. 2001).  

Malaysia is the world’s third biggest producer of bird’s nest after Indonesia and Thailand 

with an average of 12 tonnes of nests produced monthly. The local bird nest industry has grown 

to RM 1 billion per annum in its value following the large scale migration of the swiftlet from 

Indonesia about 10 years ago; double-digit growth is expected in the next decade. A kilogramme 

of unprocessed bird’s nest can fetch RM 4,000 (Syed Azwan 2009); upon cleaning and proper 

drying, the price of EBN doubled and surged even higher depending upon their grade and the 

figure doubles after the nests are processed for export to China, Hong Kong, Korea, Singapore 

and even in the Middle East.  

In the past, people could only buy dried edible bird's nests. For the advancement in food 

technology, large variety of EBN related products emerge to the market. They are readily to 

serve products, no cooking process is required. Amongst those new products, most of them are 

still in the traditional form as bird's nest soup, such as instant bird's nest in different 

concentrations. Some instant bird's nest may also supplement with other traditional Chinese 

medicines. Apart from the traditional form, there is a trend of using edible bird's nest extract / 

essence as one of the chief ingredients of the products, such as vitamin and mineral supplements. 
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These products focus mainly on the medicinal use of edible bird's nest. On the other hand, 

cosmetics industry has been incorporating bird’s nest extract in their products to promote skin 

cell renewal. Hence it claimed to maintain a youthful, radiant complexion and prevents the 

effects of ageing (Soo 2009). 

  

REVIEW 

Preliminary analysis found that more than half of EBN’s weight is consisted of protein, 

making EBN a good source of protein. According to Marcone (2005), the order of composition 

(form lowest to highest) in bird’s nest is: lipid (0.14 - 1.28%), ash (2.1%), carbohydrate (25.62 - 

27.76%) and protein (62 - 63%). The nests consist largely of a salivary mucin-like substance, 

which contains glycoprotein with abundant sialic acid-containing sugar chains (Kakehi et al. 

1994, Martin et al. 1977, Pozsgay et al. 1987, Reuter et al. 1989, Wieruszeski et al. 1987). 

Glycoprotein is of great importance in all higher organisms, vertebrate and invertebrate, that the 

body cavities of the respiratory, digestive and urogenital tracts are lined by a cell layer secreting 

viscous glycoproteins. The glycoprotein in bird’s nest contains about 9% sialic acid, 4.19 - 7.2% 

galactosamine, about 5.3% glucosamine, 5.03 - 16.9% galactose, and about 0.7% fucose (Kathan 

and Weeks 1969, Tung et al. 2008). The most abundant amino acids are serine, threonine, 

aspartic acid, glutamic acid, proline, and valine (Kathan & Weeks 1969). 

The sialic acid component of bird’s nests contained N-acetylneuraminic acid. According 

to Tung et al. (2008), authentic edible bird’s nests contain 10.8% ± 0.76 of N-acetylneuraminic 

acid (NeuAc). Bird’s nest quantity alone is not sufficient to demonstrate the quality of bird nest 

steeped in rock sugar solution. Rather, N-acetylneuraminic acid/Galactosamine (NeuAc/GalN) 

ratio should be used to indicate the real quality, or authenticity, or bird’s nest products. 

According to Guo et al. (2006), sialic acid residues of many glycoconjugates are involved in 

biologically important ligand-receptor interactions such as specific cell-to-cell, pathogen-to-cell, 

drug-to-cell interactions. They found that an EBN extract could neutralize infection with 

influenza viruses in Madin-Darby canine kidney (MDCK) cells and inhibit the heamaglutination 

of influenza A viruses (such as human, avian, and porcine strains) to human erythrocytes. The 

effect is mediated by the Neu5Ac residues of sialyl-sugar chains in the EBN extract. They also 

found that the inhibitory activity of EBN extract against influenza virus was markedly enhanced 

by treatment with a pancreatic enzyme (Pancreatic F) that contains protease to hydrolyze 
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glycoproteins to glycopeptides. The proteins or peptides which had the best anti-influenza effect 

were some 10-25 kDa sialylglycoproteins of the EBN extract after with Pancreatin F (Guo et al. 

2006). Besides that, Guo et al. (2006) concluded that the EBN extract which was lower than 

25kDa (treated with Pancreatin F) will become an effective and secure agent for anti-virus. 

Since the protein content in EBN is high (62-63%) (Marcone 2005), and, glycopeptides 

are possible to be extracted from EBN using protease, this makes bird’s nest a potential raw 

material for enzyme-mediated production of ACE inhibitory peptides. Research and 

development have taken this as a challenge to explore in this area. The most extensively studied 

bioactive peptides generated from food proteins are angiotensin-I-converting enzyme (ACE) 

inhibitory peptides (Meisel et al. 2005; Vermeirssen et al. 2004). ACE inhibitory peptides have 

attracted much attention because of their ability to prevent hypertension. These peptides could be 

used as potent functional food additives and would constitute a natural and healthier alternative 

to ACE inhibitory drugs. ACE is a dipeptidylcarboxypeptidase that converts an inactive form of 

decapeptide, angiotensin I, to a potent vasoconstrictor, octapeptide angiotensin II, and inactivates 

bradykinin, which has a depressor action (Liet al. 2004). So far ACE-inhibitory peptides have 

been isolated from several food proteins such as milk (Meisel 2004), fermented milk (Nakamura 

et al. 1995), alfalfa (Kapel et al. 2006), soybean (Mallikarjun et al. 2006; Wu & Ding 2002), corn 

(Suh et al. 2003), bovine skin gelatin (Kim et al. 2001), mung bean (Li et al. 2006), buckwheat 

(Li et al. 2002), rapeseed (Marczak et al. 2003) etc. 

Studies in Universiti Kebangsaan Malaysia over the last 3 years explored the potential of 

isolated glycopeptides in EBN as functional bioactives such as anti-microbial, anti-hypertension 

and anti-oxidative components presents in the hydrolysates. A series of studies had been 

conducted and exception on antimicrobial properties, the activities showed a stronger result after 

the bird nest been digested with enzymes and carrying low molecular weight of glycopeptides. 

All edible bird nest hydrolysates produced showed strong radical scavenging, reducing power 

and metal chelating activity. Results of DPPH, ABTS, FRAP and ORAC of EBN hydrolysates at 

specific hours of hydrolysis were significantly (p<0.05) higher compared to the raw EBN. For 

alcalase, pancreatin and protamex-digested edible bird nest, the ultrafiltrated fractions with low 

molecular weight peptides (≤10kDa) showed higher antioxidant activities followed with non-

ultrafiltrate and ≤3kDa peptides. However, for pepsin-trypsin-digested edible bird nest, the lower 

molecular weight fractions possessed strong antioxidant capacities in all in-vitro assays. 
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Additionally, the <3 kDa edible bird nest hydrolysates fraction demonstrated the highest ACE 

inhibitory activity (IC50 = 0.06 mg/ml). The low molecular weight peptides (<3 kDa fraction) 

was then purified with the aim of gel filtration and RP-HPLC. The most active fraction was 

further subjected to LC-ESI-TOF mass spectrometry for peptide identification. Peptides PFHPY 

and LLGDP, corresponding to f134-138 and f164-168 of cytochrome b of Aerodramus 

fuciphagus, indicated the highest oxygen radical absorbance capacity (ORAC) values.  

The development of food protein-derived ACE-inhibitory peptides is thought to be a safer 

alternative to commercial ACE-inhibitory drugs. Though effective at lower concentrations when 

compared to food protein-derived ACE-inhibitory peptides, synthetic hypotensive drugs are 

reported to have side effects such as dry cough, taste disturbances and skin rashes, as well as 

alterations in serum lipid metabolism (Atkinson & Robertson, 1979; Israaili & Hall, 1992; 

Seseko & Kaneko, 1985). Since hypertensive patients often need life-long medications, there is 

an increasing interest in exploring an alternative approach to hypertension intervention such as 

the use of naturally-occuring ACE inhibitors that will avoid undesirable side-effects associated 

with ACE-inhibitory drugs (Wu, 2008). 

Non-communicable diseases (NCDs) especially that involves metabolic system have 

been long associated with accumulation of reactive oxygen species (ROS) in cells. Since the 

community nowadays become more health conscious, most the people opt for a better safer 

option to curb and prevent this diseases by modifying their diet. The effect of protein hydrolysate 

from EBN also has been studied using in vivo and in vitro means to access their potential as 

functional food. In both fasting blood glucose test (FBG) and oral glucose tolerance test (OGTT), 

it was noted that 1% of EBN sustained longer in reducing blood glucose compared to the other 

percentage of hydrolysate and even metformin, a synthetic drugs for diabetes. In addition, 

feasibility of EBN 1% dissolved in water also play a role in the efficacy of absorption. It is 

evident with EBN 3% result, where it only showed significant result after 8 hours of 

administration. Estimation of dosage for 50% blood glucose reduction in OGTT is 

approximately, ≥ 333 mg/kg of body weight in rat.  

Glycoproteins from the EBN have a potential to be a prebiotic ingredients to support the 

probiotic’s growth in human colon, which are already established in the colon, that include the 

externally administered probiotic bacteria. The benefits that can be obtained from the 

consumption of the prebiotics include gut health maintenance, colitis prevention, cancer 
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inhibition, immuno-stimulation, cholesterol removal, reduction of cardiovascular disease, 

prevention of obesity and constipation, based on symbiotic benefits of microbial fermentation in 

the gut environment (Patel and Goyal, 2012). Bird nest extracts have reached the stage where 

many claims of goodness and benefits to health and anti-aging properties, have resulted in 

products with billions of dollars. The problem is delivery of goodness and functional claims by 

the products manufacturers, many of which have not been rigorously tested to meet the ethical 

requirement for mankind. The simple pathway of proper utilization and bioavailability for 

metabolic functions of many supplements is all too oftened forgotten but actually camouflaged 

by the industry. Common sense tells us that if one is able to ‘deliver’ (delivery system) the 

nutrients to cells of the body, Man can enjoy sustainable health and live to a good healthy age of 

150 years and beyond. 

 

CONCLUSION 

The past 8 years of R&D has resulted in research projects exploring the local EBN 

resources resulting in basic scientific, nutritional, functional and technological information that 

have contributed to benefit mankind. Bioactive components have always been in existant in 

many natural resources such as the birdnest.  
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ABSTRACT 

Sugar - cane top (Saccharum officinarum) is waste or byproduct of cane plantation.  The sugar - 

cane top (SCT) has a great potential as fodder because its abundance and its uses do not compete 

with human needs. However, the SCT has low digestibility and its use is not optimal.  To 

improve its utilisation, the SCT needs to be processed, and one alternative is by fermenting the 

SCT which is known as Hi-fer.  This study is aimed at evaluating fermented SCT (SCT Hi-fer) 

on physical characteristics, nutrient composition, in vitro digestibility, rumen microbial 

population, and palatability as variables measured.  The in vitro experiment was conducted in a 

randomised block design with 4 treatments and 5 replications of cattle rumen fluids.  Treatments 

were P0 (SCT without fermentation), P1 (SCT Hi-fer fermented for 2 weeks), P2 (SCT Hi-fer 

fermented for 4 weeks), and P3 (fresh elephant grass as positive control).  Data were analysed 

with analysis of variance.  Results shows that SCT Hi-fer has better physical characteristic and 

nutrient contens with lower contents of ash and fiber, but with a higher energy content (TDN).  

Fermenting SCT as Hi-fer increased ammonia concentration significantly, but did not produce 

significant effects on total VFA concentration and total microbial population.  SCT Hi-fer had 

good palatability which were similar to the palatability of elephant grass.  SCT Hi-fer can be 

produced by fermenting up to 4 weeks, and by adding fermentative additive at 10 %, by using 

multigenera probiotic at 0.4 % and by including crude enzyme extracted from Trichoderma 

viridae at 3 %.  It is concluded that fermenting SCT as Hi-fer improves physical characteristic, 

nutrient quality, fermentability and digestibility, and palatability of SCT. 

 

Keywords: fermentation, Hi-fer , nutrient composition, physical characteristic, sugar cane top 

 

INTRODUCTION 

 Sugar - cane top (Saccharum officinarum) is waste or byproduct of sugar cane plantation.  

Its production potential is abundant and reached 3 075 900 tons in Indonesia in 2005 (Kuswandi 

2007).  However, the huge products of sugar - cane top (SCT) have not been used optimally.  

These are due to the following factors.  Firstly, SCT is not continually available, or it is 

seasonally available, i.e. only during the harvest time or period.  Secondly, it has low nutrient 

contents with only 46 % TDN and 8 % crude protein (CP) which are lower than those of elephant 

grass.    

mailto:ipbsurya56@yahoo.co.id
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 To be able to use SCT the whole year, it is necesary to process SCT using a simple 

technology that is easily applied such as ensiling or hayling.  It is also a necessitate that the 

simple technology can also improve nutrient quality of SCT.  Therefore, the required technology 

must be cheap, and easily applied.  This kind of technology is by fermenting the forage (SCT) 

known as Hi-fer technology that has been developed by Centre for Animal Studies (Centras), 

Centre for Research and Community Service, Bogor Agricultural University (LPPM IPB), in 

2014.  Hi-fer is a technology applied for fermenting forage or other kinds of feeds in a plastic 

bag with 20 kg - 35 kg capacity by adding fermentative additive (FA) and molasses.  The good 

of this Hi-fer technology includes the easiness in producing, storing, transporting and 

distributing which can be done by the farmers (Suryahadi 2014b). 

 This kind of technology is applied to SCT, and an experiment is conducted to evaluate 

the quality of SCT Hi-fer on the basis of its physical characteristic, nutrient composition that 

can improve its fermentability and support the rumen microbial growth, in vitro digestibility and 

its palatability.  This study is also carried out to determine effects of adding fermentative additive 

at different levels and crude enzyme extracted from Trichoderma reesei to improve the quality of 

SCT Hi-fer. 

 

MATERIALS AND METHODS 

 

Locations and time of conducting the experiment 

 The experiment was conducted in Bogor Agricultural University (Institut Pertanian 

Bogor, IPB),  Bogor in 2016.  SCT Hi-fer was produced in Centras, LPPM IPB.  Laboratory 

analysis including nutrient composition was carried out in Centre for Biological Studies, LPPM 

IPB, in vitro fermentability and digestibility, as well as counting bacterial and protozoal 

population were determine in the Laboratory of Dairy Nutrition and Laboratory of Biochemistry, 

Physiology and Microbiology, Department of Animal Nutrition and Feed Technology, Faculty of 

Animal Science.  Palatability study was done in CV Anugrah Farm, Jasinga, Bogor. 
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Materials 

SCT was obtained from sugar cane plantation owned by CV Anugrah Farm, Jasinga. 

Bogor.  Elephant grass was harvested from the farm of Faculty of Animal Science, IPB, Bogor.  

Rumen fluid of beef cattle was obtained from a slaughter house in Bubulak, Bogor.  Molasses 

and several chemicals were purchased from a chemical store in Bogor.  Fermentative additive 

was prepared in Centras, LPPM IPB.  Chemicals used for in vitro fermentability and digestibility 

experiments, as well as for counting rumen microbial populations were NaHCO3, Na2HPO4, KCl, 

NaCl, MgSO4, CaCl2, saturated Na2CO3, H3BO3, methyl red and bromo - cresol green indicator, 

H2SO4, NaOH, HCl, vaseline, glucose, hemin, resazurin, cystein - HCl, glycerol, brain heart 

infusion (BHI) powder, Bacto agar, soluble starch, carboxyl methyl cellulose (CMC), tryphan 

blue formal saline (TBFS), saturated HgCl2, pepsin - HCl 0.2% (w/v), distilled water and CO2 

gas. 

 

Equipments 

Equipments for producing SCT Hi-fer were chopper, polyethylene - plastic and goni 

bags, rubber ban, balance, and plastic buckets.  Equipments used for taking rumen fluid from 

slaughter house, and for observing palatability study. Laboratory equipments were equipments 

for determining in vitro fermentability and digestibility, and counting rumen bacterial and 

protozoal numbers. 

 

PROCEDURE 

Producing SCT Hi-fer 

SCT Hi-fer was produced following a procedure developed by Suryahadi (2014a. 

2014b).  Elephant grasses were previously sun - dried to be able to be chopped.  These sun - 

dried elephant grasses and dried SCTs were chopped at the sizes of 5 - 10 cm. As recommended 

by Centras, LPPM IPB (Suryahadi 2014b), fermentative additive was used at 2 % (w/v), and was 

mixed with previously dilluted molasses with water (1 : 1 ratio) at 7 % (w/v).  This solution was 

added with water (10 %), and mixed with the chopped SCTs as the moisture content becoming 

about 50 %.  These chopped SCTs mixed with fermentative additive and dilluted molasses were 

placed in a plastic (polyethilene) bag which were previously put in a stronger plastic bag.  The 

plastic bag was doubled as a double layer bag to prevent from bag destruction.  The mixed SCTs 
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in the plastic bag were strongly pressed.  A small bamboo tube was placed at the top of plastic 

bag to allow the exhale of air from the inside of plastic bag and to prevent the inhale of air from 

the outside of plastic bag.  The plastic bag was then tied strongly with rubber ban.  Fermentation 

of SCT Hi-fer was conducted at room temperature in a shading place. 

 

Laboratory analysis 

Physical characteristics of SCT Hi-fer evaluated were pH, aroma (smell), colour, 

texture, humidity and the presence or absence of molds (fungi).  This organoleptic evaluation 

was conducted following the procedure of Ferera and Merten (2005). 

Samples of elephant grass and SCT Hi-fer for laboratory analysis was prepared as 

ground samples using the procedure of Close and Menke (1986).  These ground samples were 

then were used for analysis of nutrient contents, and for in vitro fermentability and digestibility 

experiment. 

Nutrient composition was analysis using proximate analysis (AOAC 2005).  Proximate 

analysis consited of total moisture and DM. ash, crude protein (CP), ether extract (lipid, EE), 

crude fibre (CF) and nitrogen free extract (NFE).  Data of nutrient composition were also used to 

estimate TDN using a formula described by Sutardi (2001). 

in vitro fermentability and digestibility of SCT Hi-fer studies were carried out using the 

method of Tilley and Terry (1963).  in vitro fermentability experiment was done as the first stage 

of Tilley and Terry (1963) method in which fermentation by rumen microbes was carried out for 

4 hours.  Measurements in in vitro fermentability study were concentrations of ammonia and 

volatile fatty acid (VFA) total, and populations of total bacteria and total protozoa.  Ammonia 

concentration was measured using Conway micro - diffusion, and VFA total concentration was 

determined using steam distillation (General Laboratory Procedure, Department of Dairy 

Science, University of Wisconsin 1996).  Method of Ogimoto and Imai (1981) was applied for 

counting rumen microbial population.  The in vitro digestibility experiment was conducted 

following the two stages Tilley and Terry (1963) method; the first stage was fermentation carried 

out by rumen microbes, followed with the second stage that was digestion with pepsin in acid 

condition.  Digestibility coefficients of dry matter (DM) and organic matter (OM) were 

determined. 
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Experiments and treatments applied, variables measured, experimental design and data 

analysis 

There were three experiments conducted in this study.  The first experiment was effects 

of fermentation duration on physical characteristic and nutrient quality of SCT Hi-fer.  The 

second study was palatability of SCT Hi-fer.  The third experiment was effects of adding 

fermentative additive at different level, crude enzyme extracted from Trichoderma reesei and 

probiotic in producing SCT Hi-fer. 

 

Experiment 1:  effects of fermentation duration on physical characteristic and nutrient 

quality of SCT Hi-fer 

    

   Fermentation period is an important factor influencing physical characteristic and nutrient 

quality of fermented SCT.  Therfore, this experiment was conducted to evaluate physical 

characteristic and nutrient quality of SCT Hi-fer fermented at different duration time.  The 

treatments were P0 = SCT without any treatment; P1 = SCT Hi-fer from 2 weeks fermentation; 

P2 = SCT Hi-fer from 4 weeks fermentation; P4 = elephant grass without any treatment as 

positive control.  Variables measured were physical characteristic (pH, aroma/smell, colour, 

texture, and the presence or absence of molds/fungi), nutrient composition (moisture, DM, ash, 

organic matter (OM), CP, EE, CF and NFE), in vitro fermentability and digestibility.  The 

experiment was conducted in a randomised block design with 4 treatments and 5 replications of 

rumen fluid of beef cattle.  Data of physical characteristic and nutrient composition were 

analysed using descriptive statistic; analysis of variance and contrast orthogonal test were used to 

analyse data of in vitro fermentability and digestibility (Steel and Torrie 1993). 

 

Experiment 2: palatability of SCT Hi-fer in beef cattle 

   Palatability analysis is an important factor for evaluating nutrient quality of feed.  This 

experiment was carried out to compare palatability of SCT Hi-fer with palatability of untreated 

SCT and elephant grass, as well as elephant - grass (EG) Hi-fer.  Treatments composed of P0 = 

untreated SCT; P1 = SCT Hi-fer from 4 weeks fermentation; P2 = untreated elephant grass as 

positive control; and P4 = EG Hi-fer.  Latin square design (4 x 4) was applied with 4 heads of 

one year old of Peranakan Ongole (local) beef cattles as the column, and 4 days of palatability 
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observation as the rows.  During palatability study, cattles were allow to eat the tested feed for 4 

hours per day in every morning to prevent forced feeding to cattle.   After those observation 

time, cattles were given feeds which were normally given by the farm owners.  Variable 

measured was DM intake (g DM intake/kg metabolic body weight) at 4 hours observation time.  

Analysis of variance was applied to determine treatment effects on variable measured (Steel and 

Torrie 1993).   

 

Experiment 3: Effects of addition of fermentative additive at different levels, and use  of 

crude enzyme extracted from Trichoderma reesei and probiotic on  

improvement of nutrient quality of SCT Hi-fer 

    Nutrient quality and digestibility of SCT Hi-fer need to be improved; improvement can 

be done by increasing the level of fermentative additive, adding crude enzyme extract from 

Trichoderma reesei, and using probiotic.  As a result, this experiment was done to determine 

effects of increasing level of fermentative additive, adding crude enzyme extracted from 

Trichoderma reesei, and using multigenera probiotic.  The treatments were P0 = untreated SCT 

as control treatment; P1 = SCT Hi-fer made up by adding fermentatif additive at 5 % as 

suggested by Suryahadi (2014a; 2014b); P2 = SCT Hi-fer made up by adding fermentative 

additive at 10 %; P3 = P1 added with multigenera probiotic at 0.4 % (Amrullah 2017); P4 = P1 

added with crude enzyme extracted from Trichoderma reesei at 3 % (Nurjana 2016).  Variables 

measured were physical characteristic, nutrient composition, in vitro fermentability and 

digestibility.  However, physical characteristic is the only result that is reported in this paper 

after analysing the data with descriptive analysis (Steel and Torrie 1993). 
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RESULTS 

 

Experiment 1: Effects of fermentation duration on physical characteristic and nutrient 

quality of SCT Hi-fer 

 

Physical characteristic 

   Table 1 shows physical characteristic of SCT Hi-fer.  Untreated SCT had a neutral pH 

with smell of sugar - cane top (SCT), light brown colour with hard - dry texture, and without any 

mold presence.  Untreated EG also had normal smell, light green colour with soft - wet texture of 

normal fresh grass without any mold presence; however, the untreated EG had lower pH than the 

untreated SCT.  Fermenting SCT as Hi-fer reduced pH, changed the smell to alcohol 

(fermented feed like silage), colour to brownish or yellowish green, and the texture becoming 

soft - wet, with the presence of mold in a small amount.  There were no significant differences in 

those physical characteristic between SCT Hi-fer fermented for 2 weeks and that for 4 weeks. 

 

Table 1. Physical characteristic of SCT Hi-fer  

Physical 

characteristic 

Treatments1 

P0 P1 P2 P3 

pH 6.8 4.1 4.2 5.8 

Aroma (smell) Smell of sugar - 

cane top 

Smell of alcohol 

(feed silage) 

Smell of alcohol 

(feed silage) 

Smell of fresh 

elephant grass 

Colour Light brown Brownish green Yellowish green Light green 

Texture Hard, dry Soft, wet Soft, wet Fresh, wet 

Mold presence - (none) + (present in small 

amount) 

+ (present in small 

amount) 

- (none) 

1 P0 = SCT without any treatment; P1 = SCT Hi-fer from 2 weeks fermentation; P2 = SCT Hi-

 fer from 4 weeks fermentation; P4 = elephant grass without any treatment as positive control 

 

Nutrient composition 

   Nutrient composition of untreated SCT and EG, and SCT Hi-fer fermented for 2 weeks 

or 4 weeks, are shown in Table 2.  Untreated SCT were the highest in DM, ash, and CF, but the 

lowest in CP, EE, NFE and TDN contents.  On the other hand, the untreated EG had the highest 

contents of CP and TDN, moderate contents of EE and NFE, the lowest contents in DM, ash and 
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CF.  Fermenting SCT as Hi-fer improved nutrient contents of SCT although the improvement 

were still below nutrient contents of EG.  Fermenting SCT reduced DM, ash and CF, and 

increased EE, NFE and TDN, but did not change much CP content.  Differences between SCT 

fermented for 2 weeks and 4 weeks were only found in NFE content in which NFE content of 

SCT fermented for 4 weeks was  greater than that of SCT fermented for 2 weeks; even it was 

greater than NFE of untreated EG as a positive control. 

 

Table 2. Nutrient composition of SCT Hi-fer  

Nutrient composition Treatments1 

P0 P1 P2 P3 

        % DM 

Dry matter2 59.47 24.54 30.22 16.04 

Ash 13.91 11.54 11.09 10.92 

Crude protein 8.18 8.18 7.12 12.33 

Ether extract 0.18 1.91 1.98 1.56 

Crude fibre 40.25 35.45 33.12 31.61 

Nitrogen free extract 37.47 42.93 46.69 43.57 

TDN3 46.03 51.96 53.90 55.66 

1 P0 = SCT without any treatment; P1 = SCT Hi-fer from 2 weeks fermentation; P2 = SCT Hi-

 fer from 4 weeks fermentation; P4 = elephant grass without any treatment as positive control 
2 Fresh matter basis 
3 Calculated using this formula : TDN= 70.6 + 0.259CP + 1.01EE - 0.76CF + 0.0991NFE  

 (Sutardi  2001); CP = crude protein, EE = ether extract, CF = crude fibre and NFE = nitrogen 

 free extract 

 

in vitro fermentability and digestibility of SCT Hi-fer 

   Table 3 presents data of in vitro fermentability of untreated SCT and EG, and fermented 

SCT as Hi-fer.  Analysis of variance and contrast orthogonal showed there were effects of 

treatments on rumen fluid pH and ammonia concentration.  pH of rumen fluid of untreated SCT 

and EG fermentation by rumen microbes were similar, slightly decreases in pH were obtained 

when 2 weeks or 4 weeks of  SCT Hi-fer were fermented in rumen fluid.  Ammonia 

concentration produced from untreated SCT was the lowest, and the highest ammonia 

concentration was found from untreated EG.  Fermenting SCT as Hi-fer for 2 weeks or 4 weeks 
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produced ammonia concentration in between to those produced from untreated SCT and 

untreated EG without any differences in ammonia concentrations between the two SCT Hi-fer.  

Since there were large standard deviation, the differences in rumen fluid pH and ammonia 

concentrations were not significant.  The effects of untreated SCT and EG, and SCT Hi-fer 

fermented for 2 weeks or 4 weeks were not significant on total VFA concentration, total bacterial 

population and total protozoal population. 

   Analysis of variance and contrast orthogonal showed the effects of treatments were 

significant on in vitro DM and OM digestibilities.  Untreated SCT had the lowest DM and OM 

digestibilities, and the EG had the highest DM and OM digestibilities (Table 3).  Fermenting 

SCT as Hi-fer increased DM and OM digestibilities with only a small diffrence between SCT 

Hi-fer fermented for 2 weeks and 4 weeks.  However, due to large standard deviation between 

the treatment means, the differences were only small. 

 

Table 3.  in vitro fermentability and digestibility of SCT Hi-fer  

Variables Treatments1 

P0 P1 P2 P3 

Fermentability     

 Rumen fluid pH 7.08 + 0.19Aa 6.96 ± 0.22Bc 6.96 ± 0.29Bc 7.00 ± 0.26Ab 

 Ammonia concentration 

  (mM) 

6.68 ± 3.18b 9.62 ± 6.71a 8.62 ± .08b 11.92 ± 7.94a 

 VFA concentration  

  (mM) 

103.01 ± 19.51 96.25 ± 16.77 99.30 ± 10.56 88.06 ± 13.96 

 Total bacterial population 

  (log cfu/ml) 

7.58 ± 0.94 7.81 ± 0.89 7.69 ± 0.88 8.13 ± 0.74 

 Total protozoal population 

  (log cell/ml) 

7.58 ± 0.59 7.52 ± 0.45 7.53 ± 0.47 7.44 ± 0.51  

Digestibility 

 Dry matter (%) 

16.85 ± 2.62C 21.80 ± 3.20B 21.12 ± 2.58B 27.79 ± 5.07A 

 Organic matter (%) 8.95 ± 3.21D 13.84 ± 2.97B 12.71 ± 3.63C 19.62 ± 6.17A 
1 P0 = SCT without any treatment; P1 = SCT Hi-fer from 2 weeks fermentation; P2 = SCT Hi-

 fer from 4 weeks fermentation; P4 = elephant grass without any treatment as positive control 

 

 

 

 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

50 
 

Experiment 2:  palatability of SCT Hi-fer in beef cattle 

    Feed palatability was indicated by the amount of DM per metabolic body weight 

(BW0.75) consumed within 4 hours. the result is presented in Figure 1.  The results show that the 

amount of DM intake was the lowest in untreated SCT, then increased in untreated EG with a 

small difference with SCT Hi-fer to the highest was in EG Hi-fer.  

 

 

Figure 1. Total feed intake 

 

Experiment 3: Effects of addition of fermentative additive at different levels, and use of 

crude enzyme extracted from Trichoderma reesei and multigenera probiotic 

on improvement of nutrient quality of SCT Hi-fer 

 

   The effects of increasing levels of fermentative additive, multigenera probiotic and 

crude enzyme extracted from Trichoderma reesei to improve quality of SCT Hi-fer is 

demonstrated in Table 4.  Fermenting SCT as Hi-fer with fermentative additive at 5 % changed 

physical characteristic of SCT in which the SCT Hi-fer had alcohol smell (smell of fermented 

feed, feed silage), and soft - wet texture, without changing the colour and presence of molds.  

Fermenting SCT as Hi-fer with 10 % fermentative additive did not cause any changes in 

physical characteristics in comparison to those of SCT Hi-fer added with 5 % fermentative 

additive.  Physical characteristics of the last two SCT Hi-fer were not altered by fermenting 

SCT as Hi-fer with adding multigenera probiotic or crude enzyme extracted from Trichoderma 

reesei, except for the presence of molds which were in a greater amount than the SCT Hi-fer 

produced by adding fermentative additive at 5 % or 10 %. 

7.1

14.6
13.7

17.4

Sugar - cane top Sugar - cane top Hi-fer+ Elephant grass Elephant grass Hi-fer+

Feed intake  (g DM/kg BW0.75 /4 hours)
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Table 4. Physical characteristic of SCT Hi-fer  

Physical 

characteristic 

Treatments1 

P0 P1 P2 P3 P4 

Aroma 

(smell) 

Smell of 

sugar - cane 

top 

Smell of 

alcohol 

(feed silage) 

Smell of 

alcohol 

(feed 

silage) 

Smell of 

alcohol 

(feed silage) 

Smell of 

alcohol 

(feed silage) 

Colour Light brown Brown Brown Brown Brown 

Texture Hard, dry Soft, wet Soft, wet Soft, wet Soft, wet 

Mold 

presence 

-(none) -(none) -(none) + (present in 

small amount) 
++ (present in 

greater amount) 
1 P0 = untreated SCT as control treatment; P1 = SCT Hi-fer made up by adding fermentatif 

additive at  5 %; P2 = SCT Hi-fer made up by adding fermentative additive at 10 %; P3 = P1 

added with  multigenera probiotic at 0.4 %; P4 = P1 added with crude enzyme extracted from 

Trichoderma reesei  at 3 % 

 

DISCUSSION 

   Basically, fermenting SCT as Hi-fer is the same as ensiling the SCT.  In this 

experiment, pH of fermented SCT decreased successfully to < 4.5 for ensiling or fermenting 

feed.  However, this pH supposed to be lower because Hapsari (2016) obtained a lower pH value 

for fermenting EG.  A lower pH is better for fermentation because it allows the lactic acid 

bacteria, such as Lactobacillus spp., to grow, and a better fermented product could be obtained.  

Differences in pH of SCT Hi-fer and EG Hi-fer (Hapsari 2016) in its fermentation pH could 

be due to differences in physical characteristics of SCT and EG in which SCT had harder and 

drier texture than those of EG (Table 1).  Those SCT characteristic may slower SCT 

fermentation process as high fibre components presented in SCT (Table 2) and fermentation pH 

could not be reduced further to a lower pH; this is a reverse condition for EG fermentation.  

However, the hard - dried texture of SCT had softened and wet with a greener colour by 

fermenting the SCT.  The softened texture of SCT could be more optimally used by the 

ruminants as indicated by palatability study (Figure 1).  In addition, the alcoholic smell (smell of 

fermented feed, feed silage) of SCT Hi-fer indicated that SCT fermentation was a 

heterofermentatif (Muck 2010) meaning that SCT fermentation produced not only lactic acid, but 

also alcohol (ethanol).  However, the acid with a low pH could not prevent the presence of 

molds, but those molds were only found in the top of plastic bag due to stict anaerobic condition 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

52 
 

could not be reached.  These physical characteristic evaluation had demonstrated that fermenting 

SCT as Hi-fer had produced a better feed for the ruminants.  The SCT Hi-fer can be produced 

within 2 weeks or 4 weeks fermentation since there was no significant differences between the 

fermentation periods on physical characteristic of SCT Hi-fer. 

   Fermenting SCT as Hi-fer for 2 weeks not only improve physical characteristic, but 

also improved nutrient quality of SCT which was nearly the same as those found in EG.  These 

improvements were indicated by reductions in ash and CF contents and increases in organic 

matter (OM), EE and NFE as well as TDN.  A further improvement could be obtained by 

extending fermentation period up to 4 weeks although there were no significant differences in 

physical characteristics.  These mean that fermenting SCT may break - down the fibrous 

compounds to become simpler carbohydrate compounds which was shown by the increases in 

NFE contents (Table 2).  This was accompanied by the increases in EE compounds that could be 

predominately with volatile fatty acid (VFA) as fermentation product.  These conditions 

increased OM and TDN contents.  Fermentation of carbohydrate (fibre and NFE compounds) 

also produced water that increased moisture, but decreased DM contents.  Reductions in fibrous 

compounds (CF) and increases in moisture and OM (EE and NFE) producing soft - wet texture 

of SCT Hi-fer.  However, there was no great changes in CP by fermenting SCT as Hi-fer.  The 

improvements in physical characteristic and nutrient composition of fermented SCT as Hi-fer 

could influence its potential to be fermented in the rumen and digested in lower digestive tract. 

   Although statistical analysis showed significant results on rumen fluid pH, ammonia 

concentration and in vitro DM and OM digestibilities, there were only small differences among 

the treatments.  Similar results were also obtained in total VFA concentration and microbial 

populations.  These could be due to large variations of rumen fluids used for in vitro 

fermentabiltiy and digestibility studies.  However, the results could still indicate a better 

fermentation and digestion in SCT Hi-fer in comparison to those of untreated SCT.  These were 

in relation to a better nutrient quality (higher OM and low CF contents) as demonstrated in Table 

2.  In addition, the acid pH of SCT Hi-fer (Table 1) could also still support normal rumen 

condition for fermentation by rumen microbes as there were onlys slightly decrease in rumen 

fluid pH (Table 3).  
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   Improvements in physical characteristics, nutrient composition and in vitro 

fermentability and digestility in fermented SCT as Hi-fer have stimulated a higher palatability 

of SCT as Hi-fer (Figure 1).  The same conditions were also occurred in palatability of EG Hi-

fer which was greater than the palatability of untreated EG. 

    Quality of SCT Hi-fer can be improved by adding fermentative additive in a greater 

amount (10 %) than 5 %, or by using multigenera probiotic (0.4 %) and by including crude 

enzyme extracted from Trichoderma reesei (3 %).  The quality improvements had been 

confirmed by the results of physical characteristics (Table 4).    These improvements in physical 

characteristic still need to be confirmed by the results of nutrient composition, in vitro 

fermentability and digestibility, and palatability studies.   However, care should be taken 

when fermenting SCT as SCT Hi-fer by using multigenera probiotic or including crude enzyme 

extracted from Trichoderma reesei because of the greater chance for the molds to grow.   

 

CONCLUSION 

    Fermenting SCT as Hi-fer has improved physical quality of SCT with a better colour, 

nicer smell and soften - wet texture, and increased nutrient quality by reducing ash and crude 

fibre contents, but increasing organic matter, ether extract and TDN contents.  The improvements 

in physical and nutrient qualities increase its fermentability and digestibility stimulating a better 

palatability.  Improvements in SCT Hi-fer quality can be done by fermenting SCT for 4 weeks, 

adding fermentative additive at 10 %, using multigenera probiotic at 0.4 %, and including crude 

enzyme extracted from Trichodermea reesei at 3 %. 
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ABSTRACT 

The research purpose was to determine the probiotic effect in drinking water on egg quality, 

performance production, and NH3 excreta content of laying hens. The research method was used 

completely randomized design with 4 treatments and 4 replicates. The materials used for this 

research were 128 laying hens (44 weeks). Probiotic used was Lactobacillus and Bacillus mix. 

The treatments used were: T0 (without probiotic), T1 (0.15 % probiotic), T2 (0.30 % probiotic), 

T3 (0.45 % probiotic) in drinking water. The parameters observed were egg quality (egg weight, 

eggshell thickness, haught unit, and egg yolk cholesterol content), performance (feed intake, hen 

day production, egg weight, feed conversion ratio, drinking water consumption) and NH3 excreta 

content of laying hens.The data analysis was the analysis of variance (ANOVA) and continued by 

Duncan’s Multiple Range Test. The results showed that using the probiotic in drinking water has 

significantly difference (P<0.01) on decrease of NH3 excreta content, haught unit, and egg yolk 

cholesterol content but has no significant difference (P>0.05) on performance feed intake, hen 

day production, feed conversion ratio, drinking water consumption) and (egg weight, eggshell 

thickness). The addition of 0.30 % probiotic in drinking water gave the best results of laying 

hens. 

 

Keywords: Probiotic, Egg Quality, NH3, Performance, Laying hens.  

 

INTRODUCTION 

Laying hens has three periods there are starter, grower, and layer. The starter until grower 

periods is the key to production of the egg. Layer period’s starts from 20 weeks to 75 weeks. The 

internal organ and performance must be to optimum to produce the egg. The quality of the egg 

mostly from several factors. The feed is the effect to the quality of egg. The using feed additive 

is one method to improve the quality of feed. The antibiotics are given as growth promoter but 

antibiotics cause bacterial resistance and residue in the egg (Sjofjan, 2003). 

Nowadays, probiotics use as the substitute from antibiotics because it’s safer. The uses 

Lactobacillus sp is the most in the probiotics. The Lactobacillus sp is the most lactic acid 

bacteria in the intestinal. The Lactobacillus sp produce an essential enzyme that increased quality 

in the digestive tract of laying hens (Sjofjan et al., 2015). The probiotics can increase  

mailto:osofjan@yahoo.com
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the absorption nutrient in the laying hens that will affect the internal organs. The indicator 

productivity of laying hens are uniformity, frame size, nutrient, vaccination, and lighting.  

According to Sjofjan et al. (2015) the uses of probiotics are low in the drinking water. 

The probiotics given in drinking water gave positive effect. The used of probiotics in drinking 

water increased lactic acid production, hydrogen peroxide, enzyme, and B-complex vitamin. 

Sjofjan et al. (2012) stated the used of probiotics affected to increased feed conversion (10%) 

and decreased mortality (50%). The used probiotics will stimulate the Bifid bacteria and 

Lactobacilli to produce fatty acid, lactic acid, and anti-microbial pathogen (Awad, 2008).  

According to Tortuero and Fernandez (1995) stated the used probiotics using 

Lactobacillus acidophilus and Lactobacillus casei in drinking water of laying hens increased hen 

day production, feed conversion, quality, and egg weight. There are need more research to 

determine the effect used of probiotics in the drinking water. The uses Bacillus sp (cereus, 

subtilis, and megaterium) better to antibiotics. Mixed of bacillus can substitute growth promoter 

e.g. antibiotics. The used probiotic 0.25% in drinking water increased 19-26% egg production, 

feed conversion, water content of excreta (Khumaini, 2012).  

  

MATERIALS AND METHODS 

A. Materials 

The principal equipment for the research are analytic scale, measuring glass, battery 

housing, feed bunk, and drink bunk. The principal materials are laying hens (layer periods) 

(64heads) (44weeks) Isa Brown Strain from Wonokoyo Corp., liquid probiotics (Bacillus 

megatherium, Bacillus subtilis, Lactobacillus plantarum) with total plate count 2.56 x 109
 CFU/g. 

The composition of basal feed is corn, soybean meal, DL-Methionine, poultry meat meal, meat 

bone meal, rice bran, mineral, and premix. The basal feed given restricted in (06.00 a.m.-08.00 

a.m.) and (15.00p.m.-17.00p.m.). The basal feed gave 60% (morning) and 40% (evening).The 

drink given restricted with 150ml/heads/days. 

 

B. Methods 

The research method was used completely randomized design one-way with 4 treatments 

and 4 replicates. The replicates consist 4 heads laying hens (64heads). The level drinking water 

were:   
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T0= (drinking water + 0% probiotic), T1= (drinking water + 0.15 % probiotic), T2= 

(drinking water + 0.30 % probiotic), T3= (drinking water + 0.45 % probiotic) 

 

C. Variables 

The variables observed were egg quality (egg weight, eggshell thickness, haugh unit, and 

egg yolk cholesterol content) and performance (feed intake, hen day production, egg weight, feed 

conversion ratio, drinking water consumption) and NH3 excreta content of laying hens. 

D. Data Analysis 

The data analysis using analysis of variance (ANOVA) and continued by Duncan’s 

Multiple Range Test (Steel and Torrie, 1992). 

 

RESULTS AND DISCUSSION 

A. The Probiotic Effect In Drinking Water On Egg Quality 

Table 1. Probiotic effect in drinking water laying hens on egg quality 

CODE NAME Variables 

 Egg Weight Egg Shell Haugh Unit**  Cholesterol*  

 (g/egg) (mm) (HU) (mg/100g) 

T0 63.13±1.46 0.38±0.05 76.45±0.87a 214.75±0.91 b 

T1 63.23±1.19 0.35±0.06 76.67±0.86 a 213.85±0.27 a 

T2 63.77±0.90 0.36±0.02 78.56±1.51 b 213.50±0.59 a 

T3 62.35±1.79 0.37±0.10 78.49±0.38 b 213.19±0.45 a 

 

Source: (Nutrition and Animal Feed Laboratory, Animal  Husbandry Faculty, Brawijaya 

University, Malang) (Biochemistry Laboratory, Mathematics and Natural Sciences,  

Padjajaran University, Bandung West Java, Province)  

** Superscript showed significantly different (0.01)  

*Superscript showed significant different (0.05)  

  

The Probiotic Effect in Drinking Water in Egg Weight 

Based on table 1 result from the research on the egg weight showing the T2 higher are 

(63.77±0.90) with (drinking water + 0.30 % probiotic) and lower T3 are (62.35±1.79) (drinking 

water + 0.45 % probiotic). The treatment from lower to higher are T3, T0, T1, T2. The average of 

egg weight are fulfilled a requirement from the Isa Brown Commercial Layer Guide Book are 
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63.5 g/egg but the probiotic effect in drinking water are not significant different (P>0.05). The 

used of probiotic in drinking water indicated to increase egg production. 

The probiotic additional in intestinal increased amount of energy and protein that to 

produced egg in a day. Otherwise, if the metabolize energy and crude protein are not fulfilled the 

egg weight incline. According to Harms et al. (2000) stated that the energy is given significant to 

the body weight, feed consumption, and energy consumption but not to the egg weight, that is 

showed same the requirement to the requirement of laying hens to produce the egg in a day. 

According to Kompiang (2004) stated that deficiency of nutrient content feedstuff will 

decrease the egg production but lower to decreased egg weight. The average of egg weight from 

the research are not significant different with Xu et al. (2006) stated that the used probiotic in 

drinking water are 56.8 g/egg/ day. According to Sjofjan et al. (2015) the uses of probiotic in the 

levels 500 ppm can increased egg production, feed consumption, but the egg weight is not 

increased. 

  

The Probiotic Effect in Drinking Water in Egg Shell 

Based on table 1 result from the research on the egg shell showing the T0 higher are 

(0.38±0.05) with (drinking water + 0% probiotic) and lower T1 are (0.35±0.06) (drinking water + 

0.15 % probiotic). The treatment from lower to higher be T1, T2, T3, and T0. The average of egg 

shell showed the probiotic effect in drinking water are not significant different (P>0.05). The 

used of probiotic in drinking water indicated to produce the calcium (Soeharsono et al., 1998). 

The isolated are able to the synthesis of calcium in eggshell and increased the price of the 

egg due to a small number of broken eggs. According to Gary et al. (2009) the microbial 

fermentation can produce volatile fatty acid (VFA) and lactic acid that can increased feed quality 

also phosphor quality which is required to produce egg. Egg shell quality depends on feed 

quality, health, management, and the environment. The eggshell consist 95% calcium with 

calcium carbonate, phosphor, natrium, calium, zinc, iron, manganese, and cuprum (Gary et al., 

2009). 

 

The Probiotic Effect in Drinking Water in Haugh Unit (HU) 

Based on table 1 result from the research on the egg shell showing the T2 higher are 

(78.56±1.51) with (drinking water + 0.30% probiotic) and lower T0 are (76.45±0.87) (drinking 
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water + 0 % probiotic). The treatment from lower to higher be T0, T1, T3, and T2. The average of 

haugh unit (HU) showed the probiotic effect in drinking water is significantly different (P<0.01). 

The analysis is continued using Duncan’s Multiple Range Test. The result is because the content 

of probiotics in drinking water are there is not consist anti-nutritional factors (Soeharsono et al., 

1998). 

The anti-nutritional factors that can inhibit the producer of the egg is histamine. 

According to Irianto and Soesilo (2007) stated that the composition of probiotics in drinking 

water effect depend on the species, age, sex, and seasonal factors. The probiotics mixed in the 

drinking water also depend on the water, environment, and habit. The used of microbial can 

increased nutritional value in the feedstuff (Irianto, 2004). 

According to Presa (1999) anti-histamine function are to holding vitamin synthesis that 

cause negative effect. The histamine receptor are divided into three kind: (1) H1 the receptor 

inflict the lung, myofibril in the intestinal, and brain. (2) H2 the receptor inflict uteri, colon, and 

brain that increased vascular permeability and secretion. (3) H3 the receptor that inflict the brain 

and pericardium.  The egg quality can be measured by albumin, if amount haugh unit increased 

the number albumin also high and the quality of the egg also better. The fresh egg haugh unit is 

99.00 and 100.16 otherwise the egg aged 1 day 61.02 and 64.59. The several factors inflict the 

quality of haugh unit are temperature, humidity, and content of carbondioxyde (CO2). The egg 

that saved in the 7-130 C and humidity less than 70% cause loss of the 10-15 amount of haugh 

unit (Soeharsono et al., 1998). 

  

The Probiotic Effect in Drinking Water On Yolk Cholesterol Content. 

Based on table 1 result from the research on the yolk cholesterol content showing the T0 

higher are (214.75±0.91) with (drinking water + 0% probiotic) and lower T3 are (213.19±0.45) 

(drinking water + 0.45 % probiotic). The treatment from lower to higher be T3, T2, T1, and T0. 

The average of yolk cholesterol content showed the probiotic effect in drinking water are 

significant different (P<0.05). The analysis is continued using Duncan’s Multiple Range Test. 

The result is significant different from the Bacillus spp that increased homeostatic intestinal 

cycle. The process homeostatic intestinal proceed the destruction and degradation cholesterol. 

The degradation cholesterol happens when cholesterol convert into collating acid in heparin 

(Potter, 2007). 
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According to Sjofjan (2003) stated the bacillus produce lipase acid that can decrease the 

amount of fat and reduce cholesterol content in the egg. The uses of probiotics can decrease the 

fat and cholesterol content in the optimum number. The probiotics content Lactobacillus 

acidophilus can decrease the cholesterol content in the blood. The study in vitro using probiotics 

that consist microbial e.g. Lactobacillus acidophilus increased luminal activity that absorbs 

nutrient content in the intestinal (Potter, 2007).      

   

B. The Probiotic Effect In Drinking Water in Performance 

Table 2. Probiotic effect in drinking water laying hens in performance 

 

CODE 

Variables 

Feed Intake 

(g/head/day) 

Drinking 

Consumption 

(ml/head/day) 

HDP (%) Egg Weight 
Feed 

Conversion 

T0 115.85±1.96 259.15±7.01 86.83±3.12 63.13±1.46 2.48±0.11 

T1 118.00±0.92 274.43±22.74 86.83±3.74 63.23±1.19 2.70±0.19 

T2 117.76±1.90 291.02±38.08 88.17±6.25 63.77±0.90 2.67±0.22 

T3 115.25±2.28 253.98±9.98 85.71±7.25 62.35±1.79 2.78±0.29 

Source: (Nutrition and Animal Feed Laboratory, Animal  Husbandry Faculty, Brawijaya 

University, Malang) 

  

The Probiotic Effect in Drinking Water in Feed Intake 

Based on table 2 result from the research on the feed intake showing the T1 higher are 

(118.00±0.92) with (drinking water + 0.15 % probiotic) and lower T0 are (115.25±2.28) 

(drinking water + 0.45 % probiotic). The treatment from lower to higher be T3, T0, T2, and T1. 

The average of feed intake are fulfill a requirement from the Isa Brown Commercial Layer Guide 

Book are 112 g/egg/day but the probiotic effect in drinking water are not significant different 

(P>0.05). The used of probiotic in drinking water indicated has the same effect to feed intake. 

The amount energy and crude protein in the balance condition showed that the same feed 

intake. The used of probiotic in drinking water are not significant different are cause from the 

low level given and the condition of water during research. The amount of energy absorb has 

correlation with the feed intake amount in the laying hens. The amount of crude protein absorb 
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also produce higher feed intake in otherwise the used of the probiotics in the feed intake has no 

significant effect to increasing or decreasing. The several factors that affect to the feed intake are 

palatability, digestibility, and nutrient content (Khumaini, 2012).  

The Probiotic Effect On Drinking Water Consumption 

Based on table 2 result from the research on the drinking water consumption showing the 

T2 higher are (291.02±38.08) with (drinking water + 0.30% probiotic) and lower T3 are 

(253.98±9.98) (drinking water + 0.45 % probiotic). The treatment from lower to higher be T3, T0, 

T1, and T2. The average of drinking water consumption showed the probiotic effect in drinking 

water are not significant different (P>0.05). The amount of total drinking water consumption in 

the laying hens are relative same, the conditions shows tolerance to the probiotics given from 

total amount. 

According to Sjofjan et al. (2015) the used of probiotics level in the drinking water 

consumption has no correlation with laying hens condition, this condition showed that the 

probiotics are safe to given. The drinking water consumption has several factors that affected to 

the laying hens. The one factors affected are housing temperature. The higher temperature in the 

housing the laying hen’s body temperature increase. The amount body temperature cause effect 

to the evaporation. The increased of evaporation cycle has purpose to cycle the condensation in 

laying hens metabolism (Soeharsono et al., 1998). 

According Wahyu (2004) stated there are several factors that can be affected to drinking 

water consumption. There are the amount natrium and calium in the feedstuff, enzyme, water 

condition, feed additive, water temperature, health, feedstuff, humidity, wind, feed composition, 

age, sex, kind of water bunk. The levels of given drinking water has several levels. In otherwise 

given much the levels water from standard will cause bad effect. The laying hens will increased 

the levels of drinking when the temperature increased. The laying hens will not increase drinking 

water consumption while not in stress condition. The increased of drinking water consumption 

will cause to the amount of basal feed decrease and increase body weight of laying hens 

(Khumaini, 2012). 

The Probiotic Effect in Drinking Water Consumption On Hen Day Production (HDP) 

Based on table 2 result from the research on the hen day production showing the T2 

higher are (88.17±6.25) with (drinking water + 0.15% probiotic) and lower T3 are (85.71±7.25) 
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(drinking water + 0.45 % probiotic). The treatment from lower to higher be T3, T0, T1, and T2. 

The average of drinking hen day production showed the probiotic effect in drinking water are not 

significant different (P>0.05). The average of hen day production are lower on the Isa Brown 

Commercial Layer Guide Book (44weeks) showed 92%. 

The level of probiotics relative increased from 0% to 45% levels. The several factors 

affect are protein digestibility, metabolize energy, and enzyme activities in intestinal of laying 

hens. According to Sjofjan (1995) stated that the uses probiotics increased hen day production 

using lactobacillus product.   

 

The Probiotic Effect In Drinking Water Consumption On Egg Weight  

Based on table 2 result from the research on the hen day production showing the T2 

higher are (63.77±0.90) with (drinking water + 0.15% probiotic) and lower T3 are (62.35±1.79) 

(drinking water + 0.45 % probiotic). The treatment from lower to higher be T3, T0, T1, and T2. 

The average of egg weight showed the probiotic effect in drinking water are not significant 

different (P>0.05). The level of probiotics relative increased from 0% to 30% levels. 

According to Sjofjan et al. (2015) the probiotic additional in intestinal increased amount 

of energy and protein that to produced egg in a day. Otherwise, if the metabolize energy and 

crude protein are not fulfilled the egg weight incline. According to Harms et al. (2000) stated 

that the energy is given significant to the body weight, feed consumption, and energy 

consumption but not to the egg weight, that is energy from 2798 to 3078 kcal/kg. The increased 

level of energy content can decline the egg weight and feed intake while increased body weight 

and energy consumption.  

 

The Probiotic Effect in Drinking Water Consumption On Feed Conversion  

Based on table 2 result from the research on the hen day production showing the T3 

higher are (2.78±0.29) with (drinking water + 0.45% probiotic) and lower T0 are (2.48±0.11) 

(drinking water + 0 % probiotic). The treatment from lower to higher be T0, T2, T1, and T3. The 

average of feed conversion showed the probiotic effect in drinking water are not significant 

different (P>0.05). The average of hen day production is higher on the Isa Brown Commercial 

Layer Guide Book (44weeks) showed 1.92. 
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The several factors affect are energy content, feedstuff content, temperature, and health 

condition of laying hens. The higher of feed conversion caused by lower feed intake that cycle to 

produce egg are decreasing. The other factor is microbial activity, enzyme activity, protein 

digestibility, and metabolize energy that happens in intestinal of laying hens. The cycle of 

absorbing nutrient content higher and feed efficiency also increased.  

 The Probiotic Effect in Drinking Water Consumption on NH3 

 

Table 3. Probiotic effect in drinking water laying hens on NH3 Excreta Content 

 

CODE  

Variables 

Level Average  

 (ml/head/day) 

T0 595 148.75±8.06 

T1 559 139.75±6.08 

T2 543 135.75±4.65 

T3 503 125.75±3.59 

Source: (Nutrition and Animal Feed Laboratory, Animal  Husbandry Faculty, Brawijaya  

University, Malang) 

 

Based on table 3 result from the research on the NH3 excreta content showing the T0 

higher are (148.75±8.06) with (drinking water + 0% probiotic) and lower T3 are (125.75±3.59) 

(drinking water + 0.45 % probiotic). The treatment from lower to higher be T3, T2, T1, and T0. 

The average of NH3 excreta content showed the probiotic effect in drinking water are 

significantly different (P<0.01). The analysis is continued using Duncan’s Multiple Range Test. 

The decreasing ammonia content happen from active molecule on the probiotic that increase 

nitrogen retention level in the body. 

The T3 showed lower on ammoniac levels, because the level ammoniac given are higher 

other treatments. The increased level of probiotics because decreasing levels of ammonia. The 

probiotic level given then the nitrogen retention increased and ammonia level decreased. The 

protolithic bacteria e.g. Bacillus sp inhibit converted uric acid into ammonia in the nutrient 

content form (Kurniawan, 2003). According to Yuzrizal and Chen (2003) the probiotics consist 

Bacillus megaterium and Bacillus subtilis decreased ammoniac level. The used probiotics, 

prebiotics, and phytobiotic decreased ammoniac level and microbial activity in the intestinal. 
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Sjofjan (2003) stated ammoniac level depend on the several factors e.g. water content, 

temperature and pH. The amount of excreta content are higher while the protein are high, in 

otherwise the ammonia level that can’t store in the body will be secretion by laying hens. 

 

CONCLUSIONS 

The probiotic in drinking water has significantly difference (P<0.01) on decrease of NH3 

excreta content, haught unit, and egg yolk cholesterol content but has no significant difference 

(P>0.05) on performance feed intake, hen day production, feed conversion ratio, drinking water 

consumption) and (egg weight, eggshell thickness). The addition of 0.30 % probiotic in drinking 

water gave the best results of laying hens. 
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ABSTRACT 

The objective of this study was to evaluate the effect of feeding Indigofera 

zollingeriana leaf meal (ILM) and lemuru (sardinella) fish oil (LFO) on reproduction and 

giblets of local ducks. The experiment used 144 Magelang ducks of 20-weeks-old and were 

reared up to 32-weeks-old. Eighteen ducks of 32-weeks-old were used to measure the 

parameters observed. A factorial completely randomized design 3 x 2 with three replications 

for each treatment was used in this experiment. The first factor was ILM (0%, 5.5%, 11%) 

and the second factor was LFO (0%, 2%). The data were analyzed using Analysis of 

Variance (ANOVA). The results showed that interaction of feeding 11% ILM and 2% LFO 

decreased (P<0.01) diameter of small yellow follicles, but increased gall bladder weight. 

Interaction of feeding 5.5% ILM and 2% LFO decreased weight percentage of colon.  

Feeding 5.5% ILM increased amount of large white follicles.  Feeding 11% ILM increased 

amount of small yellow follicles, weight percentage of spleen, gall bladder, pancreas, caeca,  

but decreased the diameter of the small yellow follicles, weight percentage of proventriculus , 

length percentage of colon.  Feeding  2% LFO increased amount of mature yellow follicle, 

large white follicle , weight percentage of gallbladder, pancreas, and jejunum,  but  decreased 

diameter  of mature yellow follicles.  The conclusion of this study that feeding  Indigoferra 

zollingeriana leaf meal  or lemuru fish oil effective to increase  follicle production and  

enzyme secretion, but decrease the diameter of follicles 

 

Keywords: Indigofera zollingeriana,  ducks, giblets, lemuru fish oils, reproduction 

 

  

INTRODUCTION 

Egg productivity is largely determined by management and ration quality. The high 

quality of ration will only be achieved by using good quality of feed ingredients with high 

protein content and other active compounds which are able to increase egg production.  The 

local ingredients that have high nutrient and potential to be used as feed ingredient are 

Indigofera zollingeriana leaf meal and Lemuru fish oil. 

Indigofera zollingeriana has several advantages including containing high protein as 

soybean protein substitution and containing high ß-carotene as a precursor of vitamin A 

(Palupi at al. 2014). ß-carotene has important role in the formation of egg follicles.  ß-

carotene , tannin and saponin in Indigofera zollingeriana leaf meal are 50.76 mg/kg, 0.29% 
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and 0.036%, respectively (Palupi at al. 2014). The usage Indigofera zollingeriana leaf meal 

can be combined with lemuru fish oil as a source of fatty acids and precursor of follicle 

formation. Lemuru fish oil contains free fatty acids as much 0.58% and it determine the oil 

quality (Maulana et al. 2014). Omega -3 fatty acid in Lemuru fish oil assists to increase the 

fertility by regulating the reproduction hormones, improves the absorption of fat-soluble 

vitamins, and increases the blood flow to reproduction organs. In the body, omega-3 will be 

transformed to be eicosapentaenoic acid (EPA) as precursor of prostaglandins that has 

important role for reproduction (Darmawan et al. 2013). Lemuru fish oil can be utilized in 

duck rations to suffice high energy need and reduce the fat and cholesterol content of the 

meat.  Omega-3 fatty acid is oxidized easily, therefore ß-carotene in Indigofera 

zollingeriana leaf meal can be used as antioxidant to reduce the fat damage because of 

oxidation reaction (Khamidinal et al. 2007). The nutrients and active substances in Indigofera 

zollingeriana leaf meal and lemuru fish oil will be processed in giblets and transported to 

reproduction organs. The productivity of laying ducks is strongly influenced by internal 

organs and reproduction organs condition. The abnormalities of organs can be known 

physically, such as weight and size of organs.  

 

MATERIAL AND METHOD 

Animal and Diet 

The experiment used 144 local ducks of 20-weeks-old and were reared up to 32-

weeks-old. The experiment was arranged in factorial completely randomized design in 3 x 2 

factorial with three replications for each treatment. The first factor was Indigofera 

zollingeriana leaf meal levels (0%, 5.5%, 11%) and the second factor was Lemuru fish oil 

levels (0%, 2%). Eighteen ducks of 32-weeks-old were used to measure the parameters 

observed. The diet and drinking water were provided ad-libitum. 

The diet ingredients used were maize, rice brand, soybean meal, Indigofera 

zollingeriana leaf meal, fish meal, palm oil, Lemuru fish oil, CaCO3, NaCl, premix and DL-

Methionine. Nutrients requirement of the duck was arranged based on Leeson & Summers 

(2005) containing the metabolizable energy 2850 kcal/kg and 16 % of protein and referring to 

Arini et al. (2017). The composition and nutrients content of diet are showed in Table 1. 
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 :I0M0: Diet containing 0% of Indigofera zollingeriana leaf meal and 0 % of Lemuru fish 

oil, I5.5M0: Diet containing 5.5% of Indigofera zollingeriana leaf meal and 0 % of 

Lemuru fish oil, I11Mo: Diet containing 11% of Indigofera zollingeriana leaf meal and 0 

% of Lemuru fish oil, I0M2: Diet containing 0% of Indigofera zollingeriana leaf meal and 

2 % of Lemuru fish oil, I11M2: Diet containing 11% of Indigofera zollingeriana leaf meal 

and 2% of Lemuru fish oil 

 

 

 

 

 

Table 1. Ingredients and nutrients content of treatment diets (as fed) 

Ingredients I0M0 I5.5M0 I11M0 I0M2 I5.5M2 I11M2 

  ............................(%).................................   

Maize 57.1 53.4 49.7 49.7 45.8 42.2 

Rice bran 7.8 10.9 14 13 16.3 19.1 

Soybean meal 20 15 10 20 15 10 

Indigofera 

zollingeriana leaf 

meal 0 5.5 11 0 5.5 11 

Fish meal 5.4 5.5 5.6 5.6 5.8 6 

Palm oil 2 2 2 2 2 2 

Lemuru fish oil 0 0 0 2 2 2 

CaCO3 6.9 6.9 6.9 6.9 6.8 6.9 

NaCl 0.2 0.2 0.2 0.2 0.2 0.2 

Premix 0.5 0.5 0.5 0.5 0.5 0.5 

DL-Methionine 0.1 0.1 0.1 0.1 0.1 0.1 

Total 100 100 100 100 100 100 

Calculated Nutrients content     

Dry matter  (%) 90.34 90.45 90.57 90.67 90.79 90.91 

Metabolizable 

energy (kcal/kg) 

2851.0

0 2851.43 2851.85 2851.10 2851.48 

2852.2

5 

Crude protein (%) 16.07 16.06 16.05 16.04 16.07 16.08 

Crude fat (%) 4.77 4.96 5.16 4.75 4.95 5.14 

Crud fiber (%) 3.02 3.90 4.78 3.46 4.36 5.20 

Lysine (%) 1.08 0.96 0.85 1.11 0.99 0.88 

Methionine (%) 0.47 0.48 0.49 0.47 0.48 0.49 

Cystine (%) 0.29 0.29 0.30 0.29 0.29 0.30 

Methionine + 

Cystine (%) 0.76 0.77 0.79 0.76 0.78 0.79 

Calsium (%) 3.02 3.02 3.02 3.04 3.01 3.05 

Available 

Phosphorus (%) 0.42 0.43 0.43 0.46 0.47 0.48 

Na (%) 0.15 0.15 0.15 0.15 0.15 0.15 

Cl (%) 0.20 0.20 0.20 0.21 0.21 0.21 
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VARIABLES MEASURED 

The variables measured were number and diameter of follicle, weight and length of 

reproduction organ ( infundibulum, magnum, isthmus, uterus), percentage of giblets weight 

(spleen, gall bladder, liver, heart, pancreatic, pro ventriculus, gizzard), weight and length of 

small intestine (duodenum, ileum, jejunum) and colon. Eighteen ducks of 32-weeks-old were 

used to measure the variables.  The ducks were weighed to get live weight and slaughtered, 

then the reproduction organ and giblets were taken and separated. The small intestine, colon, 

infundibulum, magnum, isthmus and uterus were separated and measured in length. The 

reproduction organ and percentage of giblets  were measured by dividing the weight of 

reproduction organ or giblets with live weight and multiplied by 100%. Relative length of 

organ was measured by dividing the length of organ with live weight. Meanwhile, the number 

of follicle were measured based on categorized by Ethces (1996) that, the size of mature 

yellow follicle was > 1cm, small yellow follicle was 0.5-1 cm and large white follicle was 

0.2-0.4 cm. 

 

DATA ANALYSIS 

Data were statistically analyzed using Analysis of Variance (ANOVA) by SPSS 

application (SPSS version 21.0). If there was any significant in interaction or in main 

treatment,  the data was further analyzed using Duncan Multiple Range Test (DMRT) 

(Steel and Torrie, 1995). 

RESULTS 

Number, Diameter and Percentage of Follicle Weight 

The usage 11 % of Indigofera zollingeriana leaf meal and  0% of Lemuru fish oil 

highly significantly increased (P<0.01)  yellow small follicles number.  In other side, the 

usage 11 % of Indigofera zollingeriana leaf meal with 0% or 2 % of Lemuru fish oil highly 

significantly reduced (P<0.01) small follicle diameter.  The usage 5.5% Indigofera 

zollingeriana leaf meal highly  significantly increased (P<0.01) white large  follicle number. 

The usage 2 % of Lemuru fish oil significantly increased (P<0.05) yellow mature follicle and 

white large follicle number, but that treatment highly significantly reduced (P<0.01) yellow 

mature follicle diameter. The usage 0%, 5.5%, and 11% of Indigofera zollingeriana  leaf 

meal with 0 and 2 % of lemuru fish oil  did not affect the percentage of total follicle  weight. 

The effect of Indigofera zollingeriana leaf meal and Lemuru fish oil on number, diameter  

and percentage of follicle weight of 32-week-old local ducks are shown  in Table 2. 
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Table 2. Number, diameter  and percentage of follicle weight of 32-week-old local ducks 

Parameters 
Lemuru 

fish oil 

Indigofera zollingeriana leaf meal 

Average 

 

0% 5.5% 11% 

 

 

 

Total 

of follicle weight 

(%) 

(%) 

0% 3.40 ± 0.28 2.73 ± 1.07 2.75 ± 0.16 2.96 ± 0.50  

2% 4.05 ± 0.58 3.46 ± 2.82 3.00 ± 1.00 3.50 ± 1.47   

Average 3.73 ± 0.43 3.10 ± 1.94 2.87 ± 0.58  
 
 

Yellow mature 

follicle number 

 

0% 5.00 ± 1.00 4.67 ± 0.58 5.33 ± 0.58 5.00 ± 0.72b  

2% 6.00 ± 1.00 7.33 ± 1.53 5.00 ± 1.00 6.11 ± 1.18a  

 Average 5.50 ± 1.00 6.00 ± 2.21 5.17 ± 0.79    

Yellow small 

follicle number  

0% 15.33 ± 2.08B 10.00 ± 5.00B 32.33 ± 2.52A   

2% 19.33 ± 7.51B 19.00 ± 4.00B 16.00 ± 4.00B    

White large follicle  

0% 23.67 ± 3.06 30.00 ± 3.00 20.67 ± 3.79 24.78 ± 3.28B  

2% 26.33 ± 3.51 40.67 ± 4.04 28.67 ± 8.50 31.89 ± 5.35A   

Average 25.00 ± 3.28B 35.33 ± 3.52A 24.67 ± 6.15B    

0% 1.90 ± 0.01 1.80 ± 0.03 1.70 ± 0.01 1.80 ± 0.01A  

2% 1.50 ± 0.02 1.60 ± 0.01 1.60 ± 0.01 1.50 ± 0.02B   

Average 1.70 ± 0.02 1.70 ± 0.02 1.60 ± 0.01    

Yellow small 

follicle diameter 

(cm100g-1) 

0% 1.00 ± 0.01A 0.70 ± 0.01B 0.70 ± 0.00B   

2% 0.80 ± 0.02A 1.00 ± 0.01B 0.70 ± 0.00A  
 
 

Note : Means in the same column or raw with different superscript differ significantly 

(P<0.05). Means in the same column or raw with different capital superscript differ highly 

significantly (P<0.01). 

 

Length and Weight Percentage of Reproduction Organs 

The usage 2% of lemuru fish oil highly significantly increased (P<0.01) percentage 

of isthmus and uterus weight. The usage 0%, 5.5%, and 11% of Indigofera zollingeriana  

leaf meal with 0 and 2 % of lemuru fish oil  did not affect the percentage of  infundibulum 

weight,  weight and length of magnum, the length of the isthmus and uterus. Effect 

of Indigofera zollingeriana leaf meal and Lemuru fish oil on length and percentage of 

reproduction organs weight of 32-week-old local ducks are shown  in Table 3. 
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Table 3. Length and percentage of reproduction organs weight of 32-week-old local 

ducks 

Parameters 
Lemuru 

fish oil 

Indigofera zollingeriana  leaf meal 
Average 

0% 5.50% 11% 

Infundibulum weight 

0% 0.04 ± 0.02 0.08 ± 0.02 0.05 ± 0.02 0.06 ± 0.02 

2% 0.06 ± 0.03 0.06 ± 0.02 0.08 ± 0.03 0.07 ± 0.02 

Average 0.05 ± 0.02 0.07 ± 0.02 0.07 ± 0.02  

Infundibulum length 

(cm 100 g-1) 

0% 0.45 ± 0.04 0.61 ± 0.08 0.62 ± 0.06 0.56 ± 0.06 

2% 0.49 ± 0.16 0.54 ± 0.11 0.49 ± 0.03 0.50 ± 0.10 

Average 0.47 ± 0.10 0.57 ± 0.09 0.55 ± 0.04  

Magnum weight (%) 

0% 1.05 ± 0.64 1.06 ± 0.54 1.15 ± 0.28 1.08 ± 0.49 

2% 1.44 ± 0.16 1.02 ± 0.20 1.20 ± 0.31 1.22 ± 0.22 

Average 1.24 ± 0.40 1.04 ± 0.37 1.17 ± 0.29  

Magnum length 

 (cm 100 g-1) 

0% 1.53 ± 0.59 1.34 ± 0.18 1.51 ± 0.17 1.46 ± 0.31 

2% 1.71 ± 0.39 1.42 ± 0.39 1.64 ± 0.38 1.59 ± 0.39 

Average 1.62 ± 0.49 1.38 ± 0.29 1.58 ± 0.27  

Isthmus weight (%) 

0% 0.15 ± 0.05 0.21 ± 0.12 0.32 ± 0.05 0.22 ± 0.07B 

2% 0.34 ± 0.04 0.38 ± 0.10 0.49 ± 0.22 0.40 ± 0.12A 

Average 0.24 ± 0.05 0.29 ± 0.11 0.40 ± 0.13  

Isthmus length 

(cm 100 g-1) 

0% 0.59 ± 0.28 0.55 ± 0.25 0.83 ± 0.05 0.66 ± 0.20 

2% 0.84 ± 0.20 0.69 ± 0.06 0.86 ± 0.21 0.80 ± 0.16 

Average 0.71 ± 0.24 0.62 ± 0.16 0.84 ± 0.13  

Uterus weight (%) 

0% 0.68 ± 0.27 0.71 ± 0.17 0.84 ± 0.28 0.74 ± 0.24b 

2% 1.17 ± 0.44 0.77 ± 0.14 1.15 ± 0.20 1.03 ± 0.26a 

Average 0.93 ± 0.35 0.74 ± 0.16 1.00 ± 0.24  

Uterus length 

(cm 100 g-1) 

0% 0.71 ± 0.27 0.64 ± 0.13 0.68 ± 0.25 0.68 ± 0.22 

2% 0.64 ± 0.08 0.62 ± 0.20 0.85 ± 0.10 0.70 ± 0.13 

Average 0.68 ± 0.18 0.63 ± 0.17 0.76 ± 0.18  

Note : Means in the same column or raw with different superscript differ significantly 

(P<0.05) 

Means in the same column or raw with different capital superscript differ highly 

significantly (P<0.01) 

 

Percentage of Giblets Weight 

The usage 11 % of  Indigofera zollingeriana leaf meal  with  0% or 2 % of Lemuru fish 

oil highly significantly increased (P<0.01) the percentage of  gall bladder and reduced the 

percentage of proventriculus. The usage 11% of  Indigofera zollingeriana leaf meal or 2 % of 

Lemuru fish oil highly significantly increased (P<0.01) the percentage of spleen weight and 

pancreatic weight. Effect of Indigofera zollingeriana leaf meal and Lemuru fish oil on the 

giblets weights of 32-week-old local ducks are shown  in Table 4. 
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Table 4. Percentage of giblets weights of 32-week-old local ducks 

Variables 

 
Lemuru fish oil 

Indigofera zollingeriana leaf meal Average 

0% 5.5% 11%  

Spleen 

(%) 

0% 0.06± 0.01 0.11± 0.02 0.09± 0.01 0.08± 0.01 

2% 0.06± 0.01 0.10± 0.01 0.09± 0.02 0.08± 0.01 

Average 0.06± 0.01B 0.10± 0.01A 0.09± 0.01A   

Gall bladder 

(%) 

0% 0.12± 0.01B 0.11± 0.02B 0.17± 0.03A  

2% 0.18± 0.01A 0.10± 0.01B 0.18± 0.03A  

Liver 

(%) 

0% 3.24± 0.30 2.72± 0.18 2.96± 0.30 2.97± 0.26 

2% 2.84± 0.08 3.06± 0.33 3.21± 0.20 3.03± 0.20 

Average 3.03± 0.19 2.89± 0.26 3.09± 0.25  

Pancreatic 

(%) 

0% 0.37± 0.04 0.37± 0.05 0.42± 0.04 0.39± 0.04b 

2% 0.37± 0.03 0.47± 0.07 0.51± 0.05 0.45± 0.05a 

Average 0.37± 0.04b 0.42± 0.06ab 0.47± 0.04a  

Heart 

(%) 

0% 0.75± 0.03 0.70± 0.02 0.72± 0.04 0.72± 0.03 

2% 0.64± 0.03 0.71± 0.06 0.71± 0.12 0.69± 0.07 

Average 0.69± 0.03 0.71± 0.04 0.71± 0.08  

Proventriculus 

(%) 

0% 0.49± 0.07A 0.54± 0.12A 0.31± 0.01B  

2% 0.44± 0.02AB 0.42± 0.02AB 0.47± 0.02A  

Gizzard 

(%) 

0% 2.65± 0.35 2.36± 0.47 2.45± 0.17 2.49± 0.33 

2% 2.36± 0.07 2.60± 0.25 2.75± 0.29 2.57± 0.20 

Average 2.50± 0.21 2.48± 0.36 2.60± 0.23  

Note : Means in the same column or raw with different superscript differ significantly 

(P<0.05) 

Means in the same column or raw with different capital superscript differ highly 

significantly (P<0.01) 

 

Length and Percentage of Small Intestine and Colon Weight 

The treatment without Indigofera zollingeriana leaf meal and Lemuru fish oil highly 

significantly reduced (P<0.01) percentage of cecum. The usage 5.5% of Indigofera 

zollingeriana leaf meal and 2% of Lemuru fish oil significantly reduced weight colon 

percentage compared to the ration with 11 % Indigofera zollingeriana leaf meal and 2% of 

Lemuru fish oil. The percentage of jejunum weight of feeding 2 % of Lemuru fish oil was 

higher (P<0.05) than that of feeding 0 % of Lemuru fish oil. All treatments did not affect  

the relative lengths and  percentage of duodenum weight,  the relative lengths of jejunum, 

weight and the relative lengths of the ileum, and the relative lengths of the cecum. The 

effect of Indigofera zollingeriana leaf meal and Lemuru fish oil on length and percentage 

of small intestine and colon weight of 32-week-old local ducks are shown in Table 5. 
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Table 5.  Length and  percentage of small intestine and colon weight of 32-week-old local 

ducks 

 

Parameters Lemuru fish oil 
Indigofera zollingeriana leaf meal 

Average 
0% 5,5 % 11% 

Duodenum weight 

(%) 

0% 0.45± 0.04 0.47± 0.05 0.45± 0.01 0.46 ± 0.03 

2% 0.49± 0.06 0.46± 0.06 0.55± 0.05 0.50 ± 0.06 

Average 0.47± 0.05 0.47± 0.05 0.50± 0.03  

Duodenum length 

(cm 100 g-1) 

0% 1.87± 0.09 1.73± 0.41 1.66± 0.21 1.75 ± 0.24 

2% 1.81± 0.06 1.87± 0.19 2.04± 0.17 1.91 ± 0.14 

Average 1.84± 0.08 1.80± 0.30 1.85± 0.19  

Jejunum weight 

(%) 

0% 1.06± 0.15 0.90± 0.03 1.15± 0.09 1.04 ± 0.09b 

2% 1.13± 0.12 1.15± 0.10 1.24± 0.13 1.17 ± 0.12a 

Average 1.10± 0.13 1.03± 0.07 1.19± 0.11  

Jejunum length 

(cm 100 g-1)l 

0% 0.05± 0.20 0.04± 0.57 0.04± 0.56 4.30 ± 0.44 

2% 0.04± 0.32 0.05± 0.44 0.05± 0.24 4.54 ± 0.34 

Average 4.42± 0.26 4.45± 0.51 4.39 ± 0.40 

Ileum weight 

(%) 

0% 0.76± 0.04 0.88± 0.04 0.84± 0.06 0.83 ± 0.05 

2% 0.89± 0.11 0.94± 0.20 0.83± 0.10 0.88 ± 0.14 

Average 0.82± 0.08 0.91± 0.12 0.84± 0.08  

Ileum length 

(cm 100 g-1) 

0% 4.19± 0.17 4.06± 0.39 3.46± 0.45 3.90 ± 0.34 

2% 3.86± 0.23 3.85± 0.40 4.06±  0.63 3.92 ± 0.42 

Average 4.02± 0.20 3.95± 0.39 3.76± 0.54  

Cecum weight (%) 
0% 0.19± 0.01B 0.37± 0.04A 0.27 ± 0.02AB  

2% 0.22± 0.02B 0.27± 0.04AB 0.27 ± 0.03AB  

Cecum length 

(cm 100 g-1) 

0% 1.03± 0.07 0.99± 0.18 0.89± 0.18 0.97 ± 0.14 

2% 1.02± 0.08 0.93± 0.13 1.00± 0.16 0.98 ± 0.12 

Average 1.02± 0.07 0.96± 0.16 0.95± 0.17  

Colon weight(%) 
0% 0.40± 0.06a 0.23± 0.06abc 0.15±0.02bc  

2% 0.18± 0.03bc 0.15± 0.04c 0.29±0.02ab  

Colon length 

(cm 100 g-1) 

0% 0.98± 0.03A 0.71± 0.18AB 0.47± 0.03B  

2% 0.61± 0.08AB 0.65± 0.07AB 0.79± 0.08A  

Note : Means in the same column or raw with different superscript differ significantly 

(P<0.05), Means in the same column or raw with different capital superscript differ 

highly significantly (P<0.01) 

 

DISCUSSION 

β-carotene as precursor of vitamin A in Indigofera zollingeriana leaf meal has 

important role for follicle transformation. According to Triana (2006), retinol has important 

function in the reproduction system that has similar function with steroid hormones in the 

nucleus for controlling the expression of certain gene. The absorption of β-carotene was 

facilitated by bile salts  and β-carotene enzyme and   transformed into retinal (vitamin A1), 

and then it was processed in  the intestinal mucosa by retinaldehyde reductase enzyme to 

become retinol (vitamin A). The slowing development of yellow small follicle diameter 

might be caused by the interaction of omega 3 and ß-carotene which has the same function 

in reducing cholesterol levels and steroid hormone activity. According to Suripta and Astuti 
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(2006), omega-3 was able to inhibit the biosynthesis of cholesterol. The high 

Eicosapentaenoic acid content in Lemuru fish oil had the opposite activity to arachidonic 

acid. Arachidonic acid was as precursors of prostaglandins which was able to increase the 

number of follicles. According to  Darmawan et al. (2013) and Latifa (2007), prostaglandin 

increased the secretion of folicle stimulating hormone (FSH) and luteinizing hormone (LH) 

which affected the growth of follicles. The usage 2 % of Lemuru fish oil significantly 

increased (P<0.05) follicle number but it was high;y significantly reduced (P<0.01) yellow 

mature follicle diameter. This condition might be due to unbalance of arachidonic acid  and 

eicosapentaenoic acid.  Arachidonic acid (omega -6 ) from palm oil was able to increase the 

number of follicles but it would compete with  Eicosapentaenoic acid  (Omega-3) from 

Lemuru fish oil which had  the ability to  increase follicle diameter (Darmawan et al. 2013).  

Increasing the percentage of isthmus and uterus weight might be caused by the 

content of eicosapentaenoic acid  and docosahexaenoic acidin Lemuru fish oil. Fish oil 

contained omega-3  consisting of eicosapentaenoic acid  and docosahexaenoic acid as 

much 8.97% and 6.56%,  respectively (Maulana et al. 2014) and according to 

Darmawan et al. (2013),  Lemuru fish oil contained eicosapentaenoic acid 

and Docosahexaenoic acid as a precursor of prostaglandins, prostacline, 

thromboxane, and leukotriene. Eicosapentaenoic acid and Docosahexaenoic acid acid 

concentration in tissue and plasma had a positive relationship to levels of estradiol and 

progesterone (Collins 2010). Prostaglandins have an important role in several aspects of 

reproduction such as ovulation, estrus, and the resilience of the embryo (Nava et al. 2011). 

Estradiol caused uterus hypertrophy and hyperplasia that resulted the improving of uterus 

and isthmus weight.  

The increasing of gall bladder weight was caused by the interaction between omega-

3 and  vitamin A,D,E and K from Indigofera zollingeriana leaf meal. Omega-3 increased the 

vitamin absorption by creating the emulsion in gall bladder. β-carotene from 

Indigofera zollingeriana leaf meal was absorbed through bile salts and oxygenized  by  β-

carotene enzyme to be  vitamin A (retinal). Retinal esters were dissolved in the fat and it 

would be dispersed in bile salts and hydrolyzed in the intestinal lumen and absorbed into the 

intestinal epithelium (Triana, 2006).The reducing of proventriculus indicated that 

proventriculus had normal activity in producing the digestion enzymes. Proventriculus 

secreted the digestive enzymes such as pepsin and HCl for protein digestion (Sari & Ginting 

2012).  The increasing of spleen weight was caused by high vitamin A content in 
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Indigofera zollingeriana leaf meal.  Palupi et al. (2014) reported that vitamin A as much 

3828.79 IU/ 100 g increased the spleen weight and it was in line with the statement of 

Semba (2002), that vitamin A was an essential factor for the development of the lymphoid 

system, gastrointestinal, respiratory, and genitourinary. Furthermore, 

Indigofera zollingeriana leaf meal contained high protein and low anti-trypsin content that 

caused the increasing pancreatic activity to produce trypsin enzymes  (Palupi et al. 2014). 

Trypsin enzymes as protease enzyme were produced by the pancreatic and secreted into 

duodenum (Wulansari et al. 2012). Meanwhile, the increasing of pancreatic weight might be 

due to the fat contained in  lemuru fish oil that caused the increasing of pancreatic activity to 

produce lipase enzymes.  The usage 0%, 5.5%, and 11% of  Indigofera zollingeriana  leaf 

meal  and 0% and 2% of Lemuru fish oil did not affect (P>0.05) liver and gizzard weight 

percentage. The liver and gizzard activity were not affected by the treatments. This 

condition indicated that Indigofera zollingeriana  leaf meal and lemuru fish oil did not 

contain the toxic substance and contained low crude fiber. According to Amrullah (2004), 

high crude fiber  increased the capacity and size of the gizzard. 

The reducing of cecum weight percentage in the treatment without Indigofera 

zollingeriana might be caused by the lower crude fiber than the treatment with 5.5% and 

11% of Indigofera zollingeriana leaf meal (Table 5). In the cecum, microbial digest the 

crude fiber and it would develop cecum size ((Varastegani & Dahlan 2014) and according to 

Sharifi et al. (2012) the increasing weight of the cecum was caused by the increasing amount 

of digested nutrients that were not absorbed in the small intestine. Higher crude fiber in the 

ration contained 5.5% or 11 % of  Indigofera zollingeriana leaf meal with 0% Lemuru fish 

oil was able to bind water. This condition reduced the colon activity in absorption the water 

and then  resulted lower and shorter colon than the ration without  Indigofera 

zollingeriana leaf meal  and Lemuru fish oil. The percentage of jejunum weight in treatment 

using 2 % of Lemuru fish oil was higher (P<0.05) than that of feeding 0 % of Lemuru fish 

oil. The activity and the size of Jejunum increased due to fat contributed from  Lemuru fish 

oil. Fat was absorbed in the jejunum in the form of free fatty acids and monoglycerides. 

 

CONCLUSION 

The conclusion of this study that feeding  Indigoferra zollingeriana leaf meal  or 

lemuru fish oil effective to increase  follicle production and  enzyme secretion, but decrease 

the diameter of follicles  
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BODY WEIGHT GAIN, FEED DIGESTIBILITY AND FAECAL MOISTURE OF 
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ABSTRACT 

The use of copra and palm kernel polysaccharides has been intensively studied over the last 

decade with promising results.  A study was carried out to investigate the effect of the 

polysaccharides from three palm nuts (copra, sugar palm and sago) in comparison with 

antibiotic when offered to broiler chickens in the diet. A total of  140 unsexed day – old 

broiler chicks were used as experimental birds. The broiler chicks were kept for 4 weeks in 

pens. During the first three weeks, the broiler chicks were offered starter diets and grower 

diets from 3 weeks to 4 weeks. Feed and water were provided ad-libitum. The experimental 

diets were R1: control basal diet; R2: control diet + 2 ppm avilamycin (antibiotics); R3: 

control diet + copra polysaccharides; R4: control diet + sugar palm nut polysaccharides and 

R5: control diet + sago nut polysaccharides. This study adopted a completely randomized 

design with five treatments and four replications. Differences among treatments found in the 

variance analysis were tested with Tukey test. The results indicated that the use of antibiotic 

(avilamycin) and copra polysaccharides produced better body weight gain than those of birds 

fed the control diet. The birds fed the antibiotic diets and sago polysaccharides had lower 

moisture content of excreta than those of birds fed the control diet and treatments affected 

feed digestibility in which diets containing avilamycin and copra polysaccharides had higher 

feed digestibility than the control diet. In conclusion, the use of polysaccharides from copra 

meal was as effective as antibiotic in improving body weight gain and feed digestibility.   

  

Key words: polysaccharides, copra meal, palm sugar, sago and broiler chickens.  

  

 

INTRODUCTION 

As a country located in the tropical region, Indonesia has been the largest palmae 

plant producer, particularly oil palm and the second largest coconut producer in the world. 

This potency creates large amount of products that can be used as source of feedstuffs. The 

products (either in the form of main product such as sugar palm nut and sago nut or in the 

form of by products such as copra meal) are not intensively studied and thus not widely used 

as feedstuffs.  

  The use of copra meal as poultry diets, for instance, has been well reviewed by Sundu 

et al. (2009 and 2012). Problems associated with the use of this agricultural by products are 

their low in digestibility due to presence of indigestible carbohydrates, particularly mannose 

based polysaccharides. Mannose based polysaccharides present in legume has been believed 

to be anti-nutrients. The absence of mannan-degrading enzymes in the digestive tract of 
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broiler chickens is the reason of why this carbohydrate could not be digested and its presence 

in the diet downgrades feed quality. Studies on these palm products were mainly related to 

the efforts of improving their quality as feed ingredients by physical, chemical and biological 

treatments. 

 Knudsen (1997) reported that palm nuts such as: palm kernel meal and copra meal 

mainly contain polysaccharides with mannose based polysaccharides as the major ingredients 

(Balasubramaniam, 1976; Duesterhoft et al., 1991). Instead of improving the quality palm 

product as feed ingredient, the polysaccharide component could be utilized as a feed additive 

due to its prebiotic capacity. The mannose based polysaccharides have been used over three 

decades as a prebiotic, particularly yeast mannose based polysaccharides (Lyons, 2002). 

Sundu et al (2012) found that polysaccharides in copra meal have the similar properties in 

binding pathogenic bacteria. It is assumed that other palm nuts might behave the same as 

coconut and thus had prebiotic capacity. Accordingly, a study was conducted to determine 

the effect of polysaccharides from palm nuts in comparison to antibiotic growth promotants 

(avilamycin) in broiler diets. 

  

MATERIAL AND METHODS 

Production of polysaccharides 

  All palm nuts (coconut, sugar palm nut and sago nut) were purchased locally. These 

nuts were peeled and the kernels of the nuts were discarded. The flesh of the nut was sun-

dried for three days and then finely ground. The fine ground palm nuts were extracted using 

hexane to remove the oil content. Each deoiled fine ground palm nuts was extracted for 

polysaccharides based on the method of Kusakabe and Takashi (1988).  

  

Birds and feeds 

A study was carried in the Research station at the University of Tadulako Palu, 

Indonesia. A total of 140 unsexed broiler chicks was selected and used. The birds were 

placed in the brooder cages for a week and then transferred into the 20 pens. The birds were 

kept in the pens for four weeks. A software of UFFF package was used to formulate basal 

diets (Table 1) used in this study (Pesti et al., 1986). The broiler chickens were offered 

experimental diets (Table 2). Body weight gain, feed digestibility and fecal moisture were 

recorded and measured as parameters. The study used a completely randomized design 



Proceedings  of  The 5th International Seminar of Animal Nutrition and Feed  Sciences   2017 

 

81 
 

(CRD) with five treatments and four replicate pens of 7 birds each. Data were analyzed by 

analysis of variance (Steel and Torrie, 1980). 

  

Table 1. Ingredient and chemical composition of basal diet  

Ingredients Starter diet (%) Grower diet (%) 

Full fat soybean meal 

Corn 

Fish meal 

Rice bran 

Dicalcium phosphate 

Salt 

Methionine 

Lysine 

Premix 

24.99 

60.20 

10.00 

3.38 

1.03 

0.07 

0.15 

0.05 

0.20 

18.97 

62.10 

11.00 

4.00 

0.92 

0.66 

0.55 

0.11 

0.20 

Chemical composition 

Crude Protein  

Crude fiber 

Metabolizable Energy (MJ/kg) 

Lysine 

Methionine + cystiene 

Selenium (ppm) 

 

23.13 

3.5 

13.39 

1.1 

0.90 

0.26 

 

21.00 

3.6 

13.39 

1.0 

0.79 

0.19 

  

Table 2. Experimental diets 

Treatments Type of additives Replicate cages 

T-1 

T-2 

Control basal diet 

Control + 2.0 ppm antibiotic avilamycin  

4 

4 

T-3 Control + 0.05% copra polysaccharides 4 

T-4 Control + 0.05% sugar palm polysaccharides 4 

T-5 Control + 0.05% sago polysaccharides 4 

 

Feed digestibility and carcass measurements 

After 4 weeks growth study, the broiler chickens were placed in the metabolism cages 

for one week for digestibility study. During the study, feces were collected for three 

consecutive days and any foreign materials were discarded. The fecal discharges from each 

pen were individually weighed. About 20% of the fecal discharges was sampled. The samples 

were then oven dried to measure the fecal moisture.  
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Statistical analysis 

  A completely randomized design was adopted in this trial with 5 treatments and 4 

replications. Each replicate pens consisted of  seven unsexed  birds. The data collected in this 

study were analyzed by analysis of variance by using Minitab software and any difference 

means found in the analysis of variance were further tested by Tukey tets (Steel and Torrie, 

1980).  

 

RESULTS AND DISCUSSIONS 

The data on the effect of type of diets on body weight gain, feed digestibility and fecal 

moisture were shown in Table 3. Treatment diets produced significant effect (P<0.05) on 

body weight gain, feed digestibility and fecal moisture. Birds fed the diet supplemented with 

antibiotic avilamycin and copra polysaccharides were heavier (P<0.05) than the birds fed the 

control diet. Among the birds fed the feed additive (antibotic and palm polysaccharides) had 

no significant difference in body weight gain. Feed digestibility was improved due to 

supplementation of the diet with antibiotic and copra polysaccharides. The diets containing 

sugar palm and sago polysaccharides produced the same digestibility as the control diet. The 

addition of antibiotic and sago polysaccharides decreased fecal moisture signficantly. 

However, the supplementation of the diets with coconut and sugar palm polysaccharides 

could not produced drier feces than the control diet.   

 

Table 3. Effect of type of diets on body weight gain, feed digestibility and fecal moisture of 

broilers kept for 4 weeks  

Treatments 

Parameters 

BWG (g) 
Digestibility 

(%) 

Fecal moisture 

(%) 

Control 877±8.1b 75.2±0.90b 79.2±0.85a 

Control + avilamycin 965±9.0a 82.4±0.65a 74.5±0.43b 

Control + copra polysaccharide 973±50.8a 82.9±1,00a 76.5±0.71ab 

Control + sugar palm polysaccharide 923±9.2ab 78.1±1.40b 76.9±1.21ab 

Control + sago polysaccharide 921±18.2ab 76.6±0.94b 73.4±0.96b 

BWG: body weight gain; FCR: feed conversion ratio 

 

The use of copra polysaccharides increased body weight gain of birds kept for 4 

weeks by 10%. The increase was same as it was found in birds fed the diet containing 

antibiotic avilamycin. Although, it is too early to state that copra polysaccharides could 
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replace antibiotic, these findings might indicate that copra polysaccharides had growth 

promotant properties. The mechanisms of the way this polysaccharides could increase body 

weight gain were difficult to elaborate. It might be through the same mechanisms of yeast 

polysaccharides (yeast mannan), in which mannan polysaccharides from yeast could bind 

pathogenic bacteria. This condition could maintain health status of the digestive tract of 

broiler chickens (Lyons, 2002). The supplementation of the diets with sugar palm and sago 

polysaccharides could not enhance body weight gain significantly when the broiler chickens 

were kept for 4 weeks. These promising results can bring hope for the use of copra 

polysaccharides to replace antibiotic as growth promotant. However, there was no significant 

difference found among the treatments using palm polysaccharides in body weight gain of 

broiler chickens. 

The similar pattern was found in feed digestibility, in which supplementation of the 

diets with avilamycin or cop[ra polysaccharides had higher feed digestibility than the control 

diet. The increase in feed digestibility of the diets containing avilamycin or copra 

polysaccharides might indicate the increased quality of the diets. It can be speculated here 

that the diets could flush pathogen bacteria out of the digestive tract of broiler chickens and 

thus made digestive system work properly and efficiently. This speculation needs to be 

proved through the investigation of pathogenic bacterial count. These findings also indicated 

that the use of sugar palm and sago polysaccharides in the diet could not improve the quality 

of the diet as feed digestibility was unchanged.   

The effect of treatments on fecal moisture was statistically significant. The use of 

avilamycin and sago polysaccharides produced drier fecal discharges. It is hard to rasionalise 

these findings, particularly in the respect with sago polysaccharides. It might be that the 

supplementation of the diet with antibiotic avilamycin could minimize the population of 

pathogenic bacteria and thus increased the health of the digestive tract. This condition was 

able to produce dry feces. Drier feces produced by broiler chickens fed the sago 

polysaccharides was hard to explain since this situation was not linearly associated with feed 

digestibility and body weight gain. Further study is needed to find out the chemical 

components of sago polysaccharides.    
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CONCLUSION 

Supplementation of the diets with coconut polysaccharides and antibiotic avilamycin 

increased body weight gain of birds kept for four weeks. Feed digestibility was also increased 

due to addition of coconut polysaccharides and avilamycin in the diet. Broiler chickens fed 

the diets containing antibiotic and sago polysaccharides had drier fecal discharges.  
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ABSTRACT 

The effectiveness of herbal feed additive to maximize growth potency of meat type chickens 

under the condition of Marek’s disease outbreak were studied from 1 to 35 days of age. 

Herbal additives used in current study were garlic bulb meal (GBM) and black seed meal 

(BSM). A hundred 1-d-old male New Lohmann broiler chickens were assigned randomly to 

five dietary treatments: a basal diets (control; HA0), basal diet + 10 g/kg GBM (HA1), basal 

diet + 10 g/kg BSM (HA2), basal diet + 10 g/kg GBM + 10 g/kg BSM (HA3), and basal diet 

+ 5 g/kg GBM + 5 g/kg BSM (HA4). Each treatment was replicated 5 times with 4 birds per 

replicate pen. Growth performance, carcass production, and meat quality data were subjected 

to analyses of variance employing randomized complete block design. Data showed that diet 

supplementations with 10 g/kg individual garlic bulb meal or in combination with 10 g/kg 

black seed meal did not affect feed consumption, body weight gain, final weight, feed 

conversion, carcass weight, carcass percentage, as well as meat pH, cooking loss, water 

holding capacity, and tenderness. Results indicated that when birds were kept under 

infectious disease outbreak condition, diet supplementation with low doses herbal feed 

additive did not effective to growth performance, carcass production, and meat quality of 

meat-type chickens. 

 

Key words: Disease outbreak, Growth performance, Herbal efficacy, Meat quality, Meat-

type chickens 

  

INTRODUCTION 

Antibiotic administration was effective to reduce the adverse effects of infectious 

disease (Buscaglia, 2013). In order to limit the spread and development of antibiotic resistant 

pathogenic microbes, several antibiotics (spiramycin, zinc-bacitracin, avoparcin, tylosin, and 

virginiamycin) were banned to be added in the diets of poultry (Dibner & Richards, 2005). 

Some alternatives are needed to spike the negative effects of antibiotics withdrawal. Possible 

alternatives that reported effective to be used were herbs, spices, or various plant 

extracts/essential oils, probiotics, prebiotics, organic acids, and dietary enzymes. In vitro 

studies indicated that bio-active chemicals in herbs and spices have beneficial effects to 

reduce the growth and colonization of microbes, such as: pathogenic bacteria, fungi, and 

virus (Bassolé & Juliani, 2012; Nazzaro et al., 2013). Animal studies showed that 

supplementations of herbal additives in the diets maximized growth, improved feed 

efficiency and nutrient digestibility, increased body-immunity, enhanced liveability, reduced 

mailto:nanungdd@ugm.ac.id
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mortality, and improved meat quality of poultry (Rahmatnejad et al., 2009; Brenes & Roura, 

2010; Khattak et al., 2014). 

However, during the outbreak of infectious poultry disease, such as: Marek’s disease, 

efficacy of herbal supplementations might reduce. Marek’s disease is a potentially lethal 

disease that caused by herpes virus. The deadly incidence is widespread and is capable of 

causing dramatically economic losses in commercial chickens due to the acute lesions, 

neurological disease, tumors, and even death (Briles et al., 1977; Witter & Schat, 2003; 

Parvizi et al., 2010). Applications of available commercial vaccines for prevention and 

control of Marek’s disease sometimes do not help (Witter, 2001). Therefore, this study 

investigated the effectiveness of herbal feed additives as growth promoter for meat-type 

chickens under infectious disease outbreak. 

  

MATERIALS AND METHODS 

Birds, housing, and experimental design 

A hundred one-day old male New Lohmann MB202 broiler chickens were used in 

this study to explore the biological effect of garlic bulb meal (GBM) and black seed meal 

(BSM). The birds were assigned randomly to five dietary treatments:  a basal diets (control; 

HA0), basal diet + 10 g/kg GBM (HA1), basal diet + 10 g/kg BSM (HA2), basal diet + 10 

g/kg GBM + 10 g/kg BSM (HA3), and basal diet + 5 g/kg GBM + 5 g/kg BSM (HA4). Every 

treatment was replicated five times with four birds per pen. The yellow corn-soybean meal 

basal diets were formulated to meet the daily requirements of growing phase meat-type 

chickens (Table 1). Feed and drinking water were given for ad libitum in 5 weeks rearing 

periods.  

The birds were housed in raised floor pens equipped with a round feeder and bell 

drinkers. The pens were in an opened house that facilitate with ventilation and light regulator, 

in a severe condition of Marek’s disease outbreak.  

 

Sampling procedures and statistics 

Body weight and feed intake data were taken on d 35 for calculation of weight gain 

and feed conversion ratio. On the same day, one bird with body weight closed to the median 

of the group was chosen. The birds were then being slaughtered according to Islamic way, 

cutting the jugular vein, carotid artery, as well as the trachea and esophagus. 
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Table 1. Diets composition (g/kg, as-fed basis) and calculated nutrient content of the diets 

 Items 
Dietary treatments1 

HA0  HA1  HA2  HA3  HA4  

Diets composition (g/kg; as fed)      

Yellow corn 567.9 567.9 567.9 567.9 567.9 

Soybean meal 279.3 279.3 279.3 279.3 279.3 

Rice bran  49.0 49.0 49.0 49.0 49.0 

Meat-bone meal 32.8 32.8 32.8 32.8 32.8 

Crude palm oil 36.3 36.3 36.3 36.3 36.3 

Dicalcium phosphate  4.4 4.4 4.4 4.4 4.4 

Calcium carbonate 2.9 2.9 2.9 2.9 2.9 

Vitamin-mineral mixture2 2.9 2.9 2.9 2.9 2.9 

L-Lysine 1.5 1.5 1.5 1.5 1.5 

DL-Methionine 2.5 2.5 2.5 2.5 2.5 

Table salt 0.5 0.5 0.5 0.5 0.5 

Garlic bulb meal (GBM) 0 10.0 0 10.0 5.0 

Black seed meal (BSM) 0 0 10.0 10.0 5.0 

Filler 20.0 10.0 10.0 0 10.0 

Total 1000.0 1000.0 1000.0 1000.0 1000.0 

      

Calculated nutrients content (g/kg; DM basis)     

Crude protein 20.38 20.38 20.18 19.98 20.18 

Metabolizable energy (kcal/kg)3 3141.9 3110.5 3110.5 3079.1 3110.5 

Calcium 1.10 1.09 1.09 1.08 1.09 

Total Phosphorus 0.78 0.78 0.78 0.77 0.78 

Available Phosphorus 0.35 0.35 0.35 0.34 0.35 

Natrium 0.25 0.25 0.25 0.24 0.25 

Arginine 1.26 1.25 1.25 1.24 1.25 

Lysine 1.35 1.33 1.33 1.32 1.33 

Methionine 0.60 0.60 0.60 0.59 0.60 

Tryptophan 4.21 4.17 4.17 4.13 4.17 

Note: 1HA0=basal diet without herbs additive (C), HA1=C+10g/kg GBM, HA2=C+10g/kg BSM, 

HA3=C+10g/kg GBM+10g/kg BSM, HA4=C+5g/kg GBM+5g/kg BSM. 2Vitamin-mineral mixture 

provided per kg of diet = vitamin A 20000 IU, vitamin D3 40000 IU, vitamin E 300 mg, Cobalt 96 

mg, Iodium 480 mg, Copper 880 mg, Zinc 12000 mg. 3Based on calculation ME=0.725xGE 

 

Variables that observed in current study were: growth performance (feed intake, body 

weight gain, feed conversion ratio), carcass production (carcass weight, carcass percentage), 

and meat quality (pH, cooking loss, water holding capacity, tenderness). The obtained data 

were statistically analyzed using Oneway ANOVA employing randomized complete block 

design. All statements of significant difference were based on probability of less than 5%. 
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RESULTS 

This study was conducted under the condition of locally Marek’s disease outbreak in 

Yogyakarta. The effect of experimental treatments on growth performance, carcass 

production, and meat quality parameters are presented in Table 2 and 3. Overall of the 35 

days old birds used in present study were shown to be extremely depressed and underweight 

(366.67 + 19.61 kg), while the standard weight for male New Lohmann broiler weight at the 

same age is 2124 kg (Aviagen, 2007).  

 

Table 2. Growth performance data of starter phase (1-10 days) of meat-type chickens1 

 Variables 
Dietary treatments2 Statistic 

HA0 HA1 HA2 HA3 HA4 SEM p-value 

Starter phase (day 0 to 10)       

Feed intake (g/bird) 283.20 260.05 252.30 253.15 265.10 5.50 0.411 

Daily gain (g/bird) 125.13 132.25 114.00 139.30 127.06 3.08 0.088 

Body weight (g/bird) 162.13 169.25 151.00 176.30 164.06 3.08 0.088 

Feed conversion ratio 2.26 1.97 2.21 1.82 2.09 0.06 0.129 

 

Grower phase (day 11 to 35) 

    
  

Feed intake (g/bird) 463.08 495.69 526.90 474.44 487.98 11.74 0.551 

Daily gain (g/bird) 169.83 205.56 224.85 198.29 218.76 11.98 0.642 

Body weight (g/bird) 331.96 371.49 375.85 374.59 379.46 11.89 0.724 

Feed conversion ratio 2.72 2.52 2.71 2.29 2.62 0.164 0.946 

Note: 1Data represent means from 5 replicates pens of 4 birds per treatment. 2HA0=basal diet without herbs 

additive (C), HA1=C+10g/kg GBM, HA2=C+10g/kg BSM, HA3=C+10g/kg GBM+10g/kg BSM, 

HA4=C+5g/kg GBM+5g/kg BSM.  

 

Results indicated that individual dietary garlic or black seed meal supplementation at 

the levels of 10 g/kg did not have any effect on growth performance of broiler chickens 

during 1-35 days rearing period. As seen on Table 2, supplementing diets with both additives 

did not affect feed intake, daily body weight gain, target weight, and feed conversion ratio on 

the starter phase, as well as on the grower phases. Supplementing diets with combination of 

garlic and black seed meal at the level of 5 or 10 g/kg had also no effect on the parameters 

observed in current study.  

Similarly, dietary supplementation of both additives at those levels, individually or in 

combinations, did not influence carcass production and meat quality of 35 days old broiler 

chickens (Table 3). Supplementations with the levels of 5 or 10 g/kg of both herbal additives, 

individually or in mixture, did not influence carcass weight, carcass percentage, meat pH, 

cooking loss, water holding capacity, and tenderness. 
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Table 3. Carcass production and meat quality of 35 days old meat-type chickens1 

Variables 
Dietary treatments2 Statistic 

HA0  HA1  HA2  HA3  HA4  SEM p-value 

Carcass production       

Body weight (g/bird) 475.02 550.01 454.81 466.62 434.04 19.85 0.438 

Carcass weight (g/bird) 321.18 357.60 282.92 302.98 278.49 13.09 0.316 

Carcass percentage (%) 67.03 64.81 66.38 64.44 63.85 0.64 0.544 

 

Meat quality 

    
  

Acidity 5.20 5.25 5.26 5.23 5.26 0.32 0.453 

Water holding capacity (%) 17.20 18.75 20.50 18.05 15.95 2.01 0.973 

Cooking loss (%) 23.41 22.35 24.03 23.68 25.09 0.80 0.890 

Tenderness (kg/cm)2 4.02 3.55 4.08 3.57 3.90 0.42 0.410 

Note: 1Data represent means from 5 replicates pens of 4 birds per treatment. 2HA0=basal diet 

without herbs additive (C), HA1=C+10g/kg GBM, HA2=C+10g/kg BSM, HA3=C+10g/kg 

GBM+10g/kg BSM, HA4=C+5g/kg GBM+5g/kg BSM.  

 

 

DISCUSSION 

Marek’s disease is caused by herpes virus that triggers numerous clinical syndromes 

in chicken, attack lymphatic tissue, depresses immune response, reduces growth rate 

(Osterrieder et al., 2006), and  causes a significant economic loss due to both high mortality 

rate and depressed performance (Okonkwo, 2015). A very low body weight in current study 

showed the severe effects of infectious disease invasion in broiler chickens. The birds were 

stressed and unable to grow properly. 

This study therefore was intended to reduce the adverse effects of disease infection 

outbreak in meat-type chickens. Some studies showed that garlic meal and black seed meal 

were able to improve growth performance through reduction of the growth and colonization 

of intestinal pathogenic microbes, improvement in health status, and enhancement in the 

energy and nutrient utilizations. Garlic can be used as herbal feed additive in broiler chickens 

diets, as it contains numerous important bio-active compounds that has the ability to improve 

weight gain and reduce feed conversion ratio (Mahmood et al., 2009).  Improvement of the 

two variables might be attributed to the antibacterial properties of allicin and ajoene. Maluf et 

al. (2008) described that ajoene (4,5,9-trithiadodeca-1,6,11-triene 9-oxide) has the ability to 

inhibit the growth and colonization of intestinal pathogenic microbes. However, 

supplementing diets with garlic meal or black seed meal in present study did not able to 

improve growth performance of 35 days old broiler chickens. Different results between our 

study with the other previous study might be attributed the different preparation methods of 
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the herbal additives, different strain of the birds, different climate condition, different housing 

type, and dosage supplementations used in the studies. As stated by Horton et al. (1991), the 

efficacy and efficiency of biological activity of herbal additives depend on species, type of 

phytochemical substances, degree of purity, and their stability. 

Diets supplementation with garlic bulb meal and black seed meal in this study did not 

influence growth performance. This might be caused by the acute condition of the disease 

which made the digestive system unable to convert macro-nutrient in the diets to readily 

absorbed micro-nutrients which are important for body maintenance and growth. All of the 

limited micro nutrients in the gut were used maximally to recover body conditions. In this 

condition, all of the bioactive compounds in the herbs were not effective to help body 

improvement. Therefore, low dose of herbal additives supplementation was not effective to 

improve body weight, carcass production, and meat quality. Results in current study was 

similar with the findings of Horton et al. (1991) which showed that low doses (1.0-10.0 g/kg) 

dried garlic meal supplementation did not improve feed intake, body weight gain, and feed 

conversion ratio (FCR) of 35 d old male chickens. In more recent study, Onibi et al. (2009) 

showed that dietary raw garlic bulbs powder supplementation at low doses (0.5-5.0 g/kg) did 

not affect feed intake, average body weight gain, FCR, and carcass production of 56 d old 

Shaver Starbo broiler chickens. On the other hand, Toghyani et al. (2010) reported that low 

doses (2.0-4.0 g/kg) dietary black seed meal did not improve final body weight and carcass 

production of 42 d old male Ross 308 broiler chickens. Similarly, Nasir & Grashorn (2010) 

also showed that 10 g/kg black seed meal supplementation did not influence body weight 

gain, feed intake, FCR, carcass production, and meat quality of 35 d old Ross 308 broiler 

chickens. 

  

CONCLUSION 

It might be concluded that when broiler chickens were kept under infectious disease 

outbreak condition, diet supplementation with low doses herbal feed additives do not effictive 

in improving growth performance, carcass production, and meat quality. 
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ABSTRACT 

Live microbial culture has positive effect on nutrient digestibility by increasing natural 

balance of microflora in digestive tract. The objective of this research was to evaluate lactic 

acid bacteria (LAB) and yeast as probiotic candidates which have resistance to bile salt, acid 

condition and inhibitory activities against pathogenic bacteria. The LAB and yeast were 

isolated from colon of native chicken and Javanese duck, respectively. The experimental 

design was factorial design. Characteristics of isolates were evaluated as follow: antibacterial 

activity, antibiotic sensitivity, viability percentage on bile salt, gastric juice and acid 

condition. The result showed that both isolates had ability to inhibit Pseudomonas 

aeruginosa, Staphylococcus aureus and Salmonella pullorum. Yeast B-18 isolate was 

resistant to streptomycin 10 µg, penicillin 10 µg and erythromycin 15 µg while LABAKK-30 

isolate was resistant to streptomycin 10 µg. LAB AKK-30 tend to be tolerant to bile salt 

while Yeast B-18 were more resistant to gastric juice and acid condition. It is concluded that 

both isolates can be potentially used as probiotic candidates. Further experiment should be 

conducted to evaluate effectiveness of isolates on nutrient utilization of poultry.    

 

Key words: antibiotic, lactic acid bacteria, pathogenic bacteria, viability, yeast 

 

INTRODUCTION 

The use of antibiotic as growth promoter (AGP) has positive impact to animal 

performance by decreasing population of sensitive bacteria on gastrointestinal tract (GIT) so 

animal digests the feed more efficiently (NOAH 2001). AGP can reduce GIT infection and 

increasing muscle mass (Niewold 2007). On the other hand, AGP gives negative effect to 

animal such as increasing of resistance of gastrointestinal bacteria and leaving residue on 

animal products (Castanon 2007;  Donoghue 2003). Long term use of AGP causes bacteria 

on GIT become resistance to antibiotic so the treatment of infection cannot be performed. 

Human becomes resistance if they consume animal product contaminated by bacteria which 

contained resistance gene and residue of AGP on animal product results on allergic or toxic 

reaction in human body. As a result, AGP had been banned since 2006 and probiotics are the 

alternative solution. 

Probiotics can be isolated from GIT section of poultry which is abundant and 

dominant of micro biota. Micro biota come from crop, gizzard, duodenum, ileum, caecum 
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and feces have been studied while microorganism from colon is rarely studied. Native poultry 

for example chicken and duck from Indonesia have been known as their ability to survive on 

pathogenic bacteria and live freely. It might be caused by micro biota on their GIT. Current 

research was using microorganism that have been isolated and identified from colon of native 

chicken and Javanese duck as probiotic candidate. 

Candidate of probiotics must have ability to control and prevent colonization of 

pathogenic bacteria on GIT. Besides that, it has to survive on GIT especially on acid 

condition and bile salt. Low pH is the main barrier to enter GIT for micro biota. It makes 

microorganism weakened and the survival micro biota have to survive to bile salt in small 

intestine by crushing their cell membrane. Boke et al. (2010) stated that the level of bile salt 

for bile salt tolerant assay is 0.15-0.30%. 

The aim of this research was to evaluate LAB and yeast from colon of native chicken and 

Javanese duck as probiotic candidates which have resistance to bile salt, acid condition and 

inhibitory activities against pathogenic bacteria. 

 

MATERIALS AND METHODS 

Antimicrobial Activity Assay 

Each isolate was grown on its media for 24 h at 37 ℃ for LAB and 30 ℃ for yeast and 

centrifuged at 4136 x g for 15 min at 4 ℃. Supernatant was neutralized by using 0.5 N NaOH 

(Merck) and sterilized by using millipore 0.20 µ. Inhibition activities against Escherichia coli 

FNCC 0194, Staphylococcus aureus FNCC 6049, Pseudomonas aeruginosa FNCC 0063 and 

Salmonella pullorumATCC 13036 in nutrient agar (NA) media (Merck) were performed 

using agar diffusion methods (Bonevet al. 2008) with incubation for 24 h at 37 ℃. The 

experiment was arranged on factorial design which consisted of five treatments 

(crudebacteriocin from LAB AKK-30, yeast B-18, antibiotic penicillin, streptomycin and 

erythromycin) and four pathogenic bacteria (E. coli, S. aureus, P. aeruginosa and S. 

pullorum) and each treatment consisted of three replications. Twenty five milliliters of sterile 

supernatant embedded in blank paper disc and placed in plate containing pathogenic 

bacteria.LAB AKK-30 was isolated from colon of native chicken (Julendra et al. 2017) and 

B-18 yeast was isolated from colon of Javanese Duck which are preserved in BTPTA 

microbiology laboratory. 
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Antibiotic Sensitivity Assay 

LAB and yeast isolate aged 24 h were inoculated on MRS agar media and YGC agar 

media. Antibiotic paper discs were put on agar media surfaces and then incubated for 24 h at 

37 ℃ (LAB) and 30 ℃ (yeast). Clearing zone diameter around paper disc was observed after 

incubation time. The assay was measured by using Kirby Bouer method (Cappucino& 

Natalie 1986). The antibiotics were 10 µg penicillin G, 10 µg streptomycin and 15 µg 

erythromycin. The experiment was arranged on factorial design consisted of two isolates and 

three antibiotics with four replication. 

 

Bile Salt Tolerant Assay 

Bile salt tolerant test was observed by modified method (Torshiziet al. 2008, 

Damayanti et al. 2014). 1 mL LAB AKK-30 and yeast B-18 culture aged 18 h were 

centrifuged at 4136 x g for 10 min at 4 ℃ and washed twice by using sterile phosphate 

buffered saline (PBS) (Oxoid). Pellets were added in 0.3 mL of PBS and mixed with 1 mL 

PBS containing 0.3% (w/v) bile salt (Merck). Each mixture was incubated for 3 h at 37 ℃ for 

LAB and 30 ℃ for yeast. Sample was observed at 0, 2 and 3 h. The viability was calculated 

by using serial dilution and plated on de Mann Rogosa Sharpe (MRS) agar media (Oxoid) 

and yeast glucose chloramphenicol (YGC) agar media (Merck) with three replications. 

 

Gastric Juice Tolerant Assay 

Gastric juice tolerant assay referred to modified gastric juice simulation (Torshiziet al. 

2008, Damayantiet al. 2014). LAB culture was incubated on MRS broth (Conda) for 18 h at 

37 ℃ while yeast culture was incubated on YGC broth (Conda) for 18 h at 30 ℃. 1 mL of 

each culture was centrifuged at 4136 x g for 10 min at 4 ℃. Pellets were rinsed by using 

sterile PBS twice and diluted in 0.3 mL PBS and mixed with 1 mL PBS pH 2 containing 

pepsin 0.3% (Sigma) (artificial gastric juice). LAB was incubated at 37 ℃ while yeast was 

incubated at 30 ℃ for 45 min and sampled at 0, 15 and 45 min. Serial dilution was made on 

sterile PBS then inoculated on MRS agar media for LAB and YGC agar media for yeast for 

viability test. 
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Acid Tolerant Assay 

Acid tolerant analysis was determined by modified method of Torshizi et al. (2008) & 

Damayanti et al. (2014). LAB and yeast culture aged 18 h were centrifuged at 4136 x g for 10 

min at 4 ℃ and the pellets were cleansed by using sterile PBS twice and adulterated in sterile 

PBS before being inoculated on PBS pH 2 and pH 3. Cell viability was calculated by total 

plate count (TPC) method on MRS agar media and YGC agar media. 

 

Data Analysis 

Quantitative data from antibacterial activity and antibiotic sensitivity assay were 

analyzed by using analysis of variance (ANOVA) and followed by Duncan’s multiple range 

test to distinguish the effect of different treatment mean using CoSTAT statistical software 

(Cohort 2008). Total of bacteria cell (cfu/mL) was converted to logarithmic value and 

viability percentage was calculated by dividing total colonies after incubation (log10cfu/mL) 

with total colonies before incubation (log10 cfu/mL) and multiplied by 100%. 

 

RESULTS AND DISCUSSION 

Antibacterial activity assay using crude bacteriocin against pathogenic bacteria 

showed in Table 1. Paper discs contained antibiotic was used as positive control while the 

samples were crude bacteriocin from LAB AKK-300 and Yeast B-18. The indicator of this 

assay was diameter clearing zone which means the ability of crude bacteriocin against 

pathogenic bacteria. Both samples produced crude bacteriocin at different levels. There was a 

significant interaction (P<0.01) between pathogenic bacteria and antibacterial substances. It 

means antibacterial substances had specific inhibition on the specific bacteria. Crude 

bacteriocin from isolates had ability to inhibit P. aeruginosa, S. aureus and S. pullorum. 

Antibacterial substances from Yeast B-18 tend to inhibit those bacteria higher than crude 

bacteriocin from AKK-30. This result could be influenced by bactericidal activities of 

bacteriocin. LAB AKK-30 produced lactic acid while Yeast B-18 produced oxilipid and these 

bacteriocin might have different ability against pathogenic bacteria.The mechanism of 

antibacterial inhibition occurred in two stages. First stage was bacteriocin absorption on 

specific and nonspecific receptor on pathogenic bacterial membrane cells and crude 

bacteriocin became sensitive mainly to proteolytic enzyme. Second stage was irreversible and 

involved lethal changes in sensitive strains (de Lima & Filho 2005). 
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Table 1. Antibacterial activity of antibiotics, LAB and yeast isolates 

Antibacterial 

Substances 

Clearing Zone Diameter (mm) 

P. aeruginosa S. aureus E. coli S. pullorum 

Streptomycin 10 µg 11.19±2.61F 11.20±0.46F 6.18±0.93G 13.01±0.16CDE 

Penicillin 10 µg 15.06±3.18BCD 13.34±0.23BCDE 0.00±0.00H 16.76±3.49BC 

Erythromycin 15 µg 17.69±0.63B 27.52±0.65A 9.97±0.88EFG 11.90±2.15DEF 

Yeast B-18 15.46±1.60BCD 17.82±2.59B 0.00±0.00H 15.04±2.37BCD 

LAB AKK-30 9.84±2.98EFG 6.44±3.13G 0.00±0.00H 7.29±0.96FG 

    Note: Means in the same column and row with different superscripts  differ significantly (P<0.01) 

 

Susceptibilities of isolates to antibiotics were showed in Table 2. The result showed 

yeast had no clearing zone after 24 hours incubation while LAB had different resistance 

levels on each tested antibiotics. Stanley et al. (2014) stated that Lactobacillus strain isolated 

from chicken possessed high antibiotics resistance. In previous study, three selected broiler 

chicken-indigenous LAB had some degree of antibiotic resistance against several tested 

antibiotics (Torshiziet al. 2008). The resistance of yeast isolate to antibiotics made it suitable 

for animal undergoing antibiotic treatment and profitable over bacteria for therapeutic use 

(Syalet al. 2014). 

 

Table 2. Antibiotic sensitivity assay of LAB and yeast isolated from native chicken and 

gastrointestinal tract 

Antibiotic 
Clearing Zone Diameter (mm) 

Yeast B-18 LAB AKK-30 

Streptomycin 10 µg 0.00±0.00 (R)C 0.00±0.00 (R)C 

Penicillin 10 µg 0.00±0.00 (R)C 23.11±0.73 (R)B 

Erythromycin 15 µg 0.00±0.00 (R)C 24.18±1.04 (S)A 

     Note: Means in the same column and row with different superscript differ significantly P<0.01. R : 

resistance; S: sensitive. 

 

One of the main characteristic of probiotic in order to give advantageous health for host 

was resistance to environment of GIT such as acid and bile salt (Kosin&Rakshit 2006). The 

tolerant assay of bile acid, gastric juice and pH acid result were shown on Table 3. The LAB 

isolate had ability to survive on bile salt after 3 hours incubation and it would be possible to 

deconjugate bile salt and might be effective to reduce serum cholesterol in poultry. Bile salt 

tolerance in GIT associated with bile salt hydrolase (BSH) activity (O’Sullivan et al. 2009). 
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BSH broke down the peptide linkage of bile acids which removed amino acid group from 

steroid core and the unconjugated bile acids precipitate at low pH (Begley et al. 2006). The 

percentage of viable Yeast B-18 tend to be decreased after 3 hours incubation. This result 

contradict with results reported by Fakruddinet al. (2017) that yeast can survive in high bile 

concentration. 

 

Table 3. Viability of LAB AKK-30 and yeast B-18 on bile salt and gastric juice resistance 

Percentage of Viability (%) Time 
Isolates 

LAB AKK-30 Yeast B-18 

Bile Salt Viability 

0 min 100.00±0.00A 100.00±0.00A 

120 min 82.41±31.07A 23.91±4.63B 

180 min 135.51±69.39A 12.07±1.88B 

Gastric Juice Viability 

0 min 100.00±0.00A 100.00±0.00A 

15 min 17.90±1.26B 104.62±7.28A 

45 min 0.01±0.00C TNTC* 

pH 2 Viability 

0 min 100.00±0.00A 100.00±0.00A 

45 min 0.37±0.39D 38.66±2.48B 

90 min 0.08±0.13D 3.39±0.48C 

pH 3 Viability 

0 min 100.00±0.00B 100.00±0.00B 

45 min 0.26±0.15C 118.34±15.43A 

90 min 0.30±0.43C 98.71±7.70B 

Note: Means in the same row with different superscript differ significantly P<0.01. *Data from the 

cell viability after 45 min incubation was not included in average calculation and statistical 

analysis, TNTC :Too Numerous To Count 

 

In gastric juice tolerant assay, the cell viability of LAB isolate were decreased while 

the yeast isolate survived after 45 minutes incubation. This result was linier with Damayanti 

et al. (2012) and Fakruddinet al. (2017). The microorganism ability to survive in acid 

medium was influenced by many factors such as temperature, pH, nutrient availability and 

previous natural habits (Romero-Pérez et al. 2011). Current research showed that isolates 

viability were affected by similar factors. Different sources of isolate might have different 

mechanism in using nutrient in current location and previous natural habitat.  Low extreme 

pH might be suitable for yeast to live whereas LAB had to survive on acid condition. 

Adaptability of micro biota in environmental condition were closely affected on growth and 

survivability (Sofyanet al. 2013).  

 

CONCLUSION 

LAB AKK-30 and Yeast B-18 isolated from colon of native chicken and Javanese 

duck respectively had bactericidal activity against P. aeruginosa, S. aureus and S. 

pullorumby making huge diameter of clearing zone. Yeast B-18 showed resistant to 
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antibiotics such as Streptomycin, Penicillin and Erythromycin while LAB B-18 was only 

resisted to Streptomycin. In acid condition, Yeast B-18 had higher viability percentage than 

LAB AKK-30. LAB isolates were more resist on bile salt which meant both isolates can 

survive on GIT. LAB AKK-30 and Yeast B-18 were potential as probiotic candidates. 
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ABSTRACT 

The plant flowers and honeybees have a special relationship in which both benefit. 

Honeybees obtain food and the flowers pollinated by honeybees. The main source of food for 

honeybees consists of nectar and pollen that collected by worker bees as the source of 

carbohydrates, protein, fats, vitamins, and minerals for growth and development colonies in 

the hive. The aimed of research was to investigate the plant's types as the source of 

honeybees forages. This research has been conducted from 4 to 16 June 2017, in Faculty of 

Animal Science and Lembah Universitas Gadjah Mada. The research was used by direct 

observation on the around of research location. To determine the type of plants that produce 

nectar and pollen were performed by taking sample one or two flowers every plant, then 

check the availability of nectar and pollen. The data type of honeybees forages were analyzed 

by descriptive analysis. The results showed that the type of honeybees forages in Faculty of 

Animal Science and Lembah UGM were Pometia pinnata, Terminalia catappa, 

Chrysophyllum cainito, Dimocarpus longan, Mangifera indica, Tamarindus indica, 

Nephelium lappaceum, Musa paradisiaca, Lagerstroemia, Calliandra calothyrsus, Leucaena 

leucocephala, Syzygium polyanthum, Gmelina arborea, Capsicum annum, Ceiba pentandra, 

Muntingia calabura, Swietenia macrophylla, Syzygium aqueum, and Anacardium 

occidentale. The research results indicate that Faculty of Animal Science and Lembah UGM 

have a great potential for beekeeping honeybees especially bee of Trigona sp. 

 

Key words: Honeybees, forages, nectar, pollen 

 

INTRODUCTION 

Honeybees are a group of insects that are included in the order Hymenoptera, namely 

the Aculeata characterized by female bees have a sting and a modification of ovipositors 

(Michener, 2007). Honeybees are a group of insects that act as an agent pollinators the plants, 

to increase the crop productivity (Corlett, 2011; Partap, 2011). The honeybees have three 

castes consists of queen, workers (modified females), and drones (Michener, 2007). 

Honeybees have a product produced by worker bees consists of honey, bee-pollen, propolis, 

royal jelly, and bee venom. The raw materials for produce the bees products are obtained 

from the plants such as from flowers and another part of plants. Very few flowers are 

dependent on a single insect species, although no other pollinators are as effective as are 

mailto:agussalim.apis@gmail.com
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honeybees. In all, 80% of flowering plants worldwide are pollinated by insects, and of these 

about 85% by honeybees. As many as 90% of fruit tree flowers are dependent on honeybees 

(Tautz, 2008). 

The plant flowers and honeybees have a special relationship in which both benefit, 

honeybees obtain food (nectar and pollen) and the flowers pollinated by honeybees. The 

nectar and pollen collected by worker bees regularly and continuously. Nectar is a sweet 

liquid secreted by glands nectaries plants that can grow in the flower (floral nectar), leaves 

and stems (extrafloral nectar). Bee-pollen is a product produced by worker bees from the 

pollen of plant flowers as raw material mixed with the nectar. The pollen contains proteins, 

vitamins, and minerals that needed by honeybees to create a healthy colony (Sihombing, 

2005; Abrol, 2011). Honeybees visit flowers to collect pollen and nectar as the source of 

carbohydrates, protein, fat, vitamins, which are essential for growth and development, 

repairing of worn out tissue and stimulating the development of hypopharyngeal glands 

(Abrol, 2011). 

In general, almost all of flowering plants can become a source of bees forage, but 

there are several types of flowers contains toxic compounds, so can not visit by insects 

generally (Pacini & Nicolson, 2007). Dissolved substances in nectar have several functions: 

beneficial for pollinators with water, ions, carbohydrates, amino acids, and proteins with low 

molecular weight, nectar also contains scented compounds to attract pollinators (Raguso, 

2004), enzymes and antioxidants to maintain homeostasis nectar composition (Carter & 

Thornburg, 2004). Production of honey and bee-pollen (bee bread) are influenced by the 

availability of nectar and pollen from plant flowers include the quantity and quality. 

Production and quality of nectar or pollen from the plants are different depending on types of 

plants, origin, climate, temperature, and humidity so the impact on the quality of honey and 

bee-pollen. Therefore, the aimed of research was to investigate the plant's types as the source 

of honeybees forages in Faculty of Animal Science and Lembah Universitas Gadjah Mada 

(UGM). 

 

MATERIALS AND METHODS 

This research has been conducted from 4 to 16 June 2017 with direct observation in 

Faculty of Animal Science and Lembah UGM, Yogyakarta. This study was used data the type 

of plants as honeybees forages were produced nectar, pollen or the both, temperature and 

humidity (measured by thermo-hygrometer). 
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Checking Availability of Nectar of Plants Flowers 

To determine the plants can produce nectar, pollen, and both were done by taking 

samples one or two flowers, then check the availability of nectar, pollen and both. The time 

for checking the availability of nectar from plants flowers was done in the morning at 08.00 

to 11.00 h and the afternoon at 15.00 to 17.00 h because at the time is not evaporation. While 

at during the day between 11.30 to 14.30 h is time evaporation of nectar, so difficulties to 

check the availability of nectar. The method for checking the source of nectar from plants 

flowers was done by opened the petals of flowers, then check the liquid content was indicated 

as the nectar in the base. In addition, the flowers as the source of nectar are characterized by 

the presence of honeybees and the other insects collecting the nectar from the flowers. The 

volume of nectar every flower was not measured. 

 

Checking Availability of Pollen of Plants Flowers 

For checking the flowers of plants that produce pollen was done all day with checked 

at anther of flower, then check pollen floured colored and shaped of powder. The color of 

pollen from plants flowers is not significantly different and generally mostly yellow colored. 

In addition, the flowers as the source of pollen are characterized by the presence of 

honeybees collecting the pollen from the flowers. The weight of pollen every flower was not 

weighed. All of the data collected were analyzed by descriptive analysis. 

 

RESULTS 

Honeybees Forages in Faculty of Animal Science UGM 

The result of research showed that the types of plants as the source of honeybees 

forage in Faculty of Animal Science UGM were divided based on the source of nectar, 

pollen, and the both. The types of plants as the source of nectar were Calliandra calothyrsus, 

Pometia pinnata, Terminalia catappa, Chrysophyllum cainito, Dimocarpus longan, 

Mangifera indica, Niphelium lapaceum, Syzygium polyanthum and Syzygium aqueum. The 

types of plants as the source of pollen were Lagerstroemia, and Leucaena leucocephala. 

While the source of both nectar and pollen were Musa paradisiaca, Gmelina arborea, 

Tamarindus indica, and Capsicum annum (Table 1). 
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Table 1. The types of plants as honeybees forage in Faculty of Animal Science UGM 

Types of plants  Indonesian name Latin name 
Source of 

nectar/pollen 

Calliandra Kaliandra Calliandra calothyrsus Nectar  

Matoa Matoa Pometia pinnata Nectar  

Catappa Ketapang Terminalia catappa Nectar  

Caimito Sawo duren Chrysophyllum cainito Nectar  

Longan Lengkeng Dimocarpus longan Nectar  

Mango Mangga Mangifera indica Nectar  

Tamarind Asam Jawa Tamarindus indica Nectar/Pollen  

Rambutan Rambutan Niphelium lapaceum Nectar  

Banana Pisang Musa paradisiaca Nectar/Pollen 

Lagerstroemia Bungur Lagerstroemia Pollen 

Leucaena Lamtoro Leucaena leucocephala Pollen  

Indonesian laurel Salam Syzygium polyanthum Nectar  

Gmelina Jati Putih Gmelina arborea Nectar/Pollen  

Chili Cabe rawit Capsicum annum Nectar/Pollen 

Water apple Jambu air Syzygium aqueum Nectar 

  

Honeybees Forages in Lembah UGM 

The result of research showed that the types of plants as the source of honeybees 

forage in Lembah UGM were divided based on the source of nectar, pollen, and the both. The 

types of plants as the source of nectar were Ceiba pentandra, Swietenia macrophylla, 

Anacardium occidentale. The types of plants as the source of pollen were Lagerstroemia, and 

Leucaena leucocephala. While the source of both nectar and pollen were Gmelina arborea, 

and Muntingia calabura (Table 2). 

 

 Table 2. The types of plants as honeybees forage in Lembah UGM 

Types of plants Indonesian name Latin name 
Source of 

nectar/pollen 

Kapok Kapuk Randu Ceiba pentandra Nectar  

Cherry Kersen Muntingia calabura Nectar/Pollen 

Mahogany Mahoni Swietenia macrophylla Nectar 

Cashew Mete Anacardium occidentale Nectar  

Lagerstroemia Bungur Lagerstroemia Pollen 

Gmelina Jati Putih Gmelina arborea Nectar/Pollen  

Leucaena Lamtoro Leucaena leucocephala Pollen  
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Temperature and Humidity 

The result of research showed that the temperature in Faculty of Animal Science and Lembah 

UGM was about 24.5 to 34.7oC, while the humidity was about 43 to 70%. 

 

DISCUSSION 

Production of honey from the bees is influenced by the availability of nectar from 

plant flowers, the size of bees, temperature, humidity, and the daily activities of worker bees 

for collecting nectar. The temperature in Faculty of Animal Science and Lembah UGM has 

included the normal temperature and humidity. The temperature and humidity will be 

influencing the availability of nectar and moisture content of nectar. The higher temperature 

causes the nectar moisture is low, while the low temperature causes the nectar moisture is 

high. According to Tautz (2008), honeybees can normally activity at the temperature about 

18 to 35oC, so when the condition above and below the temperature causes the disrupted 

activity of honeybees. The optimum temperature for honeybees is 26oC. Futhermore, Abrol 

(2006) report that the bee of Apis florea was found started the activity in the morning with the 

temperature about 19.4 to 25oC. The bee of A. florea showed the highest activity for collect 

the nectar or pollen in the temperature about 25 to 38oC and decrease activity at the 

temperature more than 38oC. In addition, Abrol (2011) states the bee of A. dorsata the flight 

activity decrease at the temperature below 16.5oC and above 38oC. 

Honeybees collect nectar and pollen from the flowers of plants as the raw material to 

produce honey and bee-pollen (bee bread) by worker bees. Honeybees need the nectar and 

pollen as the source of carbohydrates, protein, fat, vitamins, which are essential for growth 

and development, repairing of worn out tissue, and stimulating the development of 

hypopharyngeal glands (Abrol, 2011). The number of plants types as honeybees forages in 

Faculty of Animal Science were fifteen plants (Table 1), while in the Lembah UGM were 

seven plants (Table 2). 

Calliandra calothyrsus and Terminalia catappa are the plants flowers can produce the 

nectar as honeybees forage. The calliandra can be flowering all year, so can produce the 

sustainable nectar. The daily production and volume of nectar each flower some kinds of 

calliandra was reported i.e. C. grandiflora volume nectar was 6.3 mg/flower (MacQueen & 

Hernandez´, 1997) and 10.7 mg/flower for C. palmeri (Cruden et al., 1983), 0.01 ml/flower 

for C. grandiflora (Arizmendi, 2001), 6 to 32 mg/flower/day for C. longipedicellata 

(Hernández-Conrique et al., 2007). In addition, catappa was found in Faculty of Animal 
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Science as the protective plants, but in the flowers were found insects such as bactrocera, 

wasps, A. cerana, and Trigona sp. 

Pometia pinnata and Chrysophyllum cainito are the plants as the source of nectar for 

honeybees forage but has a seasonal flowering. In Faculty of Animal Science were found 

bees such as A. cerana, and Trigona sp. to visit matoa and caimito flowers for collecting 

nectar as a raw material for produce honey. The bees not only collect the nectar but as an 

agent of pollinator so increase fruit production. In addition, caimito has abundant flowers 

when flowering. Dimocarpus longan is the plant produce nectar from flowers as the 

honeybees forage. Longan in the Faculty of Animal Science UGM not much but can support 

nectar for honeybees forage. In Java island, Logan is one of the favorite plants as source 

nectar for bees of A. mellifera and the most of the beekeepers placed boxes around the 

plantation area. Chanchao et al. (2006) reported that honey produced by longan nectar has a 

content of proline was 26.79±1.14 µg/ml and inverted sugar was 49.74±11.1%. Prasad et al. 

(2017) reported that flower of longan contains quercetin which is anticancer in nature. 

Furthermore, Lin et al. (2001) reported that flowers and fruits having anticancer properties.  

Tamarindus indica is a plant has an abundant flowers but seasonal blooming and were 

found honeybees A. cerana, and Trigona sp. for collecting nectar and pollen. Tamarind has 

been reported that flowers as the source of potential nectar for honeybees. Chaubal (1982) 

reported that T. indica to be a good nectar and pollen source for bees of A. cerana during 

summer in Maharashtra state. Furthermore, Ramanujam & Kalpana (1992) also reported that 

T. indica is an important nectar and pollen source for A. florea in the Ranga Reddy district. 

Suwannapong et al. (2013) reported that protein contents from pollen T. indica was 48.44 

mg/100 g pollen. 

Mangifera indica and Niphelium lapaceum are the plants abundant flowers when 

flowering. The most of the beekeepers placed the honeybees boxes in the around plantation 

of mango and rambutan. The both of plants mango and rambutan flowers is the source of 

nectar, so increase the production of honey. In addition, presence the bees in the around 

plantation can increase production of mango and rambutan fruits. Syzygium aqueum is a plant 

has abundant flowers and found more insects and birds when bloom. The flowers mango, 

rambutan, and water apple in the Faculty of Animal Science were found bees A. cerana, 

Trigona sp., wasp, and birds for collect nectar. 

Musa paradisiaca plants are flowering all year and as the source of both nectar and 

pollen for honeybees. In the Faculty of Animal Science, banana plants were located in the 
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grass field so the bees can collect pollen from both banana and grass. The volume of nectar 

from plant species is varied dependent on species or cultivar and origin. El-Kazafy (2007) 

reported that the females flowers were 180.18 flowers/plant, production of nectar was 91.66 

mg/flower, the concentration of sugar was 20.47%, while the bisexual flowers were 164.40 

flowers/plant, production of nectar was 88.20 mg/flower, the concentration of sugar was 

20.06%. Furthermore, Rutikanga et al. (2016) reported that nectar volume of bananas was 

collected from 27 cultivars were ranged 0.1 to 0,59 mL/flower with the concentration of 

sugar were ranged 8.4 to 20%. 

Lagerstroemia is a plant located in Faculty of Animal Science as a shade and 

ornamental plant, but the flowers as the source of pollen for honeybees. It is flowers were 

found bee Trigona sp., bumble bee to collect a pollen. In addition, the plant of Leucaena 

leucocephala has blooming flowers all year and was found honeybees         (A. cerana, and 

Trigona sp.) in the flowers for gathering pollen. Ngongolo et al. (2014) reported that the high 

visit to collect pollen and role as the pollinator was observed to  A. mellifera followed by the 

wasp and Megachille sp. 

Gmelina arborea is a plant can produce both nectar and pollen for the feed of bumble 

bee, honeybees, and birds. They were found at the flowers soon after sunrise, depending on 

the availability of nectar and pollen from flowers. Raju & Rao (2006) reported that flower of 

gmelina produces 20 ml of nectar, sugar concentration 28 to 35%. Furthermore, was reported 

that period of flowering gmelina during February to April. In the flowers, the bees were 

Xylocopa latipes for collected nectar, Amegilla sp. and A. cerana indica for collected both 

nectar and pollen in the same or different visits. Syzygium polyanthum is plant was found in 

Faculty of Animal Science as the source of nectar for insects such as the bactrocera, bees 

Trigona sp. and A. cerana. The flowers of syzygium very abundant when blooming but the 

flowering is seasonal not all year. 

Capsicum annum is a plant include the group of vegetables has a flowering all year. In 

chili flowers in the Faculty of Animal Science were found honeybees (A. cerana, and Trigona 

sp.) visiting flowers for collect nectar. The volume of nectar of chili is varied depending on 

cultivars. Roldán-Serrano & Guerra-Sanz (2004) reported that the daily volume of nectar 

from six cultivars consists of Bardenas was 0.72 µL, Vergasa 0.78 µL, Yolo wonder 2.14 µL, 

Pardon 0.18 µL, Chotis 0.96 µL, and Roxy 0.16 µL. Furthermore, explained that the sugars 

encountered in those cultivars were sucrose, glucose, and fructose. The average concentration 

of four cultivars 125.6 g/L of sucrose, 132.4 g/L of glucose and 151.5 g/L of fructose. 
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Ceiba pentandra is a plant has abundant flowers as the source of nectar for honeybees 

forage. The number of kapok in the Lembah UGM was about fifteen trees. The kapok has 

blooming flowers is seasonal and most were found honeybees A. cerana, A. mellifera, 

Trigona sp., and wasp to visit for collect the nectar. Singaravelan & Marimuthu (2004) was 

reported that nectar production from the flowers of Kapok showed a peak at 19.00 h with a 

volume of 100.0±25.6 µL, while at 05.00 h the nectar production was at a minimum with 

8.5±4.9 µL. The average volume of nectar produced was 321.0±72.2 µL/flower per night. 

The result of research indicates that Ceiba pentandra has a great potential for honeybees 

forage. Swietenia macrophylla is a plant in the Lembah has blooming flowers seasonal as the 

source of nectar for honeybees. Paiva (2012) explained that the volume of nectar produced by 

mahogany is relatively small. Furthermore, Krisnawati et al. (2011) explained the period of 

flowering for mahogany in Indonesia were by months July to September. 

Anacardium occidentale is a plant has flowers abundant when blooming but seasonal. 

The plant produces nectar from floral and extrafloral all year from the black point of leaves, 

inflorescence. In the cahsew flowers was located in Lembah UGM were found ants, 

bactrocera, wasps, bee A. cerana, and bee Trigona sp. to collect the nectar. Rickson & 

Rickson (1998) was explained that cashew nut trees are consistently ant visited throughout 

the year, with the ants attracted to a large number of extrafloral nectaries on the leaves, 

inflorescences, flowers, and developing nuts. Caramês et al. (2017) reported that the cashew 

nectar acidity was about 0.022 to 0.025%, total sugars 0.58% to 0.60%, pH 0.068 to 0.123, 

and ascorbic acid 4.61 to 4.80 mg/100 g. Thus, the result of research indicates that cashew is 

one of the plants has a great potential as the source of nectar for honeybees. 

 

CONCLUSION 

It can be concluded that type of plants as honeybees forage in Faculty of Animal 

Science and Lembah UGM were Pometia pinnata, Terminalia catappa, Chrysophyllum 

cainito, Dimocarpus longan, Mangifera indica, Tamarindus indica, Nephelium lappaceum, 

Musa paradisiaca, Lagerstroemia, Calliandra calothyrsus, Leucaena leucocephala, 

Syzygium polyanthum, Gmelina arborea, Capsicum annum, Ceiba pentandra, Muntingia 

calabura, Swietenia macrophylla, Syzygium aqueum, and Anacardium occidentale. Thus, 

Faculty of Animal Science and Lembah UGM have a great potential for beekeeping 

honeybees especially bee of Trigona sp. In addition, needed the further research about the 
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daily volume each of flower and duration of flowering every plant to predict the potential of 

plants to produce a honey. 
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ABSTRACT 

This study was aimed to evaluate the effect of alternative consentrate from hidrolyzed tuna 

waste and fermented pollard on lipid profile in blood and quality of Arabian chicken eggs. 

The materials of this research were 60 Arabian chickens from gold strains in laying period. 

The chickens were 20 weeks old and were kept for 8 weeks in reared. The research method 

was using experimental in vivo with four treatments at R0 (0% Natural Concentrate), R1 (12% 

Natural Concentrate), R2 (24% Natural Concentrate), and R3 (36% Natural Concentrate). 

Data were analyzed using analysis of variance (ANOVA) of the Completely Randomized 

Design (CRD) and followed by Honesty Significant Deference (HSD). The results showed 

that the use of alternative concentrate at 36% concentration, evidently proved to not have any 

significant effect (P>0.05) in feed consumption, energy, protein, FCR, HHP, exterior and 

interior egg quality.  In conclusion, the use of alternative concentrate at 36% concentration is 

able to replace the use of commercial concentrate.   

 

Key words: Arabian hens, natural concentrate, lipid profile of blood, quality of eggs 

  

INRODUCTION 

Poultry farming has a relatively important role in the fullfilment of nutrients for 

human being.  The feed cost in poultry farming is approximately 50-70% of the total cost, 

therefore, feed cost factor represents the most important component of overal cost in the 

farming. The feed cost is spent by the commercial farmers especially to purchase the 

commercial concentrates. The commercial consentrates can be substituted by natural 

consentrates, for instance tuna-fish-waste based concentrate. The wastes of fish processing 

industries generally are abandoned and the disposed wastes may polute the environment.  

According to the Directorate General of Fishery, the Ministry of Maritime and Fishery 

(2012), the potency of tuna fish waste in Indonesia in the year of 2011 was abundant, 

approximately of 81,022 tonnes/year. The head (caput) part of the fish contains moderate 

concentration of collagen.Therefore, it has low digestibility as a poultry feed (Suhermiyati 

and Setyawati, 2008). According to Anam, et al., (2003) the effort to solute collagen can be 

done by using papain enzyme by catalising the protein molecules into the simpler compounds 

such as peptides and amino acids. The group of sulfhydryl   protease hydrolises the bounds of 

arginine-alanine and alanine-glutamine in the protein of the muscle.  

mailto:srisuhermiyati@yahoo.co.id
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In the process of natural concentrate production, pollard may be added as a source of  

plant protein due to it contents of protein as much as 15.5%, fat as much as 7%, and crude 

fiber as much as 11% (NRC, 1994). The process of increasing the protein content in pollard 

can be conducted via fermentation by using Saccharomyces cereviseae. Yono (2000) 

reported, the fermentation of pollard was able to increase protein content upto 100% and 

decreased NDF content as much as 25%. Suhermiyati, (2015) reported, the fermented pollard 

using Saccharomyces cereviseae contains 22.09% of protein 5.47% of fat, and 8.10% of 

crude fiber. The natural consentrate of the tuna fish head hydrolisate contains calcium (Ca) 

and phospor (P) and is expectable to have capability to increase shell thickness, shell weight, 

and shell strength (Sri Suhermiyati, 2015). Based on the descriptions above, a research was 

conducted to evaluate the utilization of hydrolized-tuna-head based natural concentrate and 

fermented pollard on the the exterior and interior quality of Arabian hen eggs.    

   

MATERIALS AND METHODS 

Sixty  28-week old  silver strain Arabian hens  were purchased from “Wanita Karya” 

Woman Livestock Farmer Group of the sub-district of  Karanglewas, District of Banyumas 

and used in this study. Sixty units of cage-type houses with the size of 40 x 40 x 25 cm that 

were completed with feeders and drinkers and were separated  one to the other by walls, were 

also used. The contents of nutrients of the commercial and natural consentrates were 

presented in Table 1.  

 

Table 1.  The cotents of nutrients in the commercial and natural consentrates. 

Kind of Nutrient 
Tipe of Konsentrate 

Commercial Consentrate  Natural Konsentrate  

Dry matter (%) 89.00 89,00 

Metabolic Energy (kcal/kg) 2472.00 2898.00 

Crude Protein (%) 31.64 31.84 

Crude fat (%) 4.94 17.63 

Crude fiber (%) 7.91 6.42 

Calcium (%) 8.90 9.15 

AvailablePhospor (%) 1.00 1.52 

Lysine (%) 1.70 1.40 

Methyonine (%) 0.80 0.40 

Source: The Animal Nutrition Laboratory Analysis of  Unsoed (2016). The Ca and P concentrations 

were analysed in the Laboratory of Soil Chemistry, the Faculty of Agriculture, Unsoed, 

(2016). Commercial consentrate Label (2016). Lysine and Methyonine (Layer hen feed, SNI, 

2009).  
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The study used four treatments and five replications, each replicate consisted of 3 

heads of hens. The composition of nutrients in the dietary feeds was presented in Table 2.  

 

Table 2. Composition of  Nutrients and Metabolic Energy in Diets. 

Feedstuffs 
% 

R0 R1 R2 R3 

Commercial Concentrate  36 24 12 0 

Natural Concentrate  0 12 24 36 

Corn 44 44 44 44 

Bran 20 20 20 20 

Total 100 100 100 100 

Chemical composition     

CP (%)** 17.65 17.67 17.70 17.72 

Metabolic Energy (kcal/kg)* 2946.72 2997 3049 3100 

CF (%)** 6.03 5.85 5.68 5.50 

C Ft (%)**   5.86 7.38 8.90 10.42 

Ca (%)  (min 2)  3.23 3.26 3.29 3.32 

Available P (%)  0.44 0.50 0.56 0.62 

Methyonine (%) *** 0.42 0.42 0.41 0.41 

Lysine (%)**  0.84 1.12 1.39 1.68 

Fatty acid , ω-3 (%)***  0.04 0.38 0.73 1.07 

Fatty acid, ω- 6 (%)*** 1.67 1.77 1.86 1.95 

Source:      *) ME was calculated based on the NRC, 1994, recommendation.  

**)  Ca and P were analysed by the Laboratory ofSoil Chemistry, Faculty of 

Agriculture, Unsoed, Purwokerto, 2016). 

***)  The  ω-3 and ω-6 fatty acids of Tuna fish were calculated according to 

Wildan (2000); Corn, Pollard, and rice bran were of (NRC, 1994). 

 

The method of the study was experimental by in vivo using completely randomized 

design (CRD). The observed variables were; the profile of blood fat (cholesterols, HDL and 

Triglyserides) (Iriyanti, 2006). Exterior quality of eggs (strength, thickness, and weight of 

shell (Yuwanta, 2010, Wirondas et al., 2008). The Chemical quality of eggs were; the 

concentrations of cholesterols, fat, and Protein of egg yolk (Mulyadi, 2013). 

 

RESULTS AND DISCUSSION 

Effect of treatment on nutrient intake and production performances 

 The averages of study results of hydrolized-tuna-head and fermented-pollard based 

natural concentrate utilization in terms of nutrient intake and production performances of 

Arabian hen were presented in Table 3. 
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Table 3. The means of nutrient intake and  Performances of Arabian hen Prodution 

Observed Response 
Level of THID+PF in the diet (%) 

0%(R0) 12%(R1) 24%(R2) 36%(R3) 

Feed intake (g/head/d)  76.72 ± 1.90a 75.35 ± 2.41a 74.62 ± 5.74a 69.76 ± 4.32a 

Energy intake (kcal/head/d)  226 ±5.60a 225 ±7.24a 227 ±17.51a 216 ±22.48a 

Protein intake (g/head/d)  13.54 ±0.34a 13.31 ±0.43a 13.21 ±1.02a 12.36 ±1.02a 

Feed Convertion Ratio (FCR) 3.12 ± 0.25a 3.12 ± 0.36a 3.45  ± 0.42a 3.57 ± 0.33a 

Egg production (HHP) (%) 73.78 ± 9.05 72.67 ± 8.30 67.44 ± 7.21 63.67 ±10.08 

Notes :   Similar  letters in the same row show non significant differences (P<0.05). 

 

The means of feed intake, Metabolic Energy (ME) intake, Protein intake, FCR, and 

HHP were 74.12± 3.60 g/head/d, 223.5±13.21 kcal/head/d, 13.11±0.71 g/head/d, 3.32±0.34, 

and 69.39±8.66%, respectively. According to NRC (1994) recommendation, a laying hen 

with a body weight of approximately 1 kg and 70% Hen Day Production requires ME as 

much as  217 kcal/head/d. On the basis of energy intake (Table 3), the intake was sufficient 

relative to the energy  requirement for the Arabian hens. 

The analysis of variances showed that the usage of natural concentrate had no  signi 

ficant (P>0.05) effect on feed intake, metabolic energy (ME) intake, protein intake, and FCR.  

These cases were assumed to be due to the relatively similar amounts of ME, protein, and Ca 

between the alternative to commercial concentrate.  The intakes of ME, protein, and Ca were 

sufficient enough to fullfill the requirement at each treatment, therefore, the hens consumed a 

relatively similar amount of feed.   

According to Yuwanta et al,. (2010), most of the protein that is consumed by hens 

was utilized for egg synthesis. The resullts of the study revealed that  protein intakes were 

similar among treatments (P>0.05), therefore, the  HHP egg productions of the Arabian hens  

were relatively similar among the feeding treatments.  This case was assumed to be due to the 

hydrolized protein that was origined from tuna fish waste, therefore, it is more easily digested 

by the hens, and then it was absorbed in the forms of simple amino acids. 

 

Effect of treatment on exterior egg quality 

 The means of the result of study  of hydrolized-tuna-fish-head natural concentrate and 

fermented pollard utilization viewed from the exterior egg quality of the arabian hens were 

presented in Table 4. 
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Table 4. The means of exterior egg quality of Arabian hen of the study 

Observed Respon  
Level of THID+PF in the diet (%) 

 0% (R0)   12% (R1)   24%(R2) 36%(R3) 

Shell thicknessns 0,37±0,02a 0.35±0.01a 0.34±0.02a 0.35±0.02a 

Shell weightns 5.61±0.32a 5.42±0.22a 5.22±0.36a 5.52±0.10a 

Shell strengthns 0.39±0.03a 0.34±0.05a 0.34±0,04a 0.35±0.03a 

Notes :  ns :  Non Significant (P>0.05) 

  

The means of shell thickness, shell weight, and shell strength were 0.35±0.02 mm; 

5.44±0.25 g; and 0.35±0.03 Mpa, respectively. Wirondas (2008) reported, the pressure 

strength of egg shell of commercial hens reached 0.06-0.29 MPa. The results of analysis of 

variances showed that the use of natural concentrate had  no significant effect (P>0.05) on the 

thickness, weight, and strength of egg shell, because the hens were able to utilize Ca and P 

from the natural concentrate via the process of shell formation by using  dietary CaCO3 and it 

was assumed that the Ca content  was in sufficient amount relative to hen requirements at 

each treatment. According to Wahyu (1997), similar levels of  feed intakes resulted in the 

similar amounts of mineral intakes, finally, the similar thickness of egg shells were also 

yielded.  According to Yuwanta (2010), the content of Ca is as much as 37% of the weight of 

egg shell or 2.3 g for each 6 g of shell weight.  The diets of the study contained at least  3.23-

3.31 % of Ca, which were assumed to had been ajusted  to Arabian hen requirement for the 

initiation of production period.  The thickness or thinness of egg shell is affected by hen 

strain, hen age, feed, stress, and diseases.  The older the age of hens, the thinner will be the 

egg shell.  This was due to the disability of the older hens to produce enough Ca to fullfill the 

need of Ca for egg shell formation (Yuwanta, 2010; Hargitai et al., 2011).  Hens have a very 

limiting ability to deposite Ca into the shell, therefore, smaller eggs have thicker and stronger 

shells (Butcher and Miles, 2003).    

  

Effect of treatment on interior egg quality 

 The means of the result of study of hydrolized-tuna-fish-head natural concentrate and 

fermented pollard utilization viewed from the exterior egg quality of the Arabian hens were 

presented in Table 5. 
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Table 5. Means of Interior Arabian hen egg quality of the study 

Observed Response 
Level of dietary THID+PF (%) 

 0% (R0)   12% (R1)   24%(R2) 36%(R3) 

Yolk Indexns 0.40±0.04a 0.43±0.01a 0.42±0.02a 0.43±0.03a 

Egg white Indexns 0.07±0.01a 0.07±0.01a 0.08±0.01a 0.07±0.01a 

Yolk weightns 11.96±0.72a 12.61±0.40a 12.24±1.09a 12.83±0.59a 

Egg white weightns 21.08±0.95a 21.51±0.66a 21.10±1.48a 22.37±0.59a 

Haugh Unit ns 77.23±2.80a 76.54±4.89a 76.71±5.20a 75.43±3.19a 

Colorns 7.30±0.22a 7.33±0.31a 7.23±0.35a 7.03±0.30a 

Notes : ns :  Non Significant (P>0,05) 

  

The means of yolk Indexes, egg white Indexes , Yolk weights, egg white weights, 

Haugh Unit, and color were 0.42±0.03; 0.07±0.01; 12.41±0.70 g; 21.52±0.77 g; 76.48±4.02; 

and 8.06±0.30, respectively.  The results of analysis of variance showed, the use of natural 

concentrate in the diets of Arabian hens had no significant effect (P>0.05) on yolk Indexes, 

egg white Indexes , Yolk weights, egg white weights, Haugh Unit, and yolk color. The data 

of this study showed that the value of egg yolk color ranged from 7.03 to 7.33 (Table 5). The 

color of egg yolk is greatly affected by the kind of dietary pigment being consumed by the 

hens (Winarno, 2002), and every hens has it own ability to convert the carotene pigment into 

yolk color (Romanoff and Romanoff, 1963).  Castelline et al. (2006) said, yellow corn and 

forages such as grasses are able to cause the dark colors of yolk. The color of yolk was 

caused by the presence of carotene and riboflavine that were classified into lipochrome and 

lyochrome (Yamamoto et al., 2007).  The non significant effects of the results of anova for 

the interior quality of Arabian eggs were assumed to be due to high content of egg amino 

acids in the natural concentrate. The Index of egg yolk is affected by viteline membrane.  The 

convec and strong condition of egg yolk was determined by the strength and condition of 

viteline and chalaza that is formed by the effect of dietary protein in sustaining the condition 

of the yolk (Yamamoto et al., 2007).  The decrease of the binding strength or the weakening  

condition of viteline membrane may cause the movement of water from egg white into egg 

yolk that can dilute the yolk (decreasing yolk viscosity), which in turn, flattened the shape of 

the yolk, as a result, the value of it index is decreased.   Viteline membrane formation is 

determined by the content of dietary protein, in line with  Yamamoto, et al. (2007) statement, 

that viteline membrane binding power is affected by dietary protein, because  viteline 

membrane is formed from 87% of protein, 3% of fat and 10% of carbohydrate.  According to 

Yuwanta (2010) the value of  Haugh Unit is affected by the thickness (viscosity) of egg 
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white, The viscosity of egg white is affected by ovomucin that is bound into lisosom to form 

α-lisosom-ovomucin. Ovomucin is one kind of proteins in the egg albumine. 

 The means of yolk and egg white weights were not different because egg weight and 

the age of the hens were relatively similar. The percentage of egg yolk weight was greatly 

affected by egg weight and the age of hens, which is in line with the statement of  Tugiyanti 

and Iriyanti (2012)  that the weight of yolk is affected by ovarium development, hen body 

weight, the age at the time of sexual maturity , quality and quantity of feed, diseases, 

environment and feed intake. The means of egg yolk and egg white that were relatively 

similar were also assumed to be due to amino acids in the natural concentrate were able to be 

synthesized to produce egg white. The complete contents of amino acids in natural 

concentrate and in the egg were presented in Table 6. 

 

Tabel 6. The composition of amino acids in hydrolized tuna fish head and in egg 

Amino acid 

Amino acid in tuna fish head* Amino acid in egg** 

Before 

hydrolysis (%) 

After hydrolysis 

(%) 

Egg white 

(%) 

Egg yolk 

(%) 

Aspartic acid 3.90 4.80 0.23 0.15 

Glutamic acid 6.00 6.90 0.29 0.20 

Asparagine 0.00 0.00 0.00 0.00 

Serine 1.40 2.50 0.14 0.14 

Hystidin 1.30 1.60 0.05 0.05 

Glycine 3.90 4.10 0,08 0.05 

Threonine 1.60 2.60 0.10 0.09 

Arginine 3.00 4.50 0.13 0.12 

Alanine 4.20 5.00 0.13 0.09 

Tyrosine 1.60 3.40 0.09 0.08 

Methyonine 0.60 1.10 0.08 0.04 

Valine 1.50 2.50 0.14 0.10 

Phenylalanine 1.30 2.20 0.12 0.07 

l-leusin 1.10 2.10 0.11 0.09 

Leusin 2.60 4.40 0.18 0.15 

Lysine 3.60 6.30 0.14 0.13 

Source :*)    Food Laboratory, UGM, (2016). **)  Sauveur (1988) in Yuwanta (2010);  

 

Table 6 showed that the composition of amino acids of the hydrolized tuna fish head 

was relatively similar to that in egg. The limiting essential acids in that occur in the 

hydrolized tuna fish head i.e. lysine 1.9%, leusine 1.9%, threonine 1.1%, and methyonine 

0.5%. SNI (2009) recommended, a concentrate should contain at least 1.7% of lysine and 

0.8% of methyonine.  The results of study showed that lysine content from hydrolyzed tuna 
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fish head was sufficient, but methyonine was deficient if it was supplied only from fish meal.  

However, the supplementation of  fermented pollard that contained Saccharomyces 

cereviseae was assumed to fix the problem.  The indication of the essential lysine and 

methyonine sufficiency can be obseved from the similar production of egg of the treatments, 

without any significant decrease in egg yields.  This was in line with the report of Anggorodi 

(1995), the production and quality of egg are greatly affected by available methyonine amino 

acids in the feed. Amrullah (2003) reported that hens that were fed 0.1% of methyonine in the 

feed either contained 14% or 15 % of dietary crude protein resulted in a greater egg weight 

and egg production relative to those without methyonine supplementation.  According to 

Susandari et al., (2004), lysine is a precursor of carnitine bio synthesis  that function to 

stimulate the process of B oxydation of long chain fatty acid that occures in mytochondria. 

  

CONCLUTION 

The usage of natural concentrate up to 36% resulted in similar feed intake, nutrient 

intake, FCR, and exterior and interior egg quality. The tuna fish waste can be used to replace 

commercial concentrate without decreasing  Arabian hens egg quality. 

  

RECOMMENDATION 

To yield good quality of eggs, natural concentrate at the levels of 24% or 36% can be 

used, however, it is recommended to use the natural concentrate up to 12% and completed 

with commercial concentrate at 24% level, in order to reap  high production of eggs. 
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ABSTRACT 

Although its protein content is less than that of conventional ingredients commonly used as 

protein sources, copra meal represents the largest quantity of locally available feed protein in 

many tropical areas, such as Indonesia. It is, therefore, important that information about the 

nutritional value of copra meal is available. The present study was conducted to test the effect 

of inclusion of copra meal in growing pigs diets on nutrient digestibility. Twenty four 

castrated Landrace Yorkshire pigs (3.5 – 4.0 months of age, ranged from 28 – 37 kg of body 

weight) were kept in individuals pens. Four treatments were arranged as follow: R1 = 95% 

basal diet + 5% copra meal; R2 = 90% basal diet + 10% copra meal; R3 = 85% basal diet + 

15% copra meal; R4 = 80% basal diet + 20% copra meal, with five replications as blocks 

based on body weight. The present study was arranged in a 4 x 5 Completely Randomized 

Block Design with four treatments and five blocks. After a significant F test, Tukey’s test 

(where necessary) was used to inspect differences among treatment means. Variables measured 

were: daily feed and water consumption, nutrient digestibility (energy, crude protein, fat, 

crude fiber, calcium and phosphorus). The result showed that there were no significant effect 

(P>0.05) of copra meal inclusion in diet on feed and water consumption, as well as nutrient 

digestibility (energy, crude protein, fat, crude fiber, calcium and phosphorus). It can be 

concluded that inclusion of copra meal up to 20% in growing pigs diets did not affect nutrient 

digestibility as well as performance. Further study on higher level of copra meal inclusion in 

pig diets is needed.  

 

Key words :Copra meal, Pigs, Feed and water consumption, Nutrient digestibility 

 

INTRODUCTION 

The demand for feed is increasing and co-products from the tropical food industries 

are increasingly used in pig diets. These co-products include copra meal and copra expellers 

(Stein et al., 2015). The coconut palm (Cocos nucifera) is widely distributed throughout 

Indonesia, especially in the Province of North Sulawesi. The production of coconut oil in 

Indonesia is about 995.00 metric tons and copra meal is about  515.000 metric tons (BPS - 

Statistics Indonesia, 2017).  

Coconut meal or copra meal is produced from the ripe fruit (nut) of the coconut palm 

(Cocos nucifera).The nut is split and the kernel is removed and dried below 6% moisture. 

This meal is called copra meal and still contains the oil. Coconut meal (copra meal) is a 

coproduct of the production of coconut oil. Copra meal is produced by expeller extracting or 

solvent extracting the oil from dried coconut kernels. Copra meal is sometimes referred to as 

mailto:najoanmarie@yahoo.com
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coconut meal or coconut oil meal. Copra meal is often fed to monogastric animals such as 

poultry and pigs (Sundu et al., 2006; Diarra et al., 2004; Park et al., 2012; Jaworsky et al., 

2014; Rodjan et al., 2017. Although the amino acid profile and digestibility in copra meal are 

less favorable than in soybean meal, it can provide significant protein and energy in swine 

diets and may be used to reduce feed costs (Stein et al., 2015). 

The protein concentration of copra meal is between 14% - 22% and the protein has a 

low biological value and a very high Arg:Lys ratio (Stein et al., 2015). Somkune et al., (2013) 

reported that dried coconut meal contains about 26% crude protein and 26% crude fiber. 

Copra meal is high in fiber and the energy value is relatively low when fed to pigs. Its high 

fiber content is an important factor that limits its used in pigs diets (Kim et al., 2011) as it 

reduces digestibilities of nutrients and efficiency of energy utilization (Guttieres et al., 2014).  

High fiber co-products from the copra industries are by-products of the production of coconut 

oil. 

Although its protein content is less than that of conventional ingredients commonly 

used as protein sources, copra meal represents the largest quantity of locally available feed 

protein in many tropical areas, such as Indonesia. It is, therefore, important that information 

about the nutritional value of copra meal is available. The present study was conducted to test 

the effect of inclusion of copra meal in growing pigs diets on nutrient digestibility.  

 

MATERIALS AND METHODS 

Animals, diet, and management 

 Twenty castrated Landrace X Yorkshirecrossbred grower pigs aged 3.0 to 3.5 months 

were assigned to four treatments as follow: T1 = 95% basal diet + 5% copra meal; T2 = 90% 

basal diet + 10% copra meal; T3 = 85% basal diet + 15% copra meal; and T4 = 80% basal 

diet + 20% copra meal.  The composition of basal and experimental diet diets are presented in 

Table 1 and Table 2. 
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Table 1. Composition of basal (control) diet  

Ingredients  % 

Yellow corn 

Rice bran 

Soybean meal 

Bone meal 

Salt (NaCl) 

Mineral (pigmix) 

50.0 

25.0 

22.0 

1.0 

1.0 

1.0 

Total 100 

Nutrient assayed:  

Dry matter (%) 

Protein (%) 

Crude fiber (%) 

Ether axtract (%) 

Calcium (Ca) (%) 

Phosphorus (P) (%) 

Zinc (Zn)(mg/kg) 

Digestible Energy (DE) (kkal/kg) 

84.31 

15.35 

6.32 

5.87 

0,70 

0,68 

107 

3436.0 

 

Table 2. Composition of Experimental Diets 

 Treatments (%) 

T1 T2 T3 T4 

Control diet 95 90 85 80 

Copra meal 5 10 15 20 

Total 100 100 100 100 

Nutrient assayed:     

Dry matter (%) 84.31 84.31 83.22 84.94 

Protein (%) 15.35 15.37 15.66 16.00 

Crude fiber (%) 6.32 6.56 7.01 7.87 

Ether axtract (%) 5.87 5.88 5.92 5.97 

 The present study was arranged in a 4 x 5 Completely Randomized Block Design with 

four treatments and five blocks. The initial body weight of animals was   28 to 37 kg. Pigs 

were divided into five blocks as follow: I = 28 to 29 kg; II = 30 to 31 kg; III = 32 to 33 kg; IV 

= 34 to 35 kg; and V = 36 to 37 kg.  Pigs were placed in individual metabolic crate to facilitate 

the separate collection of urine and faeces.   

 The diet was offered to the pigs as a mass.  Fresh water was provided in the trough ad 

libitum until the end of feeding trial. Feed and water intake were recorded during the total 

experimental period.  The design of the trough in the metabolism crate essentially eliminated 

wastage of feed or water.  Trays placed below the crates revealed insignificant wastage. 

 Total (24 h) faecal output was collected beginning at 08.00 h on day to 08.00 tomorrow 

morning. Total samples were frozen and retained for later assay of dry matter, nitrogen, calcium, 

and phosphorus. Feed samples were collected during the experimental period and retained daily 
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for later analysis of dry matter, energy, protein, fat, crude fiber, calcium and phosphorus, 

according to methods defined by the A.O.A.C (2016).  All data were analysed  using the GLM 

Procedure (SAS Institute, 1989).  A Completely Randomized Block Design (Steel and Torrie, 

1997) was used to examine the treatment differences. After a significant F test, Tukey’s test 

(where necessary) was used to inspect differences among treatment means.  

 

RESULTS AND DISCUSSION 

The results of the performance indices and nutrient digestibility values of the 

experimental pigs are presented in Table 3. Feed and water intake, daily gain, nutrient 

digestibility (energy, protein, fat, crude fiber, calcium and phosphorus)  of the pigs were all not 

affected (P > 0.05) by treatments. Increasing copra meal inclusion in the growing pig’s diets 

had no significant effect on all parameters measured in the present study.  

 

Table 3.Nutrient digestibility and performance of the pigs with the inclusion of copra meal in 

the diets. 

Parameters 
Treatments 

T1 T2 T3 T4 

- Water intake (l/d) 3.80(± 0.82) 3.87(± 0.79) 3.92(± 0.77) 3.98(± 0.78) 

- Feed consumption (kg/d) 2.30 (± 0.70) 2.35 (± 0.66) 2.31(± 0.69) 2.33(± 0.72) 

- Daily gain (kg/d) 0.58 (± 0.04) 0.60 (±0.03) 0.58 (± 0.02) 0.59(±0.02) 

- Dry matter digestibility 86.33((±2.10) 86.20(±2.20) 85.89(±1.90) 85.34(±1.80) 

- Digestible energy (kcal/kg) 3843.0(±123.71) 3916.0(±125.58) 3892.0(±92.61) 3945.0(±104.6) 

- Protein digestibility (%) 32.65(±1.20) 32.65(±1.40) 31.84(±1.34) 30.09(±1.18) 

- Fat digestibility 80.08(±1.20) 79.80(±1.80) 81.02(±1.70) 80.90(±1.60) 

- Crude fiber digestibility 54.40(±2.31) 53.80(±2.08) 53.50(±2.01) 54.09(±1.50) 

- Calcium digestibility 67.50(±1.50) 66.88(±2.04) 65.82(±1.80) 64.80(±1.60) 

- Phosphorus digestibility 64.90(±1.30) 63.98(±1.08) 63.60(±1.10) 63.10(±1.02) 

No significant effect (P > 0.05)  

 

A report based on unpublished research by Jaworski et al., (2017) of  University of 

Illinois at Urbana-Champaign, USA on research conducted from 2008 to 2017, indicated that 

growth performance declines with increasing inclusion of copra meal at day 20 of 

experimental period. Average daily gain, average daily feed intake, and gain:feed ratio all 

showed a linear decrease (P = 0.05) as the inclusion rate of copra meal increased.  The 

http://illinois.edu/
http://illinois.edu/
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inclusion of copra meal must be less than 25 % in diets for growing-finishing pigs (Stein et 

al., 2015). 

The differences in nutrient digestibility among experiments may be due to differences 

in nutrient composition, drying procedures, oil extraction procedures, and the degree and 

duration of heat processing that is used during oil extraction.Quality problems may be 

attributed to the high moisture content of copra during drying and storage (Stein et al., 2015). 

Copra meal may be included in diets fed to growing and finishing pigs by up to 30 % 

without affecting growth performance (Stein et al., 2015), but negative effects of increasing 

levels of copra meal in the diet have been reported. Results with copra meal have been 

improved if diets either were semi-purified diets or if they were formulated based on 

digestible amino acid rather than based on crude protein (Jaworski et al., 2017). 

Copra meal is incorporated in pig diets as a source of plant protein. On the other hand, 

copra meal has some limitations due to its high fiber content and its low protein quality that 

can affect its nutrient digestibility when incorporated into pig diets at high level. As was 

proposed in the present study that the inclusion of copra meal up to 35% in the growing pig 

diets could affect digestibility of energy and protein as well as the performance of the pigs.  

Indeed, the inclusion of copra meal from 5, 10, 15, and 20% in the diets did not give a 

significant (P > 0.05) results in all parameters measured. It seems that as the level of copra 

meal inclusion increased in the diets has not given a major change in energy and protein 

indices as was hypothesized in the beginning of the study.  Palatability of the diets did not 

change and so that feed consumption did not give a significant difference (P > 0.05). As a 

consequence, digestible energy (DE)  in the present study among treatment did not give a 

significant difference as well due to the energy spent in fiber digestion was similar. Increment 

of copra meal among level was not too big so  that fiber content did not change much. This 

could also be the one that contributed to the insignificant result on energy spent in fiber 

digestion, although fiber content of copra meal is high enough. NRC (2012) stated that 

ingredients or diets high in fiber always followed by low energy content. In that matter, the 

increased in feed consumption will be followed by fiber consumption that increased energy 

used in digesting nutrients and reduced digestible energy per se of the feed as well as its feed 

efficiency. 

Copra meal contains between 10 and 16 % crude fiber and approximately 47 % total 

dietary fiber (Jaworsky et al., 2014). Concentrations of β-mannans, galactomannans, 

arabinoxylogalactans, and cellulose are relatively high and the water binding capacity of 
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copra meal is high. Water binding capacity is an estimate of the amount of water that a fiber 

can absorb and hold after an external force has been applied to it via centrifugation. High 

water binding capacity will usually result in reduced feed intake of animals because of 

swelling in the intestinal tract. The relatively high concentrations of fermentable fiber in 

copra ingredient may result in increased needs for dietary Threonine because dietary fiber 

increases the endogenous losses of amino acids, and therefore increases the loss of 

Threonine. Protein levels of copra meal and copra expellers typically range from 20 to 26 % 

(Jaworsky et al., 2014). The concentration of gross energy in copra meal is greater than in 

corn, but because of the high concentration of fiber in copra meal and copra expellers, 

concentrations of digestible energy (DE) and metabolizable energy (ME) are less than in corn 

(NRC, 2012; Sulabo et al., 2013). 

  

CONCLUSION 

Inclusion of copra meal in growing pigs diets up to 20%   did not affect  nutient 

digestibility as well as performance of the pigs. Further study on higher level of copra meal 

inclusion in pig diets is needed.  
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ABSTRACT 

This experiment was conducted to determine the amount of tannin consumed and digested by 

Attacus atlas (L.) larvae that are fed with tea leaf (Camellia sinensis, L.) or tea leaf 

supplemented with molasses and fermentative additive.  Two treatments were applied, 

control (untreated) tea leaf and supplemented tea leaf (tea leaf supplemented with molasses 

and fermentative additive).  The experiment was done in two replications.  Three larvae 

groups were used at the beginning which were the 4th, 5th and 6th instars.  Numbers of larvae 

for control and supplemented tea leaf treatments, respecively, were  11 and 9 larvae for the 

4th instar, 17 larvae for the 5th instar, and 21 and 23 larvae for the 6th instar.  Variables 

observed were the amount of tannin consumed and amount of tannin digested by larvae in 

each instar stage.  Data for each variables were analysed with descriptive statistic by 

calculating the average value and standard deviation.  Results indicate that tannin intake, 

tannin digestion coefficient and amount of digested tannin could be increased by giving tea 

leaf supplemented with molasses and fermentative additive to A. atlas larvae reared from the 

4th to 5th instars, continued from the 5th to 6th instars.  As a conclusion, the A. atlas larvae 

have ability to adapt to feeds containing tannin as supported by over 60 % of tannin 

digestibility. 

 

Key words :  Attacus atlas (L.), digestibility, tannin intake, , tea leaf 

 

INTRODUCTION 

  Silk yarn can be produced by wild silkworm or non - domesticated silkworm, such 

as Attacus (A.) atlas (L.) from the family of Saturnidae (Peigler 1994).  The silkworms can be 

found in Asia i.e., China, Japan, India and Indonesia. In Indonesia, this species is distributed 

from Sumatra, Java, Madura, Bali, Nusa Tenggara, Kalimantan, Sulawesi, Maluku and Papua 

(Peigler 1994; Sihombing 2003; Solihin et al. 2010).  These A. atlas produce cocoon and very 

fine silkyarn that have great economic potentials in textile, handicraft, food and pharmacy 

industries, and other industries (Sihombing 2003; Faatih 2005; Solihin et al. 2010; 

Kumiawan et al. 2011). 

  Larvae of A. atlas is herbivorous insect, and is able to consume wide varieties of 

plant materials (about 80 plant varieties from 48 families), known as polyphagous and 
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phytophagous insects (Peigler 1989 in Solihin et al. 2010).  Tea (Camellia sinensis, L.) leaf is 

one kinds of feed that is eaten by the larvae, and this is a reason for its presence in tea 

plantation in Purwakarta district, Kabupaten Bandung Barat, West Java Province.   

  Feeds are important factors in affecting feed palatability, feed intake, larvae growth 

and cocoon products and its quality (Solihin et al. 2010; Jurkevitch 2011).  The effects of 

feed are influenced by nutrient composition, secondary metabolites, structure of epidermic 

surface and anatomy of leaf (Vonny and Nugroho 2005; Broderick et al. 2004; Kakati and 

Chutia 2009).  Feeds also affect microbial diversity in digestive tract which can influence 

digestive enzyme secretion, nutrient and secondary metabolite digestion (Broderick et al. 

2004; Anand et al. 2010; Feng et al. 2011).   

  Tannin or polyphenolic compound is one of secondary metabolites produced by the 

plants, including tea leaf (Hamilton-Miller 1995; Nuringtyas et al. 2007).  To be able to 

ferment or degrade tannin compounds, the A. atlas larvae and its microbes in the digestive 

tract have to be adapted to feed containing tannin (Osawa 1990; Brooker et al. 1994; 

Broderick et al. 2004).  Those adaptation cause the larvae to tolerate tannin and are capable 

of consuming feeds containing tannin; these condition also occur to A. atlas larvae that are 

able to consume guava (Psidium guajava, L.) leaf containing tannin (Desmawita et al. 2013).  

However, information about the amount of tannin that can be consumed by A. atlas larvae 

that indicate its tolerance to tannin in tea leaf is lacking.  Therefore, this experiment was 

carried out to determine the amount of tannin consumed by A. atlas (L.) larvae fed on tea leaf 

(C. sinensis, L.) and tea leaf supplemented with molasses and fermentative additive.  

Supplementation of tea leaf with those compounds was conducted since the larvae refused to 

consume tea leaf silage made up with molasses and fermentative additive. 

 

MATERIALS AND METHODS 

Materials 

   Attacus atlas (L.) larvae (the 4th, 5th and 6th instars) were obtained from tea 

plantation (Nusantara VIII) in Jl. Raya Purwakarta KM 4, Sub-District of Cikalong Wetan, 

District of Bandung Barat, West Java Province.  Mature tea leaves were harvested from the 

same tea plantation as those for obtaining A. atlas larvae in District of  Bandung Barat, West 

Java Province.  Molasses (5 % - 10 %) and fermentative additive (2 %) containing mineral 

salts were obtained from Centre for Tropical Animal Studies (Centras), Centre of Research 

and Community Service, Bogor Agricultural University, Bogor. 
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Larvae rearing 

   The larvae were kept in a farmer house near the tea plantation in Kampung 

Cipeureu, Desa Ciptagumati RT 3 - RW 9, Sub-District of Cikalong Wetan, District of  

Bandung Barat.  Basically, there were three groups of larvae according to the instar stages or 

instar ages.  These were : group 1, the 4th to 5th instars, then continue from the 5th to 6th 

instars; group 2, the 5th to 6th instars, then continue from the 6th instar to cocoon stage; and 

group 3, the 6th instar to cocoon stage.  All larvae were weighed and grouped into the 4th, 5th 

and 6th instars.  At the beginning, for each treatment, the numbers of larvae for the 4th instars 

were 11 and 9 larvae, the 5th instars were 17 larvae, and the 6th instars were 21 and 23 larvae.  

Differences in larvae numbers for each treatments and small numbers of larvae used` were 

due to limitations in larvae availability.  The larvae were placed and kept in clean and 

desinfected wire cages (12 cages, size : 50 x 50 x 50 cm3).  These cages were put on a 

wooden rack with its legs were dipped into tin cups containing lubricant for preventing from 

the predators.   

   All larvae were fed twice a day, in the morning (07.00 - 08.00 am Indonesian 

Western Time, IWT), and in the afternoon (04.00 - 05.00 pm IWT).  Feeds were given ad 

libitum (ad lib.).  However, feeds were also weighed before and after feeding the larvae; at 

the same time, temperature and relative humidity were also recorded.  Faeces for each instars 

at each treatments were also collected throughout the instar period.   

 

Tea Leaf Preparation 

   Mature tea leaves from the plantation were divided into two parts.  One part of tea 

leaf was used as a control treatment.  The other part was added with molasses (5 % - 10 %) 

and fermentative additive (2 %) (Suryahadi 2013).  Molasses was mixed with water in a ratio 

of 1 : 1 and this diluted molasses was then added with fermentative additive with a ratio of 2 

% : 5 % on the basis of the amount of tea leaf that was given to larvae.  These mixtures were 

then put into a spray bottle.  This solution was then sprayed into the treated tea leaf after the 

tea leaves were weighed and put in a plastic bag.  The homogenised leaves were then air 

dried for about 10 minutes and then given to the larvae.   

 

Sample Preparation and Analysis 

   Tea leaves and faecal samples were processed for laboratory analysis following a 

procedure described by Close and Menke (1986).  Fresh samples of tea leaves and faeces 
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were weighed and sun - dried for 2 - 3 d, and then weighed.  The sun - dried samples were 

dried in an oven (60 oC, 24 h) , the samples were cooled down in a desiccator, and weighed.  

The oven - dried tea leaf and faecal samples were ground (1 mm mesh).  The moisture and 

dry weight from fresh samples were calculated.  The ground samples were then used for 

analysing the contents of moisture, dry matter (DM) and tannin. 

  Moisture and DM contents were determined with proximate analysis (Association of 

Analytical Chemistry, AOAC 2000),   carried out in the Laboratory of Research Centre for 

Biological Resource and Biotechnology, Centre of Research and Community Service, Bogor 

Agricultural University.   

  Total tannin contents of tea leaves were measured spectrophotometrically using 

AOAC (1984) method. The analysis was conducted in the Laboratory of Dairy Nutrition, 

Department of Animal Nutrition and Feed Technology, Faculty of Animal Science, Bogor 

Agricultural University.    This method was based on reduction - oxidation of polyphenols in 

which Folin - Denis reagent was used.  Polyphenolic compounds reduced the 

phosphotungstomolibdate in Folin - Denis reagent in alkaline condition to produce blue 

colour complex - compounds.  A spectrophotometer was used to measure the intensities of 

the blue colour complex compounds at  725 nm.  Determination of total tannin content was 

only applied to the leaf samples, but was not done for faecal samples due to very small 

amount of faecal samples.  It was then decided to assumed that tannin content of faecal 

samples were the same as those found in tea leaf samples.  This assumption was used to 

determine tannin digestion coefficient and digested tannin.  

  Data of moiture and DM contents as well as tannin content of tea leaf samples were 

published in other paper by Tjakradidjaja et al. (2017); these were  15.18 % for control tea 

leaf and 16.02 % for supplemented tea leaf. The moisture and DM contents, , were 83.59 % 

and 16.41 % respectively for control tea leaf, and 83.22 % and 16.78 % for supplemented tea 

leaf.. 

 

Treatments Applied, Variables Measured and Data Analysis 

   There were two treatments applied which were control tea leaf and supplemented tea 

leaf with molasses and fermentative additive.  Each treatment was applied to larvae from the 

following groups :  group 1, the 4th to 5th instars, then continue from the 5th to 6th instars;  

group 2, the 5th to 6th instars, then continue from the 6th instar to cocoon stage; and group 3, 
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the 6th instar to cocoon stage.  The experiment was done in two replications for each different 

larvae group.  

   Variables measured were the amount of tannin intake, tannin digestion coefficient 

and the amount of digested tannin.  Average numbers of larvae survive until the end of larvae 

stage or the end of experiment were also counted.  The amount of tannin intake (g/head/d) 

was measured by multiplying fresh intake with DM content and tannin content of each types 

of tea leaves.  Tannin digestion coefficient (%) was calculated by substracting the amount of 

tannin intake with the amount of tannin excreted in feces, then divided by the amount of 

tannin intake, and multiplied by 100 %.  The amount of digested tannin (g/head/d) was 

measured as the amount of tannin intake multiplied by percentage of tannin digestion 

coefficient. 

  Data obtained for each variable were analysed with descriptive statistic by 

calculating the average and standard deviation values from two replications (Steel and Torrie 

1980). 

 

RESULTS 

 

Larvae Numbers at The End of Experiment 

    Table 1 presents average numbers of larvae at the end of experiment.  Larvae 

numbers decreased from the beginning of experiment to the end of experiment in all groups 

of instars.   

 

Table 1. Average numbers of larvae Attacus atlas (L.) at the end of experiment  

Larvae group Larvae stage 
Control tea 

leaf 

Supplemented tea 

leaf with molasses 

and fermentative 

additive 

  Head 

1 

(4th instar) 

start from 4th to 5th instars 5 + 2 5 + 1 

continue from 5th to 6th instars 2 + 1 2 + 1 

    

2 

(5th instar) 

start from 5th to 6th instars 10 + 2 9 + 2 

continue from 6th instar to 

cocoon 
3 + 1 2 + 0 

    

3 

(6th instar) 
start from 6th instar to cocoon 8 + 6 5 + 1 
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 There were no significant differences between control and supplemented tea leaves on 

average numbers of larvae in all groups.  In both tea leaf treatments, the numbers of larvae 

decreased when the larvae were reared from the 4th to 5th instars continued to 6th instar up to 

cocoon stage.  In addition, larvae reared from the 4th instar could only survive up to the 6th 

instar, and could not reach the cocoon stage.  Larvae reared from the 5th and 6th instars were 

able to reach the cocoon stage. 

 

Tannin Intake 

    The amount of tannin consumed by the larvae is shown in Table 2.  A slightly 

increase in tannin intake was found in larvae of group 1 instar (larvae reared from the 4th to 

5th instars) given supplemented tea leaf.  However, supplementation of tea leaf with molasses 

and fermentative additive did not affect on tannin intake of larvae from group 1 (larvae reared 

from the 5th to 6th instars), group 2 and group 3.  In both tea leaf treatments, a small increase 

in tannin intake was only observed in larvae that were reared from group 1, i.e. from the 4th to 

5th instars continued from the 5th to 6th instars.  Larvae from group 2 (larvae reared from the 

5th to 6th instars continued from the 6th to cocoon stage) and group 3 (larvae reared from the 

6th instar to cocoon stage) consumed tannin at the same extent in both tea leaf treatments. 

 

Table 2. Tannin intake of Attacus atlas (L.) given control tea leaf and supplemented tea leaf 

with molasses and fermentative additive 

Larvae group Larvae stage Control tea leaf 

Supplemented tea 

leaf with molasses 

and fermentative 

additive 

  g/head/d 

1 

(4th instar) 

start from 4th to 5th instars 0.22 + 0.04 0.30 + 0.02 

continue from 5th to 6th instars 0.35 + 0.06 0.36 + 0.01 

      

2 

(5th instar) 

start from 5th to 6th instars 0.28 + 0.09 0.30 + 0.07 

continue from 6th instar to cocoon 0.32 + 0.09 0.34 + 0.06 

      

3 

(6th instar) 
start from 6th instar to cocoon 0.34 + 0.22 0.60 + 0.29 

 

Tannin digestibility 

 The present study shows that tannin digestibility of tea leaf consumed by the larvae 

were greater than 60 % (Table 3).  Supplementation of tea leaf with molasses and 

fermentative additive increased tannin digestibility in larvae from group 1 (larvae reared from 
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the 4th to 5th instars) and that from group 3 (larvae reared from the 6th instar to cocoon stage) 

to the high percentage.  Tannin digestibility were not affected by feeding tea leaf 

supplemented with molasses and fermentative additive to larvae from group 1 (reared from 

the 5th  continued to the 6th instar) and group 2 (larvae reared from the 5th to 6th instars, then 

continued from the 6th instar to cocoon stage). 

 

Table 3. Tannin digestibility of control tea leaf and supplemented tea leaf with molasses and 

fermentative additive 

Larvae group Larvae stage Control tea leaf 

Supplemented tea 

leaf with molasses 

and fermentative 

additive 

  % 

1 

(4th instar) 

start from 4th to 5th instars 73.49 + 10.91 90.51 + 1.91 

continue from 5th to 6th instars 85.75 + 9.21 84.87 + 14.70 

      
2 

(5th instar) 

start from 5th to 6th instars 75.46 + 14.11 64.27 + 20.80 

continue from 6th instar to cocoon 88.18 + 2.23 68.91 + 28.50 

3 (6th instar) 

 
start from 6th instar to cocoon 80.76 + 4.46 95.69 + 2.77 

 

Digested Tannin 

 The lowest amount of digested tannin was found in larvae from group 1 which was 

larvae reared from the 4th to 5th instar consuming control tea leaf. Feeding tea leaf 

supplemented with molasses and fermentative additive increased the amount of digested 

tannin in that larvae group (Table 4).  Giving tea leaf supplemented with molasses and 

fermentative additive to larvae from group 1 (larvae reared from the 5th to 6th instars), group 2 

and group 3 did not increase amount of digested tannin in comparison to those fed with 

control tea leaf.  The amount of digested tannin of tea leaf was not affected by larvae stage or 

larvae age. 
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Table 4. The amount of digested tannin of control tea leaf and supplemented tea  leaf with 

molasses and fermentative additive 

Larvae group Larvae stage Control tea leaf 

Supplemented tea 

leaf with 

molasses and 

fermentative 

additive 

  g/head/d 

1 

(4th instar) 

start from 4th to 5th instars 0.17 + 0.00 0.28 + 0.02 

continue from 5th to 6th instars 0.31 + 0.09 0.32 + 0.03 

      

2 

(5th instar) 

start from 5th to 6th instars 0.21 + 0.11 0.21 + 0.10 

continue from 6th instar to cocoon 0.28 + 0.09 0.26 + 0.12 

      

3 

(6th instar) 
start from 6th instar to cocoon 0.29 + 0.21 0.59 + 0.28 

 

DISCUSSION 

   Small average numbers of larvae in the present study in all groups of larvae indicate 

that high mortality rates occurred, regardless of types of tea leaf given to the larvae.  These 

mean that feed factor did not produce great effect on the larvae survival rate; even 

supplementing tea leaf with molasses and fermentative additive could not support larvae to 

survive until the end of experiment.  Larvae survival rate could be affected by other factors.  

The first factor is the ability of larvae, especially the older larvae (the 4th, 5th and 6th instars), 

to adjust to new environment (rearing in cages) after transporting the larvae from tea 

plantation.  The second factor is environmental condition (temperature and relative humidity) 

in the farmer house which could differ slightly from that in tea plantation as larvae natural 

habitat.  At the time of experiment, average temperatures were 23.54 + 0.25 oC in the 

morning, and 30.59 + 0.99 oC  in the evening; and average relative humidities were 87.15 + 

1.41 % and 62.46 + 3.67 %, respectively in the morning and evening.  These environmental 

condition may not be comfortable and cause stress to the larvae.  However, those temperature 

and relative humidity were still in the ranges that were measured by Desmawita et al. (2013), 

26.2 - 28.9 oC and 56.9 % - 91.7 %, for laboratory condition.  Moreover, Kavane and Sathe 

(2015)  showed that A. atlas larvae could be reared and completed its life cycle in the 

laboratory condition at a temperature  of 30 + 1 ºC and  realtive humidity of 80 % with 12 

hours photoperiod.  The 3rd factor is the attack by parasites and predators, such as ant and 

cockcroach.  The 4th or last factor is management factor in rearing the larvae. such as 

weighing larvae body weight at certain period of time. 
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   The present results indicate that tannin consumed did not increase with 

supplementing tea leaf with molasses and fermentative additive.  Although tannin content of 

supplemented tea leaf was slightly greater than the control tea leaf, this did not stimulate a 

higher tannin intake in relation to increase of fresh or DM tea leaf intakes.  Addition of 

molasses and fermentative additive did not change tannin structure of tea leaf even though 

there was a slightly increase in tannin content; those supplements also did not alter moisture 

and DM content of tea leaf (Tjakradidjaja et al. 2017).  Although there was a small increase 

in tannin intake of larvae reared from the 4th to 5th instars, then continued from the 5th to 6th 

instars, this increase could indicate an adaptation to tannin occurred after a certain period for 

a younger larvae to an older  larvae.  Adaptation to tannin could not be confirmed for larvae 

reared from the 5th to 6th instars then from the 6th to cocoon stage since tannin was consumed 

at similar extent for those larvae.  These older larvae may had been adapted to tannin in tea 

leaf from its natural habitat.  These adaptation to tannin needs further study.  

    Tannin digestibility that were greater than 60 % indicate that the larvae were capable 

of digesting feed containing tannin and fibre, such as tea leaf.  This was because the larvae 

had been adapted naturally to tea leaf, and tea plantation was one of its natural habitat.  

However, the effects of larvae age or larvae stage on the ability of larvae to digest tea leaf 

could not be shown in this study.  Supplementation of tea leaf with molasses and fermentative 

additive had improved tannin digestion coefficient of tea leaf given to the youngest (the 4th to 

5th instars) and the oldest (the 6th instar to cocoon stage) instars. The improvement occurred 

through the provision of molasses consisting of readily available carbohydrate and 

fermentative additive composing of mineral salts. 

    Supplementing tea leaf with molasses and fermentative additive only increased the 

amount of digested tannin in larvae from group 1 (larvae reared from the 4th to 5th instars) 

meaning that availability of molasses and fermentative additive had helped those instars to 

digest tannin from  tea leaf.  However, supplementing tea leaf with molasses and fermentative 

additive did not increase the amount of digested tannin in other larvae groups.  This may be 

due to similarities in tannin digestion coefficients in other larvae groups. 

   Although there were small increases in tannin intake in larvae from the 4th to 5th 

instars and continued from the 5th to 6th instars, this could still showed ability of the larvae to 

adapt to feeds containing tannin.  On the other hand, Desmawita et al. (2013) were capable of 

showing adaptation process that was indicated by the increases in feed intake with the 

growing stage of A. atlas larvae.  These increases in feed intakes and feed digestibilities were 
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also affected by feeds that were consumed by the larvae (Desmawita et al. 2013).  The 1st and 

2nd instars consumed walnut leaf in greater amount, and digested walnut leaf at higher extent 

than guava leaf.  On the other hand, greater feed intakes and digestibilities of guava leaf than 

walnut leaf were found in the 3rd and 4th instars.  These differences in feed intake and 

digestibility of different feeds among the larvae stage were in relation to types of feeds, feed 

freshness, nutrient content, and leaf structure and anatomy (Desmawita et al. 2013; Vonny 

and Nugroho 2005).  In addition, adaptability of larvae to feeds containing tannin had also 

been observed by Desmawita et al. (2013) in which older larvae (the 3rd and 4th instars) were 

more capable of digesting guava leaf that contained tannin (Tjakradidjaja et al. unpublished 

data).  Secondary metabolites, such as phenolic compound, could affect feed intake and 

utilisation by the larvae (Nuringtyas et al. 2007). 

   In the present study, the capability of adapting to feeds containing tannin could only 

be shown by larvae reared from the 4th to 5th instars, and continued from the 5th to 6th instars.  

However, ability to adapt to feeds containing tannin could also be supported by tannin 

digestion coefficient which were greater than 60 %, and the amount of digested tannin.  

These mean that the microbes in the larvae digestive tract were able to degrade or digest 

feeds containing tannin producing metabolite products for further utilisation by the larvae.  

Then, this finding can still be used as a basis for studying the ability of microbes present in 

the digestive tract of A. atlas larvae as polyphagous and phytophagous herbivores (Peigler 

1989 in Solihin et al. 2010) to degrade and digest feeds containing tannin. 

 

CONCLUSION 

   Feeding Attacus atlas (L.) larvae with tea leaf (C. sinensis) supplemented with 

molasses and fermentative additive could only increase the amount of tannin intake, tannin 

digestion coefficient and amount of digested tannin in larvae that were reared from the 4th to 

5th instars.  The A. atlas larvae have abiltiy to adapt to tannin containing tea leaves as 

supported by over60 % of tannin digestibility. 
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ABSTRACT 

The aim of this research was to improve performance, the accessory organs and cholesterol 

profile in male sentul chicken fed diet with indigenous synbiotic phytobiotic.  This research 

used 60 Male Sentul Chicken which were  R0= 0% synbiotic; R1= 2% synbiotic; R2= 4% 

synbiotic; R3= 6% synbiotic. The experimental design was a complete randomized design. 

Data were analyzed by analysis of variance (ANOVA). The results showed that the use of 

Indigenous Synbiotic Phytobiotic up to 6% concentration did not showed any significant 

effect (P>0.05) on performance,  the accessory organs and cholesterol profile. The average  

final weight was 1275.90±42.70g, carcass weight was 861.53±41.73g, and non carcass 

weight was 136.62±46.81g. The feed consumption was 67.79±1.96 g/bird, the weight of 

liver, pancreas, and bile were 22.31±1.19 g, 2.21±0.25g, 0.92±0.13g, 4.14±0.96g, 

respectively, whereas blood, breast, thights, and liver cholesterol concentrations were 

124.70±12.29 mg/dl, 266.78±2.94 mg/g, 270.53±0.59 mg/g, 254.07±6.47 mg/g, respectively.  

In conclusion, the use of  indigenous Synbiotic phytobiotic in Male Sentul Chicken Fed Diet 

up to 6% concentration can be included in poultry feed without affecting the performance, the 

accessory organs and cholesterol profile 

 

Key word : Synbiotic phytobiotic indigenous, the accesory organs, cholesterol 

 

INTRODUCTION 

Sentul chicken can be grouped into 5 kinds of Sentul Chicken; Geni Sentul, Batu 

Sentul, Kelabu Sentul, Debu Sentul, and Emas Sentul Chicken. Nataamijaya (2005) stated 

that Sentul Chicken can lay as much as 26 eggs/period. Nurhayati (2001) stated that male 

Sentul Chicken can weight around 2,603.8±207g while the female around 1,408±123g, with 

body weight of 70.30±16.87 g/day, lay eggs 17±1 pieces and has eggs hatchability by natural 

incubation as much as 88.22±10.2 % (laying time 21±3 days, incubating time 21 days, 

nurturing time 60 days and resting period 12±1.5 days). Sentul Chicken as original 

germplasm needs to be well managed so its existence will persist all the time. The 

development of Sentul Chicken needs to be supported by giving quality feed. 

Stock productivity can be increased by giving additional feeds such as enzyme, 

hormone, probiotic, and prebiotic. Enzyme and hormone are rarely used because of their 

relatively expensive price and side effects. Some additional feeds which relatively doesn’t 

cause side effects are probiotic and prebiotic. Synbiotic is a combination between probiotic 

mailto:ningiriyanti@gmail.com
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and prebiotic which has synergic effect capable of increasing health status in digestive tract, 

digestibility of feed ingredients, bacterial activity, immunity against infection, and chicken 

performance (Yang et al., 2005). Barlianto (2005) stated the benefit of synbiotic is increasing 

probiotic bacteria life endurance because of a specific substrate capable of fermentation so 

the body can get a better or more perfect benefit. 

Probiotic is an apathogen microbes which working mechanism is by pushing non-

indigenous microbes out of digestive tract ecosystem and replaced pathogenic microbe 

position in digestive tract. Because probiotic comes from indigenous microbe, the 

translocation process happens naturally in intestine ecosystem. Prebiotic is part of feed source 

which isn’t digested and able to stimulate the growth and activity of certain bacteria in 

digestive tract and increase host’s health (Gibson & Roberfroid, 1995; Choudhari et al., 

2007).  Green leaves extract (Cycle barbata L. Miers) as phytobiotic has high fibre content 

and the Cycle barbata L. Miers itself contains polysaccharide which can form gel (Artha, 

2001). Cincau leaves contain 66.3-74.5% water, 2.4-2.7% protein, 8.4-8.9% carbohydrate, 

6.2-6.7% crude fiber, and 0.4-0.5% fat (Syamsuhidayat, 1991). 

This fibre forms plant’s cell wall structure which mostly contains three kinds of 

polysaccharide; cellulose, pectin, and hemicellulose (Moehji, 2002). Green leaves extract 

(Cycle barbata L. Miers)  contain pectin fibres which can be fermented by intestine micro 

flora (Gallaher, 2000), so it is predicted that the higher the content of pectin in Green leaves 

extract  gel, the better the fermentation process by micro flora in colon is. 

 

MATERIALS AND METHODS 

Design, Animal, and Diets 

The research used 60 two months old male sentul chikens. They were raised in the 

cages each with the size of 1.0 x 0.75 m.  Feed composition consisted of corn, bran, soybean 

meal, fish meal, oil, CaCO3, topmix, lysine, methionine. The fish meal, soybean meal, 

methionine and lysine were purchased from PT. Cheil Jedang Superfeed Indonesia and 

synbiotics (Lactobacillus sp. as probiotic and Inulin as prebiotic) with  Green leaves extract 

(Cycle barbata L. Miers) as phytobiotic. The composition ratio of feed was based on 

isocalorie and isoprotein, with 19% of protein and 2900 kcal/kg ME. The isolate of 

indigenous probiotic microorganism Lactobacillus sp. was cultivated in de Man Rogosa 

Sharp Broth (MRSB) liquid media with the addition of mineral 1 (0.6 g of K2HP4 in 100 ml 

aquadest) and mineral 2 (1.2 g of NaCl; 1.2 g of (NH4)2SO4; 0.6 g of KH2PO4; 0.12 g of 
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CaCl2; 0.25 g of MgSO4.7H2O in 100 ml aquadest). It was incubated using batch culture for 2 

x 24 hours or until it achieved 109 cell/ml microbial content. 

The experiment was arranged based on completely  randomized design with 4 

treatments and 5 replications with 3 chicken each. The dietary treatments were 4 levels of 

synbiotic, R0= 0% synbiotic; R1= 2% synbiotic; R2= 4% synbiotic; R3= 6% synbiotic. The 

diets and drinking water were provided ad-libitum. The feeding trial was conducted for 2 

moths. Data were analyzed using analysis of variance (Steel &Torrie, 1993). 

 

Variables Measured 

Performance traits 

The variables measured for the performance traits were feed consumption, final 

weight, carcass and non carcass weight.  

 

The accessory organ  

Measured were liver weight and percentage; pancreas weight and percentage; bile 

weight. 

 

Colesterol profile 

After two months observation, blood samples were taken from axillary vein. Three ml 

of blood samples were filled into tubes containing blood anticoagulants (EDTA/Ethylene Di-

amine Tetra Acetic Acid). Variables observed were cholesterol profile: Blood cholesterol 

was determined by enzymatic activity of cholesterol oxidase para-amino phenazone 

(CHODPAP). Triglyceride was determined using enzymatic colorimetric method (DiaSys, 

Germany). Meat and liver cholesterols were determined by comparing the result of sample 

absorbance with spectrophotometer at 680 nm with standard curve according to Lieberman 

and Burchard (Tranggono & Setiaji, 1989). 

 

RESULTS AND DISCUSSION  

Male sentul chicken performaces given phytobitic symbiotic 

The use of phytobiotic synbiotic for livestock is aimed to increased their performance 

and health. The performance, accessory organ, and cholesterol profile of male sentul chicken 

is presented  in Table 1. 
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Table 1. Male sentul chicken performance 

Variable Synbiotic 0% Synbiotic 2% Synbiotic 4% Synbiotic 6% 

Feed consumption 

(g/e/day) 
66.92±6.63 69.57±1.95 65.45±4.56 69.23±2.96 

Final weight (g) 1318.80±117.50 1285.80±64.52 1216.80±68.82 1282.20±98.23 

Carcass weight (g) 880.93±95.87 882.73±5.12 798.96±36.73 883.50±39.20 

Non carcass (g) 187.22±107.74 164.03±110.99 108.03±113.70 87.19±112.30 

  

The result of variance analysis showed non significant (P>0.05) impact on feed 

consumption because the diets were isoprotein and isocaloric. Azizi et al. (2011) stated the 

factors which affect feed consumptions the amounts and nutrient contents like energy protein 

and crude fibres. Chicken feed consumption depends on the type, structure, nutrient contents 

and also environmental condition (Sidadolog & Yuwanta. 2011).  

 The use of synbiotic has non significant (P>0.05) impact on carcass and non-carcass 

weight because the synbiotic is mainly given to maintain the chicken’s health. Fuller (1991) 

stated the benefits of probiotic for health are normalizing digestive tract microbiota, 

increasing immune cell response, and giving metabolic effect. Immune cell response can be 

increased by stimulating digestive tract cell to produce cytokines, macrophage, and antibody 

(IgA). Probiotic in digestive tract will prevent pathogen bacterial growth, neutralizing toxins, 

regulate certain bacterial enzyme activity, and enhance substantial impact which stimulate 

antibody synthesis in immune system (Cruywagen et al. 1996). Synbiotic’s also not able to 

take part in meat production mechanism. Brake et al. (1993) showed that carcass percentage 

depends on sex, age and body weight. Carcass weight increased along with the increase of 

age and body weight. 

Broiler chicken carcass percentage based on Moreng & Avens (1985) was estimated 

around 60-70%. Carcass percentage. besides caused by result of live weight. is also affected 

by the management in its cutting process. The environmental factor also influenced growth 

rate. Carcass weight composition, and carcass percentage which usually increased along with 

the increase of live chicken body weight (Soeparno, 1994). 

 

Male Sentul Chicken Accessory Organs Profile 

 Accessory organs which include liver, pancreas, and bile are organs which function in 

helping nutrient digesting process to run smoothly. The weight and percentage of male sentul 

chicken accessory organs are presented in Table 2. 
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Table 2.  The weight and percentage of male sentul chicken accessory organs 

Variable Synbiotic 0% Synbiotic 2% Synbiotic 4% Synbiotic 6% 

Liver weight (g) 22.53±2.16 21.83±1.25 21.04±3.67 23.85±3.88 

Liver Percentage (%)  1.67±0.26 1.70±0.14 1.73±0.30 1.94±0.26 

Pancreas weight (g) 2.23±0.43 2.30±0.26 1.86±0.62 2.45±0.52 

Pancreas percentage (%) 0.16±0.04 0.18±0.02 0.15±0.05 0.20±0.04 

Bile weight (g) 1.05±0.48 0.97±0.25 0.90±0.65 0.75±0.35 

Bile Percentage (%) 0.07±0.03 0.07±0.02 0.08±0.03 0.06±0.03 

 

Table 2 shows that the use of synbiotic has no significant impact (P > 0.05) on the 

weight and percentage of male sentul chicken accessory organs.  

Liver weight in this study’s result was around 21.04±3.67g-23.85±3.88g (1.67±0.26%-

1.94±0.26%), as reported by Putnam (1991) was around 1.70-2.80% from live weight but 

lower than those reported by Noormasari (2000) based on her study that liver percentage is 

around 2.04-2.56%. 

 Ressang (1984) stated that liver has an important role in the body because of its 

functions such as destroying dangerous substance absorbed from intestine or other parts of 

the body, then throw it out as non-dangerous substance into bile or blood. Intoxicated liver 

will show problems physically, for example the change in liver color, swellings, shrinkage in 

one of its lobes. and the nonexistence of bile pouch.  Bintang et al. (1999) stated that 

fermentation product given up to 15 in livestock feed will not cause problems in liver 

function not in other digestive organs. Kusuma et al. (2012) reported that lactic acid bacteria 

given orally will not affect liver’s work and will not cause pathologic problems in liver.  

  Pancreas weighted around 1.86±0.62g to 2.45±0.52g (0.15±0.05% – 0.20±0.04%)  

lower than Djunaidi et al. (2009) study which result was around 0.24 – 0.29% when chicken 

is given shrimp waste feed fermented using Bacillus sp. 

Pancreas is a digestive system accessory organ which has an important role in 

livestock digestion as endocrine and exocrine glands which physiologically have very 

different roles. Endocrine gland serves to produce hormones like insulin, glucagon, 

Somatostatin, and polypeptide while the function of exocrine gland is to produce and expel 

fluid related to digestion and absorbtion needed in intestine (Scanes et al., 2004). The 

function of the pancreas according to Sturkie (2000) is to secrets enzymes like amylase, 

protease, and lipase which helps carbohydrate, protein, and fat digestion. With the weigh of 

pancreas it self around 2.5-4.0 gr in adult chicken.  
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Bile weight result in this study is around 0.75±0.35g-1.05±0.48 g (0.06±0.03%- 

0.08±0.03%). Variance analysis showed the use of synbiotic has a non significant impact 

(P>0.05) on the weight and percentage of bile. Ressang (1984) stated that bile is a 

cholesterole excretion tool with the help of bile acid expelled by liver. Candra (2014) stated 

that bile juice is salt fluid in greenish yellow color which contains cholesterol, phospholipid, 

lesitin, and bile pigment. 

 

Male Sentul Chicken Cholesterole Profile 

Result of cholesterol level is presented in Table 3.  

Table 3. Male sentul chicken’s blood, thigh meat, breast meat and liver cholesterol level 

Variable Synbiotic 0% Synbiotic 2% Synbiotic 4% Synbiotic 6% 

Blood Cholesterol (mg/dl) 128.80±22.45 107.00±18.87 127.60±25.43 135.40±22.68 

Thigh Cholesterol (mg/g) 269.85±5.59 271.21±2.20 270.29±3.39 270.76±3.02 

Breast Cholesterol (mg/g) 263.21±11.82 265.69±6.17 269.88±1.60 268.32±2.80 

Liver Cholesterol (mg/g) 261.22±12.18 254.56±16.63 245.51±40.72 255.00±11.69 

 

The addition of synbiotic in feed resulted in average blood cholesterole level around 

107.00±18.87mg/dl to 135.40±22.68 mg/dl. The impact of adding synbiotic in feed resulted 

in relatively same blood cholesterole level. Pilliang & Djojosoebagyo (1990) stated that 

blood cholesterol level will be considered save if it’s not more than 220 mg/dl. That is 

different with Suryo (2012) study result where normal native chicken blood cholesterol level 

is 163.53 mg/dl. Fuller (1992) stated that the normal standard of blood cholesterole level in 

livestock is around 125-200 mg/dl so it shows that the blood cholesterol level in this study is 

still in the normal estimation around  128.8 mg/dl to 135.4 mg/dl.  

Giving feed containing synbiotic shows a non significant impact (P > 0.05) on male 

native chicken cholesterole level. This happened because probiotic and prebiotic bacterias 

(synbiotic) grew in a constant and limited fashion in stationary phase and the cell division 

happened very slowly in this condition (Setyati et al., 2015). Because of this, synbiotic’s not 

able to detain the work of Hydroxyl Methyl Glutaryil–CoA (HMG CoA Reductase) enzyme 

which has roles in the formation of mevalonat in cholesterole synthesis process Brock (2012). 

stationary phase happens because of the inhibition of nutrition in culture and the amount of 

heaped up metabolism waste causing the inhibiton of microbes growth. The endurance of 

probiotic bacteria which is combined whith prebiotic towards bile salt also affect the 

performance in lowering blood cholesterole. Susanti et al. (2007) stated that endurance 
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towards bile salt is a characteristic of lactate acid bacteria because it affeccs it’s activity in 

digestive tract especially superior intestine where bile is excreted. The mechanism of bile salt 

inhibition towards bacteria happens because bile salt has amphiphatic structure so it’s able to 

dissolve or break down all cell subtantions which contain lipid. Bacteria cell wall and cell 

membrane contain lipid so the entrance of bile salt into cell wall and cell membrane will 

cause them to break down (Hill, 1995).  

Cholesterole level is normally regulated by liver through biochemistry mechanism. 

This biochemistry mechanism will be maintained by body to keep cholesterole balance in 

normal range. Cholesterole synthesis speed is affected by live synthesis performance. 

Synthesis in liver is affected by one of which is the ammount of cholesterole supply in feed. 

The change in blood cholesterole level is a responds related to the change in free fatty acid 

level in feed. because free fatty acid will be converted into acyl Co-A which will then be 

converted into acetyl Co-A which is the precursor in cholesterol making (Lovita, 2005). 

Based on Muchtadi et al., (1993). Body cholesterole comes from two source; from food. 

which is called exogen. and from what is produced by the body (liver), which is called 

endogen. Soeharto (2004) added that exogenous cholesterol which is gotten directly from 

food is as much as 25% while endogenous cholesterole synthesized from acetat through 

squele inside of liver is as much as 75%. If endogenous cholesterole synthesis by liver is 

more dominant. the disposal of cholesterol in the form of bile acid would be very minimum 

whereas cholesterole absorbtion in jejunum is quite much. making cholesterole level 

increased compared to control altough still in normal range. Piliang and Djojosoebagyo 

(2006) stated that if cholesterole coming from food is just a bit. to fulfill the need of tissue 

and other organs. liver cholesterole synthesis would increase. 

Based on Montgomery et al.(1993) the amount of cholesterole in blood is governed 

by many factors like; (1) feed factors, for example the cholesterole energy contained. (2) 

factors form outside of the cell, for example the amount of free or chained cholesterol in 

lipopotrein outside of the cells and (3) factors within the cell, for example enzym system 

activity which has roles in synthesis, catabolism, and skual amount to synthesize cholesterole. 

Table 3. shows the adition of symbiotic in feed have average cholesterol levels in 

thigh meat around 269.85±5.59-271.21±2.20 mg/g; in breast meat around 263.21 ±11.82 

mg/g - 269.88±1.60 mg/g; and in liver around 245.51±40.72 mg/g -261.22±12.18 mg/g.  

The impact of adding synbiotic in feed resulted in relatively same cholesterole level. 

This result is different with study result of Ismoyowati & Widyastuti (2003) who stated that  
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cholesterole level of male kampong chichken is around 177.47 mg/100g. which is also 

different from Al-Namawi & Abdullah (2002) study result where the cholesterole level of 

chicken meat without its skin’s around 133-202 mg/100 g based on dry weight. while for 

whole weight it’s around 261 - 407 mg/ 100 g dry weight. So it shows that the meat 

cholesterole level in this study’s still within the normal range. between 263.21 mg/100 g to 

269.88 mg/100 g. Result from Hasanudin et al. (2013) study it’s around 81–110 mg/100g 

Variance analysis result showed that giving feed containing synbiotic has no 

significant impact (P>0.05) on meat cholesterole level. This happened because probiotic and 

prebiotic bacteria (synbiotic) were not responding optimally toward host cell and prebiotic 

was not able to maintain the probiotic yet. Fuller (1992) stated that different host cell respond 

towards probiotic depends on the type or strain of bacteria, the endurance of bacteria towards 

the condition of livestock, species and environtment where the bacteria was previously 

stored. Those things can affect the probiotic and prebiotic combination, making it not optimal 

to produce Bile Salt Hydrolase (BSH) enzyme. BSH has an importan role in hydrolizing or 

cutting of C-24 N-Acyl amida chain which formed between bile acid and amino acid in 

conjugated bile salt resulting in deconjugated bile salt and glycyn/taurine. Deconjugated bile 

salt (Colate Acid) formed is not well absorbed by intestine compared to conjugated bile salt 

so the bile acid which goes back to liver in enterohepatic circulation will be reduced and 

expelled through faeces (Surono 2004). 

Bile secretion is very much related with total cholesterol content (Muslim. 1989). 

Synbiotic can not edure bile juice based on Food and Agricultural Organization/World 

Health Organization (FAO/WHO) (2002) it is added that ideally the strains of probiotic and 

prebiotic not only able to survive but also have the ability to reproduce in digestive tract, 

endure gaster fluid and bile juice in food tract which make it possible for them to survive 

through digestive system and exposed to bile. The main tract in cholesterole disposal happens 

in liver through its conversion towards bile acid which are cholate acid and chenodeoxy 

cholic which are chained with glycin and taurine formind bile salt,  then excreted through bile 

towards duodenum. Some of the bile acid will be absorbed by liver through circulation then 

excreted again into bile. Unabsorbed bile acid will be degraded by colon microbes and 

excreted into faeces (Muchtadi et al., 1993). 

The addition of probiotic and prebiotic (synbiotic) did not give impact onto chicken 

breast meat cholesterole level. This is related to fat level in broiler chicken. Chicken aged 8 

weeks is still in growth phase so the fat is not formed that much. In growth phase the food 
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substances absorbed by the body is still use to grow and there has been no excess energy 

stored as fat. Anggorodi (1985) stated that there’s very few amount of energy converted into 

fat in broiler chicken which is still in growing phase. Cholesterole is a part of fat. The 

mechanism of cholesterole formation is related to the amount of fat,  unsaturated fatty acid 

and other source of cholesterole in feed. Based on O’Keefe et al. (2002) the difference 

between saturated and unsaturated fatty acid chemical chain causes their differences in 

chemical and physical characteristic, for example saturated fatty acid will cause cholesterol 

increase in blood. Wiradimadja, (2011) stated that the decrease of meat cholesterol is related 

to the decrease of blood cholesterole. The more blood cholesterole level decrease, the more 

cholesterole level in meat also decrease.  In result analysis blood cholesterole level was not 

decreased so the meat cholesterole level was also not decreased and they’re still in normal 

range. Meat cholesterole in this study were not changed which indicate there was no 

mobilization process by bile acids synthesized by liver where cholesterole is its main 

precursor. Sujana et al. (2007) showed that when there is no decrease in meat cholesterole it’s 

because there’s not much blood cholesterole used to synthesize bile. 

  

CONCLUSION 

The use of indigenous Synbiotic phytobiotic in Male Sentul Chicken Fed Diet up to 

6% concentration do not affect the performance, the accessory organs and cholesterol profile. 
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ABSTRACT 

Eleutherine (Eleutherine americana) is commonly used as herbal medicine and spices of 

traditional food.  This is due to the bulbs of eleutherine containing bioactive compounds such 

as polyphenol, flavonoid and tannin. Then, these compounds could be used as phytobiotics or 

prebiotics and may improve or impair the growth performance of broiler.  Effects on growth 

performance are partly due to the changes of  nutrient absorption in the digestive tract as 

results of the changes of small intestine morphology.  Specific compounds such as flavonoid, 

polyphenol or tannin have been reported to influence the morphology of small intestine. A 

study has been carried out to evaluate effects of inclusion eleutherine extract in the broiler 

diet to the gut morphology.  The bulbs of eleutherine were extracted using organic solvent of 

methanol. The crude extracts were analyzed for bioactive compounds and given to broiler as 

feed additive. The results indicated that types of bioactive were qualitatively indentified 

including polyphenol dan tannin,  but  flavonoid was felt to identify in the extract.  There 

were no effects (P>0.05) of eleutherine extract on villus height, crypt depth  and ratio of 

villus height:crypt depth at the duodenum  and jejunum.  But, the eleutherine extract 

produced effects (P<0.01) on villus height and crypt depth at the ileum.   Therefore, it 

revealed that the bulbs of eleutherine extract influence the gut morphology of ileum section 

and may influence nutrients absorption.  

 

Key words: Eleutherine, Extract, Bioactive, Villus and Crypt.  

 

 

INTRODUCTION 

The intensive use of antibiotics has led to the developments of antibiotic resistance in 

the digestive tract (Windisch et al., 2008) and antibiotics have been reported to produce side 

effect which limit their application.  Some countries laws against use of antibiotics in animal 

feed.  Therefore, there is serious need to develop new antibacterial agents that are very 

effective with minimal undesirable side effects.  Plants are representation of potential source 

for feed additive such as antibiotics.  

Eleutherine has long been recognized as spicy food and herbal medicine (Ifesan et al., 

2010). Bulbs of eleutherine have been reported to have antibacterial activity on gram-positive 

and gram-negative bacteria (Ifesan et al., 2009; 2010), as well as fungi (Ifesan et al., 2010).  

Recently, Rusdi et al. (2016a) reported that bulb of eleutherine extracts reduced growth of 

Escherichia coli  and enhanced the growth of Lactobacillus acidophilus. Then, new balance 

of gut microbiota may influence nutrients absorption.  For instance, gut microflora reduced 

absorption of nutrients by increasing gut thickness and the rate of digesta passage (Ravindran 
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et al., 1984 and Apajalahti et al., 2004).The objective of present research is to explore effects 

of eleutherine bulbs extract on the gut morphology of broiler chicken. 

 

MATERIALS AND METHODS 

The bulbs of eleutherine were washed and cleaned with tap water and then chopped.  

The chopped bulbs were dried to about 10% of water content and then ground to powder. The 

powders were extracted using methanol.  Extraction process was done for 7 days. Crude 

extracts were rotary evaporated until the extract became completely dry as pellet.  Extracted 

eleutherine was subjected to chemical analysis. 

Basal diet consisted of corn, rice bran, soy bean, fish meal, coconut oil, premix and 

methionine and lysine (Table 1). Experimental diets were the basal diet mixed with extracted 

eleutherine  (EE) at various proportions and the basal diet mixed with 1 ppm avilamicin as 

positive control.  They are basal diet only as a negative control (T1);  basal diet + 1 ppm of  

avilamicin as positive control (T2);  basal diet+300 ppm of EE (T3);  basal diet+600 ppm of 

EE (T4) and basal diet+900 ppm of EE (T5).    

The experiment was carried out in floor pens with wood shaving and the cage size 

was 120x100x100 cm. Each cage was equipped with feeding and drinking trunk,  and lamps 

for heating and lighting.  A total of 200 of one day old chicks (DOC) were allocated to a 

completely randomized design (CRD), within 5 treatments and 5 replicates per treatment with 

8 birds per cage, and therefore there were 25 unit cages.  Experimental diets and drinking 

water were freely provided throughout the experimental period.  

The birds were kept under standard management condition for 5 weeks. At the end of 

experimental period, two birds from each cage were randomly selected and slaughtered for 

sampling.  The intestinal parts of duodenum, jejunum dan ileum were carefully separated  for 

histology study. The samples of intestinal part were fixed at 10% buffer formalin and 

embedded in paraffin.  Three micron sections were microtome cut and stained with 

haematoxylin and eosin and then the slides were measured by light microscopy for 

measurement of  villus height and crypt depth. Data of gut morphology were analysed using 

analysis variance (Steel and Torrie,1991).  
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Table 1. Basal diet composition 

Feed Ingredients (%) Starter (0-3 wk) Finisher (3-5 wk) 

Corn 56 56.5 

Soybean meal 25 26 

Fish meal 11.4 6 

Rice bran 5 9.36 

Palm oil 1 0.7 

Limestone 1 0.9 

Salt 0.02 0.07 

Premix1 0.3 0.2 

Lysine 0.08 0.18 

DL-Methionine 0.2 0.09 

Total  100 100 

Calculated composition (%)     

Metabolizable Energy (kcal kg-1) 3207 3201 

Crude Protein 23.0 20.0 

Crude Fiber 3.13 3.7 

Calcium 1.13 0.75 

Phosphorus 0.29 0.35 

Lysine 1.02 1.07 

Methionine 0.51 0.38 

Mangan 4; Iodine 0.075g; Copper 0.3g; Zinc 3.75g; vitamin B12 0.5mg; vitamin D3 

50,000 IU; vitamin 

A 1,200,000 IU; vitamin E 800 IU; vitamin K 200 mg; vitamin B1 200 mg; vitamin B2 

500 mg; Vitamin 

B6 50 mg; vitamin C 2,500 mg; Ca-D-panthotenate 600 mg; Niacin 4000 mg; 

Methionine 3,000 mg; 

Lysine 3,000 mg;  Santoquin 1,000 mg;  Zinc bacitracin 2,100 mg 

 

RESULTS AND DISCUSSION 

 Extracted bulbs of eleutherine produced bioactive compounds ie. flavonoid (1.29%) 

and tannin (0.09%). The absence of phenol compounds  in the extract is likely related to the 

lack of sensivity of equipment and method used, and also low concentration of extract in the 

solution.  These bioactive compounds could therefore be detected when concentration of the 

eleutherine extract is elevated in the solution. Tannin in the eleutherine extract however may 

influence nutrient digestibility as reported by Rusdi  (2003) that diet containing tannin 

reduced digestibility of nutrient. 

 Inclusion of polyphenol (such as tannin) in the diet influenced the small intestine 

morphology.  For instance, tannin from byproduct of wine industry influenced intestine 

morphology of pig (Sehm et al., 2007) and broiler (Viveros et al., 2011).  Villus height is 

related to health status of digestive tract and increased in villus height linearly improved 

digestive tract function and nutrients absorption and vice versa (Caspary, 1992) and finally 

increased live weight. The current study, inclusion of avilamicin and extracted eleutherine 
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produced no effects (P>0.05) on villus height, crypt depth and ratio villus height/crypt depth 

at the duodenum and jejunum section. Meanwhile, some previous studies indicated that diet 

containing tannin reduced development of villus at the duodenum and ileum section (Miles et 

al., 2006; Sehm et al., 2007; Baurhoo et al., 2007). Furthemore, Sehm et al. (2007) reported 

that inclusion of wine industry by-product in the pig diet stimulated the development of crypt.  

 

Table 2. Mean values of villus height, crypt depth (µm) and ration villus height/crypt depth 

at the duodenum, jejunum and ileum section.  

 

Small intestine part 
Treatments 

SEM 
T1 T2 T3 T4 T5 

Duodenum       

- Villus height (vh) 30.11 33.08 42.43 25.68 39.08 2.66 

- Crypt depth (cd) 20.35 24.19 32.14 19.11 29.34 2.27 

- Ratio vh/cd  1.49 1.38 1.32 1.36 1.37 0.03 

Jejenum       

- Villus height (vh) 69.54 57.99 56.34 65.47 58.74 2.30 

- Crypt depth (cd) 49.76 46.93 42.58 49.09 48.18 2.39 

- Ratio vh/cd 1.48 1.24 1.33 1.33 1.22 0.04 

Ileum       

- Villus height (vh) 31.19a 53.46b 57.71b 51.37b 45.14ab 2.85 

- Crypt depth (cd) 21.10a 45.11b 39.03ab 39.44ab 34.38ab 2.70 

- Ratio vh/cd 1.48 1.19 1.48 1.30 1.40 0.05 

SEM, standar error mean. Means within the rows followed by different superscript are 

significantly different at (P<0.01) 

 Interestingly, inclusion of avilamicin and extracted eleutherine in the broiler diet 

increased villus height and avilamicin increased crypt depth at the ileum section (P<0.01) 

compared to negative control. There was no effect on ratio villus height/crypt depth (P>0.05). 

This result is contrast to the previous studies by Miles et al. (2006); Sehm et al. (2007) and 

Baurhoo et al. (2007). According to Viveros et al. (2011) changes in the intestinal 

morphology such as increased villus height and decreased crypt depth (or increased ratio 

villus height/crypt depth) was more oriented to digestion, with improved absorptive and 

hydrolysis potential as well as improved health status. Therefore, inclusion of extracted 

eleutherine up to 600 ppm is more possible to improve growth performance of broiler 

chickens as reported by Rusdi et al. (2016b). They reported an elevation of feed intake when 

inclusion of extracted eleutherine up to 600 ppm was included in the basal diet. However, 
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increasing level of extracted eleutherine in the diet reduced population of pathogenic bacteria 

in the gastrointestine (Rusdi et al., 2016a;2016b).  

 

CONCLUSION 

 Methanol-eleutherine extract contained flavonoid and tannin. The extract led to a 

significant change in the gut morphology of ileum section, but not for duodenum and jejunum 

section. This change may reduce digestion of nutrients in the digestive tract of broiler 

chicken.    
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ABSTRACT 

An experiment was conducted with 75 twenty four weeks old local ducks feeding on three 

diets formulated by using the mould bread (MB) to assess its effect on laying performance. 

Three experimental diets were used in the study and proposed in a completely randomized 

design (CRD). Each treatment group was replicated five times with 5 birds per replicate.  

Diet 1 (T0) as a control feed was a conventional standard commercial layer duck feed. Diet 2 

(T1) was a practical feed applied by small holders with 262 g/kg of dry matter inclusion of 

mould bread. Diet 3 (T2) was a practical feed applied by small holder with 297 g/kg inclusion 

of mould bread. Egg production increased (p<0.05) by 32.4 per cent and 3.2 per cent of the 

control when T1 and T2 diets respectively were included in conventional feeding system in 

small holder managements. Yolk color was lower (p<0.05) in group T1 and T2 (9.8) 

compared to T0 (12.7).  Fresh egg yolks were  not improved by the dietary tests. Layer ducks 

fed MB T1 and T2 had somewhat heavier egg weight (62.67g and 61.80g respectively) 

(p=0.8233) compared with layer ducks fed the standard commercial diet (61.44g). Feed costs 

of the MB ingredients were only 58.3 and 56.3per cent (0.28 USD and 0.27 USD) 

respectively compared with the standard diet (0.48 USD).   

 

Key words: egg production, egg weight, feed cost  

 

INTRODUCTION 

The duck industry in Indonesia was dominated by small holders which accounts for 

2.3 per cent of poultry population and contributes 1.5 per cent of the duck meat and 15.15 per 

cent of the duck eggs (DGLAHS, 2016). In other words, layer ducks are more popular than 

meat ducks. Under an intensive management system applied by the small farmers, the ducks 

are fed various local feed stuffs although  commercial feeds are also available.  Rice bran 

(RB) and yellow corn (YC) are the two energy sources that have long been known as feed 

ingredients in conventional poultry ration.  However, recently the price of these feed stuffs 

has increased significantly which make the feed cost higher when confinement management 

system continuous to be implemented.  An alternative energy source is necessary to sustain 

the existence of the small scale farmers.  Mould bread is a waste of the retail bread of home 

industry when the expired date was over.  Feeding with mould bread now is becoming 

accepted as a replacer of rice bran and yellow corn diets for both meat and layer ducks at any 

growing periods in small scale duck farmers in Lombok, Indonesia. The main reason is 

because of little cost for the mould bread that could reduce the feed cost which accounts for 
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60-70 per cent of the production cost. However, this may cause problems when excessive 

inclusion is applied because little information on this field for laying ducks is available. 

Therefore, this study was undertaken to evaluate the inclusion levels of mould bread which 

offer the maximum laying performance without any problems both to the birds and the 

consumers.    

 

MATERIALS AND METHODS 

Experimental design 

The experiment was carried out at a duck farm of small group farmers in Mataram, 

Lombok Indonesia between October 2016 and February 2017, in the rainy season. A total of 

seventy five twenty four –wk old laying local ducks (Mojosari ducks) were purchased from 

the local breeder and wing banded, then weighted on an individual basis. They were then 

allocated randomly to three dietary treatments with five replicates of five birds. They were 

again weighted at the end of the study to evaluate the body weight changes that may occur.  

 

Animals, housing and management 

In a shedding house, the ducks were divided into pens floors which were covered by 

rice husk with average density of 4 birds/m2.  The pens were equipped with two round plastic 

basins with 20 cm in diameters for a feeder trough and for a drinking water. Lightings were 

natural during the day and provided by electric bulbs at night.  There were no routine 

management practices such as health and disease control programs were applied.  Also, no 

commercial vitamin and minerals were added into the diets.  

 

Diets and Treatments 

The birds were assigned to a completely randomized design. Seventy five of laying 

ducks were divided into 3 groups of dietary treatments with five replicates (25 birds/dietary 

treatment) and fed on a commercial layer concentrate and mixed with yellow corn and fine 

rice bran in the modified ratio of 2:4:4 respectively according to a commercial standard feed 

acting as the control group. The two other dietary treatments were formulated diets 

containing 262 and 297 g/kg of dry matter (DM) of mould breads to produce isoenergetic 

diets of 3,200 kcal /kg (Table 1). The rice bran used in this study was slightly coarse because 

our preliminary study found that the duck ate more in the coarse rice bran when mixed with 

the loaves bread than in the fine rice bran. This is more related to the characteristics of wheat 
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flour which are sticky and viscous making birds difficult to eat or to take up the feed. 

Restricted feeding methods were applied due to the duck eating behavior to avoid over 

spillage. Birds had free access to drinking water during the experimental period. The diets 

were offered in a wet form.  Spillage of the feed was calculated by weighing and drying the 

remaining feed on the feeder and drinking water to correct the feed intake. 

To ascertain the nutrient content of the ingredient, proximate analysis was applied. 

Prior to the study, all feed ingredients were evaluated for the proximate composition 

according to the methods of the Association of Official Analytical Chemists (AOAC, 1995). 

The results of proximate analysis of the mould bread are shown in Table 2. 

 

 Table 1: Ingredient and calculated nutrient composition of experimenta diets. 

Ingredient  (g/kg) 
Dietary treatment  

T0 T1 T2 

Yellow corn (YC) 330 279 206 

Rice bran (RB) 470 157 154 

Commercial layer concentrate (CLC) 200 0 0 

Ground fresh  water fish (GFWF) 0 302 325 

Mould bread (MB) 0 262 297 

Total 1,000 1,000 1,000 

Calculated  nutrient composition  

Metabolizable Energy  (kcal/kg) 3,100 3,100 3,100 

Crude Protein  170 195 185 

Crude Fiber 80   83   80 

*% of DM ; No vitamin and mineral added   

 

Table 2. Proximate analysis of expired bread of bakery home industry used in this 

experiment (%)* 

 

Variety Moisture Ash Ether 

extract 

Crude 

Fibre 

Crude 

Protein 

Carbohydrate 

Chocolate  bread  23.7 0.81 12.6 0.02 5.4 57.3 

Cheese bread  34.3 0.51 7.9 0.14 7.0 49.8 

Plain bread  30.6 1.21 9.2 0.08 6.9 51.7 

*Analyzed values – 2017 
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Measurements 

The data on feed consumption, egg production and egg weight were recorded daily 

from 24 to 34 weeks (for the 10- wk of the experimental period). FCR was calculated from 

the daily feed intake and the egg mass. Egg mass was also calculated from egg weight 

multiplied by daily egg production.  Egg quality characteristics viz. egg weight, fresh yolk 

weight and yolk pigmentation were measured during the experimental production period.  A 

total number of 150 eggs (5 eggs from each dietary treatment) per week collection were taken 

and broken out on a clean Petri dish and then yolk color was determined against the Roche 

Yolk Color Fan scale (RYCF) as a tool for a standard color.    

 

Data Analysis 

The data collected for 10 wk of the experimental study were subjected to the General 

Linear Model (GLM) procedure of SAS version 8 (SAS, 1999). To compare means, 

Duncan’s multiple range test was applied at the level of p <0.05. 

 

RESULTS AND DISCUSSIONS 

Body weight changes and laying performance 

To the best our knowledge, this is the first study examining the potential expired 

bread (mould bread) in laying ducks. The author’s belief that the ducks are capable of using 

the mould bread into the desirable production performance. As seen in Table 3 that the initial 

and final body weights as well as  weight gain of the laying ducks fed mould loaves of bread 

were not significantly different (p>0.05) from the control diet although the T1 showed the 

heaviest birds (1569 g).  The result therefore suggests that feeding to laying ducks with 

mould loaves of bread did not show any detrimental effects on bird’s health and their 

palatability associated with the fungal contamination. This tendency has also been shown on 

the laying performance.   

Feed intake and egg production were affected by dietary treatments (p<0.05) but there 

is no effect on feed conversion ratio attributable to the treatments. Reduced feed intake by 

14.9 per cent and 18.6 per cent of the control respectively were observed when 262 and 297 

g/kg mould bread were included in a conventional feeding system in small holder 

managements. Conversely, egg production of T1 and T2 diet fed birds increased by 32.4 per 

cent and 3.2 per cent of the control group respectively. Although the egg production curves 

(Figure 1) fluctuated in a similar manner for all groups, it is interesting to note that the 
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highest egg production was recorded in birds fed with T1 diet (40.9 per cent) and the lowest 

egg production birds fed with the control diet   (30.9 per cent) and tended to increase after 10 

wk of the experimental period.  The improvement in egg production by birds fed with the 

mould bread diet could be attributed to enhancement of feed efficiency as a result of the 

effect of fermentation by gut microflora.  There are two possible explanations for these 

improvements. The first is that fungus growing in the loaves of bread is favorable to the 

ducks and could work as a probiotic.  As reported by previous studies that probiotics have 

several benefits if supplemented in poultry diets.  Significant effects of probiotic were 

observed by Denev et al. (2006) and Boostani et al. (2013) on higher body weight in broilers, 

egg quality in chukar partridge by Hashemipour et al. (2011) and laying hens by Shalaei et al. 

(2014).  In general, beneficial changes in gut microflora environment that improve host’s 

performance are the main concern of applying probiotics. Another possibility is that mould 

bread could also take action as prebiotics.  The proximate analysis of the loaves of chocolate 

bread showed that this bread contains 57.3 per cent carbohydrate and 0.02 per cent  crude 

fiber (Table 2) and wheat itself  as the major ingredient of bread making had a higher 

proportion of insoluble (87 g/kg) than soluble (28 g/kg) non-starch polysaccharides (NSP) 

(Amerah,  2015) as an energy source.  Like other poultry, ducks  as a monogastric animal 

cannot digest complex carbohydrate such as NSP (Nikam  et al.,  2016) and high insoluble 

NSP  is considered to modify the intestinal flora and reduce turnover rate of the intestinal 

mucosa and to change  the immune system (Shalaei et al.,  2014).  In addition, the use of 

coarse rice bran in present study may help to increase gut development and nutrient 

digestibility (Choct, 2015), thus improving feed efficiency.  It has been claimed that the 

benefits of crude fiber affect the intestinal mucosa carbohydrase and binding effect (Hsu et 

al., 2000). In this case, ducks were apparently tolerant to the mould bread which was evident 

by  no mortality was found during the experimental period and  as mentioned earlier that 

body weight of the mould bread fed birds were also higher than the control diet although this 

is not significantly different.  Slightly different from chickens, however, that body weight 

gain and hen day production were reduced when laying hens fed with mould-contaminated 

diet (Akande et al., 2015).  Sangsoponjit and Suphalucksana (2016) in their work with 

broilers fed the commercial ration and mixed with selected microorganisms (such as 

Actinomysetes, Aspergillus niger, Rhizopus stolonifer sp, and Trichoderma sp)  reported that 

increased the nutritive value of the diet in terms of crude fibre, crude protein, and ether 

extract as a result of the ability of this microbes to produce enzyme cellulase, hemicellulase 
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and lignin. Thus, the improved performance of the T1 and T2 birds in the present study may 

be explained by the actions of both probiotics and prebiotics simultaneously. Mirana et al. 

(2016) found that Aspergillus sp were the dominant fungi in the expired breads. At this 

moment, we did not asses the microbiology aspect of which could clarify the microorganisms 

present in the loaves of bread with respect to types and their characteristics.  

The relatively low egg production of all groups in this study was not expected and this  

could be due to an extreme weather recently. Heavy rain and strong wind blew in the time of 

the experiment, make birds experiencing environmental stress. Under normal condition, it is 

predicted that the production performance is better than this current condition.  

 

Table 3. Performance of laying ducks fed different dietary levels of mould loaves of bread 

during 10 wk of the experiment 

Parameters 
Dietary treatments SEM p-value 

T0 T1 T2   

Initial body weight (g) 1400 1368 1426 33 0.3449 

Final body weight (g) 1486 1569 1550 35 0.3638 

Gain (g) 86 201 123 51 0.3024 

Egg production (%) 30.9b 40.9a 31.9b      3.0 0.0390 

Feed consumption (g)  156.9a 133.5b 127.7b     12.2   <.0001 

FCR (g/g) 6.036 5.701 5.538         0.320 0.5370 

Egg mass (g/bird/wk) 56.34 83.40 54.59     10.42   0.0967 
a-b means in the same row with no common superscript differ significantly (p<0.05) 

T0: commercial concentrate based diet; T1:262 g/kg mould loaves of bread diet; T2:297 

g/kg mould loaves of bread diet. SEM –standard error of means 

 

 

 

      Figure 1. Egg production of different mould loaves of bread fed in laying ducks 
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Figure 2. Egg weight of different mould loaves of bread fed in laying ducks 

 

Egg quality characteristics 

The results on selected characteristics of egg qualities are shown in Table 4. It appears 

that inclusion of mould loaves of bread in layer diet for ducks at 262 and 297 g/kg dietary 

levels had a substantial improvement of yolk color in the control diet.  This is quite probable 

to be related to the higher level of yellow corn as a single source of xantophyll included than 

in the tested diets (400 g/kg versus 279 and 206 g/kg corns – Table 1). Corn has been long as 

the most common feed stuff used in poultry nutrition for egg yolk pigmentation (Blessinz et 

al., 1963).  Although there is no statistically significant difference in egg weight and fresh 

egg yolk weight when layer ducks were fed diets with different levels of mould bread (Table 

4), there was a marked tendency for heavier egg weight (Figure 2) and egg yolk with the 

dietary mould bread level was lower.   

 

Table 4. Selected characteristics of egg qualities of laying ducks fed different dietary levels 

of mould loaves of bread. 

Parameters 
Dietary treatments SEM p-value 

T0 T1 T2   

Egg weight (g)  61.44 62.67 61.80 1.42    0.8233 

Fresh yolk weight (g) 22.17 23.98 22.73 0.9634 0.4711 

Yolk color (RYC) 12.7a  9.8b   9.8b 0.3284 0.0001 
a-b means in the same row with no common superscript differ significantly (p<0.01) 

T0: commercial concentrate based diet;  T1:262 g/kg mould loaves of bread diet; T2:297 g/kg 

mould loaves of bread diet;  SEM –standard error of means 

 

Health records 

As mentioned that there was no mortality found during the study. It means that the 

mould bread did not affect on the bird’s health.  
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Economic analysis 

Calculated feed cost per kg (Table 5) showed that the lowest feed cost per kg feed was 

for the T2 diet (0.27 USD or 58 per cent of T0), in which 297 g/kg mould bread was 

included. However, the ducks fed with this diet had both low egg production and egg weight. 

Conversely, the T1 diet (0.28 USD or 56% of T0), in which 262 g/kg mould bread was fed, 

had the highest egg production compared to either the control or the T2 diets. The control diet 

which a commercial concentrate diet used had the most expensive feed cost (0.48 USD). It 

means that mould contaminated bread was not only cheap but also gave heavier eggs than the 

control diet.   

 

Table 5. Estimates of feed costs based on the retail market price when the study conducted 

Ingredient Price /kg T0 T1 T2 

 

IDR 

Yellow corn 6.000 2.400 2.736 2.742 

Rice bran 2.000 800 506 380 

GFWF 2.500 - 278 278 

Mould bread 1.000 - 180 242 

Commercial concentrate 8.000 3.200 0 0 

Feed cost per kg 

 

 

6.400 

(0.48 USD) 

3.700 

(0.28 USD) 

3.642 

(0.27 USD) 
T0: commercial concentrate based diet;  T1:262 g/kg  mould loaves of bread diet; T2:297 g/kg mould 

loaves of bread diet 

*1 USD = IDR 13,300 

 

CONCLUSIONS 

• Mould loaves of bread are potential to replace in part of energy source in duck feeding at 

level of 262 g/kg in course rice bran and corn based diets. 

• Egg production increased by 32.4 per cent by feeding with mould loaves of bread with 

lower feed cost than the standard diet. 

• Ducks are tolerant to the fungus contaminated diet which was shown by the increase in 

body weight and no mortality or health disorder due to this feeding trial. 
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ABSTRACT 

The purpose of the experiment was to investigate the optimum level of Layer-Feed-

Supplement  (LFS) that can be incorporated in feed for laying hens. The research was 

conducted based on  completely randomized design. Four types of feed supplements were 

applied as dietary treatments  i.e., T1 (a mixture of 1% Top Mix and 2% minerals), T2 (1% 

LFS), T3 (2% LFS) and T4 (3% LFS). Each treatment had five replications consisted of ten 

hens each. Analysis of variance was used to analyze the effect of treatment, and the 

differences between treatments were tested using Duncan’s multiple range tests. The result of 

the study showed that average hens day production (HDP) of treatment T2 and T4 were 83.34 

± 5.52% dan 83.60 ± 4.56%  which were  significantly (p<0.05) higher than  T1 dan T3 

(78.34 ± 5.97% dan 79.23 ±4.31%). Eggs weight for treatment T4 was 66.38 ± 1.36 g 

significantly (P<0.05) higher than. T1, T2, and T3 were 61.75 ± 0.95 g, 62.49 ± 2.03 g and 

62.11 ± 1.20 g. Eggs quality was not significantly affected by types of feed supplement 

except for the weight of albumen. It can be  concluded that  LFS can be used up to 3% to 

increases egg production and eggs quality.  

 

Keywords: Layer feed supplement, eggs weight,  production,  

 

INTRODUCTION 

The population and production of laying chicken in West Nusa Tenggara since 2014 

to 2015 increased by 41.14%, the highest compared to other regions in Indonesia (Directorate 

General of Animal Husbandry and Health 2015). It was due to the high demand for chicken 

eggs, so the farmers are interested to do business in the field of chicken egg production. In 

addition, the demand and supply of chicken eggs in the province of West Nusa Tenggara is 

still  unbalance where the need for eggs as much as 1.3 million eggs per day while the local 

production is only 300,000 eggs per day. This means that farming egg producing chicken has 

a pretty good prospect to be developed in this province.The main factor that often occurs in 

some laying chickens farmers, especially in West Nusa Tenggara is the availability and the 

quality of feed ingredients with the appropriate price. The high price of commercial feed 

encourages farmers to find innovate way by producing their own feed using available feed 

ingredients, Consequently feed given to chickens often defficient in some nutrientssuspected 

as the cause of low productivity of chicken especially on the weight and size of egg 

produced. 

mailto:asnawipunia@gmail.com
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Poultry business in Indonesia can be divided into 4 groups of business  namely large 

and modern scale (sectors 1 and 2) as well as small and conventional scale (sectors 3 and 4). 

The scale of business and management in West Nusa Tenggara Province are included in 

sectors 3 and 4, with the average number of 100-2000 hens with conventional rearing system. 

Therefore, the productivity and quality of eggs produced is still low. Asnawi et al. (2015) 

reported that the production of chicken eggs reared by farmers in East Lombok regency 

averaged 63.37% ± 1.37%, with peak production of 79.20 ± 1.17% achieved for 2 months. 

Laying hens feed in East Lombok consist of a mixture of corn, bran and laying concentrate 

with ratio 50: 30: 20, with protein content 15-17%, 2800 kcal energy, 3 - 4.5% fat, crude fiber 

5 - 10%. Although the major nutrients provided in feed is sufficient, egg production is still 

categorized as low. This is presumably because the protein consumed deficient in essential 

amino acids, especially lysine and methionine. 

Feed supplement that are rich in essential amino acids, vitamins, and minerals need to 

be added into the feed in order to improve production of laying chicken. One of the the feed 

supplement have been formulated in collaboration with LPPM-IPB is Layer Feed 

Supplements (LFS). The objective of this study was to evaluate the effectiveness of LFS in 

increasing egg production and egg quality of laying hens on conventional Farm in Lombok 

Island.  

 

MATERIALS AND  METHODS 

 One conventional egg producing poultry farmer in East Lombok  who were willing to 

cooperate and agree that his chicken were selected for the application of LFS. Two hundreds 

layer were selected and allocated into four dietary treatments according to complete 

randomized design , i.e: diet supplemented with commercial feed supplement commonly 

applied by farmers (T1), diet with 1% LFS (T2), diet with 2% LFS (T3) and diet with 3% 

LFS (T4). Each treatment consisted of five replications ten chickens each. Nutrient  content 

of feed ingredients  dietary treatments are presented in  
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Table 1. Nutrient content of feed ingredients used in the study 

Feed ingredients 
EM PK LK SK Ca P.Total Meth Lys 

(kcal/kg) (%) (%) (%) (%) (%) (%) (%) 

 

Corn 3200 8.9 3.8 2.5 0.01 0.28 0.18 0.16 

Rice Bran 1900 11 5 12 0.06 1.5 0.29 0.51 

FLS         24.8 3.06 2.8 5.3 

Top Mix1)       3 3 

Mineral1)     32,5 1   

Concentrate Laying 2) 1650 33,5 5 4 9-12 1-2 

   

 

Table 2. Composition and nutrient content of dietary treatments 

Feed ingredients 
Treatment 

T1 T2 T3 T4 

Corn (%) 40 40 40 40 

Rice bran (%) 30 30 30 30 

Concentrate for layer (%) 30 30 30 30 

LFS (%)   1 2 3 

Top Mix (%) 1  - -  -  

Mineral (%) 2  - -  -  

Calculated chemical 

Composition         

Energi (kkal/kg) 2345 2345 2345 2345 

Protein (%) 16.91 16.91 16.91 16.91 

Crude fat (%) 4.52 4.52 4.52 4.52 

Crude fiber (%) 5.8 5.8 5.80 5.80 

Ca (%) 3.172 3.42 3.668 3.916 

P (%) 1.5 1.48 1.48 1.48 

Methionine (%) 0.999 1.029 1.059 1.089 

Lysine (%) 1.807 1.837 1.867 1.897 

 

All hens were housed in individual battery cages equipped with feed through and 

lighting during the night. They had free  access to a nipple drinker. The feed in mash form 

was provided ad libitum.  
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Egg production (HDP) and feed consumption were noted daily, while feed conversion was 

calculated at the end of feeding trial. Egg quality in terms of egg weight, egg index, shell 

thickness, yolk color were also measured, and Haugh Unit (HU) was calculated using the 

following formula: 

 

in which H = height of thick egg white (mm) W = egg weight (g) G = graphitisation constant 

32.2 

Table 3. Composition of Layer Feed Supplements (LFS) 
No Component Unit Value 

A Amino acids    

1 Methionine % 2.8 

2 Lysine % 5.3 

B Macro Mineral   

1 Ca % 24.8 

2 P available % 3.06 

3 NaCl % 2.6 

4 Mg % 0.48 

C Micro Mineral   

1 Fe ppm 30 

2 Mn ppm 17 

3 Cu ppm 12 

4 Zn ppm 8 

5 I ppm 2 

6 Co ppm 0,25 

D Vitamine Fat Soluble   

1 A IU/kg 100.000 

2 D3 IU/kg 20.000 

3 E IU/kg 20 

4 K ppm 8 

E Vitamine Water Soluble   

1 Nicotine Amide ppm 180 

2 C ppm 100 

3 D-Pantothenate ppm 85 

4 B2 ppm 30 

5 B12 mcg/kg 25 

6 B1 ppm 20 

7 B6 ppm 15 

F Palatability Enhancer % 4 

G Anti Oksidan % 0.3 

H Anti Fungi % 0.3 

I Anti Unit % 1 

Data were tabulated with Microsoft Excel, then analyzed using statistical software, Proc 

ANOVA (Sas, 2001) the differences between treatment means were separated using 

Duncan’s new new multiple range test. 
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RESULTS AND DISCUSSION 

Production performances.  

The egg production, feed consumption and feed conversion ratio are showed in Table 4.  

 

Table 4. Productivity of Laying hens 

Variables 
Treatments 

T1 T2 T3 T4 

Hans day production 

(HDP) %  
78.34 ± 5.97a 83.34 ± 5.52b 79.23 ±4.31 a 83.60 ± 4.56b 

Feed consumption 

(g/hen) 
111.92 ±4.64 111.61 ±5.42 112.74 ±4.06 112.68 ±3.35 

Feed conversion 2.45 ±0.13 2.31 ±0.07 2.50 ±0.19 2.30 ±0.12 

 a,bDifferent superscripts  in the same row indicates significant different (P <0.05). 

 

The hens day production (HDP) of layers chicken given LFS was higher (P <0.05) 

compared with those fed on diet supplementd with commercial feed supplement. This was 

due to lysine and synthetic methionine contents of the supplement which is easily absorbed 

digestive tract of the chicken. Channaprayatna (2016) states that synthetic amino acids can be 

entirely digested by chickens, while those contained in the feed ingredients are not entirely 

available for production. Besides, LFS contains macro and micro minerals that play important 

function in egg formation.  

 

The low production of T3 (2%LFS) compared to T2 (1%LFS 1%) and T4 (3%LFS) was a 

result of the  slow reached the peak of production as shown in Figure 2. 

 

Figure 1. Pproduction of laying hens on each treatment 
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One of the most important feed ingredients for laying hens is DL-Methionine. 

Methionine is an essential amino acid containing sulphur, playing an important role in both 

human and animal metabolisms, such as participating in synthesizing other sulfur-containing 

amino acids (Troen 2003), and  as a precursor of carnitine and glutathione which  protect 

cells from oxidative stress (Faang et al., 2002; Li et al., 2007 and Jankowski et al., 2013). 

Grimble 2006, Baker 2009 and Wu 2010 stated that methionine plays an important role in 

metabolism in humans and animals for growth and nitrogen balanced.  Methionine is 

included in functional amino acids that play a role in the body's metabolism to improve the 

health, growth, and development of reproductive organs.  Insufficient amount of methionine 

in poultry feed can affect weight gain, feed conversion, and carcass quality. The addition of 

methionine in the low protein ration (14%) was 0.26% at worst compared to the 0.30 or 

0.44% level. Addition of 0.44% methionine can increase daily egg production and egg 

weight, with equal to 0.38% methionine diet with containing 16% protein. The addition of 

methionine in the diet can provide benefits for chickens that are kept in hot climates, 

especially in reducing mortality and improving thickness of the shell  (Bunchasak and 

Silapasorn, 2005). Increased egg production in this study was a result of higher consumption 

of methionine, as well as an increase in energy (Harm and Russell 1998). 

 

Egg quality 

The results of study showed that  adition of LFS  in feeds gave better egg quality 

compared to those fed on diet supplemented with commercial supplement usually practiced 

by farmers (P <0.05).  The quality of egg produced by chicken  given diet with adition of 3% 

LFS can be seen (Table 5). 

 

Table 5. Quality of hens Provided by Feed Layer Supplements (FLS) 

Independent variable 
Treatment 

T1 T2 T3 T4 

Egg Weight (g) 61.75 ± 0.95a 62.49 ± 2.03a 62.11 ± 1.20a 66.38 ± 1.36b 

Eggs Index  78.92 ±1.56 77.75 ±1.45 78.05 ±1.14 78.14 ±1.93 

Egg shell  thickness (mm) 0.43 ±0.01 0.44 ±0.03 0.44 ±0.04  0.44 ±0.02 

Albumin Weight (g) 37.26 ±1.91a 38.55 ±1.61a 38.08 ±1.44 a 42.10 ±1.30b 

Yolk weight (g) 13.53 ±0.69 14.14 ± 0.26 14.02 ± 0.73 14.06 ±0.47 

Yolk color 8 ±0.69 9 ±1.03 9 ±1.28 9 ± 0.60 

Haught unit (HU) 91.90 ±0.14 92.01 ±0.35 91.87 ±0.33 92.51 ±0.20 
a,bDifferent superscripts in the sam row indicates significantly different (P <0.05) 
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Supplementing layer diet with LFS significantly improved egg weight (P<0.05). The 

heaviest egg was prodused by the chicken whose diet was supplemented with 3% LFS. It 

seems that the weight of albumin contributed  most in determining the overall weight of the 

egg. This is due to the addition of important nutrient for the formation of eggs such as Ca, P, 

amino acid, lysine, and methionine. Bowmaker and Gous (1991) reported that adding as 

much as 520 mg /hen/day of methionine into broiler breeder hens diet could increase the 

mean of egg weight. Chickens given 0.1% methionine in diet with 14% and 16% crude 

protein  had better egg egg weight and higher hen day production than those not 

supplemented Amrullah (2003).  

 

CONCLUSIONS 

The conclusion of the research was  that the addition of Layer Feed Supplements up 

to 3% can increase the production and quality of eggs. 
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ABSTRACT 

The purpose of this study was to determine the distribution of lauric acid labeled C-14 in the 

body of broiler chickens. The research was carried out in vivo by using a radioisotope tracer 

in lauric acid given to broiler to detect its distribution in the carcass. The experiment was 

conducted in the laboratory of center for isotope and radiation application (PAIR), National 

Nuclear Energy (BATAN), South Jakarta. Eighteen 21 days-old wonchick male broiler 

chicks from PT Jaya Corporindo Wonokoyo Surabaya were divided into 3 experimental units 

(6 chicks per unit) with average initial body weight of 967 ± 49.8 g. A ration consisted of 

20% basal ration was replaced with a source of fiber + 0:25 + 0.20% lysine DL-methionine + 

1.5 % VCO. Constituent feed ingredients ration consisting of corn, soybean meal, fish meal, 

coconut meal, rice bran, coarse bran, minerals, DL-methionine and lysine and VCO. The 

chemical composition of experimental diets was 18.11% protein; 7.72% crude fiber; 9.21% 

fat and 3307kcal/kg GE. Distribution of lauric acidlabelledlabeled 14C was found in chicken 

breast by 17.7%. It means VCO supplementation as a source of lauric acid can be deposited 

in the meat with the most part in the breast of broiler. 

 

Key words: VCO, 14C lauric acid, broiler chicken 

 

 

INTRODUCTION 

Coconut oil that is extracted from fresh coconut flesh is known as virgin coconut oil 

(VCO). The extraction involves a process that does not use thermal treatment or food 

preservatives (Marina et al. 2009a). The absence of heating and chemical treatment in the oil 

makes it tasty and healthy (Norulaini et al. 2008).VCO that was beneficial to health, has been 

widely sought after to resolve health problems. Fresh VCO has no detrimental effect on blood 

pressure, inflammatory biomarkers and helps to reduce body weight in test animals (Hamsiet 

al. 2015). Many research has done, the VCO shown to lower the blood triglyceride level. 

VCO has antioxidant properties (Seneviratne et al. 2008). The content of medium chain 

triglycerides (MCT) in VCO hydrolyzed faster, and more quickly absorbed, so there is no 
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accumulation of fat in the body tissue.This is because MCT in VCO has a smaller molecular 

weight (Papamandjaris et al. 1998, Marina et al. 2009b).  

 Monolaurin, the glycerol monoester of lauric acid, is a derivative extracted from 

coconut oil and has been recognized as safe by the U.S. Food and Drug Administration 

(FDA) (Zhang et al. 2009). Monolaurin (also known as glycerol monolaurate) is a natural 

compound found in coconut oil and is known for its protective biological activities as an 

antimicrobial agent (Seleemet al. 2016). Activity of antimicrobial has been shows by 

Kitahara et al (2015) against Staphylococcus aureus, Clostridium defficile (Shilling et al. 

2013), and anti fungal (Sellemet al. 2016). 

In the previous research, it turns out that lauric acid contained in the VCO is able to give a 

positive effect on broiler carcass which will become a source of food for humans (Londok 

2014). To prove that lauric acid contained in VCO can be distributed in bird body, we have 

conducted a study of radioisotope using labeled lauric acid radioisotope 14C. 

 

MATERIALS AND METHODS 

Eighteen male broiler chickens of 21 days old were reared for 7 days and were 

randomly divided into 3 experimental units with 6 birds (average initial body weight were 

967 ± 49.8 g). The research used was a direct observation method, and then the data 

presented descriptively using graphic  and figures. Dietary treatment was the ration consisted 

of 20% basal ration was replaced with a source of fiber + 1.5 % VCO. Experimental diet was 

formulated as much as 18.11 % protein, 7.2 % crude fiber, and 3307 kcal kg-1.  

Maintenance of chicken performed for 7 days consisting of 4 days of introduction 

period and 3 days of observation. Every day the observation of the amount of ration 

consumption was the amount given minus residual. The body weight data taken during the 

day of observation. In this experiment, using a 14C labelled lauric acid (MC 2208 dodecanoic 

acid-carbon 14 and tritium labelled compound) were produced by Moravek Biochemical, Inc. 

California USA with activity 472374 cpm (counting per minute). Each bird was given as 

much as 3 ml orally. For this purpose used micro pipette tool. Oral administration aims to 

trace Lauric acid labelled 14C from digestion to metabolism. 

Sampling method was done at the appointed times, the 14Clabelled lauric acid was 

inserted orally into the body. Every predetermined time interval (0, 1, and 2 days), three 

chickens were taken, stuned by ether. After the chicken was exhausted, the carcass 

presentation was ready to cook then performed surgery, liver organ, abdominal fat, breast 

meat, thighs and wings. Then weighed and sampled each part with the composite. 
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Subsequently the sample was dissolved in 96% ethanol. Taken 1 mL and dissolved into 5 mL 

liquid scintillation. The mixture was homogenized with a vortex mixer and centrifuged at a 

speed of 5000 rpm. Determination of sample radio activity to determine the activity of lauric 

acid labeled 14C, measured using liquid scintillation counter (LCS) tool. The incorporation 

percentage was determined by using the following formula: 

% incorporation = 
A  

B
x 100 

Notes: A : activity of 14C in organ on dayt (cpm) 

    B : activity of 14C in organ on day0 (cpm) 

The determination of the distribution of labelled14C lauric acid in tissue aims to 

determine to what extent the distribution of lauric acid in chicken body tissue, which is traced 

using 14C labelled lauric acid. The choice of liver and abdominal fat because in the process of 

metabolism on the part is usually fatty acid deposition and already in a stable state, while the 

breast, thighs and wings are the most popular commercial pieces. At each observation time 

interval, excreta were weighed and samples were taken to see how many were undesirable 

(out). 

RESULT AND DISCUSSION 

 The percentage of incorporation of lauric acid labelled14C into the chicken body in 

total, decreases with increasing observation time, as is the percentage of incorporation into 

carcass.The first observation (day 0), percentage incorporation of lauric acid labelled14C in 

the body of 32.14 %. On the second observervation (day 1) there was a decrease to 31.89 %. 

and on the 3rd observation (day 2) decreases again to 30.59 %. Example calculation of 

incorporated lauric acid labelled14C in broiler body on day 0 can be seen in Figure 1. 

Incorporated lauric acid labelled14Con carcass of broiler on the day-0, day-1 and day-2 was 

24.85 %, 24.70 %, and 25 %, respectively. 

 

 
 

 

 

 

 

 

   

 

 

    

 

 

   
 

  

       

       

        

Figure 1.Example calculation percent incorporation into the chicken body 

472374 cpm 
151809 cpm 

320565 cpm 
(32.14%) 
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 In Figure2, there is presented a description of the distribution of lauric acid 

labelled14C in the broiler body part. It appears that the pattern of improvement for each part is 

relatively the same.The lowest distribution rates were obtained in the abdominal fat treatment 

of 0.1 to 0.3 cpm, while the highest was obtained at the breast 8.8 to 17.7 cpm.In the liver the 

increased lauric acid distribution rate occurred in the second observation, but until the third 

observation did not appear to increase. The distribution of lauric acid to the abdominal fat and 

wings on the second observation decreased distribution, but increased again in the third 

observation.On the thigh meat the distribution of lauric acid labeled 14C increased 53.85% in 

the second observation and continued with a 170% increase in the third observation. The 

same trend was seen in breast meat, seen an increase of 4.55% in the second observation, 

further up 92.39% in the third observation. 

 

Figure 2. Distribution of lauric acid labeled 14C-14 on broiler body 

 

The abdominal fat parameter is an extremely sensitive indicator of changes by fatty 

acid composition in the diet (Rondelliet al. 2016). The low percentage of chicken abdominal 

fat in this experiment is thought to be due to the use of VCO as an MCFA source. The results 

of this study indicate that the largest distribution of lauric acid in broiler chickens was 

presented in the breast meat.The most expensive carcass component is meat, and the largest 

portion of meat is in the breast, so the size of the breast is used as a measure to compare the 

quality of meat in the broiler (Muchtadiet al. 2015). 

 

 

 

 

0.5 0.2

1.3

8.8

0.50.6
0.1

2.0

9.2

0.20.6 0.3

5.4

17.7

0.5

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

Liver Abdominal
fat

Thigh Breast Wing

%
 d

is
tr

ib
u

si

1

2

3



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

180 
 

CONCLUSION 

Distribution of lauric acid labelled14C was found in chicken breast by 17.7%. It means 

VCO supplementation as a source of lauric acid can be deposited in the meat with the most 

part in the breast of broiler. 
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ABSTRACT 

The aim of the study was to examine the effect  of herbal medicine given in drinking 

water to the arab chicken in laying period. The herbal medicine was made by mixing 8 kinds 

of herbs; Kaempferia galanga, Allium sativum,  Zingiber officinale, Alpinia galanga, 

Curcuma domestica,  Curcuma zanthorrhiza,  green Piper betle,  Cinnamomum burmanii B, 

plus molasses and EM4.  All herbs were washed, crushed and sieved then added with 

molasses and EM4 and water. This herbal medicine was inserted in sealed drums and 

incubated for 5 days.  One thousand and forty one year old arab chicken were  reared  for  5 

weeks in arab chicken farm. Commercial diet was used in this study contains 16% crude 

protein, 3.95% crude lipid, 5.98% crude fiber,  2.86% calcium  and 1.61% phosphor. The  

herbal medicine was given through drinking water three times a week. The doses of herbal 

medicine were 10, 20, 30 ml per bird per day. A completely randomized design of four 

treatments with 2 replications was used in the study. Variables observed were  feed intake, 

egg production, feed conversion ratio and egg weight and the quality in terms of fat  and  

cholesterol contents. The results showed that the supplementation of herbal medicine  did not 

affect feed intake and egg weights but significantly decreased (P<0.05)  egg production. The 

egg production of supplemented   treatments  ranged 41.52% to 44.92% which was lower 

than control treatment (59.10%). The supplemention of herbal medicine  at 20-30 ml/bird/day 

tended to decrease  cholesterol content of egg yolk.  

 

INTRODUCTION 

Indonesia has a variety of herbs that are used as feed additive in diet or through 

drinking water  for the health needs of the body. Herbs were used as feed additive alone or 

inncombination with  2 or more herbs  types such as Curcuma domestica  and Carica papaya 

leaf (Suci, 2013); Zingiber officinale and Curcuma domestica (Sufiriyanto and Indradji, 

2007), a mixture of Curcuma zanthorrhiza, Zingiber officinale, Curcuma aeriginosa and 

Andrographis paniculata (Wiedosari et al, 2014); a mixture of 7 kinds of herbs (Suci et 

al.,2015a; Suci et al, 2015b). Giving herbs  to livestock can be done through drinking water 

or mixed  in the diet resulted in  diverse effects.  In general, the effect of herbs on poultry can 

increase stamina, productivity, feed efficiency, carcass quality, flavor of meat and eggs and 

decrease of excreta odor (ammonia)  (Zainuddin, 2003). The supplementation of herbal 

medicine in poultry produce indirect improvement of body metabolism because   of the action 

bioactive compounds (Agustina, 2003). The use of herbal medicine as feed additive is 

intended to utilize various bioactive compounds contained in each herbs that has functions as 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

182 
 

an antiviral (Sufiriyanto and Indradji, 2006), antibiotics (Wiedosari, 2014) or as an 

antioxidant (Retnani et al, 2010; Jayaprakasha et al.2006) 

Various herbs are used  as a feed additive, especially in  chickens (Wardiny et al, 

2013, Puvaca et al., 2016; Onibi et al., 2009). Generally the herbal medicine at poultry is used 

through administeration ined  drinking water in order to increase stamina, treat disease 

(Weidosari et al., 2014; Bechnamifar et al., 2015 Wiryawan et al., 2005),  and to produce 

afungtional   product ,  for example meat or egg lowest cholesterol (Puvaca et al., 2016).  

Some of the active compounds of herbs  can reduce the absorption of fat in the body so that it 

can reduce levels of fat and cholesterol in eggs.  The role of herbs is actually to replace the 

role of antibiotics that are  commonly used in egg or meat  production. The Use of antibiotics 

has begun to be reduced or discontinued due to the presence of residues deposited in poultry 

products when they were used  unconstitutional and has adverse health effects.This study 

aims to test the effectiveness of herbal medicine as feed additive to improve the performance 

of laying hens  

 

MATERIALS AND METHOD 

The nutrient composition of  commercial diet for arabchicken is shown in Table 1. Diet 

was given to chickens  twice a day.  A flock (130 birds) need diet as much as 12 kg daily.  

The study used 1040  one year old birds which were allocated into 4 treatments and 2 

replications. The chickens were placed in individual cages and there were 130 birds each 

replication (flock). The feed through  and the container for drinking water were made of PVC 

pipe with a diameter of 10 cm splited into two parts. 

 

           Table 1. Nutrient content  of arab chicken diet* 

Nutrient number 

Dry matter (%) 86.69 

Crude protein (%) 16.22 

Crude fiber (%) 5.98 

Crude fat  (%) 3.95 

Non Nitrogen free extract (%) 50.86 

Ash (%) 9.86 

Calcium (%) 2.86 

Total Phosphourus (%) 1.61 

NaCl (%) 0.33 

Gross energy ( kcal/kg) 3572 

                    *Analysis from laboratory Science and Feed Technology IPB) 
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Thethe herbal medicine were made of 750 g Kaempferia galanga, 750 g Allium 

sativum, 375 g Zingiber officinale, 375 g Alpinia galanga, 375 g Curcuma domestica,  375 g 

Curcuma zanthorrhiza, 187.5 g  Piper betle , 187.5 Cinnamomum burmannii .  All herbs 

were washed, crushed and sieved,  then  300 ml of molasses,  300 ml of EM4 and  30 liter of 

water were added. This herbal medicine was inserted in sealed drums and  incubated for 5 

days (Saenap et al., 2002). The composition of  herbal medicine phytochemical analysis is 

shown in table 2. 

 

             Table 2.  Bioactive compound of herbal medicine* 

Bioactive compound Result 

Alkaloid      Wagner Positif 

Meyer Positif 

Dragendorf positif 

Tannin Negatif 

Flavonoid Positif 

Saponin negatif 

Steroid Negatif 

Triterpenoid negatif 

Hidroquinon negatif 

                          * Phytochemical analysis conducted at Laboratory of Biofarmaka IPB 

This study used a completely randomized design. Analysis  variance was used in this 

study and  Duncan’s Multiple Range Test were runif there were differences between 

treatments. Descriptive analisis was applied to explain Variable of fat and cholesterol content 

in egg yolk.. Egg weight were measured every two weeks. Cholesterol analysis used the kit 

from 2 samples per treatment. Egg production was recorded daily and calculated based on 

hen day production. Sixteen   chicken per treatment were randomly taken  at the end of the 

study for analysis blood lipid profile (cholesterol, triglycerides, HDL and LDL). 

 

RESULTS 

Production performances of arab chicken  is shown in Table 3. Supplementation of 

herbal medicine through drinking water significantlydecreased (P<0.05) hen day production 

although feed intake did not significantly decreased compared control treatment. Egg weight  

and feed conversion ratio did not significant different  between treatments.  
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Table 3. Productionperformances of arab chicken given herbal via drinking water. 

Variables 
Giving herbal medicine (ml/bird/day) 

0 (control) 10 20 30 

Hen day production* 

(%) 

59.10 ±2.21a 44.92 ±1.4b 41.52 ± 0.43b 44.19± 6.33b 

Feed consumption 

(g/bird/day) 

71.00±1.20 65.16±6.20 61.39±1.31 64.85±6.85 

Feed conversion 

ratio 

2.92 ± 0.15 3.78 ± 0.04 4.02 ±  0.01 3.91±  0.64 

Egg weight (g/egg) 47.66± 5.30 50.59±  2.87 54.03±1.0 51.51± 1.85 

*Different superscripts in the same row indicate significantly difference at P <0.05 

Blood lipid profile in laying arab chickens is shown in Table 4. The level of blood 

cholesterol  with herbal  supplementation treatments   10-30 ml / bird / day were higher than 

the control treatment as well as triglycerides. LDL  level  was higher  for birds  given herbal 

medicine  compared to control treatments.  HDL levels  for birds given herbal medicine with 

doses of 10 ml /bird/ day had lowest value  compared with other treatments . The  

supplementation of herbal medicine did not affect   cholesterol and fat content in egg yolk. 

  

Table 4. Blood lipid profile of arab chicken  given herbal medicine in drinking water* 

Variables 

mg/dl 

Doses of herbal medicine (ml/bird/day) 

0 (control) 10 20 30 

Cholesterol 148.20 ± 16.47 203.61± 72.12 181.93 ± 86.90 228.92±  86.33 

Triglyceride 604.11± 4.35 728.21 ± 15.96 649.23 ± 42.06 613.85  ±105.16 

HDL 8.64 ± 0.37 3.81 ± 0.18 10.71 ± 5.48 6.21 ± 7.02 

LDL 18.99 ± 17.34 54.25 ± 68.9 78.31 ± 31.73 95.94 ± 120.04 

*The results of laboratory analysis of Physiology, Faculty of Veterinary Medicine IPB 

Table 5. Fat and cholesterol  content of egg of  arab chicken given herbal medicine in 

drinking water. 

Variables Doses of herbal medicine (ml/bird/day) 

0 (control) 10 20 30 

Total fat (%) 4.23 4.43 4.15 4.10 

cholesterol (mg/100 mg) 2.34 2.22 2.07 2.08 

 

DISSCUSION 

The use of herbal medicine in poultry production has been done by many farmers. 

The existence of active compounds on various herbs has beneficial effects as antistress, 

antioxidant, anti microbial and can improve the quality of animal products by stimulating the 

digestive enzymes and increase the utilization of nutrients in the body, increase stamina, 

productivity, feed efficiency, carcass quality, flavor of meat and eggs and decrease of excreta 
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odor (ammonia) (Sufiriyanto and Indradji, 2006; Ramakkrishna et al. (2003); Retnani et al., 

2010; Zainudin, 2003; Wiedosari; 2014; Canogulari et al. 2010; Khan et al. (2008). Herbs 

such as cinnamon can increase appetite (Frankic et al., 2009). In this study herbal medicine 

supplementation significantly decreased egg production (P <0.05) ranging from 25.23% -

29.75% compared with control treatment and feed consumption tended to decrease around 

8.22-13.5%. The decrease in egg production is less influenced by the consumption of diet that 

only decrease slightly but this is likely due to the dose of administration herbs that have not 

been optimally contain active compounds that can give a positive effect on egg production 

and increased appetite. This study provides a dose of herbal medicine through drinking water 

as much as 10-30 ml / head / day and is given only 3 days a week.    

Active compounds contained in herbal medicine have not been able to lower 

cholesterol and fat in yolk along with cholesterol levels in blood plasma. The blood 

cholesterol levels of the herbal supplement treatment were higher than the control treatment. 

This is contrary to the results of Agustina (2006) research that the use of herbs can lower 

blood cholesterol levels in broiler chicken given 2.5-5ml per liter of drinking water. In 

addition Gerzilov et al. (2015) also reported a herbal mixed supplement significantly lower 

blood cholesterol and triglyceride levels in chickens. Garlic extract can  significantly 

decrease cholesterol in quail serum but did not have significant effect on HDL (Bechnamifar 

et al, 2015). Curcumin is an active compound found in turmeric and ginger do not appear to 

play a role in reducing the absorption of fat in the digestive tract, so that blood cholesterol 

levels, egg fat content and yolk cholesterol levels did not significantly decreased. High blood 

cholesterol levels in the treatment of herbal supplements went along with increased levels of 

blood LDL. LDL is a lipoprotein that contains high cholesterol (Muhajir, 2002). LDL has a 

role to bring cholesterol to all body tissues. Some studies that use garlic have varying results 

on their effects on cholesterol, HDL and LDL blood levels( Azeke and Ekpo, 2008;  Yeh and 

Liu. 2001; Lim et al. 2006). 

Levels of fat and cholesterol in egg yolks are relatively constant not affected by the 

fat content of diet because the diet used have similar nutrition content. The amount of 

cholesterol that is relatively constant in egg yolks because birds have a physiological 

mechanism to keep the egg yolk cholesterol (Gerzilov et al., 2015). In this study the blood 

cholesterol levels were higher than controlled controls but had not significant effect on yolk 

cholesterol levels. 
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CONCLUSION 

Herbal supplementation through drinking water at a dose of 10-30 ml / bird / day in 

arab chicken  decreased egg production but did not influenced  feed consumption, egg weight 

and feed conversion ratio. Cholesterol content of egg yolk tend to decrease and blood lipid 

did not influenced by supplementation of herbal medicine. 

 

REFERENCES 

Agustina, L. 2006. Penggunaan ramuan herbal sebagai feed additive untuk meningkatkan 

performanbroiler.Prosiding Lokakarya Nasional Teknologi dalam MendukungUsaha 

ternak Unggas Berdayasaing. 

Azeke, M.A. & K.E. Ekpo. 2008. Egg yolk cholesterol lowering effects of garlic and tea. 

Journal of Biological Sciences 8 (2) : 456-460 

Bechnamifar, A., S.Rahimi, T.Karimi , S. Hasanpour & Z. Mohammadzade. 2015.  Effect of 

thyme, garlic and caraway herbal extracts on blood parameter, productivity, egg 

quality, hatchability and intestinal bacterial population of laying Japanese quail.  

              Iranian Journal of Veterinary Medicine 9(3) : 179-1876 

Crook, M.A. 2002. Clinical Biochemistry &Mertabolic Medicine. Eighth  Edition. Hodder 

Arnold An Hachette UK Company, London 

Canogullari, S., M. Karaman, Z. Erdogan, M. Baylan, A. Kucukgul, V. Duzguner & A.K. 

Ozugur. 2009.  Effect of garlic powder on egg yolk and serum cholesterol and 

performance of laying hens.  Bulletin of the Veterinary Institute in Pulawy 53 : 515-

519 

Frankic, T. M.Voljc, J. Salobir & V. Rezar. 2009.  Use of herbs and spices and their extracts 

in animal nutrition.  Acta Argiculturae Slovenica 94(2) : 95-102 

Galik, B., H. Arpasova., D. Biro, M. Rolinec, M. Simko, M.Juracek & I.Novotna. 2013.  The 

effect of dietary Rhus coriaria L. supplementation on fatty acids composition in the 

table eggs.  Acta Fytotechnica et zootechnina  16(2) : 49-52 

Gerzilov,V., A. Nikolov, P. Petrov, N. Bozakova, G. Penchev, A. Bochukov. 2015. Effect of 

a dietary herbal mixture supplement  on the growth performance, egg production and 

health status in chickens.  Journal of Central European Agriculture. 16 (2):10-27 

Hasanuddin, V.D., V.D. Yunianto & Tristiarti. 2013. Blood lipid profile of broiler chickens 

fed a step down protein with addition of lime juice as an acidifier.  Jurnal Ilmu dan 

Teknologi Peternakan (JITP)  3(1) : 11-17 

Jayaprakasha, G.K., L. J. Rao & K.K. Sakariah. 2006.  Antioxidant activities of curcumin, 

demethoxycurcumin and bisdemethoxycurcumin. Food Chemistry 90 : 720-724 

Khan,S.H., S.hasan, R. Sandar &  M.A. Anjum. 2008.  Effect of dietary garlic powder on 

cholesterol concentration in native Desi laying Hens. American Journal of Food 

technology 3(3): 207-213 

Lim K.S., S.J. You., B.K. An. & C.W Kang. 2006. Effect of dietary garlic powder and copper 

on cholesterol content and quality characteristic of chicken eggs. Asian-Aust J Anim 

Science 19 : 582-586 



Proceedings  of  The 5th International Seminar of Animal Nutrition and Feed  Sciences   2017 

 

187 
 

Musa, H.H., G.H.Chen, K.H Wang, B.C. Li, D.M.Mekki, J.T Shu & H.P.Ju. 2006.  Relation 

between serum cholesterol level, lipoprotein concentration and carcass 

characteristics in genetically lean and fat chicken breeds. J.Bio 6 : 616-620 

Murray, R.K., D.K. Granner, P.A. Mayes & V.W. Rodwell.2003. Biokimia Harper. Edisi 25. 

Terjemahan : dr.Andry. H. Penerbit Kedokteran EGC, Jakarta 

Puvaca, N.M., L.M. Kostadinovic, O.M.Duragic, D.B. Ljubojevic, B.M.Miscevic & 

T.L.Konyves, S.J.Popovic, J.D. Levic and N.B. Nikolova. 2016. Influence of herbal 

drugs in broiler chicken nutrition on primal carcass cuts quality assessements.  Food 

and Feed Research 43(1) : 43-49.   

Rahmat, & A. E.Kusnadi. 2008.  The effect of Curcuma domestica in ration that containing 

residue  coconut oil on broiler performance. Jurnal Ilmu Ternak 8(1) : 25-30 

Ramakkrishna, R.R.. K. Platel & K. Srinivasan. 2003. In vitro influence of species and spice-

active principles on digestive enzymes of rat pancreas and small intestine. Nahrung 

47 (6): 408-412 

Retnani, Y., D.Kurniawan, S.Yusawisana & L. Herawati. 2010.  Lipid deterioration in broiler 

ration containing crude palm oil (CPO) with addition of garlic (Alium sativum) and 

Cumin (Cuminum cyminum Linn) as natural antioxidant during the storage  Jurnal 

Ilmu dan Teknologi Peternakan (JITP) 1(1) : 1- 11 

Suci, D.M., I.Purwanto & W.Hermana. 2015a.  The effect of herb medicine supplementation 

on blood profiles of laying quail.  Proceeding 4th International Seminar of AINI, 

Manado 

Suci,D.M., I.Purwanto & W. Hermana. 2015b.  The effect of herbs supplementation on egg 

quality and lipid blood of laying quail (Coturnix coturnix japonica). Proceeding 

International Seminar on Animal Industry, Bogor 

Suci,D.M., D.A. Astuti & D. K.Sakti. 2013. Performances and hematological profile of 

broiler under heat stress fed diet containing Carica papaya L. leaf meal and Curcuma 

domestica Val. Proceeding 3rd International Seminar and 9th Biennial Meeting of 

Aini, Padang 

Y.Y. Yeh & L.Liu. 2001.  Cholesterol-lowering effect of garlic extracts and organosulfur 

compounds : Human and Animal Studies. J. Nutr 131 (3) : 989-993 

Wardiny, T.M. & T. E. Sinar. 2013.  Suplementasi jamu ternak pada ayam kampung di 

peternakan unggas sektor 4.  Seminar Nasional FMIPA UNDIKSHA III. 

Wiedosari,E., S. Suhirman & BV. BR.Sembiring. 2014.  The effect of Jamu herbs as 

anticoccidial drugs for broiler infected with Eimeria trenella. Jurnal Litri 20(1) : 9-

16 

Wiryawan, K.G., S.Luvianti, W. Hermana & S.Suharti. 2007. Peningkatan performa ayam  

broiler dengan suplementasi daun salam (Syzygium polyanthum (Wight) Walp ) 

sebagai antibacteri Escherichia coli. Media Peternakan 30(1) : 55-62 

Zainuddin, D. 2003.  Tanaman obat meningkatkan efisiensi pakan dan kesehatan ternak 

Unggas.Lokakarya Nasional Inovasi Teknologi dalam Mendukung Usaha ternak 

Unggas Berdayasaing, Bogor. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ORAL PRESENTATIONS 

 

FEED TECHNOLOGY 
 

  



Proceedings  of  The 5th International Seminar of Animal Nutrition and Feed  Sciences   2017 

 

189 
 

PHYSICAL AND CHEMICAL PROPERTIES OF PALM KERNEL AND COPRA 

MEAL PROCESSING PRODUCT BY COMBINATION OF SCREENING AND 

BLOWING TECHNOLOGY 

 

Nahrowia*, A. Jayanegaraa, M. Ridlaa, A. Karwatib, N. Saidaha, A. Oktaviaa 
aDepartment of Nutrition and Feed Science, Faculty of Animal Science, Bogor Agricultural 

University; bDepartment of Biology, Faculty of Mathematics and Natural Science, Bogor 

Agricultural University; Jl. Agatis, Kampus IPB Darmaga Bogor 16680, Indonesia 

*Corresponding author: nahrowi2504@yahoo.com 

 

ABSTRACT 

The high content of crude fibre caused by shell contamination would limit the inclusion of 

palm kernel cake (PKC) and copra meal (CM) in poultry diet. This problem might be solved 

by shell separation method. Therefore, the research aimed to evaluate the physical and 

chemical properties content of PKM and CM after its shell separation by screening and 

blowing technology. The experimental design of this research was 3x2x3 factorial 

randomized block design for PKM and 2x2x3 factorial randomized block design for CM with 

five block days. The first factor was screen diameter size (16 mesh, 30 mesh and 50 mesh for 

PKM, 16 mesh and 30 mesh for CM), the second factor was blower speed (862-1053 rpm and 

1020-1246 rpm), and third factor was fall distance (0-0.5 m, 0.51-1 m and >1 m for PKM and 

0-0.6 m, 0.61-1 m and >1 m for CM). Data from physical properties were analyzed using 

analysis of variance (ANOVA), while data from chemical properties were analyzed using 

descriptive analysis. The result showed that interaction between screen diameter size and fall 

distance significantly (P<0.05) affected physical properties of PKM and CM, except specific 

gravity. Shell separation of PKM and CM by screening and blowing technology reduced dry 

matter and crude fiber content, and also had no negative effect on gross energy content. It is 

concluded that combination of screening and blowing technology reduced shell and crude 

fiber content of PKM and CM. 

 

Key words: palm kernel meal, copra meal, shell, screening, blowing 

 

INTRODUCTION 

 Palm Kernel Meal (PKM) and Copra Meal (CM), agroindustrial byproduct, produced 

by extracting oil from palm oil and coconut oil. Production of PKM increased by 7.7% to 

23.52 million tons in 2012 (Kementan 2012), while CM production increased by 3.2% to 1.58 

million tons in 2013/2014 (USDA 2013). The crude protein contents observed in PKM and 

CM were high, Obirikorang et al. (2015) reported that the crude protein contents of PKM and 

CM were 17.81% and 19.63%. High availability, high crude protein contents and non 

compete use of PKM and CM with human make them as an alternative raw material of 

poultry diet. PKM and CM are commonly used in ruminant diet, but in poultry diet is still 

limited. It is caused by high crude fiber content due to shell contamination. Shell is a physical 

contamination of PKM and CM. Shell has hard and sharp texture that can make a low 

palatability and damage poultry's digestive tract (Sinurat 2012). Shell contamination in PKM 

mailto:nahrowi2504@yahoo.com
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ranged from 9.1%-22.8% (Chin 2002; Sinurat et al. 2009). Shell contamination of PKM and 

CM could be decreased by physical treatment.  Shell separation by fractionation method 

divide PKM into two parts, both are shell and non-shell. Non-shell part concentrate in 30-100 

mesh sieve, while shell concentrate in 8-16 mesh (Yatno 2011). According to Sinurat et al. 

(2013), screening of PKM with 2 mm sieve reduce shell contamination from 22.8% to 9.92%. 

The addition of blowing method will increase the shell reduction of PKM into 2.05%. The 

screening method was conducted to separate PKM and CM shell that contained high crude 

fiber, while the addition of blowing method was conducted to separate the heavy fraction that 

was estimated to be an unscreen shell before. Shell reduction of PKM and CM will reduce 

crude fiber content and increase their utilization in poultry diet. 

 The aim of this study was to evaluate the physical and chemical properties of PKM 

and CM after shell separation by combination of screening and blowing technology. 

MATERIALS AND METHODS 

Collection and Preparation of Samples 

 Feedstuffs used in the present experiments consisted of palm kernel meal (PKM) and 

copra meal (CM). Both samples were obtained from commercial suppliers.PKM and CM 

were subjected to physical properties measurement and chemical analysis.  

Shell separation of PKM and CM by Combination of Screening and Blowing 

Technology 

 Tarp (3x1 m) is placed on the floor as a pedestal and 1x1 m of the other tarp are 

placed vertically on the pedestal on the right and left sides. Then, a 1000 g sample of PKM 

and CM was weighed and poured slowly into a sieve. The sieve was placed above the funnel. 

The sample of PKM and CM then sifted with the aid of a 30 cm ruler as much as 100 times. 

The filtered samples are immediately treated with a blower at a certain speed. The blowing 

treatment is carried out by using a fan placed 5 cm from the mouth of the funnel. Blower 

speed used are 862 - 1 053 rpm and 1 020 - 1 246 rpm. The result samples from a 

combination of screening and blowing technology are divided into 3 fractions (heavy, 

medium and light) based on the fall distance from the fan. PKM and CM which are the 

closest fall distance from the fan (0-0.5 m for PKM and 0-0.6 m for CM) expected to have a 

higher density and contaminated by the highest shell so that it included in heavy fraction, and 

the PKM and CM which fall over than 1 m is expected to have the lowest density and 

included in the light fraction. Subsequently, physical properties and chemical properties were 
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measured. The physical and chemical properties of PKC and CM were tested without 

grinding firstly. 

 

Physical Properties Measurement and Chemical Analysis 

 The physical properties of PKM and CM measured are specific gravity, bulk density, 

compacted bulk density and angle of repose. Physical properties are measured by Khalil 

(1999a,1999b) method. Chemical properties measured are dry matter, crude fiber, and gross 

energy. Dry matter and crude fiber content of PKM and CM are measured by SNI 01.2891 

(1992) method, while gross energy measured by bom calorimeter.  

DATA ANALYSIS 

 Chemical properties data were analyzed by descriptive analysis, while physical 

properties data were analyzed by analysis of variance (ANOVA) based on a factorial 

randomized block design 3x2x3 for PKM and 2x2x3 for CM. The first factor was screen 

diameter size (16 mesh, 30 mesh and 50 mesh for PKM, 16 mesh and 30 mesh for CM), the 

second factor was blower speed (862-1053 rpm and 1020-1246 rpm), and third factor was fall 

distance (0-0.5 m, 0.51-1 m and >1 m for PKM and 0-0.6 m, 0.61-1 m and >1 m for CM). 

When the ANOVA result showed P<0.05 for a particular parameter, a post-hoc test namely 

Duncan’s multiple range test was applied to the data. If there was significance interaction 

among factors (P<0.05), a post-hoc test namely least significance different (LSD) applied to 

the data. All statistical analysis were performed by employing SAS 9.1.3 software. 

RESULT 

 Combination of screening and blowing technology in PKM and CM caused the 

decrease in specific gravity, bulk density, compacted bulk density and the increase in angle of 

repose. The decrease in specific gravity and compacted bulk density of PKM are significantly 

(P<0.01) affected by screen  diameter size, blower speed and fall distance factors, whereas 

the decrease in bulk density and the increase in angle of repose are significantly (P<0.01) 

affected by screen diameter size and fall distance factors (Table 1).  
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Table 1. Physical properties of PKM after combination of screening and blowing 

technology’s treatment 

Parameters 

Effect of Treatments 

Screen Diamater 

Size Blower Speed Fall Distance 

Specific Gravity      

(Kg L-1) 

(1)1.17±0.10a (1)1.14±0.11a (1)1.17±0.10a 

(2)1.10±0.08b (2)1.09±0.08b (2)1.08±0.09b 

(3)1.07±0.09b  (3)1.09±0.09b 

Bulk Density (g L-1) 
(1)478.33±78.79a (1)446.89±68.32 (1)516.67±62.93a 

(2)454.67±60.33b (2)443.78±69.29 (2)435.00±19.68b 

(3)403.00±38.16c  (3)384.33±27.25c 

Compacted Bulk 

Density (g L-1) 

(1)694.16±52.80a (1)684.86±52.89a (1)721.57±41.31a 

(2)681.79±49.08a (2)669.00±45.76b (2)681.76±18.47b 

(3)654.84±39.80b  (3)627.46±30.36c 

Angle of Repose 

(º) 

(1)39.13±5.92a (1)41.44±4.84 (1)36.90±5.06a 

(2)41.29±3.90b (2)41.87±4.67 (2)42.76±1.80b 

(3)44.54±1.75c  (3)45.31±1.15c 

Note: Means in the same factor and column with different superscript differ significantly 

(P<0.01), Screen Diameter Size: (1): 16 mesh, (2): 30 mesh, (3): 50 mesh, Blower Speed: (1): 

826-1053 rpm, (2) 1020-1246 rpm, Fall Distance: (1): 0-0.5 m, (2): 0.51-1 m, (3): >1 m 

 

Table 2. Physical properties of CM after combination of screening and blowing technology’s 

treatment 

Parameters 

Effect of Treatments 

Screen Diamater 

Size Blower Speed Fall Distance 

Specific Gravity      

(Kg L-1) 

(1) 1,20±0,06a (1) 1,18±0,06 (1) 1,23±0,04a 

(2) 1,57±0,06b (2) 1,18±0,07 (2) 1,19±0,06b 

   (3) 1,12±0,06c 

Bulk Density (g L-1) 

(1) 364±77,11a (1) 349,66±69,2 (1)443±28,5a 

(2) 339,66±65,04b (2) 354±72,28 (2)340,5±12,76b 

    (3) 272±13,61c 

Compacted Bulk 

Density (g L-1) 

(1) 560,64±61,83a (1) 549,96±58,28 (1) 617,76±20,21a 

(2) 543,94±51,95b (2) 554,62±57,08 (2) 552,43±18,39b 

    (3) 486,68±19,67c 

Angle of Repose 

(º) 

(1) 40,151±6,84b  (1) 41,465±6,20a (1) 33,438±2,30c 

(2) 41,846±5,24a  (2) 40,533±6,06b (2) 41,836±1,07b 

    (3) 47,723±0,77a 

Note: Means in the same factor and column with different superscript differ significantly 

(P<0.01), Screen Diameter Size: (1): 16 mesh, (2): 30 mesh, Blower Speed: (1): 826-1053 

rpm, (2) 1020-1246 rpm, Fall Distance: (1): 0-0.5 m, (2): 0.51-1 m, (3): >1 m 
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Table 3. Interaction between screen diameter size and fall distance to bulk density, 

compacted bulk density and angle of repose of PKM  

Screen Diameter 

Size (mesh) 

Fall Distance 

(m) 

Bulk Density 

(g L-1) 

Compacted Bulk 

Density (g L-1) 

Angle of 

Repose (º) 

16 

0-0.5 582±13.98a 750.38±34.74A 31.16±0.38e 

0.51-1 449±18.53c 693.56±11.08B 41.80±1.55b 

>1 404±20.66d 638.57±26.68D 44.42±0.92a 

30 

0-0.5 531±11.97b 730.64±30.51A 36.41±1.23c 

0.51-1 441±14.49c 684.23±19.55B 42.14±1.13b 

>1 392±18.13d 630.52±29.47D 45.32±0.93a 

50 

0-0.5 437±20.03c 683.74±27.58C 43.12±1.05b 

0.51-1 415±13.54d 667.49±17.33C 44.32±1.02a 

>1 357±17.67e 613.30±31.94D 46.19±0.93a 

Note: Means in the same factor and column with different superscript differ significantly 

(P<0.05) or (P<0.01), A: P<0.05, a:P<0.01 

 

Table 4. Interaction between screen diameter size and fall distance to bulk density, 

compacted bulk density and angle of repose of CM 

Screen Diameter 

Size (mesh) 

Fall Distance 

(m) 

Bulk Density (g 

L-1) 

Compacted Bulk 

Density (g L-1) 

Angle of Repose 

(º) 

16 

0-0.5 468±12.29a 643.29±34.74a 31.29±0.68e 

0.51-1 343±14.94c 553.56±11.08b 41.71±0.93b 

>1 281±11.00d 494.09±26.68d 47.44±0.77a 

30 

0-0.5 418±9.19b 601.24±30.51a 35.58±0.78c 

0.51-1 338±10.33c 551.30±19.55b 41.96±1.25b 

>1 263±9.49d 479.29±29.47d 48.00±0.73a 

Note: Means in the same factor and column with different superscript differ significantly 

(P<0.01)  

 The decrease in specific gravity, bulk density and compacted bulk density of CM are 

significantly (P<0.01) affected by screen  diameter size and fall distance factors, whereas the 

increase in angle of repose is significantly (P<0.01) affected by screen diameter size, blower 

speed and fall distance factors (Table 2). The interaction between screen diameter size and 

fall distance factor significantly (P<0.01) affected bulk density and angle of repose of PKM, 

and also significantly (P<0.05) affected compacted bulk density (Table 3). Interaction 

between screen diameter size and fall distance factor significantly (P<0.01) affected physical 

properties of CM, except specific gravity (Table 4). The smaller the screen diameter size and 

the farther the fall distance, the bulk density and compacted bulk density of PKM and CM 

will be lower, but the angle of repose will be higher.  
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Table 5. Chemical properties of PKM after combination of screening and blowing 

technology’s treatment 

Screed 

Diamater 

Size (mesh) 

Blower Speed 

(rpm) 

Fall Distance 

(m) 
DM (%) 

CF 

(%DM) GE (Kkal Kg-1) 

16 

862-1053 

0-0.5 92.00 29.21 4621 

0.51-1 91.39 26.55 4704 

>1 90.61 21.79 5062 

1020-1246 

0-0.5 91.81 25.57 4685 

0.51-1 93.68 18.30 4928 

>1 90.69 14.72 4760 

30 

862-1053 

0-0.5 92.72 22.70 4786 

0.51-1 94.14 16.68 4265 

>1 90.84 16.63 4816 

1020-1246 

0-0.5 91.41 21.76 4740 

0.51-1 91.14 15.39 4810 

>1 90.80 17.29 4768 

50 

862-1053 

0-0.5 91.15 17.81 4822 

0.51-1 93.55 14.08 4836 

>1 89.49 12.57 4570 

1020-1246 

0-0.5 90.80 17.79 4822 

0.51-1 90.66 18.55 4887 

>1 90.87 19.96 4799 

Note: DM: dry matter, CF: crude fiber, GE: gross energy 

 

Table 5. Chemical properties of CM after combination of screening and blowing 

technology’s treatment 

Screed 

Diamater 

Size (mesh) 

Blower Speed 

(rpm) 

Fall Distance 

(m) 
DM (%) 

CF 

(%DM) GE (Kkal Kg-1) 

16 

862-1053 

0-0.5 91.21 29.16 4659 

0.51-1 90.72 21.79 4547 

>1 89.66 20.71 4645 

1020-1246 

0-0.5 91.82 28.44 5099 

0.51-1 91.03 21.20 5296 

>1 88.21 20.81 4894 

30 

862-1053 

0-0.5 90.94 24.38 4660 

0.51-1 91.07 18.50 4256 

>1 89.65 17.52 4121 

1020-1246 

0-0.5 91.96 22.93 5208 

0.51-1 90.45 20.13 5011 

>1 87.07 18.89 5011 

Note: DM: dry matter, CF: crude fiber, GE: gross energy 

 Dry matter (DM) and crude fiber (CF) content of PKM and CM decreased after 

treated by combination of screening and blowing technology (Table 5 and 6). The smaller the 

screen diameter size, the faster the blower speed and the farther the fall distance, DM and CF 
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of PKM and CM will be lower. Combination of screening and blowing technology on PKM 

and CM does not affect gross energy (GE) content of PKM and CM (Table 5 and 6). 

 

DISCUSSION 

Physical Properties of PKM and CM after Treated by Combination of Screening and 

Blowing Technology 

 Physical properties of the feedstuff are one of determinant factors of quality and 

efficiency of production product. Specific gravity, bulk density, compacted bulk density and 

angle of repose are the common measured of physical properties. Specific gravity of feed 

stuff is affected by particle size (Jones and Murphy 1991) and nutrient content (Nurcahaya 

1999). Specific gravity reduction of PKM and CM after combination of screening and 

blowing technology is due to the reduction of particle size. Particle size reduction is caused 

by unsieved shells. Shells in PKM and CM have a greater particle size than non-shell part. 

Yatno (2011) reported that particle size of PKM shells was greater than 1.18 mm. In addition, 

Shells in PKM and CM have a high specific gravity, i.e. 1.46 Kg L-1 and 1.74 Kg L-1 

(Olanipekun et al. 2006). Blowing divide PKM and CM into 3 fractions based on the fall 

distance, i.e. heavy, medium and light. Light fraction or the farthest fall distance has a lower 

specific gravity. A study of Sinurat et al. (2013) reported that the most shells in PKM were 

found in the heavy fraction and the least were found in light fraction.  

 Bulk density and compacted bulk density reduction of PKM and CM after treated by 

combination of screening and blowing technology are due to the reduction of particle size. As 

reported by Saw et al. (2012) and Letsche et al. (2009) that particle size reduction lead to 

bulk density reduction. Compacted bulk density is closely related to bulk density. Increasing 

of bulk density will increase the compacted bulk density (Yatno 2011). Bulk density and 

compacted bulk density reduction also caused by reduction of shells in PKM and CM. 

According to Renjani (2014), bulk density and compacted bulk density of shells in PKM are 

higher than non-shell part. Bulk density and compacted bulk density are measured to estimate 

the space requirement of feedstuff during processing, handling and storage (Khalil 2006). The 

volume of space required by feedstuff will increase with bulk density and compacted bulk 

density reduction.  

 The angle of repose of PKM and CM increase after treated by combination and 

blowing technology. The smallest screen diameter size, the fastest blower speed and the 

farthest fall distance will increase angle of repose of PKM and CM. It is caused by reduction 
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of PKS and CS that followed by reduction of particle size. The smaller particle size will 

cause a larger angle of repose (Mujnisa 2007). Angle of repose also affected by shape and the 

surface area of particle, moisture content, specific gravity and bulk density of feedstuff 

(Syamsu et al. 2015). Increasing specific gravity and bulk density will decrease angle of 

repose. Angle of repose is closely related to the cohesiveness. Landillon et al. (2008) reported 

that cohesiveness increased by the reduction of particle size. Cohesiveness is an attractive 

force among similar molecules. High cohesiveness limits the freedom of movement of 

materials and increases the angle of repose (Lalel et al. 2009). The materials with a high 

angle of repose will have a lower flow rate (Fasina and Sokhansanj 1993), which can 

negatively impact the handling and processing process (Khalil 2006).   

 Shells in PKM and CM contained high crude fiber, as reported by Roslan et al. (2015) 

that shells in PKM contained 55.30% of crude fiber. Crude fiber contents in concentrate feed 

are negatively correlated to the specific gravity, bulk density and compacted bulk density 

(Toharmat et al. 2006), but positively correlated to the angle of repose (Ahmad 2016). In the 

contrary, the result of this study showed that PKM and CM with the higher shell content or 

higher crude fiber content had a higher specific gravity, bulk density and compacted bulk 

density, but had a lower angle of repose. This is due to lignin contents in shells of PKM and 

CM. Shells of PKM contained 49.60% of lignin. Lignin is expected to have higher molecular 

weight than other crude fiber fractions. 

 

Chemical Properties of PKM and CM after Treated by Combination of Screening and 

Blowing Technology 

 Dry matter content is an important aspect of feedstuff that showed the nutritive 

quality. Sundu et al. (2006) and NRC (1994) revealed that dry matter content of CM ranged 

from 90-96%, while PKM contained 91.20% of dry matter (Obirikorang et al. 2015). 

Combination of screening and blowing technology treatment tended to decrease dry matter 

content of PKM and CM. Apparently this is due to particle size reduction. Feedstuff with the 

smaller particle size will have a great hydration ability. Hydration ability indicates the ability 

of feedstuff in binding water. Particle size reduction will increase the surface area of 

feedstuff, so that the contact possibility between the surface area of feed stuff and water will 

increase (Widjanarko and Suwasito 2014).  

Crude fiber is a limiting factor in utilization of PKM and CM in poultry diet. PKM 

contained 32.95% of crude fiber (Yatno 2011), while CM contained 16% of crude fiber 

(Obirikorang et al. 2015). Apparently the high content of crude fiber is due to the 
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contamination of shells (Oladokun et al. 2016). Shells content in PKM ranged from 9.1-

22.8% (Chin 2002; Sinurat et al. 2009). Combination of screening and blowing technology 

reduce the crude fiber content of PKM and CM. Crude fiber content of PKM and CM reduce 

with the smallest screen diameter size, the fastest blower speed and the farthest fall distance. 

Chin (2002) reported that screening can reduce the contamination of shells in PKM up to 

53%. Sinurat et al. (2013) adds that the addition of blowing treatment will increase shells 

reduction of PKM to 91.01%. Shells reduction of PKM and CM will reduce crude fiber 

content. 

Gross energy content in CM ranged from 4247-5872 Kkal Kg-1 (Sundu et al. 2006; 

NRC 1994), while PKM contained 4482 Kkal Kg-1 (Jaworski et al. 2014). Gross energy 

content of PKM and CM tended to be stable after treated by combination of screening and 

blowing technology. Roslan et al. (2015) reported that shell separation of PKM by static cling 

and electrostatic did not affect the gross energy content. Shells and non-shell parts in PKM 

have no different gross energy content. Gross energy is amount of heat released by foods that 

totally oxidized in “Bomb Calorimeter” (Hartadi et al. 1980). Gross energy content can be 

measured by heat production of organic burning, i.e. carbohydrate, protein and fat. Gross 

energy content in feedstuff is determined by the proportion of carbohydrates, proteins and 

fats, as reported by Ridla (2014) that fat contributes more gross energy than protein and 

carbohydrate. 

CONCLUSION 

 Separation shells by the combination of screening and blowing technology affect 

the physical and chemical properties of PKM and CM. The specific gravity, bulk density and 

compacted bulk density decreased by the smaller the screen diameter size, the faster the 

blower speed, and the farther the fall distance, while the angle of repose increased. The 

combination of screening and blowing technology also reduce crude fiber content averagely 

43.71% and dry matter content, but do not reduce the gross energy content of PKM and CM. 
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ABSTRACT 

The objective of this study was to evaluate the effects of supplementation of Phosphorus (P) 

in combination with Calcium (Ca) and Manganese (Mn) during Oil Palm Fronds (OPF) 

fermentation by Phanerochaete chrysosporium on  fiber fractions content. This study was 

carried out using a randomized complete design with 3 treatments the addition of P, Ca and 

Mn with 5 replications. The following treatments were: T1 = (P 1000 ppm + Ca 2000 ppm + 

Mn 150 ppm), T2 = (P 1500 ppm + Ca 2000 ppm + Mn 150 ppm), T3 = (P 2000 ppm + Ca 

2000 ppm + Mn 150 ppm). The data were subjected to an analysis of variance (Anova) and 

differences between treatment means were tested using Duncan's Multiple Range Test 

(DMRT). The parameters measured were as follows: Percent of Neutral Detergent Fiber 

(NDF), Acid Detergent Fiber (ADF) content (%), cellulose content (%) , hemicelluloses 

content (%), lignin content (%) and lignin cellulose -ratio. Results of the experiment revealed 

that NDF and lignin content  were significantly declined (p<0.05) by the addition of 

Posphorus. However, Treatment C indicated non-significantly declined (p>0.05) for ADF, 

cellulose,and hemicelluloses content but increased (p>0.05) for the lignin-cellulose ratio. It is 

concluded that supplementation of  (P 2000 ppm, Ca 2000 ppm, and Mn 150 ppm) on 

fermented OPF resulted in the lowest fiber fraction content and highest the ratio of cellulose 

lignin. 

  

Key words: Oil palm frond, Phanerochaete chrysosporium, phosphorus, calcium,manganese, 

fiber fractions 

  

INTRODUCTION 

  The oil palm plant is valuable crop in many parts of the world. Indonesia is one of the 

largest palm oil producers worldwide, with a production capacity of 33.5 million tons from a 

total area of 11,672,861 ha (Directorate General of Estate Crops, 2015). This number will 

continue to increase with the increase in the world demand for palm oil. The oil palm plant 

produces three main types of waste that can be used as animal feed that is: Oil palm fronds, 

sludge palm oil and palm kernel cake. This waste is highly abundant throughout of the year 

but its use as animal feed not maximized, especially on farms. Oil palm plantations can 

produce waste palm fronds at approximately 8,880 kg month-1 ha-1 (Devendra, 1990) 

The large number of fronds produced annually makes plantations of palm fronds a 

promising source of fibrous feed for ruminants. The lignin of palm fronds can reach 20% of 

the dry biomass (Rahman et al., 2011). The utilization of OPFs as animal feed is still very 
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limited because OPFs contain a high percentage of lignin (30.18%), which results low 

digestibility of OPFs (Febrina et al., 2014 ; Zain et al., 2014). Lignin is a fraction of non-

carbohydrate complex that is difficult to overhaul and that binds to cellulose and 

hemicellulose. The bonds between lignin and cellulose (lignocellulose) and between lignin 

and hemicellulose (lignohemicellulose) should be broken in advance so that cellulose and 

hemicellulose can be optimally utilized by the rumen microbes. 

The degradation of lignin is the key step in lignocellulose and lignohemicellulose 

transformation (Zeng et al., 2013). Phanerochaete chrysosporium is a white rot fungus that 

can degrade lignocellulose and lignohemicellulose. Phanerochaete chrysosporium has been 

reported to liberate lignin from plant tissue and study has shown that lignin is oxidized and 

degraded by a ligninolytic system composed of lignin peroxidase (LiP), manganese 

peroxidase (MnP) and laccase. 

Phanerochaete chrysosporium growth is influenced by the availability of minerals 

such as calcium (Ca), phosphorus (P) and manganese (Mn). Calcium is an inorganic element 

that is needed by virtually all organisms and is essential for the stability of protein and cell 

membrane structures; it enhances the growth of molds in its role of shaping the ends of 

branch hyphae. Manganese (Mn) is a micro-nutrient that is required as a co-factor in enzyme 

systems and improves the development of cell filaments. Suparjo (2010) reported that the 

combination of Ca at 1000 ppm and Mn at 100 ppm in the fermentation of cocoa pod husks 

by Phanerochaete chrysosporium was able to increase the growth of mold, with the average 

colony diameter of 8.39 cm and a mycelium dry weight of 17.49 mg. Ligninolytic enzyme 

production was also increased by to the addition of these minerals, thereby increasing 

digestibility. Febrina et al . (2016) reported a decline in the lignin content in OPFs of 25.77% 

with the addition of Ca (2000 ppm) and Mn (150 ppm) as the in vitro digestibility of OPFs 

increased significantly. Phosphorous (P) is an essential mineral for metabolic processes that 

is required by all microbial cells. Phosphorous (P) maintains the integrity of the cell 

membrane and the cell wall components of nucleic acids and is part of the high-energy 

molecules ATP, ADP and AMP ( Zain et al., 2010).  

This study aimed to determine the effects of supplementation Phosphorus in 

combination with Ca and Mn in fermented OPFs by Phanerochaete chrysosporium on fiber 

fraction contents. 
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MATERIALS AND METHODS 

For this study, the fermentation of OPFs was conducted at the Laboratory of 

Technology for Feed Industries, Andalas University and the fiber fraction contents analysis 

was conducted at the Laboratory of Dairy Cattle Nutrition, Faculty of Animal Science, Bogor 

Agricultural Institute (IPB), Bogor, from August through October, 2016. The variables 

measured in this study were the contents of NDF, ADF, cellulose, Hemicelluloce, lignin  and 

ratio of cellulose- lignin. 

  

OPF fermentation 

The palm fronds used as the raw material in this study were taken from the distal two-

thirds of the OPF. The OPF substrates were cut, dried and finely milled. The Ca was obtained 

from CaSO4, P was obtained from KHPO4 and Mn was obtained from MnSO4.H2O. 

Phanerochaete chrysosporium was maintained on Potato Dextrose Agar (PDA) slants at 4 0C, 

transferred to PDA plates at 37 0C for 6 days and subsequently grown on OPFs mixed with 

rice bran. Equal amounts of OPF leaves and stems were used and then the mineral solution 

from Brook et al . (1969) was added. The fermentation process was initiated by adding water 

to the OPFs until the water level reached 70%, then, P, Ca, or Mn were added, depending on 

the treatment. Observations were made every 48 h for 20 days. samples were taken for 

proximate analysis and fiber fraction determination. The proximate components were 

determined as described by AOAC (1995). The predominant fiber  (NDF,ADF cellulose and 

lignin) were determined according to the method of Van Soest et al. (1991). 

  

Experimental design and statistical analysis 

The study was carried out using a 3 treatments in completely randomized design 

(CRD) with five replications for each treatment (3x5). The differences between the treatment 

means were analyzed using Duncan’s multiple range test with a confidence interval of 5% 

(p<0.05). 

The following treatments were carried out: 

T1 = 1000 ppm P + 2000 ppm Ca +150 ppm Mn 

T2 = 1500 ppm P + 2000 ppm Ca +150 ppm Mn 

T3 = 2000 ppm P + 2000 ppm Ca +150 ppm Mn 
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RESULTS AND DISCUSSION  

  The result of analysis on the content of NDF, ADF, cellulose, hemicelluloses, lignin 

and ratio of cellulose-lignin due to the treatments in the fermentation of  OPFs by 

Phanerochaete chrysosporium was presented in Table 1. 

Table 1: The contents of NDF, ADF, cellulose, hemicellulose lignin and ratio of cellulose- 

lignin due to the addition of minerals in the fermentation of  OPFs by P. 

chrysosporium 

Parameters 
 Treatments  

T1 T2 T3 

NDF (%) 74.70a 73.79a 66.52b 

ADF (%) 62.17 60.75 57.85 

Cellulose (%) 38.99 37.63 37.50 

Hemicelulose (%) 12.53 13.04 8.67 

Lignin (%) 23.18a 21.62a 18.35b 

Ratio cellulose-lignin  1.69 1.77 2.08 

Means in the same row with different a,bletters are significant at p<0.05. 

NDF: Neutral detergent fiber, ADF: Acid detergent fiber 

 Table 1 shows that the NDF content ranging from 66.52% - 74.70%. Addition of 

minerals P on OPF fermentation by Phanerochayte chrysosporium showed significant effect 

(P <0.05) on the decrease of NDF content of fermented palm frond. The lowest NDF content 

of 66.52% was found T3 treatment and significantly different (P> 0.05) compared to T2 and 

T1, but T2 treatment was not significantly different (P <0.05) with T1 treatment. The low 

NDF content in T3 treatment was expected since the suplementation of 2000 ppm Phosphor 

was capable to trigger the growth and elongation of the micelia fungus that resulting in a 

changing on the fermentation palm cell wall. Cell wall changing during the fermentation 

process due to the role of Phanerochayte chrysosporium which utilizes cell contents as 

nutrients for growth. Tuomela et al. (2000) stated that the utilization of soluble material 

occurs in the early phase of fermentation and the changing of cell wall components occurs 

during the used by the mold (Nelson and Suparjo, 2010). The more Phosphor doses the 

greater the decrease of NDF content. In the fermentation process, microorganisms used 

macro and micro nutrients for their growth. One of the macro nutrients required was 

phosphorus (Komisarczuk and Durand, 1991). The process of glycolysis produces chemical 

energy in the form of ATP compounds, ATP contain high-energy phosphate groups, because 

they play a significant role in the phosphorylation process through transfering radical 

phosphate group in metabolism (Murray et al., 2006). In addition, in the cell, phosphorus was 

present as a phosphoprotein, phospholipid and nucleic acid compound. The combination of 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

204 
 

Ca, P and Mn minerals in T3 treatment successfully resulted in optimal mold growth, 

enabling enzyme production to be greater, so that the mold work process in degrading the cell 

wall will increase. Febrina et al. (2016) stated that the optimal combination of Ca and Mn 

minerals can produce optimal ligninase enzymes as well as to reform the cell wall in the 

fermentation process. 

 The value range of NDF content of fermented palm fronds by Phanerochayte 

chrysosporium with addition of minerals P, Ca and Mn in this study was higher than that 

recommended by NRC (2001) that is from 36.7% to 66.66% for livestock. The highest NDF 

content of fermented palm frond will reduce the digestibility of that materials in the rumen. 

However, T3 treatment containt NDF 66.52% which means that the NDF value in T3 in a 

recommendation of NRC. 

 Addition of minerals P did not give effect (P> 0.05) to the content of  ADF. This is 

because the ADF is part of the plant cell wall that is difficult to digest because it has double 

bonds. Van Soest (1994) states that ADF consists of cellulose, lignin and silica, the digestible 

part is cellulose while lignin and silica are difficult to digest because they have double bonds. 

 The average hemicellulose content of fermented palm fronds ranged from 8.07% -

13.04%. Addition of minerals P has no significant effect (P> 0.05) on hemicellulose content 

of fermented palm frond. It is suspected that the supplementation of P also has no effect on 

ADF content. Hemicellulose is derived from NDF reduction with ADF. The high content of 

hemicellulose will provide an energy source that is easily used by rumen microbes in larger 

quantities. Hemicellulose has a smaller molecular weight than cellulose with short chain 

branches consisting of different sugars (Perez et al., 2002) making it easier to be hydrolyzed 

(Hendriks and Zeeman, 2009). Hydrolysis of hemicellulose can be done by some 

microorganisms that are able to use sugar as its substrate, so that the breaking of 

hemicellulose in the early stages of fermentation. There was decrease of hemicelluose (55%) 

on pulp fermentation of beet sugar by product using T.reesei (Iconomou et al., 1998). 

 The addition of P minerals also has no effect on palm fruit cellulose (P> 0.05). The 

cellulose ranges from 37.50% - 38.99%, and this value is similar to that reported by other 

researchers ranges from 35%  to 45% (Perez et al., 2002). Fadillah et al. (2008) states that 

P.chrysosporium besides producing enzymes to degrade lignin, it also produce enzymes to 

breakdown cellulose such as quinone reductase and cellulase. Cellulase that plays a role in 

hydrolyzing cellulose in conjunction with a mixture of protein enzyme complexes in 

hydrolysis of the β-1,4-glycoside bond (Galbe and Zacchi, 2007). 
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 The T1 treatment produced the highest cellulose content of 38.99% and was not 

different (P> 0.05) with T2 and T3 treatment. T3 produces the lowest cellulose content that is 

37.50%. Cellulose is a part of lignocellulose that can still be used for livestock, because 

ruminant livestock produces cellulase enzymes that are able to digest and utilize cellulose 

well.  

 Lignin content of OPF before fermentation is higher, 30.63%, and after fermented 

with P. chrysosporium there was decrease (P> 0.05), ranged from 18.35-23.18%. There was 

trend that decreasing lignin by the addition of P in combination of P, Ca, and Mn minerals. 

The highes decrease of lignin occurred in in T3 treatment up to 40.06%. The greatest 

decrease of lignin in this treatment was caused by ligninase enzyme activity, such as lignin 

peroxidase, manganese peroxidase and laccase at this level. Gupte et al. (2007) stated that P. 

chrysosporium can reduce lignin content by 20.5% on the 10th day of incubation and show 

maximum enzyme activity in degrading lignin. While Nelson and Suparjo (2011) state that 

the stationary growth phase of P. chrysosporium occurs in 10 day fermentation where the 

enzyme is produced more. The higher production of enzymes can make the mold more 

capable of degrading lignin. There was a 63.9% reduction of lignin content of olive pomace 

fermentation by P. chrysosporium at 20 fermentation days, and 46.44% in 10 days 

fermentation time (Haddadin et al., 2009). The change of lignin content on the substrate 

occurs due to the changing of lignin structure into simple component (Nelson and Suparjo, 

2011). Zeng et al. (2010) states that during the process of bioconversion of agricultural waste 

by P. chrysosporium found two peak production of lignin degrading enzyme that is on day-10 

and day-21. There are several peaks of ligninolytic enzyme production during fermentation of 

wood shavings by P.chrysosporium (Couto et al., 2001). 

 Laccase or ligninolytic peroxidases (LiP and MnP) produced by white rot fungi 

oxidize lignin polymers into aromatic radicals. The final stage of this process is the formation 

of a simple compound of lignin degradation that enters the herma mold and synthesizes into 

the intracellular catabolic pathway (Martínez et al., 2005). The enzyme activity of laccase in 

T3 treatment showed the highest value of enzyme that is 2.88 U / ml followed by treatment 

T2 and T1 of 1.84 U / ml and 1.18 U / ml respectively (Jamarun et al., 2017). This caused T3 

treatment more optimal in degrading lignin compared to the other treatments.. 
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CONCLUSION 

Supplementation of 2000 ppm of Phosphorus in combination with  2000 ppm of Ca, 

and 150 ppm of Mn (T3 Treatment) on fermented OPFs by Phanerochayte chrysosporium,  

gave the best result with the lowest fiber fraction and highest the ratio of cellulose-lignin 

content. 
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ABSTRACT 

In vitro study of complete feed silage was conducted from March 10th to June 20th 2015  in 

Animal Nutrition Laboratory, Faculty of Animal Science, Unsoed. The aim of this study was 

to evaluate the Dry Matter and Organic Matter Digestibilty, Ammonia level and total VFA of 

complete feed  silage.  The treatments evaluated were P1 (concentrate 26% + molasses 1,50% 

+ urea 0,50%  +  salt  0,50% + mineral mix 1,50% +  elephant grass 70%); P2 (consentrate  

36% + molasses 1,50%  + urea 0,50%  + salt 0,50% + mineral mix 1,50% + elephant grass  

60%); P3 (concentrate 46% + molasses 1,50%  + urea 0,50% + salt 0,50% + mineral mix 

1,50% + elephant grass 50%); P4 (concentrate   56% +  molasses 1,50% +  urea0,50%  + salt  

0,50% + mineral mix 1,50% + elephant grass 40%); P5 (concentrate  66% +  molasses 

1,50%% + urea 0,50% +  salt 0,50% + mineral mix 1,50% +  elephant grass 30%) which 

were placed in 20 fermentor tubes. Completely Randomized Design  followed by orthogonal 

poynomial test was used to analyzed the data.  The proximate analysis shows that  crude 

protein and crude fiber are 13,14% - 16,57% and 33,10 -16,57%, respectively. In vitro test 

shows that the digestibilty of Dry Matter and Organic Matter are 68.78 – 79,90% and 68,86 – 

81.53% and the the ammonia and total VFA content are 11.55 – 17.30 mM and 82 – 136.5 

mM, respectively. 

  

Keywords: Complete Feed Sillage, Dry Matter, Organic Matter, ammonia, Vollatile Fatty 

Acid. 

 

INTRODUCTION 

 Economical, efficient and effective feeding practices are expected by farmers. In the 

United States, the use of complete feed (Total Mix Ration = TMR) has proven benefits for 

farm industry of dairy cows, beef cattle, dairy sheep and meat sheep.  Feed containing  90% 

of concentrate and 10% forage in beef cattle often causes bloat and the feed cost is very 

expensive.  This means high costs and low physiological. On the contrary, concentrate only 

10% and 90% forage, the feed cost is low, but the performance of the ruminants is very low 

too; it is economical, but low physiological.  Providing concentrate a while after forage 

causes problem, i.e. the rumen fluid is acid (pH of rumen content decreases below 6), many 

microbes die, resulting in decreased ruminants performance. To answer these problems, it is 

necessary to create the established conditions in the ruminants business, especially for local 

ram, i.e. the provision of complete feed silage (CFS). Feed in the form CFS is highly 

efficient, effective and beneficial to sheep and farmers. Efficient and effective for farmers, 

because it requires collecting forages only once to make CFS and it is sufficient to provide 

mailto:suparwispw@yahoo.com
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one month feed. The benefits for sheep is that CFS is preferred because of the aroma, 

nutritionally complete, does not cause stomach bloating and fast growing. Demonstration plot 

of complete feed has been done by Suparwi and Sri Utami in 2010 in Tegal, in 2012 dan 

2015 in Purbalingga, and in 2013 in Banyumas. CFS has very high palatability because of the 

aroma and crude protein content of 13.50%. 

Complete feed silage is a single excellent ration due to the synchronized nutrients. 

The balance between carbohydrates and protein needs can be satisfied. Proportion of 50:50 

between forage and concentrates based on dry matter gives the best effect on the performance 

of lactating dairy cows. Dry Matter ratio of 60:40 or 40:60 did not significantly affect the 

performance of lactating dairy cows because the digestibility of the ration is still high 

(Suparwi, 2015). The range of crude fiber content was 19-21% ADF and 25- 28% NDF 

(Kung, 2007). 

Total Mixed Ration is widely used in the US and complete feed silage is the right 

choice, economical, does not cause sub-acute ruminal acidosis (SARA), and thus it increases 

the performance of ruminants, including sheep (Snowdon, 1991).  Acidosis in ruminants is 

due to the rapid changes of feeding forage to concentrate. If the forage is mixed with the 

concentrate, it does not cause acidosis in the reticulo rumen (Norlund, 2003). 

 

MATERIALS AND METHODS 

In Vitro test was carried to determine dry matter digestibility (DMD), organic matter 

digestibility (OMD) according to the method of Telley and Terry (1963), and total VFA and 

ammonia levels using Conway microdiffusion method. The treatments are the following: 

P1 = 26% concentrate + (1.50% molasses + 0.50% urea + 0.50% + 1.50% mineral mix; so 

called A) + 70% elephant grass; P2 = 36% concentrate + A + 60% elephant grass; P3 = 46% 

concentrate + A + 50% elephant grass; P4 = 56% concentrate + A + 40% elephant grass; P5 = 

66 % concentrate + A + 30% elephant grass. The concentrate was composed of 5% rejected 

soy flour, 25% pollard bran, 25% coconut cake, 28% cassava, 15% rice bran, and 2% 

minerals. Based on the results of the proximate analysis the concentrate contains 78.09% dry 

matter, 15.27% crude protein, and 76.20% energy (TDN). 

The study used 20 tubes fermentor and inoculums from sheep rumen fluid to test the 5 

different complete feed silage: P1, P2, P3, P4 and P5. The experiment used completely 

randomized design (CRD) (Steel and Torrie, 1989); the treatments was 5 complete feed silage 

with 4 replicates. 



Proceedings  of  The 5th International Seminar of Animal Nutrition and Feed  Sciences   2017 

 

211 
 

After 21 days, 1 kg of complete feed silage samples was taken from each barrel for 

proximate analysis and in vitro test. The parameters measured were the DMD, OMD, 

ammonia and total VFA.  Data were analyzed using analysis of variance (ANOVA). To 

compare the effect of the concentrates and forage levels in complete feed silage, Orthogonal 

Test Polynomial was carried out. 

  

RESULTS AND DISCUSSION 

The average of dry matter, organic matter, ammonia and total VFA are presented in Table 1. 

Table 1. Mean digestibility of dry matter, organic matter, ammonia and total VFA 

Treatments DMG,% OMD,% Ammonia (mM) 
Total VFA 

(mM) 

P1 68.78a 68.86a 11.55a 82.0a 

P2 71.08b 70.84b 13.48b 98.8b 

P3 71.86c 75.99c 13.98c 114.3c 

P4 71.91d 77.17d 16.0d 120.8d 

P5 79.90e 81.53e 17.3e 136.5e 

Different superscripts in the same column indicates significantly different (P <0.05). 

           

  The results showed that the digestibility of dry matter and organic matter, ammonia 

and total VFA were significantly different between treatments (P<0.05). The higher the 

concentrate concentration, the higher was the percentage of digestibility and ammonia and 

total VFA.  Level of 30% concentrate with 70% of forage is still able to obtain 68.78% 

digestibility of dry matter. Feed is said to be good if it has a minimum of 60% digestibility. 

This digestibility strongly supports the rumen microbial growth and ruminants performance. 

Digestibility of dry matter and organic matter are closely related, because the nutrients 

contained in organic matters are also in the dry matters. The organic matter is the most 

component of dry matter. The digestibility follows the regression equation Y = 31.766625 + 

0.6336875 X (r2 = 84.74%). The lowest organic matter digestibility was 68.86%, following 

the regression equation Y = 10.6209 + 0.491425 X (r2 = 64.19%).  The ammonia levels 

ranged between 11.55 to 17.30 mM. These ammonia levels are sufficient to support the 

growth of rumen microbes and synthesis of microbial protein. Normally the concentration of 

ammonia in the rumen fluid is between 4-12 mM (8 mM in average). Ammonia concentration 

of more than 30 mM will result in increased ammonia concentration in the blood and 

symptoms of poisoning can occur when ammonia concentration in the blood reaches 0.5 

mg/100 ml (Hungate, 1966). Ammonia concentrations from in vitro test follows the 

regression equation Y = 8.15 + 0.109 X (r2 = 28.59%). The total VFA levels ranged from 
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82.0 to 136.5 mM. The concentration of total VFA in rumen fluid to support the growth of 

rumen microbes is around 80-160 mM (average 120 mM). The results of this experiment are 

very good, since the average total of 110.5 mM VFA is still able to support microbial growth 

and synthesis process of the microbial protein. The total VFA concentration follows the 

regression equation Y = 44.95 + 1.31 X (r2 = 93.79%). 

 

Dry Matter Digestibility 

The results showed that the digestibility of dry matter CFS ranges from 68.78 to 

79.90% which is statistically significant different (P<0.05). This digestibility value is 

considered quite high. This dry matter digestibility is sufficient to support microbial rumen 

growth. The dry matter digestibility increased from 68.78% to 79.90%.  Dry matter is 

digested through two phases, i.e. fermentative digestive and hydrolytic digestive process. 

Fermentative digestive process is carried out by rumen microbes and then followed by 

hydrolytic digestive process. The more CFS fermented the less is residue produced, as a 

consequence the higher is the dry matter digestibility.  The process of dry matter digestion 

highly requires feed protein as essential nutrients source for animals and its sufficient 

availability may enhance the growth and activity of microbes, so that the process of digestion 

increases. Growth and activity of cellulolytic microbes desperately need source of energy, 

nitrogen, minerals and vitamins. Source of protein from feed is partially hydrolyzed into 

peptides and amino acids by rumen microbes. Some amino acids are degraded into organic 

acids, ammonia and carbon dioxide. Protein digestion in the rumen is done by rumen 

microbes which affect dry matter digestibility of feed. For optimum growth, rumen microbes 

require N-NH3 of 4-12 mM (average 8 mM) and VFA of 80-160 mM (average 120 mM) 

(Figure 1). 

 

Figure 1. Graph of Dry Matter Digestibility 
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Organic Matters Digestibility 

          The results from variance component analysis showed that the organic matter 

digestibility of CFS was between 68.86 and 81.53%, and it is significantly different between 

treatments (P<0.05). Organic matter digestibility are closely related to dry matter digestibility 

because dry matters consists of organic matters. The differences of the two are only in the ash 

content. Digestibility of dry matters reflects availability of the feed nutrients. Dry matter 

digestibility and organic matter digestibility are strongly related because the nutrients 

contained in organic matter are also contained in the dry matters. Organic matters 

digestibility is not much different from digestibility of dry matters because organic matter 

digestibility are closely related to dry matter digestibility (Figure 2).  Ranjhan (1981) states 

that for feed having the same the nutrient content, the digestibility of its organic matters will 

follow that of dry matter.  However, this situation does not always hold the same because 

there are some factors that have effect on it, i.e. the nutrient content, shape and physical size 

of the feed and amount as well as the types of microbes that exist in reticulo rumen. 

Population and microbial activity may decrease if the availability of nitrogen and energy 

sources used for microbial protein synthesis is unbalanced. 

  

Figure 2. Graph of Organic Matters Digestibility 

 

Levels of N-NH3 

The results of the study showed that the average concentration of N-NH3 of CFS was 

significantly different between treatments (P<0.05). These results are in agreement with that 

of Sutardi et al (1993) which reported that the optimum concentration of N-NH3 needed to 

support microbial growth is 4-12 mM (average 8 mM). The high concentration of N-NH3 is 

due to the sufficient crude protein and the soluble carbohydrate of CFS.  This is in line with 
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the total VFA fermentation product, and is due to the increased amount of CFS crude protein, 

so that the growth and activity of microbes to degrade CFS is increasing.  As a result, the 

fermentation products, such as N-NH3 is increasing. Types of feed, chemical composition and 

the non-structural carbohydrate fractions in the feed stuffs greatly affect the levels of N-NH3. 

Besides its high crude protein content, CFS is also source of non-structural carbohydrates, so 

that it is easy to digest, resulting in increased levels of N-NH3. These results are enough to 

support microbial synthesis process. Ammonia concentration of more than 30 mM in rumen 

fluid will result in increase in blood ammonia concentration and symptoms of poisoning can 

occur when blood ammonia level reaches 0.5 mg/100 ml (Hungate, 1966). In the case of 

poisoning, blood ammonia increases by 0.9 mg/100 ml within 60 minutes. The results of this 

study showed that ammonia levels are very good to support growth and synthesis process of 

microbial protein, and does not cause poisoning.   

Based on the results of Slyter Satter (1974), this ammonia concentration is enough, 

because microbes need is met with ammonia level concentration 5 mg% or ± 4 mM. 

However, Preston and Leng (1987) showed that the digestibility continues to increase until 

the ammonia concentration of 200 mg/L or ± 12 mM, and even the consumption is still 

increasing up to the ammonia levels of 250 mg/L or ± 15 mM. 

It is highly likely that the optimum concentration of ruminal ammonia is 8 mM. Some 

researchers have reported,   to get the most efficient use of ration for growth in dairy bulls at 

ammonia rumen of 8 mM, whereas for lactating cows, the highest efficiency of energy use 

for milk production occurs at rumen ammonia level of 9 mM (Widyawati et al., (1992 ) and 

the highest efficiency for the N use for sheep growth can be achieved in the rumen ammonia 

level of 7 mM (Muktiani, 1994) (Figure 3). 

  

Figure 3. Graph of ammonia levels 
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Levels of VFA Total 

          The results showed that the average levels of total VFA of CFS are 82- 136.5 mM and 

it is significantly different between treatments (P<0.05). VFA levels increase with increasing 

percentage of concentrate in the in vitro CFS. These results are in agreement with that of 

Sutardi et al (1993) which states that the optimum concentration of VFA needed to support 

microbial growth is 80-160 mM. The high concentration of total VFA level reflects high 

crude protein and soluble carbohydrate of CFS.  This is because the amount of CFS crude 

protein is increasing, so that the growth and activity of microbes to degrade CFS are 

increasing. This results in the fermentation products, such as total VFA to increase. Types of 

feed stuffs, chemical composition, and the non-structural carbohydrate fraction in the feed 

stuffs greatly affect the levels of total VFA. Complete feed silage does not only have enough 

crude protein content, but also is as a source of nonstructural carbohydrates, so thus it is easy 

to digest, resulting in increased total VFA concentration (Figure 4). 

  

Figure 4. Grph of total VFA concentration 

  

CONCLUSION 

Composition of concentrates feed and forages in complete feed silage starting from 

30% concentrate + 70% forage to 70% concentrate + 30% forage can result in average dry 

matters digestibility of 72.71%, average digestibility of organic matters of 74.88%, average 

ammonia level of 14.46 mM and average total VFA level of 110.5 mM. 
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QUALITY OF COMPLETE FEED SILAGE WITH THE ADITION OF 

CONCENTRATE CONTAINING RAMI WASTE OF DIFFERENT ENSILAGE TIME 

  

Emmy Susanti, Munasik, Khafid Syarif Abdullah and Pinky Hutama 

Faculty of Animal Science, Jenderal Soedirman University, Purwokerto 

  

ABSTRACT 

This study aimed to test the quality of complete feed consisted of field grass and concentrate 

containing ramie leaf waste in the balance and different length of ensilage time. The 

treatments of this study were forage to concentrate ratios; 40% of concentrate: 60% of silage; 

50% of concentrate : 50% of silage and 60% of concentrate : 40% of silage, and duration of 

ensilage; 0, 1, 2, 3, and 4 weeks. The experimental design in this study was a completely 

randomized design of factorial pattern. Each research unit was repeated three times. Physical 

qualities that were observed were: color, aroma, texture, yield weight, fungus. Complete feed 

temperature did not show any interaction (P> 0.05) but it was highly significant at pH (P 

<0.01). The interaction of both treatments had an effect on DM, CF, CP, Free-N extract and 

lactic acid (P <0.01). Forage to concentrate ratio had a very significant effect on texture 

quality, DM, ash, CFt, CF, CP, N-free extract, and lactic acid (P <0.01) and  significant effect 

on color, aroma and texture (P <0.05). The duration of ensilage had significant effect on all 

variables except on CFt and CP (P> 0,05). The interaction of forage treatment and the 

concentration of ensilage occurs in almost all chemical qualities but not on the physical 

quality of feed. 

  

Key words: forage, concentrate, ensilage, complete feed, ramie. 

  

INTRODUCTION 

The goat's main feed is mainly forage. Forage production is very fluctuating when the 

rainy season of abundant production with low dry matter content (DM). On the contrary, 

during the dry season, production is low but with higher production of DM. The condition 

shows fluctuations in the quality of forage provided by the farmers, which resulted in the low 

quality of feed consumed by goats. The search for forage sources that can cope with 

fluctuations in the availability of forage feed is a responsibility that must be resolved soon. 

The settlement includes the use of feed technology. Forage crops that have such potential 

include ramie. The use of ramie plant waste can be as an alternative to improving the quality 

of goat feed because of its nutrient content. 

 Rami (Boehmerianivea L Gaud) is a bush-producing shrub with forage production of 

93-97% of total crop production (Sastrosupadi et al., 2004) as waste. The composition of DM 

of ramie is; leaves 22.0%, CP 24.3%, CF 23.0%, CFt 2.9%, ash 2.5% and N-free extract 

27.4% (DM basis) but deficient of methionine amino acid (1.27 %), P mineral (0.16%) and 

Cu (0.69 mg) (Duarte et al., 1997). Ramie plants are harvested once every 50 - 60 days 

throughout the year (Suratman, 1986). Production of fresh ramie leaf waste is 3.000kg / ha / 
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harvest (Santoso, 2003). Handling of ramie leaf waste requires technological applications 

because of its decaying nature. The character is caused by high levels of water, organic 

matter (OM) and CP of leaf. 

 Utilization of ramie leaf waste as the constituent of concentrate and then with the field 

grass formulated to be complete feed to have complete nutrient content according to the 

needs of livestock. Complete feeds are prepared using nutrient-rich ingredients so they can 

not be stored long after mixing. This resistance is similar to silage. Ensilage is a process of 

feed preservation by utilizing spontaneous microorganisms that exist in the plant and is 

beneficial ie lactic acid bacteria. Ensilage complete feed (Total Mixed Ration / TMR) is a 

simple method that potentially increases nutrient use and extends feed durability (Wongnen et 

al., 2009). Wongnen et al. (2009), further states that ensilage is a method that can maintain 

the quality of the complete feed during storage and its use can increase the intake 

(Yuangklang et al., 2004), and improve the digestibility of BK, BO, SK and non-structural 

carbohydrates (Vasupen et al. , 2005; 2006). Ensilage is a consideration of the preservation 

technique for forage with high PK content (Man and Wiktorsson, 2002) and is increasingly 

popular as an effective forage preservation method (Ozturk et al., 2006). The question is, how 

does the physical quality change of complete feed field grass silage with the balance of 

concentrate to silage and at different length of ensilage?  

  

MATERIALS AND METHODS 

The material used as the constituent of concentrate is leaf of ramie, cassava tuber 

waste, coconut meal, drops, urea, salt and mineral mix with PK 13,09 and TDN 71,47% and 

field grass. Complete feed was composed of forage balance: 60% concentrate: 40% (I1); 

50%: 50% (I2) and 40%: 60% (I3) and ensilage for 0 (W1); 1 (W2); 2 (W3); 3 (W4) and 4 

(W5) weeks. Complete feeds were placed in silos (polyethylene plastic bags). The 

experimental design was a Completely Randomized Design, 3X5 factorial pattern and 3 

replications. The complete quality of the observed silage characters were the color, the 

aroma, the texture, the weight of the yield, the fungus, the pH, temperature and the chemical 

qualities of DM, CF, CP, CFt, ash, N-free extract,m and lactic acid. Concentrate formula and 

complete feed were presented in tables 1 and 2. 
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Table 1. Concentrate Formulation 

Concentrate % DM 
Ash EE CF CP 

N-free 

extract 
TDN 

% of  DM  

Rami waste 20.00 4.40 0.50 0.58 4.60 4.86 5.48 5.48 

Caassava tuber waste 36.50 29.82 0.91 0.07 0.80 0.29 34.42 29.91 

Coconut cake 30.00 25.80 1.92 3.06 3.63 6.48 14.91 25.86 

Mollase 12.00 7.92 0.61 0.00 0.00 0.14 11.24 10.23 

Urea 0.50 0.50 0.00 0.00 0.00 1.41 0.00 0.00 

Mineral mix 0.50 0.48 0.45 0.00 0.00 0.00 0.00 0.00 

Salt 0.50 0.47 0.00 0.00 0.00 0.00 0.00 0.00 

Total 100.00 69.38 4.39 3.71 9.03 13.19 66.05 71.47 

   

Table 2. Complete Feed Silage Formulation 

Feedstuff % DM 
Ash EE CF CP 

N-free 

extract 
TDN 

%BK  

Forage to concentrate of 50:40  

Field grass 60 13.20 7.09 0.82 20.18 4.91 27.00 32.95 

Concentrate  40 27.75 1.76 1.49 3.61 5.27 26.42 28.59 

Total  100 40.95 8.85 2.30 23.80 10.18 53.42 61.54 

Forage to concentrate of  50:50 

Field grass 50 11.00 5.91 0.68 16.82 4.09 22.50 27.46 

Concentrate  50 34.69 2.20 1.86 4.52 6.59 33.03 35.74 

Total  100 45.69 8.11 2.54 21.33 10.68 55.53 63.20 

Forage to concentrate of 40:60 

Field grass 40 8.80 4.73 0.55 13.45 3.27 18.00 21.97 

Concentrate  60 41.63 2.64 2.23 5.42 7.91 39.63 42.88 

Total  100 50.43 7.36 2.77 18.87 11.18 57.63 64.85 

The physical quality test of aroma, texture and color of silage follows the instructions 

of Soekanto et al. (1980), pH Measurement using Naumann and Bassler (1997) procedures 

while proximate chemical analysis) following AOAC procedure (1994). 

  

RESULTS AND DISCUSSION 

The result of observation on the physical quality of complete feed silage with forage 

balance treatment: concentrate and the length of different ensilage presented in table 3. 
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Table 3. Physical quality of complete feed silage with forage balance treatment: concentrates 

and length of different ensilage 

Treatment 

combinations 
Color Aroma Texture 

Randement 

(%) 

Fungus 

appearance 

Temperature 

(°C ) 
pH* 

I1 W0 2,93±0,32 2.83±0.42 2,73±0,15 100±0 2,93±0,38 33,33±0,93 7.84±0.47 

I1 W1 3,13±0,31 3.13±0.31 3,13±0,25 98.6±0.11 3,30±0,26 30,67±0,95 6.55±0.23 

I1 W2 3,80±0,10 3.8±0.1 2,93±0,12 99±0.45 3,20±0,17 29,10±0,56 5.39±0.05 

I1 W3 4,23±0,15 4.23±0.15 3,87±0,49 98.3±0.14 3,53±0,29 28,33±0,93 4.97±0.11 

I1 W4 3,47±0,23 3.47±0.23 3,13±0,06 98.4±0.13 3,10±0,44 28,73±1,37 4.82±0.2 

I2 W0 3,03±0,35 3.03±0.35 3,03±0,35 100±0 2,97±0,29 32,87±1,82 7.61±0.35 

I2 W1 3,40±0,60 3.43±0.55 3,43±0,55 98.8±0.41 3,27±0,06 30,37±0,55 5.96±0.38 

I2 W2 3,23±0,21 3.23±0.21 3,27±0,23 98.2±0.48 3,40±0,10 28,53±0,95 5.52±0.15 

I2 W3 3,97±0,15 3.97±0.15 3,83±0,25 98.1±0.14 3,60±0,35 26,93±1,46 5.09±0.12 

I2 W4 3,70±0,10 3.7±0.1 3,43±0,42 98.3±0.87 3,50±0,10 28,57±0,93 5.09±0.43 

I3 W0 3,37±0,25 3.37±0.25 3,47±0,42 100±0 3,33±0,15 33,77±1,10 7.3±0.31 

I3 W1 3,60±0,00 3.6±0 3,37±0,21 98.8±0.11 3,03±0,15 29,83±0,23 5.59±0.39 

I3 W2 3,70±0,00 3.7±0 3,93±0,25 99.2±1.37 3,50±0,35 28,27±0,65 5.58±0.43 

I3 W3 4,27±0,64 4.27±0.64 3,87±0,15 98.2±0.62 3,30±0,26 27,03±0,83 5.49±0.08 

I3 W4 3,77±0,15 3.77±0.15 3,73±0,12 98.1±0.22 3,10±0,20 27,80±0,36 5.09±0.2 

Description: * There were interaction of forage treatment: concentrate and different length of 

ensilage            

 

The result of variance analysis of pH silage complete feed, showed that there is very 

real interaction (P <0,01) between concentration forage counter and long ensilage. 

Concentrate forage factor did not give significant effect (P> 0,05) and on old treatment 

ensilage had very real influence (P <0,01) to change pH value of complete feed. 

  Variance analysis showed a very significant interaction (P <0.01) between 

concentrated forage counterpart and long ensilage on pH silage complete feed changes. This 

suggests that the counterweight of concentrated forage and long ensilage factors directly 

affect the pH silage complete feed score change. The interaction of forage concentrates and 

the duration of the ensilage were tested using the BNJ test. The BNJ test results showed the 

highest pH silage complete feed score on I1W0 interaction (7.84) and the lowest score on 

I1W4 interaction (4.82). 

Table 3. shows that in the balance interaction 60% forage 40% concentrate with long 

weeks ensilage (I1W0) has the highest pH score (7.84). These results do not vary much with 

the interaction of I2W0 and I3W0, this proves that in 0 weeks ensilage there is no lactic acid 

bacteria activity so that pH silage complete feed is still high. The interaction data of the 

concentration forage and the duration of the ensilage indicate that the longer ensilage pH 

silage complete complete feed is decreased, this is because during the ensilage process lactic 
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acid formation occurs by lactic acid bacteria utilizing fermentable carbohydrates contained in 

the concentrate and forage. Type of fermentable carbohydrates are often used in the process 

of fermentation of the type of glucose. The process of formation of glucose into lactic acid 

Winarno (2004), namely: 

 C6H12O6             C3H6O3 + CO2 + C2H6O 

  Glucose            Lactic Acid      Ethyl Alcohol (Ethanol) 

                                    Carbon dioxide  

The decrease in pH is relatively stopped after 3 weeks of ensilage because on the 21st 

day fermentation has reached a stable phase which means that lactic acid production is 

optimal and stop developing (Santi et al., 2012). 

The result of observation on the physical quality of complete feed silage with forage 

balance treatment: concentrate and the length of different ensilage presented in table 5. 

  

Table 5. Chemical quality of complete feed silage with forage balance treatment: Concentrate and 

different length of ensilage 

Treatment 

combination 
DM*(%) 

Ash CFt CF* CP*  N-free extract* TDN** 
 Laktic acid* 

%BK 

I1W0 90,76 13,65 2,42 19,69 13,50 41,50 69,53 1,80 

I1W1 90,19 9,84 2,09 20,87 13,25 44,14 71,81 1,80 

I1W2 89,62 10,34 1,75 23,19 11,26 43,07 68,39 1,62 

I1W3 88,79 11,99 1,90 21,44 13,01 40,46 68,07 2,76 

I1W4 87,97 9,34 2,04 22,04 12,52 42,03 69,05 1,80 

I2W0 89,80 12,78 1,79 22,09 9,87 43,27 66,31 1,56 

I2W1 88,51 9,99 1,98 27,66 10,38 38,49 64,03 1,43 

I2W2 87,22 9,33 2,18 21,29 10,13 44,29 67,60 3,12 

I2W3 88,62 11,05 2,38 21,69 10,89 42,61 67,30 2,28 

I2W4 90,02 10,65 2,59 33,23 11,91 31,64 61,46 1,92 

I3W0 88,36 11,64 0,54 32,64 11,80 31,74 60,39 1,92 

I3W1 88,17 9,38 0,53 40,70 11,55 26,01 56,66 2,40 

I3W2 87,97 9,11 0,51 47,80 12,59 17,95 52,37 3,48 

I3W3 88,22 10,38 0,68 38,56 11,30 27,30 57,05 4,26 

I3W4 88,47 9,65 0,86 42,08 10,81 25,06 55,20 4,02 

Description: there were interaction of forage treatment: concentrate and length of ensilage in 

contrast to a confidence level of P <0.01 (*) or P <0.05 (**). 

  

Dry matter (DM) is a nutrient whose quantity depends on forage balance: the 

concentrate at once undergoes a reshuffle during the ensilage process so that after ensilage 

process there is a decrease of BK percentage. The initial process of fermentation is related to 
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the enzymatic activity of plant cells or residual respiration (Owen et al., 2002), which uses 

carbohydrates, especially glucose and fructose with oxygen trapped in the feed (Shao et al., 

2005). Aerobic microbial activity at baseline resulted in heat up to 12 hours after mixing 

resulting in loss of BK (Kung et al., 2005) even loss of BK during fermentation (Owen et al., 

2002). Wongnen et al. (2009), reported the fermentation process in total mixed ration (TMR) 

containing wholecottonseed showed a decrease of BK from 63.8% (TMR) to 61.9% 

fermented TMR (FTMR). The same is reported by Nishino et al. (2004), the decrease of BK 

in total mixed ration (TMR) from 56.8% to 51.9% in fermented total mixed ration (FTMR). 

 Other nutrients, crude protein (CP) and nitrogen-free extract (N-free extract) showed a 

decrease in percentage after ensilage. Wongnen et al. (2009), TMR fermentation with whole 

cottonseed showed a decrease of CP 16.1% (TMR) to 15.7% (FTMR). The fermentation 

process involving microbial activity by producing proteolytic enzymes results in the 

degradation of proteins into ammonia (NH3-N). Microbial and plant proteolytic enzyme 

activity resulted in CP losses converted to NH3-N on grass silage (Kung et al., 2000). 

 The composition of crude fiber (SK) and lactic acid showed an increase in yield after 

ensilage process. The lactate acid enhancer is an indicator of the success of the ensilage as a 

product of lactic acid bacteria activity that grows optimally during the ensilage process. The 

concentration of lactic acid in the TMR was in the form of a bales of 10.4 g / kg BK (1.04% 

BK) to 38.0 g / kg DM (3.8% DM) at FTMR after 30 day fermentation. This ball-shaped total 

mixed ration decreased pH from 5.35 to 4.65 and loss of DM by 43 g / kg BK (4.3% BK) in 

forage proportions: concentrate of 40:60 (Wang et al., 2010). 

  

CONCLUSION 

The interaction of forage treatment with the concentration of ensilage occurs in almost 

all chemical qualities but not on the physical quality of the complete feed. 
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ABSTRACT 

The objective of the study was to optimize the using of sugar cane waste to produce complete 

feed for raising buffalo heifers with least cost ration. Optimization of using the sugar cane 

waste based on the feed stuffs price, nutrient contents and nutrient requirement of buffalo 

heifers. Formulation of ration was conducted by linear programming. There were 4 rations 

that formulated based on the level bagasse content in the ration; i) 0% (T1, traditional ration), 

ii) 20% (T2), iii) 30% (T3), and iv) 40% (T4). The higher the content of the bagasse had the 

lower cost of ration. The cost of rations(Rp/kg on DM basis) were 1.475, 1.437, 1.363, and 

1.293 respectively. The experiment were evaluated using 4 x 4 Latin squre design. Four local 

swamp buffalo heifers (2.5-3.0 years old) with 338-349 kg live weight were used in this 

experiment. The result showed that feed intake decreased significantly with an increased 

bagasses proportion in the diets. The DMI were 9.7, 7.3, 8.0, and 7.7 kg/head/day, equivalent 

with 2.8%, 2.2%, 2.4%, and 2.2% of liveweight. The daily cost of ration (Rp/head) were 

14.336, 10.454, 10.892, and 9.958. The average liveweight gain were not significantly 

diffrent ie. 0.31, 0.34, 0.29 and 0.33 kg/head. More over, plasma progesterone were also not 

different among the treatments (17.7, 19.5, 17.5 and 18.8 nMol/l). It was concluded that the 

using complete ration from sugar cane waste decreased the daily cost of ration without 

disturbing the performance and plasma progesterone of buffalo heifers. 

 

Key words: complete feed, sugar cane, buffalo heifer, progesterone 

 

INTRODUCTION 

Swamp Buffalo (B. bubalis carabauesis) is the local livestock that a potencial income  

source for rural people in Indonesia, but the potency has not been much studied to increase its 

productivity and efficiency. This livestock has been long living with the Minangkabau tribe 

in west Sumatra, but in the recent  time its been neglected or became less popular compared 

to cattle. From economic point of view, buffalo could be more potential than cattle because of 

its capacity in producing milk, meat  and power (multi purpose). Buffalo milk has been  

processed  to become “Dadieh” a traditional menu with high nutrient content, especially 

offered in cultural events. Rendang, a popular menu is made of buffalo meat having a taste 

that can compete cattle meat. Buffalo is also used as power in plowing rice field, drawing 

pedati (buffalo car) to transport  agricultural product,  moving  machine to press sugar cane  

in  cane sugar industrial area etc. Based on the potency, development of Buffalo needs to be 

studied and get noticed, so that it can give added value to  the people in rural area. 

mailto:Adrizal_am@yahoo.com
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Buffalo is raised  and herded traditionally on herding area, but the area decreased 

overyear and causes the buffalo population decrease specially in West Sumatra and generally 

in Indonesia. An alternative to overcome the problem is changing the raising system from 

extensive to intensive. Consequently the intensification requires feed to meet nutrients need.  

The most potencial and economics to support feed supply is utilizing agricultural 

waste like sugar cane waste (sugar cane top) and wastes produced in  processing sugar cane 

(bagasse and molasse). Sugar cane waste have been used for beef feed (Adrizal et  al., 2013), 

but there is no information yet for buffalo. 

It is important to understand the effect of sugar cane waste feeding for buffalo during 

suckling period, lactation and fattening. Optimasion utilisation of sugar can in ration 

formulation to reduce cost, but it can fill nutrient requirements for the  each period  of raising. 

Ration formula with lowest cost has to be excercised to get the best performance of buffalo 

and benefit. The purpose of the study was to identify sugar cane wastes and other feedstuffs 

and formulating them in ration to meet buffalo heifer requirement in sugar plantation area in 

West Sumatera. 

MATERIALS AND METHOD 

  The research was conducted  in Nagari Talang Babungo, Hiliran Gumanti 

subdistrict, Solok Regency, West Sumatra Province.  The study was conducted between 

March and November 2015I consist of feedstuffs identification in order to compose ration, 

formulating ration and feeding trial. 

 

Material and Instrument  

Materials used in this research were sugar cane wastes (sugar cane top, bagasse, 

molasse) produced from  traditional  cane sugar processing and other potential local 

feedstuffs available on site: Thitona diversifolia (paitan), Calliandra calothyrsus (kaliandra), 

Gliricidia sepium (gamal), rice bran and palm kernel cake. Ultramineral and salt (NaCl) as 

mineral source, and anti worm with the brand Monil were added to the ration. Four  buffalos 

used in this research  were swamp buffalo from Nagari Air Dingin, Lembah Gumanti 

subdistrict, Solok Regency. Nutrienta content of the ration were proximate analysis and blood 

were analysis for plasma progesteron.  

 

Research Method 

Ration Formulation For Buffalo Heifer   

Formulating ration for buffalo heifer was started from listing the existing and 

potencial feedstuffs at the research location through observation and interviewing farmers at 
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Nagari Talang Babungo. The data collected consist of supply and total price of the feedstuff 

ready to process. The nutrient content  of the diets and total digestible nutrient (TDN) was 

calculated base on proximate analysis, secondary data and literature study. Heifers nutrient 

needs was calculated  through literature study.  

Data of nutrient content and feedstuffs prices, heifers nutrient needs, and the limit of  

feedstuffs used in the ration were arranged in mathematical model that matched algorithmus 

linear programming. As flollows: 

Minimize  

with condition/restriction   

 
 

 
 

 

That 

 

 

 

 

 

 

 

 
 

Based on the mathematical model, the ration was formulated by using computer with 

the software QSB+. The computer output would be evaluated wether the produced ration 

formula was proper or not. When the resulted formula were improper, it was urgen to reiew 

wether there was mistake in mathematical model or mistake in entryng data. After correcting 

the mistake it was formulated again.  
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This step was carried  out until  the proper ration formula  achieved. Schematically  

the steps in formulating ration can be seen in  Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Procedure of Ration Formulation 

 

RESULT AND DISCUSSION 

Feedstuffs composing Ration 

The  result  of availability and potency of feedstuffs survey in Talang Babungo 

village, sub-district of Hiliran Gumanti, Solok Regency, West Sumatera Province are 

presented in Table 1. There were 11 type of feedstuffs comprising of 3 sugar cane waste and 

the other feedstuff that can support the nutrient needs of buffalo. Sugar cane wastes consisted 

of leaves (top), bagasse and molasses. The sugar cane top obtained from separating stem and 

leaves from sugar cane area of 515 Ha. The distance of feedstuff sources location and 

processing factory varied between 100 m and 5 km. The total cost to process sugar cane top 
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from farm to processing factory was Rp 1350/kg of which Rp 350/kg for processing and Rp 

1000/kg for transportation.  

Table 1.  Feedstuffs and prices in Nagari Talang Babungo, Hiliran Gumanti subdistrict, 

Solok Regency, West  Sumatera Province 

Materials Price (Rp/Kg) 

On location Transportation Initial processing Total 

Sugar cane top 350 1000  1350 

Bagasse 50 100  150 

Molasse 50 100  150 

Native grass 120 240  360 

Paitan 120 240  360 

Gamal 1300 1000 200 2300 

Caliandra 1000 667 333 2000 

Rice bran 1200   1200 

Tofu waste 400 100  500 

Palm Kernel Cake 1500   1500 

Corn grain 4000   4000 

Mineral mix 5000 500  5500 

Salt 1500 500  2000 

 

The other sugar cane waste like bagasse and molasse obtained from 9 traditional sugar 

cane factories scatered in sugar cane plantation areas. The cost was relatively low as the 

payment was only for collecting and  sacking the bagasse and filling up molasses to plastis 

drum and transportation cost from cane sugar factories to feed processing area.  

Gamal (Glirisidia sepium) and kaliandra (Calliandra calothyrsus) availability were in 

limited quantities in this area thus difficult and to get the cost became more expensive, 

Rp2.500/kg  while caliandra relatively easier to obtain and its price was 2000/kg. The price 

included cost for harvesting, transporting , labour cost separating leaves,  twigs and branch. 

Rice bran obtained from rice processing plant around the site. Procurement was conducted 

with a subscription system at a price of Rp 1200/kg. The price includes the cost of 

transportation to the feed factory. Procurement of tofu waste was conducetd with subscription 

systems at a price of Rp 20. 000/sack. The average weight of the materaials was 50 kg/sack. 

Cost of transportation to a distance of approximately 3 km was Rp 5 000/sack. Thus the total 

price of the waste tofu was Rp 500/kg. Palm kernel cake obtained from palm kernel 

processing plant in Kuantan Singingi Regency of Riau Province. The palm kernel cake was 

transported by truck with a capacity of 2500 kg/delivery. The price was Rp 1500/kg on the 

feed factory. It is estimated that palm kernel cake can be provided continuously according to 

the order. Ground corn and ultramineral imported from a feed store in Padang City. Grain 
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corn prices expected to reach Rp 4000/kg up in factory. Ultramineral obtained with a price of 

5500/kg.  

Nutrient content of each feed material are presented in Table 2. The waste of sugar 

cane and sugar cane tops have low nutritional value with crude protein (CP) only 2.72%  and 

8.49%  respectively. A total of digestible nutrients (TDN) both of these materials were low 

(46.8% and 52.5%). Although the standard nutritional needs for buffalo is not known, but we 

can refer to the needs of the cattle (Hussein et al., 1995). According to the NRC (2001) 

protein requirement for cow ranged from 9.5% to 12.5%, while TDN needs ranged from 

56.5% to 62.1%. Fat content rations for livestock ruminants should not be more than 6% 

(NRC, 2001). 

Table 2.  Nutrient content of sugar cane waste and other feed stuffs in the sugar cane 

plantations in Nagari Talang Babungo, Solok Regency, West Sumatra Province 

Feed stuffs 
Nutrient content and TDN Price (Rp/kg) 

DM CP TDN Fat CF NFE fresh DM 

Sugar cane top 26.4% 8.49% 52.5% 2.9% 34.5% 44.69% 1,350  5,114  

Bagasse 33.6% 2.72% 46.8% 1.3% 24.2% 60.40% 150  446  

Molasses 11.1% 19.67% 77.6% 20.0% 10.4% 63.98% 150  1,356  

Nature grass 24.4% 8.20% 56.2% 1.4% 31.7% 44.20% 360   1,475  

Paitan 18.4% 19.35% 77.2% 5.8% 19.4% 42.06%  360  1,954  

Gamal 23.0% 24.18% 75.0% 4.9% 13.7% 42.06%  2,500  10,860  

Caliandra 39.3% 25.45% 77.0% 2.7% 26.4% 49.43% 2,000   ,085  

Rice bran 87.7% 11.46% 68% 25.5% 15.08% 36.33%  ,200  1,368  

Tofu waste 14.6% 30.3% 77.9% 9.9% 22.2% 32.50%  500   3,425  

P. kernel cake 90.3% 16.80% 79.0% 11.9% 22.6% 44.60% 1,500   1,661  

Ground corn 86.8% 10.8% 80.8% 4.3% 2.5% 80.20%  4,000  4,608  

Ultra mineral - - - - - - 5,500  5,500  

Salt - - - - - - 2,000  2,000  

DM=dry matter,  CP=crude protein TDN=total digestible nutrient CF=crude fiber NFE=nitrogen 

free extract 

 

Based on the conditions, the nutrient content of three kinds of sugar cane waste were 

not able to meet the nutritional needs of Buffalo's heifer, therefore it needs to be completed 

with other ingredients as protein source as well as energy source, and mineral sources. 

Feedstuffs as protein source were forages i.e paitan, gamal and caliandra with protein 

19.35%, 24.18% and 25.45% respectively. The concentrates as source of protein were 

suppied by rice bran, tofu waste and palm kernel cake that contain protein 14.0%, 18.8% and 

16.80% respectively. In addition to protein the feedstuffs also source of TDN thus source of 

energy. Another energy source was corn  with the highest content of TDN (80.8%).  
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Ration Formula  

The results of the formulation using sugar cane waste and other feedstuffs that were 

available and potential in the location of the research are presented in Table 3. Based on the 

table show that not all the feedstuffs were used in the formula. Without using these materials 

caused automatically eliminated by linear programming because it costs disproportionate to 

the nutrient content (Adrizal et al, 2010). These materials are the top sugar cane, gamal, 

Caliandra, rice bran, ground corn and tofu waste.  

Table 3.  The results of ration formulation for buffalo heifer using sugar cane waste and 

other feedstuffs in Nagari Talang Babungo Solok Regency of West Sumatra 

Province. 

Feed stuffs 
A (Traditional) B C D 

DM As Fed DM As Fed DM As Fed DM As Fed 

Sugar cane top         

Bagasse   20 18.9 30 27.7 40.0 36.2 

Molasses   5 14.4 5 14.1 5 13.8 

Native grass 100 100 33.4 43.5 19.1 24.3 4.9 6.1 

Paitan   6.3 10.9 13.5 22.8 20.6 34.0 

Gamal         

Caliandra         

Rice bran         

Tofu waste         

P. kernel cake   12.8 11.5 29.9 10.3 27 9.1 

Ground corn         

Ultra mineral   2.0 0.6 2.0 0.6 2.0 0.6 

Salt   0.5 0.2 0.5 0.2 0.5 0.2 

Total 100 100 100 100 100 100 100 100 

DM (%)  24.4  31.8  31.1  30.4 

CP (%) 8.2  11  11  11  

TDN (%) 56.2  62.7  62.7  62.6  

Fat (%) 1.4  6  6  6  

Price (%) 1.475 360 1438 457 1364 424 1290 393 

 

It can be seen from the table that the diets used by  traditional breeders (Ration A) has 

low nutrient content with  protein  8.2%  and TDN of 62% thus probably contribute to poor 

reproductive performance of buffalo reared traditionally. Chandra et al., (2011) reported that 

buffalo who nurtured traditionally recorded that the first mating  occur at 21.4 months old and  

first calving at 45 months old with calving 15.73 months. Tillman et al. (1989) stated that 

nutritional deficiencies cause delay of adulteren and impede the cycle of estrus, so age of first 

mating and calving interval become longer. 
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At the treatment B, C and D in which use of bagasse increased from 20%, 30% and 

40% with iso protein and iso energy decreased the utilisation of native grass and palm kernel 

cake but paitan remain steady. Increasing bagasse proportion in the diets decreased feed cost 

even lower than traditional diets with higher nutrient content. 

 

Effect of ration on performance and plasma progesterone of heifers 

The performance of Buffalo as presented in Table 4 showed that feed intake as fed 

basis was decreased in diets B, C and D. This associated with an increase in dry matter 

content. The high intake in traditional diets may due to low energy and protein content that 

cause the Buffalo ate more and palatability of the diets compare to B, C and D diets. 

However, the low feed intake not caused buffalo lost weight as indicated in the table.  This 

may due to the Buffalo used in this study was heifer that feed offered meet the requirement 

because of the higher intake.  

Table 4. Effect of ration on buffalo heifer performance and plasma progesterone 

Parameters 
Treatment 

A B C D 

Daily Feed intake     

As fed basis (Kg/head) 39.9 22.9 25.7 25.3 

Dry matter basis ( Kg/head) 9.7 7.3 8.0 7.7 

% body weight 2.8 2.2 2.4 2.2 

Ration Price (Rp/Kg) 360 457 424 393 

Daily Feed cost (Rp/head) 14,366 10,454 10,892 9,958 

Daily gain (kg) 0.3 0.3 0.3 0.3 

Plasma Progesteron (nmol/l) 17.7 19.5 17.5 18.8 

 

Progesteron content in the blood plasma was not different in all treatments, it 

illustrated that fertility rates of buffalo heifers was not interrupted with the incresing bagasse 

level in the diets. Suthikrai et al. (2013) have used the content of progesterone in the blood to 

determine ovarian cycle for Buffalo. Khan et al. (2015) stated that the content of progestrone 

in blood plasma can detect the first ovulation to know the reproductive potential of the 

Buffalo accurately. 

CONCLUSIONS 

The feed stuffs were used to formulate the ration was the by-product of sugar cane, 

the molases, natural grass, paitan, palm kernel cake, ultramineral and salt. The used of 

bagasse in the ration to  20%, 30% and 40% of the diets were cheaper and had a better 

nutritional quality than traditional ration. 
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ABSTRACT 

Dairy cattle metabolite profiles describe nutritional statues of the cattle and influence its 

production, reproduction and health performances. Metabolite profiles evaluation will help in 

planning feeding strategy. The study was aimed to evaluate metabolite profiles of dairy cattle 

kept under traditional farm management of KPSBU cooperative members in Lembang to help 

the farmers in making feeding strategy. Fifty cows located in five different feeding regimes 

belonged to 20 farmers have been evaluated. Blood sample have been taken to measure 

glucose, non-esterified fatty acid (NEFA), -hydroxy-butyric acid (BHBA), cholesterol and 

urea contents of the blood. The type of feeds used were identified and sampled for nutrient 

content analyzing. Nutrient intakes were recorded and calculated. Milk productions were 

recorded and their quality were scanned. Cow’s body weight were estimated from hearth 

girth. Cow’s body condition scores were observed by 3 trained panelist. The samples were 

taken using stratified random method. Descriptive statistics were used to describe metabolite 

profiles of the cattle. Correlation of each parameter was conducted prior to regression 

analysis. The result showed that feed quality used by the farmer were low and their quantity 

were excessive. The cows were low in blood glucose but high in NEFA and BHBA. The 

profiles showed a negative energy balance (NEB). A significant correlation was found 

between some metabolite profiles (cholesterol, urea and glucose) with dairy performances 

(milk production, BCS and body weight). The ability of the metabolite profile in estimating 

the dairy cow’s performances will be discussed. 

 

Key words: metabolite profile, dairy cattle, traditional farmer, milk production, negative 

energy balance 

 

INTRODUCTION 

Traditional dairy farm is the major system of dairy cattle production in Indonesia 

(Despal et al. 2017). The dairy farming were previously established as part of social welfare 

and rural development scheme (Moran, 2009) but currently have been treated as business 

(Moran, 2005). The farms mostly located in highly density population area of hilly mountain 

(Despal et al. 2017) surrounded by horticulture area (Despal et al. 2013). One of dairy cattle 

production area is Lembang, Bandung-West Java.  

In high density population area such as Lembang, lack of forage were commonly 

found due to high land competition with horticulture and tourism. Excessive used of 

concentrate were commonly practiced (Hasanah et al. 2017) to overcome the problem. Despal 

et al (2013) reported that farmer in Lembang offered excessive amount of low quality feed to 

their cows but imbalance nutrient to fulfill requirement of high producing cow they kept. It 

mailto:despaltk@gmail.com
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was also reported that low body condition score and low persistency were commonly found 

within the cows.  

To avoid any metabolic, reproductive and feed inefficiency problems from such 

feeding practice and to make appropriates feeding strategy and intervention, dairy cows 

nutritional statues should be checked routinely. Although, nutritional statues affect its 

production, reproduction and health performances (Despal et al. 2017; Wetterman et al. 2003) 

directly, but traditional dairy farmers have lack capacity to conduct the test. Nutritional 

statues and negative energy balance (NEB) which commonly occurred during transition 

periods (Asl et al. 2011) can be evaluated using non-esterified fatty acid (NEFA), glucose, 

urea, albumin, cholesterol, beta-hydroxybutyric acid (BHBA) concentrations in the blood. 

High NEB condition reduced the cow’s persistency and life spend. 

The research was aimed to evaluate nutritional statues of dairy cows kept under 

traditional farm management in Lembang by analyzing metabolite profile in the blood 

(glucose, urea, albumin, cholesterol, BHBA, and NEFA). The research was also attempted to 

estimate the cow’s performances (milk production and its components, body condition score 

(BCS)) from its metabolite profiles. 

 

METHODS 

Fifty Friesian Holstein cows with 442.71 ± 33.65 kg body weight, 4.83 ± 2.02 years 

age, 2.96 ± 1.72 lactation cycles were evaluated. Fresh blood sample were taken from jugular 

vein using syringe in aseptic condition by a vet. The blood were transferred into 

anticoagulant tubes and kept in ice water bath. Fresh blood sample were used to evaluate 

glucose, BHBA and cholesterol contents. Blood serum were used to analyze albumin, urea 

and NEFA concentration after the blood was centrifuged for 15 minutes at 4000 rpm. The 

serum were stored frozen at -4 oC for future analyses. Glucometer, precisian xtratm blood 

ketone test strips, chol total cholesterol, albumin liquicolor, urea liquicolor, and max 

discovery NEFA assay kits were used to analyze the glucose, BHBA, cholesterol, albumin, 

urea and NEFA contents.  

The type of feeds used and they amount of their offered were identified and weighted. 

Feed samples were sent to laboratory for proximate and mineral analyses. Morning and 

afternoon milk production were measured volumetrically and their component were scanned 

using Lacto-scan type S_L. The cow’s body weight were estimated from its hearth girt 

(Sudono et al. 2003), body condition were scored by 3 trained panelist. 
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Descriptive statistics were used to describe feed intake, dairy performance and 

metabolite profiles. Regression analysis were used to estimate dairy performance from its 

metabolite profile. Data analysis were conducted using software statistical package for social 

science (SPSS) version 20. 

 

RESULTS AND DISCUSSIONS 

The amount of feed intake and their nutritional content were shown in Table 1. The 

amount of feed and nutrient requirement for average cow’s observed according to NRC 

(2001) were 12.58 kg DM with 13.75% CP, 65%, TDN, 0.53% Ca and 0.34% P or 1.73 kg 

CP, 8.17 kg TDN, 0.07 kg Ca and 0.04 kg P.  Table 1 showed that DM, TDN and CP intake 

were excessive but Ca and P intake were deficient which led to non-linear milk production 

increment (Indriani et al. 2103). Excessive nutrient were excreted to the environment (Despal 

et al. 2017). 

Table 1. The amount of feed intake and its nutrient contents 

Parameter Amount 

Feed Intake   

Forage, kg head-1 d-1 7.71 ± 2.20 

Concentrate, kg head-1 d-1 7.83 ± 1.74 

Total, kg head-1 d-1 15.60 ± 2.19 

Nutrient contents  

DM, kg head-1 d-1 15.60 ± 2.19 

Ash, kg head-1 d-1 1.91 ± 0.36 

CP, kg head-1 d-1 1.79 ± 0.30 

Fat, kg head-1 d-1 0.37 ± 0.06 

CF, kg head-1 d-1 3.50 ± 0.61 

NFE, kg head-1 d-1 8.59 ± 1.52 

Ca, kg head-1 d-1 0.04 ± 0.01 

P, kg head-1 d-1 0.03 ± 0.01 

TDN, kg head-1 d-1 10.38 ± 1.44 

Dairy cattle performances were shown in table 2. Although milk production and 

component were higher and normal, but the average BCS were low than expected for 6 

months in milk cow which showed that the cow’s body storage were used to support nutrient 

needed (Sukandar et al. 2008) and showed by high BHBA and NEFA contents (Shaka et al. 

2006). Depressing glucose content in the blood also indicated NEB which increased hepatic 

gluconeogenesis. High cholesterol content in the blood indicated high fat amount in the 

ration. Lipolysis that went beyond liver oxidative capacity resulted in accumulation of 

triglyceride in liver. 
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High CP intake were not used to support milk production which showed by high 

blood urea content (Rowlands et al. 1974; NRC 2000)). This might due to imbalance amino 

acid in the ration and dis-synchronized availability of carbon chain needed. High urea content 

also indicated high amino acid catabolism to support energy required by the cow (Abdelgadir 

et al. 1996) inefficiently (Roselet et al. 1993).  

Table 2. Dairy cattle performances 

Parameters Average Normal References 

Body weight, kg 442.7 ± 33.65   

BCS 2.76 ± 0.47   

Months in milk 6.13 ± 3.84   

Milk Production,  L head-1 d-1 14.48 ± 3.82   

Milk components    

Fat, % 4.99 ± 0.62   

Lactose, % 4.16 ± 0.72   

Solid non-fat, % 7.78 ± 0.31   

Protein, % 2.93 ± 0.14   

Manure score 2.52 ± 0.51   

Metabolite Profile    

Glucose, mg dL-1 52.85 ± 8.86 53.4 – 72.1 Lucy et al. (2013) 

BHBA, mg dL-1 12.94 ± 4.45 > 9.00 Julie et al (2013) 

Cholesterol, mg dL-1 196 ± 48.69 166.08 Prihatno et al (2013) 

Albumin, mg dL-1 2.96 ± 0.28 2.1 – 3.6 Ribeiro et al (2008) 

NEFA, mmol L-1 1.57 ± 0.25 > 1.00 Veenhuizen et al 1991) 

Urea, mg dL-1 22.69 ± 6.65 9.5 – 19.5  Rowlands et al (1974) 

  

Estimation of metabolite profile from nutrient intake are : 

Glucose  =  24.062 + 38.113 CP + 1.698 NFE; R2 = 0.26  

BHBA  =  4.018 + 419.720 Ca – 188.268 P; R2 = 0.39  

Albumin  =  2.203 + 7.198 Ca + 15.030 P; R2 = 0.30  

Urea  =  25.065 – 14.252 DM – 38.217 CP + 47.685 fat + 24.601 CF + 4.504 NFE + 

  2.338 TDN; R2 = 0.70  

 

Estimation of dairy performance using metabolite profile were not sophisticated which 

showed by low R2 coefficient. The equation to estimate the performance are: 

Milk production  =  7.882 + 0.035 Cholesterol; R2 = 0.203 

BCS =  2.148 + 0.029 Urea; R2 = 0.192  

Body weight  =  360.322 + 1.597 Glucose; R2 = 0.183  
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CONCLUSION 

 The cow kept in traditional dairy farm of Lembang were in NEB condition due to low 

quality feed used in excessive amount but imbalance nutrient. This situation will reduce 

cow’s persistency and life spend. It is suggested to reformulate the ration to balance the 

nutrient needed.  
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ABSTRACT 

Two experiments were done to examine the adapatability new introduced grass Paspalum 

atratum in Central Sulawesi.  The first  experiment was carried out to investigate the effects 

of levels of urea fertilization on growth, biomass production  and nutritive value of Paspalum 

atratum.  A 4 x 6 completely randomized block design was applied in this study. There were 

four levels of urea fertilization namely 0, 100, 200 and 300 kg/ha.  All treatments were 

replicated six times. The pols of Paspalum atratum were planted at distance of 75 x 75 cm in 

each plot which was consisted of 3 x 3 m.  Plant high, number of tiller, leaf width, dry matter 

biomass production and nutritive value of Paspalum atratum were recorded. The second 

experiment was done to investigate the effect of different legume herbs mixture with grass on 

growth and dry matter biomass production of Paspalum atratum.  A completely randomized 

block design with 4 treatments, 8 replicates/plot, with 32 total plots, each 3x3 m in size was 

used in this experiment. The treatment involved were planting Paspalum atratum alone 

(monoculture, P), Paspalum atratum mixed with Dolicos lab-lab (PDL), Centrosema 

pascuorum (PCP) and Clitoria ternatea (PCT).  Parameter measured include plant height, 

tillage number, leaf width  and dry matter production of Paspalum atratum.  The results of 

Experiment 1 showed that levels of urea fertilisation significantly (P<0.05) increased plant 

height, tillage number, dry matter production and crude protein (CP) content, and reduced 

significantly neutral detergent fibre (NDF) of of Paspalum atratum.  No significant effect 

(P>0.05) was detected of the level of urea fertilastion on leaf width, dry matter (DM), organic 

matter (OM) and ether extract (EE) of Paspalum atratum. Experiment 2, demonstrated that 

mixed planting between Paspalum atratum with legume herbs did not affect significantly 

(P>0.05) plant height, tillage number and leaf width of Paspalum atratum.  

 

Key Words:Growth, biomass production, Paspalum atratum, urea;legume herbs 

 

 

INTRODUCTION 

Introduction of improved forages is one of the strategies to increase the productivity 

of ruminants in Indonesia. More than 10 improves tropical forages both legumes and grasses 

were introduced to farmers in Central Sulawesi through the Australian Centre for 

International Agricultural Research projects. The legume species that had been introduced 

include Dolichos lab-lab, Clitoria ternatea, Arachis pintoi, Macroptilium bracteatum and 

Centrosema pascuorum. While the improved grasses that were introduced such as Brachiaria 

mulato, Brachiaria brizantha, Panicum maximum, Paspalum atratum.  These introduced 
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Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

242 
 

forages were commonly planted as cut and curry that grow as forage banks, companion 

plantings within crops or as annual or perennial pastures in spare cropland  or upland areas 

(Pengelly and Lisson, 2001; Corfield et al., 2008).   

Among the introduced forages, Paspalum atratum is the most favourable grass that 

was chosen by farmers due to its high animal palatability, high biomass production and 

medium nutritive value. This leafly perrenial tussock grass can grow on various soil types 

from sands to clays and tolerant to poor drainage soil, acid soil and soil with low fertility.  

Paspalum atratum has been adapted to areas with 20-270C annual temperature, drought-

tolerant, and have the capacity to grow rapidly under favourable conditions (Hare et al., 

2001). With this high adaptability to the different soil and climate types, Paspalum atratum 

has developed well in many areas in Central Sulawesi province and very suitable as cut and 

curry grass.  In addition, this grass has high potential toincrease ruminant productivity.  

Marsetyo (2014) for example, fed Kacang goats with three grasses (native grass, Brachiaria 

mulato and Paspalum atratum) and showed that goat given Paspalum atratum have highest 

daily liveweight gain  (75 g/day) compared with goat fed Brachiaria mulato and native grass 

which gained their liveweight 57 and 33 g/day, respectively.  

As new introduced grass in Central Sulawesi, very little work has been done to 

increase growth, production and nutritive value of Paspalum atratum under various 

management system, soil and climate in Central Sulawesi.  Testing of the new adopted grass 

Paspalum atratum with various management systemsis needed to determine if they are 

adapted to the new environment in Central Sulawesi.  The first study was therefore to 

examine the growth, yield and nutritive value of new introduced Paspalum atratum with level 

of urea fertilisation, while the second study was to examine the effect of mixed planting with 

legume herbs (Dolichos lab-lab, Centrosema pascuorum and Clitoria ternatea) on growth 

and dry matter production of Paspalum atratum.  Nitrogen is required by grasses including 

Paspalum atratum to maintain their growth and crude protein level that needed by ruminants 

to optimise their rumen fermentation (Humphreys, 1995). Both urea fertilisation and mixed 

planting with legume herbs are purposed to provide nitrogen to the grass  that can be used to 

stimulate the growth and dry matter biomass production of Paspalum atratum. 
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MATERIALS AND METHODS 

Site and Time 

The two experiments were carried out at the farm site located at Sidera village, Sub 

District of Sigi Biromaru, District Sigi, Central Sulawesi Province, Indonesia (0°41'0"South; 

119°44'0"East)  from April to August 2017.  

 

Experimental Design, Procedures and Treatment 

In Experiment 1, level of urea fertilisation  were tested in a completely randomized 

block design with 6 replicates/plots.  The treatment imposed were dose of urea ferlisation 

namely 0, 100, 200 and 300 kg/h.  The plots were blocked on the basis of land slope.  There 

were 24 plots prepared for this experiment, each plot was 3 x 3 m and separated with ditches 

(50 cm) for the drainage.  Before the commencement of the experiment, all planting areas 

were prepared and cleared from unwanted material.  The area was then  ploughed thoroughly 

by using hoes manually. After the plots were ready, plantation of Paspalum atratum was 

done by vegetative planting material (pols) in each hole prepared.  There was one pols per 

hole, each plot consisted of 3  rows with 75 cm distance between row.  Total number of grass 

planting holes were 9 in each plot. Plots were weeded twice after planting with hand hoes.  

For uniformity, all plants were cut to 5 cm above ground level, two week after 

planting.  Urea then was applied for each plot according to the treatment allocation one week 

after the plants were cutting.  Urea fertiliser was placed in small hole prepared 5 cm from the 

plant.  The farm site was well irrigated.  The growth parameters (plant height, number of 

tiller and  leaf width) were monitored at weeks  4 and 8.  Five plants for each plots was 

measured for growth parameters.  All plants were harvested on week 8 and measurements 

were made for DM biomass production and sample collection for chemical analysis.  The pH 

and chemical composition of soil were measured.  

In Experiment 2, Paspalum atratum was planted in companion with different legume 

herbs and arranged  in a 4 x 8 completely randomaised block design.   Four treatments 

employed in this study include planting of Paspalum atratum as monoculture (P), planting of 

Paspalum atratum with Dolichos lab-lab (PDL), Centrosema pascuorum (PCP) and Clitoria 

ternatea (PCT).  Each treatment was replicated eight times/plot. Before planting in the plots, 

both Paspalum atratum tiller (pols) and legume seed of DL, CP and CT were planted on the 

lightly surface raked into the soil on the separated cocker.  After growing for 10 days the 

plants were removed on plot 3 x 3 m based on treatment allocation.  Paspalum atratum pols 

were planted at distance of 75 x 75 cm with 9 plants in each plot, while three legume herbs 

7were planted on each plot based on the treatment allocation. There were 5 plants each plot 
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measured for growth parameters.  Plant height, tillage number, leaf width were monitored at 

weeks 4and 8 after plantation and then harvested by cutting all plants at each plot, for DM 

biomass production.  The site had access to irrigation facilities.  Weeding for each plot was 

done fornightly by using hand hoes during experimental period. The sample of soil was 

analysed at the soil laboratory of Tadulako University to determine the soil chemical 

composition, while the soil pH was measured by using soil tester.   

 

Chemical analyses 

Samples of Paspalum atratum grass were ground using a refrigerated blender before 

passing a 1 mm screen.  Representative samples were analysed for DM, OM, ether extract 

content (AOAC, 1990), for NDF (Goering and Van Soest, 1970) and nitrogen to determine its 

CP content, by the Kjeldahl laboratory procedure. 

 

Climate data collection and Statistical analysis 

Climate data were collected from the nearest agrometeorological station.  These data 

include daily average temperature, daily maximum and minimum temperature, daily humidity 

and precipitation. 

Data collected from the experiment were analysed using twoway analysis of variance 

on the Minitab statistical program.  Differences in mean values between parameters mesaured 

were compared by Least significant differences test (Steel and Torrie, 1989).  

 

RESULTS  

Soil and Weather conditions 

The soil of the farm site is classified as a sandy loam soil, with the following chemical 

characteristics: Sand = 14.32%; C = 2.24%; N = 0.28%; pH KCl = 4.62; Ca = 5.09meq/100 g; 

Mg = 0.25meq/100.  The average of soil at the experimental site pH was 6.35.  Range of 

daily temperature was 25-33°C, annual rainfall was 870 mm/year and relative humidity  62-

90%. 

 

Growth, Yield and Nutritive value of Paspalum atratum fertilised  

with different urea level 

 

The effect of level of urea fertilisation on growth, DM biomass production  and 

nutritive value of Paspalum atratum are presented in Table 1. Level of urea fertilisation 

increased significantly (P<0.05) plant hight, tillage number, biomass production, and CP 

content of Paspalum atratum either at 4 or 8 weeks.  Neutral detergent fibre of Paspalum 
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atratum on the other hand was decreased significantly (P<0.05) by increasing level of urea 

fertilisation.  Leaf width, DM, OM, EE content of Paspalum atratum were not affected 

significantly (P>0,05) by level of urea fertilisation. 

Table 1.  Growth, dry matter (DM) biomass production and nutritive value of Paspalum 

atratumin respond to the level of urea fertilisation 

Parameters 
Levels of urea fertilisation (kg/ha) 

0 100 200 300 

Agronomy     

Plant height 4 wk (cm) 65.10±1.63 a 70.37±1.76 b 75.60±2.23 c 76.19±1.90c 

Plant height 8 wk (cm) 86.92±2.58a 98.69±2.12b 100±3.32c 103.21±2.48c 

Tillage number 4 wk (per 

plant) 

33.21±2.44 a 39.92±2.84 b 43.88±2.62 c 44.83±2.60c 

Tillage number 8 wk (per 

plant) 

85.42±4.40a 110.25±3.48b 116.54±4.21c 120.79±5.51c 

Leaf width 4 wk (cm) 2.31±0.05 2.29±0.05 2.30±0.06 2.35±0.04 

Leaf width 8 wk (cm) 2.54±0.03 2.57±0.03 2.60±0.02 2.61±0.02 

Dry matter biomass 

production 8 wk (ton/ha) 

3.87±0.31a 4.42±0.34b 4.89±0.26c 5.47±0.24d 

Nutritive value     

Dry matter (%) 27.78±0.66 26.87±0.23 26.94±0.71 26.04±0.42 

Organic matter (% DM) 88.47±3.42 89.31±3.34 89.84±3.63 90.52±3.75 

Crude Protein (% DM) 6.03±0.18a 8.06±0.13b 9.75±0.09c 11.74±0.16d 

Neutral detergent fibre (% 

DM) 

66.22±2.90a 64.53±3.21b 62.47±2.71c 59.24±3.06d 

Ether extract (% DM) 1.53±0.02 1.48±0.03 1.60±0.04 1.62±0.03 

Means with different superscripts in same raw are significantly different (P<0.05)  

 

Growth and Yield of Paspalum atratum affected by mixed planting with legume herbs 

The effect of mixed plantation of Paspalum atratum with legume herbs on growth and 

DM biomass production of Paspalum atratum is presented in Table 2.  Plant height, tillage 

number and DM biomass production of Paspalum atratum tended to be lower on treatment 

PDL PCP and PCT than P, however, those parameters were not affected  significantly 

(P>0.05) by treatment.   
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Table 2.   Effect of  mixed plantation  with legume herb on growth and  dry matter biomass 

production of Paspalum atratum 

Parameters Paspalum atratum-Legume herbs mixture 

P* PDL* PCP* PCT* 

Plant height 4 wk (cm) 76.78±1.46 73.33±1.53 77.22±1.42 73.25±1.86 

Plant height 8 wk (cm) 91.90±2.56 86.35±2.71 89.83±2.00 87.74±2.56 

Tillage number 4 wk 24.38±1.94 20.00±1.31 22.69±2.22 21.25±1.80 

Tillage number 8 wk 63.34±4.04 57.03±3.65 62.47±3.47 57.00±3.01 

Leaf width 4 wk (cm) 2.25±0.05 2.21±0.04 2.22±0.04 2.15±0.03 

Leaf width 8 wk (cm) 2.45±0.05 2.41±0.04 2.51±0.07 2.44±0.04 

Dry matter biomass production 8 

wk (ton/ha) 

4.90±0.68 4.47±0.18 4.61±0.29 4.57±0.11 

Means with different superscripts in same raw are significantly different (P<0.05) 

* P = Paspalum atratum, PDL = Paspalum atratum mixed with Dolichos lab-lab, PCP = 

Paspalum atratum mixed with Centrosema pascuorum, PCT = Paspalum atratum  mixed 

with Clitoria ternatea 

 

DISCUSSION 

Fertilisation of Paspalum atratum with urea at level 100, 200 and 300 kg/ha, 

equivalent with application of 46, 92 and 138 kg/ha nitrogen, increased significantly (P<0.05) 

the growth and DM biomass production of Paspalum atratum.  Dry matter biomass 

production of Paspalum atratum increased 14, 16 and 34% compared with control (without 

urea fertilisation).  The grass may absorb increased available nitrogen in the soil and use it to 

form new plants as indicated by increased tillage number in association with increasing level 

of urea application.  At the same time plant also used available nitrogen to syntesise its tissue 

so the plant heigh was also increased in response to increased level of urea fertilisation.  

Increasing DM yield of grass in response increasing nitrogen fertiliser is in agreement with 

previous studies (Humpreys, 1995; Guenni et al., 2008; Damry et al., 2009).  Damry et al. 

(2009) reported that fertilisation of urea at level of 150 and 300 kg/ha of Brachiaria mulato 

resulted in the increase of DM biomass production 84 and 150%, respectively from the 

control (without urea supplementation).  Havlin et al. (1999) noted that nitrogen fertilisation 

can increased the number of and wide of leaf which can enhance the vegetative growth such 

as the plant height, number of tiller due to stimulation of photosynthesis process of the plants.  

The value of DM biomass production of Paspalum atratum in the current experiment (3.87-

5.47 ton/ha) is in the range of biomass production of similar grass in Thailand reported by 

previous studies  (Hare et al. 2001; Kalmbacher and Martin, 2003. Hare et al., 2008 and Hare 

et al., 2009).  

The mixed planting of grass-legume herbsis targetted to improve yield and 

herbagenutritive value compared with growing these speciesin monoculture.  This is due the 
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addition of nitrogen captured from the air by the legume plants.  The growth and DM 

biomass production of Paspalum atratum in PDL and PCP, and PCT treatments in the current 

experimenttended to be lower than P tretament but the differences were not significant 

(P>0.05).  The number of legume in each plot were only 3 plants that may not capture enough 

nitrogen for Paspalum atratum to absorb. This may be one reason why mixed planting 

between Paspalum atratum and legume herbs failed to increase growth and biomass 

production of Paspalum atratum.  In addition, these legume herbs grew creeping around 

Paspalum atratum and physically covered the area of the grass.  Due to this physical 

coverage, Paspalum atratum at the treatment PDL, PCP and PCT may have lower light 

intensity compared with full light conditions on treatment P.  Similar result was reported by 

previous workers, Suratmini et al. (1997) whonoted that DM biomass production of Panicum 

maximum did not increased significantly when mixed with Arachis pintoi.  In contrast to the 

current study, many authors reported that mixed`planting of grass with legume herbs 

increased DM biomass of the grass.  Valentine et al. (1986), for example reported that mixed 

planting between Arachis glabrata and Paspalum notatunt increased DM production of 

Paspalum notatum up 100%.  Bahar et al. (1994) also documented an increase in biomass 

production of grass component from mixed planting between Arachis pintoi and Digitaria.  

These authors reported that production of Digitaria was 175 g/m2 when planted as 

monoculture, and increased to 320 g/m2 when planted in mixture with Arachis pintoi.  This 

increase in DM biomass production and CP content of Paspalum atratum is caused by the 

transfer of nitrogen from legume to the grass (Soedomo, 1981; Humphreys, 1995).  

Humphreys (1995) pointed out that every 1000 kg of top dried material of the legume can 

catch up about 15-40 kg nitrogen. 

 

CONCLUSIONS 

Level of urea fertilisation to Paspalum atratum increased plant height, tillage number, 

dry matter biomass production and crude protein content,  and reduced nuetral detergent fibre 

content.  Planting of Paspalum atratum with legume herbs (Dolichos lab-lab, Paspalum 

atratum and Clitoria ternatea) did affect significantly growth and dry matter production of 

Paspalum atratum.  
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ABSTRACT 

West Nusa Tenggara Province (NTB) plays an important role in producing and distributing 

beef cattle in the country. Considering the potencies of natural and human resources to 

develop beef cattle farming, NTB should be given a hight priority of beef cattle production. 

NTB has launched “Bumi Sejuta Sapi Program (NTB-BSS)”, which aims to increase the 

number of beef cattle as well as the employment for the farmers in the province, and 

furthermore accelerates increasing the beef self-sufficiency in the country. The research was 

conducetd in North Lombok Regency, Central Lombok Regency and West Lombok Regency. 

The research used 20 Bali cow has Twinning Reproduction (TR);  20 twin calves of Bali 

cattle (TC); 20 Single Reproduction of Bali cow (SR)  and 20 single calf of Bali cattle (SC), 

for 6 months.  Variables are observed: Feed intake and production performances, level of 

FSH hormone and LH hormone in the blood. The data obtained were analysis with t-test.  

The results showed, the average feed offered contain 9.2%  of crude protein, 55% of TDN 

with dry matter intake of 3,5% BW for TR and 3.2% for SR. The bearing twin Bali cattles 

(TR) has lower body condition than that of single reproduction (SR) cow, the liveweigh of 

TR was 221.25 ± 48.72 Kg and SR was 223.05 ± 57.31 (P<0,01), the FSH and LH levels in 

the blood was  0.460.08 mlU/ml for TR  and 0.380.06 mlU/ml  for SR and the LH was 

0.130.12 mlU/ml for TR and 0.120.09 mlU/ml for SR. It can be concluded that naturally 

twin in the Bali cattle increased efficiency of Bali cattle productivity, so it is potential for 

used to accelerate of beef cattle self-sufficient. 

 

Key words: Twin, Bali cattle and productivity.  

 

INTRODUCTION 

The domestic production of beef has not been able to cover country’s need of beef. In 

fact, in 2011, Indonesia constantly imported life and frozen beef in number 23,670 of cows 

which was priced at US＄ 16,714,000 and US＄14,345,000 for 2,844 tons of beef (Anonim, 

2011a). While, in 2012 the target was increasing up to 282,000 of beef at cost US＄ 

199,114,000 and beef up to 34,000 tons at cost US＄ 171,525,000 (Anonim, 2011b). The 

effort of raising domestic cattle population to increase the slaughtered beef supply as the 

source of beef production was expected to be able to reduce the number of imported beef. 

In the recent years, it is frequently reported the emergence of the twins reproduction 

on the Bali cattle in the people’s breeding (Anonim, 2008). As a livestock which is 
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biologically classified into Uniporous Animal (producing only one calf for every production). 

It is therefore, the twin reproduction is an unusual case which will cause either a positive or 

negative impact toward its cattle productivity. The impact of the cattle producing twins in 

Indonesia is still responded in pro and cons, because the research data that can answer to the 

question of to what extent the influence of the twin reproduction on the cattle towards the 

productivity of either the cattle or the calves is strictly lmited. The result of foreign research 

shows, the positive impact of the twin reproduction on Bos taurus is that producing more than 

one calves for every once reproduction, while the negative one is the frequency of retentio 

placenta, premateur reproduction, dystocia, pre-weaning mortality, and the decline of 

physical condition of either the cattle or the twin calves (Kirkpatrick, 2002). However, the 

result of that research has proved that the negative impact could be overcome through a good 

and correct maintenance (Notter, 2009). Thereby, this genetic twins has been selected to be 

cattle seeds that had twinning genotype at least 87,5%. Then, their potency is developed and 

is utilized to raise the population of cattle for increasing beef production (Van Vleck and 

Gregory, 1996). This thing shows that the twin reproduction on the well-breeded cattle has 

big potency in increasing the cattle productivity so that they can succeed the West Nusa 

Tenggara goverment’s program, i.e. The Land of a Million Cattle (NTB-BSS) and they can 

be used as an alternative solution to increase beef production in Indonesia.  

The research on the twin reproduction naturally on the local beef cattle in Indonesia, 

especially on the Bali cattle, is rarely conducted up to now so that the basic data relates to the 

twin reproduction is strictly limited. In fact, the potency of the genetically twin reproduction 

on the beef cattle are not found yet, whether they are positively or negatively affected if they 

are utilized as the effort of increasing domestic beef production by increasing cattle 

population. Therefore, this research is the first step to gain basic data about the effect of 

natural twin reproduction on the Bali cattle toward the cattle’s productivity (productive and 

reproductive performances). 

 

MATERIAL AND METHOD 

This research consists of field and laboratory activity. The first was field observation 

of the feed intake and productive performance of the Bali cattle (body weight), while the 

second one was analyzing the level of FSH and LH hormone in the Bali cattle’s blood. 

 

Research Material 

A 20 Bali cows that were genetically twin reproduction; 20 twin calves; 20 single 

cows and 20 single Bali calves where their productive performance were obeserved including 
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feed intake and production performances such as liveweight. Then, analysing the level of 

FSH and LH hormone in the laboratory to see the secretion pattern and the concentration of 

their reproductive hormone by using ELISA method.  

The feed composition offered on dry matter basis were consist of 60% forage (mixed 

of 50% elephant grass (Pennisetum purpureum) and 50 % rice straw) and 40% concentrate 

with the  protein content and total digestible nutrients of 9% and 55%. 

 

Research Method 

The reseach was conducetd in three  (3) different districts of Lombok; Central, West, 

and North Lombok districts for 6 months. The research implementation was the combination 

of direct observation to the location and to the cattle; field observation was conducted by 

measuring, sampling and interviewing the farmers/managers, analysing sample in the 

laboratory and biological experiment in the cage.  

Reproductive performances of the Bali cattle, their reproductive activity was observed 

visually, taking the blood sample, recording data and interviewing the farmers/manager. The 

amount of nutrient/ration consumed by the cattle were weighted by using scale (Sandoz) with 

capacity of 50 Kg with 0.10 Kg and 5 Kg with 5 gr accuracy,  feed ingredients was analysed 

proximate to obtain dry matter, organic substance, crude protein, fat, crude fiber and TDN. 

Body weight were recorded by using electric scale (Ruudweight) with capacity 1000 kg and 

accuracy 0,10 kg.  

Blood samples were taken from vena jugularis by using anti-coagulant tube for FSH 

and LH analysis. The blood was centrifugated in 3.000 speed rpm for 10 minutes. Then, the 

blood serum formed was taken and placed into the tube (evendof) in 1.5 ml size. Then, it was 

stored in 200 Celcius of temperature for FSH and LH analysis by using ELISA.  

The variables observed were age, body dimention (weight, hip height, chest girth), 

body condition of cows and calve and secretion pattern of FSH and LH. The data obtained 

were analysed using real distinction test (t-test) (Astuti, 1980) and following with descriptive 

analysis.  
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RESULT AND DISCUSSION 

Feed intake 

Feed intake and quality of cow bearing twinning calve (TR) and single calve (SR) are 

shown in Table 1, 2 and 3.  

Table 1.  The quality of feed nutriens  (%) 

Feed Condition DM OM CP Fat CF TD 

Elephant grass fresh 11.9 77.9 8.4 1.6 29.4 56.3 

Native grass fresh 20.7 83.5 5.2 2.3 30.9 55.9 

Rice straw fresh 41.1 67.0 6.8 1.5 23.4 45.6 

Rice straw dry 61.6 67.0 6.3 0.3 30.4 69.9 

Corn stover fresh 19.8 82.5 15.7 1.3 22.8 64.1 

Corn stover dry 36.5 79.9 10.5 0.6 29.9 62.7 

Cassava waste fresh 11.5 82.7 20.2 2.6 19.9 65.5 

Soybean straw dry 90.1 83.8 4.2 1.9 45.4 49.7 

DM = Dry Matter, OM = Organic Matter, CP = Crude Protein , CF = Crude Fiber, TDN Total  

Digestible Nutrients 

 

The nutrient consumption on Twinning Reproduction (TR) and Single Reproduction 

(SR) of  Bali cattle shown in Table 2. 

 

Table 2.  The average of nutrient intake of the Twinning Reproduction (TR) and Single 

Reproduction (SR) of  Bali cattle 

Bali cattle Dry Matter Intake (DMI) 

(%) 

Crude Protein (CP) 

(%) 

TDN* (%) 

TR 3.5 9.2 55 

SR 3.2 9.0 55 

 Note : * = total digestible nutrient 

 

The average of nutrient intake of Bali cattle in this study within the range of Bali 

cattle needs as reported by Muhammad (2011) who reported feed intake for Bali cattle as 

shown in Table 3.  

Table 3. Nutrient requirement for Bali cattle (kg/day) 

Body Weight Dry Matter (%) Crude Protein (%) TDN (%) 

200 4.0 10.0 – 11.1 57-63 

300 3.0 8.9 – 10.0 57 
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Production performance 

Production performance of Bali cattle of the Twinning Reproduction (TR) and Single 

Reproduction (SR) shown on Table 4.  

Tabel 4.   The average of  production performance of the Twinning Reproduction (TR) 

and Single Reproduction (SR) of  Bali cattle 

 

Observations 

 

Location 

Bali Cattle 

TR SR 

Physical (Performance)    

LW (kg)  221.2548.72 223.0557.31 

S/C (times)  2.601.47 1.950.89 

Ages (year)  6.252.09 5.901.99 

Hormone    

FSH (mlU/ml)  0.460.08 0.380.06 

LH (mlU/ml)  0.130.12 0.120.09 

Note :   LW= Liveweight  S/C =  Service per Conception 

 

The reproduction performance on the Bali cattle that were genetically twining 

reproduction (TR) tend to be lower than those single reproduction (SR) as indicated (Table 4) 

from the average LW in TR = (221.25 + 48.72) kg lower than that of SR = (223.05 + 57.31) 

kg. Service per Conception (S/C) was lower in TR (2.6 + 1.47) than of SR (1.95 + 0.89). Its 

indicated that the frequency of service on the TR were occured more regularly than that of the 

SR. Thereby, it could be more than one service which resulted twin reproduction, and this 

was closely related to the level of FSH and LH hormone in the blood. 

The result of FSH and LH hormone analysis in this research in agreement to 

Hardjosubroto and Astuti (1994) and  Peters and Ball, (1995) related to the function of FSH 

and LH. It was inversely proporsional to the result of research on the cattle with TR physical 

observation, as showed in the Table 4, while in Table 5 showed the average of the 

reproduction performance of the Bali calf. 

 

Table 5.   The average of  reproduction performance of the twin calves (TC) and single calf 

(SC) 

 

Observations 

Calf of Bali Cattles 

TC SC 

Physical (Performance)   

LW (kg) 99.0060.99 100.3061.43 

S/C (kali) - - 

Ages (month) 16.2016.21 16.2016.21 

Hormone   

FSH (mlU/ml) 0.500.11 0.500.11 

LH (mlU/ml) <0.070.00003 <0.070.00003 

Note : BW = Body Weight   S/C =  Service per Conception 
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There were no different performance of twin calves (TC) and single calf (SC) as weel 

as level of FSH and LH hormone as indicated in Table 5. A proper feeding could minimize 

the negative impact and optimize the positive impact of natural twin reproduction of the Bali 

cattle. The result of field observation showed that the TR that have a calf suckled for the first 

three months experienced a greater weight loss and longer days open rather than those single 

reproduction. However, the off spring performance of both TS and TS were not different up 

to 90 days of sukcling period but TS has has shorter days open. Indeed, the economic value 

of  natural twin reproduction need a special economic analysis.  

However, as the Uniporous animal, cow that have twins calve have greater 

physiological pressure than those that of cow with single calf and tend to have lower body 

condition.  

The result of this research proved that the productive and reproductive performances 

showed by cattle with TR was basically gave the evidence towards the existence of positive 

potency of the natural TR on the Bali cattle. The decline of weight and physical condition and 

days open delay on the cow bearing twin calf only in the first three months of lactation. if it 

was compared with the total of productive performances on their twins, so it was gained a 

higher efficency level than the cattle have single calf. 

    

CONCLUSION 

Bali cattle with natural twin have production performance decline for the first 3 

months of lactation period but the total efficiency of the production level increased. 
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ABSTRACT 

The aim of this study was to investigate rumen microbial protein synthesis through purine 

derivatives excretion on Bligon goat fed with fermented tofu by-product as main component 

of diet supplemented with NaHCO3 as buffer. Twelve female Bligon goats, 25 kg body 

weight were placed individually on metabolism cages and divided into 3 groups (4 goats 

each). All goats received forages and fermented concentrate mixed diet. The ratio of forages: 

concentrate was 70:30. Forages consisted of native grass and peanut straw (1:1), while rice 

bran and pollard were used as concentrate, and industrial tofu by-product as main 

concentrate. Diets were supplemented  with NaHCO3 buffer at 0%; 1,5%, and 3% of total 

ration (as fed). The experiment was done for 37 days which includes feeding adaptation for 

30 days. At the last 7 days, feed residue, faeces, and also urine were collected everyday for 

chemical analysis. Moreover, urine was collected as 24 hours for total excretions of allantoin, 

uric acid, xanthin, and hypoxanthin analyses. All data were analyzed using analysis of 

variance with one way design followed by Duncan's Multiple Range Test. Suplementation of 

NaHCO3 significantly increased concentration of purin derivatives and estimated microbial 

protein synthesis (EMNS). The amount of purine derivatives (µmol/unit/day) on each 

treatment P0, P1, P2 were 1926,33; 2609,78; 2430,95 with EMNS (g N/d) were 1,8; 2,01; and 

2,04. Total of purine derivatives excretion based on body weight metabolism, digestible 

organic matter on rumen (DOMR), and EMNS/DOMR (efficiency of microbial protein 

synthesis) were not affected by NaHCO3 supplementation. It can be concluded that 

supplementation of NaHCO3 1,5% on fermented industrial tofu by-product increased 

concentration of purine derivatives, total excretion of purine derivatives, and EMNS on 

Bligon goat although it couldn’t increase efficiency of  microbial protein synthesis. 

 

Key words: Industrial tofu by-product, Fermented feed, Microbes protein synthesis, Purine 

derivatives, Bligon goat 

 

 

INTRODUCTION 

Feedstuff, the essential component to support animal production, is the major 

operational cost for most animal farms therefore the rising cost of feed is driving some 

farmers to utilize alternative feedstuffs such as industrial tofu by-product. Hernaman et al. 

(2005) confirmed that Industrial tofu by-product, one of home industrial waste contains high 

protein (18.67% DM) therefore it is possible to be used as feedstuff for ruminants. The 

constrain of applying industrial tofu by-product as diet ingredients is it’s high water content 

(91.33%) which may reduce storage time and increase the probability of mold growth. One of 
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the methods that may be used to preserve industrial tofu by-product is fermentation by lactic 

acid bacteria that can decreased pH value of the fermented material. 

The pH value of the acid fermentation concentrate when administered to the animal 

may cause the decreasing of the rumen pH value. Sheehan (2007) explained that the decrease 

in pH value of rumen can occur after the animals consume silage. In addition, the decrease in 

rumen pH can also be caused by feeding the animal with lots of easily fermented 

carbohydrates containg diet.  

The abnormal pH value in the rumen will be neutralized by saliva as a natural buffer, 

The amount of salivary secretion will be insufficient for the buffering system to maintain pH 

if animal  are fed by high non-structural carbohydrates containing diet. This condition is 

caused by the fact that concentrate feed is easily digested and fermented so in the process it 

takes only a little saliva to wet the feed (Arora, 1995). The ruminant animals get protein 

supply from protein feed and microbial protein which is the result of fermentation in the 

rumen. AFRC (1992) cit. Dewhurst (2000) explained that 2/3 to 3/4 parts of proteins 

absorbed by ruminants originate in microbial proteins. The final product of feed protein 

fermentation will be used for microbial growth and is used to synthesize rumen microbial cell 

proteins as a major protein supply for ruminants. 

Based on the above description it seems necessary to add NaHCO3 buffers to keep the 

pH rumen stable so that microbial rumen remains stable when goat received LAB fermented 

industrial tofu by-product containing diet. The use of sodium bicarbonate (NaHCO3) as a 

buffer component of pH in the rumen has been widely practiced such as Santra et al. (2003) 

showed that supplementation of NaHCO3 in a high concentrate ration could increase the pH 

of rumen, total volatile fatty acid, as well as total nitrogen supply. 

The estimation of microbial protein supply based on the purine derivatives (PD: 

allantoin, uric acid, xanthine and hypoxanthine) excretion in the urine of ruminants is 

considered to be the simple method and non invasive as it does not need the digesta flow 

measurement as well as rumen-duodenal cannulated animal. Therefore it is being used by 

researchers all over the world for animal nutrition studies (Yusiati, 2005). Based on the above 

description, it is necessary to estimated synthesis of rumen microbial protein based on the 

excretion of purine derivatives in the urine of goat Bligon which is fed fermented diet based 

on tofu waste with the addition of NaHCO3. 
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MATERIALS AND METHODS 

Concentrate Fermentation 

The ingredients of fermented concentrate were  Industrial tofu by-product  39.00%, 

Pollard 29.25%,  rice bran 29.25%, molases 1%, Premix 1%  and LAB 0.50%. The 

ingredients was weighed in their proportions and then gently mixed and fed into the 

fermenter while solidified and the fermenter was sealed so that the fermenter are nearly in 

anaerobic conditions inside. The fermentation was done up to 14 days. At the end of the 

fermentation period, the fermenter is opened and samples were taken out for pH measurement 

and was prepared for nutrient content determination including dry matter (DM), organic 

matter (OM), crude protein (CP), crude fiber (CF), ether extract (EE) based on proximate 

analysis (AOAC. 2005). Nutrient content of the ration showed in Table 1.   

Table 1. Nutrient composition of the ration 

Ingredients Ratio  DM OM CP CF EE NFE 

Forage 70,00 25,90 63,71   6,24 21,08 4,56 31,84 

Fermented Concentrate 30,00 16,50 26,70   5,21 5,16 1,80 14,53 

Total     100,00 42,40 90,41 11,44 26,25 6,36 46,37 

 

Animals and biological trial 

Twelve Bligon goats with body weight of 25 kg were used in this study to estimate 

microbial protein synthesis when the animals fed by industrial tofu by-product concentrate 

which was fermented by LAB (Table 1) and forage contained of peanut straw and native 

grass (1:1).  

All animals were kept in metabolism cages to get the good separation feces from urine 

collected and fed twice a day at 07.30 am and 15.30 pm. The amount of feed served to the 

animal based on the dry matter (DM) basic need (3% of the animal body weight). Drinking 

water were served ad libitum. The animals were divided into three groups based on the level 

of NaHCO3 buffer added to the fermented diet. Group1, received diet without addition of 

NaHCO3 buffer as control, group 2 received diet with addition of 1.5% NaHCO3 buffer, and 

group 3 received diet with addition of 3% NaHCO3 buffer. 

The adaptation period was run for 30 days and followed by one-week collection 

period. During the time, 500 g of feed samples were taken daily as well as 10% of individual 

uneaten feed. The samples were dried, bulked individually and grinded. Sub samples were 

taken for nutrient analysis, including dry matter (DM), organic matter (OM) analysis 

according to the AOAC (2005) method. Daily individual feces samples as much as 5% of 
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total excretion were taken and put in fridge through the collection period. The samples were 

made into composite and sub samples as much as 10% of the total samples were taken for 

DM and OM analysis.  

Urine was collected daily into plastic bucket placed under the cages and containing 

10% sulfuric acid solution to reached the urine pH below 3 to avoid microbial growth. Urine 

volumes were measured  and filtered through the 2 layers of gauze. Daily sub samples were 

taken, put into 20 ml plastic vials and stored at -200 C. At the end of collection period, the 

samples were analysis for PD (allantoin,  uric acid and xanthine hypoxanthine ) 

concentration. Allantoin was determined by spectrophotometric method according to the 

procedure of Yang dan Conway (Chen and Gomes, 1992), while uric acid was determined by 

spectrophotometric method using Kit reagent.    

Microbial protein synthesis was estimated according to the equation Y = 0.84X + 

(0.150 W 0.75 e-0.25X) proposed by Chen and Gomes (1992) with modification in endogenous 

PD excretion for Bligon goat (Purwati et al., 2012). The equations was used for goat to 

describe the quantitative relationship between absorption of microbial purines (X mmol/d), 

and excretion of PD in urine (Y mmol/d).  

Estimated Microbial Nitrogen Supply (EMNS, g/ d) = (X mmol/d x 70)/ (0.83 x 0.116 

x1000) = 0 727X. The efficiency of the microbial protein synthesis in the rumen was 

expressed as grams of microbial N per kilogram of digestible organic matter apparently 

digested in the rumen (DOMR).  

 

Statistical analysis 

Data were analyzed using variance analysis with one way complete randomized 

design, followed by Duncan's test New Multiple Range Test (Astuti, 1981). 

 

RESULT AND DISCUSSION 

The addition of NaHCO3 at the levels of 1.5% and 3% in the dregs-based fermented 

feeds significantly (P <0.05) was able to increase the level of purine derivatives excreted by 

Bligon goats when compared to the controls. However, an increase in the addition of a 1.5% 

NaHCO3 level to 3% did not lead to a marked increase in the level of purine derivatives 

excreted by Bligon goats. The results of purine derivatives obtained in this study are still 

within the range reported by Marapana and Seresinhe (2007), which is 1800 to 3617 μmol/l, 

but greater than that of Putra (2015), which is 1418.40 μmol/l.  
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Table 2. Purine derivatives concentration in the urine of Bligon goat fed fermented concentrate 

with industrial tofu by-product as main component supplemented NaHCO3  (mean ± 

SE) 

Concentration 

(µmol/l) 

Level of NaHCO3 (%) 

0 1,5 3 

Allantoin* 1784,85 ±   56,13a 2445,00 ±  224,37b 2247,55 ± 110,59ab 

Uric acid*      94,25 ±     2,57a    113,79 ±    14,00ab   128,74 ±     4,85b 

Xanth-Hypons      47,23  ±     4,85      51,00 ±      4,51     54,65 ±     2,97 

PD* 1926,33 ±   51,99a  2609,78  ±  237,13b 2430,95 ± 114,41b 
  abin a row, mean values with the different superscript were significantly differ ( P  0.05) 
  nsin a row, mean values are not significantly differ ( P  0.05) 

 

The addition of NaHCO3 at the levels of 1.5% and 3% in the industrial tofu by-

product-based fermented feed significantly (P <0.05) increase the concentration of purine 

derivatives excreted by Bligon goats. However, increasing level of NaHCO3 from 1.5% to 

3% did not lead to a marked increase of urinary purine derivatives concentration. The 

concentration of PD obtained in this study was still within the range (1800 to 3617 μmol/l), 

as reported by Marapana and Seresinhe (2007), but greater than that (1418.40 μmol/l) as 

reported by Putra (2015). 

Based on these data, the addition of NaHCO3 to the industrial tofu by-product 

fermented feed knew to have a marked effect on the levels of allantoin, uric acid, and purine 

derivatives excreted by Bligon goats. This may be due to the addition of NaHCO3 acting as a 

buffer component in fermented feed based on tofu pulp so that the pH value of the fermented 

feed is not very acidic when administered to animal. In addition NaHCO3 may also act as a 

pH stabilizer substance inside when the pH in the rumen is low due to the rapid formation of 

VFA resulting from the degradation of fermented concentrate feed. In line with Calsamiglia 

et al. (2008) explained that the rapid decrease in pH value of rumen can be caused by the 

formation of VFA as a result of feed fermentation containing rapid degraded concentrate . 

The result of this study showed that allantoin was the largest fraction of urinary purine 

derivative, followed by uric acid and xanthine hypoxanthine (92.65:4.89:2.45). A similar 

pattern was reported by Putra (2015) that in Bligon goats showed allantoin as the largest 

fraction in total purine derivative excretion of 83.98%, followed by uric acid 15.17%, then 

xanthine and hypoxanthine as the smallest fraction of 0.85%. The proportion of allantoin and 

xanthine hypoxanthine obtained in this study was greater, whereas the proportion of uric acid 

was lower than that of Putra (2015). The difference may be due to enzyme activity in nucleic 

acid catabolism, wherein xanthine oxidase enzyme will convert xanthine hypoxanthine into 

uric acid and uricase enzyme will convert uric acid into allantoin (Chen and Ørskov, 2003). 
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Table 3. Purine derivatives excretion in the urine of Bligon goat fed fermented concentrate with 

industrial tofu by-product as main component supplemented NaHCO3  (mean ± SE) 

 
Level of NaHCO3 (%) 

          0                   1,5            3 

Allantoinns(µmol/W0,75/d)   188.92 ±    7.60   204.78 ±   6.34   212.05 ±   15.54 

Uric acidns(µmol/W0.75/d)     10.59 ±    0.83       9.45      0.44     12.24 ±     1.18 

Xanth-Hypons(µmol/W0.75/d)       3.68 ±    0.33       4.78 ±   0.63       4.83 ±     0.44 

PDns(µmol/W0.75/d)   203.19 ±    8.12   219.01 ±   6.15   229.12 ±   17.03 

EMNS* (g N/d)       1.80 ±    0.05a       2.01 ±   0.07b       2.04 ±     0.06b 

DOM ns (g)   895.08 ±  54.67   920.73 ± 11.63   884.52 ±   72.05 

DOMR ns (g)   581.81 ±  35.53   598.47 ±   7.56   574.94 ±   46.83 

EMNS/DOMR ns(g N/kg)        3.12 ±   0.19       3.35 ±   0.12       3.62 ±     0.34 
  abin a row. mean values with the different superscript were significantly differ ( P  0.05) 
  nsin a row. mean values are not significantly differ ( P  0.05) 

 

Allantoin. uric acid. Xanthine, hypoxanthine and total PD excretion in the urine of 

Bligon goat received industrial tofu by-product concentrate fermented feed with the level of 

NaHCO3 1.5% and 3% addition were not significantly different compared with the control. 

Allantoin excretion of Bligon goats was lower than that of Carro et al. (2015) in Granadina 

goats which gave 442.00 μmol/W0.75 allantoin excretion. but it was not much different from 

Putra (2015) on Kejobong goat that was 158.17 μmol/W0.75. The recent finding showed that 

uric acid excretion was lower than  that reported Purwati et al. (2013) on Bligon goat ( 16.88 

μmol / W0.75). The excretion of xanthine and hypoxanthine was greater than that excreted by 

the Bligon goat reported by Putra (2015) with the value of 0.97 μmol/W0.75.  

  The results showed that the addition of NaHCO3 as much as 1.5% and 3% in the 

LAB fermented feed gave significant effect (P <0.05) on EMNS. However. increased levels 

of NaHCO3 buffer addition from 1.5% to 3% did not affect the EMNS. Such elevation of 

EMNS can occur due to the addition of NaHCO3 acting as a rumen fluid pH balance agent. 

Santra et al. (2003) reported that the addition of NaHCO3 to the feed significantly increased 

the pH of rumen fluid. NaHCO3 acts as a buffer to maintain a rumen pH balance when the 

rumen pH decreases. 

With stable pH in the rumen it can be said that microbial protein synthesis proceeds 

well, although microbial protein synthesis is also affected by ammonia concentration as a 

source of N and ATP as an energy source for microbial protein synthesis. Cotta and Hespell 

(1986) reported that the proteolytic bacteria of the B.fibrisolvens rumen were active at 

optimum pH of 5.5 to 7. Similarly. Lana et al. (1998) mentioned that a decrease in pH in the 

rumen also caused a decrease in ammonia production. 
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Kang and Wanapat (2013) explained that feed buffer supplementation may increase 

the growth of rumen microbes populations. Russell and Wallace (1997) cit. Rodriguez (2007) 

explained that the feeding of carbohydrates that contain lots easily digested can cause 

negative effect to the synthesis of rumen microbial protein because in the process of 

fermentation in the rumen can reduce the rumen pH and affect fiber digestibility. Pathak 

(2008) explains that low pH of rumen can disturb the rumen microbial balance and reduce the 

digestibility of feed. 

The addition of NaHCO3 at the levels of 1.5% and 3% in the fermented feed based on 

tofu pulp showed there is no significant effect on DOM. DOMR. and EMNS / DOMR of 

Bligon goat (Table 3). Although statistically the addition of NaHCO3 to the dregs-based 

fermented feed did not affect the value of EMNS/DOMR. but along with the increasing of 

NaHCO3 addition to the industrial tofu by-product-based fermented feed the value of 

EMNS/DOMR also tended to increase. This indicates that the degradation of organic matter 

in the rumen and its conversion into microbial proteins is also increasing with the addition of 

NaHCO3 buffer. This is in accordance with research of Kang et al. (2014) that buffer 

supplementation in the form of banana flour containing minerals can increase the efficiency 

of microbial protein synthesis produced by Friesian Holstein cattle.  

 

CONCLUSION 

 Based on results of this experiment, it can be concluded that the addition of 1.5% 

NaHCO3 buffer in the fermentation-based feed of industrial tofu by-product-based 

fermentation can increase purine derivates concentration and estimation of rumen microbial 

protein synthesis, but does not affect the total excretion of purine derivates and the efficiency 

of microbial protein synthesis. 
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ABSTRACT 

The expression of leptin receptors in the ovarian tissues could alter the responsiveness of 

steroidogenesis. In goats, the PCR primer set of leptin receptor has been shown to be useful 

to understand some physiological mechanism on how leptin secretion acts on changes of 

reproductive hormones at ovarian level through the expression and localization of its 

receptors. Therefore in this study, we designed a PCR primer set of leptin receptor for goats 

from a multiple sequences of leptin receptors of goats, sheep, swine and cattle obtained from 

the NCBI GenBank. The amplification program was modified and optimized as follows: 

enzyme activation step (95 °C for 5 min) followed by 40 cycles of denaturation, annealing 

and extension (94 °C for 15 s, 63.5 °C for 30 s and 72 °C for 45 s). The specificity and 

efficiency of designed primer were tested on corpus luteum (CL) tissue samples from four 

healthy female goats with average live weight of 27.06 ± 2.31 kg and body condition score of 

2.25 ± 0.38. The newly designed PCR primer set shows a product specific band of the 

expected size (177 bp) in CL samples. Moreover, the PCR product has been further 

confirmed by sequence analysis showed 100% homologous to the Capra hircus sequence. 

Thus, indicating the presence and expression of leptin receptor in the CL. This study will 

facilitate future work on genes expression and localization of leptin studies in goats and also 

will benefits on other species in same genus. 

 

Key words : Leptin receptor, PCR primer, Goat, Corpus luteum, Gene expression 
 

 

INTRODUCTION 

A peptide hormone, leptin secreted mainly by adipose tissue participate in a number 

of important functions related to reproduction by act either directly on luteal tissue, or 

indirectly via the hypothalamic-pituitary-ovarian axis. Leptin able to stimulate the secretion 

of gonadotropin-releasing hormone (GnRH) from the hypothalamus (Caprio et al., 2001) and 

participates in regulation of folliculogenesis by influencing the proliferation of granulosa 

cells, steroidogenesis and apoptosis (Spicer, 2001; Brannian and Hansen, 2002).  Some 

studies show that leptin plays as a stimulator in ovary to stimulate or inhibit the secretion of 

progesterone, androgens and oestradiol (Spicer, 2001; Ruiz-Cortés et al., 2003; Kendall et al., 

2004; Sirotkin et al., 2005).  
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The physiological actions of leptin are mediated via membrane associated leptin 

receptors (LEPR) that belong to the class-I cytokine receptor superfamily and exist in six 

isoforms (Tartaglia et al., 1995). The genomic effects from leptin are considered mediated 

through interaction with specific intracellular receptors. The transcription of specific gene is 

regulated by ligand receptor complex, resulting from binding of steroid to their receptors. 

Therefore, to act on specific cell types in the ovary, leptin receptors must be present to induce 

gene activation (genomic actions). The expression of leptin and its receptorat the in ovarian 

level has been reported before in several species such as rat, bovine and sheep (Ryan et al., 

2003; Sarkar et al., 2010; Munoz-Gutiérrez et al., 2005). Therefore, the level of relative 

expression from the receptors could mediating leptin actions in this particular tissue.  

In order to understand the signaling mechanism of leptin to effectively manage their 

ovarian function, we need better understanding of its receptors. However, a specific primer 

set for the expression and localization of leptin and its receptor in caprine ovary cell are 

unestablished. For successful amplification, proper primer design is the most important step. 

For maximal specificity and efficiency of PCR, amplification of optimal primer sequence and 

appropriate primer concentration are essential. A poorly designed primer can result in little or 

no product due to nonspecific amplification and/or primer-dimer formation that may become 

competitive enough to suppress product formation. Therefore, the aim of this study was to 

develop a specific PCR primer set of leptin receptor for ovarian tissue of goats.  

 

MATERIALS AND METHODS 

Primer design 

Few sequences of leptin and progesterone receptors for goat and other species 

including sheep, swine and cattle were selected from the NCBI GenBank (Table 1). Multiple 

sequences was aligned using clustalW2 to find a conserve region between the species. Then, 

gene-specific primer pairs was designed using the Primer3 software. 

 

In Silico Primer Validation 

Several primers were designed and in silico analysis were perform using Net Primer 

to determine their specificity and potential secondary structure such asmismatching locations, 

primer dimer or hairpin structures which could reduce primer efficiency. Only Primer pairs 

with low potential of secondary structure were selected and synthesized. The specificity and 

efficiency of designed primer were then tested on sample of corpus luteum (CL) tissues. 
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Tissue extraction and quality determination of total RNA 

Corpus luteum from four healthy mixed-Boer female goats with initialrangeof body 

condition score between 2 and 2.5 and age between 2 and 3 years old were used in this study. 

A Total RNA was extracted from each individual samples using Rneasy mini kits (Qiagen). 

The bands of 28sRNA and 18sRNA reflected the high quality of extracted total RNA and the 

concentration and purity check for total RNAswere measured using NanoVue™ Plus 

Spectrophotometer. Isolated RNA samples were free from the protein contamination as the 

OD 260/OD 280 values were more than 1.8. The concentrations of the RNA samples were in 

the range of 100–1500 ng/μl. 

 

RNA reverse transcription 

For each sample, 1 µg of total RNA were reverse transcribed into complementary 

DNA (cDNA) to a final volume of 20ul using Transcriptor First Strand cDNA Synthesis Kit 

(Roche) product commercial protocol as following:Master mix containing: 2.5 µM of 

Anchored-oligo(dT) Primer, 4 µl Transcriptor Reverse Transcriptase Reaction Buffer (5x), 20 

U Protector RNase Inhibitor, 1mM Deoxynucleotide Mix and 10 U Transcriptor Reverse 

Transcriptase. The synthesis of cDNA was carried out by first incubating the mixture total 

RNA with Anchored-oligo(dT)18 Primer at 65 ºC for 10 min and 55 ºC for 30 min after 

adding remaining component. The reverse transcriptase was inactivate by heating at 85 ºC for 

5 min. 

 

Evaluation of primer pair and optimization of polymerase chain reaction (PCR) 

condition 

The amplification of primer set designed was tested using cDNA template from 

corpus luteum sample using Master Cycler Gradient (Eppendorf). The integrity of the 

templates and the PCR condition were confirmed by examining two housekeeping gene, 

GAPDH and B-actin as internal standard in the samples. The conditions for PCR were 

optimized with regard to Taq DNA polymerase (Promega, USA), PCR water, primers, 

MgCl2 concentrations, and various annealing temperatures. Amplification products were then 

separated on a 2% high-resolution gel electrophoresis and analyzed with the Image Master 

system (Pharmacia). The PCR product that shows a product specific band was further 

confirmed by sequence analysis.  

 

RESULTS 

Results from In silico analysis shows four selected primer sets with their characteristic 

and potential secondary structure (Table 2). The selected primer pairs were evaluated for their 
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specificity by PCR assay. To optimize the primers efficiency, different concentrations of PCR 

and temperatures (between 50 °C and 70 °C) were tested for each primer sets. The modified 

reaction reagents and amplification program were described in Tables 3 and 4 respectively.  

Although all three of the primer pairs selected shows low possible of secondary 

structure formation, however, only primers 1 able to successfully and consistently amplify 

LEPR genes from corpus luteum tissue. Conversely, primer 2 and 3 failed to amplify the 

target genes from many of the samples (Figure 1). From the results of PCR product, although 

Primer 2 successfully amplified LEPR gene, however, strong amplification of non-target 

band shows that these primer is not specific. Whereas, PCR product from Primer 3 shows no 

amplification of target LEPR gene. Several non-specific bands were amplified together with 

primer dimer by Primer 3.  

Amplified PCR products from Primer 1 together with housekeeping gene showed a 

single band and the expected molecular size of 154 bp for GADPH, 200 bp for B-actin and 

177bp for leptin receptor (Figure. 2). The PCR product was then further confirm by sequence 

analysis which showed 100% homology to the Capra hircus sequences. Table 5 shows the 

selected primer sequences for leptin receptor (LEPR) and housekeeping gene (B-actin and 

GADPH) used in this study. 

 

DISCUSSION 

In order to design an optimal PCR primer pair several bioinformatics filters were 

applied. In this study, a primer with relatively short amplicon size (100-200 bp) was design to 

ensure the PCR amplification efficiency.  Product size below 100 bp were rejected to avoid 

potential challenged to differentiate between target PCR products with potential primer 

dimers from gel electrophoresis result (Wang et al., 2011). One of the important primer 

design consideration is the melting temperature (Tm) of the primer pairs. We designed primer 

within ranged of Tm values between 55–60°C. Low Tm values may not anneal well during 

PCR while high values would made primer to be less flexible causing difficulty locating the 

correct target site on the template. In addition, the primer GC content were restricted to 40–

65% to ensure uniform primer annealing. Frequently, primer with GC-rich content (greater 

than 65%) is difficult to amplify by the PCR (Sahdev et al., 2007).  

It is best to design PCR primer with less possible of secondary structure thus we try to 

select primer sequences with low potential of primer complementarity, especially at the 3' 

ends nucleotides of a primer. This ensures a less possibility of non-specific self-

binding/extension of primers (Rychlik, 1995). The complementary structure is a problem for 

PCR assay because the primer tend to bind to itself (Chen et al., 2002).When part of a primer 

is complementary to another part of itself, the primer may fold in half and form a hairpin 

http://www.sciencedirect.com/science/article/pii/S089085080700028X#!
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structure. Besides that, primer-dimer formation causes the same problems to PCR reaction as 

the hairpin structure. It may also act as a competitor to amplification of the target DNA 

(Rychlik, 1993) thus, reduce the specificity of the primer and PCR amplification. In this 

study, during in silico analysis we evaluates the free energy (ΔG)of the 5 bases from the 3′ 

end of the primer and candidates with strong delta G (-9kcal/mol or more negative) were 

rejected to avoid problematic formation of dimers on the 3' site. Through in silico analysis, 

only four primers that meet all considerable criteria were selected. In order to confirm our in 

silico analysis, in vitro testing of primer specificity was performed.  Results from PCR assays 

at initial amplification condition;enzyme activation step (95 °C for 2 min) followed by 30 

cycles of denaturation, annealing and extension (95 °C for 1 min, 60 °C for 30 s and 72 °C 

for 15 s) shows no target/faint band, non-specific amplification and primer dimer formation 

(data not shown) Thus, we decided to optimize this detection by making an alteration on 

reaction condition and amplification cycle. We found that faint or no specific band could be 

causes by incomplete denature of template DNA leading to low amplification efficiency and 

insufficient amplification due to few amplification cycle. Therefore, we increased the 

amplification cycle and denaturation time to 40 cycles and 5 minutes. Concentration of 

template DNA use in PCR assay was also increased to final concentrations 200 ng/ul to 

eliminate primer dimer and non- specific amplification. High concentration of template 

would reduce the chances of primer binding to itself and non-specific site of template. We 

also tested different annealing temperatures (50-70°C), in order to observe the effect that this 

variation would have in primer sensitivity and specificity. Despite the fact that theoretical 

melting temperature of the all four primer designed within 60°C, at this temperature primer 

specificity was very low, primer dimer and unspecific band were still exist. Only with higher 

annealing temperature (63.5°C), we able to achieved target band for primer 1.  

Although all three selected primer meet all considerable criteria and shows low 

potential of secondary structure formation, however, a very strong non-specific band and 

primer dimer could be observed from primer 2 and 3. This shown that validation of primer 

pair could not depends solely on in silico analysis. In silico analysis is a predictions that do 

not take into account the chemical reactions/limitations that can occur in the PCR tube and as 

such cannot truly approximate experimental events (Henriques et al., 2012).  

 

CONCLUSION 

Good and specific primer design is essential for a successful PCR reaction. Additional 

and modificationsof original specifications were necessary to obtain functional and specific 

primer pairs. Primer pair of leptin receptor was designed and optimized for PCR assay to 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Henriques%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23153093
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facilitate future study to determine expressionof leptin receptor gene and assess their 

regulation in ovarian function. 
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Table 1.  A few selected accession number for LEPR and PGR gene primers of different 

species from NCBI database. 

Gene Species Accession number 

Leptin receptor 

(LEPR) 

Goat (Capra hircus) 1. AY846770 

2. XM013962774.1 

Sheep (Ovisaries) 1. NM001009763.1 

2. U62124.1 

Cattle (Bostaurus)  1. XM015460867 

2. XM005204483 

Swine (Sus scrofa) 1. GQ268933.1 

2. AF036908.1 

Water buffalo (Bubalus bubalis) 1. AY177609.1 

2. KC415274.1 

 

http://www.ncbi.nlm.nih.gov/nuccore/?term=leptin+receptor
http://www.ncbi.nlm.nih.gov/nuccore/?term=leptin+receptor
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Table  2.  Four primer sets with their characteristic and potential secondary structure 

Primer  Accession no. Amplicon 

size 

Primer Length Tm GC

% 

Self-dimer 

(∆G) 

Hairpin 

(∆G) 

Cross-dimer 

(∆G) 

1 XM018045226.1 177 Forward primer 

 

20 59.22 50 0 0  

 

0 Reverse primer 

 

22 59.43 50 0 0 

2 HQ834858.1 157 Forward primer 

 

22 59.16 50 -4.16 0  

 

-4.77 Reverse primer 

 

25 60.22 40 0 -1.09 

3 XM013962774.1 244 Forward primer 

 

20 59.52 50 0 0  

 

0 Reverse primer 

 

21 57.14 41 0 0 



Proceedings  of  The 5th International Seminar of Animal Nutrition and Feed  Sciences   2017 

 

273 
 

Table 3. Reaction reagent with concentration for PCR assay 

Component Volume Concentration 

5x GoTaq Flexi buffer 4.0 µl 1x 

Mg  Solution 3.2 µl 4mm 

PCR nucleotide Mix 0.5 µl 0.25mm 

Forward primer 2.0 µl 1µm 

Reverse primer 2.0 µl 1µm 

GoTaqDna polymerase 0.5 µl 1.25 unit 

Template DNA 1.0 µl 200 ng 

Nuclease free water 6.8 µl  

Final reaction volume 20 µl  

 

Table 4. Cycling condition for PCR assay amplification 

Step Temperature Time No. of cycles 

Initial denaturation 95 °C 5 minutes 1 cycle 

Denaturation 94 °C 15 seconds  

40 cycles Annealing 60 °C 30 seconds 

Extension 72 °C 45 seconds 

Final extension 72 °C 30 seconds 1 cycle 

Soak 4 °C indefinite 1 cycle 

 

Table 5.  Primer sequences of forward primer (F) and reverse primer (R) of leptin receptor, B-

actin, GADPH and resulting fragment size 

Target gene Primer sequence (5′→3′) Fragment 

size (bp) 

Accession no./ 

Reference 

Leptin  receptor  F: TGGCTGGAAGATGTGGGAAA 

R: TAAAGGGTAAGCACTGAGGGAC 

177 XM018045226.1 

B-actin F: ACCACTGGCATTGTCATGGACTCT 

R: TCCTTGATGTCACGGACGATTTCC 

200 AF481159/ 

Celestino et al.(2010) 

GADPH F: TGTTTGTGATGGGCGTGAACCA 

R: ATGGCGTGGACAGTGGTCATAA 

154 AJ431207/ 

Celestino et al. (2010) 
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Figure 1. Gel electrophoresis demonstrated the PCR products of three designed primer amplified 

withcorpus luteum tissues sample of female goats. Lane M is DNA ladder (50-1000bp), Lane 1: 

primer 1 (177 bp), Lane 2: primer 2 (157 bp) and Lane 3: Primer 3 (244 bp). While A:Target 

band, B: Non-specific band and C: Primer dimer 

 

 

 

 

 

 

 

 

 

 
Figure 2. Agarose gel electrophoresis of selected PCR products from selected primer pairs tested 

on sample of corpus luteum of female goats. Lane M is DNA ladder (50-1000bp), Lane 1: B-

actin (200 bp), Lane 2:GADPH (154 bp) and Lane 3: LEPR(177 bp) 
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ABSTRACT 

One of the commodities that will experience competition in the single market of the ASEAN 

Economic Community is beef. In Indonesia the main source of beef to fulfill the needs of the 

community comes from smallholders farming, and very few of the feedloter and even the rest of 

the imports. The province of  West Nusa Tenggra is one of the provinces in Indonesia known as 

Bali cattle warehouse to supply cattle breeding needs for 18 provinces in Indonesia. West Nusa 

Tenggara is also known as beef cattle supplier for Jakarta, Bogor Depok, Tangerang, Bekasi 

(Jabodetabek) and West Java. Thus, the position of West Nusa Tenggara becomes very strategic 

in contributing to the sufficiency of national meat based on smallholders farming. In connection 

with this in order to face ASEAN Economic Community has been conducted research with the 

aim to find out the problems faced cow farms in West Nusa Tenggara according to the view of 

various parties. Research has been conducted in 10 regencies/town in West Nusa Tenggara from 

July to December 2015 with survey method. Data were collected from various agencies, direct 

interview using questionnaires and Focus Group Discussion (FGD). The number of respondents 

used as many as 750 people was divided into five groups of 150 people each requested his views 

on the problems faced by smallholders cattle farming in West Nusa Tenggara in the face of 

ASEAN Economic Community. The result of research shows that there are 10 main problems of 

28 problems faced by smallholder cattle farming in West Nusa Tenggara in facing ASEAN 

Economic Community, namely: (1) availability of animal feed especially in dry season; (2) the 

availability of drinking water for livestock especially in the dry season; (3) disease incidence in 

livestock; (4) farmers do not know what to do in facing ASEAN Economic Community; (5) 

knowledge of breeder farmer in applying technology (feed) is still low; (6) utilization of 

agricultural waste (rice and corn straw) is not yet optimal as animal feed especially in long dry 

season; (7) the skills of farmers in breeding is still low; (8) lack of institutional support for 

extension (BPP, Bapeluh and Bakorluh); (9) cattle stocks have not used collective cages; and 

(10) the existence of farmer institution is not optimal yet. By knowing the main problems faced 

by the cattle farming society, it can be used as consideration for the government, especially in 

West Nusa Tenggara province in taking the right policy, strong, and targeted program in 

development of cattle farming business in West Nusa Tenggara in order to be able to compete in 

facing ASEAN Economic Community. 

 

Key words : main problem, smallholders farming, ASEAN Economic Community, West  Nusa 

Tenggara 
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INTRODUCTION 

 The ASEAN Economic Community which has been in force since December 31, 2015 is 

non-negotiable. We must be ready to deal with a single market of ten ASEAN countries, namely 

Malaysia, Singapore, Philippines, Thailand, Vietnam, Brunei Darussalam, Laos, Myanmar, 

Indonesia, and Cambodia. There are at least five sectors of market competition that will be 

contested: the goods, services, capital, investment and labor sectors. One of the sectors that will 

experience competition, namely the commodity of cattle in the form of beef. In Indonesia the 

main source of beef to meet the needs of the community comes from smallholders cattle farming, 

and very few of the feedloters and the rest of imported beef. National livestock business to date 

is still dominated by cattle farming business with the number reaches more than 95 percent of the 

total number of farmers in Indonesia (Apriantono, 2009). 

West Nusa Tenggara Province is one of the province in Indonesia known as Bali cattle 

warehouse to supply the needs of Bali cattle for 18 provinces in Indonesia. West Nusa Tenggara 

is also known as beef cattle supplier for Jakarta, Bogor, Depok. Tangerang, Bekasi (Jabodetabek) 

and West Java. Almost 99 percent of 1,002,731 cattle population in West Nusa Tenggra in 2013 

is a cattle farming business with an average ownership of 1-3 heads/households (Animal 

Husbandry and Animal Health Office of West Nusa Tenggara Province, 2015). In West Nusa 

Tenggara most of the farmers are livestock farms, and very few or even no large livestock 

companies, such as in Java and Sumatra. Smallholder livestock business is characterized by 

household business scale and small livestock ownership, using simple technology, labor-

intensive, and family-based principles of organization (Yusdja and Ilham 2004). Even more 

extreme many of the breeders are not livestock owners, but as cattle farm workers or livestock 

workers whose life is from livestock raising. Because the people's livestock is related to the 

livelihood of the people, it should be the center of attention of the development of cattle farms 

aimed at the people's farm. 

Reckon West Nusa Tenggara Province is one of the producer and surplus areas of cattle 

production hence its position becomes very strategic in giving its contribution to national meat 

sufficiency. Every year, West Nusa Tenggara Province produces 16,500 cows and 12,000 cows 

to various provinces in Indonesia (Animal Husbandry and Animal Health Service of West Nusa 

Tenggara Province, 2009). Domestic beef production has not been able to meet the demand due 

to various problems in the development of beef cattle, among others: (1) business or calf-

cowoperation less desirable by the owners of capital because it is economically less profitable 

and required a long maintenance time, (2) the limitation of superior males on nurseries breeders, 
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(3) the availability of non-continuous feed and low quality especially during the dry season, (4) 

utilization of agricultural waste and agroindustry of agriculture as feed material not yet optimal, 

(5) low reproduction efficiency of livestock with the distance of childless ( calving intervals), (6) 

limited sources of feed ingredients that can increase livestock productivity and genetic potential 

problems have not been optimally addressed and (7) outbreaks of disease (Isbandi 2004; 

Kariyasa 2005; Maryono et al. 2006; Santi 2008) . 

The biggest challenge in increasing the population of beef cattle in Indonesia is on the 

main perpetrators of beef cattle business that is farmers. The position of the farmer as the main 

subject or livestock business is very important in increasing the livestock population in Indonesia 

because 99% of livestock business in Indonesia is managed by the livestock business. During 

this time, the ability of breeders in raising livestock beef cattle only about 2-3 cows per breeder 

so that the population of cattle in Indonesia is only about 15-16 million cows. If the cattle 

breeders' capacity to raise cattle can be increased to 5 cows , the livestock population will 

increase dramatically to 28 million cows and even if the breeder capacity is increased to 10 

cows, so the total population of beef cattle in Indonesia fulfills the basic population need for self-

sufficiency of 56 million cows (Hasan, S., 2014). 

According to Baba, et al. (2013) that the problem of beef cattle in Indonesia can be 

reviewed from several perspectives. According to the breeder's perspective as the main 

perpetrator of livestock business in Indonesia, the farmers with all the responsibilities that have 

become the activator of the development of beef cattle breeding business in Indonesia. Some 

phenomena that can be observed on the behavior of beef cattle ranchers that cause beef cattle 

business is very difficult to increase the scale of its business at the level of breeders are: (1) 

business beef cattle placed farmers as a side business. Consequently, the outpouring of time, 

outpouring of costs and investments in livestock are not of primary concern to farmers. When 

meeting between the food crop business interests (usually as a staple business) with the business 

interests of beef cattle, the food crop business is prioritized. Breeders usually sell livestock to 

finance crops but very few farmers sell food crops to finance beef cattle business, (2) related to 

number one phenomenon, the time allocation for beef cattle farmers is only 2-3 hours per day. If 

it has exceeded that time, the breeder is more willing to reduce the number of her livestock than 

to defend it at the expense of more time. Farmers have other responsibilities for crops, as 

husbands or wives, social responsibilities which all require very limited time for breeders; (3) the 

ability of cattle rearing farmers is very limited. According to statistical data, the scale of beef 

cattle business is only 2-3 caws heads mainly for non landbased maintenance system. If the 
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number of livestock is improved, the breeder is no longer able to be marked by a thin cow or 

livestock health that is not guaranteed anymore. Limiting factors are land, labor, feed and 

working time; (4) if the breeder is able to increase the business scale more than 3 caws, so faecal 

waste become problem, especially for farmer's neighbors. Farmers have not been able to manage 

the faeces into organic fertilizer as one of the branches of profitable business. Similarly, biogas 

technology has not been optimally adopted by farmers. Even if used by breeders is still limited to 

trials; (5) access of limited technology of breeders. Farmers already know a lot about the way of 

fermentation of straw and corn silage, however, not many breeders know how to deal with their 

supply throughout the year so that the needs of livestock can be fulfilled. Similarly, the 

manufacture of organic fertilizer from livestock waste has been widely known by farmers, but 

the knowledge to make it in a profitable production system is not yet known by the farmers so it 

can not be operated at farmers farming level. 

Furthermore Mersyah (2005) suggests, there are two factors that cause slow development 

of beef cattle in Indonesia. Firstly, the main centers of beef production in Java Island that 

accounted for 45% of  national beef production are difficult to develop because: (a) livestock is 

reared according to rural households (RTP) in rural areas, (b) livestock fed forage and waste 

agriculture, (c) low cultivation technology, (d) livestock breeding purposes as sources of labor, 

breeding (fattening) and fattening (Roessali et al., 2005); and (e) beef cattle cultivation in order 

to produce meat and market-oriented still low. Secondly, in the center of cattle production in the 

eastern part of Indonesia with 16% of the national population, and has extensive pastures, during 

the long dry season the cows become emaciated, the mortality rate is high, and the low birth rate. 

Other obstacles are reduced grazing area, low resource quality, access to difficult capital 

institutions, and low technology use (Syamsu et al. 2003; Isbandi 2004; Ayuni 2005; Rosida 

2006). The driving force behind the development of beef cattle is the increasing market demand 

for beef, the availability of large manpower, the existence of government policies that support 

the development of beef cattle, forage and agricultural waste available throughout the year, and 

local cattle farming is unaffected by the global economic crisis Kariyasa 2005; Gordeyase et al. 

2006; Rosida 2006; Nurfitri 2008). 

In relation to these problems, the use of local feedstocks needs to be optimized so as to 

reduce feed costs without disrupting livestock productivity. One effort that can be taken is to 

keep livestock integrated with food crops or plantations. With this effort, it is expected that the 

limitations of forage can be overcome by utilizing agricultural or plantation waste, so that the 

productivity of crops and livestock is better (Kariyasa 2005; Gordeyase et al. 2006; Utomo and 
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Widjaja 2006; Suryana 2007a). Integration of livestock and crops can be done through a 

partnership pattern between the company and farmers-livestock or local government (Suharto 

2004, Utomo and Widjaja 2004). Another problem that needs attention is the high rate of 

productive female cattle cut even though the Livestock and Veterinary Law firmly prohibits the 

production of productive female cattle. If the productive female cattle slaughter continues 

without strict supervision and severe sanction, the source of the cattle producer will be reduced 

which will further reduce the beef cattle population in Indonesia. 

Therefore, in order to face strong competition against MEA, research has been conducted 

to find out the main problems faced by cattle farms in West Nusa Tenggara according to the 

views of various parties, both farmers as the main actors of agricultural development, 

entrepreneurs in the field of animal husbandry, religious leaders and community leaders, officers 

or officials of the livestock service in district, and agricultural extension agents in the field as 

mentors and farmer in developing their business. By knowing the main problems faced by the 

cattle farms, it will be used as a consideration for the government, especially West Nusa 

Tenggara province government in taking the right policies, strong strategies, and programs that 

are directed in development of cattle raising West Nusa Tenggara in facing ASEAN Economic 

Community in order to be able to compete with the products (meat) from outside West Nusa 

Tenggara region as well as from abroad. 

 

RESEARCH METHODS 

This research was conducted in ten regencies/town in West Nusa Tenggara from July to 

December 2015. The research method used is survey method. Data collection is done by 

collecting various secondary data from related offices/agencies, direct interviews using 

questionnaires and Focus Group Discussions (FGDs) with various related parties. The number of 

respondents used as many as 750 people is divided into five groups. Each group consisted of 150 

respondents who requested their views or opinions on the problems faced by cattle ranchers in 

West Nusa Tenggara in the face of Asean Economic Community. The group of respondents are: 

(1) farmers as the main perpetrators of cattle farms, (2) business actors (livestock traders, cattle 

businessmen), (3) extension workers as mentors, companions, facilitators and facilitators for 

cattle farmers, (4) community leaders and religious leaders, and (5) officers or officials of the 

livestock service in district.   

Each respondent was asked to fill out a list of questions that have been prepared first. 

There are 28 types of questions prepared to be answered by each respondent in each group of 
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respondents (list of questions attached). All respondents were asked to choose the answers to the 

problems faced by the people's cattle farms in West Nusa Tenggara in facing Asean Economic 

Community. The selected problem was determined based on the priority of the problems faced 

by the people's cattle farms when the research was conducted according to the respondents' 

opinion. The data collected was  tabulated by summing up the respondents' answers to each 

question. Furthermore, a problem ranking of 28 types of problems faced by people's farms in 

each group of respondents using the Exel Program. Data were analyzed descriptively. From five 

types of respondents were combined or summed scores assessment of the problems encountered 

to get a recapitulation of the total score of each problem of the 28 problems asked to draw the 

conclusions of the main problems facing cattle farms in West Nusa Tenggara from various views 

in the face of Asean Economic Community. 

 

RESULTS AND DISCUSSION 

The Problems of Smallholder Cattle Farming in West Nusa Tenggara in Facing ASEAN 

Economic Community Based on  Multiple Party Views 

From 28 problems of smallholder cattle farming in West Nusa Tenggara identified in the 

face of ASEAN Economic Community, ten main issues have been identified based on the 

priority of the problem, which is the most popular issues chosen by the respondents. The ten 

issues are: (1) availability of animal feed especially in the dry season; (2) the availability of 

drinking water for livestock especially in the dry season; (3) disease incidence in livestock; (4) 

farmers do not know what to do in facing Asean Economic Community; (5) knowledge of farmer 

farmers in applying technology (feed) is still low; (6) utilization of agricultural waste (rice and 

corn straw) is not yet optimal as animal feed especially in long dry season; (7) the skills of 

farmers in breeding is still low; (8) lack of institutional support for extension (BPP, Bapeluh and 

Bakorluh); (9) cattle stocks have not used collective cages; and (10) the existence of farmer 

institution is not yet optimal, as shown in Table 1 below. 
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Table 1. The Problems Faced by Smallholder Cattle Farming in West Nusa Tenggara                

According to Multiple Parties' Views 

The Problems Faced by Smallholders Cattle Farming 

Number of Respondents in 

each Stakeholder Answer 
 

T 

 

R 
A B C D E 

Availability of animal feed during the dry season 163 85 70 71 75 464 1 

The availability of drinking water for livestock, especially 
during the dry season 

127 77 58 67 63 392 2 

The incidence of livestock disease 128 76 64 61 61 390 3 

Livestock breeding (not yet using a collective cage) 105 75 53 49 54 336 9 

Theft/security of livestock 91 59 53 47 55 305  

Availability of business capital for farmers 113 69 37 50 43 312  

The price of livestock that is not in favor of the breeder 103 59 42 53 51 308  

Farmers' skills in breeding are still relatively low 123 71 46 47 58 345 7 

Knowledge of farmers in the application of techno 122 81 41 45 64 353 5 

The attitude of breeders to new innovations is still low 104 64 33 41 55 297  

The marriage/reproductive system of cattle 120 57 33 39 43 292  

The role of counselor in accompanying the breeder 90 44 40 36 41 251  

The role of veterinarians / medics in serving the health of 
livestock 

134 50 29 46 46 305  

Support / facilitation of livestock and private offices 110 33 28 40 46 257  

Marketing livestock 167 35 32 41 32 307  

Availability of feed in the rice growing season, etc. 122 29 23 27 27 228  

Government policies or regulations (Rules) that support 
cattle raising 

109 50 35 45 43 282  

The role of entrepreneurs supports the people's farms 123 33 22 37 30 245  

Banking support on people's livestock 107 41 18 39 36 241  

The quality of livestock seeds decreased 103 63 32 43 54 295  

The availability of labor in the village in raising less 120 42 30 32 42 266  

Support figures (community, religion and custom) is still 
low 

108 37 49 23 30 247  

Still there are productive female slaughter 103 71 39 39 54 306  

Improved animal assistance 122 64 40 41 55 322  

Farmer farmers do not know what to do in the face of the 
MEA 

114 79 50 61 70 374 4 

Utilization of agricultural waste (rice and corn straw) has 
not been optimal as feed especially in long dry season 

118 75 40 52 63 348 6 

The existence of farmer group is not optimal yet 117 72 36 48 54 327 10 

Extension institutional support (BPP, Bapeluh, Bakorluh) is 
lacking 

123 60 34 61 66 344 8 

Total 3289 1651 1107 1281 1411 8739  

Information: 
A = according to farmers view 

B = according to the agricultural extension worker view 

C = according to the views of community leaders and religious leaders 

D = according to the view of business actor 

E = in the view of official/official officer 

T = total voters of all stakeholders 

R = rank of problem 
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The Main Problems of Smallholder Cattle Farmig in West Nusa Tenggara In Facing Asean 

Economic Community Based on Multiple Party Views 

Based on multi-stakeholder views, in principle there are 10 main problems faced by cattle 

farms in West Nusa Tenggara in the face of Asean Economic Community. The ten issues based 

on the views of various parties can be described as follows: 

 

Farmer's View 

In the view of the farmers as the main perpetrators of the livestock business, ten major 

problems of 28 problems faced by farmers in West Nusa Tenggara in facing Asean Economic 

Community based on the number of priority problem choices are: (1) Livestock marketing; (2) 

Availability of cattle feed in the dry season; (3) The role of veterinarians/medics in serving the 

health of livestock; (4) Livestock disease incidence; (5) The availability of drinking water for 

livestock, especially during dry season; (6) Farmers' skills in breeding are still relatively low; (7) 

The role of employers in supporting people's livestock; (8) Extension institutional support (BPP, 

Bapeluh, Bakorluh) is lacking; (9) Knowledge of farmers in the application of technology (feed) 

is low; and (10) Availability of feed in the rice growing season, etc. as shown in  Table1 1. 

 

Agricultural Extension Worker Views 

In contrast to the view of agricultural extension workers as a farmer in the development of 

cattle farming. From 28 problems faced by farmers in West Nusa Tenggara in facing Asean 

Economic Community, then based on the number of priority problem choices set 10 main issues, 

namely: (1) Availability of cattle feed in the dry season; (2) The availability of drinking water for 

livestock, especially during the dry season; (3) Livestock disease incidence; (4) Livestock 

breeding (not yet using collective cages); (5) Farmers' skills in breeding are still relatively low; 

(6) Knowledge of farmers in the application of technology (feed) is low; (7) There is still 

productive female slaughter; (8) Farmers do not know what to do in the face of Asean Economic 

Community, (9) Utilization of agricultural waste (rice and corn straw) is not yet optimal as feed 

especially in long dry season and (10) The existence of farmer institution shown in Table 1. 

 

The Views of Religious Figures and Public Figures 

 Meanwhile, according to the views of community leaders and religious leaders, there are 

10 main problems of 28 problems faced by farmers in West Nusa Tenggara in facing Asean 

Economic Community based on the number of priority problem choices, namely: (1) Availability 
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of cattle feed during the dry season; (2) The availability of drinking water for livestock, 

especially during the dry season; (3) Livestock disease incidence; (4) Livestock breeding (not yet 

using collective cages); (5) Theft/security of livestock; (6) The price of livestock that is not in 

favor of the farmers; (7) Farmers' skills in breeding are still relatively low; (8) Knowledge of 

farmers in application of technology (feed) is low; (9) Support figures (community, religion and 

custom) are still low and (10) Farmers do not know what to do in facing Asean Economic 

Community as shown in Table1. as shown in Table 1. 

 

Business Perspective View 

Almost the same as the views of community leaders and religious leaders in rural areas 

according to the livestock business practitioner view, there are 10 main problems of 28 problems 

faced by farmers in West Nusa Tenggara in facing Asean Economic Community based on the 

number of priority problem choices, namely: (1) Availability of cattle feed in the dry season; (2) 

The availability of drinking water for livestock, especially during the dry season; (3) Livestock 

disease incidence; (4) Livestock breeding (not yet using collective cages); (5) The price of 

livestock that has not favored the farmers; (6) Farmer do not know what to do in the face of 

Asean Economic Community; (7) Availability of business capital for farmers; (8) Utilization of 

agricultural waste (rice and corn straw) is not yet optimal as feed especially in long dry season; 

(9) Insufficient institutional support for extension (BPP, Bapeluh, Bakorluh) and (10) The 

existence of farmer institution is not yet optimal as shown in Table1 1. 

 

Official Officer's View 

According to the field officer's view, there are also ten major problems of 28 problems 

faced by farmer in West Nusa Tenggara in facing Asean Economic Community based on the 

number of priority problem choices, namely: (1) Availability of cattle feed in the dry season; (2) 

The availability of drinking water for livestock, especially during the dry season; (3) livestock 

disease incidence; (4) Theft/security of livestock; (5) Farmers' skills in breeding are still 

relatively low; (6) Knowledge of farmers in the application of technology (feed) is low; (7) The 

attitude of breeders to new innovations is still low; (8) Farmer farmers do not know what to do in 

facing Asean Economic Community; (9) Utilization of agricultural waste (rice and corn straw) is 

not yet optimal as feed especially in long dry season and (10) Extension institutional support 

(BPP, Bapeluh, Bakorluh) is less as shown in Table 1. 
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The Main Problems of Smallholders Cattle Farming in West Nusa Tenggara in Facing  

Asean Economic Community 

Based on these data, the most dominant problem faced by farmers in the cattle farming 

industry in facing Asean Economic Community in West Nusa Tenggara  is a problem related to 

feed and drinking water for livestock. The number of respondents related to the problem reached 

20.43% of the total choice of problem answers on 28 problems faced by farmers. This suggests 

that feed problems are a very important problem. When viewed from the 10 main problems faced 

by farmers in the cattle farming community in West Nusa Tenggara, the problem related to feed 

and drinking water reaches 42.59% of the answers to problems faced by farmers of cattle farmers 

in West Nusa Tenggara, as shown in Table 2 below. 

Table 2. The Main Problems of Smallholders Cattle Farming in West Nusa Tenggara 

in face of ASEAN Economic Community 2015 

No 
Problems faced by cattle farms 

in the face of MEA in West Nusa Tenggara 

Number of 

respondents' 

answers 

Ranking 

problems 

1. Availability of cattle feed especially in the dry season         464        1 

2. The availability of drinking water for livestock, especially during 

the dry season 

392 2 

3. The incidence of disease in livestock 390 3 

4. Farmers do not know what to do in the face of the MEA 374 4 

5. Knowledge of farmer farmers in applying technology (feed) is 

still low 

353 5 

6. Utilization of agricultural waste (rice and corn straw) is not 

optimal as animal feed especially in long dry season 

348 6 

7. The skills of farmers in breeding are still low 345 7 

8. Livestock breeding has not used a collective cage 344 8 

9. Extension institutional support (BPP, Bapeluh and Bakorluh) is 

lacking 

336 9 

10. The existence of farmer institution farmers is not optimal yet 327 10 

 Total 3.673  

Source: Primary data processed, 2015 

 

The tenth main problems of cattle farming in West Nusa Tenggara according to the views 

of various parties can be explained as follows: 

Availability of Feed  

The availability of feed especially in the dry season is a major problem for cattle ranchers 

in community farms in West Nusa Tenggara in the face of MEA. The number of respondents 

who chose this problem as much as 12.63% of the five groups of respondents. According to the 
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view of the farmers of poultry feed in the form of forage either field grass, leaves or agricultural 

waste is available abundant in the rainy season or during the harvest season comes from several 

agricultural commodities such as rice, corn and other crops. But in the dry season, forage is 

available is very limited. Even in some areas in West Nusa Tenggara, especially in dry land areas 

in Lombok Island in the south, east and west, and in Sumbawa Island generally have a season of 

"kereklik" or long drought, so that forage forage either in the form of grass, leaf even rice straw 

and corn stalks are not available. Farmers are looking for forage forages outside the sub-districts 

and between districts. As a result, farmers reduce the number of livestock they maintain or even 

sell their livestock for the cost of finding livestock feed and farmers' living costs. This incident 

keeps repeating every year and the people's farm has not got a solution to overcome it. During 

the dry season the livestock condition decreases, the livestock becomes thin and the selling price 

becomes cheaper, so the farmers suffer losses. This is in accordance with opinion (Hasan, S., 

2014) that feed is the largest component reaching 60-70% of the total cost of livestock 

production.      

Prospective feed sources are agricultural waste such as rice straw, corn straw, groundnut 

straw, and others. In some of these potential areas agricultural wastes have not been optimally 

utilized as animal feed, such as the use of crop straw and many locally produced wastes in 

potential areas of ruminant farms. Nevertheless the utilization of feed ingredients still require a 

touch of technology both form presentation and nutritional content formula. To overcome the 

difficulties of providing food in the area can be developed system integration of food crops with 

cattle. This is in accordance with Suryana (2007a) study that integration of crops and livestock 

can increase farmers' income. 

 

Availability of Drinking Water 

The availability of drinking water for livestock especially in the dry season is the second 

problem for cattle ranch in West Nusa Tenggara in the face of MEA. The number of respondents 

who chose this problem as much as 10.67% of the five groups of respondents. Cattle mortality 

cases in some areas of  West Nusa Tenggara, especially in dryland or rain-fed areas that do not 

have water resources due to lack of drinking water for livestock. This is in accordance with the 

report of the Livestock and Animal Health Service Office of the Province of West Nusa 

Tenggara in 2015 that in Doro Ncanga Dompu district many livestock are evacuated from 

pastureland to the area around the settlement because of the unavailability of drinking water for 

livestock (Lombok Post, 2015). Providing adequate and quality drinking water is very important 
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for livestock. Water is a food substance that is needed by the body. Water shortages can affect 

the growth, production, reproduction and health of livestock even when water shortages in a long 

time can cause death in livestock. This is because the water forms 80% of the blood, regulates 

body temperature and is essential for organ functions such as digestion, waste disposal and 

nutrient absorption. A cow every day on average requires water between 3-6 liters/kg of dried 

feed. Therefore, water should be sufficient if it wants good cow growth (Muktiani, 2011). 

 

Disease Occurrence 

The incidence of disease in cattle is the third problem for cattle farming in West Nusa 

Tenggara in facing MEA. The number of respondents who chose this problem as much as 

10.62% of the five groups of respondents. According to Law No. 18 of 2009 on Animal 

Husbandry and Animal Health, animal diseases are health disorders in animals, among others, 

caused by genetic defects, degenerative processes, metabolic disorders, trauma, poisoning, 

parasitic infestations, and pathogenic microorganism infections such as viruses, fungi, and 

ricketsia. Infectious animal diseases are diseases transmitted between animals and animals; 

animal and human; as well as animals and other carriers of animal disease by direct or indirect 

contact with mechanical intermediate media such as water, air, soil, feed, equipment, and 

humans; or with biological intermediate media such as viruses, bacteria, amoeba, or fungi. 

Strategic animal diseases are animal diseases that can cause economic losses, public unrest, and / 

or high animal mortality. 

West Nusa Tenggara Province is one of the endemic areas of Anthrax disease. The history 

of Anthrax disease in West Nusa Tenggara has been known since 1955 on Sumbawa Island, but 

it is well known with the death of seven people in 1982 in the village of Mbawa Donggo District 

after eating goat meat affected by Anthrax disease. The latest information about Anthrax disease 

occurred in Moyohilir sub-district attacked buffalo livestock and resulted in six people suspected 

of being attacked by Anthrax disease in October-November 2004. Anthrax disease is a highly 

dangerous contagious animal disease because it can spread to humans (zoonosis) and can cause 

death if not treated immediately (Mashur, 2014). The existence of the fear of the occurrence of 

various types of diseases that can cause losses to the breeder becomes a problem that needs to be 

anticipated in order to face MEA. 
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Information about MEA 

Information about MEA has not been widely known by people in West Nusa Tenggara, 

especially farmers of cattle farmers. This is because MEA has just started to be implemented and 

it is not yet known what  MEA is in effect mainly related to cattle ranching. Thus, many farmers 

do not know what to do in the face of  MEA. Limitations of information about MEA are the 

fourth problem for cattle farms in West Nusa Tenggara. The number of respondents who chose 

this problem as much as 10.18% of the five groups of respondents. To popularize information 

about MEA and to prepare efforts that farmers will be able to do in facing MEA, it is needed 

various socialization activities and improvement of farmer's capability both from information, 

technology, capital and market aspect to be able to compete with other farmers either in region or 

abroad. 

 

Knowledge of Farmers 

In addition to the availability of feed in the dry season, the level of knowledge of farmers 

also become a problem in the development of cattle farming. The number of respondents who 

chose this problem as much as 9.61% of the five groups of respondents The low level of 

knowledge of farmers in the application of animal feed technology and breeding skills is also a 

problem for community farms in West Nusa Tenggara in the face of MEA. Basically the feed is 

available in sufficient quantities in the rainy season in the form of forage, such as natural grass, 

shrubs and leaves and agricultural wastes, such as rice straw, corn straw and other straw palawija 

as animal feed but due to the limited knowledge and facilities owned farmers in processing and 

storing the feed ingredients, so that the abundant feed material in the rainy season or harvest 

season cannot be used optimally as animal feed in the dry season. 

 

Utilization of Agricultural Waste 

Utilization of agricultural waste in the form of rice straw and corn that has not been 

optimum as cattle feed especially in long dry season is the seventh problem for cattle farming in 

West Nusa Tenggara in facing MEA with the number of respondents who choose this problem as 

much as 7.76% from five groups of respondents. Actually, there are so many agricultural waste 

processing technologies that have been produced by the researchers, but not much has been 

applied directly. Several factors are identified as the cause, such as the applied technology is still 

difficult to apply, the materials to process the waste is still difficult to obtain such as 

decomposers, facilities and infrastructure to store very limited feed materials are not even 
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available. As a result waste is available in abundance can not be utilized in the long dry season. 

Field experience shows that farmers will basically adopt the technology they need in the form of 

technology components rather than technology packages. This is in accordance with the opinion 

of Mashur (2005) that the dissemination activities of technology and agricultural information is 

not merely to promote the technology and information produced, but the material that is 

disseminated must be tailored to the needs of the prospective users. 

 

Farmer Skills  

How to raise cattle ranches are still traditional, hereditary as inherited by parents and their 

ancestors, resulting in low production of livestock. Farmers knowledge and skills on marriage 

management, feed management, livestock health management, mooring management and 

agribusiness management are still a limiting factor in increasing the income and welfare of the 

cattle farmers. Therefore, efforts are needed to improve knowledge and skills of smallholders 

cattle farming in West Nusa Tenggara through strengthening farmers' economic institutions, 

increasing extension activities and assistance by extension workers in the field, conducting 

various pilot activities for farmers, conducting farming courses, apprenticeships farmers and the 

application of various methods and extension materials required by farmers. Increasing interest 

and motivation of beef cattle farmers to develop their business can be pursued through the 

provision of incentives in production. The business pattern of beef cattle fattening by the rural 

community is partly traditional. This is in accordance with the results of research Isbandi (2004) 

that counseling and guidance to farmers conducted to change the way of breeding from 

traditional patterns into commercial livestock business by applying the ways zooteknik good. 

The zooteknik includes a beef cattle breeding business, which includes the use of superior seeds, 

healthy sighting, adequate supply and feeding of nutrients, disease control, reproductive 

management, postharvest management, and good product marketing. Indonesia has great 

opportunities and potential in the development of beef cattle. According Ferdiman (2007), 

fattening beef cattle can be done in several ways, namely kereman system, dry lot fattening, and 

pasture fattening. The feed used in fattening is forage and concentrate. Forage is given 10% of 

body weight, 1% concentrate of body weight, and drinking water 20-30 liters/head/day. In this 

system, young cattle (aged 1.50-2 years) are kept constantly inside the cage for a certain period 

of time to increase the volume and quality of meat in a relatively short time (Ahmad et al., 2004; 

Ferdiman 2007). Based on the age of cattle to be fattened, the length of fattening is divided into 

three (Sugeng 2006), namely: (1) for cattle with age less than one year, fattening length ranges 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

290 
 

between 8-9 months, (2) 2 years, length of fattening 6-7 months, and 3) for 2-2,50 year old cattle, 

4-6 months old fattening time. The result of fermentation of beef cattle fattening system for 5 

months using introduction technology, in the form of improvement of feed composition and 

disease prevention, can increase the daily weight of Balinese cow from 296.90 g to 528 g/ 

head/day. For PO cattle, the average PBBH increased from 381 g to 697 g/  head/day. The 

income from cattle fattening Bali also increased from Rp.291.525 to Rp.532.450/head/5 months, 

while in PO cattle fattening, income increased from Rp.346.500 to Rp.667.375/head/5 months 

(Ahmad et al., 2004). 

 

Extension Institutional Support  

The existence of extension institutions such as Agricultural Counseling Center (BPP) in 

Sub-District, Agricultural Extension Agency, Fisheries and Forestry Agency (Bapelluh) in 

Kabupten/kota and Coordinating Agency for Agricultural Extension, Perikanan dan Kehutanan 

(Bakorluh) in West Nusa Tenggara Province are still perceived as lacking in supporting business 

development cattle ranches in West Nusa Tenggara especially related to information technology, 

market, capital in face of MEA. As an institutional extension, which is the unit of the base 

administration of extension workers at various levels can provide information quickly and 

accurately in accordance with the needs of farmers. This is in accordance with the opinion of 

Mashur (2015) that one of the efforts that can be done in order to disseminate research 

technology is to increase the role of institutional counseling that exists at various levels from the 

central government to the village government. Activities that can be done is to build a strong 

network between researchers and extension workers by involving farmers (community) as a 

cooperator (executor of activities) through Research and Extetion Linkage (REL). Further 

technology that has been tested excellence through REL activities can be used as extension 

materials for extension workers as well as material preparation of extension program for 

institutional counseling in disseminating technology research results. One of its supporters is that 

breeders have long maintained beef cattle and are well acquainted with the simple breeding 

technique and the characteristics of each type of cow in a location (Talib and Siregar 1991). In 

order to develop a sustainable beef cattle, Winarso et al. (2005) suggests the following 

suggestions: (1) the need for protection from local governments over livestock enclaves, 

especially policy support on livestock spatial management and oversight of the conversion of 

agricultural land that serves as a buffer for cattle breeding, (2) development feed technology, 

especially in densely populated areas of livestock, among others by utilizing industrial and 
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plantation waste (Gordeyase et al.2006; Utomo and Widjaja 2006); and (3) to maintain the 

source of germplasm germplasm, it is necessary to have a policy of importing seeds or cattle 

there is no depletion of local livestock in an effort to meet the needs of domestic meat 

consumption.  

West Nusa Tenggara Province is one of the areas known as potential beef cattle producer 

in Indonesia. This is evident, in the 1960-1970s West Nusa tenggara was able to export beef 

cattle to Hong Kong and Singapore. The demand for Bali cattle from West Nusa Tenggara also 

continues to increase due to several factors, among others, because the cow's Bali seed from 

West Nusa Tenggara is free from several diseases (Jembrana, Mouth and Nail Disease, 

Brucellosis and SE), adaptation is good enough, high fertility and purity genetics are more secure 

(Mashur, 2004).  

 

Livestock Cages  

Livestock breeding that has not used collective cages is one of the problems for cattle 

farms in West Nusa Tenggara in facing MEA. Collective cage is an alternative solution for cow 

farming business to keep the livestock safe from theft, because the theft of cattle is one of the 

obstacles that affect the motivation in the development of cattle farming business in West Nusa 

Tenggara. In addition, the application of the use of collective cages serves to facilitate coaching 

for members of farmer groups in the application of feed technology, reproduction and animal 

health and cattle marketing. In the application of collective cages, the principles of mutual 

cooperation are applied in guarding livestock from theft through rotating patrol system, the 

application of joint rules in groups called "awiq-awiq" and establishing cooperation in 

composting and maintaining cleanliness of the cages. This is in accordance with the opinion of 

Mashur (2015) that the theft of livestock is a serious problem faced by farmers, especially 

farmers in Lombok Island in developing livestock. To overcome this problem farmers breeders 

build collective cages on a large enough land to accommodate cattle in large quantities. The 

organization of collective enclosures is carried out by group administrators based on the rules of 

group consensus agreement known as "awiq-awiq" (Lombok Language). 

 

The Existence of Farmer Institution Farmers Marketing of Livestock 

Efforts to develop beef cattle have long been done by the government. Winarso et al. 

(2005) stated that in the development of beef cattle, the government pursues two policies, namely 

extensification and intensification. Extensification of beef cattle focuses on increasing livestock 
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populations supported by the procurement and improvement of seed quality, disease 

management, counseling and business development, credit assistance, procurement and 

improvement of feed quality, and marketing. 

 

CONCLUSIONS AND SUGGESTION 

Based on the results of this study can be concluded that of 28 types of problems for the 

development of cattle farming in West Nusa Tenggara, the availability of feed, especially in the 

dry season is the main problem faced by cattle farms in West Nusa Tenggara in the face of MEA. 

The main reason is knowledge (cultivating, storing grass/waste, feeding, feed nutrition, 

concentrate use, feed quality) is limited, farmers still burning straw or grass. Therefore, real 

efforts are needed to address the problem through optimizing the use of agricultural waste in the 

form of rice and corn straws with various processing and storage technologies to be available in 

sufficient quantities and quality throughout the year by increasing the knowledge, skills and 

attitudes of farmers as the main perpetrators of livestock development as well as increasing the 

support of extension institution and extension role in conducting coaching, facilitation and 

facilitation toward farmer farmers.  

With the limited time and cost of research it is advisable to do research on the factors that 

affect the incidence of any problem for cattle farms in the face of MEA in West Nusa Tenggara.  
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ABSTRACT 

The existence of communal grazing land (Lar, Samawa language, Sumbawa) in Sumbawa 

district, Nusa Tenggara Barat Province, has decreased both in large and quantity as the result of 

weed invasion and functional shift to other than livestock sector. Therefore, the quantity, area, 

status, forage production, botanical composition and other function of Sumbawa communal 

grazing land remind unidetified.  This study was to identify these questionable problems by 

conducting survey-based research and direct measurement on the field. Regarding the result, 

there were 67 pastures in this district ranged between 143 Ha and 20,000 Ha in size. Of all, 7 

pastures have legally registered and hold decree of Bupati. Forages for ruminant feeds produced 

approximately by 6.03 tonnes of DM/Ha/Year. Botanical compositions (Lar of Gili Rakit, Badi, 

and Kuang Bira) include Heteropogon contortus (70%), Cyperus rotundus (10%), Elusin indica 

(10%), and Desmodium triflorum (10%). The functions of communal grazing land are not 

limited to grazing cattle, but also as a place for cattle mating and calving, location for training 

and extension, collective vaccination, animal registration, and tax collection as income source of 

local government.  

 

Key words: Sumbawa Lar, Production and botanical composition. 

 

INTRODUCTION 

Communal grazing land exists only in some regions of Indonesia, including Sumbawa 

island Nusa Tenggara Barat Province. It is commonly named as ‘Lar’ (Samawa Language) 

Sumbawa or ‘So’ (Mbojo Language) Bima-Dompu. Lar or So is a place utilizing for grazing 

ruminants/herbivores in Sumbawa. This island is ecologically suitable for the growth of 

communal grazing land/native pasture, not only pasture (stepa), and savanna, but also dryland 

that covered by grass only during rainy season (tundra). These are useful for grazing and raising 

cattle (Dilaga, 2000 & 2011). Lar existence has been known long ago and releasing cattle on lar 

has been a hereditary culture practiced by locals community with mutually agreed boundaries 

amongst them (Sutaryono et al, 2017). Use of lar has becoming degraded in size and quantity 

due to increase in population and development. Although in 1960s lar could be found in each 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

296 
 

sub-district. Until today,  data about area and quantity, status and Lar contribution on providing 

feeds for large ruminant is still limited. 

 

MATERIALS AND METHODS 

The research conducted using a method of survey through collecting seconder data from 

related governmental institution or agencies. From data obtained, 3 Lar were chosen purposively 

as represents of 3 different categories of Lar: dry, medium, and wet. Then data primer obtained 

by sampling of those chosen Lar. Therefore, primer data described as production of forages and 

botanical composition. Measuring forage production was taken place by method developed by 

Susetyo (1980), i.e. determining a quadrant sized 1x1m randomly for certain times. Therefore, 

botanical composition determined by recording and calculating proportion of each type of plant 

in each decided quadrant. In addition, interview also conducted with farmers to find out 

benefits/advantages of Lar in their perspective. Results then being descriptively explained and 

discussed.  

RESULT AND DISCUSSION 

There are 67 Lar at 16 of 24 sub-districts in Sumbawa with a total area of 42,470 Ha. 

However, only 7 Lar (10%) have been determined by Sumbawa Government through Regent’s 

Decree (5 in 2000 and 2 in 2009). These Lar are formally acknowledged de facto and the original 

function should not be shifted or changed.  

Lar Condition  

There are three different lar chosen for survey and sampling, i.e. Lar of Gili rakit, lar of 

Badi, and lar of Kuang Bira which represent category of dry, medium, and wet respectively.  

Brief explanation of each is given in the following.  

a. Lar of Gili rakit is dominated by Ziziphus jujube and other woody bush or small trees 

covering 60-70% of the area. This lar is typically over grazing with composition 

grass:legume = 85:15 persen. Type of grass include Heteropogon contortus, Cyperus 

rotundus, Eleusine indica, and Digitaria sp, and a bit native legume. The number of 

grazing cattle and buffalo is around 6000 heads originated from sub-districts of Empang, 

Tarano, and Plampang.  

b. Lar of Badi, almost all area is covering by bush, particularly Lantana camara, 

Chromolaena odorata, Ziziphus jujube and Tamarindus indica. There plants are 

categorized as weeds. Less grass and forage grown. Under Lantana camara and 
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Chromolaena odorata, a few desmodium triflorum is found it is a native legume liked by 

animal. Therefore, the number cattle grazing here is 2500 heads originated from sub-

districts of Lape, Lopok, and Moyo Utara.  

c. Lar of Kuang Bira, there are founts in this area that people use for irrigation system of 

some crops such as corn, mungbean, and paddy. Crop residues resulted from agricultural 

activity such as corn stover, mungbean straw, rice straw used as animal feed. The number 

of cattle grazing at this lar is 1300 heads, originated from sub-districts of Rhee and Utan. 

This lar is dominantly covered by Heteropogon contortus, Cyperus rotundus, and weeds 

such as Lantana camara, Choromolaena odorata, and Zizipus jujuba. Generally, 

condition of Lar Kuang Bira is better compared to Gili Rakit and Badi.  

 

Lar Productivity 

Forages produced by observed lar were limited. Lar found to have less capacity to support 

and to provide feeds for grazing large ruminants. It is due to overgrazing and weeds invasion 

such as Lantana camara, Choromolaena odorata, Zizipus jujube, Jatropha sp., and Calotropis 

gigantean. In other hand, there is no improvement and good management taking place by 

community and government. Based on sampling results of forages at lar, 6.03 tonnes of grass 

production per Ha per day. Nowadays, area of lar that opened and grown by grass maximal 30% 

or 12,741 Ha of total existing lar. Therefore, it can be estimated that production of forage 

produced by lar in Sumbawa district in providing feeds for large ruminants is 12.5% (24084.1 

AU) of 192,048 total animal units. Why animal population in Sumbawa district is exceeding lar 

carrying capacity? It is because livestock system applied relying mostly on lar and, sometimes, 

paddy field as there are crop residues such as rice straw, corn stover, and mungbean that can be 

used as feeds. Some farmers graze the cattle only for 4 months during rainy season or paddy 

cultivating season. After harvesting, cattle are herd to paddy field. To increase the productivity 

of lar, some ways can be taken place, such as fertilization, rotating shepherding, and plantation 

tree legume such as Leucaena cv taramba that is resistant Heteropsylla cubana.  
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Table 1.  Location, quantity, size, estimated forage production, and carrying capacity of lar in 

Sumbawa district. 

No 
Sub-district 

Lar Location 

Lar 

Quantity 

Lar Area 

(Ha) 

Forage 

Production 

(tonnes)* 

Carrying 

Capacity 

(AU)** 

1 Utana) 5 1,023.0 1,850.61 580.1 

2 Rhee 2 769.0 1.391.12 436.1 

3 Alas Barat 2 175.0 316.58 99.2 

4 Moyo Hilir 2 550.0 994.95 311.9 

5 Moyo Utara c) 4 1,250.0 2,261.25 708.9 

6 Moyo Hulu 6 480.0 868.32 272.2 

7 Ropang 8 5,000.0 9,045.00 2,835.4 

8 Lantung 2 2,000.0 3,618.00 1,134.2 

9 Lenangguar 6 20,000.0 32,562.00 10,207.5 

10 Lunyuk  4 143.0 258.69 81.1 

11 Lape 4 630.0 1,139.67 357.3 

12 Lopok c) 6 2,400.0 4,341.60 1,361.0 

13 Plampang b) 5 2,900.0 5,246.10 1,644.5 

14 Maronge a) 2 850.0 1,537.65 482.0 

15 Empang  7 2,300.0 4,160.70 1,304.3 

16 Tarano a) 2 2,000.0 3,618.00 1,134.2 

Total 67 42,470.0 73,210.23 22,949.9 

Source: Department of Livestock and Animal Health Sumbawa District (2016) and Primer 

Data Processed (2017) 

Notes: a) 1 has obtained Bupati Decree in the year of 2000 

 b) 2 have obtained Bupati Decree in the year of 2000 

 c) 1 has obtained Bupati Decree in the year of 2009 

 *) Estimated 30% of lar Area 

 **) 1 AU = 250 Kg and Feed Dry Matter requirement = 3.5% BW 

     

Botanical composition of forages 

Botanical composition of forages at three Lar after sampling conducted were Heteropogon 

contortus (70%), Cyperus rotondus (10%), Elusin indica (10%), and Desmudium triflorum 

(10%). These various forages contain energy (TDN) 10-26% and crude protein (CP) 2.8-5.2% of 

its dry matter (Kearl, 1982). Therefore, it is explained that energy content and protein at this 

amount is enough for maintenance only. For optimal growth of cattle, TDN and CP contents 

should reach 55% and 8.0% respectively. Based on this fact, hence lar management should count 
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on botanical composition in order to balance the ratio of grass and legume 1.5:1.0. Because good 

balance of grass and legume will give high efficiency in grazing livestock business.  

1. Lar Status in Sumbawa District 

Sumbawa government put less concern and protection on Lar. Until now, most of 

lar has not been legally acknowledged by decree, and this is very vulnerable for functional 

shift of lar. Without decree, lar area has not legal power, whereas Sumbawa government 

has declared to be a district of livestock. Concern of community on lar, where they graze 

the cattle is also very low. There is no effort done by community to improve lar quality. 

Fertilization, rotating graze, plantation of superior grass or tree legume could increase 

productivity of lar and cattle.  

 

2. Other Advantages of Lar for Community and Government 

For Sumbawa community, lar has a strategic position as temporary shelter, even for 

cattle mating and calving. Most people release their cattle on lar throughout the year. High 

occupation level of lar, making carrying capacity oftentimes exceeds its ability to provide 

feeds. With all drawbacks and advantages inherently attached to lar, one farmer is enabled 

to graze cattle, buffalo, and hundreds to thousands of horses. Lar makes life of community 

livestock easier. Security control also done together by farmers who grazing their cattle on 

lar. Without any intervention on providing feed input, for instance, farmers could harvest 

livestock products whenever they want. This condition is impossible to conduct by farmers 

from other places with limitation of land provided.  

Animals that grow naturally make government taking benefit from many aspects. 

For instance, retribution gained regularly by government treasury from cattle, buffalo and 

horse selling that freely grazing on lar. Health concern on community caused by animal 

keeping is almost zero as they graze them far away on lar. Vaccination and medical 

treatment are oftentimes conducted on lar. Poverty issue, social discrepancy and 

community problem, also could be tackled because of lar existence. Farmers owned 

hundreds of cattle or buffalos can hire disadvantage neighbours to raise and to take care of 

animals on lar with profit sharing system. Most of rich farmers give extra fee for workers 

who assist them raising and keeping cattle on lar by sending them to pilgrimage in Mecca.   
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CONCLUSIONS 

1. 90% of lar (out of 67) in Sumbawa has not been legally acknowledged by Bupati Decree. 

2. Estimated carrying capacity of lar to provide feeds for ruminants is about 12.5%. 

3. Lar area vary from 143 ha to 20,000 Ha and could produce forages 6.03 tonnes DM per 

hectare per year. 

4. Botanical compositions of lar include Heteropogon contortus (70%), Cyperus rotondus 

(10%), Elusin indica (10%), and Desmudium triflorum (10%). 

5. Lar advantages for government and community are a place for cattle calving and mating, 

cattle sell transaction, collective vaccination and extension place, animal registration 

conducted by government, and as a source of local revenue.  

 

RECOMMENDATION 

It is necessary for government to issue Regent’s Decree regarding status of lar. Since it 

has legal power, lar will not be functionally shifted by anyone. In addition, revitalization of lar 

to increase quality of botanical composition should take place by leucaena plantation which 

resist to fleas to decrease the level of weeds invasion.  
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ABSTRACT 

This research aims to determine the effect of different treatments on the digestibility of the ration 

crude protein and crude fiber digestibility in ettawa goat grade males. The research was 

conducted in February - April 2017 in Field Laboratory of Animal Nutrition and Feed 

Department of Animal Husbandry, Faculty of Agriculture, University of Lampung. This study 

uses a Randomized Block Design. The group is based on body weight of goats. Each group using 

three goats with an average weight ranging from 15 to 26.2 kg. Treatments include: R1 (15% of 

elephant grass + 85% concentrate (cassava, bran, pulp, molasses, premix, urea)); R2 (15% of 

palm oil leaf fermentation + 85% concentrate (cassava, bran, pulp, molasses, premix, urea, oil 

cake fermentation); R3 (R2 + mineral organic micro-lisinat 40 ppm Zn)). Data were analyzed 

variance at 5% significance level or the very real 1%, significantly different results further tested 

using Duncan test 5% or 1%. The results showed that the digestibility of crude protein are R1: 

70.74 ± 2.06 (%) highly significant (P <0.01) with R2: 61.85 ± 2.03 (%) and R3: 60.11 ± 2.70 

(%), while R2 was not significantly different (P> 0.05) with R3. However, the value of crude 

fiber digestibility was not significant (P> 0.05) in each treatment, while the efficiency ration R1: 

15.08 ± 1,33a (%) was not significantly different (P> 0.05) with R3: 0,11a ± 13.67 (%) but were 

significantly different (P <0.01) with R2: 6.86 ± 1,02b (%). 

Key words: different ration, crude protein digestibility, crude fiber digestibility, feed efficiency, 

ettawa goat grade 

 

INTRODUCTION 

Palm oil waste utilization as animal feed can reduce the dependence on forage availability. 

However, palm oil waste has a limiting factor in the high crude fiber and low protein content, so 

there needs to be a touch of feed processing technologies such as silage-making to improve the 

quality of feed. Efforts to improve utilization of feed for ruminants in addition to improved feed 

quality before consumption also be supported with supporting bioprocess improvement in the 

rumen and post-rumen. Bioprocess in the rumen is strongly influenced by rumen microbes. The 

maximum rate of rumen microbial growth achieved when the precursor supply all the nutrients 

available in the optimum concentration. Therefore, feed processing technology must be 

combined with nutritional supplementation as a precursor for the synthesis of biomass such as 

nitrogen, sulfur, branched chain fatty acids, organic micro minerals (Zn-lisinat), and energy. 

The use of organic micro minerals (Zn lisinat) is one supplement that can be used to help 

optimize the utilization of palm oil waste, for allegedly exploiting feed using palm oil waste 
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containing a zinc deficiency. Provision of a zinc can stimulate microbial growth and improve the 

appearance of cattle (Muhtarudin et al., 2003). According to the research Fath et al. (2003) the 

addition of Zn-lisinat into as many as 10 ppm ration dry matter yield of 80.77% and can improve 

the process of ration dry matter. Based on the above, the authors are interested in doing research 

on the influence of different rations treatment on digestibility of crude protein and crude fiber 

male goats. 

 

MATERIALS AND METHODS 

Time and Location  

The research was conducted from February to May 2017, in Field Laboratory Department 

of Animal Husbandry, Faculty of Agriculture, University of Lampung. Proximate analysis to 

determine nutrient content of faeces and feed ingredients was conducted in April and May at the 

Laboratory of Animal Nutrition and Feed, Department of Animal Husbandry, Faculty of 

Agriculture, University of Lampung. 

Materials 

Materials used in this study were 9 goats, scales were used that Iconix brands scales 

capacity of 1 ton with a precision of 0.10 kg, Onix brand digital scales capacity of 5 kg with an 

accuracy of 0.01 kg, and analytical balance brands HWH with a capacity of 300 g with a 

precision of 0.0001 g, drums, tubs, plastic bags, sickle mower and machetes, ropes, shovels, 

buckets, tarpaulins, hoes, nets pedestal feed and feces, chopper, plastic, termohigrometer, and a 

water hose. The tools used for proximate analysis is a set of tools proximate analysis. 

Materials used are elephant grass, stem and leaves of palm oil, palm kernel cake, cassava, 

bran, pulp, Effective microorganisms (EM-4), premix, urea, molasses, and water, materials 

proximate analysis. 

 

Study and Research Design 

The design used is a randomized block design and grouping based on body weight using 

goats ettawa grade male consisting of 3 treatments and 3 replications as a group. The treatments 

tested were as follows: 

R1 : rations based Elephant Grass (Cassava waste, Tofu Dregs, Fine Bran, molasses, urea, 

minerals); 
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R2 : rations based on fermented of palm oil waste (Cassava waste, Tofu Dregs, Fine Bran, 

molasses, urea, Premix, Kernel Oil fermented, fermented palm fronds and leaves); 

R3 : ration based on fermented of palm oil waste + Mineral Micro Organic Zn-lisinat 40 ppm 

(cassava waste, Dregs Know, Bran Fine, molasses, urea, Premix, Kernel Oil fermented, 

fronds and leaves Palm fermented + Mineral Micro Organic Zn-lisinat 40 ppm ). 

 

Table 1. Nutrient content of feed ingredients 

Feed ingredient 
Nutrient feed ingredient  (% dry matter) 

DM CP Fat CF ash NFE 

Elephant Grass 17,67 12,29 1,83 24,42 17,87 43,60 

Fermentation of palm leaf sheaths 35,66 8,20 4,94 43,84 10,81 32,21 

fermentation oil cake 94,53 12,83 5,15 11,58 38,23 32,20 

Fine brand 90,79 8,07 13,69 12,97 11,78 53,48 

Cassava waste 85,16 3,53 3,77 8,92 10,60 73,17 

Tofu waste 86,34 22,45 18,53 21,48 2,64 34,90 

Molasses  43,69 3,94 0,30 0,40 11,00 84,36 

Urea  100,00 261,87 - - - - 

Premix  100,00 - - - - - 

Source :  The results of proximate analyzes Animal Feed Nutrition Laboratory, University of 

Lampung (2017) 

Description :  DM (dry matter) , CP(crude protein), Fat, CF (crude fiber), NFE (nitrogent free extract) 

Table 2. Nutrient content of the concentrate treatment (R1, R2, and R3) 

 

Nutrisi 

Perlakuan  

R1 R2 R3 

-------------------------------%------------------------------ 

Dry matter 90,92 92,50 92,23 

Crude Protein 18,02 17,39 17,45 

Crude fiber 11,14 13,28 13,31 

Fat 8,37 5,48 5,50 

Ash  7,68 19,35 19,40 

Nitrogen Free Extract 54,81 44,50 44,34 

Source :  The results of proximate analyzes Animal Feed Nutrition Laboratory, University of 

Lampung (2017) 
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Table 3. The content of nutrient ration 

 

Ration 

Nutrient content 

(% Dry matter) 

DM CP CF Fat Ash NFE 

R1 Forage 17,67 12,29 24,42 1,83 17,87 43,60 

Concentrat 68,38 18,02 11,14 8,37 7,68 54,81 

Total  

(15%F+85% C) 

60,77 17,16 13,13 7,39 9,20 53,13 

R2 Forage 35,66 8,20 43,84 4,94 10,81 32,21 

Concentrate 55,55 17,39 13,28 5,48 19,35 44,5 

Total  

(15%F+85% C) 

52,57 16,01 17,87 5,4 18,07 42,66 

R3 Forage 35,66 8,20 43,84 4,94 10,81 32,21 

Concentrate 52,11 17,45 13,31 5,5 19,4 44,34 

Total  

(15%F+85% C) 

49.64 16,06 17,89 5,42 18,11 42,52 

Description: DM (dry matter), CK (crude protein), fat, CF (crude fiber), NFE(nitrogen free extract) 

 

VARIABLES 

Crude protein digestibility 

 Digestibility of proteins on ration is measured by calculating the difference in dietary 

protein consumed with a protein out with feces, then divided by dietary protein consumed, and 

then multiplied by 100%  

Digestibility of protein : 

 

 
 

Crude fiber digestibility 

 Digestibility of crude fiber ration examined was measured by calculating the difference 

between the crude fiber rations consumed by the crude fiber out with feces, then divided crude 

fiber rations were consumed, and then multiplied by 100%  

Digestibility of crude fiber:  

 

   
 

Consumption Value 

 Data was obtained by counting the number of rations given reduced by the amount of 

rations remaining in the b ahan dry. The calculation is performed every day during the study 

period and is expressed in kg / head / day. Feed intake calculated as follows: 

 

Feed consumption = amount of feed given (g) - the rest of the feed (g) 
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Daily weight 

 Data were obtained from the weighing results during the study. The weighing is done 

before the goats were fed and given in units of kg/tail/day. Goat body weight gain is calculated 

as: 

Daily body weight gain =   

 

Ration Efficiency  

 Data obtained by calculating the body weight divided by the number ration consumed 

within the same time interval. Efficiency ration is calculated by: 

 

Efficient use of ration =   

 

 

RESULTS AND DISCUSSIONS 

 

Effect of separate ration on feed consumption 

 Rations based fermented palm oil waste are added mineral organic micro-lisinat 40 ppm 

Zn has not been able to increase the ration dry matter intake significantly. Based on the Table 4, 

the consumption of dry matter ration R1: 709.98 ± 82.19 (%) highly significant (P <0.01) with 

R2: 506.69 ± 68.89 (%) and R3: 533.43 ± 57 , 04 (%), whereas R2 significantly different (P 

<0.05) with R3. Feed consumption will increase faster if the flow ration. This is in accordance 

opinions (Arora, 1989) that the smaller the particle size of the feed, the greater the surface area 

and more space microbial attack so easily digested feed. The high consumption of ration R1 

suspected use of forage grass has a better digestibility than fermented palm leaf. This is due to 

the high content of crude fiber in the fermented palm leaf midrib (43.84%) compared to the 

elephant grass (24.42%) led to a decline in consumption in R2 and R3. However, the average 

consumption is higher than R2 R3 due to the addition of Zn-lisinat in the ration. This is regarding 

to the opinion Larvor (1983) which states Zn as metalloenzim involving multiple enzymes 

include DNA polymerase, carboxy peptidase A and B, and alkaline phosphatase. These enzymes 

each play a role in the proliferation of DNA that subsequent effect on protein synthesis, protein 

digestion and absorption of amino acids, as well as energy metabolism (Church and Pond, 1976). 

The activity of these enzymes would be disturbed if there is a deficiency of zinc.   

The addition of micro organic mineral Zn-lisinat 40 ppm in the ration based on palm oil 

waste can stimulate microbial growth so that the digestibility of goat becomes better with 
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implications for the increase in feed consumption. This is in accordance opinions (Muhtarudin 

and Widodo, 2003; Putra) that the granting of a zinc can stimulate microbial growth and improve 

the appearance of cattle (Muhtarudin and Widodo, 2003). However, the addition of micro 

organic mineral Zn-lisinat 40 ppm in the diet of fermented palm oil-based waste is still lower 

than the ration R1 using elephant grass. This is due to the high content of ash in the ration R2 

(17%) and R3 (19.17%) than R1 (9.20). High ash content in rations R2 and R3 due to the high 

ash content in fermented oil cake (38.23%). The high ash content in the diet causes a decreased 

digestibility in cattle. The ash content tercernanya slow or inhibit the ration dry matter. As a 

result, the consumption of feed ration R3 decreases. Slow digestibility of feed which causes a 

decrease in consumption. Therefore, the feed rate of digesta in the digestive tract becomes 

obstructed. 

 

Table  4. Average feed intake, digestibility of crude protein and crude fiber digestibility, 

average daily gain, and efficiency 

Parameter 
Treatment 

R1 R2 R3 

Feed Intake (g/tail/day) 709,98±82,19a 506,69±68,89b 533,43±57,04b 

Crude protein digestibility (%) 70,74±2,06a 61,85±2,03b 60,11±2,70b 

Crude fiber digestibility (%) 48,15±3,53 44,56±4,24 46,44±2,46 

Average daily gain (g/tail/day) 106,67±11,55a 35,11±9,46b 72,88±7,35c 

Feed efficiensy (%) 15,08±1,33a 6,86±1,02b 13,67±0,11a 

Description : Values with different superscript in the same row indicate significantly different (P <0.01) 

 

Effect of different diets on the digestibility of crude protein 

Protein needs on cattle are generally referred to in the form of crude protein (CP). The 

protein requirement of livestock affected by a period of growth, physiological, pregnancy, 

lactation, body condition and the ratio of protein energy. The condition of normal body needs 

protein in sufficient quantities, deficiency of protein in the diet will slow emptying of the 

stomach resulting in lower consumption (Rangkuti, 2011).   

 Based on the results of the study (Table 4) show that the highest protein digestibility 

obtained on R1 treatment compared R2 and R3. This is caused by the protein content of the 

ration showed the dietary protein R1 (17.16%) was higher than R2 (16.01) and R3 (16.06%) so 

that the R1 protein digestibility is higher. Duncan Test Results showed that the digestibility of 

crude protein in the ration R1 treatment highly significant (P <0.01) the digestibility of crude 

protein ration R2 and R3, while R2 digestibility of crude protein were not significantly different 

(P> 0.05) with R3. The high crude protein content than the ration R1 R2 and R3 caused by the 
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use of elephant grass with a crude protein content of 12.29% higher than the fermentation of 

palm leaf midrib on R2 and R3 which has a crude protein content of 8.20%. In addition, the 

ration R1 using the tofu waste of 18% with a crude protein content of 22.45%; rice bran by 42% 

with a protein content of 8.07%, whereas R2 and R3 using tofu waste 15%; rice bran 9%; 30% of 

oil cake with a crude protein content of 12.83%.   

In addition to crude protein ration, the difference in ash content in each ration was also 

suspected of causing the R1 protein digestibility significantly different (P <0.01) compared to R2 

and R3. This is evidenced R1 protein digestibility of 70.74 ± 2.06 (%), while the R2 protein 

digestibility of 61.85 ± 2.03 (%) and R3 amounting to 60.11 ± 2.70 (%). Crude protein 

digestibility R1 highly significant compared to R2 and R3 allegedly due to the high ash content 

in rations R2 and R3 resulting in decreased protein digestibility. The high ash content in the diet 

causes a decreased digestibility in cattle. Based on the results of the proximate analysis (Table 3) 

shows that the ash content of the ration R1 = 9.20%; R2 = 18.07%; and R3 = 18.11%. The ash 

content of the ration R3 high due to the high ash content in fermented oil cake is 38.23%. 

According Puastuti et al. (2014) that the ash content in the oil residue fermented with various 

types of fungi are from 4.64 to 5.34%. The ash content is much lower than the ash content of 

palm cake of research results.   

The ash content slow the digestibility ration of dry matter. As a result, the digestibility of 

crude protein was also decreased. Sudarmadji and Bambang (2003) that the ash content in the 

feed associated with mineral content contained in the feed. Increasingly the higher ash content of 

minerals. But the fulfillment of minerals for livestock too high is not recommended because the 

minerals and vitamins required by the body in micro amounts. Although the terms of the ash 

content of nutrients is not so important, but in the gray proximate analysis of data necessary to 

calculate or measure the value NFE (Nitrogen Free Extract). NFE is a source of energy for the 

rumen microbes, if the ash content in the diet is high then NFE will decrease and it will reduce 

the source of energy for the rumen microbes. Rumen microbes needed to digest proteins into 

simpler compounds, that can benefits by rumen microbes who has a positive impact on the 

digestibility of crude protein.  

The content of crude fiber in the ration R1 = 13.13% lower than R2 = R3 = 17.87% and 

17.89% also thought to be the cause of low digestibility of crude protein in R2 and R3. The high 

crude fiber content of the ration R2 and R3 due to the use of fermented palm leaf midrib ration 

R2 and R3 are affecting the digestibility of crude protein male goats. Palm leaf midrib containing 

crude fiber by 43.84%, while 22.42% elephant grass (Table 1). Crude fiber digestibility depends 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

308 
 

on the content of crude fiber in the diet and the amount of crude fiber consumed. High fiber 

content which can interfere with the digestion of other substances such as proteins. The higher 

the crude fiber, it can lower the digestibility of dry matter, crude protein and digestible energy 

(Price et al., 1980). This is due to efficiently digest crude fiber, micro-organisms need sufficient 

energy source of food that goes into the rumen. The content of crude fiber in this study ranged 

from 13 to 17.89% decrease the digestibility of crude protein, but did not affect the digestibility 

of crude fiber. Therefore, the digestibility of fiber is basically influenced by the rumen microbial 

activity.  

R2 protein digestibility were not significantly effect (P> 0.05) with R3 caused by the 

nutrient content of the ration R2 and R3 are not much different so as to provide the same effect 

on the digestibility of protein in the male goats. Moreover, the addition of organic micro mineral 

Zn-lisinat 40 ppm in the ration R3 is not significantly different (P> 0.05) with ration R2 (without 

Zn-lisinat). It is thought to need a zinc to spur the growth of microbes digesting protein has been 

fulfilled so that no significant increase in the digestibility of the protein. The statement proved 

their opinions Arora (1989), that the requirement of a zinc to ruminants of 40-50 ppm and by 

Khalil et al. (2014) that the zinc content in ruminant feed in Indonesia ranges from 31.3 ± 5.5 mg 

/ kg. The range of a zinc content in the feed as well as having experienced an increase of 40 ppm 

is alleged to have sufficient Zn minerals for animals that do not provide an increase in the 

digestibility of crude protein significantly. Mineral Zinc is the activator variety of enzymes that 

can stimulate microbial growth. Larvor (1983) suggests a zinc as metalloenzim involving 

multiple enzymes include DNA polymerase, carboxy peptidase A and B, and alkaline 

phosphatase. These enzymes play a role in the proliferation of DNA that subsequent effect on 

protein synthesis, protein digestion and absorption of amino acids, as well as energy 

merabolisme (Church and Pond, 1976). 

 

Effect of different diets on the digestibility of crude fiber 

 Crude fibers are used as the primary energy source and rough fat is an efficient source of 

energy and play an important role in the body's metabolism so you need to know digestibility in 

animal body (Suprapto et al., 2013). Results of analysis of variance (Table 4) show that the 

rationing of treatment did not significantly (P <0.05) on the digestibility of crude fiber male 

goats. The average crude fiber digestibility R1 each treatment which amounted to 48.15 ± 3.53 

(%); R2 of 44.56 ± 4.24 (%); and R3 amounted to 46.44 ± 2.46 (%). Statistically demonstrated 

that the digestibility of crude fiber each treatment showed no difference or not significant (P> 
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0.05), meaning that all treatments were equally influence on the digestibility of crude fiber male 

goats.   

Digestibility of crude fiber in ruminant feed is fully influenced by the role of rumen 

microbes. Ruminants are unable to digest coarse fiber directly, so that aided by crude fiber 

digesting bacteria cellulolitic. This is in accordance opinions Erwanto (1995), the fiber feed 

digestibility in the rumen is essentially a work ezim fiber-digesting enzyme produced by rumen 

microbes. Optimal rumen microbial growth is influenced by precursor nutrient requirements that 

must be available in an optimum concentration in the rumen eg crude protein content. This is in 

accordance opinions Budiman et al. (2006), fiber-digesting microbe-eating is not a single against 

the substrate fiber alone, but in reality the fiber-digesting microbes also need other metabolites of 

other microbial degradation results.   

If the feed protein or protein deficiency resistant to degradation in the rumen, the 

concentration of NH3 in the rumen will be lower and will slow the growth of rumen microbes 

that cause decreased feed digestibility (Mc Donald et al., 2002). VFA is the main source of 

energy and carbon for growth of the host animal and maintain living microorganisms in the 

rumen (Hungate, 1966). The optimal number of NH3 in rumen fluid can also increase the 

amount of VFA. It is caused NH3 used by microbes as agents for growth. Crude fiber 

digestibility was not significant (P> 0.05) in each of these treatments has been insufficient 

thought to relate to the needs of NH3 and VFA as a precursor fiber digesting rumen microbial 

growth. Based on the results Sineba (2007) that the range of 11-15% dietary protein and crude 

fiber rations ranged from 13 to 18.71% yield concentrations ranging from 5.01 to 10.01 Mm 

NH3 and VFA production ranges from 71-120 mM ettawa grade goats. The research results are 

within the normal range, the statement is supported by the opinion Sutardi (1979) which states 

that the ammonia concentration range that is pretty good for rumen microbial growth that is 4-12 

Mm, while according to Mc Donald et al. (2002) which states that a good VFA production to 

meet the rumen microbial synthesis that is 70-150 Mm.   

When viewed from the research Sineba (2007) which use 11-15% dietary protein and 

crude fiber ration 12 to 19.05% yield NH3 and VFA levels that have sufficient energy for the 

rumen microbes alleged use of dietary protein research at 16- -17% and from 13 to 17.90% crude 

fiber diet has sufficient energy for the rumen microbes digest fiber-digesting fiber in the rough so 

that the microbes digesting crude fiber have the same ability to digest fiber. This indicates that 

the rumen microbes digest crude fiber ration R1, R2, and R3 have the same ability.  
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The addition of organic micro mineral Zn-lisinat 40 ppm in the ration R3 R3 produce 

crude fiber digestibility (46.44 ± 2.46) was not significant (P> 0.05) on the digestibility of crude 

protein male goats. This is presumably due to the high ash content in the ration R3. The addition 

of organic micro minerals in the ration Zn-lisinat R3 is expected to spur the growth of microbes 

in the use of palm oil waste-based rations that increased fiber digestibility. However, the addition 

of organic micro mineral Zn-lisinat 40 ppm in the diet showed R3 is not significant (P> 0.05) in 

improving the digestibility of crude fiber. It is thought to need a zinc to spur the growth of 

microbes digesting crude fiber has been fulfilled so that no significant increase in the 

digestibility of crude fiber. The statement proved their opinions Arora (1989), that the 

requirement of a zinc to ruminants of 40-50 ppm and by Khalil et al. (2014) that the zinc content 

in ruminant feed in Indonesia ranges from 31.3 ± 5.5 mg / kg. The range of a zinc content in the 

feed as well as having experienced an increase of 40 ppm is alleged to have sufficient Zn 

minerals for livestock. Mineral Zinc is the activator variety of enzymes that can stimulate 

microbial growth.   

In addition, the high ash content in the ration R3 also suspected of causing the digestibility 

of crude fiber in R2 and R3 do not give a significant increase in the digestibility of crude fiber 

male goats. High ash content in rations R2 and R3 due to the high ash content in the palm of 

fermented residue of 38.23%. It is thought the additional oil palm shells on the cake so that the 

lignin content and silica increased the lead to increasing ash content in the oil cake. Sudarmadji 

and Bambang (2003) that the ash content in the feed associated with mineral content contained in 

the feed. Increasingly ash content of minerals. But the fulfillment of minerals for livestock too 

high is not recommended because the minerals and vitamins required by the body in small 

amounts. It's that indicate the addition of organic micro mineral Zn-lisinat not been able to 

improve the digestibility of crude fiber because of the high ash content in rations.  

 

Effect of different diets on body weight gain and feed efficiency 

 Average daily gain is a reflection of the accumulated consumption, fermentation, 

metabolism and absorption of nutrients in the body. Young calf increasing growth is one of the 

important objectives to be achieved. Excess food that comes from the basic necessities of life 

will be used to increase body weight. Body weight gain is a reflection of the quality and 

biological value of feed given to cattle (Simanhuruk et al., 2010).   

The average daily weight gain during the study was 106.67; 53.33; and 85.56 g / head / 

day in a row for the treatment of R1, R2, and R3 (Table 4). Based on the results of Duncan test 
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(Table 4), daily weight gain R1: 106.67 ± 11.55 (%) highly significant (P <0.01) with R2: 35.11 

± 9.46 (%) and R3 : 72.88 ± 7.35 (%), whereas R2 significantly different (P <0.05) with R3. 

However, the highest body weight gain was obtained by treatment of R1 which has the highest 

feed consumption amounted to 747.49 g / head / day, while the lowest body weight gain in 

treatment R2 with the lowest feed consumption amounted to 506.69 g / head / day. This is in 

accordance opinions (Kartadisastra, 1997), the body weight of cattle is always directly 

proportional to the level of feed consumption. The higher the body weight, the higher he level of 

consumption of the feed. 

Cheeke (1999) stated that the quality and quantity of feed greatly affect body weight gain. 

Daily body weight gain in males is more efficient in converting food into body weight of dry 

matter compared to female animals. High testosterone secretion cause high androgen secretion 

resulting in faster growth, especially after the appearance of secondary sex characteristics in 

male (Soeparno, 1998). Goat for producers of meat or to be used as seed, need to achieve 

maximum weight when cut or used for stud. Talib (2004), states that the body weight gain of 

ruminants is strongly influenced by the quality and quantity of feed, meaning ratings body 

weight gain of cattle comparable to the rations consumed, whereas according to the National 

Research Council (2006) weight gain is influenced by several factors, such as total protein 

obtained each day, type of animal, age, genetic state of the environment, the condition of each 

individual and governance management.  

 The average efficiency of the ration R1: 15:08 ± 1:33 (%) was not Significantly different 

(P> 0.05) with R3: 13.67 ± 0:11 (%), but were Significantly different (P <0, 01) with R2: 6.86 ± 

1:02 (%). Feed efficiency can be calculated based on the ratio of body weight (kg) with a total 

dry matter intake (kg) Multiplied by 100%. Feed efficiency is very important for farmers so as 

not to suffer losses due to too much food or feed shortage (Anggorodi, 1994). Efficiency ration 

R1 are not Significantly different (P> 0.05) with R3 shows that rationing based oil palm waste is 

added mineral organic micro-lisinat 40 ppm Zn in the same effect by rationing use of forage in 

increasing body weight of goats ettawa grade male. Although the addition of 40 ppm Zn-lisinat 

in rations based palm oil waste has not been able to improve the digestibility of crude protein and 

crude fiber digestibility significantly, but in terms of daily weight gain and feed efficiency turns 

male goat is very efficient in the use of ration R3. This is indicating that the provision of 40 ppm 

Zn-lisinat role in the metabolism of nutrients. In cattle that lack of protein and energy in the 

rations, in addition to stunted growth, will also have a poorer feed efficiency. 
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CONCLUSIONS AND RECOMMENDATIONS 

Conclusions in this study is different ration treatment was highly significant (P <0.01) on 

feed intake, digestibility of crude protein, average daily gain and feed efficiency, but had no 

effect (P> 0.05) on digestibility crude fiber male goats. Ration treatment using elephant grass 

give the best effect on feed intake, digestibility of crude protein, and daily weight gain, compared 

to fermentation of palm leaf midrib treatment as well as after the addition of organic micro 

minerals (Zn-lisinat). However, treatment-based rations added oil palm waste mineral organic 

micro-lisinat 40 ppm Zn in the same effect on the efficiency of rations for male goats.  
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ABSTRACT 

This study aimed to predict biological value of ruminant complete diet containing roughages 

using in vitro gas production (GP). Twelve complete diets containing ammoniated rice straw 

(ARS) and fermented sago dregs (FSD) which have been previously assessed for chemical 

content, in vivo dry organic matter digestibility (DOMD) and average daily gain (ADG) of beef 

cattle were available in this study. The complete diets represented a range in digestibility of 

roughage feed sources. The complete diets were assayed on three occasions for gas production. 

For given complete diets,  mean  DOMD, and ADG of beef cattle, and mean cumulative GP 

volume were fitted to linear regression equation Y=a+bX, where Y =  DOMD of complete diets 

(g/kg) and beef cattle ADG, and X =  GP (v/w = ml/g). The results showed, the  in vitro GP 48 h 

and in vivo DOMD of complete diets using ARS and FSD  were significantly correlated (P<0,01) 

with r=0.76, R2=0.58, and Y = 49,69 + 0,24X, and also revealed the best correlation (P<0,01) 

between GP 96h and DOMD with r=0.87, R2=0.75 , and Y = 40,98 + 0,313X. Furthermore, 

between GP 48h and beef cattle ADG were showed significantly correlated (P<0,01) with  

r=0.81, R2=0.66, and Y = 136,14 + 9,11X, but the best correlation (P<0,01) was found between 

GP 96 h and ADG with r=0.90, R2=0.82, and Y = 443,62 + 3,83X. It is concluded that gas 

production technique provides effective model for assessing ruminant diets.   

 

Key word : gas production technique, ammoniated rice straw, and fermented sago dregs,  

 

 

INTRODUCTION 

The nutritional value of a feed illustrates the value of feeding benefits to livestock. The 

nutritional value of ruminants feed can be obtained through experiments of nutrient digestibility 

and in vitro gas production, and direct experiments on livestock (in vivo), whereas proximate 

chemical analysis merely describes nutrient values without indicating the value of benefit on 

livestock. Feed in the rumen will be degraded by microbes to produce gas for energy purposes in 

the form of volatile fatty acids (VFA), carbon source (C) for microbial protein synthesis, and 

single cell protein source post rumen digestion. In vitro gas production illustrates that the process 

of fermentation of organic matter (OM) by rumen microbes occurs. Gas production occurs is a 

kinetic process, where there is an interaction between gas productivity and cell biomass increase 

due to feed bio-fermentation by rumen microbes as a source of nutrients for microbes in a certain 

time (Menke and Steingass, 1988.). Feeding the ruminant livestock is essentially the same as 

feeding on rumen microbes, then the feed will be converted by microbes in the form of gas as a 

mailto:ronny.tuturoong@yahoo.com
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source of energy (VFA) for host animals, so that with the growth and increase of rumen 

microbes will increase the digestibility of nutrient feed, which at turn influential on the increase 

of livestock body weight. 

Digestion of feed organic matter (OM) through rumen microbial bioprocess to final 

product in gas form of VFA with  partial concentration of acetate 60%,  propionate 25%,  

butyrate 10%and  valerate 5%. Feed energy in the form of volaitile fatty acids (VFA) reaches 

approximately 80% and the rest as methane gas (CH4) about 10%, carbon dioxide (CO2) 5%, 

and other gases as well as in the form of heat of fermentation. Thus it can be assumed that the 

high gas production is formed will also show the high the value of in vivo feed digestibility. The 

pattern of gas production of a feed can indicate the nutritional value of feed directly, and 

correlated positively to the increase of livestock body weight. 

Constraints that are often encountered in the development of ruminant livestock research 

through the evaluation of the nutritional value of various types and alternative feed sources is the 

length of time research, the level of difficulty of the field and the high cost. Measurement of 

digestibility of ruminant feeds considered to be a good guide for the performance of animals on a 

particular forage. According to some famous of ruminant nutritionists digestibility is the most 

useful and accurate method for measuring nutritive value of feed, however since this method is 

time consuming, involves high labor inputs , and requires large amounts of feedstuff, several 

laboratory methods have been proposed for predicting  digestibility (Pendong, et al., 1996). 

Several gas measuring techniques and  gas methods are in use by several groups. The  gas 

method based on syringes (Menke, et al., 1979; Blumel, et al., 1997) appears to be the most 

suitable for use in developing countries.  

This study aimed to evaluate the nutritional value of complete diet based on ammoniated 

rice straw (ARS) and fermented sago dregs (FSG) through the relationship between in vitro gas 

production total with in vivo dry organic matter digestibility (DOMD) and average daily gain 

(ADG) of cattle, or whether total in vitro gas production (GP) can explain the biological value of 

feed in vivo.  

The benefits of this research can be applied for the development of alternative feed 

sources research on ruminant livestock through the testing of feed gas feeding in a manner. 
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MATERIAL AND METHOD 

Twelve complete diets which have been previously assessed by Tuturoong, et al. (2016) 

for chemical content and  DMD and DOMD using wether beef fed at maintenance, were 

available in this study (tabel 1 and 2) 

Tabel  1. Treatments Diet Composition    

Feed Composition 
R2 R3 R4 

(% DM) (%DM) (% DM) 

Ammoniated rice straw (ARS) 

(6% urea x 21 days) 
37.5 25 12.5 

Fermented sago dregs (FSD)   (30 days) 12.5 25 37.5 

Consentrate 50 50 50 

Total 100 100 100 

Nutrients composistion of treatments diet : 

Crude Protein 11.43 11.39 11.35 

ADF 25.26 22.62 19.97 

NDF 37.83 34.79 31.76 

Concentrate feed ingredients :    

-       Corn 45 45 45 

-       Rice bran 25 25 25 

-       Coco cake 20 20 20 

-       Fish meal 10 10 10 

Total 100 100 100 

 

Tabel  2.  Given Diet Types of known in vivo DOMD and ADG 

Diet Types 

Crude 

Protein 

(%) 

NDF 

(%) 

ADF 

(%) 

Energy 

(Kcal/k

g 

DOMD 

(%) 

ADG   

(gr) 

R41 11.35 31.76 19.97 3018.62 64.41 702.53 

R42 11.35 31.76 19.97 3018.62 64.47 705.23 

R43 11.35 31.76 19.97 3018.62 65.30 714.45 

R44 11.35 31.76 19.97 3018.62 66.04 718.33 

R21 11.43 37.83 25.26 2118.40 64.85 736.51 

R22 11.43 37.83 25.26 2118.40 65.65 736.72 

R23 11.43 37.83 25.26 2118.40 65.70 740.83 

R24 11.43 37.83 25.26 2118.40 66.87 745.61 

R31 11.39 34.79 22.62 2568.51 66.11 798.81 

R32 11.39 34.79 22.62 2568.51 66.52 798.99 

R33 11.39 34.79 22.62 2568.51 67.91 820.98 

R34 11.39 34.79 22.62 2568.51 68.35 821.25 
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The complete diets represented a range in digestibility (tabel 2). The complete diet in 

milled form (1.0 mm screen) were assayed on three occasions (A1,A2, A3) for  gas production 

comply with method of Menke et al. (1979) that modified by (Makkar, et al., 1995). In the gas 

production method 0,5 g samples were fermented, at 39oC, for 48 and 96h with beef rumen 

liquor and  50 ml of gas production medium. The gas production volume from each of the 

fermented complete feed was measured every  2 – 4 h as in gas production method. Each sample 

of the test feed was assessed using 4 replicates in three  assays.  For given complete diets, mean 

DOMD and mean cumulative gas production (GP) volume were fitted to linear regression 

equation Y=a+bX, where Y =  DOMD of complete diets (g/kg) and X =  gas production (v/w = 

ml/g). 

The regression analysis also tested the coefficients of regression, in order to  test the 

significance of the relationship between in vivo DOMD and ADG (Y variables) and the in vitro 

GP (X variable). The test was performed using t - test on the hypothesis of the research: 

H0: β = 0 (there is no relationship between variables X and Y) 

H1: β ≠ 0 (there is a relationship between variables X and Y) 

 

RESULTS AND DISCUSSION 

in vitro GPand In vivo DOMD 

Gas production data of 48 hours and 96 hours incubation of several diet types are shown 

in Table 3.  

The highest GP both 48 hours and 96 hours incubated were obtained in treatment diet R3 

(containing 25% ARS and 25% FSD), i.e. 69.5 - 72.0 ml/g for 48 hours incubation, and 89.50 to 

94.00 ml/g for 96 hours incubation. This is followed by treatment diet R2 containing (37.5% 

ARS and 12.5% FSD) i.e. 68.5 – 71.0 ml/g (48 h incubation, and 77.0 – 88.0 ml/g (96 h 

incubation), while the lowest GP found in treatment diet R4 (containing 12.5 ARS and 37.5% 

FSD), i.e. 61.5 – 64.0 ml/g (48 h) and 64.00 – 76.00 ml/g (96 h). As well as on the DOMD which 

already obtained in the previous experiment using the same treatment diets. The highest DOMD 

was obtained in treatment diet R3, i.e. 66.11 – 68.35%, followed by R2 i.e. 64.85 - 66.87%, then 

the lowest one was found in R4 i.e. 64.41 – 66.04%. These results are consistent with the 

research Selcuk et al. (2016) whereas with increased treatment of exogenous fibrolytic enzyme 

on rice straw it stimulated an increase both in vitro GP and OMD. The difference in total gas 

production of 48 hours and 96 hours on different feed types explained that nutrient feed quality 
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affects gas production. The kinetic of gas production is depends on the proportion of soluble or 

insoluble particles in feed. (Chun-Nan Chen, et al., 2016). 

 

 Tabel 3. Gas Production, Dry Organic Matter Digestibility,and Average Daily Gain 

Diet Types 
Gas Production (ml/g) DOMD  

(%) 

ADG   

 (gr) 48 hours 96 hours 

R41 61.5 64.00 64.41 702.53 

R42 62.0 67.00 64.47 705.23 

R43 63.0 68.00 65.30 714.45 

R44 64.0 76.00 66.04 718.33 

R21 68.5 77.00 64.85 736.51 

R22 69.0 80.00 65.65 736.72 

R23 70.5 85.00 65.70 740.83 

R24 71.0 88,00 66.87 745.61 

R31 69.5 89.50 66.11 798.81 

R32 70.5 90.50 66.52 798.99 

R33 71.5 92.00 67.91 820.98 

R34 72.0 94.00 68.35 821.25 

 

 Data prediction of in vivo DOMD of complete diet and ADG of Beef Cattle from GP 

were performed on tabel 4.  

Tabel  4.  Prediction of  DOMD of complete Diets, and ADG of Beef Cattle  (Y) from gas 

production (X) 

Assay Techniques Equation Significance 
(r ) 

Corelation 

R2 

(CD) 
RSD 

DOMD:              

1 
Gas Production 

48h Y = 49.69 + 0.24X P<0.01 0.76 0.58 0.84 

2 
Gas Production 

96h Y = 40.98 + 0.313X P<0.01 0.87 0.75 0.65 

 DWG :        

1 
Gas Production 

48h Y = 136.14 + 9.11X P<0.01 0.81 0.66 27.38 

2 
Gas Production 

96h Y = 443.62 + 3.83X P<0.01 0.90 0.82 19.92 

 

In vitro GP 48 h versus DOMD. Regression analysis on GP 48 h and DOMD (tabel 4) 

shows the value of r, R2, and RSD were 0.76, 0.58 and 0.84, respectively. The fit plot equation 

was Y = 49.69 + 0.24X (figure 1). The regression coefficient test also shows t-stat value (3.74) > 

t - table (1.81), which means H0 is rejected, whereas H1 is accepted. With the r value of 0.76, 
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indicates the rate of correlation between GP 48 h and DOMD was 76%, means very close, 

however with the coefficient determination (R2) of 0.58, means that 58% DOMD value of 

complete diet containing  ARS and FSD can be explained by 48 h of GP technique, while the 

remaining (100 - 58) of 42% was maybe influenced by other variations, mainly methane gas 

(CH4) and carbon dioxide (CO2). The RSD value of 0.84 elucidate that the distribution value 

around the Y variable (DOMD) was 0.84%, in which the smaller the RSD value the smaller the 

real Y spreads the regression line. 

 
Figure 1. Predicted line of GP 48 h and DOMD 

 

In vitro GP 96 h versus DOMD. Regression analisis on GP 96 h and DOMD (tabel 4) turn 

out the value of r, R2, and RSD were 0.87, 0.75 and 0.66, respectively. The predicted regression 

line equation was Y = 49.69 + 0.24X (figure 2). The regression coefficient test also shows t-stat 

value (5.50) > t - table (1.81), which means H0 is rejected, whereas H1 is accepted. With the r 

value of 0.87, indicates the rate of correlation between GP 96 h and DOMD was 87%, means 

very close, with the coefficient determination (R2) of 0.75, means that 75% DOMD value of 

complete diet can be explained by 96 h of GP technique, while the remaining (100 - 75) of 25% 

was influenced by other variations, mainly methane gas (CH4) and carbon dioxide (CO2). The 

RSD value of 0.65 elucidate that the distribution value around the Y variable (DOMD) was 0.66 

%, in which the smaller the RSD value the smaller the real Y spreads the regression line. 
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Figure 2. Predicted line of GP 96 h and DOMD 

 

Partial gas production is influenced by the balance between forage and concentrate in 

complete feed. The higher the content of structured carbohydrates in the complete feed will 

produce higher acetate. The ratio of aseta (C2), propionate (C3) and butyricate (C4) is not 

constant, but the acetate is always the most with a balance of C2 60%: C3 20%: C410%. 

According to Tuturoong (2014), that the OM which uses 25% of Bengal grass in a complete feed 

will experience bio-fermentation by rumen microbes to produce energy in the form of VFA of 

72.95%, which partially consists of 52.3% acetate, 13.22% propionate and 7.70% butyrate, rest 

was the NH4, CO2 gases and other gases. Furthermore it was said that the use of 25% 

ammoniated Bengal grass in complete feed compared to the complete feed of 0% of grass 

benggala resulted in higher GP and efficiency of microbial protein synthesis (ESPM) i.e. total 

GP 80.91 ml/500mg, DM 80.00% and ESPM 22.05 g N/kg, DOMD 21.65 g. Total VFA 

production was still in the concentration range for optimal microbial growth of 70-150mM 

(McDonald et al 2002). 

 

In vitro GP and ADG of Beef Cattle 

In vitro GP 48 h versus ADG. Regression analisis on GP 48 h and ADG (tabel 4) shows 

the value of r, R2, and RSD were 0.81, 0.66 and 27.38, respectively. The regression line equation 

was Y = 136.14 + 9.11X (figure 3). The regression coefficient test also shows t-stat value (4.36) 

> t - table (1.81), which means H0 is rejected, whereas H1 is accepted. With the r value of 0.81, 

indicates the rate of correlation between GP 48 h and ADG was 86%, means very close, 

subsequently, with the coefficient determination (R2) of 0.66, means that 66% ADG value of 
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beef cattle which given complete diet containing  ARS and FSD can be explained by 48 h of GP 

technique, while the remaining. The RSD value of 27.38 represent that the distribution value 

around the Y variable (ADG) was 27.38 g, in which the smaller the RSD value the smaller the 

real Y spreads the regression line 

 

Figure 3. Predicted line of GP 48 h and ADG 

 

In vitro GP 96 h versus ADG. Regression analisis on GP 96 h and ADG (tabel 4) shows 

the value of r, R2, and RSD were 0.90, 0.82 and 19.92, respectively. The regression line equation 

was Y = 443.62 + 3.83X (figure 4). The regression coefficient test also shows t-stat value (6.7) > 

t - table (1.81), which means H0 is rejected, whereas H1 is accepted. With the r value of 0.90, 

explanes the rate of correlation between GP 96 h and ADG was 90%, means very close, 

Furthemore, with the coefficient determination (R2) of 0.82, means that 82% ADG value of beef 

cattle can be explained by 96 h of GP technique, while the remaining. The RSD value of 19.92 

represent that the distribution value around the Y variable (ADG) was 19.92 g, where the smaller 

the RSD value the smaller the real Y spreads the regression line. 
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Figure 4. Predicted line of GP 96 h and ADG 

Changes that occur in body weight is influenced by the treatment of the tested diet. The 

feed consumed by livestock will be converted by rumen microbes to produce gas in the rumen 

dominated by VFA. The concentrate-containing feed will increase the proportion of propionate 

in VFA through a microbial fermentation process in the rumen as a meat-forming precursor and 

weight gain even though the proportion of acetate in VFA is always higher, while forage feed 

will increase the proportion of acetate to fat formation. 

Sangaji (2009) reported that field grass usage of 30% in 40% complete feed concentrate 

and 30% fermentation sago dregs resulted in the highest ADG of 0.655 kg/head/day. The use of 

25% ammoniated grasses and 10% gamal leaves in complete diet produced the highest loca goat 

ADG 69.37gr /head /day compared with 50% of the teramoniated grass grass and 10% of gamal 

leaves in the complete feed of 68.20 % gr / head / day (Tuturoong, 2014). 

 

CONCLUSION 

It is concluded that in vitro gas production technique provides effective model for 

assessing ruminant diets 
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The study was conducted to determine the effect of Hibiscus rosa-sinensis L. leaves as 

defaunating agent on number of protozoa and in vitro gas production of feed. Ground samples 

(300 mg) of king grass and rice bran (60:40, w/w), and added with Hibiscus rosa-sinensis L. 

leaves were incubated in 100 ml glass syringes with buffered rumen fluid (30 ml). This study 

was consisted of four level addition of saponin from Hibiscus rosa-sinensis L. leaves by 0, 0.2, 

0.4, and 0.6 mg /100 ml medium, each treatment was done in three replications. Cumulative gas 

production was recorded at 3, 6, 9, 12, 24, 48, and 72 h of incubation and the kinetics of gas 

production was described by using the equation Y = a + b (1- e-ct). Number of protozoa, pH, 

cummulative gas production, degraded dry matter (DDM), and degraded organic matter (DOM) 

were measured after 72 h of incubation. Data were analyzed variance using one way design, the 

differences between mean values were analyzed by Duncan’s new Multiple Range Test 

(DMRT). The result showed that an increase in level of Hibiscus rosa-sinensis L. leaves 

decreased number of protozoa up to 59.44% compared to control. However, the treatments didn’t 

affect gas production, DDM, and DOM. In conclusion, addition of 0.2 mg saponin Hibiscus 

rosa-sinensis L. leaves /100 ml medium could decreased number of protozoa, and didn’t reflect 

negative effect on gas production of feed. 

 

Key words: Hibiscus Rosa-Sinensis L., In vitro gas production, Protozoa,  Degraded nutrient. 

 

INTRODUCTION 

Saponins are glycosidic compounds composed of a steroid (C27) or triterpenoid (C30) 

sapogenin nucleus with one or more carbohydrate branches (Klita et al., 1996). Sarsaponin is a 

group of steroidal glycosides extracted from the Yucca schidigera plant. Steroidal saponins are 

present in a wide variety of plants, including the desert plant, Yucca schidigera. Saponins have 

antimicrobial properties, particularly in suppressing ciliate protozoa, peptidase-producing 

bacteria (Wallace et al., 1994; Wang et al., 2000), and cellulolytic bacteria (Wang et al., 2000). 

Methanogenic bacteria were metabolically correlated with ciliate protozoa (Newbold et al., 1995 

cit. Pen et al., 2006). Because methane production has a negative correlation with energy 

utilization in ruminants (Ørskov et al., 1968), there have been many efforts to inhibit its 

production and to rechannel hydrogen to produce more VFA and microbial mass. 

In tropical ruminant feeding systems, forages usually have a low digestibility and are 

deficient in N, which restricts the efficiency of feed utilization. Abreu et al. (2004) explained 

mailto:c.hanim@ugm.ac.id
http://jds.fass.org/cgi/content/full/86/10/3330#WALLACE-ETAL-1994
http://jds.fass.org/cgi/content/full/86/10/3330#WANG-ETAL-2000
http://jds.fass.org/cgi/content/full/86/10/3330#WANG-ETAL-2000
http://jds.fass.org/cgi/content/full/86/10/3330#NEWBOLD-ETAL-1995
http://jds.fass.org/cgi/content/full/86/10/3330#ORSKOV-ETAL-1968
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feed utilization could be improved by manipulation of ruminal fermentation either through 

changes in diet composition (e.g., legume supplementation) or through manipulation of key 

ruminal microbial groups. Removing ruminal ciliate protozoa has been proposed as one 

promising approach because their presence decreases bacterial count and the total amount of 

microbial protein leaving the rumen. A range of techniques for defaunation has been tested, but 

suitable methods for defaunation under normal farm conditions are still lacking.  

Recently, plant secondary metabolites with an inherent capability to partially defaunate 

the rumen have been described. The incorporation of pure saponins or saponin-rich feeds, such 

as Sapindus saponaria fruits, into the diet decreased the ruminal ciliate population, whereas 

bacterial and fungal biomass was increased (Dıaz et al., 1993). Supplementing grass-alone and 

grass-legume diets with S.saponaria fruits resulted in favorable ruminal changes in vitro, but 

effects occasionally depended on the basal diet (Hess et al., 2003). Many compounds have been 

tested in vitro as methane inhibitors. However, ruminal microbial populations in vivo adapt or in 

vitro degrade many of these compounds, and favorable effects on animal performance have 

rarely been observed.  

The objective of the present study was to investigate the effects of addition of saponin as 

defaunating agent in ruminal fermentation characteristics of forage and concentrate on protozoal 

numbers, pH, in vitro gas production, and digested nutrient. 

 

MATERIALS AND METHODS 

Experimental treatments 

Treatments were arranged in a one way design, with the main factors being levels of 

saponin from Hibiscus rosa-sinensis L. leaves (0, 0.2, 0.4 and 0.6 mg/100ml). Fermentation 

experiments were separately conducted for each treatment with three replicates each treatment. 

King grass and rice bran were utilized as substrate for fermentation.  

 

In vitro digestibility gas production technique 

Determination of in vitro digestibility gas production technique was conducted following 

procedure described by Menke and Steingass (1988). In vitro incubations were carried out with 

rumen fluid from a fistulated Ongole Cross Breed. The rumen liquor was withdrawn before the 

morning feeding and was squeezed through four layers of surgical gauze into an Erlenmeyer 
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flask. The fluid was then mixed with buffer carbonic acid. The temperature and pH of the 

mixture were maintained at 39C and 6.9, respectively. Anaerobic conditions were maintained 

during fermentation by initial flushing of the tubes with CO2. Approximately 300 mg of feed 

consisted of king grass and rice bran with ratio 60:40 (w/w) was placed in a 100 ml syringe, and 

added with Hibiscus rosa-sinensis L. leaves at different level of treatments. The volume of 

inoculum and buffer was made up to 30 ml and the syringe was flushed with CO2, capped with a 

piston and incubated at 39C. All syringe were swirled and observed the gas production at 1, 2, 

4, 6, 8, 12, 24, 36, 48 and 72 h. Blanks were run in triplicates throughout the incubation process. 

Total gas production measured following fitcurve methode (Chen, 1994). At the end of the 

incubation period, protozoa numbers and pH was determined in fermentation fluid. The residu of 

fermentation of feed was used to calculate digested dry matter and organic matter.  

 

Samples collection and analysis 

pH of fermentation. pH of fermentation of feed was immediately recorded using a pH meter 

after fermentation process.  

 

Protozoal counts 

Filtrate were collected for enumeration of protozoa. Ruminal protozoa were counted with 

the aid of a 0.2-mm depth counting chamber (Dıaz et al., 1993). Before counting, samples were 

fixed by the addition of 0.8 ml/ml of formaldehyde-saline solution (37% [v/v] formaldehyde and 

0.9% [w/v] NaCl). Then the samples were shaken to ensure homogeneity and were transferred 

via a pipet to the edge of the cover slip, allowing the 0.2-mm deep chamber to fill by capillary 

action and thereby ensuring that there was no bubble formation under the cover glass. The 

primary square of the counting chamber was visualized under a microscope at 40 x 

magnification. 

 

Chemical composition 

The samples, before and after fermentation, were analyzed for chemical composition 

including dry matter (DM) and organic matter (OM) according to AOAC procedure (2005). 

These analysis were carried out for fermented sample of feed with different level of saponin to 

determine the effect of fermentation on chemical composition and in vitro digestibility gas 
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production. Digested dry matter and organic matter. After 72 h, the contents of the syringe 

filtered through crussible layered by glass wool and washed with boiled water. To determine 

digested dry matter (DM) and organic matter (OM), the residues were analyzed for DM and OM 

according to AOAC (2005). Digested DM and OM was calculated as original weight of sample 

(added in each incubation) minus dry residue weight (after incubation) divided by original 

sample weight. These values were then multiplied by 100 to derive digested percentage. 

 

Statistical Analysis 

The data were analyzed as a one way design. The differences of mean value were 

analyzed by Duncan’s new multiple range test (Rosner, 1990). 

 

RESULT AND DISCUSSION 

pH and protozoa numbers 

Hibiscus rosa-sinensis L. leaves has saponin content 1.79%. In Table 1, total protozoa 

decreased with increasing level of addition of saponin, whereas it did not affect pH of 

fermentatiom. This is mean, pH during fermentation occured still maintained in normal pH of 

rumen. Saponin influenced growth protozoa due to able to bind sterol in cell membrane of 

protozoa. Thus, it disturbed growth of protozoa. The protozoal numbers decreased by 19.37, 

31.52, and 59.44% for 0.2, 0.4, and 0.6 mg/ml saponin, respectively, compared to control. Hanim 

et al. (2009) have been reported similar result, whch addition of saponin up to 0.3 mg/100ml 

reduced protozoal numbers and ammonia, eventhough it was not affect pH of fermentation. 

 

Tabel 1. pH and protozoal numbers (.103/ml) of medium after 72 h of fermentation of feed with 

different level of saponin  

Item 
Level of saponin (mg/100ml) Sig 

0 0.2 0.4 0.6 

pH 6.77 6.76 6.77 6.77 ns 

Protozoa 20.81a 16.78b 14.25c 8.44d ** 

Means within the same row with various superscripts are significantly or not significantly 

different, **P < 0.001, Sig. = significance level 

pH of fermentation was apparently unaltered by saponin, but protozoal numbers have 

shown that saponin affects the protozoa growth. Included at 1%, Yucca schidigera extract 
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stimulated Prevotella ruminicola, suppressed Streptococcus bovis and Butyrivibrio fibrisolvens 

and did not affect growth of Selenomonas ruminantium (Wallace et al., 1994). Decreasing 

protozoal counts with supplementation of saponins rich extract (Hristov et al., 1999) or pod and 

seed (Patra et al., 2006) or fruits (saponin-rich fruits including S. saponaria (Diaz et al., 1993; 

Hess et al., 2003) have been reported. Saponins possibly bind with sterol of cell membrane of 

protozoa and change the permeability of cell membrane (Patra et al., 2006). The most widely 

recognized biological effect of saponins is the haemolysis of red blood cells in vitro. It is 

generally accepted that saponins cause haemolysis by increasing the permeability of the plasma 

membrane (Price et al., 1987). Saponins from various sources have also been found to 

permeabilize the small intestinal mucosal cells of mammals (Johnson et al., 1986), but the effect 

of saponins on the permeability of microbial cell walls has not been assessed. Klita et al. (1996) 

explained the susceptibility of rumen protozoa and lack of susceptibility of rumen bacteria to 

saponins by the presence of cholesterol in eukaryotic membrane (including protozoa), but not in 

prokaryotic bacteria cells.  

In vitro gas production 

As shown in Table 2, in vitro gas production of fermentation of feed with different level 

of saponin did not show significant different, eventhough protozoal numbers decreased with 

increasing of level of saponin addition. All of parameter of in vitro gas production of feed  was 

similar (P > 0.050) compared with the untreated control. It means that addition of saponin from 

Hibiscus rosa-sinensis L. Leaves up to 0.6 mg/100ml could not affected the nutrient digestibility 

of feed.  

 

Table 2. Total gas production (ml/300mg DW), fraction a (ml/300mg DW), b (ml/300mg DW), 

and c (ml/h) after 72 h of fermentation of feed with different level of saponin  

Item Level of saponin (mg/100ml) Sig 

0 0.2 0.4 0.6 

Total gas production 60.26 59.97 60.03 59.75 ns 

a -0.93 -0.58 -0.07 -1.39 ns 

b 63.09 62.26 62.41 62.65 ns 

c 0.045 0.046 0.047 0.048 ns 

Means within the same row with various superscripts are not significantly different, a = quickly 

soluble fraction,  b = insoluble but fermentable fraction, c = rate of dry matter degradation, Sig. = 

significance level 
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Digested nutrient 

As shown in Table 2, digested DM and OM of fermentation of feed with different level 

of saponin did not show significant different. It was linier with the gas production that didn’t 

show significant effect with addition of saponin. This phenomenon showed that addition of 

saponin might not affect cellulolytic activity. It was reported by Hanim et al. (2009) saponin 

didn’t influence cellulase activity.  

Table 3. Digested dry matter (%) and organic matter (%) after 72 h of fermentation of feed with 

different level of saponin  

Item Level of saponin (mg/100ml) 
Sig 

0 0.2 0.4 0.6 

Digested dry matter 48.26 47.76 44.23 44.70 ns 

Digested organic matter 39.32 36.73 32.72 32.27 ns 

Means within the same row with various superscripts are not significantly different, Sig. = significance 

level 

 

CONCLUSSION 

Addition of 0.2 mg saponin Hibiscus rosa-sinensis L. leaves /100 ml medium could 

decreased number of protozoa, and didn’t reflect negative effect on gas production of feed. 
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ABSTRACT 

This study was aimed to determine the effect of lactic acid bacteria (LAB) as probiotics on 

weight gain of pre-weaning lamb. This studyused FDY 31, FDY43, FC 9, and L. plantarum as 

LAB isolates. This studyused 9 pre-weaning lambwith age of 2-9 weeks. Probiotic candidates 

were tested on the resistance to low pH (pH 2; 2.5; and 3), the resistance test against bile salt 

concentration (3; 4; and 5%), and inhibitory activity test against E. coli and S. aureus. The 

probiotic candidates test results were analyzed using Factorial Completely Randomized Design 

and continued with DMRT. The analysis results of candidate probiotic test showed significantly 

different (P <0.05) on resistance to low pH and inhibition ability to pathogenic bacteria. The 

parameters wereaverage daily gain (ADG), amount of LAB and pathogenic bacteria in the 

digestive tract. Parameters analyzed using Independent Sample T-Test. The ADG of pre-weaning 

lambs treated with probiotics is 56,96 ± 28,74 g/head/day, and without probiotics 33,41±19,97 

g/head/day. The colonies forming unit (CFU) of LAB in digestive tract are 9.25±6.85 x 102 

CFU/g (with probiotics) and 4.00±2.64 x 102 CFU/g (without probiotics). The number of 

Escherichia coli are 29.25±7.04 x 102 CFU/g (probiotics) and 32.67±7.02 x 102 CFU/g (without 

probiotics). The analysis showed that treatment were not significantly different (P>0.05) on the 

ADG of pre-weaning lamb, the amount of LAB and the amount of pathogenic bacteria in the 

digestive tract. It was concluded that isolates of LAB have potential as probiotics, but has not 

significantly affected the ADG of pre-waening thin tail lamb. 

 

Key Words: Lactic acid bacteria, Probiotics, Feed additif, Average daily weight gain, Thin tail 

sheep 

 

INTRODUCTION 

Thin tail sheep is a sheep native to Indonesia that widely kept by traditional farmers. Thin 

tail sheep have a good adaptability to environmental conditions in Indonesia. Thin tail sheep 

capable of mating throughout the year and were able to give birth more than one in one birth, so 

it has the potential to be developed and improved its productivity. 

Probiotics are feed supplements in the form of living microorganisms that can provide 

positive benefits in the body of host animal (Vienna, 2005). Probiotics in adult ruminant widely 
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applied in the front digestive tract (rumen) using cellulolytic microorganisms to foster rumen 

ecosystem, whereas in the young ruminants probiotics applied to the rear gastrointestinal tract 

(intestine) with the hope of avoiding diarrhea due to changes in feed or bacterial pathogens 

(Pamungkas and Anggraeny, 2006). 

Giving probiotics in young animals serves to prevent diarrheal disease due to changes in 

feed or interruption of pathogenic bacteria such as E. coli. L.acidophilusas probiotics reportedly 

can reduce the population of E. coli in the intestine of calves (Surono, 2004), and is effective in 

reducing mortality and improving calf Average Daily Gain (ADG) (Gilliland et al., 1980). 

However, the effect of probiotics on the lamb has not been known, therefore it is necessary to 

conduct further research on the benefits of lactic acid bacteria as probiotics. 

Research on probiotics at the pre weaning lamb needs to be done in the hope of 

improving the condition of the digestive tract onanimal, so that it can accelerate the growth of 

the lamb. The objective of the study is to investigate the effect of Lactic Acid Bacteria (LAB) as 

probiotics on weight gain of the pre weaning thin tailed lamb, thus improving the performance of 

post weaning lambs. 

 

MATERIALS AND METHODS 

Research period and location 

This research was conducted at the Laboratory of Nutritional Biochemistry, Faculty of 

Animal Science, UniversitasGadjahMada and some study through a project with the theme 

"Science and Technology Joint Farmers" in NgrajekLor, Mlati, Sleman, D.I. Yogyakarta. The 

study was conducted in October 2015 through March 2016. 

 

Materials 

Equipment used to test the capability of LAB as probiotics are autoclave, 

spectrophotometer, hungate tubes, petri dish, laminar air flow, vacuum sealer, and other 

glassware. Ingredients used to test the LAB capability as probiotics are LAB Isolate (FDY31, 

FDY43, FC9, and Lactobacillus plantarum), Escherichia coli (gramnegative), Staphylococcus 

aureus (gram positive), distilled water, molasses, skimmed milk nonfat, lamb’s fresh bile salts, 

HCl3N, Man Rogosa and Sharpe (MRS), Nutrient Broth (NB), and agar. 
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Animal used in this study are 9 pre weaning thin tailed lamb with age of 2-9 weeks 

andreared in individual cages alongside theirmothers. Parent fed with forages and concentrates. 

Probiotics in the form of solid fermentation with the composition of skim milk, molasses, 

distilled water, starter of LAB isolates. Another tool used is 25 mL syringe without a needle and 

digital weighing. 

 

Methods 

Rejuvenation and multiplication of Probiotic Bacteria 

Each lactic acid bacteria strain were grown in the solid MRS medium and incubated at 

37°C for 1-2 x 24 hours under aerobic conditions.Bacteria that have grown then inoculated back 

into liquid MRS medium for multiplication in hungate tubes. The bacteria were then incubated at 

37°C for 1 x 24 hours for the next trials. 

 

Test of Lactic Acid Bacteria as Probiotics Candidate 

LAB isolates potential test as probioticsinclude of gastric acid tolerance (pH 2; 2.5; and 

3) and bile salts tolerance (3; 4; 5% of concentration) using MRS medium by inoculating each 

bacterial isolates (Lin et al., 2006). Test of inhibitory activity against pathogens bacteria carried 

in the culture of lactic acid bacteria and neutral supernatant using well diffusion method 

(Scheved et al., 1993). 

 

Gastric acidity tolerance (low pH). 

One mL of BAL culture grown in liquid MRS medium overnight before sub cultured into 

fresh 9 mL liquid MRS medium adjusted to different pH value(2; 2.5; and 3) with HCl 3N. LAB 

culture were incubated for 5 hoursat 37 °C. Bacterial growth was monitored hourly after 

incubating by measuring absorbance using a spectrophotometer based on the Optical Density 

(OD) at λ = 660 nm. Interpretation of positive results will be seen with the increase in OD values 

after incubation. 

 

Bile salts tolerance 

BAL culture isolates overnight before were inoculated into liquid MRS medium adjusted 

to different bile salt concentration using lamb’s fresh bile salt(3, 4, and 5%) and pH of 7.2. 
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Culture sample were incubated for 5 hoursat 37 °C. Bacterial growth in control (no bile) and test 

culture was monitored hourly after incubating by measuring absorbance using a 

spectrophotometer based on the Optical Density (OD) at λ = 660 nm. Interpretation of positive 

result will be seen by the increase in OD values after incubation. 

 

Inhibiting activity against pathogenic bacteria 

Each pathogenic bacteria strain was inoculated into 10 ml of liquid NB medium and 

incubated at 37°C until the number of bacterial cells become 106 CFU/mL by measuring optical 

density of 0.1 at a wavelength of 660 nm using spectrophotometer. Pathogenic bacterial cultures 

of 25 µL was inoculated into 50 mL of liquid NB Agar medium, shaken evenly and then poured 

into a petri disc wait until hardened. Make 4 wellbore with a sterile yellow tip diameter of 5 mm. 

BAL culture and BAL mixture (4 isolates BAL) each as much as 50 µL is dripped into the 

wellbore on each petri dish and drops of distilled water in one of the wellbore as a control. Petri 

dish was incubated for 2 days at 37°C. Diameter of inhibition zone around the wellbore as a 

BAL inhibition ability against pathogens was measured using a ruler. 

 

Solid fermentation as a source of probiotics 

The composition of solid fermentation consists of LAB probiotic mixture, molasses, skim 

milk, and distilled water (Table 1). The water content of solid fermentation about 60%. All the 

ingredients are mixed and stored in anaerobic jars up to 7 days later to check the pH. Probiotics 

in the form of solid fermentation then vacuum packed in plastic and stored in a chiller storage at 

4°C. Results of the proximate analysis on probiotics samples in the form of solid fermentation is 

presented in Table 2. 

 

Table 1. The composition of solid fermentation with water content of 60% 

Composition Without Probiotics Probiotics 

Molasses (mL) 3 3 

Skim milk (g) 54.6 54.63 

Distilled water (mL) 32.37 32.37 

Probiotics (mL) - 10 
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Table 2. Proximate analysis result of probiotics solid fermentation 

Analysis (%) Without Probiotics With Probiotics 

Water content 41.69 44.82 

Dry matter 58.31 55.18 

Organic matter 93.85 92.68 

Crude Protein 9.76 11.04 

Crude Lipid 6.72 7.92 

Description: Based on the proximate analysis results of Nutritional Biochemistry Laboratory, 

Faculty of Animal Science, Universitas Gadjah Mada, Yogyakarta 

 

Probiotics application to the Lamb 

Probiotics mixture of LAB strains (FDY31, FDT43, FC9, and L. plantarum) in the form 

of solid fermentation given to the lamb every morning before feeding. Five grams of solid 

fermentation dissolved into 20 mL of water and administered orally through a syringe. 

 

Measurement of Lamb’s Weight 

Weight measurement of the lamb done every single week using digital weighing. Weight 

corrected for sexes and type of birth. Corrections to the sexes is done by an average initial weight 

of males lamb divided with an average initial weight of females lamb. The results of these 

calculations are only used for multiplying female individuals. Corrections to the type of birth is 

done by calculating the average initial weight of the single births type divided by the average 

initial weight of the multiple birth type of the results on the correction of sex before. These 

results are only used for multiplying individual of multiple births. 

 

Amount of fecal LAB and E. coliof the lamb 

Fresh feces of lamb collected at the end of treatment. Fresh feces from each lamb is taken 

as much as 5 grains directly from the rectum and put in vacuum plastic. Fresh feces from each 

animal taken as much as 1 gram and diluted in distilled water to the level of dilution 10-

2.Dilution inoculated into solid MRS medium and incubated for 24 hours at 37°C. Colonies that 

grow are lactic acid bacteria. The calculation of fecal E. colicolonies done by inoculating dilution 

to Eosin Methylene Blue Agar (EMBA) medium. Colonies that grows and has a black color in 

the middle are colonies of E. colibacteria. The amount of Colony Forming Unit (CFU) that grow 

are calculated by the following formula. 
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CFU/g = numbers of colonies x x  

Statistics analysis 

 potential test of lactic acid bacteria as probiotics tested using Factorial Completely 

Randomized Design (CRD)and continued with Duncan's Multiple Range Test (DMRT). Average 

Daily weight Gain (ADG) of pre weaning lamb and the amount of Colony Forming Unit (CFU) 

of fecal bacteria colonies tested using Independent sample T-Test. 

 

RESULTS AND DISCUSSION 

Low pH Tolerance 

Tolerance test in low pH represented by the average difference of LAB absorbance value 

on hour-5 against initial hours of incubation. Test results of lactic acid bacteria tolerance to low 

pH are presented in Table 3. 

 

Table 3. Average growth of lactic acid bacteriaon a low pH level 

Lactic Acid Bacteria 
pH Level 

2.00 2.50 3.00 Averagens 

FDY 31 -0.02 ± 0.02 0.02 ± 0.01 0.12 ± 0.01 0.04 ± 0.06 

FDY 43 -0.02 ± 0.03 0.03 ± 0.01 0.11 ± 0.02 0.04 ± 0.06 

FC 9 0.01 ± 0.02 0.02 ± 0.01 0.14 ± 0.01 0.05 ± 0.06 

L. plantarum 0.02 ± 0.02 0.02 ± 0.01 0.06 ± 0.05 0.04 ± 0.03 

Average -0.01 ± 0.03a 0.02 ± 0.01b 0.11 ± 0.04c  

a, b, c differentsuperscripts at the same row indicate significant different  (P<0,05) 
ns Non significant 

 

Table 3 shows that all types of lactic acid bacteria isolates was not significant (P> 0.05) 

on the growth of bacteria at different pH levels. The analysis also showed that the pH level 

significantly (P <0.05) affecting the growth of bacteria. Lactic acid bacteria isolates were able to 

grow well at pH 3 with the highest average value of absorbance (0.11 ± 0.04). Bacteria is said to 

be resistant to low pH when OD values at 660nm ≥ 0.1 (Nocianitri et al., 2011). Lactic acid 

bacteria are able to survive at pH 3 for 2 hours is considered viable as a probiotic strain (Usman, 

1999; Suskovic et al., 2001). Bacteria can have a positive effect on the environment of the small 
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intestine when the population of bacteria of at least 106-108 CFU/mL or equal to the value of 0.1 

OD at 660nm (107 CFU / mL) (Santoso et al., 2013). All LAB tested can be said to be potentially 

as probiotic strains and can proceed with the next tolerance test. 

 

Bile Salt Levels Tolerance 

LAB tolerance test to bile salts is the average difference absorbance value on hour-5 

against the initial hours of incubation. Data collection were taken until hour-5 of incubation 

refers to the bacteria live in the animal gut that is 4-6 hours long with a pH of 6.8 to 7.2 

(Anastiawan, 2014). Test Results of lactic acid bacteria tolerance against bile salt levels are 

presented in Table 4. 

Table 4. Average growth of lactic acid bacteria against bile salt levels 

Lactic Acid Bacteria 
Bile Salt Levels (%) 

3 4 5 Average 

FDY 31 0.23 ± 0.01 0.24 ± 0.01 0.28 ± 0.01 0.25 ± 0.03a 

FDY 43 0.14 ± 0.03 0.23 ± 0.01 0.21 ± 0.02 0.19 ± 0.04a 

FC 9 0.92 ± 0.40 0.60 ± 0.01 0.57 ± 0.01 0.70 ± 0.25b 

L. plantarum 0.76 ± 0.01 0.82 ± 0.03 0.82 ± 0.01 0.80 ± 0.03b 

Averagens 0.51 ± 0.39 0.47 ± 0.27 0.47 ± 0.26  

a, b, c differentsuperscript at the same column indicate significant different (P<0,05) 
ns Non significant 

 

Table 4 shows that the level of bile salts do not significantly affect the growth of lactic 

acid bacteria (P> 0.05), but all the bacteria can still survive in the bile level. Table 5 shows that 

the lactic acid bacteria isolates significantly (P <0.05) affecting the growth of bacteria on 

different levels of bile salts. The highest growth was seen from the average absorbance values of 

L. plantarum (0.80) and FC 9 (0.70), while the lowest is FDY 31 (0.25) and FDY 43 (0.19). It 

shows lactic acid bacteria strain that grow best are Lactobacillus plantarum and FC 9. Based on 

the results of the analysis, it can be said that all strains of lactic acid bacteria can grow and 

tolerant to bile salts, so that all LAB isolates has the potential to be developed into probiotics. 
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Inhibitory Activity Test Against Pathogenic Bacteria 

The inhibitory activity of pathogenic bacteria is measured by the diameter of inhibition 

zone formed on the medium using the well diffusion method (Scheved et al., 1993). The 

inhibitory activity test results against pathogenic bacteria are presented in Table 5. 

 

Table 5. Inhibition zone average diameter of lactic acid bacteria against pathogens bacteria 

Lactic Acid Bacteria 
Inhibition Zone Diameters (cm) 

Average 
S.aureus E. coli 

FDY 31 0.13 ± 0.23 0.23 ± 0.21 0.18 ± 0.20a 

FDY 43 0.37 ± 0.64 0.86 ± 0.06 0.62 ± 0.49b 

FC 9 1.37 ± 0.06 0.33 ± 0.58 0.85 ± 0.67b,c 

L. plantarum 1.33 ± 0.15 1.07 ± 0.21 1.20 ± 0.22c 

Mixture 1.57 ± 0.06 1.57 ± 0.11 1.57 ± 0.08d 

Averagens 0.95 ± 0.66 0.81 ± 0.56  
a,b,c,d  differentsuperscript at the same column indicate significant different (P<0,05). 
ns Non significantTable 5 shows that the lactic acid bacteria isolates either individually or 

mixed has the ability to inhibit the growth of pathogenic bacteria that were significantly different 

(P <0.05). Eachlactic acid bacteria strains have the ability to inhibit the growth of pathogenic 

bacteria, and even have better ability after being mixed (1.57 cm). Most excellent inhibition 

activity demonstrated by a mixture of lactic acid bacteria (1.57 cm) (Figure 1), then bacteria L. 

plantarum (1.20 cm) (Figure 2), while the lowest inhibition activity are from FDY 31 strains ( 

0.18 cm). 

 

Figure1. Inhibition zoneofLactobacillus plantarum againstpathogenic bacteria 

S. aureus E. coli 
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Figure 2. Inhibition zone of lactic acid bacteria mixture against pathogenic bacteria (Pan et al., 

2009) 

 

Lactic acids bacteria that have a strong response in inhibiting the growth of pathogenic 

bacteria are FDY 43, FC 9, L. plantarum and a LAB mixture. Based on the response can be 

assumed that a mixture of LAB isolates could potentially excellent for probiotics. Lactic acid 

bacteria produce organic acids such as lactic acid, propionic acid, butyric acid and acetic acid 

(Van Immerseel et al., 2009), hydrogen peroxide (H2O2), CO2, reuterin, diacetyl, and 

acetaldehyde (Amezquita and Brashears, 2002) which isan antimicrobial agent that is affecting 

the growth of pathogenic bacteria and may be toxic to pathogenicbacteria (Tambekar and 

Bhutada, 2010). 

 

Total of Intestinal Bacteria and Lamb’s Average Daily Weight Gain 

 Counting result of fecal LAB and E. coli colony forming unit from pre weaning thin 

tailed lamb presented in Table 7. 

 

 

Diameters (mm) Inhibition Category Response 

0 – 3  

3 – 6 

> 6 

Weak 

Medium 

Strong 

S. aureus E. coli 
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Table 7. Suspected amount of intestinal microbial colonies of pre weaning thin tailed lamb 

Treatment 
Total Colonies (102 CFU/g) 

BALns E. colins 

Probiotics 9.25 ± 6.85 28.25 ± 7.04 

Non probiotics 4.00 ± 2.64 32.67 ± 7.02 
ns Non significant 

 

Table 7 showed that the probiotics treatment on the pre weaning lamb was not significant 

(P> 0.05) to increase the number of lactic acid bacteria in the digestive tract. Table 7 also shows 

that the probiotic treatment to the pre weaning lamb was not significant (P> 0.05) in the amount 

of E. colicolonies. This is thought to occur because when applied to pre weaning lamb, E. coli is 

able to withstand the antimicrobial compound produced by lactic acid bacteria. E. coli is a gram-

negative bacteriathat have a complex cell wall, so can be more resistant to antimicrobial 

compound. 

The average daily gain result of pre weaning thin tailed lamb presented in Table 8. 

 

Table 8. Average daily gain of pre weaning thin tailed lamb 

Parameters Non Probitics Probiotics 

Initial body weight (kg) 4.11 4.84 

Final body weight (kg) 5.28 6.83 

Average daily gain (g/head/day)ns 33.41 ± 19.97 56.96 ± 28.73 
ns Non significant 

  

Table 8 showed that probiotics treatment to pre weaning thin tailed lamb not significant 

(P>0.05) on lamb’s average daily gain. Daily weight gain was not significantly different 

suspected from digestive disorder of the small intestine caused by infection from E. coli. The 

statement was supported by the data in Table 7 that shows the probiotics treatment has not been 

able to reduce the amount of E. coli colonies significantly. Rahmawandani et al. (2014) states 

that the E. coli produce an enterotoxin which can damage the organ of the small intestine and 

causes inflammation to the cells of the small intestine. Inflammation of the small intestine 

causing intestinal swelling and accelerate intestinal peristalsis so that absorption of feed nutrients 

is less optimal. Based on this, E. coli infection on the lamb disrupt the process of nutrients 

absorption so that the body daily weight gain of the lamb obstructed. 
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 Probiotics treatment in this study produce an average daily weight gain of the pre 

weaning lamb 56.96 ± 28.73 g/head/day. Results of this study was higher than in the other 

studies using conventional probiotics in young local sheep with an average daily weight gain of 

48.3 g/head/day (Haryanto et al., 2002), but lower than the average daily weight gain onpre 

weaning lamb of 58.48 g/head/day (Jarmuji, 2010). Therefore, it is still not possible to say 

clearly that the probiotics treatment can improve the performance of pre weaning thin tailed 

lamb. In accordance with the statement Yoon and Stern (1995) that the use of direct-fed 

microbial in ruminant was approximately 40% showing the positive influence. 

 

CONCLUSION 

Based on this study result, shows that the isolated strain of lactic acid bacteria FDY 31, 

FDY 43, FC 9, and Lactobacillus plantarum has the potential to be developed as probiotics. 

Treatment of probiotics have not been able to have real impact toincrease the rate of daily weight 

gain on pre weaning thin tailed lamb and decrease the Escherichia colicolonies in the digestive 

tract. 
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ABSTRACT 

Dairy cattle are usually fed only forage and concentrates which are still of low quality. 

Therefore, in this study would be added a feed supplement with the name of multi nutrient feed 

supplements without molasses (MFSWM) which high nutritional content.This study aims to 

determine the effect of MFSWM addition on dairy cows 14 days late pregnancy up to 100 days 

after calving to feed consumption, fat, and protein milk content, and milk production. Six dairy 

cows were given two different treatments, namely control and treatment groups (T1 and T2). T1 

was given King grass + Concentrate (wheat bran + tofu waste),while T2 :T1+400g 

MFSWM/head/day. The observed parameters were dry matter consumption (DM), crude protein 

(CF), crude fiber (CF), total digestible nutrient (TDN), milk production, fat, and  protein content. 

Milk production based on milk production FCM 4%, daily weight gain and dry matter intake also 

measured. Data analysis by using Independent Sample T-test. The MFSWM giving a significant 

effect on CP and CF consumption. The CP consumption values of control feed vs MFSWM were 

1241.93 ± 19.89 vs. 1368.50 ± 48.36 g, respectively, while CF consumption was 3.47 ± 0.06 vs 

3.67 ± 0.06 kg. However, in milk production, fat, and milk protein levels were not significantly 

different, only total and average production and milk protein content tended to be higher than 

control feed. Daily weight gain was significantly different (P<0.05) on weeks 12 and 14. 

 

Key word: suplementation, feed supplement, dairy cattle, nutrient, molasses 

 

INTRODUCTION 

Livestock is a very important aspect of human life that is the provider of animal protein 

sources. Nevertheless, the obstacles to be gained due to dairy cows that are kept by smallholder 

production farmers are low. Dairy cattle are usually fed only high coarse fiber and low-quality 

concentrates. Especially in the dry season, the amount and quality of feed needed by the cow will 

be limited, consequently, will cause a decrease in productivity. Low feed quality is associated 

with the nutritional content and nutritional needs required. If feeds fed to dairy cattle will have 

an impact on low productivity, the consequences will affect unfavorable small farming systems, 

especially in developing countries (Widiawati et al., 2014). 
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Providing high-quality feed on dairy cows, especially with the addition of protein sources 

will increase the cost of feed production. The addition of protein sources in the feed will lead to 

high cost of feed production, the cost ranges from 42% to 50% of the total cost of dairy cattle 

rations (Shalloo L., et al, 2014, St-Pierre, 2012). This plays an important role in gaining profit or 

loss in its agricultural business, as it will have an impact on the production of dairy cows 

(Hristov, 2004). 

Crude protein content in feed ingredients has been commonly used to increase the 

nutrient in feed rations of lactating dairy cows (Varga, 2007). One of the feeds in the 

composition contains the high crude protein called feed supplements such as urea molasses multi 

nutrient block (Suharyono, et al., 2014) and multi nutrient feed supplements (Suharyono et al., 

2008). Specification of feed can be regarded as a source of protein when the feed contains crude 

protein of more than 20%  (Hartadi, et al., 2005). Crude protein content in UMMB and MFS 

were 24,5 and 28,8%, respectively (Suharyono, 2010).  Susanti and Marhaeniyanto (2007) 

suggested that feed supplements are additional feeds that have been able to increase the 

digestibility of feed and the nutrients consumed also meet the need for increased dairy cattle 

production. Hatungngimana et al., (2015) reported that giving Urea molasses block feed 

supplementation to sheep had a significant effect on weight gain and feed conversion ratio. Dairy 

cattle that were kept in the dry season in India turned out after being given a feed supplement 

UMMB able to increase feed consumption, milk production and body weight (Misra, et al., 

2006). The benefits of dietary supplements for microbes are increased microbial activity in 

digesting feed and improving metabolism in the rumen, consequently feed supplements able to 

overcome feed inefficiency. In addition to meeting nutritional needs, dietary supplements also 

contain ingredients that increase feed intake and livestock only 0.1% of body weight (Suharyono 

et al, 2014). The survey results reported that the use of UMMB in beef cattle, the farmers stated 

strongly agree that UMMB can increase farmers' income, through increased production and 

create jobs. Therefore, the development of UMMB should be encouraged to increase the 

production of beef cattle (Lestari, et. al, 2016).  

The supplement of UMMB and MFS obtained an obstacle that is expensive molasses 

price, on the basis of which has been implemented development of feed supplement without 

molasses called MFSMW.  The MFS without molasses (MFSWM) have been tested on beef 

cattle (Suharyono et al., 2015) and dairy goats (Suharyono et al, 2014 and Asih et al., 2014) but 



Proceedings  of  The 5th International Seminar of Animal Nutrition and Feed  Sciences   2017 

 

345 
 

dairy cows have never been tested. Lactating dairy cows require nutritional energy in high 

amounts. Moran (2005) added that energy used dairy cattle in the early of lactation to keep peak 

milk production and milk composition. MFSWM supplementation was expected to meet 

nutritional needs and increase feed consumtion, milk production, fat and protein content in milk. 

 

METODOLOGY 

This study used six dairy cows consisting of 3 lactation and 3 others on lactation III. 

These cows are owned by the dairy cow Business Unit of Faculty of Animal Husbandry of Gajah 

Mada University with condition 14 days before to 100 days after calving with weight average 

400 kg. The six pregnant Frisian Holstein dairy cows cross breed in determining the feeding 

treatment were divided randomly into two groups. The control group (G I) was fed King grass 

and concentrate, while G II: GI + 0.1% MFSMF body weight. Giving starts of treatment feeding 

from 14 days before to 100 days after calving. In G I and GII each was represented by lactation 

cattle I and III. According to Soetarno (2003) mentioned that lactation milk production I, II, III, 

and IV, each aged 2-3, 3-4, 4-5 and 5-6 years, and the average production is 70, 80, 90 and 100% 

mature equivalent (ME). Rations were given in accordance with the usual feeding management 

that was usually done by the dairy cattle business unit of the Faculty of Animal Husbandry of 

Gajah Mada University. Provision of King grass was done 3 times a day after milking in the 

morning, afternoon and at night also given forage. Provision of concentrate was given two times 

a day before milking in the morning and afternoon.  A frequency of giving MFSWM two times 

daily, from 400 g/day/head was given two times each 200 g. The addition of this feed 

supplement was together with the concentrate on the dairy cow. 

Parameters measured include the nutrient content of the feed, feed consumption, milk 

production, fat, protein content and production of 4% fat corrected milk (4% FCM).  

Measurement of milk production in the study was done by 4% FCM calculation, this was done 

because of its association with the physiological condition of the dairy cows in order to give 

approximate results more realistic. The 4% FCM calculation was intended to correct the milk 

production of a dairy cow based on a fixed energy. According to (Chamberlain and Wilkinson, 

2009), how to calculate 4% FCM milk production is as follows :  Equation to calculate 4% FCM 

: 0.4 x actual milk yield kg/day + 15 x milk fat in kg/day. It turns out in the calculation requires 

fat content, milk production, and body weight. Calculation result from FCM 4% can be used for 
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calculation of dry matter intake (DMI) with the following formula : DMI (% body weight) = 

4.048-0.00387 x body weight (kg) + 0.0584 x 4% FCM (kg). 

Analysis of feed ingredients and feed residues included dry matter (DM), organic matter 

(OM), crude protein (CP), crude fiber (CF) and fat using AOAC method (2005).  The 

experimental design used an independent Statistical Sample T-Test (Astuti, 2007) with the help 

of personal computer software statistical product and service solution (SPSS) version 16. 

 

RESULT AND DISCUSSION 

Nutrient content, feed consumption and nutrient requirement 

The nutrient content of the feed is presented in Table 1. The nutritional content of CP, 

TDN, and ash contained 20.49%, 62.50% and 16.36% (Table 1), respectively. Feed supplements 

were expected to meet the nutritional needs required. Overall nutritional standards for CP, CF, 

and TDN requirements with dairy cows that weigh 400 kg, 1609.80 g, 2.8 kg, and 7.96 kg (NRC, 

2001), respectively. Feed consumption and control treatment were calculated. These results are 

presented in Table 2, while the nutritional requirements of dairy cattle for 400kg body weight are 

presented in Table 3. 

Table 1. Nutrient content in feed treatment for dairy cattle (%) 

Feed DM OM Ash CP CF Fat TDN 

King grass 20.42 87.98 12.02 5.86 34.69 1.85 57 

Tofu waste 19 96.32 3.68 21.66 20.26 2.73 79 

Wheat bran 8.60 95.80 4.20 5.86 6.6 1.85 74 

MFSWM 86.59 83.64 16.36 20.49 23.77 14.28 62.50 

Dry matter: DM; OM:organic matter, CP :crude protein, CF:Crude fiber, TDN:total digestible 

nutrient 
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Table 2. Feed consumption and the nutritional needs of dairy cows with a body weight of 400 kg 

The result of the research shows that CP content of MSFWM 20.49% means able to add 

CP total consumption for feed treatment, but the balance of nutritional requirement of CP in 

accordance with the standard of NRC (2001) also deficient -241.3 g, while the control feed was -

367.87 g. This means that both feed treatment and control were also deficient in required CP 

nutrients. According to previous researchers suggested that the dairy cattle requirements for 

protein metabolism were completely unfulfilled, milk production, in the long run, was not able to 

be sustained. Protein in the feed should not be reduced, because the nutritional needs necessary 

to increase milk production would not be met (Chamberlain and  Wilkinson, 2009). Lack of 

protein requirement required by dairy cows needs to be addressed by increasing the efficiency of 

N use in the feed (Calsamiglia et al., 2010). It was further argued that the efficiency of N 

utilization was able to be enhanced through the understanding and modification of factors 

affecting the efficiency of N utilization. This was related to several processes associated with the 

N capture in the rumen, protein degradation, digestion and absorption of the gastrointestinal tract 

and the use of amino acids in peripheral tissues.  Suharyono et al (2008) reported that UMMB 

and MFS given to dairy cows had been able to increase protein consumption, and milk 

production, due to the nutrient content of the crude protein needed to increase production 

fulfilled. Robert and Antonio  (2017) found that the role of dietary protein in dairy cattle 

nutrition was able to be sustainable, this was related to the influence of DMI, milk production, 

and milk composition. The statistical analysis for DM consumption between control and 

treatment were not significantly different at P <0.05. According to NRC (2001), the standard 

consumption of DM for early lactation with a body weight of 400 kg, required by 2 to 4%. This 

means that the DM needs were sufficient, in accordance with the calculation for control feed 

 

Feed Nutrient 

 

Control 

 

Treatment 

 

Standard 

Values 

Control Treatment 

DM (kg) 12.45 13.31 12 0.45 1.31 

DM (%) 3.37 2.85 2-4% (3) 0.37 -0.15 

CP (g) 1241.93a 1368.50b 1609.80 -367.87 -241.3 

CF (kg) 3.47a 3.67b 2.80 0.67 0.87 

TDN (kg) 7.06 7.56 7.96 -0.9 -0.4 
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3.37% of body weight, while the treatment of 2.85% (Table 2). The need for DM consumption 

for control feed exceeds 0.37 kg, while for feed treatment deficiency 0.15 kg. (Table 2). 

Furthermore, factors affecting DM consumption were body weight, milk production level and 

feed quality given. The decrease in consumption of DM was associated with low protein content 

consumed, resulting in the digestibility of CF in the feed also decreased (Chamberlain and 

Wilkinson, 2009; Hristov, 2015).  According to the results of the study it was observed that the 

mean body weight gain (BWG) for control feed was lower when compared with treatment ie 

369.28 vs 467.5 kg (Fig. 1), further weight loss in control feed until weeks11 was minus while 

feed treatment in the 5 weeks began to increase their BW (Fig. 2). 

 

 Figure 1. Changes in BW of early dairy lactation after feeding MFSWM 

 

 

 

 

 

 

 

 

Figure 2. Changes in  body weight gain of early lactation after feeding MFSWM 

 

The average CF consumption in the control and treatment were 3.47 kg and 3.67 kg. The 

addition of MFSMW had a significant effect on the consumption of CF (P <0.05). For standard 

nutrition requirement of CF is 2.8 kg. Excess nutrients CF each exceeds 10.69% and 13.88%. 
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This means that the nutritional needs for the CF already met the needs of dairy cows with a body 

weight of 400 kg. The consumption of DM, CP, and TDN still did not meet the need for 

increased milk production (Table 2). The deficiency values were respectively for control feed 

11.07, 22.85, and 11.31%, while the feeding treatment was 4.93, 14.99 and 5.03%. So the 

addition of MFSMW was able to reduce 6.14, 7.86 and 6.28% deficiency of nutritional needs. In 

contrast to the nutritional needs of CF excess was 10.69 and 13.88%. The average TDN 

consumption for control and treatment feed was 7.06 and 7.56 kg, but the result of statistical 

analysis did not significantly affect P <0.05. Suharyono (2008) states that the provision of 

UMMB and MFS increased energy consumption, then the availability of energy to meet their 

needs and milk production increased.  

 

Milk production and quality, milk production of FCM 4% and  DMI  (%) 

Studies of the effect of supplemental feeding of MFSWM on early lactation dairy cows 

have been measured on DMI, milk production, fat content, protein, and milk production 4% 

FCM. Results from observations of several parameters are presented in Table 3. 

 

Table 3.  Measurement of milk production and quality and estimation of milk production  FCM   

4% (kg) and dry matter intake (%). 

The average daily and total milk production were not significantly influenced by the 

addition of MFSWM at P <0.05, it was found that the controlled feed production tended to be 

lower than the treatment feed. The values are 804.97 vs 883.08 L and 10.06 vs. 11.36 L/day, as 

well as for protein content also lower than feed treatment, respectively 2.48 and 2.52%. As for 

the fat content, control feed tends to be higher than the treatment feed is 3.50 vs 3.37%. Santoso 

Parameters 
Feed 

Signifantly 
Control Treatment 

Total of Milk production (L/) 804.97±81.5 883.08±140.83 Ns 

Average of milk production (L/day) 10.06±2.04 11.36±2.36 Ns 

Fat content in milk (%) 3.50±0.20 3.37±0.34 Ns 

Protein content in milk (%) 2.48±0.15 2.52±0.15 Ns 

Milk production FCM 4% (kg/day) 9.39±1.47 10.10±1.48 Ns 

Dry matter intake (%) 2.87±0.03 2.70±0.02 Ns 
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et al (2009) reported that milk production was influenced by feed consumption, where the feed is 

heavily influenced by feed ingredients to supply the nutrients needed by livestock at certain 

levels of milk production. 

The fat content of fresh milk in accordance with SNI 3141.1: 2011 is 3%. This means that 

the milk fat content of dairy cows fed control and treatment is in accordance with SNI standards. 

The results showed that milk protein content did not differ significantly P <0.05 this indicates 

that MFSWM supplementation has not been able to increase the percentage of protein content in 

milk. Widyobroto et al., (2010) stated that undegraded protein supplementation had no 

significant effect on milk protein content. 

The result of observation on milk production of  FCM 4% did not show any significant 

difference, but the feed treatment tended to be higher than control, the value was 10.10 vs. 9.39 

kg/day. Furthermore, by producing of 4% FCM and body weight, DMI in (%) was able to be 

calculated. The results of statistical calculations were not significantly different, mean values 

between control and feed treatment were 2.87% and 2.79%. 

Parameters for milk production were not only measured in total and on average per day 

but also observations were initiated during the first week of calving until the 14th weeks, as well 

as the dynamics of body weight gain (BWG) and  DMI. The calculation results are shown in 

Figures 3 (Fig.3). 

 

 

 

 

 

 

 

 

 

 

Figure 3. The dynamics of weight gain (kg/day) of body and milk production (L/day) 
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Weight loss in dairy cows usually occured early in lactation. Dairy cattle weight 

decreased along with the increase of milk production and would reach the lowest weight during 

peak milk production, milk production decreased so that BW increased until the final period of 

lactation (Chamberlain and Wilkinson, 2009). From the results of the research on Fig 3., peak 

lactation was achieved at 4 weeks  both control and treatment. Although statistically not 

significantly different, but feeding treatment tended to decrease in BW at the peak of lactation 

was achieved. After 6 weeks, BWG tended to increase, while the BWG control feed was still 

decreasing. The dynamics of BWG starting from the day after calving, week 2 up to week 14, 

feeding treatments did not show any significant difference, otherwise, at weeks 12 and 14 were 

significantly different at P <0.05. This means that MFSWM was a dietary supplement of energy 

and protein sources so as to meet the energy needs of dairy cows in maintaining their body 

weight. Further information was added by previous researchers that about the condition of dairy 

cattle transition from 2 weeks at the end of pregnancy until the initial period of lactation. 

Cardoso (2015) mentions that during the transition from late pregnancy and early lactation, dairy 

cows undergo tremendous metabolic adaptation. This transitional period was used to prepare the 

calving  process and milk. In Fig.3 discussed milk production/day was associated with the 

dynamics of BWG, whereas in Fig. 4 is presented on the production of 4% FCM / kg milk with 

the dynamics of BWG.   
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Figure 4. Dynamics of milk production of FCM  4%/ kg/day and BWG (kg/day) 

The calculation of 4% FCM milk production, has obtained a result about the dynamics of  

DMI/kg/d. The results obtained were not significantly different, but the feed treatment of milk 

production was tended to be higher than the control. After reaching the peak of lactation, the 

production also decreased, this decrease was followed by the increase in BW which also tended 

to increase the BW more when compared with the control feed (Fig. 4). The calculation of DMI / 

kg / day based on 4% FCM calculation which related to dynamics of BWG and milk produsction 

are  presented in Fig 5 and 6. 

 

 

Figure 5. Dynamics of DMI and BWG because of MFSWM supplementation 
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            Figure 6.  Dynamics of DMI and Milk production FCM 4% because of MFSWM 

supplementation 

The results of the dairy production dynamics, 4% FCM milk production, with BWG and 

DMI at 14 days of a late pregnancy and early lactation cows were consistent with those informed 

by Chamberlain and Wilkinson, (2009) and Cardoso (2015). They  reported that along with milk 

production reached a peak, followed by an increase in DMI and decreasing BW. The need for 

early lactation of cow's nutrients for primary life and milk production was determined by the 

level of nutrients consumed by cows at the end of pregnancy. If not meet the nutritional needs 

required by livestock, the livestock will take a nutritional view of the body, consequently the 

body condition of the cow is not good and the weight of the body decreased  (Prihadi, and 

Adiarto (2008). The nutrient reserves taken were generally contained in adipose tissue and 

glycogen liver (Cardoso, 2017). It was further suggested that early lactation dairy cows in order 

to increase milk production and body condition remain good then the cows were encouraged to 

increase food consumption appetite, so that DMI increased. Some important factors for 

increasing appetite and high DMI postpartum include (1) minimizing environmental stressors 

and keeping body condition comfortable, (2) avoiding excessive BCS, (3) preventing excessive 

energy consumption as required during cattle in dry periods, (4) ensuring adequate intake of 

green fiber after calving (Drackley and Cardoso,2014).  
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CONCLUSION 

The results of this study can be concluded that the provision of multi nutrient feed 

supplements without molasses (MFSWM) was able to increase the consumption of protein and 

crude fiber, also responds to the increase in body weight of lactating dairy cows at weeks 12 and 

14. MFSWM feed supplement was not significant to dry matter intake, milk production, milk 

quality and 4% FCM milk production, but the results tended to be higher than controls. 
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ABSTRACT 

The research was aimed to evaluate the effect on ruminal nutrient digestibility with lemongrass 

litter (Cymbopogon citratus) supplementation as essential oil (EO) source in beef cattle diet 

using in vitro procedure.Five level of lemongrass litter (LL) supplementation equal to EO level: 

0, 45, 90, 135 and 180 mg/L were used in the study. Each treatment was conducted in triplicate. 

Two ruminally canullated beef cattle were used in this study as a rumen donor and the 

experiment was conducted using in vitro Menke and Steinngas (1988). The collected data were 

pH, ammonia, dry matter digestibility (DMD), organic matter digestibility (OMD), crude protein 

digestibility (CPD) and crude fiber digestibility (CFD). The experiment was conducted in a 

completely randomized design and was analysed using one-way ANOVA and the difference 

between means were analysed using Duncan’s Multiple Range Test (DMRT). Essential oil 

supplementation from LL did not affect ruminal pH, ammonia, DMD and OMD. However, the 

EO supplementation of LL 45, 90, 135 and 180 mg/L decreased CPD linearly as much as 11.9%, 

17.7%, 15.5% and 20.0%. Whereas, increasing EO supplementation with LL from 90, 135 and 

180 mg/L also decreased CFD as much as 14.6%, 15.2% and 26.4%. In general, it could be 

concluded that the essential oil supplementation from lemongrass litter should be at the level 45 

mg/L because it did not give nutritional consequences such as decreasing CFD, OMD and DMD 

in the rumen. 

 

Key words: essential oil, lemongrass litter, beef cattle, in vitro ruminal nutrient digestibility 

 

INTRODUCTION 

 Global warming issues have been arised as 188 million tons methane emission from 

agricultural sector contributed in the global methane project. Feeding strategies to enlighten 

global green sustainable livestock have been searched for more than 30 years, in which one 

strategy used is utilization of essential oil (EO) as feed additives (Calsamiglia et al., 2007; 

Benchaar et al., 2008). EO is plant secondary metabolites and have lipophilic and volatile 

characteristics as well as contain antimicrobial properties (Wallace et al., 2002; Benchaar and 

Greathead, 2011). Previous studies showed that EO supplementation could have been used to 

modifying ruminal fermentation, decreasing methane production and improve nutrient 
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digestibility (Wallace et al., 2002; Hart et al., 2008; Patra, 2011). However the efficacy on 

nutrient digestibility varied because of the types of EO and the dosage used (Bakkali et al., 2008; 

Jimenez-Peralta et al., 2011; Kamalak et al., 2011). Lemongrass (Cymbopogon citratus) litter 

(LL) contains 3.93% EO with the bioactive compounds such as geranial, neral and β-myrcene 

(Bassole et al., 2011). LL is part of lemongrass tree which is not used in daily household and 

often left as waste therefore the availability of LL as feed additives would not challenge global 

human food security (Mathialagan et al., 2014). Therefore, justification on using LL as feed 

additives and its effect on nutrient digestibility has been escalated. The objective of this research 

was to study the effect of lemongrass litter as essential oil source on ruminal nutrient 

digestibility.   

 

MATERIALS AND METHODS  

Essential oil supplementation 

Essential oil from lemongrass litter (LL) was analyzed according to Bassole et al (2011) 

method using steam distillation process with Clevenger types. A 200 g dry lemongrass litter was 

boiled in 500 mL of distilled water in the Clevenger apparatus for 5 to 6 hours. The boiling was 

cooled down by streaming cool water until the temperature reached 80°F. The water steam and 

essential oil evaporated and gathered in the Clevenger glass. The water steam was then cooled 

down into water and separated with the essential oil. The essential oil (EO) concentration was 

calculated by using the following formula. 

 

The EO supplementation was arranged in one-way random design. The treatments were: 

(A) control (without lemongrass litter supplementation); (B) inclusion of 45 mg/L EO from LL; 

(C) inclusion of 90 mg/L EO from LL; (D) inclusion of 135 mg/L EO from LL; and (E) inclusion 

of 180 mg/L EO from LL. Each treatments were run in triplicates with two replication each. 

 

In vitro gas production 

 Determinations of dry matter (DM), organic matter (OM), crude protein (CP) and  crude 

fiber (CF) digestibility were conducted by using in vitro procedure previously described by 

Menke and Steingass (1988). Thirty milliliters of rumen liquor-buffer mixture in 1 : 2 (v/v) ratio 
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were dispensed in 100 mL syringe containing 300 mg of dry sample. Rumen liquor was obtained 

from two ruminally fistulated Ongole crossbread cows fed with basal cattle diet. The ration used 

in the beef cattle basal diet were King grass, rice bran, pollard were used (12% CP, 88.50%TDN 

on a dry matter basis). Rumen liquor was collected in the morning before feeding time, mixed 

and filtered with four layers of cheesecloth into pre-warmed thermos flask. Mineral-buffer 

solution was prepared by dissolving 1.7 g Na2HPO4.2H2O, 1.5 g KH2PO4, 0.15 g MgSO4.7H2O, 

15 mg CaCl2.2H2O, 1.2 mg MnCl2.4H2O, 1 mg CoCl2.6H2O, 0.9 mg FeCl3.6H2O, 8.3 NaHCO3, 

0.95 g NH4HCO3 and diluted in 1000 mL distilled water. The pH and anaerobic condition was 

adjusted to 6.5 with 1.2 mL resazurin 1% and 49.5 mL reduction solution consisted 2 mL NaOH 

1 N, 285 mg Na2S.7H2O fitted in 47.5 distilled water, the buffer-mineral solution was heated in 

39°C and flushed with CO2 continuously. After gassing continuously in each syringe, the corks 

were tightly sealed over and the syringe were incubated in a waterbath at 39°C for 24 h with live 

interval 0, 2, 4, 6, 12, 24 were recorded. In each running, triplicates of blank (without feed 

sample) and standard (pangola grass) were run along. After 24 h, the incubation was terminated, 

the final pH was recorded and the contents were filtered through pre-weighed Gooch crucibles 

and dried at 105°C for 24. The percent loss of weight was calculated and presented as in vitro 

DM digestibility (IVDMD). The left residue was burned at 550°C for 24 for determination of in 

vitro OM digestibility (IVOMD). For in vitro CP digestibility (IVCPD) determination the residue 

contents were analyzed with Kjeldahl method and for in vitro CF digestibility (IVCFD) 

determination the residue contents were boiled with H2SO4 1.25% and NaOH 1.25% respectively 

then dried at 105°C followed with burning in 550°C.  

 

Chemical and ammonia analysis 

Dried samples were used to determine DM, OM, EE, CP, and CF according to the 

procedure of AOAC (2005). The ammonia was determined using method as described by 

Chaney and Marbach (1962). Two mL of samples were diluted in the 2 mL tungstate-sulfate 

solution and chilled. Samples were centrifuged at 15,000 x g for 15 min at 4oC, and 20 l 

supernatant was added with 5 mL sodium hypochlorid 5% and phenol solution. The mix solution 

was used to determine ammonia using spectrophotometer (Genesys 20; Thermo spectronic, 

USA).  
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Calculations and statistical analysis 

Data were analyzed as one-way randomized design ANOVA procedure of SPSS (2014). 

Duncan’s multiple range test (DMRT) was used as post-hoc analysis as described by Astuti 

(2007). Comparison test and significance level were presented at P<0.05 or P<0.001. 

 

RESULTS AND DISCUSSION 

 Gas production of the four treatments with LL supplementation was lower than control 

(P<0.001, Table 1) as confirmed by the profile of cumulative gas production (Figure 1). EO 

inclusion from LL reduced gas produced gradually with the higher decrease was LL 

supplementation at 180 mg/L with 12% reduction. Gas production started to fall in the first 6 – 

12 hours of incubation. During fermentation process in the rumen as the result of degradability of 

carbohydrate polymers such as cellulose, hemicellulose, starch produced gas such as VFA, CO2, 

CH4, and H2 (Mitsumori and Sun, 2008) with the end products of microbial fermentation of 

amino acid are ammonia, VFA, CO2, CH4 (Pashaei et al., 2010). The greater of the organic 

materials used by rumen microbes, the greater gas produced. There are some evidences 

suggesting there was low organic materials avalaible for rumen microbes as there was tendency 

that the organic materials were protected by the bioactive compound from LL.  
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Table 1. Effect level of LL supplementation in in vitro gas production and gas production 

kinetics 

Parameters 
LL supplementation (mg/L)1 

SEM 
P 

Value 0 45 90 135 180 

Gas production (ml/300 mg DM)   

1   11.67a   12.50a   10.14b     9.69b     9.59b 0.330 <0.001 

2   19.58b   20.59a   18.24c   18.13c   17.44d 0.310 <0.001 

4   31.67ab   32.35a   30.41bc   29.38c   29.07c 0.380   0.020 

8   54.17a   54.78a   49.32b   46.88c   47.09c 0.930 <0.001 

12   84.17a   83.82a   75.00b   72.50c   73.26c 1.390 <0.001 

24 139.58a 138.60a 129.39b 125.94c 122.38c 1.850 <0.001 

Gas production kinetics   

a2    1.06    1.08    1.06     1.08    1.08 0.006   0.785 

b3    4.70a    4.45a    3.94ab     3.69b    3.43b 0.144   0.020 

c4    0.03    0.03    0.03     0.03    0.03 0.011   0.382 

        

Note: 
1Essential oil from lemongrass litter supplementation 
2Soluble fraction 
3Potential of degradable fraction 
4Rate passage of b 

  

Anti microbial activity of EO required the presence of oxygen and sulphur in its chemical 

structural to determine its activity (Benchaar and Greathead, 2011). Anti microbial effect from 

EO resulted in disrupted the structure and the function of fungi and bacterial membrane cell 

(Tajkarimi et al., 2010). Interference of EO as anti microbial agent can through bacterial 

membrane cell, electrone transport, ion exchange, protein translocation, phosphorylation and 

reaction with eznymes (Dorman and Deans, 2000). Lower gas production along with increasing 

LL supplementation was supported by Benchaar et al. (2008) and Benchaar and Greathead 

(2011) in which the metabolite active contained in LL may inhibit fermentation of feedstuff by 

interfering bacterial membrane cell and resulted in instability of permeability of membrane cell 

because of its antimicrobial characteristics. Inhibition bacterial growth reduce degradation of 

organic material from feedstuff therefore reducing gas produced.  
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Figure 1. Cummulative gas production of  diet without and with supplementation of essential oil 

from Lemongrass litter  

No difference was found in the a fraction and the c (rate passage of b) (P>0.05, Table 1). 

However the potential of degradable fraction (b) differed with increasing level of LL (Table 1). 

From gas production kinetics the sum of a and b fraction (a+b) can be defined as the maximum 

gas production during fermentation while c fraction is the rate of gas formation (Orskov and 

McDonald, 1979). The two higher LL supplementation which were 135 mg/L and 180 mg/L had 

the lowest b fraction supported the previous result on lower gas production compared to control. 

Higher content of LL provided greater antimicrobial characteristic in which suppressing 

degradable fraction of organic materials to be used by rumen microbes. 

 

In vitro ruminal nutrient digestibility 

The inclusion essential oil from lemongrass litter (LL) are shown in Table 2. Increasing 

level of LL in the present study did not affect the in vitro dry matter digestibility (IVDMD) 

(P>0.05). This result was supported by previous studies by Castillejos et al. (2006) and Benchaar 

et al. (2007) that addition of essential oil in the monoterpenoids group with bioactive compounds 

eugenol, vanillin, guaiacol, and limonene until 500 mg/L did not affect the dry matter 

digestibility. However this result was inconsistent with the previous studies by Calsamiglia et al. 

(2007) that EO supplementation reduced IDVMD, however variations in bioactive compound in 

EO showed different anti-microbial mechanism and different EO concentration showed different 

interaction between bioactive compound as anti-microbial agent towards microbes therefore 

showed different modification in the ruminal nutrient fermentation. 
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Table 2. Effect level of LL supplementation in in vitro ruminal digestibility, pH value and 

ammonia 

Parameters 
LL supplementation (mg/L)1 

SEM P Value 
0 45 90 135 180 

        

In vitro ruminal nutrient digestibility   

IVDMD2 53.43 46.76 53.54 50.02 43.22 1.342   0.130 

IVOMD3 62.71a 55.42b 56.42b 55.61b 47.42c 1.359 <0.001 

IVCPD4 59.58a 52.47b 49.04bc 50.85bc 47.66c 1.185 <0.001 

IVCFD5 51.45a 45.63ab 43.95bc 43.61bc 37.88c 1.379   0.009 

        

In vitro ruminal fermentation parameters   

Ammonia  

(mg/100 ml) 34.50 33.30 34.34 32.66 36.92 0.195   0.544 

pH value   6.83   6.76   6.80    6.78   6.80 0.012   0.457 

        

Note: 
1Essential oil from lemongrass litter supplementation 
2In vitro dry matter digestibility 
3In vitro organic matter digestibility 
4In vitro crude protein digestibility 
5In vitro crude fiber digestibility 
a,b,cMeans with different superscript in the same row differ (P<0.05)  

 

The result of significance different in the IVOMD was consistent with previous studies 

by Castillejos et al. (2007) that addition of eugenol as bioactive compound of EO until 50 mg/L 

did not affect IVOMD, however increasing level of eugenol up to 500 mg/L decreased IVOMD 

up to 25% compared to control. Kamalak et al. (2011) supported the result that EO 

supplementation in higher concentration (500 mg/L) showed greater bacteriocidal result 

therefore inhibit nutrient fermentation in rumen however low inclusion of EO showed weaker 

bacteriocidal result.  

Interestingly apart from the insignificant result on the IVDMD, increasing level of LL in 

the present study affected in vitro crude protein digestibility (IVCPD) and in vitro crude fiber 

digestibility (IVCFD) (P<0.05). This result was supported by Benchaar et al. (2007) that EO 

addition from monoterpenoid until 0.75 mg/L reduced IVCPD up to 0.57%. However, in this 

study showed that greater inclusion of LL up to 180 mg/L decreased IVCPD up to 20%. 
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Castillejos et al. (2006) stated that inclusion of EO inhibit proteolytic bacteria, reduced 

proteolysis activity resulted in lower ammonia production. McIntosh et al. (2003) added that 

inclusion of EO in ration decreased total ruminal microbes reducing ammonia and other 

proteolytic microbe. However, in this study showed that greater inclusion of LL did not affect 

ammonia production (P>0.05), and showed reduction on IVCPD might caused by inhibition of 

other proteolytic microbe. Calsamiglia et al. (2007) added that EO inclusion as much as 50 mg/L 

inhibit proteolysis activity and decreasing CPD, however the proteolysis inhibition mechanism 

were various and depend on the inclusion level and bioactive compound of EO used because 

each bioactive compound showed different antimicrobial activity towards proteolytic bacteria. 

Greater level of LL in the study also affected in vitro crude fiber digestibility (IVCFD) (P<0.05). 

This result was consistent with McIntosh et al. (2003) that EO addition in monoterpenoids group 

up to 17 mg/L reduced CFD by decreasing bacterial growth which has a role in degrading crude 

fiber such as Prevotella ruminicola but did not affect other fiber degrading bacteria like 

Fibrobacter succinogens, Eubacterium ruminantium, and Butyrivibrio fibrisolvens. However 

Benchaar et al. (2007) and Castillejos et al. (2006) stated that the mechanism of EO in modifying 

CFD still remains unknown because from previous studies the effect of EO on modifying CFD 

are still in contradictories.  

 

CONCLUSION 

In general, it could be concluded that the essential oil supplementation from LL at level 

45 mg/L could decrease IVOMD and IVCPD, but did not affect gas production kinetics, 

fermentation parameters, cumulative gas production, IVDMD and IVCFD. Therefore, inclusion 

of   LL could be at level 45 mg/L because it did not give nutritional consequences such as 

decreasing CFD and DMD and disrupting gas production kinetics in the rumen and might 

improving by-pass protein content. 
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ABSTRACT 

 Milk price determines by its quantity and quality. Many traditional farmers pay less 

attention to the quality of the milk they have produced. Several factors influenced milk quality 

such as the type of feed used, nutrient intake and altitude of the farm were studied. The data were 

collected through national survey in 4 major dairy cattle producing provinces of Indonesia (West 

Java, Central Java, DI Yogyakarta, and East Java). Four hundreds cattle and 120 farms were 

observed and 120 farmers were interviewed.  Milk productions were recorded and their quality 

were scanned. The type of feeds used were identified and sampled for nutrient content analyzing. 

Nutrient intakes were recorded and calculated. Farm location were identified. Samples were 

taken using stratified random method. Correlation of each parameter was conducted prior to 

regression analysis. The results showed strong correlations between the parameters observed. 

The higher altitude, the better nutrient intake of the cattle and the better milk quality they 

produced. Prediction of milk quality as an impact of each parameters or their combination will be 

discussed. 

 

Key words: Milk quality, type of feed, altitude, traditional dairy farm, nutrient intake 

 

INTRODUCTION 

Theoritically, dairy cattle need certain environmental conditions to be able to perform its 

optimal production. One of the requirement is temperature humidity index (THI). Frisian 

Holstein that originally came from temperate area required THI less than 71. With such humid 

condition of Indonesia, the maximum temperature for optimal dairy cattle production in 

Indonesia was 21oC (Despal et al. 2017) and the area can only be found in hilly mountain. 

Beside, dairy cattle also need fresh forage as basal diets that are more available in the area. 

Unfortunately, milk consumption still considered as secondary requirement for most of 

Indonesian. Most of milk products consumers located in warmer lowland (city) with higher per 

capita income. Because milk is perishable products, transporting milk from highland to lowland 

needs cold chain that can only be provided by large company or collectively by cooperative. In 

this situation, small holder farmers need to pay some costs for the service or sell their milk in 

lower price which will reduce their income.  

mailto:despaltk@gmail.com
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In overcome the condition, some farmers tried to produce milk in warmer environment 

near market and city with addition a lot of inputs and environmental modifications. Limited 

availability and competitive price of land made the fresh forage availability become scarce. 

Farmers tried to used lingo-cellulosic agricultural by products or vegetable waste from traditional 

market to substitute the fresh forage. High proportion of concentrate were used to supplement the 

lack of nutrient due to low quality forage used (Despal et al. 2013) and high stocking rate 

(Baudracco et al. 2011). Farming dairy cows in warmer lowland made the cow in high risk of 

getting heat stress. Lack of fresh forage availability increased the risk of metabolic disorder.  

The environmental condition affected not only the farming system, feed availability, pasture 

composition and feed efficiency (Battini et al. 2006) but also milk quality produced.  According 

to Bartl et al (2009), fatty acid profile of milk changed in line with elevation. At high altitude, 

milk fat produced were higher in comparison to lowland milk production. Christen et al (1996) 

and Leiber et al (2004) were also found the same result in their experiment during summer 

season in Alpine mountain. Glycerols, products of adipose lipolysis were also found higher in 

highland cow’s milk with similar triglycerides, non-esterified fatty acids (NEFA), beta-hydroxy 

butyric acid (BHBH), body weight (BW) loses and milk yield.   

Limited resource availability combined with increasing consumer awareness become 

challenges for milk producer. Consumer demanded healthier product with more balance fatty 

acid (omega-3: omega-6 ratio) and high in conjugated linoleic acid (CLA) for functional food 

properties. Consumer also aware where the food came from and how they are produced. 

Consumer preferred milk from happy cow than stressed cow. This study was aimed to classify 

milk quality produced from cows kept in suitable environment from submerge condition and to 

give more credit for farmer that produced milk with more natural and suitable environment. 

 

METHODS 

 Seven hundreds eleven lactating cows with 416.25 ± 41.28 kg initial BW from 18 

villages under supervised of 6 dairy cooperatives in four major dairy production provinces were 

evaluated. Type of feeds used by the farmer have been sampled and the amount of the feed 

offered have been measured. Nutrient composition of each feedstuff used were analyzed in 

laboratory. The amount of milk produced were measured volumetrically and their component 
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were scanned using Lacto-scan type S_L to get information of fat, protein, lactose, SNF, density, 

water, salt and freezing point. Questioner were used to interview the farmers.  

 Parameters observed in this research were feed types, the amount of feeds offered, 

nutrient composition of feeds and ration. Cow’s body weight as estimated from hearth girth, milk 

volume, milk quality as measured from its components. This research used explorative and 

correlative studies. The data were analyzed using descriptive statistics and correlation from 

statistical package SPSS version 20
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RESUTLS AND DISCUSSIONS 

 

Average of milk production, milk composition, feed and nutrient offered were shown in table 1. 

Table 1. Average of milk production and components, feed and nutrients offered from different milk production center 

Parameters 
Boyolali Malang Yogya KUNAK Lembang Kebun Pedes 

AVG STD AVG STD AVG STD AVG STD AVG STD AVG STD 

Altitudes (m asl.) 440.9 69.1 1278.6 215.4 446.5 119.9 197  1232  210  

Daily milk production (liter) 10,59 4,01 13,94 5,04 12,18 4,06 10,09 4,49 17,12 5,59 10,86 3,61 

Daily milk production (kg) 10,88 4,12 14,31 5,17 12,50 4,18 10,35 4,60 268,01 3797,83 11,15 3,70 

Milk components (%)             

Fat (F) 4,29 1,35 4,96 1,70 4,53 1,95 4,20 1,36 4,36 1,37 5,00 1,23 

Density (D) 26,67 1,58 1026,64 2,07 26,11 1,82 26,18 1,85 26,32 2,25 27,06 1,70 

Lactose (L) 4,22 0,31 4,24 0,28 4,12 0,22 4,25 1,27 4,23 0,23 4,26 0,26 

Solid Non Fat (SNF) 7,53 0,41 7,55 0,84 7,45 0,38 7,52 0,49 7,64 0,43 7,75 0,44 

Protein (P) 3,06 1,89 3,81 4,30 2,76 0,15 2,80 0,18 2,92 0,92 2,88 0,23 

Water (W) 2,05 3,47 1,30 4,11 2,30 3,28 7,83 5,82 6,35 5,01 0,39 0,92 

Temperature (T) 22,91 1,78 20,54 2,23 22,15 2,88 29,65 1,04 24,78 1,81 12,49 2,64 

Freezing Point (FP) -0,28 0,35 -0,49 0,13 -0,47 0,04 -0,48 0,04 -1,46 14,72 -0,54 0,27 

Salt (S) 0,63 0,05 0,64 0,04 0,59 0,20 0,73 1,70 0,64 0,04 0,65 0,04 

Milk components (kg             

Fat (F) 0,47 0,24 0,70 0,36 0,51 0,22 0,42 0,22 12,01 170,91 0,55 0,20 

Lactose (L) 0,46 0,18 0,60 0,22 0,51 0,17 0,43 0,20 11,48 162,93 0,47 0,16 

Protein (P) 0,33 0,23 0,52 0,52 0,34 0,12 0,29 0,13 7,72 109,38 0,32 0,10 

Solid Non Fat (SNF) 0,82 0,31 1,06 0,38 0,93 0,32 0,78 0,34 20,77 294,71 0,86 0,28 

Feeds offered 

DM (kg) 11.73 3.19 11.24 4.50 13.44 2.51 13.07 5.40 24.33 7.97 10.40 2.46 

Concentrate (kg DM) 4.85 2.67 3.50 2.20 7.12 2.30 5.71 2.62 10.56 3.61 5.31 1.66 

Forage (kg DM) 6.88 2.92 7.75 4.00 6.38 1.83 7.22 3.82 13.77 7.23 5.09 1.82 

Concentrate (%BW) 1.25 0.65 0.82 0.50 1.76 0.52 1.43 0.71 2.42 0.84 1.31 0.41 

Forage (%BW) 1.81 0.81 1.82 0.88 1.59 0.47 1.80 1.02 3.18 1.76 1.26 0.45 
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Cultivated grass 2.63 1.55 1.65 1.94 3.93 2.52 3.63 3.00 8.45 4.00 2.39 2.55 

Natural grass 3.96 3.75 3.52 3.28 2.27 2.75 0.26 1.21 3.54 4.00   

Agricultural byproduct 0.29 0.71 2.16 3.33 0.02 0.12 3.32 2.78 1.78 4.79 2.70 1.88 

Leguminose 0.00 0.00 0.43 0.91 0.16 0.57       

Nutrien offered (kg) 

CP 1.19 0.31 1.30 0.45 1.60 0.34 1.65 0.70 1.84 0.98 1.01 0.28 

TDN 6.91 1.73 7.35 2.90 8.37 1.87 7.48 2.97 8.43 4.56 6.63 1.63 

ASH 1.27 0.45 1.59 0.58 1.50 0.32 1.54 0.89 1.56 1.02 0.64 0.31 

XL 0.28 0.12 0.17 0.07 0.32 0.14 0.43 0.19 0.44 0.28 0.36 0.14 

CF 2.87 1.09 2.62 1.13 2.83 0.41 2.98 1.37 3.18 1.77 2.37 0.54 

NFE 6.13 1.76 6.66 2.83 1.61 0.36 6.48 2.53 6.88 3.99 5.97 1.39 

Ca 0.043 0.021 0.068 0.030 0.044 0.020 0.045 0.034 0.044 0.03 0.056 0.034 

P 0.033 0.011 0.035 0.014 0.027 0.010 0.023 0.009 0.035 0.02 0.055 0.023 

Ration compositions (%) 

CP 10.14 2.69 11.60 1.36 11.87 0.43 12.63 2.49 11.90 2.16 9.68 1.21 

TDN 58.90 4.97 65.38 2.48 62.29 3.22 57.22 9.03 57.14 14.54 63.75 4.49 

ASH 10.80 2.93 14.17 1.40 11.13 1.62 11.76 3.99 10.40 4.10 5.94 1.79 

XL 2.37 0.67 1.50 0.21 2.39 0.76 3.29 0.96 2.93 1.15 3.45 0.99 

CF 24.44 4.48 23.31 2.31 21.04 2.27 22.82 2.99 21.43 5.30 23.02 2.39 

NFE 52.24 3.41 59.25 3.03 11.96 0.63 49.56 4.06 46.79 15.13 57.42 1.95 

Ca 0.366 0.17 0.604 0.17 0.325 0.16 0.345 0.23 0.341 0.26 0.55 0.33 

P 0.281 0.08 0.314 0.08 0.204 0.08 0.178 0.04 0.246 0.14 0.53 0.18 

 Milk production and components varied according to elevation of the farm. The higher the elevation the more milk and milk 

component produced. The impact of elevation on milk production and quality was direct and indirectly. Directly through temperature 

and humidity and indirectly through feed type and quality. High producing cows needed higher intake of nutrient. Therefore, cows in 

Lembang were offered more nutrient than other places. Unfortunately, the higher intake of nutrient was offered through increasing the 

amount of feeds not through increasing of feed quality which led to less feed efficiency and more excess of waste to environment. 

Increasing supply of high quality feed will improve feed efficiency of dairy farming in this area. High altitudes of Malang could not be 

optimized by dairy farmers in the area. The abundant high quality forage availabilities were not balanced with sufficient amount of 
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concentrate. Increasing amount of high quality concentrate used by the farmer may increase the milk production and components. In 

contrary, high quality forage used by lowland KUNAK farmer could not be used optimally by the cows. High forage used in their 

ration produced higher metabolic heat. The cows reduced their intake due to thermostatic condition. High environmental condition
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made metabolic heat produced could not be dissipated and prohibited the cows from getting 

more intake. Low quality feed used by lowland farm such as in Kebon Pedes resulted the lowest 

milk production and milk components. Some groups of farmer in Boyolali have conducted best 

feeding practiced, however, some groups were still need to be improved. 

The relation between elevation and milk production and components were shown in table 

2, while its relation to feed and nutrient availability were shown in table 3.  

 

Table 2. Correlation between elevation and milk production and feed availability 

 Altitude (m) BW (kg) Milk (kg) Fat Lactose SNF) Protein 

altitude (m) 1,00       

BW (kg) 0,32 1,00      

Milk (kg) 0,06 -0,05 1,00     

Fat 0,04 0,02 0,00 1,00    

Lactose  0,00 0,02 0,00 0,10 1,00   

SNF) 0,09 0,17 0,01 0,30 0,26 1,00  

Protein 0,12 0,05 0,00 0,06 0,03 0,12 1,00 

DM (kg) 0,50 0,25 0,01 -0,08 0,00 0,04 -0,02 

Conc. (kg) 0,40 0,24 0,01 -0,18 0,02 0,04 -0,02 

forage (kg) 0,45 0,18 0,00 0,02 0,00 0,05 -0,01 

cult forage(kg) 0,38 0,23 0,05 0,00 0,03 0,07 -0,03 

natural grass (kg) 0,43 0,14 -0,03 0,11 0,02 0,13 0,04 

byproduct (kg) -0,17 -0,10 -0,03 -0,04 -0,05 -0,10 -0,04 

Legume (kg) 0,20 0,19 0,00 -0,05 0,08 0,05 0,10 

CP -0,01 0,05 0,01 -0,10 0,07 0,06 -0,03 

TDN -0,20 -0,08 0,02 -0,03 0,05 0,10 0,05 

ASH -0,03 -0,09 0,00 -0,07 -0,03 -0,06 0,05 

XL -0,36 -0,04 0,01 -0,13 0,09 0,14 -0,05 

CF -0,32 -0,22 0,01 -0,01 -0,01 0,06 0,03 

NFE -0,16 -0,07 0,01 -0,03 0,04 0,07 0,06 

Ca -0,23 -0,16 -0,03 0,12 -0,03 -0,04 0,04 

P   -0,07 -0,02 0,00 0,11 0,03 0,13 0,04 

 The table correlation table support the data showed in table 1. Altitude were positively 

correlated with cow’s BW and nutrient availability but negatively correlated with feed quality. 

Milk quality as shown by milk component were not correlated with altitude or feed quality. 
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CONCLUSION 

 From this research, it can be concluded that milk production and component were better 

produced in higher altitudes. Milk quality to differentiate highland milk from lowland milk 

production were not clearly define using milk component used in this study. It is suggested to 

used more sensitive parameters such as fatty acids profiles, CLA or band taste to be able to give 

more credit for highland milk production. 
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ABSTRACT 

This study was aimedtoexamine the effect of black teaextractin diet containing 4% and 6% 

sunflower oil on ewe physiological responsefromlate pregnancy until early lactation. This study 

wasdesigned using 2×2 factorial completely randomized design(CRD) with 5 replications on 20 

late-pregnant ewes. First factor was the two levels of sunflower seed oil (4% and 6%) and the 

second factor was the levels of black tea extract (0 ppm and 500 ppm).Datawere processed 

usinganalysis of variance(ANOVA).The variables were physiological response and blood 

profile. Interaction between oil and tea had no effect on physiological responseand blood profile. 

Erythrocytes amount were higher (P<0.05) on 6% oil treatments than 4% oil treatments. It was 

concluded that 0 nor 500 ppm black tea extract in diets contain 4% and 6% sunflower oil were 

not affected ewe’s physiological response. 

 

Key words: black tea extract, blood profile, ewe, physiological response, sunflower seed oil 

 

INTRODUCTION 

Indonesian local sheep known to have a genetic potential in the reproductive ability. 

Reproductive performance of the genetic factors will be expressed only if supported by 

environmental factor ssuch asthediet based on the nutrition requirement for reproductive ewe 

(Capper et al., 2006). Scaramuzzi et al. (2006) said that the reproductive performance affect 

quality and quantity offeed nutrients for pregnan tewes. Animal has four critical phases during 

pre-mating, early pregnancy, the final thirdof gestation, and early lactation so nutritious diet 

needed to support the fetus growth and development. Pregnant ew erequires high concentration 

of nutrients in the diet with the same quantity because consumption will be reduced. The 

stomach volume of pregnant ewe decrease due to the rapidly growing fetus (Munoz-Gutierrez et 

al. 2002). 

Sunflower seed oilthat containing high fat expected to sufficient the energy needs of ewe. 

Fat contains high energy than carbohydrates or proteins and produce low heat increment (HI). 

Low HI diet was suitable for tropical animal because the energy in diet was not used to produce 

excess heat. Thermoregulation process of continuous heat production followed by heat released 
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to the environment through the skin and breathing. This could be reflected in measurement of 

physiological responses. 

Physiological responses was animal responses to various factors either physical, chemical, and 

environment. Physiological responses in sheep showed by measuring rectal temperature, 

respiration rate, heart rate, hematocrit, and heterophile lymphocytes-1ratio. 

Sun flower seed oil contains essentiall in oleic acid (C18: 2) 67.50% and oleic (C18: 1) 

18.70%. Diet that contain unsaturated fatty acid scould improve the fertility of ruminants (Cerri 

etal., 2009) but it was very oxidative so it should be followed by antioxidants for protecting from 

oxidation (Fremont etal.,1999). Antioxidant defined as compounds that could prevent oxidative 

reactions on lipids from free radicals (Damayanthi etal.,2004). Antioxidant activity in tea was 

produced by polyphenol (Gardner et al. 2007). Black tea was natural antioxidant with 

polyphenol (119.0-178.8 mgg-1) and teaflavin (9.7-13.7 mgg-1) to prevent peroxidation of 

unsaturated fatty acids in cell membrane phospholipids (Bhuyanet al.,2013). 

The aimed of  this study was to examine the effect of 500 ppm black tea extract in diet 

containing 4% and 6% sun flower seed oil on the physiological responses of late pregnancy to 

early lactation ewe. 

MATERIALS AND METHODS  

Materials 

Animal 

Twenty local sheep on late pregnancy to early lactation with average body weight of 

31.19±2.28 kg were used in this study. The sheep were randomly distributed into individual 

cages. Maintenance of ewe performed since late pregnancy until three weeks after giving birth. 

Temperature and humidity in the animal house was measured three times a day in at 06.30 am, 

12:30 pm, and 17:30 pm GMT(+7). 

Diet 

The grass used in this study was Brachiarahumidicola. Concentrate composed of 

cassava, coconut meal, soy bean meal, premix, salt, CaCO3, 4% and 6% sun flower seed oil and 

the addition of 500 ppm black tea extract. The ratio between grass and concentrate was 30:70. 

Nutrient content of the diet listed in Table1. 
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Procedures 

Extraction ofblack tea 

Extraction of black tea got from maceration process of black tea powder dissolved in 

70% ethanol with the ratio of ethanol and black tea powder was 2:1. The mixture allowed to 

stand 24 hours and stirred every eight hours. The mixture was then filtered using filter paper and 

the filtrate evaporated to obtain black tea extract. Black tea extract was mixed with tapioca flour 

with a comparison between tea extract and starch is 1: 3.  

 

Physiological Responses 

Parameters of physiological responses were respiration rate, heart rate, and rectal 

temperature. Duplo measurement of respiration rate, heart rate, and rectal temperature were 

determine every week during the experiment of late pregnancy until early lactation ewe.   

The respiration rate was measured by placing the palms on the nose and count the breaths 

for 1 minute using a stopwatch and counter. Heart rate was measured by placing a stethoscope on 

the left chest while ewe was in standing position and count rate for 1 minute. Rectal temperature 

was measured by inserting a digital body thermometer into the rectum and wait until the 

thermometer showed the temperature. 

 

Blood Profile 

Blood sampling 

Blood sampling performed at the end of pregnancy. Blood was drawn 3 ml from the 

jugular vein of ewe using a sterile syringe then inserted into the tube with EDTA, then take nto 

the laboratory for analysis. 

Hemoglobin 

Sahli tube filled with HCl 0.1N, then filled 0.1 mL of blood until brown hematin acid 

formed. Distilled water added until the colors looked as the standard color. Blood level in the 

tube indicates the amount of hemoglobin in 100 mLg-1 blood. 

Hematocrit 

Hematocrit determination made by the micro hematocrit method. Microcapiler pipe filled 

with blood about 4/5 part of the pipe filled and then closed the pipe with stoppers and 
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centrifuged for 5 minutes. Hematocrit value as erythrocyte volume percentage (%) read with 

microhematocrit reader. 

 

Red blood cells and white blood cells 

The number of red blood cells (erythrocytes) and white blood cells (leukocytes) was 

calculated by the method according to Sastradipradja and Hartini (1989). Blood samples smoked 

using a erythrocytes pipette for red blood cells and leukocytes pipette for white blood cells, then 

diluted Hayem solution to the mark 101 for erythrocytes and diluting Turk solution up to the 

mark 11 for leukocytes, then homogenized. A drop of blood solution dripped into the counting 

chamber covered with cover glass then observed under microscope. 

Number of erythrocytes was calculated by looking at 25 boxes and observe the top corner 

right box,top left corner, middle, bottom right corner, and bottom left corner. Erythrocyte 

spermm3 calculated by summing erythrocytes that counted in 5 small box and multiplied by104. 

Number of leukocytes countedin 16 small boxes and observed 4 box on the top right corner, top 

left corner, bottom right corner and bottom left corner. Leukocytes that counted in 16 squares 

multiplied by 50. 

 

Leukocyte differentiation 

Leukocyte differentiation calculationon the 100×10 microscope magnification. Leukocyte 

differentiation was made with 2 object glass with the dropped blood then dried in the air, sub 

merged in methanol solution for 5 minutes, and sub merged in Giems a solution for 30 minutes 

then washed. The number of lymphocytes, neutrophils, monocytes, and eosinophils counted in a 

zigzag up to a total of 100 items under the microscope. The percentage of each leukocyte derived 

from number of each leukocyte differentiation divided to the total number of leukocytes then 

multiplied by 100%. 

 

Experimental Design and Analysis 

This study was designed using 2x2 factorial completely randomized design(CRD) with5 

replications. First factor was the 2 levels of sunflower oil (4% and 6%) and the second was the 2 

levels of black tea extract (0 ppm and 500 ppm). The treatmentscombination wereM4T0(0 ppm 

black tea extract + 4% sunflower seed oil), M4T500(500 ppm black tea extract + 4% sunflower 
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seed oil), M6T0(500 ppm black tea extract + 6% sunflower seed oil), M6T500 (500 ppm 

blacktea extract + 6% sunflower seed oil). Datawere processed usinganalysis of 

variance(ANOVA).Observed parameters of this research were physiological responses and blood 

profile. Physiological responsemeasurement were respiratory rate, heart rate, and rectal 

temperature. Blood profile measurement were hemoglobin, hematocrit, erythrocytes, leukocytes, 

and the differentiation of leukocytes (lymphocytes, neutrophils, basophils, monocytes, and 

eosinophils. 

RESULT AND DISCUSSION 

Environmental Condition 

Research location has fluctuation temperature and humidity from morning until night. 

Ambient temperature observed in the morning, day, and evening ranged between 24.1 ° C-31.0 ° 

C with the humidity 70% -89%. The average temperature and humidity showed in Table 2. 

Comfort zone of tropical sheep was 22 °C-31 °C (Subronto, 2003). The average 

temperature in the animal house was in range of comfort zone so that the temperature suitable for 

ewe maintenance. Optimum humidity for sheep was less than 75% (Subronto, 2003). The 

average of highest humidity in the morning (89%) exceeded the optimum humidity for sheep. 

This can be caused by a lack of air circulation inside animal house so that the accumulation of 

water vapor. A very high humidity was harmfull because it could lead to slow and limited 

evaporation of water so that animal thermo regulation disturbed (Yani & Purwanto, 2006). 

 

Physiological Responses 

Statistical analysis showed that the interaction between sunflower seed oil and black tea 

extract were not affect the respiratory rate, heart rate, and rectal temperature of late pregnancy to 

early lactation ewe. 

 

Respiration 

Results from analysis of variance showed that treatments of sunflower seed oil norblack 

tea extract did not affect the respiratory rate of late pregnancy to early lactation ewe. The average 

of respiration rate showed in Table 3. 

The data showed the respiratory rate during late period of pregnancy to early lactation 

ewe was higher than the normal range according to respiration rate of ewes in the tropical rain 
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forest Mount Walat, Sukabumi, 29.25times themin-1 (Suprayogi andAstuti,2006). Respiratory 

rate in late pregnancy period was different from early lactation period. This could be caused by 

pregnant ewe did not consuming diet as much as on lactation period because of the rumen 

limited capacity with the fetus inside. Lactating animals consumed the highest dry matter among 

other reproductive cycle to produce milk and energy reserves for preparing the next breeding 

season so oxygen needed to run the body metabolism was higher during lactation period than 

during pregnant. Increased respiratory rate reflected heat quickly passed through blood to the 

body in order to help animals released body heat for a balance body temperature. 

 

Heart rate  

Statistical results showed no effect of sunflower seed oil and black tea extract treatments 

on heart rate of late pregnancy to early lactation ewe. The heart rate average showed in Table 4. 

The average of heart rate on late pregnancy period was within in normal range according 

Subronto (2003) that reported normal heart rate for sheep was 70-90 times minute-1. This 

indicated the body response of spreading the heat through the blood circulation from the 

environment and metabolism to other body organs that require more heat. Black tea extract 

containing polyphenols compounds allegedly capable of improving blood circulation so that the 

sheep's heart can work normally. Provision of oil in diet could reduce the body heat production 

so that the animal could improve the ability of thermoregulation with the lower heart rate. 

The average of heart rate during early lactation were above normal range. Heart rate in 

early lactation period increased from late pregnancy period. It was associated with the increasing 

of respiration rate on early lactation compared with late pregnancy ewe. The increased 

respiration frequency could cause increasing heart rate. It was because the activity of respiration 

muscles increased so that more blood needed to supply oxygen and nutrients. The heart pumped 

the bloodfaster to the body so blood flow was increasing and the heart worked harder so that the 

heart rate increased (Frandson,1996). 

 

Rectal temperature 

Rectal temperature reflected body temperature measurement because its temperature 

relatively constant, dominating 86% of body temperature, and easier measurement compared 

with other body temperature parameters. 
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Results of analysis of variance showed that the addition of black tea extract treatment nor 

sunflower seed oil treatment had no effect on rectal temperature during late pregnancy until early 

lactation of ewe. The average of rectal temperature showed in Table 5. 

Rectal temperatures during late pregnancy to early lactation is still in the normal range according 

to (Subronto, 2003) that reported that normal rectal temperature for sheep in the range of 38 ºC - 

40 ºC. This could be caused by the heat exposure to animals was already happened for a long 

time so that animal could adapt in balancing body heat production with the released of body heat 

into environment. Normal rectal temperature could also occur as result of feeding the fat from 

sunflower seed oil with lower heat increament than proteins and carbohydrates so that animals 

were not constrained in releasing body heat. 

 

Blood Profile 

Statistical analysis showed that the interaction between the black tea extract treatment 

and sunflower seed oil in diet did not affect the blood of sheep research profile. The addition of 

black tea extract also did not affect ewe blood profile. The average of the late pregnancy ewe 

blood profiles showed in Table 6.  

Results of analysis of variance showed feeding sunflower seed oil affect (P <0.05) the 

number of ewe erythrocytes or red blood cells. Concentrate with 6% sunflower seed oil showed 

higher erythrocytes number compared with concentrate with4% sunflower seed oil. This result 

suggested that fat content of the oil in diet could increase the number of erythrocytes. Essential 

fatty acids in fat was composer partof lymphoid tissue that keep the immune system well by 

forming prostaglandins. The function of prostaglandin hormone was repaired cell membranes, 

including the membranes of red blood cells in the blood circulation so that it could increase the 

number of erythrocytes (Fritsche et al., 1992).  

Statistical analysis showed the addition of black tea extract in the diet containing 

sunflower seed oil did not affect hemoglobin value. Ewe hemoglobin value in this research was 

in the normal range according to Schalm (2010). This could be caused by the Fe contains in 

sunflower seed oil was high at 49.66 mg kg-1 (Özcan, 2006) to improve iron adequacy as 

hemoglobin forming minerals. 

Results of analysis of variance showed that the addition of black tea extract in the diet 

containing sunflower seed oil had no effect onhematocrit or Packed Cell Volume (PCV) valueof 
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ewe. Data showed that the average of ewe hematocrit values were in the normal range, 

comparable to the hemoglobin and red blood cell count (Mawati et al., 2004). This reflected that 

ewe has been able to adapt to the tropics. 

The addition of black tea extract in the diet containing sunflower seed oil did not affect 

leukocytes or white blood cells of ewe. Data show the averages value of leukocytes were in the 

normal range for each treatment. Normal leukocytes number in may indicated the immune 

system was not compromised by feeding treatment. 

Results of analysis of variance showed that the addition of black tea extract in the diet 

containing sunflower seed oil did not affect to all leukocyte differentiations value. The average 

value of leukocyte differentiations which include neutrophils, eusinophil, lymphocytes, 

monocytes, and basophils were within in normal range. This indicates that the addition of black 

tea extract in the diet did not affect ewe leukocyte differentiation. 

Neutrophil lymphocyte-1 ratio could be the indicator of individual responses assessment 

to environmental change (Maheswari, 2008). Results of analysis of variance showed that the 

addition of black tea extract in the diet containing sunflower seed oil had no effect on ewe 

neutrophil lymphocyte-1 ratio. The high ratio of neutrophil lymphocyte-1 could be an indicator 

that animals experiencingstress (Kannan, 2000). Stress produced hormones (glucokortocoid) that 

coulddisturb immune cells.Glucokortocoid disturbed the cytokines production that necessary for 

immune responses (Mashaly et al., 2004). Stress could cause leukocytosis. This was caused by 

increased neutrophil from glucocorticoids induced and release of neutrophil reserves in the 

marrow bone (Sugito & Delima, 2009). 

Standard value for neutrophil lymphocyte-1 ratio 1 sheep was 0.5 (Schalm, 2010). The 

data showed that ewe neutrophil lymphocyte-1 ratiowere above normal ratio for all treatments. 

This could be due to the animals exposed by fluctuated temperaturesso animals indicated to be 

stress. Awabien (2007) reported that feeding 4.5% fish oil in the diet did not affect ewe 

neutrophil lymphocyte-1ratio and the average value of the ratio was so high; 1:02 to 2:16 that 

indicated as the sheep response in adapting to the environment. 

 

CONCLUSION 

Interaction between sunflower seed oil with black tea extract did not affect ewe 

physiological responses and blood profile. The addition of 500 ppm black tea extractin the diet 
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containing 4% and 6% sunflower seed oil did not affect blood profile andphysiological responses 

oflatepregnancyuntil earlylactation ewe. Sunflower seed oillevel of 6% in the 

dietcouldincreaseewe erythrocytescomparedwithsunflower seed oillevel of4%. 
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ABSTRACT 

 The experiment aimed to evaluate the nutritional content of four new sorghum cultivar 

(Sorgum bicolor) (Hybrid-20, 12 FS 9006, 13 FB 7001, and 12 S49001) thatintroduced from 

Australia, examine nutrient content of Indigofera (Indigofera zollingeriana) – selected sorghum 

cultivar mixture as ruminant ration, and evaluate in vitro fermentability of the mixture. The 

ration was made as mixture of both forages that composed of different level of proporsion 

between selected sorghum cultivar. The selected sorghum has best nutritional value and 

Indigofera. The proportion between sorgum:Indigfera were as follow 100%:0%, 80%:20%, 

70%:30%, 60%:40%, and 50%:50%. The experiment was conducted  using randomized block 

design with 5 treatment and 3 replications. Data was analyzed using descriptive normality test 

for nutrient content of four sorghum cultivars and analyzed using analysis of variance & Duncan 

test for in vitro fermentability of mixture. The result of descriptive test showed that nutrient 

content in four cultivars sorghum were spread normally. The use of Indigofera zollingeriana in 

the mixture increased in vitro dry matter digestibility (IVDMD), in vitro organic matter 

digestibility (IVOMD), NH3 concentrations (P<0.05), but did not affect the total VFA 

concentration. It is concluded that combination of sorgum S4 cultivar (12S49001) with 

Indigofera zollingeriana can improve nutrient composition in ration and in vitro fermentability. 

 

Key words: indigofera zollingeriana, in vitro fermentability, new cultivar, Sorghum bicolor 

 

INTRODUCTION 

 Sorghum is a plant that is quite potential to be developed in Indonesia because it has a 

high environmental adaptation, especially on marginal land (Sirappa 2003). Sorghum plants have 

several different varieties with different nutritional content, so the selection of appropriate 

varieties or cultivars in particular as feed ingredients needs to be done (Praptiwi et al. 2011). 

Sorghum bicolor (L) Moench. have been developed with various types that can be exploited such 

as: grain sorghum, sweet sorghum, forage sorghum, and biomass sorghum (Setiawan 2016). The 

type of sorghum studied in this study is the introduced  sorghum from Australia that belongs to 

the forage sorghum. The new cultivars sorghum plant are Hybrid-20, 12FS9006, 13FB7001, and 

12S49001. 

mailto:lukiabdullah@gmail.com
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 The nutritional value and digestibility of sorghum differ among cultivars. Selection of the 

best cultivars needs to be done by examining from all aspects such as productivity, nutritional 

content, and fermentability in the rumen system. The nutritional value of the patir 3.7 mutant 

strain that was harvested in the flowering phase according to Sriagtula (2016) contained ash 

6.70%, crude protein 8.79%, crude fat 1.20%, crude fiber 27.88%, and 49.83% TDN. Use of 

sorghum as a feed has several advantages: higher biomass production than maize, palatable, has 

an economic value, and can grow well in all types of land (Sanchez et al., 2002). Forage 

sorghum can contribute as a source of energy for ruminants feed. According to Oliver et al. 

(2004) the silage of forage sorghum yields the same total VFA concentration with corn silage of 

123mM with 75.1% acetate, 26.8%, 15.4%, and n-valerate 2.2%. Sorghum stalk containing water 

soluble carbohydrate (WSC) resulted  in vitro dry matter digestibility of 63%-73% (Miron et al., 

2005). The ability of sorghum to produce WSC with high digestibility can be combined with 

Indigofera (Indigofera zollingeriana) forage, which contained high protein (Abdullah, 2010). 

 Indigofera is one of the prospective forage legume in Indonesia, which is  potential as a 

protein source-forage (green concentrate) because it has higher forage production and quality 

compared to other tropical legumes (Abdullah, 2014).  Indigofera contained crude protein 

24.42% -31.05% (Abdullah and Suharlina 2010). Indigofera has a protein digestibility rate of 83-

86% (Abdullah 2014), but highly ruminal degradable value (Surahlina et al., 2016). Use of 

sorghum that has available energy is expected to increase protein utilization. Problems often 

encountered in the field of feed, especially in the high use of concentrate feed that can affect the 

dependence of imported raw materials. The use of combination between Indigofera and sorghum 

in proper proportion in the rations is expected to provide a nutrient balance for livestock 

nutrients, thereby reducing the use of concentrates and reducing the cost of feed produced.  

The experiment aimed to evaluate the nutritional content of four new cultivars Sorgum bicolor. 

(Hybrid-20, 12 FS 9006, 13 FB 7001, and 12 S49001), examine the nutritional content the 

mixture of Indigofera combined with new cultivars of sorghum as ruminant feed, and examine 

the fermentability of the mixture using in vitro rumen fermentation system.  
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MATERIALS AND METHODS  

Time and Location 

The Sorghum cultivars were grown in Field Laboratory of Agrostology Faculty of 

Animal Science IPB according to experimental protocol developed by the laboratory. The 

proximate analysis was done at IPB's Center for Biological Resource Research and 

Biotechnology, gross energy analysis was done at IPB's Science and Technology Laboratory, 

and mineral analyzes (Ca, P) were done at the IPB Nutrition Laboratory. The experiment was 

done from Desember 2016 to June 2017.  

 

Harvesting and Sample Preparation 

 Sorghum forage S1 (Hybrid-20), s2 (12 FS 9006), S3 (13 FB 7001), and S4 (12 S49001) 

were harvested at 95 days after planting. Each part of harvested herbage composing leaves, 

stems, and panicle were separated and weighed in fresh and dried base. Parts of herbage were 

ovened at 60 oC for 48 hours, then made into flour and analyzed the nutritional content based on 

the proximate analysis using the AOAC (1995) method. Edible part of Indigofera used as a 

forage mixture was obtained from 35 days of regrowing plants, establihed for 2 years in Sindang 

Barang Region, South Cianjur, West Java.  To make Indigofera flour, the same procedure as 

sorghum flour was conducted. 

 

Evaluation of Total Nutrient Production 

 Evaluation of total nutrient production was done based on calculation of dry matter (DM) 

production, capacity, crude protein production (CP), production of nitrogen extract (NFE), and 

TDN production. Total nutrient production of sorghum S4 (12FS9001) had better grades and was 

selected for in vitro studies combined with Indigofera sp.   

 

Forages Mixture  

Evaluation of forage mixture quality as feed was arranged according to following proportion : 

P1=100 % sorgum S4 (kontrol); P2= 80% sorgum S4 + 20% Indigofera; P3=70% sorgum S4 + 

30% Indigofera; P4= 60% sorgum S4 + 40% Indigofera; dan P5=50%  sorgum S4 + 50%  

Indigofera.  
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In vitro Fermentation 

In vitro fermentation and digestibility was conducted by using the method of Tilley & Terry 

(1963). Fresh rumen fluid of beef cattle was obtained from Elders slaughterhouse. Samples were 

taken after 48 h incubation for dry matter and organic matter digestibility analysis, and after 4 h 

incubation for analysis of total VFA using steam distilation method and NH3 concentration with 

micro diffusion Conway method (1958). 

 

Statistical Analysis 

 The experimental design used for in vitro fermentability testing was a randomized block 

design, with 5 mixed treatments and 3 replications based on different rumen fluid retention 

times. The data obtained were analyzed by using analysis of variance (ANOVA), when there are 

real differences followed by Duncan Test (Steel & Torrie, 1997) 

 

RESULTS  

Forage Parts Proportion and Nutrient Evaluation of Sorghum Cultivars 

Forage parts portion is shown in Table 1.  There was a significant difference (P <0.05) on 

leaves portion and panicles among sorghum cultivars. The proportion of leaves of S3 (13 FB 

7001) was about 38% higher (P <0.05) than those other trhee cultivar. Panicle portion of S2 

(12FS9006) 61% was higher than those of S4 (12S49001), but did not denote significant 

different to S1 (hybrid) and S3 (13FB7001).  

The results of nutrient analysis on each part of sorghum (leaf, stem, and panicle) is 

revealed in Table 2. The results of the descriptive normality test on the proximate analysis in 

Table 2 shows that the nutrient contained in each sorghum cultivar have normal data distribution. 

However, when it was viewed from each part (leaves, stems, and panicles) there is a difference 

in nutrient content. Crude protein content (CP) contained in the leaves, stems, and panicles had 

an average value of 8.04%, 3.04%, and 7.33%. Ether extraxt content (EE) contained in the leaf 

also has a greater mean value when compared to the stem and panicle with an average value of 

3.845%, 1.02%, and 2.86%. The average value of TDN (%) contained in the leaves, stems, and 

panicles is 59.66%, 50.945%, and 68.71%. 

The nutrient composition contained in sorghum as a whole, calculated using MS 

applications. Office Excel 2010. Complete nutrient donation calculations were analyzed based on 
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the ratio of stems, leaves, and panicles contained in Table 1 and multiplied by the nutrient 

content of the proximate analysis found in Table 2. The results of the data in Table 3 showed that 

the crude protein component produced a lower number when compared to the results of the 

proximate analysis on each of the leaf, stem, and panicle parts contained in Table 2. The mean of 

crude fiber in the four cultivars was 35.58% and showed a higher value with the research 

conducted by Poespodiharjo (1983), ie, the fiber content of sorghum straw at 32.30%.  

 

Production of dry matter (DM) and carrying capacity  

The production of dry matter (ton/ha) was calculated based on the resulting biomass 

productivity. The yield of dry matter and the capacity of four new cultivars of sorghum plants 

with a 95 day harvest period can be seen in Table 4. The total dry matter content on the four 

cultivars has normal spreading values. Based on the data in Table 4, the highest production value 

of dry matter (ton/ha) is found in sorghum cultivar S4 (12S49001) of 4.42 (ton/ha). This is 

because the productivity of sorghum cultivars S4 (12S49001) also has a higher value of fresh 

biomass production (ton/ha) than other cultivars. Production of sorghum crop in a year can be 

done 3 times harvesting, so when accumulated in one year, the production of dry matter 

produced on cultivar S2 (12FS9006) and sorghum cultivar S4 (12S49001) can reach 12.52 and 

13.26 (ton/ha/year). If 1 ST requires dry matter of 2.28 ton/year (Praptiwi et al. 2011), then the 

largest capacity is found in sorghum cultivar S4 (12S49001) with value 5.81 (ST/ha) 

 

Crude Protein Production (CP), Nitrogen Free Extracts (NFE), and Total Digestible 

Nutrien (TDN) 

The production of CP, NFE, and TDN is calculated based on the production of dry 

matter. The total production of crude protein (ton/ha) contained in the four cultivars has a low 

value in the range of 0.13 to 0.17 (ton/ha). Based on the data shown in Table 5, the highest total 

production of NFE and TDN (ton/ha) is found in S4 (12S49001) with total production of NFE 

and TDN (ton/ha) respectively of 2.41 (ton/ha) and 2.54 (ton/ha). Based on the results of the total 

production, then sorghum cultivar S4 (12S49001) was chosen because it has the highest NFE and 

TDN production value and used as a ration mixed with Indigofera zollingeriana.  
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Evaluation of Mixed Sorghum Nutrition with Indigofera sp 

Results of proximate analysis of flour Indigofera zollingeriana. showed that the crude 

protein content of Indigofera zollingeriana. harvested at 35 days from Sindang Barang area, 

Cianjur Selatan, has a crude protein value of 29.20% (Table 6). The addition of Indigofera 

zollingeriana level in the mixture increases the value of CP and TDN rations. The combination 

of mixture on P5 yields CP (%) and TDN (%) nutrients respectively of 16.16% and 63.26% 

(Table 7).  

 

In Vitro Fermentability of Mixed Sorghum with Indigofera zollingeriana 

The results of in vitro dry matter digestibility and in vitro digestibility of organic matter 

mixture of sorghum S4 (12S49001) with Indigofera zollingeriana in Table 8 showed that  in 

vitro dry matter digestibility (IVDMD) value of P1 was lower than P2 to P5 (P <0.05, Table 7). 

The digestibility of organic matter was significantly influenced by the increase of Indigofera 

zollingeriana. level in the ration (P <0.05, Table 8). Further, Duncan test results showed that the 

average digestibility of organic matter in P1 control treatment has a value of 44.93%. Increased 

Indigofera zollingeriana levels into the mixture can increase the digestibility of organic materials 

in the treatment of P2 to P5. However, P2 and P3 treatments also have the same values as the 

controls. The digestibility value of organic matter on the P5 mixture with the value of 60.97%, 

the P4 mixture was 56.75% higher than the P1.  

The result of variance indicated that the increase of Indigofera zollingeriana. usage level 

in mixture had significant effect on NH3 concentration (P <0.05). The higher the level of use of 

Indigofera zollingeriana. in the mixture causes the higher NH3 concentration yield. Further 

Duncan test results showed that the average NH3 concentration on treatment P1 (100% sorghum 

12S49001), has the lowest value with a mean value of 4.01 mM, when compared with P2, P3, 

P4, and P5 with a mean value ranging from 7.93 to 10.55 mM.   

Total VFA concentration was not affected by the increasing of Indigofera zollingeriana. 

level into the forage mixture on the (Table 8). However, there was a tendency to decrease the 

total concentration of VFA from treatment P1 to P5 (Table 8). The P1 treatment (100% sorghum 

flour) has a total VFA value of 202.07 mM. Based on the results of the research, the total 

concentration of VFA of forage mixture that is in the normal range is found in the treatment of 

P4 and P5 with an average value of 156.55 mM and 131.71 mM.  
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DISCUSSION 

Sorgum bicolor belongs to the grass family, Graminea (Department of Agriculture, 

Forestry, and Fisheries Republic of South Africa 2010). The use of sorghum is currently being 

developed as forage. Forage is a diet derived from vegetative parts of plants with a crude fiber 

content of more than 18% and contains high energy. The proportion of panicles, leaves, and 

stems of sorghum to the productivity of biomass produced by new cultivars from Sorgum bicolor 

is necessary as a basis to see how much biomass and nutrient donations can be utilized as animal 

feed ingredients. The increase of proportion stems in the plant reach of 75.25% that can increase 

the mean of crude fiber in whole sorghum. This indicates that sorghum belongs to the type of 

sorghum forage.  

Irawan (2011) mentioned that fiber fraction content found in sorghum forage has 81,80% 

fiber cell wall fraction with 76% fiber content, 5.80% hemicellulose, lignin 11.60%, and silica 

4.40% with in vitro dry matter digestibility value of 39.40 %. Other data show that sorghum 

belonging to sorghum forage has 43% cellulose content, 45% pentosan, and lignin at 16% (Wall 

& Blessin, 1970). Cellulose in plants is a major component of crop wall cells and is a large 

component that gives fibrous tissue strength. Cellulose is a polymer of glucose, but unlike starch 

having α-1, 4 and α-1, 6, glucose bonds. The analysis in parallel shows the analysis of crude 

fiber from hybrid sorghum cattle feed (Stallcup et al., 1964, Proto 1962). 

Nutrient quality is one of the parameters that can be measured to determine the nutrients 

contained in a feed ingredient. Based on the research results, most of the highest nutrient co-

components are found in the leaf. This can be caused by the main component of the compound 

green substance on the leaves, namely chlorophyll. In the chlorophyll occurs the process of 

photosynthesis and produce energy or food substances which will then be circulated to all parts 

and stored as reserve, therefore almost all components of nutrients accumulate in the leaves.  

Total nutrient production is needed to determine the availability of nutrients provided by 

each plant. Vanderlip (1993) and Rao et al. (2004) states that the rate of accumulation of dry 

matter between varieties of sorghum is not very diverse. Total dry matter production, NFE 

production, and TDN production in sorghum S4(12S49001) have a higher value than other 

cultivars. This is because the productivity of sorghum cultivars S4 (12S49001) also has a higher 

value of fresh biomass production (ton/ha) than other cultivars (Table 4). The results of nutrient 

analysis mixed with S4 cultivar sorghum (12S49001) harvested at age 95 days with Indigofera sp 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

392 
 

with harvest age of 35 days for each per can be seen in Table 7. The combination of sorghum 

S4(12S49001) as a source of energy (carbohydrate) and Indigofera zollingeriana as a protein 

source is expected to provide optimal nutrients for ruminants. According to Hoover and Miller 

(1992) in general, rumen microbes only use carbohydrates as a source of energy for growth. 

Asplund (1994) also stated that carbohydrates are also needed as a source of carbon atoms (C) to 

form the structural framework of rumen microbial proteins. Rumen microbes that use 

carbohydrates as substrates can be grouped into microbial users of structural carbohydrates 

(cellulose and hemicellulose) and microbial users of non-structural carbohydrates (starch, pectin, 

and sugar). Microbial users of structural carbohydrates use ammonia (NH3) as a source of N for 

protein synthesis, and grow more slowly than non-structural carb microbial users who can use 

ammonia and amino acids as a source of N for protein synthesis (Russel et al., 1992). 

The results of protein degradation present in indigofera resulted in high NH3 levels 

because the proteins present in Indigofera zollingeriana. is more easily soluble and degraded by 

rumen microbes than with the protein present in the concentrate (Ambisi et al. 2014). According 

to Abdullah (2014) Indigofera sp has a protein digestibility rate of 83-86%. Such high NH3 

concentrations, can be the source of N atoms in the rumen, so their interaction with the resulting 

carbon framework can be a source of microbial proteins (Preston & Leng, 1987).  

Increased in vitro dry matter digestibility (IVDMD) and in vitro organic matter digestibi 

lity (IVOMD) in technique in vitro can also be caused by the reshuffling of proteins in the forage 

mixture into ammonia (NH3) required for microbial protein synthesis and enhanced 

fermentability in the rumen (Hartadi et al.1998). In addition to the increase in ammonia, this is 

thought to be due to the interaction of the formation process of carbon (C) atomic framework 

resulting from the carbohydrate reshuffle contained in sorghum, thus supplying the synthesis of 

microbial proteins that can affect the level of rumen digestion.  Ammonia (NH3) is one of the 

compounds produced as a result of a reshuffle of proteins by microbes that occur in the rumen. 

According to McDonald et al. (2002), ammonia is produced in conjunction with the formation of 

peptides and amino acids which are then used by rumen microbes in the formation of microbial 

protein synthesis. An increase in NH3 concentration may also be due to the higher protein 

content present in the mixture (Table 7) degraded by proteolytic enzymes. Another supporting 

statement is according to Sutardi (1979), which states that the NH3 concentration in the rumen is 
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influenced by the level of sample protein, protein source and its solubility. The proteins present 

in Indigofera sp are proteins easily degraded by rumen microbes.  

Volatile Fatty Acid (VFA) has a dual role in the fermentation process in the rumen, 

which is the primary source of energy for livestock and as a source of carbon skeletons used for 

the formation of microbial proteins in the rumen. According to Sutardi (1979), the total decent 

VFA concentration for livestock survival is in the range of 80 to 160 mM. The decrease in total 

VFA concentration by increasing the level of addition of Indigofera zollingeriana.  can be 

caused because the carbohydrate content found in the forage mixture decreases, although not too 

much different. Sunarso (1984) states that carbohydrate content can affect the concentration of 

VFA produced because it is a product of fermentation of carbohydrates. Other things that can 

cause such a decrease can be caused by an increase in the use of VFA at every increase in the 

level of use of Indigofera zollingeriana.  into the forage mix. Ginting (2005) mentioned that for 

the process of microbial protein synthesis required balance between the source of carbon 

framework supplied from VFA with source N derived from ammonia concentration. In addition, 

the increased use of VFA can also be caused by direct rumen microbes using VFA as a source of 

microbial energy to synthesize microbial proteins and to process cell growth in the body, so that 

it can affect the increase in digestibility of food substances. 

 

CONCLUSION  

The nutrients of four new sorghum cultivars tend to have the same nutrient content based 

on normality test results descriptively. Sorghum cultivars S4 has the best total nutrient 

productivity and is used as a forage mixture with Indigofera sp. Combination of S4 mixed 

cultivars (12S49001) with Indigofera sp improves nutrient composition in rations and improves 

fermentability levels in vitro 
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ABSTRACT 

Feed ruminant must be capable for supplying protein in the intestine and contributing 

amino acids for livestock. Tannin can be added as protein protection in rumen. The research 

aimed to determine the protection effect of fishmeal protein with tannin extract from Calliandra 

callothyrsus leaves on concentration of ammonia (NH3), VFA total, Undegraded Dietary Protein 

(UDP), Dry Matter Digestible (DMD), and Organic Matter Digestible (OMD) in vitro. This 

research was used experimental method and a completely randomized design with four types of 

treatments, consisted of P0 = fishmeal without tannins, P1 = fishmeal+0.4% tannin, P2 = 

fishmeal+0.8% tannin, and P3 = fishmeal+1.2% tannin, and five replications. The data obtained 

were analyzed using Duncan test and polynomial orthogonal statistical test. Based on the result 

of the statistical analysis, it can be concluded that the higher given level of tannin significantly 

decrease (P<0.05) the concentration NH3  with the equation y = 9.30-8.38x (R2=1), significantly 

increase  (P<0.05) the concentration of VFA with the equation y = 57.13 + 112.5x (R2=1), 

significantly increase (P<0.05) the concentration of UDP with the equation y = 22.05 + 22.38x 

(R2=0.9988), decrease (P<0,05) the percentage of DMD with the equation y = 50.76 – 10.74x 

(R2=0.9988), and increase (P<0.05) the percentage of OMD with the equation y = 52.19 + 8.94x 

(R2=0.9975).   The Calliandra callothyrsus leaves tannin that can be used for total coating of 

fishmeal protein is 3.48%. 

 

Key words: fishmeal, tannin, rumen 

 

INTRODUCTION 

The high-yielding ruminant requires a high protein intake in their rations. Fish meal have 

the potential to meet these needs, but their use was thought to be ineffective. It is a consequence 

of that fish meal is easily degraded by rumen microbes to ammonia. Although ammonia is a 

source of N for the synthesis of microbial proteins, but to be re-synthesized into amino acids by 

rumen microbes takes longer time than administration of protected proteins directly (Uchida et 

al., 2003). 

 The protein protection was aimed in order that feed proteins not to be degraded by rumen 

microbes, but can be digested in the after rumen. One of the techniques of feed protein protective 
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is by tannin coating (Min et al., 2002; Smith et al., 2005). Tannin is a complex polyphenol 

compound (Deaville et al., 2010), can be formed a cross bonding effectively between proteins 

and the other molecules (Fahey and Berger, 1988). The ability of tannins to bind proteins and 

protect proteins (Oliveira et al., 2000) results in resistance to degradation by rumen microbes. 

Tannin is the best protective agent for obtaining the highest Ruminal Undegradable Dietary 

Protein (RUDP) in the other materials (Suhartati, 2005). 

Tannin from leguminous leaves are generally condensed tannins (Fahey and Berger, 

1988). One of the plants that contain lots of tannin is Calliandra leaves (Calliandra calothyrsus). 

The tannin has a complex bond with a stronger protein than the hydrolyzed tannin, so the 

protein-condensed tannin complex has a strong effect on reducing the degradation ability by 

rumen microbes (Kumar 1992). 

Tannin-protein complexes occur because of hydrogen bonding, hydrophobic interactions, and 

covalent bonds between the compounds. The presence of a number of functional groups on 

tannins leads to protein precipitation (Makkar, 2003). The tolerance limit of condensed tannin 

content in the ration is 2-4% DM (Preston and Leng, 1987). 2-3% condensed tannins in the ration 

provide a beneficial effect (Kumar, 1992). Tannin binds proteins with hydrogen bonds that are 

sensitive to changes in pH. The condensed tannin binds stable at pH 4-7 in the rumen, whereas at 

extreme pH (pH less than 4) in abandoned tomatom abomasum and proteins can be digested by 

enzymes to become available to livestock (El-Wazry et al., 2005) . Proteins that escape from 

rumen degradation range from 20% and 80%, depending on their solubility in rumen fluid, feed 

flow rate, host animal and microbial conditions (Sutardi, 1978). The variables reflecting the 

presence of protein protection by tannins include the value of fermentability, digestibility and the 

value of Undegraded Dietary Protein (UDP). 

 

MATERIAL AND METHOD 

Material and Invitro Procedure 

The materials used in this experiment are: (1) Fishmeal protein (FM) content was 38,64% 

(based on the analysis result of Laboratory of Ruminant Livestock Nutrition and Animal Feed 

Chemicals, Faculty of Animal Husbandry, Unpad). (2) Calliandra leaves meal (CM) by disc mill 

grinder with screen mash 20 size. (3) Rumen fluid of dairy cow was taken from RPH Banjaran, 
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Bandung regency. (4) Artificial Saliva based on McDougall formula (1949) in Tilley and Terry 

(1963). 

The procedures experiment was following : (1) Tannin extraction and isolation ware 

carried out the procedure following of Voight (1994), ie CM soaked in 96% alcohol at 1: 3 ratio 

and allowed to stand for 12 hours, and then evaporated and dried to obtain dry tannin extract 

Calliandra leaves. The evaporation procedure was done at the Organic Chemistry Laboratory, 

Faculty of Mathematics and Natural Sciences, Padjadjaran University. (2) The coating of Fish 

Meal by Tannin from Calliandra leaves extract (FMTC) was done by mixing tannin which has 

been dissolved according to treatment in 30 mL of aquades with 100 grams of fish meal, then 

dried in oven at 400C. (3) The rumen fluid were collected from rumen of dairy cow, the fluid was 

taking from posterior, anterior, later side and than filtered into mobile incubator without oxygen. 

(4) The preparation of artificial saliva was mixed with chemicals according with manual 

procedure for 2 L, ie NaHCO3 19.6 g, Na2HPO4.12H20 18.60 g, NaCl 0.94 g, KCl 1.14 g, 

CaCl2.2H2O 0, 08, and MgSO4.7H20 0.12 g. 

 

EXPERIMENT METHOD 

This experiment was conducted with Completely Randomized Design (CRD), four 

treatments and five replications, namely: 

T0 = Fishmeal with addition of 0% w / w tannins or FMTC 0% 

T1 = Fishmeal with addition of 0.4% w / w tannin or FMTC 0.4% 

T2 = Fishmeal with addition of 0.8% w / w tannin or FMTC 0.8% 

T3 = Fishmeal with addition of 1.2% w / w tannin FMTC 1.2% 

Some parameters were observed in this study i.e. fermentability of FMTC (included : ammonia, 

total of volatile fatty acid/VFA), digestibility of FMTC, included dry matter digestibility (DMD) 

and organic matter digestibility (OMD), and Undegraded Dietary Protein (UDP). Differences 

between treatments were statistically analyzed by Orthogonal Polynomials test (Gaspersz, 1995). 

 

Fermentability of NH3 and VFA in Vitro 

One gram of fish meal flour was put into a fermentor tube, plus 10 ml of rumen fluid and 

40 ml of McDougall solution, shaken with CO2 gas for 30 seconds to allow the atmosphere in the 

anaerobic tube and covered with a ventilated rubber. Incubation was carried out in the waterbath 
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at 39 ° C for three hours, then the fermentor tube was opened and the saturated HgCl 2 dropped 

to kill the microbes. The tube is then centrifuged at 3000 rpm for 20 minutes. The liquid part 

(supernatant) is used for the total NH3 and VFA analysis. 

 

NH3 levels in Rumen Fluids 

NH3 levels were performed by Conway Microdiffusion (General Laboratory Procedure, 

1966). One ml of supernatant was placed on the left side of the Conway plate and 1 ml of 

saturated Na2CO3 solution was placed on the right baffle. Small plate in the middle filled boric 

acid indicated red methyl and brom cresol green as much as 1 ml. Conway's plate is sealed with a 

veiled cover and shaken so that the supernatant mixes with Na2CO3. Leave for 24 hours at room 

temperature. The ammonia bound by boric acid is titrated with H2SO4 0.005 N until the color 

turns reddish. NH3 levels are calculated by the following formula: 

NH3 = (ml titration x N H2SO4 x 1000) mM 

ml: volume of sulfuric acid used in titration  

N: Normalities of sulfuric acid 

 

VFA Total 

VFA total was measured with steam distillation (General Laboratory Procedure, 1996). 

Five mL of supernatan was placed into the distillation tube, added 1 ml of  H2SO4 15%,  closed 

immediately and than heating by waterbath. The hot steam will push the VFA to go through the 

condensed cooling tubes and will be accomodated by erlenmeyer tube that added 5 ml of NaOH 

0,5 N. VFA collected 300 ml volume,  and VFA was titrated by HCl 0,5 N + 2 drops of 

phenolphthalein indicator. The titration was done also on blank titration by 5 ml of NaOH. VFA 

levels was calculated the flowing of formula: 

1.1.1.1.1.1.1.1.1 VFA total  =  (b  -  s)  x  N HCl  x  1000/5 

b : volume of blanko titration 

s : volume of sample titration 

N: normality of HCl  

In Vitro DMD and OMD 

DMD and OMD was analyzed by Tilley and Terry (1969) Method.  One gram of 

treatment fishmeal is put into fermenters tube, added with 10 ml rumen fluid and 40 ml artificial 
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saliva (McDougall) fluid, mixed with CO2 so the anaerob state with pH 6.5 – 6.9 can be 

obtained. Then the tube is incubated in 390C waterbath within 24 hours. After that, open the tube 

lid and drop 0.2 ml of saturated HgCl2 to kill the microbes. Centrifuge the tube with 10000 rpm 

speed within 10 minutes. Dispose supernatan and add 50 ml of 0.2% pepsin in acid condition to 

the deposition. Incubate the tube again in aerob state within 24 hours. Furthermore, the 

deposition is filtered by Whatman 41 and analyze the levels of dry matter and organic matter. As 

the blanko, rumen fluid without treatment is used. The coefficient of dry matter and organic 

matter digestibility is calculated with this formula: 

DMD (%) =  x 100 

OMD (%) =  x 100 

Undegraded Dietary Protein (UDP) Measurement 

One gram of treatment fishmeal was put into fermenters tube, added with 10 ml rumen 

fluid and 40 ml McDougall fluid, mixed with CO2 in 30 seconds so the anaerob state can be 

obtained. Then the tube closed with ventilated rubber and fermented in waterbath in 390C. After 

48 hours, the fermenter fluid was filtered by filter paper. The residue was dried by using the 

oven, then the protein levels analyzed with using Kjedahl method. The protein part in the residue 

was UDP. The measurement of UDP was involving two protein levels measurements. The 

measurement of protein levels was performed with Kjedahl method. From both protein 

measurements, UDP was calculated with the formula: 

 

 

RESULTS 

Fermentable of the FMTC 

The Average of NH3 and VFA levels based on the result of this research were  presented 

in Table 1. Tannin-Coated were influenced significantly (P<0.05) on the NH3, VFA and UDP 

total. The coating of tannin 1.2% had greater VFA total and UDP, but was lowest of NH3 total in 

levels tannin. 

  



Proceedings  of  The 5th International Seminar of Animal Nutrition and Feed  Sciences   2017 

 

401 
 

Table 1. The effect of FMTC on the NH3 and VFA total 

a,b,c Means in each row with different superscripts are significantly different (p<0.05), Value 

are given in Means±SD 

T0 =  0% FMTC; T1 =  0,4% FMTC; T2 =  0,8% FMTC; T3 =  1,2% FMTC 

 

Digestible of the FMTC 

The mean values of DMD and OMD as result from FMTC levels are presented in Table 

2. There were difference significantly (P<0.05) in the coating of tannin, which the best improved 

the OMD with 1.2% FMTC, otherwise on the DMD. 

 

Table 2. The effect of FMTC on the DMD and OMD 

a,b,c Means in each row with different superscripts are  significantly different (p<0.05), Value are 

given in Means±SD 

 

The OMD without tannin-coated (0%) in Table 2, showed lowest (P<0.05) in the all of 

the coating tannin levels. These results showed a potential the used of tannin-coated technique 

for increasing digestible nutrient. 

  

Parameters 
Level of FMTC 

T0 T1 T2 T3 

NH3, mM 5.56±0.25a 4.56±0.15b 4.05±0.07c 2.93±0.24d 

VFA total, mM 118.0±1.7c 101.7±1.5d 134.1±2.7b 144.7±7.7a 

UDP, % 30.36±1.64b 37.88 ±3.45a 35.84 ±3.68a 38.33 ±3.65 a 

Parameters  
Level of FMTC 

T0 T1 T2 T3 

 -----------------------------   %   -------------------------------- 

DMD 51.4 ± 0.8 a 32.6 ± 0.5 c 33.4 ± 0.3 bc 34.3 ± 0.3 b 

OMD 53.0 ± 0.8 b 49.6 ± 1.0 c 52.0 ± 1.8 b 55.0 ± 1.4 a 
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DISCUSSION 

Fermentable of the FMTC 

The decreases of ammonia or NH3 production with the increasing tannin level, suggested 

that tannin from Calliandra leaves ware able to protect the FM from rumen microbial 

degradation. The higher level of the tannin addition contributes to stronger the tannin-protein 

bonds, so the less protein of fish meal can be degraded.  

The protein degraded by the rumen microbes produces higher the NH3 concentration. The 

tannin-protein bond leads to feed proteins ware not possible to degrade by rumen microbes 

(Sugoro et al., 2004). 

The correlation between NH3 levels and tannin-coated level ware calculated and followed 

the equation y = 9.30 – 8.38x (R2 = 1). Based on the equation, showed that NH3 levels decreased 

with increasing levels of tannin for coating the FM, or the more tannins will be the stronger the 

tannin-protein bond so that fewer proteins can be degraded by rumen microbes. Satter and Slyter 

(1974) suggest that high protein in feed content passes degradation, then NH3 levels of rumen 

will be dropped (lower than 3.57 mM). 

Volatile fatty acid (VFA) are the result of hydrolysis of carbohydrate polysaccharides by 

rumen microbes. Polysaccharides are converted into monosaccharides, especially glucose and 

subsequently transformed into acetate, propionate, butyric and isobutyrate, valerate, isovalerate, 

methan and CO2 (Sutardi, 1977). The high production of VFA total reflects that the organic 

material in the feed is easily degraded by rumen microbes. 

Fermentable FMTC was described by NH3 total and VFA levels in rumen fluid. High of 

NH3 levels reflect the amount of protein protected fish meal that is easily degraded by rumen 

microbes, while the high total VFA content reflects the amount of protected fish flour-protected 

organic material easily degraded by rumen microbes. 

The correlation between tannin level with total VFA content was calculated with follows the 

equation y = 57.13 + 112.5 x (R = 1). This result different from result of NH3 levels. Based on 

Table 1, there was an indication that the role of tannin in coating FM was not followed by 

protecting other organic materials such as carbohydrates and fats. Tannin from the leaves of 

Calliandra was forming complex compounds with proteins commonly, than forming complexes 

with polysaccharides. 
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The Undegraded Dietary Protein (UDP) values is describing feed proteins that can not 

degradation by rumen microbes. The results in this experiment showed that the UDP content of 

0% FMTC was highest in the all treatment groups, but the level of UDP rose slightly with 

tannin-coated. The linear correlation was calculated between the tannin level and UDP content 

follows the equation y = 22.05 + 22.38x (R2 = 0.999). 

The result of this study presented that there has been a slight increase in number of UDP 

with the increase of level tannin for coating FM. This indicated that the tannins from Calliandra 

leaves were able to bind the FM result in complex compounds that can not be degraded by rumen 

microbes. The complex compound of tannin-FM is relatively stable at neutral pH according to 

the rumen environment. Previous study by Jayanegara and Sofyan (2008) also suggest that 

proteins that bind to tannins can not be degraded by rumen microbes but may be available in the 

market because the tannin-protein bonds may escape at low pH in the abomasum. 

An investigation result have reported that interactions between tannins and proteins 

contain three forms of bonds, namely hydrogen bonds, ionic bonds, and covalent bonds (Makkar, 

2005). Hydrogen bonds are formed due to the bond between hydroxyl groups of tannins and 

reactive groups of proteins. Hydrogen bonds are the most common form of bonding between 

proteins and tannins. Ionic bonds occur due to tannins as anions and proteins as cations, whereas 

covalent bonds are formed as interactions of quinone groups of tannins oxidized with reactive 

groups of proteins. This bond causes the protein to escape from rumen degradation. 

 

Digestible of the FMTC 

Feed digestibility after rumen can be indicated by DMD and OMD value. The both 

values can be used as an indicator the level of degraded by rumen microbes and digested by 

digestive enzymes in posterior side of rumen. DMD and OMD value of feed often used as one of 

the determinants technique for knowing the amount of nutrient feed that can be absorbed into the 

body. The high of DMD and OMD value of feed, contributes to the number of the nutrient 

utilization in body (Arora, 1989). 

The linear correlation was calculated between the tannin level and DMD of FMT, 

followed the formula y = 50.76 - 10.74x (R2 = 0.999). Its formula meaning that each time 

addition of 1% tannin level brings about a decreased the value of DMD by 10.74%. 
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The result in contrast with OMD value, that was OMD value increased in line with 

increasing of tannin level for coating FM. The linear correlation between of tannin level with 

OMD of FMTC, followed the equation y = 52.19 + 8.94x (R2 = 0,997), meaning that every 

addition of tannin level of 1% contributes OMD value by 8.94%. 

DMD and OMD values of FMTC 0% (T0) were 51.4 ± 0.8% and 53.0 ± 0.8%, respectively. 

DMD value of FM was lower than OMD. The difference between DMD and OMD value was the 

cause of low digestible of ash fishmeal.  

FMTC of 1.2% (T3) results in OMD values of about 55.0 ± 1.4% higher (P <0.05) than 

the value of OMD FMTC (T0) i.e. 53.0 ± 0.8%. This result indicated that the tannin bond with 

the fishmeal nutrient is partially detached by the tannin in the abomasum environment. The result 

in this experiment showed the same result with study published by Nolan's (1993), reported that 

the tannins that form complex bonds with proteins in the rumen become less digestible, it result 

from the pH above 3.5 of tannin-protein complex becomes stable. However, at a pH below 3.5 

that was the condition as in side after of rumen, the complex was separate so as to allow it to be 

available for digestion. 

 

CONCLUSION 

Tannin of Calliandra leaves was able to coat FM to be feed of bypass protein source for 

ruminant ration, based on fermentability, digestibility and undegraded dietary protein (UDP) in 

rumen. Addition of 1.2% tannins in fish meal produced the highest degradation protein (UDP) in 

the other tannin level. To obtain 100% of UDP required of addition tannin of Calliandra leaves 

as much as 3.48% w/w. 
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ABSTRACT 

The study aims at investigating the effects of protecting soybean meal protein by using 

formaldehyde on live weight gain, dry matter consumption and feed efficiency of local rams. The 

research was conducted during 10 weeks period, using a completely randomized design (CRD) 

with 4 treatments within 4 replicates. Sixteen fat tail sheep, approximately 10 – 14 months of age 

with body weights ranging from 9 – 12 kg were used in this experiment. Soybean meal was 

treated with various concentration of formaldehyde, i.e 0 g, 5 g, 10 g and 15 g formaldehyde/ kg 

soybean meal. Untreated soybean meal was used as the treatment control. Maize forage (zea 

mays) was given  ad-libitum as basal diet. Treatment with highest formaldehyde levels enhanced 

live weight gain (19.27 kg), dry matter consumption (412.80 g/d) and feed efficiency (35.52 %). 

The result indicated that, formaldehyde treatment of soybean meal protected dietary protein from 

rumen micro-organisms. Further investigation the optimum level of formaldehyde is warranted.  

  

Key words: Formaldehyde, soybean meal, maize forage  

 

INTRODUCTION 

Small ruminant production throughout Indonesia is primarily limited by the quantity and 

quality of feed available throughout the year. Regardless the region, sufficient and quality of feed 

for  desired reproduction and growth is lacking. Several attempts have been made to develop a 

feeding strategy for ruminants in the tropics such as protein supplement, including feeding grain  

or molasses.  

 The quality and quantity of feed as well as the feeding management are undoubtedly 

important factors affecting production of small ruminant. Sheep like other ruminants consume 

forage as natural feed. However, forage in the tropic generally is low, with low crude protein and 

high the crude fibre. Therefore, ruminants in the tropic like sheep mostly lack protein, not 

energy, because the requirement of energy for maintenance and growth is normally met with 

forage (Preston and Leng, 1993). 

 Dietary protein at ruminants function as by pass and nitrogen source that used by microbe 

proliferation with deaminase and trans animasi process. Availability of protein in the ruminant 

like sheep to fulfil their production, growth, and respiration process, is effected by the 



Proceedings of  The 5th International Seminar of Animal Nutrition and Feed Sciences   2017 

  

408 
 

availability protein in the quality and quantities with activities of microbial rumen. Frequently, 

the high quality protein is consume by the rumen microbial protein and is not avoided by 

degradation. Therefore, to protect or minimize protein the high quality from degradation 

microbial rumen and directly to abomasum (by pass protein) can be used some substance in the 

diet small ruminant (Arora, 1989, ; Siregar, 1994). 

 Soybean meal as a source ruminants protein with crude protein content 44% (Snyder and 

Kwon, 1987), can be used as protein concentrate supplement for sheep. The use of protein 

concentrate supplement is not efficient without the protected degradation rumen of microbial in 

the rumen ruminants. To be able to increase the proportion of dietary protein reaching the 

intestines (by-pass protein), without any reduction in the time spent in the rumen and thus 

exposure to microbial attack, many protecting techniques have been developed, encapsulation of 

amino acid (Singh and Mehra, 1978) and formaldehyde or other aldehyde (Ferguson et.al, 1975. ; 

Broderick, 1978. Siregar, 1994).   

  

MATERIALS AND METHOD 

 Site of the Study  

 The study will be conducted in the District Donggala of Palu in the province of Central 

Sulawesi Indonesia, between March and May 1998. Central Sulawesi is one of the area in 

Indonesia which has the high potential and more suitable for sheep production. The population of 

sheep in this area in 1995 was 20,430 (Statistic Central Sulawesi, 1995). With a prodeminant 

breed of the fat tail sheep. Like other sheep, Donggala fat-tail sheep can contribute to the meat 

requirement of Indonesia which in term can be a good income supplemented to farmers. 

  

Materials 

Animals  and experimental design 

 Sixteen fat-tail sheep, approximately 10 to 14-months-age with body weight ranged from 

9 to 12 kg were used in this experiment. A 10-weeks experimental period was adopted. For the 

first 14 d, dietary adaptation was carried out. Adaptation was performed either on protein 

concentrate and maize forage. Twelve sheeps were given formaldehyde-treated soybean meal 

and other sheep, were given soybean meal as control. When the sheep finish consuming soybean 

meal, maize forage as the basal feedstuff was given ad-libitum. Completely Randomised Design 
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(CRD) was used during the experiment period, with 4 treatments and 4 replications. Sheeps were 

housed individually in platform floor (100 x 150 cm ) in a room at an ambient temperature 

between 30 – 32˚C. 

The treatments were as follows : 

 R0 =  0 g formaldehyde / kg soybean meal + maize forage (zea mays) ad-libitum 

 R1 =  5 g formaldehyde / kg soybean meal + maize forage (zea mays) ad-libitum 

 R2 = 10 g formaldehyde / kg soybean meal + maize forage (zea mays) ad-libitum 

 R3 = 15 g formaldehyde / kg soybean meal + maize forage (zea mays) ad-libitum. 

  

Diets  

 Formaldehyde with different concentration (as treatments) were mixed into soybean meal 

at rate as previously described. Liquid formaldehyde was taken as required and sprayed onto 

soybean meal and then mixed homogeneously. The homogeneously mixture was placed in the 

plastic bag and stored for 1 week prior to feeding the sheep. The sheep were fed at rate of 1% of 

body weight (BW) per day at 08.00 am. In case of the feed did not consumed totally until 12.00 

am, the uneaten feed were the given directly to the mouth individually by hand. Fresh maize 

forage (zea mays) were given ad-libitum after 12.00 am. These maize forage (zea mays) was 

previously chopped into 1 – 2 cm in length. Fresh drinking water was freely available. 

 Data collection  

 

Live weight gain (LWG) 

 After acclimation period, the experimental animals were weighed for initial weight and 1 

week there after. The following formula was given for live weight gain : 

W  =    -    

Where :     W  = live weight gain (kg) 

        = Final weight (kg) 

      = Initial weight (kg) 
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Dry matter consumption (DMC) 

 Dry matter consumption that was generated from soybean meal and forage intake was 

measured daily by recording the amount of offered feed and refusal feed. Feeds were sampled by 

taking 5 % of feed twice a day (at 08.00 and 12.00 am) for later analysis. 

 Determination of dry matter consumption (g/d) for both soybean meal and maize forage 

(Zea mays), was calculated by formula : 

  Dry Matter Consumption = ( A x %DM) + (B x %DM) 

Where  A     =   Amount of soybean meal consumed (g/d) 

  B     =   Amount of maize forage consumed (g/d) 

  DM =   Dry matter 

  

Feed effiency  

 Feed efficiency was calculated at the end of experiment throught the following formula : 

 Feed effiency (%) = weight gain / Dry matter consumption x 100 %  

  

Data analysis 

 The data were analysed by using analysis of covariance (Steel and Torrie, 1991), based 

on the model as follow : 

       =      +      +       +    (x – x)   +    

Where    =   observated yield for treatment i  in block j  

    =   mean yield 

   =   treatment effect on yield for treatment i 

   =   block effect on yield for block j 

  (x – x) =   regression of final weight (y) on initial weight (x) 

   =   error effect 

The least aquare mean (LSM) test was used for further statistical analysis. The data of feed 

efficiency were transformated to arcsin before analysed. 
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RESULTS AND DISCUSSION 

RESULT 

 Live weight gained (LWG) 

 The least square mean (LSM) of various concentration formaldehyde-treated soybean 

meal on live weight gain (LWG) were presented in Table 6 

 

Table 1. Least square mean and standard error of live weight gain (LWG) at various        

concentration  formaldehyde-treated soybean meal. 

Treatment                                            Total weight                                        Live weight gaint 

                                             Initial weight          Final weight 

R0 49a                                         12.93                     18.20                          16.88±0.   

R1 46a                                         10.40                     15.88                          16.81±0.   

R2 46a                                         10.40                     16.35                          17.29±0.   

R3 44b                                         12.08                      19.83                           19.27±0.   

R0 = 0.0 g formaldehyde/kg soybean meal ;  R1 = 5 g formaldehyde/kg soybean meal -;  R2 = 10 

g /kg soybean meal and R3 = 15g /kg soybean meal. LWG = live weight gain ᵃˑᵇ Means in the 

same row with different superscripts differ (P<0.05) 

  

 Analysis of covariance indicated that formaldehyde-treated soybean meal significantly 

(P<0.05) influenced live weight gain. Least significant different (LSD) test revealed that the live 

weight gain of treatment R3 (19.27) was significant different (P<0.05) higher than treatment R0, 

R1 and R2. However, there was no significantly different (P>0.05) within R0, R1 and R3 (Table 

1).  
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 Dry matter consumption (DMC), and Feed Efficiency (FE)  

  The effects of formaldehyde-treated soybean meal protein at various concentration on dry 

matter consumption and feed efficiency are presented in Table 2. 

 

Table 2.  Adjusted mean dry matter consumption (DMC), and feed efficiency (FE) of sheep whit  

formaldehyde-treated soybean meal protein 

Parameters Treatment 

                    R0                                R1                     R2                          R3 

DMC (g/d)            413.74±28.21ᵃ             350.74±13.47ᵇ         .42±16ᵇᶜ          412.80±57.99ᵃ 

FE (%)                  22.84±2.20ᵃ                 27.95±3.28ᵇ         29.63±2.14ᵇᶜ      33.52±4.67ᶜ 

R0 = 0.0 g formaldehyde/kg soybean meal; R1 = 5 g formaldehyde/kg soybean meal -; R2 = 10 g 

/kg soybean meal and R3 = 15g /kg soybean meal. LWG = live weight gain ᵃˑᵇˑᶜ Means in the 

same row with different superscripts differ (P<0.05). 

  

 Based on the covariances analysis indicated the formaldehyde-treated soybean meal 

significantly influenced (P<0.05) the dry matter consumption. The highest dry matter 

consumption was achieved by sheep on R3 group. There was no significant effect of DMC of 

sheep on R1 compared to R3 group (P<0.05). Similar trend was found between R2 and R3 

(P<0.05). 

 The mean of value of feed efficiency is presented in table 2. Analysis of covariances 

indicated that formaldehyde influenced (P<0.05) the feed efficiency. The highest value of feed 

efficiency was found on R3 group (P<0.05). meanwhile, no significant (P<0.05) different was 

found in other comparison of treatments. 

  

DISCUSSION 

 Protein is a main nutrient required for normal growth of animal. Orskov (1992) stated 

that there are two sources of protein (amino acids) to the host, i.e., microbial protein (ruminal 

microbe synthesis) and by-pass protein (undegraded protein). However, during the catabolism of 

this nutrient, there is a minimum amount of protein absorbed in the rumen has to be met by the 

host. In ruminants, feed consumption is known to be controlled to a large extent by the amount 

of digesta that can be accommodated in the rumen and the rate of clearance of indigestible 

material from the rumen. 



Proceedings  of  The 5th International Seminar of Animal Nutrition and Feed  Sciences   2017 

 

413 
 

 The significant effect of formaldehyde inclusion on LWG could be explained as follow; 

firstly, ingested protein might have passed through to the intestine without protein degradation in 

the rumen, or the formaldehyde effectively protected the protein from microbial degradation in 

the rumen. Secondly formaldehyde might have acted as a disinfectant allowing protein being 

coagulated (Martindale, 1979) and lowering the surface area of protein due to fibre-protein 

forming (Singh and Mehra, 1987) which cause limited change of microbial to reach these 

protein. Therefore, there is a high amount of protein is available at post-rumen. 

 The efficacy of formaldehyde to increase the body weight of animals were reported by 

number of authors. Faichney, et.al., (1994) found that formaldehyde treatment on a groundnut 

meal diet with 12% CP gave 9% increase in weight gains of calves. Similar responses were 

reported by Broderick (1994) that increasing the level of formaldehyde-treated casein gave a 

linear drop in both the rates of rat growth and release of amino acids during in vitro pepsin 

pancreatic digestion. Faichney (1970) found that live weight gain of lambs fed formaldehyde 

treated casein increased from 154.0 to 165.5 g/d. 

 Generally, the increasing of body weight is a result of the increase feed consumption. 

However, the current result showed that the higher feed consumption (treatment R0, control) did 

not enhance live weight gain. This indicated that formaldehyde act as a protecting agent so that 

there was higher amount of protein by-pass to the intestine, rendering in the higher weight gain 

of sheep feed formaldehyde treated soybean meal. 

 Analysis of covariance indicated that formaldehyde-treated soybean meal significantly 

(P<0.05) influenced the dry matter  consumption (DMC). Control treatment (R0) had a higher 

DMC compared to other treatments. This is possibly due to higher feed degradation in the 

rumen. Perdock and Leng, (1990) reported that dry matter consumption was directly affected by 

degradation process the rumen indicated by the highest ammonia concentration due to increasing 

microbial activity. The other reason is that small particle size which allow to increase the surface 

area of the soybean meal, and ultimately has an effect on the DMC. Increasing DMC as a result 

of grinding (reduction of particle size) have been reported by Weston, (1996). And found that a 

reduction of particle size of the diets reduced the mean retention time in tractus digestivus, 

allowing more feed to be ingested.  

 There was a decrease DMC of sheeps fed formaldehyde treated soybean meal (table 2). 

Leng and Nolan (1982) found that steer fed with wheat treated formaldehyde had decrease feed 
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intake. Church, (1988) noted that feed consumption was effected by several factors such as feed 

palatability, temperature, disease, humidity and body weight.  

 It was observed that the feed efficiency was enhanced by increasing the dose rate of 

formaldehyde (table 2). FE was higher in high dose rate of formaldehyde than the lower doses. 

The positive impact of formaldehyde utilization related to feed efficiency were reported for 

lambs (Hatfield, 1973 in Broderick, 1994), steers and dairy cows (Broderick, 1994). 

       

CONCLUSION 

 It can be concluded that formaldehyde significantly influenced the live weight gain and 

feed efficiency and the highes dose rate of 15 g formaldehyde per kg soybean meal produced the 

best performance of sheep. 
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ABSTRACT 

The purpose of this study were  to determine the effect of vitamin E on dry matter intake, 

digestibility of dry matter, and weight gain of Etawa goat grade.  This study used 16 PE male 

goats with average weight 28 – 35 kg/head.  The design used was a randomized complate block 

design (RCBD) with 4 groups and 4 treatments.  The treatments were consisted R0: control feed 

(35% cassava, 25% copra oil, 15% tofu waste, 15% corn meal, and 10% cassava leaves), R1: R0 

+ vitamin E of 100 mg, R2: R0 + vitamin E of 200 mg, and R3: R0 + vitamin E of 300 mg.  The 

data were tested by analysis of variance (ANOVA), the followed by the least significant different 

(LSD) test to determine the best level of use vitamin E.  The results showed that: (1) 

supplementation of vitamin E in the diet with levels of 300 mg had significant effect (P <0.05) 

on digestibility dry matter, but not significant effect (P> 0.05) to the dry matter intake and weight 

goat; (2) supplementation of vitamin E at a level of 300 mg (R3) produces the highest 

digestibility values than the other treatments (R0, R1, and R2). 

  

Key words: Etawa goat grade, Vitamin E, and Weight gain 

  

INTRODUCTION 

Peranakan Ettawa (PE) Goat is small ruminants animal protein sources has enough 

potential to be developed as a producer of meat and milk. These goat can adapt to the climatic 

conditions in Indonesia and is easily maintained. Indonesia's population growth continues to 

increase led to increased need for animal protein, which prompted the need for innovation - a 

new innovation in order to increase the production of meat so that the meat in Indonesia needs 

can be met. 

 In goat livestock farming intensively managed or semi-intensive, is one component of 

feed inputs that determine the success of the business financially. Management strategies and 

feeding require further analysis to achieve meat goat fattening purposes, in addition to the feed 

meat goat farm is a determinant of the level of production of meat produced. 

 Feed  concentrates and supplement can be given. Concentrate is the feed comprising the 

feed material containing carbohydrates and protein. Supplement The composition of the 

materials or combinations of certain ingredients were added to the feed. Supplements provided 

can come from the vitamins, one of which is vitamin E (alphatocoferol).   
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 The addition of vitamin E in the diet one of the alternatives to increase meat production 

in goats. Vitamin E can suppress lipid peroxidation of the cell membrane that protects the 

membrane from damage (Omara et al., 1993). The integrity of cell membranes remain intact will 

maintain cell metabolism running normally and cell functions primarily as a transportation hub 

nutrients into and out of cells can take place either because the function of normal cells depends 

on the membrane of normal cells (Murray and Granner 2009 ). Based on the above, it is expected 

after the addition of vitamin E can increase dry matter intake goats, dry matter, and body weight 

gain of male goats. 

  

MATERIALS AND METHODS 

Materials  

 The equipment used in this study is the cage with the type of individual who totaled 16 

units, digital scales, hanging scales, scales sitting, ropes, shovels, buckets, tarpaulins, hoes, 

sickles, plastic, oven, and a sack. 

 Materials used in this study were PE goats as many as 16 head with  average 28-35 kg / 

head, ration (cassava, copra oil, rice bran coarse, cassava leaves, and vitamin E), and lime used 

as floor cleaning materials of pathogenic microorganisms, especially fungi that cage in sterile 

conditions. 

 

Methods 

 This study was conducted experimentally using a randomized complete block design 

(RCBD). Each group consists of four goats. These groupings are: Group 1 (20-45 kg), Group 2 

(21-46 kg), Group 3 (20-36 kg), and group 4 (20-47kg). The treatments used were: 

1. R0 = basal diet 

2. R1 = R0 + 100 mg vitamin E (in 1 kg of dry matter) 

3. R2 = R0 + 200 mg vitamin E (in 1 kg of dry matter) 

4. R3 = R0 + 300 mg vitamin E (in 1 kg dry matter) 
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Variables  

Parameters  observed in this study include: 

1. intake of dry matter, calculated by subtracting the amount of feed given to the amount of 

feed leftovers the next day; 

2. dry matter digestibility obtained by calculation Paramita et al. (2008) as follows: 

   KCBK = × 100%. 

3. Average Daily Gain (ADG) obtained by calculation Tilman et al.,(1998) as follows: 

ADG = Weight Body End ─ Weight Body Preliminary 

Time  

  

Data Analysis 

 Data obtained from the study were analyzed using analysis of variance (Anova) and if 

significant it will be the Least Significant Difference (LSD) (Steel and Torrie, 1991). 

  

RESULTS AND DISCUSSION 

Dry Matter intake  

 The results of variance analysis in this study showed that administration of vitamin E had 

no significant effect (P> 0.05) on dry matter intake. Giving vitamin E in this study conducted 

orally it is intended that vitamin E can be consumed properly. However, when granting vitamin 

E mixed into the feed possibility to increase feed intake in relation to the role of vitamin E as an 

antioxidant that can prevent the oxidation of the feed so the feed which has a high fat content 

easy to rancidity, with the feed quality is maintained to increase the palatability cattle to feed. 

 Based on Table 1. average - average dry matter intake was lowest for the R1 is the use of 

vitamin E as much as 100 mg with the average - average 1.34 ± 0.40 (kg / head / day). R3 has a 

tendency to dry matter consumption is highest among other treatments. The use of vitamin E 300 

mg may improve feed intake with the average - average of 1.58 ± 0.16 (kg / head / day). This 

illustrates that the goats have the effect of vitamin E 300 mg so as to increase feed intake in 

goats. The purpose of the provision of vitamin E in addition to increasing consumption as well as 

an antioxidant that is able to improve the body's resistance to disease and to improve the 

production and reproduction of livestock.   
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 Vitamin E supplementation with different levels did not significantly affect the dry matter 

intake. Word, et al. (2013) suggest that vitamin E supplementation with different levels in the 

diet did not significantly affect the consumption of dry matter (DM) ration. The protein content 

of feed used in this study amounted to 12.09%. Rehatta (2011) stated that the quality of feed for 

fattening usually based on protein content usually ranges between 12-15%. 

 Parakkasi (1995) stated that a good quality feed consumption level is higher than the low-

quality feed so the feed quality is relatively the same, the level of consumption is no different. In 

addition to the rationpalatability,prellium also can affect feed intake. According Krisnan (2011), 

observations were made after the three-week adaptation period. In this study, conducted over a 

period of adaptation ration ± 30 days, so it can be considered the length of the adaptation period 

is sufficient. 

   

Dry Matter digestibility 

 Results of analysis of variance in this study showed that administration of vitamin E 

significantly (P <0.05) to the consumption of ration dry matter.  Average dry matter digestibility 

in goats can be seen in Table 1. 

  After a further test of Least Significant Difference (LSD) showed that the basal ration 

(R0) was significantly different from the ration treatment with the addition of 300 mg of vitamin 

E on the level (P <0, 05). But the basal ration (R0) was not significantly different from R1 ration 

treatment (addition of vitamin E of 100 mg) and R2 (addition of vitamin E 200 mg).   

 Supplementation of vitamin E 300 mg may improve the digestibility of feed, it is this is 

due to the role of vitamin E as an antioxidant that can prevent the oxidation of PUFAs cell 

membrane (Channon and Trout, 2002) so that the cell membrane integrity can be maintained. 

The integrity of cell membranes remain intact will maintain normal cell metabolism runs and cell 

functions primarily as nutrient transport pathways into and out of cells can take place properly 

for normal cell function depends on the membrane of normal cells. The cells of the intestinal 

mucosa which is an organ of absorption (Church, 1988) can function optimally absorb nutrients 

when the cell membrane fluidity can be maintained due to changes in membrane fluidity. 

Interchangeability of cell membrane fluidity although little can cause abnormal function and 

pathological processes of cells (Murray and Granner, 2009) or in other words, the normal cell 

function depends on the membrane of normal cells. The amount of nutrients that can be absorbed 
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to determine the benefits of feed ingredients like saying McDonald et al. (1988) that the benefits 

are determined by the digestibility of feed ingredients and the amount of nutrients that can be 

absorbed in the digestive tract. 

 The higher the number the digestibility of a food material means food material that has 

good quality for livestock consumed and utilized for metabolic processes of the body. This is 

because generally feed containing digestible food substances that can be high, it will be higher 

the nutritional value (Suarti, 2001). 

  

Average Daily Gain 

 Increase  in body weight is one of the variables that can be used to assess the quality of 

animal feed ingredients. Analysis of variance showed that the addition of vitamin E with 

different levels of male goats do not significantly affect the daily body weight gain (P> 0.05).   

 Average - Average weight early used in this study in succession - succession of R0 (35 

kg), R1 (31 kg), R2 (28 kg), and R3 (35 kg) This indicates that administration of vitamin E do 

not increase the accretion animal body weight. However, of all the results mean for research that 

has the highest mean body weight gain contained in R3 is the average - average 0.10 ± 0:03 (g / 

head / day), it is directly proportional to dry matter intake and digestibility value. Dry matter 

intake which R3 has the highest average of 1.58 ± 0.16 (kg / head / day) with a digestibility of 

75.53 ± 4.33. This is in line with the statement Tanuwiria et al. (2006) that the amount of feed 

intake that much shows the amount of nutrients absorbed for basic living needs, production, and 

reproduction increases, causing increased growth as well. 

 Talib (2004), states that the ruminant body weight gain is strongly influenced by the 

quality and quantity of feed, meaning cattle weight gain votes proportional to the ration 

consumed. The ration given to each treatment in this study had the same quality so as to produce 

body weight gain (PBT) were not significantly different.   

 One of the factors that influence body weight gain daily feed intake, the higher the 

amount of feed consumed, the higher the rate of growth of livestock (Parakkasi, 1999). This 

happens in R3 has a value - average dry matter intake and digestibility of the highest when 

compared with the treatment R0, R1, and R2, to obtain the resulting body weight gain higher. 

Livestock weight gain occurs when cattle were able to transform substances derived feed into 

livestock products such as fat and meat, after basic needs are met. 
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 Church and Pond (1988) states that the better quality ration was given it will be followed 

by body weight gain higher. National Research Council (2006) adds that weight gain is 

influenced by several factors such as total protein obtained each day, type of animal, age, genetic 

state of the environment, the condition of each individual and governance management. Daily 

body weight gain is a reflection of the accumulated consumption, fermentation, metabolism and 

absorption of nutrients in the body of livestock (Anthony, 2009). 

  

CONCLUSIONS 

Conclusions 

Based on the research that has been done can be concluded that: 

1.  Vitamin E supplementation significantly affect the ration dry matter, but did not 

significantly affect the ration dry matter intake and body weight gain of goats. 

2. Supplementation of vitamin E at a level of 300 mg (R3) produces the highest digestibility 

values than the other treatments (R0, R1, and R2) 
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ABSTRACT 

Indonesia has the potential of sago around 50% of world’s sago production. The high production 

of sago starch will lead to waste problems in form of sago pulp. Due to its high fiber content and 

starch of sago pulp, it is possible that sago pulp is still useful as animal feed. The aim of study is 

to develop the fermented sago pulp as an alternative feed with Solid State Fermentation (SSF) 

technology using Lactobacillus plantarum. This experiment was conducted in 5 treatments as 

follows, KS (Sago waste), SI (Sago waste + Inoculum 2%), SRI (Sago waste + Elephant grass + 

Inoculum 2%), SRSI (Sago waste + Elephant grass + Solid + Inoculum 2%), SRSBI (Sago waste 

+ Elephant grass +Solid + BIS + Inoculum 2%) for 30 days. The inoculum that used was a 

combination of 3 isolates of L. plantarum (1A-2, TSD-10, and DR-1-6-2). Variables measured 

were nutritional content, pH at harvest, microbiological analysis, and evaluate in vitro dry matter 

digestibility. The results of the addition of Elephant grass, solid and palm kernel cake (BIS) 

showed crude protein the highest p<0.05 among others treatment at 9.69%.The high number of 

LAB populations found in SRI treatment at 2.1 x 109 CFU/mL. The pH value of all treatments is 

less than 4. The inoculum effected in decreasing of microbial contamination population at 33.9-

100%. Based on in vitro system, SRI showed the highest value p<0.05 of dry matter digestibility 

(DMD) and organic matter digestibility (OMD) at 65.02 and 66.02%, repectively. The gas 

production in SRI, SRSI, dan SRSBI lead to produce more higher rate of gas at 0.0153; 0.0273; 

0.0373 (ml/hour) respectively. 

  

Key words: sago waste, feed, Lactobacillus plantarum, SSF 

  

INTRODUCTION 

Sago tree are found in many region in Indonesia, especially in eastern Indonesia. The area 

of sago plant in Indonesia estimated at 128.000 ha and equivalent to 7.896.000 – 12.972.000 tons 

of dried sago starch per year. Sago production in Indonesia spread in several areas such as Irian 

Jaya, Sulawesi, Kalimantan, Riau Islands, Mentawai Islands. Indonesia has the largest sago 

potential which is about 50% of world sago production, and about 90% potential of Indonesia 

sago in Papua, including West Papua (Jong and Widjono, 2007). The high production of starch 

from sago will cause problems of waste generated from the processing industry. 

Sago pulp is a by-product of starch processing industry. Sago starch industry produces 

three types of waste, which are cellular r esidues of sago fibrous sludge (dregs), bark of sago, and 

waste water. The number of bark of sago and sago pulp about 26% and 14% based on the total 

mailto:rohmatussolihat@gmail.com
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weight of the sago block (Singhal et al. 2008). Sago pulp contains starch and cellulose. Number 

of waste from starch processing about 26% of sago bark pulp, 14% sago pulp from total weight 

of the sago block. Sago pulp contain 65.7% starch, crude fiber, crude protein, fat and ash, 21% 

lignin residue and 20% cellulose. Sago bark contains 57% cellulose and 38% lignin.  

Sago pulp will become a serious environmental problem when it is not in treatment for a 

particular purpose or properly disposed. The nutrients in the sago pulp are generally very low 

due to low crude protein and high fiber, but the starch in the sago pulp is still quite high at 

52.98% (Ralahalu, 2012). It allows the sago pulp still useful as animal feed. The limiting factor 

of these ingredient is a low nutrient content and tend to quickly damage caused by microbial 

spoilage. It is necessary to minimize processing and handling to be used as animal feed and 

economic value. Applied Microbiology Laboratory, Biotechnology Research Center-LIPI has 

developed a forage silage using lactic acid bacteria inoculum and probiotic for cattle.  

In previous research, probiotics and silage can simultaneously increase bacterial diversity 

and stability in pH and rumen metabolism. It is one of the livestock productivity parameters 

(Ridwan et al. 2009). Production of grass silage Pennisetum purpureum and Calliandra 

calothyrsus using inoculum 106 CFU/g Lactobacillus plantarum fermentation shows a good 

result (Ridwan et al. 2015). The results of the in vitro evaluation of silage contributing to the 

mitigation of methane and 6% lower the relative distribution of methanogens (Ridwan et al, 

2014). In vitro probiotic testing showed increased digestibility and gas production, whereas in 

vivo probiotic testing showed a rumen fermentation pattern toward increased propionic acid and 

an increase in body weight of PO Fistula cattle (1.3 kg/head/day) (unpublished data).  

Based on research from Rohmatussolihat (2013) and Fauziah (2012), inoculum BAL L. 

plantarum TSD-10, DR 1-62, and 1A-2 have antifungal ability against some pathogenic fungi 

such as Penicillium sp. Aspergillus fumigatus, and A. flavus, also have the ability to produce 

antibacterial against Escherichia coli and Staphylococcus aureus. The LAB potential usage in 

producing silage or forage could preserve the nutritional value of feed or forage and produce a 

distinctive aroma that will increase the palatability for livestock. The use of LAB as an inoculum 

may play a role as well as probiotics. Some microorganisms have been commonly used as 

probiotics in ruminants, either classified into bacteria, yeasts or fungi.  Microbes are from the 

genus Lactobacillus, Bifidobacterium, Enterococcus, Streptococcus, Bacillus and 

Propionibacterium. Another specific bacteria such as Megasphaera elsdenii and Prevotella 



Proceedings  of  The 5th International Seminar of Animal Nutrition and Feed  Sciences   2017 

 

425 
 

bryantii also been commonly used as probiotics to stabilize or improve rumen function.Bacteria 

used as probiotics can be classified into lactate-producing bacteria, lactate bacteria and other 

bacteria (Seo et al. 2010; Elghandour et al. 2015). Although probiotics from bacteria are more 

widely used, probiotics from fungi and yeast groups have also been commonly given as dietary 

supplements (Kung, 2001). Common commercial probiotics are produced using Saccharomyces 

and Aspergillus.  

Handling of sago processing pulp can be done by fermentation of solid substrate (FSS) 

using superior microbe as natural biopreservative product. The use of biopreservatif has several 

advantages that are easy, inexpensive, could decrease the antinutrition compound thus increasing 

the shelf life of the product. Fermented sago pulp for animal feed that has good quality and has a 

long shelf life has not been studied. The aim of study is to develop the fermented sago pulp as an 

alternative feed with Solid State Fermentation (SSF) technology using Lactobacillus plantarum. 

  

MATERIALS AND METHODS 

Microorganisms 

Lactic Acid Bacteria (LAB) was used for our experiments. Lactobacillus plantarum 

TSD-10 BTCC-B531, L. plantarum IA-2 BTCC-B570 and L. plantarum DR-1-6-2 BTCC-B804 

were used for fermentation of sago pulp. Those isolates were collected in Biotechnology Culture 

Collection (BTCC) Research Center for Biotechnology-LIPI. Optimum medium (1.48% 

dextrose, 3.72% molasses, 0.34% mineral mix, 7.69 % protein mix) was used for cultivating of 

LAB. Incubation in 30 °C for 48 hour. 

  

Microbiology and proximate analysis of sago pulp 

 Source of sago pulp used in this research from sago plantation in Riau. Microbiology 

analysis of sago pulp was conducted for total LAB and yeast. Total plate count LAB in sample 

using MRS media (MERCK), while the number of yeast in sago pulp using MEA (1% glucose, 

0.5 % peptone,0.3 % yeast extract, 0.3% Malt Extract and 1.8% Agar) medium. Sago pulp was 

analyzed using the proximate standard procedures of AOAC (2005). 
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Solid State Fermentation (SSF) of Sago Pulp 

The experiment was conducted in five treatments as follows, KS (600 gr Sago), SI (600 

gr sago pulp+ 2% inoculum), SRI (480 gr sago pulp + 120 elephant grass + 2% inoculum), SRSI 

(360 gr sago pulp + 120 gr elephant grass + 120 gr solid + 2% inoculum), SRSBI (240 gr sago 

pulp + 120 gr elephant grass + 120 gr solid + 120 gr palm kernel cake + 2% inoculum). All 

treatments were given in combined BAL inoculum of 3 isolates of L. plantarum (1A2, TSD-10, 

and DR-1-6-2). The SSF fermentation was conducted in a 500 ml glass jar with 30 days 

incubation at room temperature (± 30 °C). After 30 days fermentation, analysis sample were 

performed of nutritional content, pH at harvest, microbiological analysis (Total BAL, E. coli, 

yeast), and evaluate in vitro dry matter digestibility.  

  

Digestibility of SSF Product in Vitro 

Fermented SSF product were used by in vitro fermentation. Rumen fluid were collected 

from two rumen-fistulated Ongole crossbred cattle before morning feeding (mixed in 1:1 ratio). 

The rumen-fistulated Ongole crossbred cattle were managed according to the protocols approved 

by the Ethic Clearance Committee of Indonesian Institute of Sciences (Number 

9879/WK/HK/XI/2015). Rumen fluid was filtered using double layer of cheesecloth for in vitro 

studies, pooled in pre warmed bottles, sealed and immediately transported to the laboratory. The 

experiment was arranged in Completely Randomized Block Design with 5 treatments and 3 

different rumen sampling. In vitro fermentation was conducted according to the method of 

Theodorou (1994) with modification. Into each fermentation tube, 25 mg substrate and 75 ml 

mixture solution consist of McDougall buffer and rumen fluid (3:1) were added. Fermentor tubes 

were flushed by CO2 for 30 s (pH 6.5-6.9) and incubated in water bath at temperature of 39°C. 

After 48 h of incubation, rumen fluid sample was collected for VFA method, gas production, In 

vitro dry matter digestibility (IVDMD) and organic matter digestibility (IVOMD). 

 

Statistical analysis 

Data were analyzed by Statistical Product and Service Solutions (SPSS) version 23. 

Duncan’s multiple range test were used to identify differences between and among treatments 

and control, and p<0.05 was considered to indicate statistical significance.  

  

http://www.webpages.uidaho.edu/~zabdo/Teaching_files/507EO/ClassNotes/Session13_Completely_Randomized_Factorial_Designs.ppt
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RESULTS AND DISCUSSION 

The nutritional quality of sago pulp is quite low, so that the necessary substitution with 

other materials available in our area. Proximate analysis results of sago pulp show in Table.1 

Tabel 1. Proximate analysis results of sago pulp and other feedstuff 

Sample 

Dry Weight 

(%) 

Ash 

(%) 

Crude Protein 

(%) 

Crude Fat 

(%) 

Sago Pulp  44.50 2.29 1.48 1.36 

Elephant Grass 25.95 11.33 12.61 3.47 

Palm Oil Cake (POC) 92.22 6.30 16.28 7.39 

Palm sludge (Solid) 97.90 16.36 15.67 8.58 

 

From the results of the proximate analysis in Table 1, sago pulp has lowest nutritional 

value with other materials. Hasibuan (2009) reported that sago pulp contains 64% starch, 14% 

crude fiber, 3.3% crude protein, 0.35% crude fat, 5% ash. The difference in nutritional value is 

due to the origin of different sago pulp and processing of sago. To increase the use value of sago 

pulp, fermentation was performed by addition of inoculum and other ingredients. Sago pulp 

fermentation results will be obtained commercial feed products.  

Results of microbiology analysis shown that sago pulp contains LAB and yeast. The 

number LAB and yeast were 5 x 106 CFU/ml and 6 x106 CFU/ml, respectively. Dewi (2014) has 

been isolated 30 isolates of LAB from sago pulp fromTanah Baru, Bogor. The existence of 

microorganisms in sago pulp such as LAB and yeast will be added benefit if they have the 

potential of microbial activity Lactic acid bacteria are known to have properties as 

biopreservative to prevent pathogens or spoilage. 

In Table 2 shows the nutritional value of the treatment formulations of fermented feed 

with  sago pulp.Values of crude protein (PK) from KS and SI samples have low value. That 

value is still categorized as feed material which has a low nutrient content. The addition of 

inoculum at fermentation did not affect the increase of sample nutrition value. Substitutions with 

other feed ingredients have an effect on increasing the nutritional value observed during 

fermentation. The addition of grass, solid and palm kernel cake produce the highest PK value 

compared to other treatments. The protein value was categorized as feed material having 

sufficient nutrition. The nutritional content of feed ingredients is almost the same with bran and 

corn as a source of energy and partly as a protein source. 
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Table 2. Results of Proximate analysis from Solid state fermentation of sago pulp 

Treatments* 
Dry Weight 

(%) 

Ash 

(%) 

Crude Protein 

(%) 

Crude Fat 

(%) 

KS 40.31c 2.62a 1.64a 1.49a 

SI 37.96c 2.68a 1.46a 1.23a 

SRI 33.81b 3.89b 2.66b 2.25b 

SRSI 29.89a 5.74c 4.63c 2.96b 

SRSBI 38.13c 6.88d 9.69d 5.14c 

*KS (sago pulp), SI (Sago +inoculum), SRI (sago pulp + elephant grass + inoculum), SRSI (sago 

pulp + elephant grass + solid + inoculum), SRSBI (sago pulp + elephant grass + solid + palm 

kernel cake + inoculum). 

 

The results of the addition of Elephant grass, sludge and palm kernel cake (BIS) showed 

crude protein was the highest (p<0.05) among others treatment at 9.69% (Table 2). Subtitution of 

sludge was significant (p<0.05) effected  on the lowest dry matter of fermentation result. Lowest 

ash content resulted from treatment KS and SI, significantly different from other treatments. 

Other substitution increased ash content after fermentation. Ash content reflected anorganic and 

mineral content from feed material. Crude fat content showed similar pattern with ash after 

fermentation. Substitution with other material was needed for sagoo waste to increase nutrient 

content in order to fulfill requirement for ruminant productivity. 

Results of microbiology analysis from all treatments presented in Table 3. Highest 

number of LAB population found in SRI treatment are 20.57x108 CFU/ml. The population 

number is correlated positive with pH value. The results shows that pH values obtained from all 

treatments were quite low at less than 4. Low pH values give emphasis to populations of spoilage 

microorganisms in fermented products. 

Escherichia coli is a pathogenic microbial contaminant in food or feed to be used as one 

of the parameters in the analysis of microbial sago pulp. Number of E. coli in the sample KS 

(sago pulp) without giving an inoculum is 10.33 x 10⁴ CFU/mL (Table 3). In Table 3 shows that 

the addition of inoculum has an effect on the decrease in E. coli population. The SRSI samples 

showed 100% decrease in the number of E. coli, while other samples decreased between 33.88-

95.45%. The storage capacity of fermentation products with lower pH values and high 

populations of LAB provides potential for the safety of product storage and distribution.  
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Lactic acid bacteria and yeast can act as probiotic for cattle. Those microbes can survive in 

rumen and gave positive effects to rumen metabolism and animal (Weinberg, 2004). Preliminary 

in vitro study has been done for evaluating effects of probiotic inoculum to feed digestibility.  

 

Tabel 3. Results of microbiology analysis from all treatments 

Treatment pH 
BAL 

(CFU/ml) 

Yeast 

(CFU/ml) 

E.coli (CFU/ml) Decrease 

(%) 

Others bacteria 

(CFU/ml) 

KS 3.87b 2.90 x 108 5.08 x 10⁷ 1.03 x 105 - 3.27 x 106 

SI 3.87b 4.70 x 108 1.01 x 108 1.40 x 10⁴ 86.45 3.65 x 106 

SRI 3.65a 2.06 x 109 3.07 x 10⁷ 0.47 x 10⁴ 95.45 1.53 x 106 

SRSI 3.67a 1.90 x 108 0.26 x 10⁷ 0.00 100 8.08 x 10⁵ 

SRSBI 3.90b 1.17 x 108 0.64 x 10⁷ 6.83 x 10⁴ 33.88 3.55 x 10⁵ 

*KS (sago pulp), SI (Sago +inoculum), SRI (sago pulp + elephant grass + inoculum), SRSI (sago 

pulp + elephant grass + solid + inoculum), SRSBI (sago pulp + elephant grass + solid + palm 

kernel cake + inoculum). 

 

The highest number of LAB populations found in SRI treatment at 2.1 x 109 CFU/mL. 

The pH value of all treatments is less than 4. The inoculum effected in decreasing of microbial 

contamination population at 33.9-100%. Decreased of E. coli population as indicator of harmful 

bacteria showed that fermentation of raw material gave positive effects for preservation 

period,incresed feed digestibility, and feed safety.  

In Table 4. Presented product evaluation based on in vitro rumen fermentation. The 

whole treatment shows the gas production rate was quite good during the fermentation. SRSI and 

SRSBI treatments quickly produce gas but have a low digestibility value. On the in vitro 

evaluation one of the selected indicators is the production rate, total gas, and digestibility value 

of the feed. Based on these parameters, SRI has quite high value and feasible for feed. Dry and 

organic matter digestibility value as required about 60% in rumen and >60% in post rumen. Gas 

production from the inoculum treatment impact the total gas production during in vitro rumen 

fermentation. It provides information that the inoculum has no effect on the inhibition of rumen 

fermentation. The value is proportional to cassava pulp flour feed ingredients as an energy 

source for ruminants. 
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Table 4. Results of in vitro rumen fermentation, incubated at 39°C for 48 h 

Treatments c (ml/jam) 
DMD 

(%) 

OMD 

(%) 
pH 

KS 0,0110a 83,26d 83,90e 6,26ab 

SI 0,0110a 74,11cd 74,45d 6,22a 

SRI 

 

0,0153a 65,02c 66,14cd 6,29ab 

SRSI 0,0273ab 39,55b 42,87b 6,33b 

SRSBI 0,0373b 29,49a 31,18a 6,43c 

RG 0,0397b 65,66c 64,41c 6,56d 

*KS (sago pulp), SI (Sago +inoculum), SRI (sago pulp + elephant grass + inoculum), 

SRSI (sago pulp + elephant grass + solid + inoculum), SRSBI (sago pulp + elephant grass 

+ solid + palm kernel cake + inoculum). 

 

Based on in vitro treatment, SRI showed the highest value of DMD and OMD at 65.02 

and 66.02% repectively. The gas production in SRI, SRSI, dan SRSBI lead to produce more 

higher rate of gas at 0.0153; 0.0273; 0.0373 c (ml/hour) respectively. Low digestibility of SRSI 

and SRSBI treatments caused by sludge and palm kernel cake addition which still have high 

shell particle. Shell particle has high ADF content, includes lignin and cellulose (De Boever et 

al., 2005; Van Soest 1991). Their addition to feed material will decreased digetibility. 

Fermentation of sagoo pulp has potency to be substitution material with other feed source which 

have high digestibility or high protein content. 

 

Figure 1. Accumulation of gas production during experiment 
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The results of rumen fermentation are presented in total gas kinetics based on rate in 

producing gas. The treatment of KS and SI produces a fairly high gas production, but with the 

lowest production rate. Substitutes with other feed ingredients provide rate in producing total 

gas. The SRI, SRSI, and SRSBI treatments have a tendency to produce total gas at higher rate.  

 

Figure 2. Kinetics Gas Production from in vitro experiments 

  

CONCLUSION 

The addition of LAB inoculum has an impact on product quality and decrease in E. coli 

population. Substitutes with other feed ingredients has an effect on the nutritional value. Sago 

pulp is potential as an ingredient substitution in achieving specific nutritional value. 
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ABSTRACT 

Environment condition such as factor of temperature and relative humidity play a role for 

effecting the physiological aspect. Both the factor are strongly related to elevation (low – high 

altitude The present study was conducted with  Thirty-six ewes  to investigated the effect altitude 

on sheep dietary antioxidant (VitE and Methionine). Blood samples were collected to analyzed 

some parameter in plasma, used spectrophotometer method based on Biolabo Ki, France, and 

HSP 70 gene expression were calculated by RT-PCR following the Rneasy Kit Qiagen 

procedure. The result og this study presented that sheep were maintained at different altitude 

showed different significantly (P<.05) on the HSP 70 Expression, cellular responses, cation-

anion in extracellular fluid and metabolism profile. The result in the same way also presented on 

the addition antioxidant at the low altitude, but not in the high elevation. 

 

Key words : Sheep, altitude, HSP 70, metabolism   

  

INTRODUCTION 

Animal livestock productivity is maximized within limited environmental conditions. 

When the temperature is either below or above the thermoneutral zone, efficiency and thus 

profitability, are compromised because nutrients are diverted from productive purposes to 

maintain a safe body temperature. Temperature range is affecting by typical topography for 

grazing or located housing.   

The typical topography of animal housing in Indonesia showed a width variation from 

low attitude to high attitude. Animal in low attitude leads to stress on the metabolic system, or 

physiological condition. Other factors that are typical of the Indonesian pasture, like the low feed 

quality and the extensive management, and the high fiber and low oganik content of the forage, 

which is due to low productivities, also affect metabolism. Previous studies using, growing 

lambs, and adult sheep and goats were performed to demonstrate the effect of high-altitude 

grazing and vitD and bone metabolism (Liesegang et al., 2013; Willems et al., 2013) 

  Heat stress has been implicated in promoting oxidative stress either through excessive 

reactive oxygen species (ROS) production or decreased antioxidant defenses (Bernabucci et al., 
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2010; Wheelock et al., 201; Baumgard et al., 2011;). Excessive ROS production overwhelms the 

antioxidant defenses leading to oxidative damage of biological molecules including proteins, 

lipids, and DNA (Sano etl al., 2007; Lu et al., 20007; Chauhan et al., 2014 ), disrupting normal 

metabolism and physiology (Schäfer et al., 2016). Therefore, a robust antioxidant network 

capable of preventing oxidative damage of biological molecules holds promise for improving the 

health and performance of animals during heat stress. Supplementation of vitamin E (Vit E) and 

Se at supranutritional levels have resulted in improvements in animal performance and immune 

function. Recently, an improvement in preventive antioxidant systems was reported in heat 

stressed lactating dairy cows fed antioxsidan were published (Wheelock et al., 2010). Therefore, 

the present experiment was designed to test the hypothesis that supranutritional doses of dietary 

antioxidants (Vit E and methioinine) can meliorate the negative effects of heat stress in sheep by 

improving its oxidative status and physiological responses.  

Heat stress negatively impacts a variety of productive traits including growth, 

reproduction, and carcass traits in the sheep. In addition, a heat load increases health care costs 

and animals can even succumb to severe thermal stress. Many investigation the altitude affect on 

philological dairy and meet cattle have published, but very tough to find the study of the effect 

altitude, antioxidant and combination of both on the sheep. The present study was conducted 

with  Thirty-six ewes  to investigated the effect altitude on sheep dietary antioxidant (VitE and 

Methionine). 

MATERIALS AND METHODS 

Animals, Experimental Design and Treatments 

 Thirty-six ewes  (5–6 month of age; 25–27 kg BW) were used in this study in three 

condition design. After 2 wk (d –14 to d 0) of acclimatization to the housing facility and feeding, 

the sheep were allocated randomly to a group experiment that were programmed to either 

thermoneutral (TN) in high attitude (Lembang)  and two group in heat stress (HS) conditions 

(low attitude = Karawang). All sheep in high attitude were exposed to TN conditions with the 

temperature and relative humidity kept within 16 to 210C and 55 to 65%, respectively, over the 

day. However, sheep in the low attitude were exposed with the temperature and relative humidity 

kept within 28 to 340C and 75-90%, respectively, over the day. 

 The experiments were assigned to three group. Each group consisted of twelve sheep and 

six replication, respectively. Group I (L0) : low altitude (below 250 m) without addition 
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antioxidant; group II (LA) : Low altitude and addition antioxidant (Vit E as α-tocopherol acetate 

+ methionine at 150 mg.kg-1 DM, respectively) ; group III (H0) ; High altitude (above 1150 m 

and without addition antioxidant;  group IV (HA) ; High altitude and addition antioxidant (Vit E 

as α-tocopherol acetate+ methionine at 150 mg.kg-1 DM, respectively). 

 

Sample Collection and Analytical Determination 

Blood samples were collected from the jugular vein at week 0, 2, 4, 6 and 8 of the 

expriment, using a strerilized syringe and vucum tube contain K3EDTA. The samples were taken 

in the morning before animal feeding. The blood sampel collected were centrifuged to separated 

the plasma. The plasma was used to determine the concentration of blood biochemistry by 

automatic biochemical analyzer. The supernatants were used for analyzing HSP gene expression 

by RT-PCR based on Rneasy Kit Qiagen procedure. 

All data were expressed as means ± standard deviation (SD). A multivariate analysis of 

variance for repeated measurements (MANOVA) was performed with group as a cofactor 

included in the model. A Kruskal Wallis test for paired samples was used to analyze the 

statistical differences between the each group.   

All statistical analyses were performed with the statistical software SYSTAT for 

Windows (Version 8.0; SPSS Inc., Chicago, IL). The level of significance was set to P< 0.05 for 

all tests. 
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RESULTS 

HSP 70 Gene Expression and Cellular Responses 

Table 1. Expression of HSP 70 Gene and cellular responses of sheep supplemented antioxidant 

at maintenance of low and high altitude region  

Treatments 

Cellular Responses 

mRNA HSP 70 

(ng.mL-1) 

MDA 

(µMol.mL-1) 

GPx 

(nMol.mL-1) 

L0 11,67±0.11c 14,78±0,12c 0,57±0,17a 

LA 6,36±0,25b 6,84±0,32b 2,64±0,09b 

H0 5,02±0,47a 4,39±0,08a 3,85±0,11c 

HA 4,84±0,17a 3,26±0,08a 4,72±0,11d 
a,b,c Means in each column with different superscripts are  significantly different (p<0.05), 

Value are given in Means±SD.  

MDA = Malondialdehyde; GPx = Glutation Perosidase  

L0 = low altitude (below 250 m) without addition antioxidant; LA = Low altitude and 

addition antioxidant; H0 = High altitude (above 1150 m and without addition antioxidant; HA 

= High altitude and addition antioxidant 

  

 Data in Tabel 1 showed the effect of antioxidant supplementation and altitude with 

different elevations on expression of HSP 70 gene and cellular responses of the sheep. The 

different of elavations and administration of antioksidan  had significantly affected (P<0.05) on 

expression of HSP 70 gene, MDA and GPx. 

The data in Table 1 illustrates that the GPx level has risen significantly with suplemented 

150 mg.kg-1 DM antioxidant higher than without suplementation antioxidant, in both elevation 

condition. Different with MDA, presented a decrease in high altitude. Table 1 also present HSP 

70 expression, there has been a drop in numbers with a high elevation and supplementation of 

antioxidant. 
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Cation-Anion of Extracellular Fluid 

Table 2. Profile of extracellular fluid cation-anion of sheep supplemented antioxidant at 

maintenance of low and high altitude region  

Treatments 

Cations – Anions 

Na+ Cl- Mg+ K- 

………………….…….. mEq.L-1 …….……….……….. 

L0 86,63±1,53a 63,62±1,74a 34,82±0,05c 25,19±0,06c 

LA 113,74±1,15b 97,95±0,92b 31,47±0,21b 21,25±0,09b 

H0 166,89±3,35c 168,18±3,31b 18,42±0,11c 15,74±0,07a 

HA 179,49±2,82c 164,82±4,35c 21,17±0,11c 14,43±0,07a 
a,b,c Means in each column with different superscripts are  significantly different (p<0.05), Value 

are given in Means±SD 

L0 = low altitude (below 250 m) without addition antioxidant; LA = Low altitude and addition 

antioxidant; H0 = High altitude (above 1150 m and without addition antioxidant; HA = High 

altitude and addition antioxidant 

  

 Data in Table 2, showed that profile of Na+ and Cl-  presented an increase (P<0.05) in 

sheep at the high altitude, also showed that addition of antioxidant rise significantly (P<0.05) in 

sheep at the low altitude, but not significance (P>0.05). The result in contrast on the Mg+ and K-, 

in the Table 2 presented Mg+ and K-, both were decreasing significantly (P<0.05) at the high 

elevation and also with addition of antioxidant in the low altitude, but not affected (P>0.05) in 

high attitude.  

 

Metabolic Profile 

Data in Table 3, showed that metabolites in sheep plasma appear to be better with the 

addition of antioxidant, especially on sheep which were maintained in low elevation. 
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Table 3. Metabolic profile of sheep supplemented antioxidant at maintenance of low and high 

altitude region  

Metabolic 
 Treatments   

L0 LA H0 HA 

Glucose  (mg.dL-1) 5,19±0,68a 6,69±0,67a 8,62±0,63c 8,54±0,16c 

Creatinine (mg.dL-1) 11,53±0,17c 9,68±0,53b 4,79±0,25a 4,17±0,47a 

Uric Acid (mg.dL-1) 6,75±0,16b 4,86±0,11a 4,23±0,64a 4,22±0,59a 

Urea (mg.dL-1) 33,42±2,52b 21,79±3,17a 20,26±2.09a 19,26±3,10a 

Protein (mg.dL-1) 11,35±0,21b 10,81±3,58a 13,32±3,78a 13,04±3,84a 

Albumin (mg.dL-1) 8,87±0,04b 5,96±1,37a 6,64±2,34a 6,36±3,65a 

Globulin (mg.dL-1) 2,48±0,42a 4,85±2,86b 6,68±2,34b 6,68±3,34b 

LDH (IU.L-1) 1,14±0,02c 0,89±0,09b 0,65±0,11a 0,61±0,11a 

Lactate (mg.dL-1) 4,85±0,77c 2,28±0,63b 1,36±0,36a 1,22±0,44a 

Cholesterol (mg.dL-1) 12,36±1,41a 25,39±1,23b 28,11±1,04c 28,53±1,49c 

Triglyceride (mg.dL-1) 14,56±1,36a 23,83±1,46b 27,28±1,04c 28,93±1,53c 

a,b,c Means in each column with different superscripts are  significantly different (p<0.05), Value 

are given in Means±SD 

L0 = low altitude (below 250 m) without addition antioxidant; LA = Low altitude and addition 

antioxidant; H0 = High altitude (above 1150 m and without addition antioxidant; HA = High 

altitude and addition antioxidant 

The result in this study different from supplementation of antioxidant on sheep which 

were maintained in high altitude not presented different significantly (P>0.05). 

 

DISCUSSION 

 Environment temperature affecting by altitude. The region of low altitude lead to rise of 

temperature. Converserly, low temperature exposed in region of high altitude. Environmental 

conditions, such as temperature, can alter weak bonds and disrupt three dimensional protein 

structure. Increasing temperature weakens the hydrogen (H) bonds that stabilize  α-helix and β-

sheets. High temperature can cause the protein to unfold or denature. Once denatured, a protein 

can no  longer perform its proper function and may even damage cells.  

 Therefore, once a protein is even partially denatured, the cell must either refold it into the 

proper conformation, or destroy it before it can do any cellular demage. Molecular chaperones 
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bind to denatured proteins, folding them into the proper configuration. During high temperature 

oar heat stress, cells increase the levels of molecular chaperones called HSP to cope with the 

increased number of denatured protein. Therefore, HSP 70 levels in sheep at low attitude was 

increasing significantly 

 MDA is one of the final products of lipid peroxidation, the compound is formed by the 

degradation of free radical hydroxyl to unsaturated fatty acids, which in turn is transformed into 

a highly reactive radical. The ability of hydroxyl radicals to form chain reaction with abstraction 

of one hydrogen atom from cell membrane formed lipid peroxide. The continuation of this 

reaction breaks the chain of fatty acids into MDA, 9-hydroxynonenal, ethane and pentane 

compounds. High temperature at the region of low elevation contributes to rise free radicals 

compound, which was caused a increase lipid peroxidation. In contrast, in low temperature at 

high altitude result in low rate of lipid peroxidation (Table 1)   

A great many physiologic alteration occur in the acid-base chemistry, and blood 

biochemistry during hot weather; some in response to declined intake of nutrient, but many 

changes also occur as a result of addition antioxidant. Neurons in hypothlamus that are 

temperature sensitive are located throughout the animal’s body and transmited the information to 

the hypothalamus, which invokes numerous. Sheep heat-stressed generally exhibit altered profile 

of blood  acid-base chemistry as a result of the range in heating from the conductive, convective, 

and radiation to evaporative heating. 

Panting and sweating increase as the reliance on evaporative heating increases. Panting 

sharply increases the loss of CO2 via pulmonary ventilation, reducing the blood concentration of 

carbonic acid and upsetting the critical balance of carbonic acid to bicarbonate necessary to 

maintain blood pH, resulting in a respiratory alkalosis.  One of the affect it mechanism 

physiological is a changes of profile cation and anion in blood plasma (Table 2). The alteration 

of cation-anion to maintain the osmotic pressure. In their natural environments, cells generally 

contain higher concentrations of ions molecules than their surroundings, so osmotic pressure 

tends to drive water into cells. If not somehow counterbalanced, this inward movement of water 

would distend the plasma membrane and eventually cause bursting of the cell (osmotic lysis). 

This condition remain increasing in the heat stress. 

  Compensation for the respiratory alkalosis involves increased urinary bicarbonate 

excretion, leading to a decline in blood bicarbonate concentration. Heat-stressed sheep had 
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elevated rectal temperature and respiratory rate which was further exacerbated in cows receiving 

bST (Pedernera et al., 2010; Neary et al., 2013) and cows receiving bST during summer in 

Georgia had higher milk temperature, and significant reductions in pCO2 , blood bicarbonate and 

base excess (Holt and Callan, 2007). Schneider et al. (1988) reported that cows exposed to heat 

stress in environmental chambers exhibited a diurnal variation in blood pH and blood 

bicarbonate levels, closely following the cow’s rectal temperature and respiratory rate.  

Sheep acid-base chemistry exhibited wide swings from alkalosis to a compensated 

acidosis over a 24 h period as cows compensate for the alkalotic condition caused by 

hyperventilation and overcorrect, excreting bicarbonate through the urine and resulting in a 

metabolic acidosis during the cooler evening hours. Reduced concentrations of blood bicarbonate 

compromise the buffering capability associated with the bicarbonate system, which may be 

critical during summer when producers typically feed high grain rations. In addition, cattle lose 

significant quantities of potassium (K) via sweat and losses increase with sweating rate (Rhoads 

et al., 2010; Brown et al., 2015). 

Other physiological adaptations to high altitude are less apparent in our study. Sheeps  

were hypoxemic regardless of altitude. This is because cattle have a greater alveolar-arterial 

oxygen gradient, or lower arterial oxygen tension for a given ventilation rate, than most other 

mammals.  

In a previous study, we found that sheep responded  poorly to supplemental oxygen, 

suggesting that the hypoxemia in sheep was due to a low ventilation-per fusion mismatch 

(Neary, 2013). It is currently unclear as to the health consequences of such profound hypoxemia. 

A variety of systemic ill effects, such as cardiovascular impairment and systemic inflammation, 

are feasible (Pereira et al., 2008) and warrant further investigation. 

Evidence from many nonruminant species indicates that carbohydrate metabolism is 

altered during heat stress. For example, acute heat stress was first reported to cause 

hypoglycemia in cats, which was originally hypothesized to be one of the reasons for reduced 

worker/laborer productivity during warm summer months (Wheelock et al., 2010). In addition, 

heat-stressed human ath letes consistently have increased hepatic glucose pro duction and whole 

body enhanced carbohydrate oxidation at the expense of lipids (Neary et al., 2015; Brown et al., 

2015). Furthermore, hepatic glucose production typically decreases after ingesting 

carbohydrates; however, exogenous sugars are unable to blunt heat stress-induced liver glucose 
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output (Silanikove et al.,2009). The increased hepatic glucose output originates from increased 

glycogenolysis (Febbraio, 2001)   and increased gluconeogenesis (Pedernera et al., 2010).  

 Gene expression plays a main role such as the hepatic pyruvate carboxylase, a 

rate-limiting enzyme for controlling lactate and alanine entry into the gluconeogenic pathway, is 

increased during heat stress in multiple animal models (Brown et al., 2010; Bernabucci et al., 

2010 ), and, in hyperthermic rodents, the contribution of lactate to gluconeogenesis increases 

(Wheelock et al., 201). Interestingly, many result of studies indicate that concentrations of 

plasma lactate increase during exercise treat in the heat condition (Sejian et al., 2014; Wheelock, 

et al., 2010). 

Heat stress also affects postabsorptive protein metabolism, and this is illustrated by 

changes in the quantity of carcass lean tissue in a variety of species (Lu et al., 2007). Muscle 

protein synthesizing machinery and RNA/DNA synthesis capacity are reduced by environmental 

hyperthermia (Wheelock et al.,, 2008), and it appears that similar effects occur with regard to 

mammary and β casein synthesis (Bernabucci et al., 2010). The other investigate presented that it 

also appears that skeletal muscle catabolism is increased in a variety of species during heat stress 

because the others have reported increased plasma markers of muscle breakdown (Baumgard et 

al., 2012; Kohler et al., 2013).  
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