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Abstract: Supplementation both energy and protein of goats can support optimal microbial 
growth so that utilization of fibrous feed can be optimized. The aim of this research is to 
observe the effect of goats which fed complete feed containing 10% cocoa pulp and various 
fiber sources toward estimation of microbial protein supply (MPS) and efficiency of microbial 
protein supply (EMPS). Twelve local male goats, aged 1-1.5 years old, were randomly 
assigned to one of four treatments according to completely randomized block design consisted 
of 3 treatments and 4 blocks as replications. The treatments were P1: Complete feed containing 
50% rice straw, P2: Complete feed containing 50% corn cobs and P3: Complete feed containing 
50% soybean straw. The results showed the estimated of MPS was P1 = 16.25 g/d P2 = 14.05 
g/d, and P3 = 24.57 g/d, respectively. The EMPS per kg organic matter fermented in rumen 
was P1 = 86.5 g/kg BOFR, P2 = 73.0 g/kg BOFR, and P3 = 150.25 g/kg BOFR. Analysis of 
variances indicated that treatment did not affect (P>0.05) MPS and EMPS. In conclusion, 
based on estimated MPS and EMPS, the three types of fiber could be used as the main fiber 
sources in formulating complete feed containing cocoa pulp for local goats.  

1.  Introduction 
Cocoa (Theobroma cacao, L.) is one of the export commodities that has a strong position in the world 
market.  Indonesia is among the top 6 cocoa producing countries in the world. Cocoa production 
reaches 2.2 % of world cocoa production[1]. South Sulawesi, one of the provinces in Indonesia, has 
the largest cocoa production which reaches 494,241 tons[2]. Fermented cocoa beans will produce 
waste in the form of a cocoa liquid which amounts to 5 liters/ton of cocoa. Generally, the waste is 
disposed into the river without any treatment thus pollute the river[3]. Other studies report that the 
waste of cocoa pulp reaches 100-190 ml from 1 kg processed cocoa[4]. Products from cocoa pulp are 
herbicides for plants[5, 6], material for various food products and beverages such as jams, juices, and 
fermented drinks[7, 8]. However, production of cocoa pulp is high because the utilization of the 
material is very limited so that the cocoa pulp is very potent as a waste that can pollute the 
environment. An alternative to utilizing cocoa pulp is used as an additional feed ingredient in complete 
feed for ruminants. The cocoa pulp contains lots of glucose which can be used as a source of energy 
for livestock. There is approximately 25-30% of seed weight which contains sugar with relatively high 
concentration. The sugar has approximately 10-13% which have the potential as energy sources of 
feed material[9]. Cocoa pulp also has the potential to be used as molasses substitutes in complete feed 
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ingredients. The complete feed can be prepared from a mixture of agro-industrial waste and 
agricultural waste which has not been used optimally so that the livestock does not need to be forage-
fed[10]. Several studies have reported that providing complete feed by using agricultural waste such as 
corn cobs can improve the performance of local goats in South Sulawesi [11], can increase 
consumption and digestibility in male pepper goats [12], and can improve the quality and production 
of goat milk [13]. However, application of cocoa pulp in complete feed can only up to 10%[14]. 
Microbial protein has an important role for ruminants. Microbial protein contributes 70-100 percent of 
availability of the protein total for livestock. Measurement of microbial proteins of the gastrointestinal 
tract is very important to estimate ruminants protein needs [15]. One of the methods to predict the 
microbial protein synthesis is the measurement of purine derivatives which are contained in urine. 
Purine derivatives are mainly from microbes [16]. The excretion of purine derivatives can be used as 
an indicator of rumen microbial protein supply for the animal. The previous description is the 
background of the research on estimating microbial protein intake of goats fed complete feed 
containing cocoa pulp with different fiber sources. 

2.  Materials and methods 

2.1.  Formulation of complete feed 
Formulation of the complete feed on the research is as the following protocols: All feed ingredients 
having large or rough particle size, such as corn cobs, rice straw, soybean straw were grinded to be 
smaller using milling machine. Each feed ingredient was weighted according to the formula 
composition (three different treatments) then all feed material was mixed by using a hand mixer. The 
feed ingredients composition of each treatment is presented in table 1. 

2.2 Complete feeding for goats 
This study used 12 male goats with the age 1 year with a body weight of 10-20 kg. The goats are 
placed in a metabolic cage with food and water. Feed is given twice a day at 08.00 and 16.00 with the 
same portion. Water is given by ad libitum. 

2.3 Data sampling 
Data sampling was carried on during the last 5 days of each period. The collected data is included 
leftovers and feces. Each leftover and feces were collected then it was weighted for 5 days of the 
sampling period. After that, the samples mixed homogeneously then picked out as much as 10% for 
laboratory analysis. 

2.4 Laboratory analysis and calculation 
The observed variables in this study were excretion of purine derivatives in urine and efficiency 
estimation of microbial protein intake.  
Digested Organic Material (BOT) (g/day): 

BOT = DCBO x BO consumption 

The concentration of Purine Derivative (mmol/L) is the total purine derivative in urine which is the 
total of allantoin, uric acid, xanthine, and hypoxanthine. 
 Estimation of Microbial Protein Supply (g/day) is the amount of absorbed microbial purine 
derivatives (PD) (X, mmol/ day) related to excretion of purine derivatives (PD) in urine (Y, mmol/ 
day) which calculated based on the equatio[16]: 

Y = 0.84X + (0.150W0.75e-0.25x) 

 Estimation of microbial nitrogen supply (NM) (g N / day) is calculated based on Chen dan Gomez 
recommendation (1992)[16]:  

NM =  
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 Efficiency estimation of microbial proteins based on the fermented digestic organic material on the 
rumen (g/ kg BOTR) which is calculated using the formula: 

Efficiency Estimation of N Microbial Proteins =   

 The percentage of efficiency estimation of microbial protein based on N intake (%) which was 
calculated using the formula: 

% Estimation of N Microbial =  

  
Table 1. Complete Feed composition according to the treatment 

Feed material (%) 
(DM basis) 

Treatments 
P1 P2 P3 

Rice straw 
Corn cobs 
Soybean straw 
Rice bran 
Coconut cake meal 
Cocoa pulp 
Shrimp waste meal 
Salt  
Mineral Mix 
Urea 

  Total 

50 
0 
0 

20 
9 

10 
6 
2 
2 
1 

100 

0 
50 
0 
20 
9 
10 
6 
2 
2 
1 

100 

0 
0 
50 
20 
9 
10 
6 
2 
2 
1 

100 
P1 = Complete feed containing rice straw 50%, P2 = Complete feed containing corn cobs 50%, P3 = Complete 
feed containing soybean straw 50%. 

2.5 Data analysis 
Data were analyzed by analysis of variance according to 3 x 4 randomized block design (RBD), 3 
treatments and 4 groups. If the treatment has a significant effect, further testing was carried out using 
Duncan's Multiple Range Test [17]. Data were analyzed using the SPSS 16.0 statistical program with a 
mathematical model  

Yijk = μ + τί + βj + εij. 

3.  Results and discussion 
Based on analysis of chemical composition of complete feed with various fiber (P1=complete feed 
with 50% rice straw; P2=Complete feed with 50% corn cobs; P3=Complete feed with 50% soybean 
straw), the result can be seen in table 2. 
 The crude protein in the complete feed of P1, P2, P3 is 15.38%, 12.69%, 16.83%, respectively.  The 
results of the analysis show that the crude protein in each treatment was able to meet the needs of 
goats. Dietary feed that is usually given to goats and sheep livestock ranging from 9-12%[18]. With 
the range of crude protein, it is also can meet the protein needs of livestock and help the development 
of rumen microbes. Rumen microbes will be able to be well developed when the amount of crude 
protein on dietary feed is 13.4%[19]. 
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Table 2. Chemical Composition Of the Complete Feeda 

Components (g/kg/DM 
Treatments 

P1 P2 P3 

Dry material 
Crude protein 
Crude fat 
Crude fiber 
Ash 
ADF 
NDF 
Cellulose 
Hemicellulose 
Lignin 
ATL 

88.69 
15.38 
6.36 
19.04 
11.31 
30.27 
43.37 
23.79 
13.10 
6.44 
0.04 

85.64 
12.69 
2.76 

29.30 
14.36 
37.96 
53.64 
22.35 
15.68 
15.59 
0.02 

77.67 
16.83 
5.77 

28.53 
22.33 
27.98 
42.19 
18.93 
14.21 
9.03 
0.02 

aAnimal Feed Chemical Laboratory, Hasanudin University, 2018. P1 = complete feed with rice 
straw 5%, P2 = complete feed with corn cobs 50%, and P3 = complete feed with soybean straw 
50%. 
 

 
Table 3. Total Excretion of Purine Derivatives and Estimation of Microbial Protein Intake 

Parameters 
Treatments 

P1 P2 P3 

Organic Material Consumption  (g/day) 
Digested Organic Material (g/ day) 
Fermented Organic Material in the Rumen (g/ day) 
Purine Derivative Excretion (mmol/ L) 
Estimation of Microbial Protein Intake 
    N Microbial (g/ day) 
Estimation of Synthesis Efficiency of N Microbes 
    N Microbes (g/ kg BOFR) 
    N Microbes (%) 

380 
298 

193.70 
1.28 

 
16.25 

 
86.5 
0.32 

386 
296.53 
192.75 

1.07 
 

14.05 
 

73 
0.32 

380 
284.64 
185.02 
1.73 

 
24.57 

 
150.25 
0.41 

P1=Complete feed with rice straw 50%, P2=Complete feed with corn cobs 50%, P3=Complete feed with soybean 
straw 50%. Superscript non significants ( P>0.05). 
 
 The results of variance analysis show that the treatment of complete feed containing cocoa pulp 
with various fiber sources is non significants (P>0.05) on the consumption of organic material, 
digestible organic material, fermented organic material in the rumen, purine derivative excretion, 
estimation of microbial protein intake and efficiency estimation of microbial protein intake in goats. 
Consumption of organic material ranges from 380-386 g/ day with an average of 382 g/ day.  Organic 
material consumption is affected by feed consumption which one of that is level of preference and 
taste of the feed were one that influences feed consumption is the level of preference and taste of the 
feed ingredients given. The amount of feed consumption is affected by palatability[20]. Palatability 
depends on the smell, taste, and appearance of the feed. The sufficient protein and finer in the structure 
size of feed can increase the amount of food consumption[21]. On the complete feeds, the cocoa pulp 
which was mixed with fiber sources such as rice straw, corn cobs, and soybean straw cannot be 
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separated from other materials such as coconut cake, bran, and etc because they are homogenous so 
that the livestock cannot choose feed ingredients. 

Digestible organic material (BOT) describes the amount of organic material that digested in the 
rumen from consumed organic material. Obtained  BOT values ranged from 284.64 g/day - 298 g/day. 
The BOFR value ranges from 185.02 - 193.70 g/day. The average of BOFR is varied according to the 
treatment in line with the BOT value. This is because BOFR is a BOT multiplication with 0.65[22]. A 
higher BOFR value was obtained from the previous study by giving a corncob-based complete feed 
with various protein sources ranging from 202.22 - 255.26 (g/day)[23]. Trend of digested organic 
material will depend on the trend of organic material consumption and the digestibility of organic 
material so that the higher of consumption and digestibility, the higher of digestibility organic material 
value[12]. The value of the fermented organic material in the rumen is also related to the value of the 
digested organic material. 

The total excretion of purine derivatives of P1, P2, P3 is obtained 1.28 mmol/ L, 1.07 mmol/ L, and 
1.73 mmol/ L, respectively. The value total of obtained purine derivatives is lower than previous 
studies. The value total is 6.08 mmol/L which is compared with 7.67 mmol/L. The supplementation of 
previous studies are oat hay and urea-enriched faba or barley[24]. The concentration of purine 
derivatives is affected by several factors, such as the level of consumption and weight of cattle [16, 
25]. The excretion of purine derivatives can be used as an indicator of rumen microbial protein supply 
of the animal. Purines in the digestive tract that enter the small intestine are mostly from microbes. 
Purine derivatives which are excreted in the urine are mainly from microbes [16]. The purines are 
metabolized by the body of the ruminants and then removed together with urine in the form of purine 
derivatives. Purine derivatives are allantoin, uric acid, xanthin and hypoxanthin [26].  

The concentration of purine derivatives which are excreted in urine is used to estimate microbial 
protein supply. The highest value of N microbes supply estimation is 24.57 g/day and the lowest one is 
14.05 g/day. The amount of N microbes supply estimation is determined by the number of microbes 
that are absorbed into the intestine and become a source of protein for the host. The obtained value of 
N microbes supply estimation is higher than previous studies that it was fed by complete feed using 
various protein source ranging from 2.52-4.07 g/day[27]. 

The average of synthesis efficiency of microbial protein ranges from 73-150.25 g/kg BOFR. 
Generally, wide variations of microbial protein synthesis estimation have been reported in various 
studies and the results are still within the range of values which is from 14-49 g/ kg BOFR[22,16]. 
There are many things that affect the value of the estimation number, such as the difference in the 
method of estimation [28]. 

4. Conclusion 
Based on estimated MPS and EMPS, the three types of fiber could be used as the main fiber sources in 
formulating complete feed containing cocoa pulp for local goats. 

5. Acknowledgments 
The authors would like to thank Universitas Hasanuddin that fully funded the research through 
Lembaga Penelitian dan Pengabdian Masyarakat (LP2M) Universitas Hasanuddin.  

References 
[1]      Roesmanto J 1991 Cocoa Socio-Economic Studies  (Yogyakarta: Aditya Media) 
[2]  Ditjenbun 2015 Statistics of Indonesian 2014-2016 (Jakarta: Directorate General of Plantation, 

Indonesia) 
[3] Sumaryati E  2012 The Influence of Processing Cocoa Pulp Fluid Processing (Theobroma 

Cacao L) and Addition of Coconut Water to the Soaking and Properties of Nata and Medium 
Remaining Fermentation. (Malang: Faculty of Agriculture, Widyagama University) 

[4]  Tri-Panji, Suharyanto, Rakayan E and Hasim 1995 Menara Perkebunan  63 114-122 
[5]  Pujisiswanto H 2012 Jurnal Penelitian Pertanian Terapan  12 13-19  
[6]  Pratama A F, Susanto H dan Sembodo D R J 2013  J. Agrotek Tropika  1 80 – 85 



1st International Conference of Animal Science and Technology (ICAST) 2018

IOP Conf. Series: Earth and Environmental Science 247 (2019) 012015

IOP Publishing

doi:10.1088/1755-1315/247/1/012015

6

 
 
 
 
 
 

[7]  Duarte W F, Dias D R, Oliveira J M,  Teixeira J A, Silva J B D and Schwan R F 2010 Food Sci. 
and Technol. 43 1564-72  

[8]  Dias D R,  Schwan R F, Freire E S and Santos Serȏdio R 2007 Int. J. of Food Sci. and Technol. 
42 319-29 

[9]  Lopez  A S 1986 Chemical change occurring during the processing of cacao. Proceeding of the 
cacao biotechnology symposium. Department. Of Food Science College of Agriculture, The 
Pennsylvania State University, Pennsylvania, USA. p 533-544 

[10] Fochirah L, Prasetiyono BWHE dan A Subrata  2012 Protein Levels and Goat Blood Urea of   
 Etawa Peranakan Dairy Provided by Complete Feed Wafers Based on Agroindustry Waste with  
 Proteinter Protection Supplement. Anim. Agric. J. 1 (1) 443-451 
 [11]  Natsir A, Harfiah and Mide M Z 2014 Proc. National Seminar 1 Optimalization of Local 

Resource on Technology Based Typical Farming System 9 Oktober 2014 (Makassar: 
Hasanuddin University) 

[12]   Nugroho A R P and Andy 2012 Estimation of microbial protein supply in goats with different 
levels of consumption based on excretion of purine derivatives in urine. J. Agrisistem 8 (1): 36-
43 

[13]  Natsir A, Dagong M I A, Mide M Z, Islamiyati R, Irwan dan Basri H 2015 Proc. of Int. Seminar 
on Improving Tropical Animal Production for Food Security 3-5 November 2015 (Kendari: 
Universitas Halu Oleo)  

[14]  Natsir A, Mujnisa A, Mide MZ, Purnomo N dan Saade MF 2018  Initial Assesment on The Use 
Of Cocoa Pulp in Complete Feed Formulation: in vitro dry matter and organic matter 
digestibility. IOP Conference Series: Earth and Environmental Science: 157 012013. 

[15]  AFCR 1992 Nutritive Requirements of Ruminant Animals: Protein. Nutr Abst.  Rev. 62: 787-
835 

[16]  Chen X B and Gomes MJ 1992 Estimation of Microbial Protein Supply to Sheep and Cattle 
Based on Urinary Excretion of Purine Derivate: an Overview of Technical Details. Occasional  
Publication. International Feed Resources Unit. Rowett Research Institute. Aberdeen, UK. 21pp 

[17]  Sastrosupadi A 2000 Revised Draft Practical Experiment in Agriculture. First Print. 
(Yogyakarta: Kanisius) 

[18] Siregar S 1994 Ruminant Animal Ration (Jakarta: Penebar Swadaya) 
[19] Tamminga 1979 Improving Microbial Protein Synthesis. New York 
[20] Parakkasi A 1999 Ruminant Nutrition (Jakarta: Indonesia University Press) 
[21] Purbowati, E. 2011. Lamb Fattening Business. (Jakarta: Penebar Swadaya) 
[22] ARC 1984 The Nutrient Requirement of Ruminant Livestock, Supplement No.1. Report of the 

Protein Group of the ARC Working Party, Commonwealth Agricultural Bureau, Farnham 
Royal, UK 

[23] Jaspin S H  2014 Estimation of microbial protein intake of male goats fed corn cobs based on 
different protein sources Postgraduate Thesis (Makassar: Hasanuddin University) 

[24] Natsir A 2007 Excretion of Derivate Purines and Estimation of Microbial Protein Supply on 
Sheep Animals that Get Different Protein Supplements. JITV 12(3): 183-188 

[25] Natsir A dan A Mujnisa 2010 Correlation between Feed Intake, Body Weight and Purine 
Derivates Excreted in The Urine of Local Goat of South Sulawesi Prosiding International, 
Chines Society of Animal Science, Pingtung, Taiwan 23-27 August P.59. 

[26] Chen X B, G Grubie, E R Orskov and F D Deb Hovell 1990 Excretion of Purine Derivates by 
Ruminant, Endogenous Excretion, Differences between Cattle and Sheep Br. J. Nutr. 63: 121-
129 

[27] Natsir A, Harfiah, MZ Mide, R Islamiyati, A Ragil dan P Nugroho 2013 Estimation of 
Microbial Protein Intake in Goat Livestock that Get Complete Feed with Different Protein 
Content. (Makassar: Hasanuddin University) 

[28] Dewhurst RJ, DR Davies and RJ Merry 2000 Microbial protein supply from the rumen. A 
review article. Anim. Feed Sci. Technol. 85:1-21 


