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Editor   PREFACE 

 
In this edition , volume 22 no 3 September 2017 we 

proudly present articles from Feed and Nutrition 

Technology, Forage Technology, Reproduction 

Technology, and Veterinary Science, those are: 

“Improvement of nutritional value of cocoa pod husk 

fermented with Aspergillus Spp. and two levels of urea 

and ammonium sulphate”; “Physical quality and 

digestibility in vitro determination of green pellet 

concentrate based on Indigofera zollingeriana”; 

“Evaluation of four pasture legumes species as forages 

and cover crops in oil palm plantation”; “Evaluation on 

performance of some Sorghum bicolor cultivars as forage 

resources in the dry land with dry climate”; “Primordial 

germ cells profiles incubated for 24 hours in phosphate 

buffer saline [-] solution” and “Cytokines profile of mice 

infected by high and low virulences of Indonesian T. 

evansi isolates”. 

Hopefully these articles would offer any benefit to 

readers and the end-users of technological innovation. We 

extent high appreciation to all authors and peer reviewers 

those contribute in this edition that would make this 

journal published. We hope other authors will contribute 

in the future. 
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Aspergillus spp. and Two Levels of Urea and Ammonium Sulphate 
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ABSTRAK 

Rakhmani SIW, Purwadaria T. 2017. Peningkatan nilai gizi kulit buah kakao yang difermentasi menggunakan 

Aspergillus spp. dengan dua tingkat urea dan amonium sulfat. JITV 22(3): 101-113.  

DOI: http://dx.doi.org/10.14334/jitv.v22i3.1670  

Kulit buah kakao melimpah sebagai produk limbah perkebunan kakao dan berpotensi sebagai bahan pakan 

tetapi memiliki nilai gizi rendah. Untuk meningkatkan nilai gizi kulit buah kakao (CPH), telah dilakukan proses 

biologis melalui fermentasi substrat padat menggunakan Aspergillus oryzae dan Aspergillus niger serta 

penambahan dua dosis (N1 dan N2) nitrogen dalam campuran mineral. Produknya adalah Fermented Cocoa Pod 

Husk (FCPH).Kandungan protein meningkat dari 50 g/kg sebelum fermentasi menjadi 133,8 g/kg untuk N1 

fermentasi menggunakan A. niger dan 150 g/kg menggunakan A. oryzae. Kandungan protein sejati adalah 99,8 dan 

93,5 g/kg untuk perlakuan N1 dan N2 (A. niger); 119 dan 104,1 g/kg untuk perlakuan N1 dan N2 (A. oryzae). 

Aspergillus niger menunjukkan keunggulan dalam hal produksi enzim bila dibandingkan dengan Aspergillus 

oryzae. Aktivitas mannanase pada produk fermentasi A. niger dengan dosis N1 mencapai 2654 U/g dan A.oryzae 

adalah 1122 U/g. Bahan kering dan kecernaan protein masing-masing untuk FCPH A. niger adalah 47 dan 57% dan 

FCPH A. oryzae adalah 52 dan 62%. Proses fermentasi kulit buah coklat menghasilkan produk yang sangat 

potensial sebagai pakan alternatif dengan kadar protein lebih tinggi dan mengandung enzim mannanase. 

Kata Kunci: Kulit Buah Coklat, Aspergillus Niger, Aspergillus Oryzae, Mannanase, Selulase 

ABSTRACT 

Rakhmani SIW, Purwadaria T. 2017. Improvement of nutritional value of cocoa pod husk fermented with 

Aspergillus spp. and two levels of urea and ammonium sulphate. JITV 22(3): 101-113.  

DOI: http://dx.doi.org/10.14334/jitv.v22i3.1670 

Cocoa pod husk is abundant as a waste product of cocoa plantation and potential as feed ingredient but has low 

nutritional value. To increase the nutritive value of cocoa pod husk (CPH), biological process through solid 

substrate fermentation using Aspergillus oryzae and Aspergillus niger and addition of two doses (N1 and N2) of 

nitrogen mixture had been done. The product is Fermented Cocoa Pod Husk (FCPH). Protein content increased 

from 50 g/kg before fermentation to 133.8 g/kg for N1 for A. niger and 150 g/kg using A. oryzae. True protein were 

99.8 and 93.5 g/kg for N1 and N2 treatments (A. niger); 119 and 104.1 g/kg for N1 and N2 treatments (A. oryzae). 

Aspergillus niger showed a superiority in term of enzymes production when compared to Aspergillus oryzae. 

Mannanase activy in A. niger fermentation product with N1 dose reached up to 2654 U/g and A.oryzae  was 1122 

U/g. Dry matter and protein digestibility for A. niger FCPH were 47 and 57% and A. oryzae FCPH were 52 and 

62% repectively. Fermentation processed of CPH yield a product that very potential as an alternative feed with 

higher in protein content and contain mannanase enzyme.  

Key Words: Cocoa Pod Husk, Aspergillus niger, Aspergillus oryzae, Mannanase, Cellulose 

INTRODUCTION 

In animal husbandry, the feed comprises the highest 

expense and appropriate feed quality nutrition is 

important. Shortage of feedstuff is also one of several 

factors in animal production in Indonesia, especially 

since most of feed materials (such as corn and soybean 

meal) are imported. Therefore, in addition to 

conventional feed ingredients, uncommon feed 

ingredients such as of agriculture by-product would be 
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advantage to solve feed insufficiency. Indonesia's cocoa 

crop is one of the largest estates after palm oil. 

Indonesian Cocoa plantation (Theobroma cacao L.) 

area currently is reached 1,745,789 hectares and is 

largely possessed by smallholders with a total 

production of 903,092 tons/year (Estate Statistic 2008-

2012). It will be 695,467 tons of fresh CPH (equivalent 

to 893,092 dried material) by-product. Waste and by-

products of cocoa fruit itself is more than half of world-

wide cocoa production and estimated at 3.53 million 

tons (World Cocoa Foundation 2010). Indonesia, 

including the 20 largest cocoa producing countries and 

was ranked the 3
rd

 after Ghana and Ivory Coast. 

Cocoa pod husks has been investigated as an 

alternative feed and had been fed without toxic effects 

to cattle in quantities up to 7 kg per day. For dairy 

cows, pod meal seems to be comparable in value to 

corncob meal. Rations containing cocoa pod meal have 

a lower feed efficiency for beef cattle, but this will be 

compensated by the larger intake (FAO 2002). A 

digestion study with sheep, was carried out to determine 

the effect of graded dietary cocoa-pod levels between 0 

and 75% in feed, the apparent digestibility of cocoa-pod 

by sheep was also estimated and reported that sheep 

digested only 23% dry matter and 51% crude protein of 

the pod (Smith & Adegbola 1985). Processed-CPH was 

used as feed material and can replace conventional feed 

ingredients such as corn and soybean meal and regarded 

as alternative animal feed (Sobamiwa & Longe 1993; 

Sobamiwa 1998). 

Biological processes can improve the nutritional 

composition and utilization of CPH and would be more 

advantage as feed. Fermentation process using 

cellulolytic fungi could be used to overcome high crude 

fiber content in CPH, which is as a constraint factor for 

direct utilization of CPH especially in poultry diet. 

Processing CPH had been reported such as CPH-silage 

(North Sumatera and Lampung provinces), and 

fermentation process using Aspergillus niger (South 

Sulawesi and Bali provinces) has done, but there is no 

detailed information on the nutritional value such as the 

digestibility, enzymes activities and true protein of the 

resulting product. It was reported an increase in protein 

content of 9% to 12% was achieved after fermentation 

with A. niger (Haryati & Sutikno 1994). 

Fungi such as Aspergillus spp. produce several 

enzymes which is important to elevate feed 

digestibility. When CPH was fermented using this 

fungi, the final product can be fed to livestock without 

addition of enzymes. It was reported that minerals and 

inorganic nitrogen can increase cell growth and 

correlated on enzymes and protein productions in 

fermentation of cassava by-product using Aspergillus 

spp (Kompiang 1994). In this study, an experiment had 

been done to investigate the nutritive value of 

fermented CPH product by Aspergillus oryzae and 

Aspergillus niger. Solid substrate fermentation method 

was applied to steamed CPH with two levels of urea-

ammonium sulphate mixtures (0.5% urea + 1% 

ammonium sulphate and 1% urea+ 2% ammonium 

sulphate). Proximate composition, cellulolytic enzymes 

(mannanase and cellulase) activities, dry matter and 

protein digestibility (in vitro) were also examined in the 

fermented product.  

MATERIALS AND METHODS 

Preparation of CPH and Aspergillus inoculums 

Fresh CPH were obtained from Nusantara Plantation 

VIII-Public Company (PTPN VIII) at Rajamandala 

District- West Java, and processed at the IRIAP. The 

husks were cleaned, chopped into smaller pieces, solar-

dried to a moisture content of ca. 10% and ground. The 

dried husk were then stored at room temperature until 

used. Fungi Aspergillus oryzae GS66 was previously 

isolated from garlic seed) whereas A. niger was 

obtained from IRIAP collection. Dried-spore inoculums 

of A. oryzae and A. niger were prepared by growing the 

fungi in in cooked-rice substrate for 3-4 days, dried at 

40°C, ground and stored at 4ºC (Purwadaria et al. 

1994). 

Substrates and fermentation  

Three kind of treatments (C, N1, and N2) were 

applied. Treatment C as control, substrate + 50 g rice 

bran/Kg. The composition of minerals mixture for 1 kg 

dried substrate as shown as in Table 1. Distilled water 

was first added to the ground dried CPH substrate to 

make water content of about 60% then steamed for 30 

minutes. After cooling to about 40ºC the minerals and 8 

g of inoculum were added. The cultures were incubated 

at room temperature. 

Table 1. Mineral content in treatments 

Minerals/other materials 
Treatments 

C N1 N2 

Trisuperphosphate (TSP) 0 2.40 2.40 

MgSO4.7H2O 0 1.25 1.25 

FeSO4. 6H2O 0 0.10 0.10 

KCl 0 3.80 3.80 

CaCl2.2H2O 0 0.13 0.13 

(NH4)2SO4 0 10.00 20.00 

Urea 0 5.00 10.00 

Rice bran 50 27.32 12.32 
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Laboratory analysis  

All chemical and digestibility analysis were carried 

out at the Analytical Services and Feed Technology 

Laboratories, Indonesian Research Institute for Animal 

Production. Proximate analysis (Crude protein, fat, 

fiber, ash), Calcium and Phosphor, Energy and van 

Soest fiber (NDF, ADF, Lignin) were performed in both 

optimally fermented and unfermented CPH. Optimum 

fermentation period was determined based on protein 

content reached in particular time of incubation and was 

determined using modified Lowry method (Lowry et al. 

1951).To obtain total protein concentration, 1 ml of 2M 

NaOH was added to 0.1 g of sample then heated for 30 

min at 100ºC. After dilution ten-fold in destilled water, 

protein concentration was measured by a standard 

Lowry method using bovine serum albumin (BSA) as a 

standard.  

In vitro rumen-pepsin digestibility 

Subsequently, 0.2-0.4 g of experimental samples 

were weight out in an 100 ml-in vitro tubes, 0.2-0.4 g 

samples from laboratory standards (grass hay) were 

added to 2 tubes and 2 tubes were used as blanks for the 

experiments. In each tube, 25 mL of a Rumen-

McDougall buffer mixture was added under purging 

with CO2 and caped tightly with a rubber stopper/gas-

release port. Samples were incubated for 48 h in a water 

bath at 39°C, followed by further digestion in an acid–

pepsin solution containing 6.6 g pepsin/L 0.1N 

hydrochloric acid (Catalog P6887-SIGMA) (25 mL of 

acid–pepsin solution was added to each tube) for 48 h in 

water bath at 39°C. All tubes were mixed by swirling 

(Vortex Mixer) them at 2, 4, 8, and 36 h, after adding 

the rumen-buffer mixture and at 2, 4, and 6 h after 

adding acid–pepsin. After completion of the digestion, 

contents were filtered into pre-weighed standard coarse 

fritted disk Gooch crucibles (G2) under mild vacuum, 

dried at 105°C for at least 12 h, weighed for 

determination of DM. Protein content of in vitro 

sediment was determined for protein digestibility 

calculation (Marais & Evenwell 1983). 

True protein analysis 

True protein was measured according Marais & 

Evenwell (1983) by TCA-precipitation with slightly 

modification. Sample was finely ground and weight out 

(0.5-1 g) into a 50 ml tube with caped, add 15 ml of 

water and incubate 10 min in a boiling water-bath, 

cooled and added 15 ml of 10% TCA and then shake in 

a medium speed using Griffin Flask Shaker for 20 min 

and then left for an hour at 4°C. Mixture was 

centrifuged at 3000 rpm for 10 min. The pellet was 

rinsed twice with 5 ml 1% TCA and protein content of 

the precipitate was determined.  

Enzymes activity 

Mannanase activity was measured using locust gum 

(0.5 g.Kg
-1

) as substrate and followed the procedure as 

described by PURWADARIA
 
et al. (2003). Enzymes was 

extracted from the sample (0.5 - 1 g) with 10 ml of 

acetate buffer pH 5.8 and mixed for 30 min. The 

mannanase activity was measured as the amount of 

reducing sugar released from the substrate. Reducing 

sugar was determined by using the 3,4-dinitro salicylic 

acid (DNS) method of Miller (1959) and mannose was 

used as standard. One unit mannanase activity was 

defined as the amount of enzyme that required to 

release 1 μmole of glucose min
-1

ml
-1

 under assay 

condition  

Cellulase assays are carried out using the carboxy 

methyl cellulose (CMC) as substrate. Enzymes solution 

was obtained by extraction of sample (0.5-1 g) in 25 ml 

of 0.05 M citrate buffer pH 4.8. The amount of released 

reducing sugar was quantified using the 3,4-dinitro 

salicylic acid (DNS) method of MILLER (1959) and 

glucose was used as standard for determining enzyme 

activity. One unit of enzyme activity is defined as the 

amount of enzyme required to release 1 μmole of 

glucose min
-1

ml
-1

 under assay condition (Miller 1959). 

Statistical analysis 

Data were subjected to a one-way analysis of 

variance (ANOVA).  

RESULTS AND DISCUSSION 

Growth of A. niger and A. oryzae on CPH substrate 

during fermentation period is presented in Table 2. In 

the first 24 hours mycelium growth was undetected. 

Mycelia formation was detected in the 2
nd

 day of 

incubation of both Aspergillus niger and A. oryzae 

along with young spores formation scattered for about 

10% that can be observed from the substrate surface. 

For treatment using lower inorganic nitrogen addition 

(N1), mycelia formation was tend to be slower than 

higher inorganic nitrogen treatment (N2). 

Mycelia became thick and fungal hyphae had been 

penetrated and bind the substrate was clear in the third 

day of incubation and a distinction spores color for both 

species were detected. It was hard to report the 

difference between inorganic treatments in term of 

mycelia formation in this stage and in the next day 

beyond fermentation period. Mycelia thickness was 

remained in the fourth day and older spore formation 
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Table 2. Visual observation of fungi growth on CPH substrate during fermentation periods 

Incubation period (day) Aspergillus niger Aspergillus oryzae 

 
N1 N2 N1 N2 

1 * * * * 

2 ++ ++ ++ ++ 

3 +++ ++++ +++ ++++ 

4 ++++ ++++ ++++ ++++ 

5 *** *** *** *** 

*Mycelia growth undetected, raised in temperature was observed  

++ Thin covering mycelia, tiny spores   

+++ Penetration of mycelia  
++++ mycelia covering all over substrate  

***spores covering all over substrate surface 

almost completely found in both species. In the 5
th

 day, 

spores were found all over the substrate surface. 

In every process of fermentation, dry matter loss of 

the substrate is inevitable. Dry matter loss of CPH 

during incubation is presented in Figure 1. In the 

process, substrate was added water up to 60% water 

content. It was reported that water holding between 60-

65% was suitable for solid substrate fermentation 

(Chalall 1985; Singhania et al. 2006). In this experiment 

we found out that the maximum capacity of water 

holding for CPH was in the ratio of CPH-water 100 : 

120. The water content was 600 g/kg, however, when it 

was higher than that ratio, water was not held perfectly 

and was flowing out from the substrate. It was reported 

that 70% moisture level in the substrate prevents 

oxygen penetration and facilitates the contamination, 

whereas the low moisture level inhibits the growth, 

enzyme activity and accessibility to nutrients (Mekala 

et al. 2008). Dry matter loss profiles for both A. niger 

and A. oryzae were similar, all below 300 g/kg, and for 

control group (without addition of minerals), DM loss 

was detected below 150 g/kg. The moisture level of 

culture medium affects the physiology of the 

microorganism.  

It was a significant increased (P<0.05) in crude 

protein content of fermented CPH when compared with 

the control group. The highest protein content in the 

fermentation product of A. niger was shown in the 4
th

 

day of incubation (Figure 2). Protein content in N1 

treatment was 133.8 g/kg and N2 treatment 131.9 g/kg 

statistically not significantly different When CPH was 

fermented using A. oryzae, the highest protein content 

was detected at the 3
rd

 day of incubation (154 g/kg for 

N1 and 148.8 g/kg for N2). The CP in the A. oryzae 

FCPH statistically not significantly different between 

N1 and N2. It had been reported that fungal 

fermentations on several agro-byproduct such as 

cassava by-product, coffee husk, corn bran and rice 

bran have also reported similar increases in protein 

content (Leifa et al. 2001; Iyayi & Aderolu 2004). 

Solid-state fermentation of CPH using Rhizopus 

stolonifer LAU was reported an increase in CPH protein 

up to 95% (Lateef et al. 2008). The increased in protein 

content of CPH fermented by A. niger and A. oryzae 

could be due to bioconversion of some of soluble 

carbohydrates in the substrate into mycelia protein or 

single cell protein (SCP) by the growing fungus (Iyayi 

2004). It was also reported that the growth and 

sporulation of the fungus Aspergillus niger is 

influenced by the level of nitrogen (from ammonium 

sulfate and urea) in the culture medium (Swe et al. 

2009). However, in this experiment, in the higher of 

substrate-nitrogen level (N2) CP was not significantly 

different as of lower nitrogen level (N1). It showed that 

nitrogen level that supposed to be used by fungi for 

growing not necessarily high but in some point it will 

be efficient. Nitrogen level of N1 treatment showed 

efficiency in using inorganic fertilizer for fermentation 

process. It will open an opportunity for using more CPH 

fermentation product as non-ruminant feed ingredient 

without worried to urea toxic effect.  
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Figure 1. Dry matter loss on CPH substrate fermented with A. niger and A. oryzae.

Total protein analysis with KJELDAHL digestion 

measures crude protein, where the total nitrogen content 

of sample is multiplied by 6.25 to express the results on 

a protein equivalent basis. The total amount of nitrogen 

in feed/feed ingredient however, comes from both 

protein and non-protein nitrogen sources. True protein 

reflects only the nitrogen associated with protein and 

does not include the nitrogen from non-protein sources. 

The true protein was lower than crude protein content 

and shown in Figure 3. The true protein content in 

control treatment was between 33.7 and 51.11 g/kg, 

whereas in fermentation product were 99.8 g/kg and 

93.5 g/kg for N1 and N2 treatments respectively (A. 

niger) and 119.0 g/kg and 104.1 g/kg both for N1 and 

N2 treatments (A. oryzae) respectively. The true protein 

content of fermentation products of A. oryzae 

significantly higher than A. niger in both nitrogen 

levels. It is important to measure the true protein instead 

of crude protein due to inorganic nitrogen that was 

added to boost the growth of fungi in the beginning of 

fermentation will give inaccurate in crude protein 

calculation. In this experiment, the non-protein fraction 

in fermented CPH was calculated between 23 and 30%. 

Residual inorganic nitrogen is included in this fraction. 

Inorganic nitrogen such as from ammonium sulfate or 

urea will affect negatively especially in non-ruminant 

animals, but ruminant can tolerate urea and is used by 

rumen microbe for protein synthesis. 

Proximate analysis of fermented product is 

presented in Table 3. Control treatment was ground 

CPH, which was not added any mineral mixture and 

directly fermented using A. niger (AN) and A. oryzae 
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Figure 2. Protein profile of fermentation product (Statistic analysis was done for 3rd and 4th day incubation: the CP was not 

significantly different between N1 and N2 but significantly higher in A. oryzae than A. niger). 

(AO) inoculums respectively. Growth of fungi in 

control treatment was detected at the 2
nd

 day of 

fermentation but for the next day onward the growth 

was not optimal. The slightly growth of fungi in control 

batch could explained on increased of crude protein 

(CP) content of control treatment. The CP content and 

other data of fermented products from the 3
rd

 and 4
th

 

day of incubation period using A. niger and A. oryzae as 

fermentation agents were subjected to statistical 

analysis. Crude protein (CP) content of fermented CPH 

in N1 treatment was increased up to 140 and 205% 

when fermented with A. niger and A. oryzae 

respectively. However, another treatment (N2) was 

shown a lower CP increases up to 63 and 187% for A. 

niger and A. oryzae FCPH. 

Crude fat was decrease significantly for N2 

treatment (34 and 35% for A. niger and A. oryzae 

fermented CPH) and was higher than in N1 treatment. 

Neutral Detergent Fiber (NDF) and ADF also decrease 

13% for A.niger FCPH - N1 treatment, 26% for A. 

oryzae FCPH-N1 treatment, 29% for A. niger FCPH 

N2-treatment and 27% AO FCPH N2 treatment. Crude 

fiber (CF) also decreased 42% and 55% for A.niger 

FCPH N1 and A. oryzae FCPH N1 respectively, and a 

lower value of decreased was detected on N2 treatment 

that is 36 and 46% for A. niger FCPH and A. oryzae 

FCPH respectively. 
Rumen-pepsin dry matter digestibility is presented 

in Figure 4. It is clearly shown that fermented product 

of CPH have higher DM digestibility when compared to 
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control. And A. oryzae FCPH both N1 and N2 

treatments showed a higher DMD value than A. niger 

FCPH. The same pattern is also shown for rumen-

pepsin protein digestibility (Figure 5). Rumen-pepsin 

protein digestibility of A. oryzae FCPH N1 treatment 

was closed to the protein digestibility of King grass that 

was run at the same time as a comparison.  

Cocoa pod husks utilization for poultry is 

constrained by the high content of fiber, including 

lignin (14% w/w) and non-starch polysaccharides 

(NSPs) such as hemicellulose (110 g/kg), cellulose (350 

g/kg) and pectin (60 g/kg) (Alemawor et al. 2009) and 

need enzyme fortification to increase digestibility. 

Fermentation using Aspergillus niger showed a 

superiority in term of mannanase and cellulase enzymes 

production (Figures 6 and 7) when compared to 

Aspergillus oryzae. Mannanase activy in A. niger FCPH 

N1 treatment reached up to 2654 U/gDM and A. oryzae 

FCPH N1 was only 1122 U/gDM. Cellulase activity 

was lower than mannanase, for AN FCPH N1 treatment 

reached 1255 U/gDM. Fermentation process increased 

nutrients composition and digestibility of CPH

 

 

Figure 3. True Protein content of A. niger and A. oryzae fermentation product. 
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Table 3. Proximate analysis of fermented CPH at specific day of incubation (unit in g/kg except it is stated) 

Composition 
Control  N1 N2 

D0 D3 D4 D0 D4 D3 D0 D4 D3 

 
A.nig A.ory A.nig A.ory A.nig A.ory A.nig A.ory A.nig A.ory A.nig A.ory A.nig A.ory 

CP  58.2  51.9  88.0  56.4  92.9  62.7  58.2  51.7  139.4  157.9  58.2  54.2  95.1  155.4  

Fat  11.2  11.2  7.6  7.6  7.3  7.3  9.2  9.2  7.8  8.6  11.2  11.4  7.4  7.4  

Ash 99.3  99.3  98.4  98.4  102.9  102.9  112.9  112.9  104.4  104.4  114.5  115.7  119.3  119.3  

CF  518.4  519.0  517.6  553.7  543.2  542.9  517.8  526.7  302.0  234.6  513.3  542.1  328.0  289.8  

 GE (Kkal/kg)  3,870  3,857  3,844  3,832  3,848  3,838  3,849  3,837  3,805  3,795  3,756  3,618  3,770  3,770  

NDF 652.0  652.0  651.3  641.3  666.2  643.2  650.0  650.2  565.8  482.5  667.8  653.7  473.2  476.8  

ADF  621.3  621.3  631.8  631.6  641.5  641.0  611.1  612.0  482.3  497.7  622.8  623.4  416.5  416.5  

Ca  3.6  3.8  4.8  4.8  4.5  4.6  7.2  7.7  4.9  5.0  6.6  6.5  6.5  6.5  

P  1.8  1.8  1.8  1.8  1.6  1.6  2.3  2.2  1.9  1.9  1.8  1.8  2.3  2.3  

A.nig= Aspergillus niger; A. ory=Aspergillus oryzae; CP= crude protein; CF= crude fiber; GE= Gross energy; NDF= neutral detergent fiber; ADF= acid detergent fiber 
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Figure 4. Dry matter digestibility of FCPH after rumen-pepsin in vitro. 
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Figure 5. Protein digestibility in vitro rumen-pepsin of FCPH. 
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Figure 6. Mannanase activity in fermentation products. 
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Figure 7. Cellulase activity in fermentation products. 

CONCLUSION 

The Nutritive value cocoa pod husk can be 

improved through fermentation using A. niger and A. 

oryzae. It was an increased in protein content and 

decreased in fiber fractions (crude fiber, NDF and 

ADF). Mannanase and cellulase content also 

contributed for increasing in digestibility. Fermentation 

product of CPH is very potential as an alternative feed 

for mitigation in feed shortage.  
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ABSTRAK 

Tarigan A, Ginting SP, Arief II, Astuti DA, Abdullah L. 2017. Identifikasi kualitas fisik dan pelet konsentrat hijau berbasis 

Indigofera zollingeriana secara in vitro. JITV 22(3): 114-123. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1651 

Penelitian ini bertujuan untuk mengetahui kualitas fisik dan kecernaan pelet konsentrat hijau berbasis I.zollingeriana secara 

in vitro. Komposisi pakan berupa pelet konsentrat hijau  mengandung  I. zollingeriana dan C. calothyrsus pada berbagai 

kombinasi sebagai berikut : 1) I. zollingeriana/C. calothyrsus (90/0; R0), 2) I. zollingeriana/C. calothyrsus (75/15; R1), 3) I. 

zollingeriana/C. calothyrsus (60/30; R2) dan 4) I. zollingeriana/C. calothyrsus (45/45; R3). Penelitian kualitas fisik pelet 

konsentrat hijau dilakukan dengan menggunakan rancangan acak lengkap dengan empat perlakuan pelet konsentrat hijau 

masing-masing tiga ulangan. Penelitian kecernaan pelet konsentrat hijau dilakukan secara in vitro fermentasi rumen dilakukan 

menggunakan rancangan acak kelompok dengan empat perlakuan pelet konsentrat hijau dengan tiga kelompok cairan rumen 

berbeda. Hasil penelitian memperlihatkan bahwa kualitas fisik pakan konsentrat hijau pelet yang mengandung komposisi  

I. zollingeriana/C. calothyrsus (60/30; R2)  memiliki karakter fisik terbaik (aktivitas air = 0.58; ukuran partikel = 12.69 mm; 

sudut tumpukan = 21.01o; ketahanan benturan = 99.78%; ketahanan gesekan = 90.42%; kerapatan tumpukan  = 590 kg/m3) 

dibandingkan dengan pelet mengandung komposisi  lainnya. Kualitas pakan berdasarkan kecernaan secara in vitro, bahan kering 

dan bahan organik  memperlihatkan pola yang sama yaitu R0 lebih tinggi (P<0.05) dibandingkan dengan perlakuan yang lain, 

sedangkan kecernaan  In Vitro protein kasar memperlihatkan R0, R1 dan R2 (P>0.05), namun (P<0.05) lebih tinggi dari 

perlakuan R3. Tidak terdapat perbedaan pH dan total bakteri pada keempat jenis pakan konsentrat hijau pelet. Perlakuan R3 

memiliki konsentrasi NH3, VFA dan produksi gas total paling rendah (P<0.5) dibandingkan dengan perlakuan R2, R1 dan R0. 

Dapat disimpulkan bahwa masuknya Calliandra calothyrsus tidak mengubah kualitas fisik green pellet. Namun, peningkatan 

kadar C. calothyrsus meningkatkan RUP dan mengurangi kecernaan, N-NH3 dan total VFA. 

Kata Kunci: Indigofera zollingeriana, Calliandra calothyrsus, Pelet, Pakan 

ABSTRACT 

Tarigan A, Ginting SP, Arief II, Astuti DA, Abdullah L. 2017. Physical quality and digestibility in vitro determination of green 

pellet concentrate based on Indigofera zollingeriana. JITV 22(3): 114-123. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1651 

This study aims to determine the physical quality and digestibility of green pellet concentrate based on I. zollingeriana. The 

composition of green pellet concentrate feed contains I. zollingeriana and C. calothyrsus in the following combinations: 1) I. 

zollingeriana /C. calothyrsus (90/0; R0), 2) I. zollingeriana/C. calothyrsus (75/15; R1), 3) I. zollingeriana/C. calothyrsus (60/30; 

R2) and 4) I. zollingeriana / C. calothyrsus (45/45; R3). The physical quality study of green pellet concentrate was performed 

using a completely randomized design with four types of green concentrate as treatments of three replications. Green pellet 

concentrate studies conducted in vitro rumen fermentation were performed using in a  randomized block design with four 

treatments and three sources of liquid rumen as a block. The results of the experiments conducted with pellet criteria containing 

I. zollingeriana/C. calothyrsus composition (60/30; R2) have the best physical character (water activity = 0.58; particles size = 

12.69 mm; degree value angles = 21.01°; collision endurance = 99.78%; endurance friction = 90.42 %; bulk density = 590 

kg/m3) compared to the other treatments. The quality of diet based on digestibility in vitro, dry matter and organic material 

having a pattern equal to R0 is higher (P<0.05) compared with other treatments, while the rough digestibility of In Vitro protein 

is seen R0, R1, and R2 (P>0.05), but (P<0.05) was higher than the treatment of R3. There was no difference of pH and total 

bacteria on green pellet concentrate type. The treatment of R3 has the lowest NH3, VFA and total gas concentration (P<0.5) 

compared with R2, R1 and R0. It can be concluded that inclusion of Calliandra calothyrsus did not change physical 

quality of green pellets. However, increasing level of C. calothyrsus increased RUP and reduced digestibility, N-

NH3, and total VFA. 

Key Words: I. zollingeriana, Calliandra calothyrsus, Pellets, Feed 
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INTRODUCTION 

One of the important inhibiting factors in ruminant 

production is the scarcity of feed due to its high price 

and its fluctuation in quantity and nutritional qualities. 

(Van et al. 2005; Olafadehan & Adewumi 2009). 

During the last twenty years, it was reported  that  there 

was an increase in cost of feeding of ruminant 

production from 60% of total production cost (1990’
s
) 

to 64-66% (the 2000'
s
) and 65-75% (the 2010'

s
) because 

of a tendency to use feed concentrates at any stage of 

production (Kholif et al. 2015). Leguminous forages 

have been known widely to have a concentrate feed 

characteristic due to its high nutrient contents (crude 

protein, vitamin, and some mineral) and its highly DM 

digestibility. Indigofera zollingeriana is a leguminous 

tree that contains high crude protein (25-31%) and high 

(71-86.3%) DM digestibility (Tarigan et al. 2010; 

Abdullah et al. 2012a). The use of I. zollingeriana as a 

feed supplement (Tarigan & Ginting 2011) or as a sole 

forage gave a good growth rate of goats (Ginting et al. 

2010). In dairy goats, the use of I. zollingeriana leaves 

pellets improved milk production and efficiency of feed 

and nutrient utilization (Abdullah et al. 2012b). On the 

other hands, the potential use of Calliandra calothyrsus 

as feed-in ruminant production have been widely 

reported (Norton 1994; Hess et al. 2008; Jayanegara et 

al. 2011a). This forage is known for its high tannin 

content. While the protein-tannin complexes may 

decrease ruminal protein degradation and may lead to 

increase the flux of dietary protein for absorption in the 

intestine (Patra & Saxena 2011; Theodoridou et al. 

2010), the high tannin level may also result in reduced 

feed intake and digestibility. However, the combination 

of such high-tannin content with highly fermentable and 

low tannin content will improve microbial protein 

synthesis and protect the dietary protein without 

adversely affecting microbial growth efficiency and 

overall animal productivity (Soltan et al. 2012). 

Feed processing such as pelleting may improve the 

physical (Svihu 2011; Svihu & Zimonja 2011), and 

nutritional characteristics of the feed ingredient through 

the increased starch availability by gelatinization 

(Solanas et al. 2005; Svihu & Zimonja 2011), thus 

increasing its fermentation rate (Solanas 2008; 

Bertipaglia et al. 2010). This study aimed to evaluate 

the physical and in vitro nutritional qualities of green 

concentrate pellet composed of low tannin forages (I. 

zollingeriana) and high tannin forage (C. calothyrsus) 

of various composition.  

MATERIALS AND METHODS 

The study was conducted at the Research Institute 

for Goat Production, Sungai Putih, North Sumatera 

from July to November 2016. Indigofera zollingeriana 

and Calliandra calothyrsus were harvested at 60 day-

intervals and were cut 1.0 meter above ground level.  

The leaves were wilted by air-dried for 3-4 hours under 

the sun and ground using grinder with 1.0 mm 

screening size. Green concentrate pellets were 

formulated as follows: 90% I. zollingeriana + 0% C. 

calothyrsus (R0), 75% I. zollingeriana + 15% C. 

calothyrsus (R1), 60% I. zollingeriana + 30% C. 

calothyrsus (R2) and 45% I.zollingeriana + 45% C. 

calothyrsus (R3). The complete composition of the 

green concentrate is shown in Table 1. Pellet was 

produced using pelleting machine to yield green 

concentrate pellet of 5 mm diameter. 

Chemical analysis 

Dry matter, Kjeldahl N, crude fiber, and ash was 

analyzed according to AOAC (2005). The content NDF 

and ADF) were analyzed according to the method Van 

Soest (1991) and total tannin was analysed according to 

the folin-ciocateu method (Makkar 2003). 

Physical qualities  

Activity water (Aw) was measured using Aw meter 

that has been calibrated. Particles size was determined 

using vibrator ball mill with mesh/sieve of 4, 8, 16, 30,

Table 1. The composition of green concentrate pellets  

Ingredients 
Ratio (%) 

R0 R1 R2 R3 

I. zollingeriana meal 90 75 60 45 

C. calothyrsus meal   0 15 30 45 

Cassava meal   5   5   5   5 

Molasses   3   3   3   3 

Premix   1   1   1   1 

Salt   1   1   1   1 
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50, 100, 400 according to the method of Syarief & 

Halid (1993). The determination of angles of heap was 

performed according to Khalil (1999b). The endurance 

of green concentrate pellets was tested using shatter test 

by throwing pellets of known weights over a plates iron 

according the method of Balagopolan et al. (1988). The 

endurance pellets to friction (durability) were 

determined using the tumbling method as described by 

Fairfield (1994). The density was measured by pouring 

out samples of known weights into measuring glasses, 

and density was calculated as the ratio sample weight to 

the volume it occupies in the glass meter (kg/m
3
) 

according to Khalil (1999a).   

In vitro ruminal fermentation  

In vitro fermentation was done according to the 

method Tilley & Terry (1963). Rumen fluid was 

obtained from goats in the slaughterhouse. Rumen 

liquid was put into a flask surrounding hot water to 

maintain a temperature in flask between 39-40°C. 

Samples (0.5 g) of each feed treatment was put into 

fermentor tube into which 18.0 ml artificial saliva 

solution (McDougall) was added (temperature 39-40°C 

and pH 6.5-6.9), and then inoculated with 12 ml of 

rumen liquid. CO2 added to the flask for ±30 seconds in 

order to maintain the anaerobic condition and the tube 

was  covered with rubber with one direction out of 

ventilation. Tube fermentor then inserted into a shaker 

water bath at a temperature of 39°C and incubated for 

four hours. NH3 concentration was determined 

according to the Conway micro diffusion method 

(Department of Dairy Science 1966), the VFA total was 

determined by a steam distillation method (Department 

of Dairy Science 1966), and pH was measured using a 

pH meter.  

After 48 hours of incubation, the rubber cover was 

opened and 0.2 ml saturated HgCl2 was dropped (3-2 

drops). The tubes were centrifuged at 5000 rpm for 20 

minutes. The solution was taken and filtered with paper 

Whatman N.41 with the help of vacuum pump, and the 

residue was then transferred to the cup and dried. The 

residues were analysed for N by the KJELDAHL 

method, and considered as the rumen undegradable 

protein (Licitra et al. 1995).  

After the supernatant was disposed of, the residues 

were centrifuged in a tube fermentor then dissolved in 

30 ml solution a pepsin-HCl (0.2%) and incubated for 

48 hours in the aerobic condition at 39-40°C. Then 

solution was filtered with Whatman N.41 paper with the 

help of vacuum pump. The residues was then dried in 

an oven at 105°C for 24 hours and weighed to calculate 

the dry matter degradable (IVDMD). The sample then 

dried in the electric furnace at a 600°C for 24 hours to 

determine the degradable organic matter (IVDOM). The 

residue was used to analyzed the N content for the 

calculating of degradable crude protein (IVCPD). 

IVCPD was calculated as the difference between the 

crude protein content of the samples before being 

incubated and after being incubated. 

In Vitro gas production  

Total gas production was measured according to the 

procedures of Close & Menke (1986). Syringes (50 ml) 

were filled with 0.2 g sample and then added 30 ml of 

rumen liquid that has been mixed with a buffer solution 

(1 : 2). The syringes are then inserted into a shaker 

water bath at 39°C. Gas production was measured at 2, 

4, 6, 8, 12, 24, and 48 hours of fermentation by noting 

the volume of gas formed during the process of 

fermentation. 

Statistical analysis 

The physical characteristic evaluation was arranged 

in a completely randomized design of four treatment 

(composition of green concentrate pellet) with three 

replicates. The in vitro study was arranged in a 

randomized block design with rumen liquid sampling 

time the block consisting of four treatments with three 

replicates. Data were analysed using the method of e 

Analysis of Variance (ANOVA). Uses software SAS 

version 9.1 (2002). The means were compared using the 

Duncan test (Steel & Torrie 1995).  

RESULTS AND DISCUSSION 

Chemical compositions  

The nutrient compositions of the green concentrates 

were shown Table 2. The dry matter (DM) and organic 

matter (OM) content were relatively comparable among 

all treatments. The DM and OM contents ranged from 

93.87 to 95.62% and from 89.65-91.11%, respectively. 

The crude protein (CP) contents were numerically 

higher when the inclusion level of I. zollingeriana 

increased which is due to the higher crude protein 

content of I. zollingeriana compared to C. calothyrsus 

(Tarigan et al. 2010). The crude protein content of the 

green concentrates pellets ranged from 18.82 to 

21.44%. The high crude protein content of green 

concentrates pellet based on the mixtures 

I.zollingeriana  and  C. calothyrsus, is expected to 

increase productivity of ruminants through increasing of 

the flux of dietary protein for absorption in the 

intestines, and improving the amount of amino acid 

absorbed from intestinal digestion (Bach et al. 2005; 

Patra & Saxena 2011). The content of crude fibers is 

relatively low and ranged from 8.95 to 12.04 %.  
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Table 2. Chemical compositions of green concentrate pellets (% DM) 

Parameter 
Experimental forage Experimental diets 

I. zollingeriana C. calothyrsus R0 R1 R2 R3 

Dry matter (DM) 20.40 33.30 95.62 95.15 93.87 94.05 

Organic matter (OM) 90.85 93.40 89.79 89.65 90.77 91.11 

Crude protein (CP) 25.78 18.83 21.44 20.49 19.17 18.82 

Crude fiber (CF) 14.25 11.70 12.04 10.25 8.95 9.35 

NDF  35.64 47.70 42.18 40.20 38.30 33.13 

ADF  24.64 33.90 27.70 21.10 17.29 18.02 

Total tannin 0.85 12.76 0.85 2.75 3.79 5.56 

       

The NDF and ADF content range from 33.13 to 

42.18%, and from 17.29 to 27.70%, respectively. These 

level of NDF and ADF contents seem not cause restrict 

feed consumption when fed to ruminant animals. (Van 

Soest et al.1991; De Boever et al. 2005). 

The content of the total tannin in  R0 (8.50 g/kg 

DM) is classified as very low, far below the threshold 

level (50 g/kg DM)  that could express its role as anti of 

nutrient (Min et al. 2003; Al-Dobaib 2009; Piluzza et al. 

2013). In line with the increasing inclusion level of C. 

calothyrsus the total tannin content increased in  R1, 

R2, and R3 (2.75, 3.79, 5,56%, respectively). Tannin 

was related to the protection of dietary protein against 

increasing the flux of dietary protein for absorption in 

the intestines and may result improving the amount of 

amino acid absorbed from intestinal digestion 

(Jayanegara et al. 2009; Szumacher-Strabel & Cieslak 

2010; Goel & Makkar 2012). The use of tannin in 

rations feed on certain concentration can improve 

efficiency nutrients, increase the productivity of 

ruminants. To increase the use of protein feed, 

especially feed with level degradation rumen high 

required protection. Protection protein intended to 

reduce the level of degradation protein in the rumen but 

digested by an enzyme post-ruminally so that directly 

can use through a process absorption post-ruminally in 

the small intestines. One way protection protein with a 

coating is to the tannin (Smith et al. 2005; Patra & 

Saxena 2011). 

Physical qualities  

The value of water activity (Aw) on green pellet feed 

concentrates based I. zollingeriana combined with C. 

calothyrsus (treatment) shown in Table 3. It is shown 

that the value of the water activity (Aw) green 

concentrate pellets with composition of R3 (45% I. 

zollingeriana and 45% C. calothyrsus) were lower 

(P<0.05) compared to those with composition of 90% 

or 60 % I. zollingeriana, but similar to those with 

composition of 75% I.zollingeriana and 15% C. 

calothyrsus. The value of water activity obtained in this 

study are low ranging from 0.49 to 0.60. It has been 

known that microbes can only grow in materials with 

specific water activity and materials having water 

activity of 0.7 is considered to be sufficient for lasting 

storage (Winarno 1991). The relatively low water 

activity values of green concentrate pellets found in this 

study is indicative of its potential for long lasting 

storage. The pelleting process could be defined as the 

agglomeration of small particles using a mechanical 

process in combination with moisture, heat, and 

pressure (Abdollahi et al. 2013). The particles size of 

green concentrate pellets is shown in Table 3. The 

particle size of the green concentrate pellets was lowest 

in that with composition of 45% I. zollingeriana and 

45% C. calothyrsus and there were no differences 

(P>0.05) among other treatments. The particle size of 

green concentrate pellets in all treatments ranged from 

12.12 to 13.24 mm. It was reported that the particle size 

of pellets was influenced by the particle size of its 

ingredients, and the smaller the particle size of its 

ingredients was the smaller the particle size of the 

pellets (Saenab et al. 2010). Amerah et al. (2007) 

reported that pelleting reduced the relative proportion of 

materials with particle size of > 1.0 mm and increased 

the proportion of those with particle size < 0.075 mm in 

coarse diets.  

The degree of angles of repose of green concentrate 

pellets was not different (P>0.05) among the treatments 

and ranged from 18.06 to 21.01. Angulo (1995) confirm 

that materials that can easily flow will have degree of 

angles of repose ranging from 20 to 30°. When 

compared to these values the green concentrate pellets 

of various composition of I. zollingeriana and C. 

calothyrsus would easily flow across the compartments 

within the whole feed processing system. This trait is 

important in improving the efficiency of feed 

processing.  
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Table 3. Physical qualities green concentrates pellets based I. zollingeriana in combination with C. calothyrsus 

Parameter 
Treatment 

R0 R1 R2 R3 

Water activity (Aw) 0.60±0.08a 0.54±0.01ba 0.58±0.01a 0.49±0.02b 

Particles size (mm) 13.16±0.14ba 13.24±0.13a 12.69±0.71ba 12.12±0.81b 

Degree value angles (°) 18.84±1.11 18.06±0.45 21.01±1.40 19.04±3.59 

Collision endurance (%)  99.84±0.06ba 99.90±0.01a 99.78±0.05b 99.65±0.06c 

Friction endurance (%) 92.53±0.70a 92.92±1.46a 90.42±0.41a 87.19±2.50b 

Bulk density (kg/m3) 590±0.03 640±0.02 590±0.02 570±0.00 

a,b,c means within a row without a common superscript letter differ significantly 

Collision endurance is variable that is used to test 

endurance of pellets to collision. The collision 

endurance of green concentrate pellets R3 composed of 

45% I. zollingeriana and 45% C. calothyrsus was 

lowest (P<0.05), but it was not different among other 

treatments (Table 3). The range of collision endurance 

values of the green concentrate pellets was 99.65 to 

99.90% which are slightly higher compared to the study 

of Saenab et al. (2010) in complete pellet feed 

containing hydrolysates of shrimp by-products having 

collision endurance ranging from 92.25 to 99.34 %. The 

gelatinizing process may help to form a string ties 

among the particles that resulted in improving a 

compact pellet feed (Cheeke 1999). 

Friction endurance value (durability) of green 

concentrate pellets significantly (P<0.05) increased as 

the proportion of I. zollingeriana in the green 

concentrate increased. The friction endurance value 

(durability) of green concentrate pellet ranged from 

87.19 to 92.92%. These values are numerically greater 

than the minimum friction endurance value (durability) 

of 80 % reported by Dozier (2001).  The relatively high 

friction endurance values of green concentrate pellets in 

the present study could be affected by low the moisture 

content and small particle size of materials used to 

produce the green concentrate pellet so that they were 

compact and not easily destroyed by friction. The 

smaller the size of particles of materials the larger are 

the surface area for particles to contact and to form a 

strong bound among the particles which then cause the 

pellets are not easily destroyed (Saenab et al. 2010).  

The bulk density was not affected (P>0.05) by the 

composition of the green concentrate pellet (Table 3). 

The bulk density of the pellet was in the range of 570 to 

640 kg/m3. Numerically, the bulk density was highest 

in green concentrate pellet composed of 75% I. 

zollingeriana (640 kg/m3) and was lowest in that 

composed of 45% I. zollingeriana (570 kg/ m3). Kahlil 

(1999a) stated that feed having low bulk density (<450 

kg/m3) require longer flowing time flows (vertical 

direction) and vice versa with other feed which have the 

bulky density >500 kg/m3). Materials in the form of 

pellets or tube having bulky density of 600-800 kg/m
3
 

are easier to handle, delivery, storage and to use 

(Kaliyan & Morey 2009). The bulky density of green 

concentrates pellets in the present study is considered to 

be relatively high indicating that handling of these 

pellet feed will be easy and less space is needed to 

store. Khalil (1999a) reported that feeds with high bulk 

density need a period of falling and flowing more 

concise than those with lower bulk density. 

In Vitro rumen degradability 

The in vitro rumen degradability of green 

concentrate pellets based on mixtures of I. zollingeriana 

and C. calothyrsus is shown in Table 4. IVDMD and 

IVOMD of pellet composed of 90% I. zollingeriana 

were significantly higher (P<0.05) compared to other 

treatment. The IVDMD and IVOMD increased in line 

with the increasing proportion of I. zollingeriana and 

decreasing proportion of C. calothyrsus. The higher 

content of tannin in C. calothyrsus may contributed to 

this phenomenon as indicated by the highest tannin 

content (55.6 g/kg) of those green concentrate pellet 

with the highest proportion of C. calothyrsus (Table 2). 

This tannin level is beyond the threshold of 50 g/kg DM 

that has a decreasing effect on the rate of protein 

degradation (Min et al. 2003; Al-Dobaib 2009; Piluzza 

et al. 2013). Thus, an increase in the tannin content in 

any green concentrates pellets composition is tending to 

cause decreases in IVDMD and IVOMD. Suharlina et 

al. (2016) reported that feed concentrates composing of 

20% I. zollingeriana has a high in vitro degradability 

due to its high content of crude protein (CP) and low 

content of crude fibers. Increasing nitrogen content in 

forage mixtures by adding legumes have been shown to 

improve ruminal digestion of feed dry matter (Dal 

Pizzol et al. 2017). In the present study, the IVDMD 

and IVOMD of green concentrate pellets may have 

been positively influenced by high CP content of  

I. zollingeriana. 



Tarigan et al. Physical quality and digestibility in vitro determination of green pellet concentrate based on Indigofera zollingeriana 

119 

IVCPD of green concentrates pellet were no 

significantly different (P>0.05) among treatments, 

except that IVCPD was lowest (P<0.05) in that 

composed of 45% I. zollingeriana and 45% C. 

calothyrsus (Table 4). IVCPD values ranged from 77.65 

to 86.78% in all treatments with the highest values 

obtained in the pellet composed of 90% I. zollingeriana 

(86.78%). The increasing level of  I. zollingeriana in 

the green concentrate pellets linearly increased the 

crude protein content of the pellets  (Table 2).This 

increase of the crude protein in diet may trigger the 

activity of microbial fermentation in the rumen (Kiran 

& Mustsvangwa 2009; Sauve et al. 2009). This 

indicates that the green concentrate may have provided 

sufficient N to favor the growth rumen microbes that 

serves as a source of protein for of ruminants. IVCPD 

obtained in the present study are higher than those 

reported by Suharlina et al. (2016) ranging from 79.1 to 

83.38% on diets composed of 0.20 and 40% I. 

zollingeriana fed to goats. The relatively high 

digestibility of these green concentrate pellets could 

also be affected by the process (grinding, pressuring, 

and heating) that has been put on ingredients in 

producing the pellets. The application of heat and 

pressure during pelleting might promote starch 

gelatinisation which increased the fermentation rate 

(Solanas et al. 2008). 

RDP of green concentrate pellets was affected by 

the composition of the pellet (P<0.05). The greatest 

RDP was observed in pellet with highest level 

proportion of I. zollingeriana and decrease in line with 

increasing proportion of C. calothyrsus. This indicates 

that solubility of the protein in green concentrate tend to 

rise as the proportion of I. zollingeriana is increasing. 

This is in agreement with the fact that I. zollingeriana 

has high protein content with high degradability in the 

rumen and low fiber and tannin contents (Tarigan et al. 

2010; Suharlina et al. 2016). 

The RUP of green concentrates composed of 45% I. 

zollingeriana and 45% C. calothyrsus was higher 

compared to that composed of 60% I. zollingeriana and 

30% C. calothyrsus or 90% I. zollingeriana and 0%  

C. calothyrsus, but was not different to that composed 

of 75% I. zollingeriana and 15% C. calothyrsus. The 

ranking order of the green concentrate pellet in term of 

their RUP values was R3>R2≥R1>R0. RUP value 

increase in line with the increased proportion of C. 

calothyrsus in the mixture with I. zollingeriana. 

Combination of high-tannin forages with other highly 

fermentable forages will improve microbial protein 

synthesis and microbial growth efficiency (Soltan et al. 

2012). Tannin is beneficial to form a complex with 

protein in the rumen for supplying protein to the 

digestive tract after rumen, to increase productivities of 

ruminants (Al-Dobaib 2009; Jayanegara et al. 2011b; 

Piluzza et al. 2013). This indicates the potential of 

green pellets concentrates for supplying protein needs 

of ruminants after rumen. 

Characteristic of fermentation rumen 

The pH values of the media (in vitro) were not 

affected (P>0.05) by the composition of I. zollingeriana 

and C. calothyrsus of the green concentrate pellets 

(Table 5). The lowest pH (P>0.05) was observed in 

media where substrate used was the mixture of I. 

zollingeriana (45%) and C. calothyrsus 45%. 

Nevertheless, there was a trend of decreasing pH of in 

vitro media when the proportion of C. calothyrsus in 

substrates increase. The pH levels obtained in the 

present study ranged from 6.73 to 6.75 and is relatively 

lower compared to those reported by Syahrir et al. 

(2009), i.e., 6.9-7.0 when using flour mulberry as 

substrates. This pH levels are at least in the range of 

6.2-7.2 reported by Van Houtert (1993) and Van Soest 

(1994) to ensure optimal ruminal digestion. 

The ammonia-N (NH3-N) concentration (9.32 mM) 

was highest (P<0.05) when 90% I. zollingeriana was 

used as substrate, but it was not different (P>0.05) to 

that when 75% I. zollingeriana and 15% C. calothyrsus 

was used as substrates (8.21 mM). The concentrations

Table 4. In vitro rumen degradability green pellets concentrates based I. zollingeriana in the combination with C. calothyrsus  

(% DM) 

Parameter 
Treatment 

R0 R1 R2 R3 

IVDMD (%) 73.62±1.30a 66.58±2.65b 60.09±0.91c 53.47±1.63d 

IVOMD (%) 71.84±1.80a 64.29±1.08b 57.58±1.11c 50.43±2.01d 

IVCPD (%) 86.78±0.96a 85.59±5.87a 84.07±2.81ba 77.65±2.41b 

RDP (%) 54.35±0.54a 47.00±0.92b 48.08±2.5b 42.47±3.27c 

RUP (%) 45.65±0.54c 53.00±0.92b 51.92±2.5b 57.54±3.27a 

a,b,c,d Means within a row without a common superscript letter differ significantly 

RDP - rumen degradable protein; RUP-rumen undegradable protein 
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Table 5. Characteristic fermentation rumen concentrate green pellet based I. zollingeriana in the the combination with C. 

calothyrsus  

Parameter 
Treatment 

R0 R1 R2 R3 

pH  6.75±0.05 6.75±0.05 6.73±0.06 6.73±0.03 

N-NH3 (mM) 9.32±1.25a 8.21±0.50ba 7.51±0.66b 6.30±0.67c 

Total VFA (mM) 138.12±7.57a 117.45±7.09b 95.50±3.21c  78.31±5.57d 

Total bacteria (LogCFU/ml) 6.69±0.31 6.24±0.06 6.45±0.34 6.51±0.45 
a,b,c,d Means within a row without a common superscript letter differ significantly 

 

 

Figure 1.  Total gas production of feed green concentrate pellets in different combination I. zollingeriana/C. calothyrsus (90/0; R0), 

I. zollingeriana/C. calothyrsus (75/15; R1), I. zollingeriana/C. calothyrsus (60/30; R2) and I. zollingeriana/C. calothyrsus 

(45/45; R3). 

ruminal NH3-N of all treatments ranged from  6.30 to 

9.32 mM. McDonald et al. (2010) stated that the 

concentration NH3-N required to support protein of 

rumen microbes ranged from 85 to 300 mg/l or 6-12 

mM. The increased proportion of I. zollingeriana tends 

to increase the concentrates of NH3-N of the rumen 

liquid which may related to the increased protein level 

of the green concentrate. The NH3-N concentration of 

the rumen liquid observed in this study is higher 

compared to 3.87-5.23 mM reported by Suharlina et al. 

(2016). 

The concentration of total VFA in the rumen liquid 

was highest when 90% I. zollingeriana was used as 

substrate. As the proportion of I. zollingeriana in the 

green concentrate pellet increased the VFA 

concentration tent to increase. The VFA concentration 

ranged from 78.3 to 138.12 mM and in parallel with the 

normal range 78.81 to 138.2 mM reported by Wanapat 

& Pimpa (1999). There was a decrease of 33% in the 

VFA concentration of the rumen liquid when the 

proportion of I. zollingeriana deceased from 90 to 45% 

in the mixtures of I. zollingeriana and C. calothyrsus. 

Total bacteria number was not different (P<0.05) 

among treatments and ranged from 6.24-6.69 log 

CFU/ml. Numerically, total rumen bacteria numbers 

were higher when 90 % I. zollingeriana was used as 

substrate. 

In Vitro gas production 

Total gas production for 48 hour incubation period 

of green concentrate pellets is presented in Figure 1. 

Total gas production obtained at all treatments ranged 

from 38 to 52 ml which are numerically higher 

compared to 20.31-24.83 ml reported by Suherlina et al. 

(2016) worked on feed concentrates based on I. 

zollingeriana in vitro. The gas production was highest 

(P<0.05) when green concentrate pellet composed of 

90% I. zollingeriana was incubated. The gas production 

tent to increase as the proportion of I. zollingeriana in 

the green concentrate pellets increased and which may 

related to the it's higher crude protein and lower fiber 

contents that could trigger increased feed digestion. The 

study of Tschernig et al. (2006) showed that addition of 
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I. zollingeriana increases the rate of the production of 

gas and degradation N more than C. calothyrsus. The 

gas production curve of all treatments showed a linear 

fashion over the 48 hour-incubation periods. This is 

indicative of the presence of substrates that are readily 

fermented provided that incubation period was 

prolonged over 48 hours period.  

CONCLUSION 

It can be concluded that inclusion of Calliandra 

calothyrsus did not change physical quality of green 

pellets. However, increasing level of C. calothyrsus 

increased RUP and reduced digestibility, N-NH3, and 

total VFA. 
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ABSTRAK 

Hutasoit R, Juniar S, Tarigan A, Ratih DH. 2017. Evaluasi empat spesies legume herba sebagai sumber hijauan dan cover crop 

pada perkebunan kelapa sawit. JITV 22(3): 124-134. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1801 

Tanaman leguminosa adalah jenis pakan yang sangat berkualitas sebagai pakan ternak. Terbatasnya lahan merupakan 

masalah dalam pengembangannya. Integrasi dengan perkebunan sawit merupakan salah satu potensi dalam pengembangannya. 

Penelitian bertujuan untuk mengevaluasi produktivitas beberapa tanaman leguminosa (Arachis glabrata, Stylosanthes 

guianensis, Clitoria ternatea, and Chamaecrista rotundifolia) sebagai sumber pakan dan cover crop. Uji potensi dilakukan di 

kebun sawit seluas 4608 m2 dalam rancangan acak lengkap dengan empat perlakuan (spesies legum) dan tiga ulangan. Parameter 

yang diamati antara lain: Produksi legum, rasio daun/batang, komposisi kimiawi legum, konsentrasi N, P dalam tanah, 

kandungan mikroba dalam tanah, kecernaan legum dan produksi buah sawit. Hasil penelitian menunjukkan produksi legum BK 

tertinggi (P<0,05) pada spesies Clitoria ternatea (16,15 ton/ha-1tahun-1), Rasio daun/batang tertinggi (P<0,05) pada Arachis 

glabrata (2,09). Komposisi kimiawi BK yang dihasilkan tidak berbeda (P>0,05) berkisar antara 33,75-35,75%, kandungan BO 

(P<0,05) tertinggi dimiliki Clitoria ternatea. Protein kasar sangat bervariasi (P<0,05) tertinggi pada Clitoria ternatea 17,84%. 

kandungan NDF tidak berbeda (P>0,05). Kandungan ADF paling rendah (P<0,05) pada Chamaecrista rotundifolia. Kandungan 

N pada tanah awal kegiatan relatif sama (rata-rata 0.10%), namun pada akhir kegiatan meningkat (P<0,05) tertinggi 0,16% pada 

perlakuan Stylosanthes guianensis. Populasi bakteri penambat N tertinggi 1,76 x 109 dan bakteri pelarut fosfat 9,8x105 terdapat 

pada perlakuan Clitoria ternatea. Produksi buah kelapa sawit relatif sama (P>0,05) berkisar antara 16,52-19,21 ton ha-1tahun-1. 

Disimpulkan bahwa jenis Clitoria ternatea merupakan tanaman leguminosa yang paling baik untuk digunakan sebagai pakan 

ternak dan cover crop pada tanaman kelapa sawit.  

Kata Kunci: Leguminosa, Cover Crop, Tanaman Pakan, Kelapa Sawit 

ABSTRACT 

Hutasoit R, Juniar S, Tarigan A, Ratih DH. 2017. Evaluation of four pasture legumes species as forages and cover crops in oil 

palm plantation. JITV 22(3): 124-134.. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1801 

Pasture legumes is a very high quality of forage. The limited land is the problem of its development. Integration with oil 

palm plantations is one of the potentials for its development. This study was aimed to investigate the productivity of several 

legumes (Arachis glabrata, Stylosanthes guianensis, Clitoria ternatea, and Chamaecrista rotundifolia) as forages and cover 

crop. The potential tests were conducted in oil palm area of 4608 m2, in a complete block design with four treatments (legume 

species) and three replications. Parameters observed were: Legum production, leaf/stem ratio, chemical composition of legume, 

concentration of N, P in the soil, microbes in the soil, leguminous digestibility and palm fruit production. Results showed that 

the highest legume production (DM) was (P<0.05) in the species of Clitoria ternatea (16.15 tons ha-1year-1), the highest 

leaf/stem ratio (P<0.05) was in the Arachis glabrata (2.09). The chemical composition (DM) did not differ (P>0.05) ranged from 

33.75 to 35.75%, the organic matter (OM) varied greatly (P<0.05) the highets was in Clitoria ternatea. The highest Crude 

protein (P<0.05) was in Clitoria ternatea 17.84%. NDF concentrations did not differ (P>0.05). The lowest ADF concentration 

(P<0.05) was in Chamaecrista rotundifolia. The concentration of N in the soil indicated that early year of activity was similar 

(average 0.10%), at the end of activity increased (P<0.05) in treatment Stylosanthes guianensis (0.16%). The highest population 

of N-fixation bacteria of 1.76x109 and phosphate solvent of 9.8x105 were in the treatment of Clitoria ternatea. Production of 

fresh fruit bunches of the palm was relatively similar (P>0.05) ranged from 16.52-19.21 tons ha-1year-1. It is concluded that 

Clitoria ternatea is the best species of legume tested as forage and cover crop in oil palm plantations. 

Key Words: Legume, Forage, Oil Palm 

INTRODUCTION 

An increasing livestock, particularly ruminants 

population should be followed by the availability of 

feeds, however in Indonesia land availability for forage 

crop is limited. This condition is also occurred in many 

countries (Jalaludin 1997; Harahap et al. 2017) which 

caused by increasing human population forced 
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conversion of pasture land for housing or industrial 

purpose (Mapiye et al. 2007). Alternative area for 

planting forage crop should be explored, this including 

land area under plantation including oil palm, rubber, 

and coffee plantation.  Integration of oil palm plantation 

with forage crop such as herbaceous legume as cover 

crop is an option as feed source for ruminants.  

Previous research has reported the benefits of 

legume cover crops used to increase soil fertility (Zhou 

et al. 2012; Gomes et al. 2009; Mazzoncini et al. 2011) 

and to conserve land conservation (Plieninger & 

Gaertner 2011). However, information on double 

function of cover crop to increase soil fertility and as 

feed source is limited. Previous study reported that 

herbaceous legume in ruminant feeding supplied rapidly 

degradable protein for microbial protein synthesis and 

contribute to the pool of amino acids available for the 

synthesis of milk protein and retention in the body 

tissue (Ramos-Morales et al. 2010). Juma et al. (2006) 

reported that Clitoria, Mucuna, and Gliricidia can be 

used as nitrogen supplement to the lactating of Jersey 

cows. Kemp et al. (2010) feeding chicory (Cichorium 

intybus), plantain (Plantago lanceolata), red clover 

(Trifolium pratense) and white clover (Trifolium 

repens) produced live weight gains in lambs 70% 

greater than feeding perennial ryegrass (Lolium 

perenne) based pastures. Legume as cover crop is 

known to increase soil organic matter quantity and the 

soil fertility (Franzluebbers & Stuedemann 2007; 

Mohamad et al. 2010) this due to legume symbiosis 

with Rhizobium which able to fixing nitrogen from the 

air  resulted in reduction the cost of fertilizers such as 

Urea and TSP up to 40-50% (Saraswati et al. 1996). 

The characteristics and morphology of herbaceous 

legume plants in that they have many root nodules 

(Oldroyd & Downie 2008) this make them potential to 

provide a multitude of benefits to soil conservation and 

nutrient cycling efficiency while reducing economic 

risk and increasing profitability.  

According to Valbuena et al. (2012); Bell et al. 

(2014) planting legumes is potential to improve the 

sustainability and productivity of the smallholder mixed 

farming systems by providing a high-quality feed  

which can increased crop and livestock production. 

Legume forages play an important role in feeding 

ruminant systems in many tropical and subtropical 

countries in the world. The information on legume 

species as cover crop has been reported, the species of 

herbaceous legumes commonly planted in oil palm 

plantation are Pueraria phaseloides, Centrosema 

pubescens, Calopogonium mucunoides, Calopogonium 

caeruleum and of late Mucuna bracteata (Chiu & 

Madsun 2006), but these plants have not been used as 

animal feed for the production, might be due to its 

palatability is very low. There are many types of 

legumes that are familiar as livestock feed. For 

example, Arachis glabrata, Stylosanthes guianensis, 

Clitoria ternatea, and Chamaecrista rotundifolia. Each 

of them has an advantage. According to Constanza et al. 

(2015) Arachis glabrata have been studied for their 

potential as a high quality forage plant and the high 

nutritional value of the forage close to alfalfa. Arachis 

glabrata as a high quality legume is used for hay in 

most of the Southern USA. Ghosh & Bera (2000) 

reported that the high quality of Arachis glabrata was 

developed in India as a possible source of legume 

fodder. 

Stylosanthes guianensis has good nutrition, 

palatable, and high digestibility (Thang et al. 2009; 

Muamba et al. 2014). It has been the best feed for 

Hainan black goats because of its high yield and 

nutritive value (Guodao et al. 1997) Moreover this 

forage was reported able to increase the performance of 

west African dwarf sheep (Ogunbode & Akinlade 2012) 

and have suitable nutritive values for livestock in 

tropical regions of China (Li et al. 2014). Phengsavanh 

& Ledin (2003) indicated that the diet of goats 

containing 30–40% dry matter (DM) of stylo could 

improve growth rate to 64–70 g day
-1

. 

Clitoria ternatea is commonly known as butterfly 

pea, potential as high quality forage legume (Abreu et 

al. 2014). Other than as animal feed, clitoria also has 

potential as medicinal plants used in various traditional 

systems such as antidiabetic, antioxidant and anti-

inflammatory activity (Ponnuswamy & Wesely 

Jebasingh Devairrakam 2011; Zingare et al. 2013; 

Suganya et al. 2014), it is useful in ophthalmopathy, 

bronchitis, asthma tubercular glands, hemicrania, 

burning sensation, starngury, helminthiasis, 

inflammation, vitiated condition of pitta vicerormegaly, 

and fever (Chauhan et al. 2012).  

Chamaecrista rotundifolia had high DM 

digestibility, potential to provide greater quantities of 

high quality forage and still have high production in dry 

season (Larbi et al. 1999) and used as feeding stock 

during seasonal gap in smallholder mixed farms in the 

West African derived savanna. The utilization of C. 

rotundifolia hay powder to replace 40% of wheat bran 

in the traditional substrate formula for mushroom 

production increase 76.92% of the biological efficiency 

and increase 29.14% of total yield of mushroom (Weng 

et al. 2013)  

There is few information on those type of legume as 

a forage and cover crop planted in plantation. 

Therefore, the purpose of this research was to evaluate 

the productivity of the four species of legumes as a feed 

source and cover crop in oil palm plantations, and to 

evaluate the effect of planting these legumes on soil 

biophysic condition and fruit bunch production. 
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MATERIALS AND METHODS 

Location 

The study was carried out in Asahan District, North 

Sumatera Province, Indonesia. It is one of the centers of 

oil palm plantations with a total area of 74.83.70 ha, 

and number of cattle was 666.496, located at 2°03'- 

3°26 'North latitude, 99°1'-100°0' East Longitude and 

elevation of ± 100 m above sea level. The mean annual 

temperature was 250°C, humidity 70% with an average 

rainfall of 1500 mm/year. This study used 5 years old 

oil palm owned by smallholder farmers covering an 

area of 4608 m
2
, with a light intensity of 50%. The oil 

palm spacing is 8 x 8 m. Therefore, there are 72 palm 

trees on a whole area of research. The type and 

structure of the soil which is attached in this research 

area is podsolic with sandy soil structure 52.32%, dust 

13.70%, clay 33.98%, pH 5.05, N Total 0.10%, C-

Organic 1.01%, P2O5-total of 0.53 mg/100 g, P-

Available 4.77 ppm. This condition indicates that the 

soil is very poor (infertile).  

Land and seed preparation 

The field was spray to eradicate all green vegetation 

by using the herbicides Roundup (Glyphosate 360 g/l). 

Then the soil in the inter-rows was plowed to a depth of 

approximately 10 cm to prepare the seedbeds. Four 

species of legume were: Stylosanthes guianensis, 

Arachis glabrata, Clitoria ternatea, and Chamaecrista 

rotundifolia. Seeds were planted into polybags of size 

15 × 25 cm. Polybags were filled with two parts top soil 

+ sand + 1 part of compost. Insecticide treatment was 

given after seedling to avoid ants and another insect. 

Experimental design and treatments 

Fourth treatments were arranged in a randomized 

complete design with three replications. There were 12 

plots, each plot size was 16 x 24 m = 384 m
2
. The 

seedlings were water every day before transferred to the 

plots area. Polybags were kept in the nursery for eight 

weeks. For better germination, polybags were kept in 

50% shade for two weeks, then exposed to direct 

sunlight afterward. All plots were manually weeded and 

kept without weeds during the experiment. Plots 

fertilized with 20000 kg/ha of goat manure (972 

kg/plot), limestone 1500 kg/ha (72.9 kg/plot), K2O 100 

kg/ha (4.86 kg/plot), and P2O5 as much 50 kg/ha (2.43 

kg/plot). Goat manure and the limestone applied before 

tillage. While K2O and P2O5 were applied to cover 

crops one month when the forth seedlings were 

transplanting from nursery to the field. Legumes were 

grown throughout the oil palm trees with Alley-

cropping system (about 1 m) so that the area spacing 

between legumes 0.5 x 0.5 m area of oil palm were used 

for the study. 

Variable observed 

Dry matter yield 

The biomass of each legume species was harvested 

from all area in the plot at early flowering (10%), at 90 

days after planted and at 60 days average interval 

cutting. Observation of harvesting was done of six 

times. All legumes were harvested at 20 cm above 

ground. The data from each plot and harvesting time 

was calculated to estimate production (ton/ha/year). 

Leaf/steam ratio  

The proportion of leaves and stems on legumes 

taken every harvesting were measured. A 500 g/plot 

samples biomass production of legumes were taken to 

determine the ratio of leaves and stems. The separation 

was done, then the weighing was also done in each 

fraction to calculate leaf and stem ratio. Observation 

was done every harvest, then all data were averaged at 

the end of experiment. After separation of leave from 

stem, the width of leave was measured. Another 

500g/plot each time harvesting were taken then dried in 

air forced oven at 65°C for 48 h for dry matter (DM) 

determination and to analyze nutrient content of 

legumes. Chemical composition 

All samples were bulked according to treatments 

and replications as a material to determine the chemical 

content. Samples were ground using hummer mill with 

a screen 1.0 mm. N content was analyzed according to 

AOAC (2005). The neutral detergent fiber (NDF) and 

acid detergent fiber (ADF) were analyzed according to 

the method of Van Soest et al. (1991) 

Consumption and digestibility 

Feed consumption and dry matter digestibility 

pasture legumes were performed on 20 cross breed Boer 

goat x kacang goat (Boerka) with an average weight of 

20 kg placed in the metabolism cage. Goats were 

divided into four groups and randomly assigned each 

group to one of four legume species as a single feed ad 

libitum in the morning and evening. Drinking water was 

available at all the times. The adaptation period was 

allowed for ten days, then followed by measuring feed 

consumption, total feces excretion and urine secretion 

performed for five consecutive days. Feed samples were 

taken daily at feeding and composited and dried at 60°C 

in the oven for three days. Total feces were collected in 

the morning before feeding. After weighing, 10% of the 

feces were subsample and dry in oven at 100°C for 24 

hours.  



Hutasoit et al. Evaluation of four pasture legumes species as forages and cover crops in oil palm plantation 

127 

Nitrogen and phosphorus (P) available in the soil 

Analysis of nitrogen and phosphorus content in the 

soil was done twice, before and after experiment. 

Before the legume was grown every plot of soil samples 

collected using soil drill at depth of 20 cm under the 

ground. Drilling done in 5 points of each plot at 

random, then each soil sample of the plots were bulked 

then taken 500g/plot. Drilling was conducted with a 

distance of 10 cm from the legume plant. Soil was 

analysis for Nitrogen (N) content according to AOAC 

(2005), phosphorus (P) available using extraction 

method HCL 25%, according to AOAC (2005). 

Bacterial colonies  

Counting of Nitrogen-fixing (N-fixing) bacteria and 

Phosphate solubilizing (P-solubilizing) bacteria in this 

study was done twice at the beginning and the end of 

the study. Soil samples were taken at depth of 20 cm 

around the research area of 100g at random (Suganda et 

al. 2006). Calculates the amount of N-fixing bacteria 

was counted using plate count method (Somasegaran & 

Hoben 1985). While P-solubilizing bacteria counted 

using pikovskaya media (Saraswati et al. 2007). The 

colonies of N-fixing bacteria were characterized by 

pink color, round and convex, whereas P-solubilizing 

bacteria were characterized by a clear color. Counting 

the number of colonies was done using equation: 

Total population 

(CFU) g-1 dry soil 

= (number of colonies) x (df) 

                 dm soil 

df = dilution factor in petri dishes where colonies 

are counted 

dm = dry matter of soil sample (g) = wet weight x 

(1 - water content) 

Fresh fruit bunches production 

To determine the production of fresh fruit bunches 

(FFB) of oil palm was done after legume grown in all 

areas of research. harvesting done by cutting the 

bunches of ripe fruit red-orange marked, FFB 

production was obtained with harvest rotation 14 days 

using a chisel tool of 10-12.5 cm with the handle of an 

iron pipe. To facilitate harvesting, the leaf midrib 

should be cut first, then the fruit bunches of ripe are cut 

as close to the fruit base maximum of 2 cm. Fruit that 

falls directly weighed and production recorded  in each 

plot. The data for each harvesting time were collected 

and calculated for total production in one year. 

Statistical analysis 

The study was conducted in a completely 

randomized design (Gomez & Gomez 1984) with four 

treatments (species of legume) and three replications. 

All data obtained except soil biology were analyzed 

with a linear model using SAS software (2009). 

Significant differences among treatment means were 

tested using Duncan's multiple range test (DMRT) at 

the 5% level of. Soil biology (N fixing bacteria and P 

solubilizing bacteria were analyzed descriptively. 

RESULTS AND DISCUSSION 

Plant characteristics and nutrient composition 

Dry mater yield 

Plant characteristics and nutrition composition of 

four species herbaceous legumes is presented in Table 

1. The highest of dry matter yield (P<0.05) was C. 

ternatea 16.15 t/ha/y. The high of C. ternatea 

production is most likely due to its rapid propagation 

ability compared to the three others of species,  as 

indicated by the whole plant  was able to cover the soil 

surface and produced high biomass. Previous study 

reported that C. ternatea production was higher than 

present study. Ratnawaty & Fernandes (2009) reported 

production of C ternatea was 22 t ha
-1

 y
-1

, while Gomez 

& Kamani (2003) was 30 t ha
-1

 y
-1

. The high production 

of the previous study due to C. ternatea was planted in 

the open field, while in the present study this legume 

were planted in the shaded a under oil palm plantation. 

The amount of decreased yield in the shaded area is in 

line with decreasing light intensity from the sun 

(Fanindi et al. (2010). The lack of sun light resulted in 

disruption of the metabolism, causing a reduction in the 

rate photosynthesis and synthesis of carbohydrates.  

(Alvarenga et al. 2003; Sopandie et al. 2003; 

Kirschbaum 2011). A tendency of concentrations of 

chlorophyll and photosynthesis decreased rate with 

increasing level of shade in plants Croton urucurana 

Baill. The optimum light intensity differs according to 

the type of plant (Alvarenga et al. 2003; Sopandie et al. 

2003; Kirschbaum 2011). There are plants that grow 

very well in the shady place, there are also plants that 

require high light intensity. Plants of this last type are 

called "sunplants", while the likes shade called "shade 

plants”. 



JITV Vol. 22 No 3 Th. 2017: 124-134 

 128 

Table 1. Plant characteristics and nutrition composition of four species of herbaceous legumes grown under oil palm plantation  

Species 
Dry matter yield 

(t/h/y) 

Leaf of width 

(mm) 

Leaf/stem 

ratio 

Nutrion composition 

DM (%) CP (%) NDF (%) ADF (%) 

A. glabrata 7.2b 16.50b 2.09a 35.31a 14.57b 46.30a 44.03a 

S. guianensis 8.16b 14.03b 1.19b 35.75a 13.85b 45.06a 43.94a 

C. ternatea 16.15a 36.37a 1.53b 35.06a 17.84a 45.84a 42.00a 

C. rotundifolia 2.65c 19.05b 1.69b 33.75a 14.33b 43.17a 39.66b 

Different superscripts in the same column indicate significant different (P<0.05) 

DM = Dry matter 
CP = Crude protein 

NDF= Neutral detergent fiber 

ADF= Acid detergent fiber 

 

Legume C. ternatea indicates more tolerant to 

shading than three others legumes in this study. Solar 

intensity was 50% in oil palm can be accommodated 

and utilized efficiently by this legume. This is most 

likely because of the leaf of C. ternatea widthest among 

the three other species. Sunlight acquired by C. ternatea 

sufficient for photosynthesis process, the formation of 

carbohydrates from CO2 and H2O in the green leaves, 

resulting in the availability of energy in the form of 

carbohydrates and protein for the growth and 

development of plants and therefore contributes to the 

dry matter production (Hatfield et al. 2011).  

Leaf/stem ratio. The average of leaf/stem ratio in 

this research was 1.62. The highest leaf/stem ratio was 

in A. glabrata (2.09). This ratio was moderate, and 

almost comparable with Indigofera sp cutting at 60 days 

was 1.70 reported by Tarigan et al. (2010). Although S. 

guianensis had the lowest ratio (1.19) but still higher 

than the mulberry plants which was 0.73 (Ginting et al. 

2014) Similarly, the lower leaf/stem ratio was also 

reported on Clitoria (0.94), mucuna (1.0) and lablab 

(0.58) (Macedo et al. 2015). The high leaf ratio in this 

study is likely influenced by the shade from oil palm, 

the shade caused widened the leaves and try to find and 

accommodate the sunlight, the expansion of leaf area is 

one of the mechanisms of tolerance on shade to obtain a 

higher light or the optimization of light reception by the 

plant. Therefore, widen leaves resulted in the increase 

proportion of leaf. The higher leaves proportion of 

forages might an indication that these feed have good 

quality (Shehu et al. 2001; Gustavsson & Martinsson 

2004) and could increase feed consumption and nutrient 

intake due to some of the nutrients were higher the 

leaves than stems. 

Nutrition composition 

The nutrition composition fourth species of legumes 

shows that the average content of dry matter (DM) 

produced were relatively similar and was not 

significantly different (P>0.05) among legume species. 

Overall, DM content was high ranging between 33.75 to 

35.75%, which was higher than DM mulberry plants 

(16%) reported by Ginting et al. (2014). Crude protein 

(CP) obtained ranged from 13.85 to 17.84% the highest 

(P<0.05) CP content was in C. ternatea (17.84%). CP 

content in C. ternatea in this study is comparable to the 

report by Gomez & Kamani (2003) between 14-20%, 

but was higher than previous studies reported by 

Macedo et al. (2015) which was in range 21.3-22.01%. 

The fiber content was relatively moderate, NDF content 

was between 43.17 to 46.30% was not significantly 

different (P>0.05) among legumes studied. Whereas 

ADF content was slightly varied in ranged between 

39.66 to 44.03%, and was significantly different 

(P<0.05) in which C. rotundifolia contained the lowest 

ADF (39.66%). This was likely due to the softer 

structure of the plant. These results were similar to the 

study by Pholsen et al. (2014) 39.46% ADF. However 

higher than (study by Clem et al. (1996) with averaged 

ADF content 36.62% (leaves 28.85, and stems 44.39%), 

the lower ADF content could indicate that the lignin 

level is low and the fiber content is good, this is often 

used to calculate digestibility (Van Saun & Herdt 

2013). Although ADF and NDF C. rotundifolia were 

low in this study, but it digestibility was not 

significantly different from the three other of legumes 

(Table 2).  

Consumption and digestibility 

Feed consumption and dry matter digestibility of 

four legumes species on goats are shown in Table 2. 

Feed consumption of sheep fed on A. glabrata and S. 

guianensis were similar and was significantly higher 

(P<0.05) than C. ternatea and C. rotundifolia . Feed 

consumption in %DM/BW of A. glabrata and S. 

guianensis were 3.1 and 3.3% DM/body weight 

respectively. While DM consumption of C. ternatea 

and C. rotundifolia was lower (2.6-2.8% body weight) 
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Table 2. Consumption and digestibility of dry matter four species of legumes given ad libitum on goats  

Species of legumes 
Consumption (DM) 

Digestibility (%) 
g/d g/kg BW 

A. glabrata 805a 33.17a 56.44a 

S. guianensis 775a 31.87a 54.16a 

C. ternatea 611b 26.87b 61.50a 

C. rotundifolia 654b 28.02b 56.16a 

Different superscripts in the same column indicate significant differences (P<0.05) 

respectively. The high consumption of A. glabrata was 

probably due to the high proportion of leaves of this 

legume (Table 1). While S. guianensis have smaller leaf 

size (14.03 mm), so easy to eat and good preference for 

goat. However, the high consumption of A. glabrata 

and S. guianensis was not followed by high levels of 

digestibility. DM digestibility was not significantly 

different among four herbaceous legumes with average 

of 57.06%. This result is comparable to the study 

reported by Macedo-Barragán et al. (2011) who 

observed DM digestibility of C. ternatea was 59.37%, 

while Juma et al. (2006) observed when Clitoria used as 

nitrogen supplements to the grass basal Napier diet, 

they found that diet digestibility was 58.9%. 

Soil biophysical condition and fruit bunch 

production 

Biophysic of soil before and fruit bunch production 

is presented in Table 3. The average nitrogen (N) 

concentration in the soil at the beginning of the study 

was similar (P>0.05) ranged from 0.9-0.10%. This 

condition indicates that the concentration of N 

contained in these plantation areas is very low. At the 

end of the study, N content in the soil increased, the 

highest increased was in land grown by S. guianensis 

(0.16%). The increased of N content indicates that 

legumes as cover crop was able to increase N 

concentration in the soil. The increase in N content is 

caused by the presence of Rhizobium in root nodule 

which fixed nitrogen from air. The high N content in 

soil grown by S. guianensis treatment was probably 

because S. guianensis produces more root nodules 

compared to the other three species. Despite the 

increase N in the soil in this study, this concentration 

has still below the minimum threshold. Hardjowigeno 

(2003) suggested the normal N concentration in soil is 

approximately 0.2-0.3%. The low N content acquired 

was likely due to shorter duration of this study (one 

year). (Carlsson et al. 2009) reported that the significant 

effects of cover crop on soil condition estimated about 

3-4 years to reach a normal level of N concentration. So 

it might be still takes another 2 years to observe the 

increase of N concentration due to cover crop by 

legume. The highest increased of N content in soil due 

to cover crop was obtained by S. guianensis plant 

(0.06%). When it was calculated as economic returns 

from one hectare of land under oil palm, inter-cropping 

as well as fodder cultivation S. guianensis can be 

accumulated with N content x soil/ha (2,000,000 kg) 

equal to 0.06% x 2,000,000 = 1200 kg N /ha/year, 

equivalent to 2667 kg of urea. By converting the price 

of 5000 IDR per kg urea, S. guianensis as a cover crop 

has to benefit of 13,335,000 IDR /ha
-1

/yr
-1

. While, the 

three others have a profit of 6,667,000 IDR, (A. 

glabrata), 4445000 IDR (C. rotundifolia), and 

2,223,000 IDR /ha/year (C. ternatea).  

Biochemical test to observe concentration of P-

available shows that at the start of the research had an 

average of 2.92 ppm ranged from 1.51 (A. glabrata) to 

5.76 (C. ternatea) (Table 3). At the end of the study, the 

average of P. Available increases to 5.15 ppm. The 

highest increased was in S. guianensis (7.75 ppm), this 

indicates that the microbes have ability to increase of P 

in the soil, without affecting legume biomass 

production. This most likely caused by S. guianensis 

plants is intolerant to shade under oil palm, resulted in 

smaller leaf size  as caused by  light received was not 

maximal for plant biomass to grow. On the other hand, 

P-available on the treatment C. ternatea numerically 

decreased from 5.76 to 4.09 ppm, while phosphate-

solubilizing was higher (9.8 x 10
5
) in this plant. This 

might be associated with the higher of dry matter yield 

production in C. ternatea. The biomass plant harvested 

of this was quite big (16.15 ton ha
-1

 yr
-1

 (Table 2)). The 

high biomass production of C. ternatea as a result of 

higher population of P solubilizing bacteria, wich 

related to availability P in the soil.   Phosphate in the 

soil directly absorbed by the roots and used for the 

legume production (Baligar & Fageria 2007; Karti & 

Setiadi 2011). Legume as a cover crop in this study 

positively increased the P-available in the soil. Type of 

bacteria that caused P-available increase are Bacillus sp, 

and Pseudomonas sp, this microbes was detected 

effectively in dissolving phosphate in the shade of oil 

palm. Interactions between plants and microorganisms 

can cause significant effect on increasing the 

availability of phosphate to 7.75 ppm. The activity of 
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Table 3. Concentration of Nitrogen, Phosphate, nitrogen fixing bacteria and phosphor solubilizing bacteria population, and fresh 

fruit bunches production on land grown by four species of herbaceous legumes under oil palm plantation 

Species 
N. Content (%) P. Available (ppm) Bacteria colonies CFU/g Fresh fruit bunches 

(FFB) t/ha Start End Start End N-fixing P-solubilizing 

A. glabrata 0.10a 0.13b 1.51b 4.98b 3.4 x 106 9.0 x 101 16.52a 

S. guianensis 0.10a 0.16a 2.53b 7.75a 1.28 x 106 5.0 x102 17.52a 

C. ternatea 0.10a 0.11b 5.76a 4.09b 1.76 x 109 9.8 x 105 17.31a 

C. rotundifolia 0.9a 0.11b 1.89b 3.79b 5.0 x 108 1.6 x 103 19.21a 

Different superscripts in the same column indicate significant different (P<0.05) 

the microorganisms found in legumes can secrete 

organic acids such as oxalate, succinate, fumarate, and 

malate. 

Organic acids react with the binder phosphates such 

as Al
3+

, Fe
3+

, Ca
2+

, or Mg
2+ 

to form a stable organic 

chelate, so can release the phosphate ions from binding. 

Therefore P supplied from fertilizer can be absorbed by 

plants (Singh & Reddy 2011). Phosphate-solubilizing 

bacteria produce phytohormones such as Indole Acetic 

Acid (IAA) and Gibberellic Acid (Ga3), as well 

siderophores which is  antagonists against the pathogen 

(Nenwani et al. 2010; Parani & Saha 2012), Therefore 

phosphate-solubilizing bacteria a potential biofertilizer 

to support plant growth and absorbed phosphate ions, 

especially H2PO4- and -HPO42 contained in the soil 

solution. (Kumalasari & Setyorini 2008) reported the 

presence of phosphate-solubilizing bacteria in 

Calopogonium mucunoides grown in soil post-mine 

tailings gold gave resulted in the best growth response 

to this plant. The increase of P. Available was also 

reported by Agisti et al. (2014) using Legume Cover 

Crop (LCC) in the area of the former coal mines give 

real effect on the increase of C-organic, and N-total 

content, the soil pH , and increased P available from 24-

25 ppm to 55-64 ppm.  

Population of N-fixing bacteria was highest in C. 

ternatea (1.7 x 10
9
 cfu/g) followed by C. rotundifolia 

(5.0 x 10
8
 cfu/g) and (Table 3). According to 

Indonesian Government regulation (Permentan 2011), 

the standard number of N-fixing bacteria in the soil is 

≥10
7
 CFU/g. This indicates that cover crop C. ternatea 

and C. rotundifolia was able to produce good quality 

soil that meet standard by Permentan (2011) for 

growing crop. Purwaningsih (2009) reported that arable 

land contains more than 100 million microbes per gram 

of soil, while Alexander (1977), reported the population 

of bacteria was 10
9
 cell/g soil.  

The high population of bacteria in C. rotundifolia 

and C. ternatea was due to environmental  such as 

temperature, humidity, and light under oil palm growth 

by these two legumes species was suitable for the 

growth of microbes (Widawati 2006). Suitable 

environement condition can support the survive of soil 

microbial which in turn improve soil fertility through 

fixing nitrogen from the air then convert it into a 

compound that can be absorbed by the plants (Agisti et 

al. 2014). Soil biology in present study shows that the 

high N-fixing bacteria in legume C. rotundifolia and C. 

ternatea planted in the area under oil palm plantation 

has potential as biofertilizer to support plant growth. 

This is caused that organic material such as leaf and 

flower produced by C. rotundifolia and C. ternatea that 

fall to the ground in large quantities, so that sufficient to 

support the growth and development microbes. On the 

other hand, N-fixing microbial populations in A. 

glabrata and S. guianensis plants were lower (3.4 x 10
6
 

cfu/g) and (1.28 x 10
6
 cfu/g) respectively. The low 

organic material contained in the media around the 

roots of both legume species caused the low growth of 

microbes. Rhizobium bacteria living in the rhizosphere 

must compete with other soil microbes to obtain 

exudates and specific compounds may affect the growth 

of microorganisms adapt to environmental conditions 

(Nikiyan et al. 2010). 

The population of phosphate-solubilizing bacteria 

(PSB) in the present study was varied (Table 3). 

Numericaly, the highest population was in treatment C. 

ternatea (9.8 x 10
5
 CFU/g), this result was in line with 

the high dry matter yield obtained in C. ternatea (Table 

1). The high population C. ternatea could be due to the 

ability of phosphate solubilizing bacteria growing in 

this legume to provide P to be absorbed by the plant. 

Bacteria Pseudomonas, Bacillus, Escherichia, 

Actinomycetes a group of soil microorganisms are 

capable of dissolving phosphorus (P) which is fixed in 

the soil and turn it into a form that is available can be 

absorbed by plants that affect to the biomass  

production (Khen 2006). According to Jalaludin et al. 

(2010) these microbes secrete of kinds organic acids 

such as formic acid, acetic, propionic, lactic, glycolic, 

fumaric, and succinic. They chelate the ions with the 

cation Al, Fe or Ca binding P, so that the ion H2P04
-
 can 

be released from the bond becomes available for plants 

to be absorbed. 
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The PSB populations is relatively low in plans A. 

glabrata, S. guianensis, and C. rotudifolia (9.0 x 10
1
, 

5.0 x 10
2
, and 1.6 x 10

3
 cfu/g) respectively this 

population affect to the effectiveness of phosphate 

dissolution in the soil  subsequently effect on 

production dried matter yield of legumes (Table 1). 

This result of the present study indicates that there were 

differences in the mechanisms by P-bound on a wide 

variety of species of legume. Therefore the low PSB 

population around the roots in all three legume species 

caused low biomass production. Schipanski et al. 

(2014) stated that the low population of bacteria is most 

likely caused by environmental conditions which are 

less than optimal caused by the lack of organic material 

around the roots of legumes that affect the activity of 

living microorganisms. Therefore the low PSB 

population around the roots in all three plant species 

mentioned above.  

Fresh fruit brunches (FFB) production  

The average of FFB production obtained in this 

study (Table 3) was 17.64 t ha
-1

 yr
-1

, ranged from 16.52-

19.21 t ha
-1

 yr
-1

. There was no significant difference 

FFB production in each treatment. While Hafif et al. 

(2014) reported lower FFB production at oil palm age 

4.5 year in Tuba Distrik with cover crop grown under 

oil palm plantation was 15.36 t ha
-1

 yr
-1

, whereas 

production without cover crop was 12.36 t ha
-1

 yr
-1

.  

Some legumes in this study showed no effect on 

fruit bunches production. This is probably the absence 

of any apparent effect of some legume crop species 

since the time observations is only one year. The 

Possibility N-fixing (Rhizobium) and phosphate solvent 

bacteria secreting coenzymes, nucleic acids, and other 

metabolic compounds have not spread to all roots, and 

exploited by of oil palm (Samedani et al. 2014). 

Numerically C. rotundifolia plots began to show higher 

FFB production yield than the three others of 

treatments. This is closely related to the high N-fixing 

bacteria population on C. rotundifolia plants (Table 3) 

can bind free nitrogen from the air and convert it into a 

compound began absorbed by plants, indicated in the 

treatment of metabolic compounds ranging role of soil 

biology to increase FFB production. Although FFB 

production in the treatment of C. ternatea is lower than 

C. rotundifolia, but the legume biomass produced was 

higher (Table 1). This is most likely nutrients of N and 

P produced by legume crops more absorbed for legume 

biomass compared to FFB production. 

CONCLUSION 

Clitoria ternatea is potential legume as fodder due 

to better nutrient quality and potential as cover crop in 

oil palm plantation as indicated by highest biomass 

production due to higher number of bacteria N-fixing 

and phosphate-solubilizing bacteria in the soil of 

Clitoria ternatea increase available N and P. 
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ABSTRAK 

Sajimin, Purwantari ND, Sarijan, Sihono. 2017. Evaluasi performa beberapa kultivar Sorghum bicolor sebagai sumber hijauan 

pakan di lahan kering iklim kering. JITV 22(3): 135-143. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1611 

Penelitian bertujuan  mengevaluasi beberapa kultivar Sorghum bicolor sebagai pakan ternak di lahan kering iklim  kering 

dengan pH tanah 5,4, N 0,08% C/N 9%, P 0,06% dan K 0,01%. Sembilan  kultivar S. bicolor  (Super 1, Super 2, Numbu, 

Kawali, G2, G5, PAC 537, PAC 593 dan PAC 501) ditanam dengan jarak tanam 15 x 75 cm. Pupuk yang digunakan kompos 4 

kg/plot, SP-36 160 g/plot, KCl- 144 g/plot dan urea 240 g/plot. Rancangan percobaan acak kelompok dengan 3 ulangan. 

Pengamatan meliputi tinggi tanaman, umur berbunga, produksi hijauan tanaman primer dan ratun, serta kualitas hijauan. Hasil 

penelitian menunjukkan pertumbuhan tanaman primer tidak  beda antar kultivar. Pada tanaman primer umur 65 hari, sorgum 

Super 2, PAC 537 dan Kawali belum berbunga. Produksi biomas bervariasi antar kultivar pada tanaman primer dengan kisaran 

11,35 – 26,17 kg/16 m2. Produksi biomasa tertinggi dicapai  oleh kultivar PAC 537 (26,17 kg/16 m2 setara dengan 16,34 ton/ha), 

berbeda nyata dengan G2 (11,35 kg/16 m2) dan tidak berbeda nyata dengan kultivar yang lain. Pada tanaman ratun 1 umur 45 

hari, kultivar Super 2, G5 dan Super 1 menunjukkan pertumbuhan yang lebih cepat. Produksi biomasa meningkat pada ratun 1 

berkisar 19,88 kg/16 m2. Kultivar PAC 537 menghasilkan biomasa tertinggi (30,14 kg/16 m2) dan tidak berbeda nyata dengan 

kultivar yang lain kecuali galur G2. Produksi biomasa ratun II menurun berkisar 1,83 – 4,77 kg/16 m2 dan meningkat pada ratun 

III, yang berkisar 15,72 – 26,05 kg/16 m2. Kualitas hijauan ratun 1 lebih baik dibanding tanaman utama dan terendah ratun II. 

Disimpulkan bahwa kultivar sorgum Super 1, Super 2 dan PAC 537 dapat direkomendasikan sebagai sumber hijauan pakan 

ternak yang paling potensial.  

Kata Kunci: Sorghum, Kultivar, Produksi Hijauan, Kualitas 

ABSTRACT 

Sajimin, Purwantari ND, Sarijan, Sihono. 2017. Evaluation on performance of some Sorghum bicolor cultivars as forage 

resources in the dry land with dry climate. JITV 22(3): 135-143. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1611 

The aim of this study was to evaluate the performance of several Sorghum bicolor cultivars as forage on a dry land with pH 

of 5.4, N of 0.08%; C/N of 9%, P of 0.06% and K of 0.01%. Nine cultivars of S. bicolor (Super 1, Super 2, Numbu, Kawali, G2, 

G5, PAC 537, PAC 593 and PAC 501) were evaluated. Plot size was 16 m2 with space planting of 15 x 75 cm. The experimental 

design used was randomized block design with three replications.  Parameters observed were plant height, time of flowering, 

forage production and quality. The result showed that the primary plant growth was not different in all cultivars. In the 65 days 

old primary plant, the Super 2, PAC 537 and Kawali had no flower yet. Biomass production varied in primary plant between 

cultivars of 11.35 - 26.17 kg/16 m2. The highest biomass production was obtained in PAC 537 of 26.17 kg/16 m2 (16.34 t/ha) 

which were significantly higher than G2 of 11.35 kg/16 m2 (7.09 ton/ha) and was not significantly different with other cultivars. 

In the 45 days ratoon I, Super 2, G5 and Super 1 showed faster growth. Biomass production increased in the ratoon I around 

19.88 kg/16 m2 (12.42 ton/ha). PAC 537 produced the highest biomass of 30.14 kg/16 m2 (18.84 ton/ha) and was not 

significantly different with other cultivars, except with the G2. Biomass production of ratoon II decreased around 1.83 kg/16 m2 

(1.14 t/ha) – 4.77 kg/16 m2 (2.98 t/ha) and increased in the ratoon III of 15.72 kg/16 m2 (9.82 t/ha) – 26.05 kg/16 m2 (16.28 t/ha). 

The quality of forage ratoon I was better compared to the primary plant with the lowest one was in ratoon II. It could be 

concluded that Super 1, Super 2 and PAC 537 cultivars might be recommended as potential forage. 

Key Words: Sorghum, Cultivar, Biomass Production, Quality 

INTRODUCTION 

Feed availability for ruminant, especially forage in 

dry land is highly influenced by season. The forage is 

available abundantly in the rain season, but rare in the 

dry season. So that in quantity, quality and continuity 

the forage is not guaranteed throughout the year leading 

to the not optimal production (Nugraha et al. 2013).  
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A problem commonly faced in ruminant rearing is the 

unavailability of adequate forage especially in the dry 

season (Aswar 2005). Besides, during the dry season, 

the quality of forage commonly low with low 

productivity in the dry land area. The productivity of 

the elephant grass (Pennisetum purpureum) in wet 

climates area is able to reach 300 tonnes/ha/year of 

fresh weight on a fertile land (Prawiradiputra et al. 

2012). However, in a dry area with dry climate or in the 

areas with a relatively long dry season, this grass 

provides a much lower fresh weight production as about 

48-70 tonnes/ha/year. To overcome the forage 

availability issue, it is necessary to find a 

multifunctional and easy to adapt to a dry land with dry 

climate forage. 

The crop is the cheapest forage resource which is an 

economic production input in the livestock industry. 

One of the crops potential to be developed in a dry land 

with dry climate is Sorghum spp. Sorghum is one of the 

crops that can be used as a source of forage for 

ruminants, the seeds can be used for food and feed 

materials. Sorghum grows well in a dry land with dry 

climate or in the land with limited irrigation (Marsalis 

2011). Study of sorghum is widely conducted in 

Indonesia, especially as a food resource (Chavana et al. 

2009) as well as the study of bioenergy obtained by 

processing its stem as ethanol material resource (Lestari 

& Dewi 2015). 

There are much sweet sorghum cultivars available 

so far which its productivity has been improved to be 

cultivated both as food and feed resource (Deb et al. 

2004; Efendi et al. 2013). Sorghum breeding has been 

widely applied for both as feed and bioenergy through 

hybridization and irradiation, namely sorghum pahat 

(pangan sehat); sorghum samurai 1 and 2 (sorghum 

from radiation mutation) (Surya & Soeranto 2006; 

Soeranto et al 2011). Sweet sorghum produces higher 

bioethanol than a cane (80 vs 50 L/ha/yr) and cassava 

(45 L/ha/yr) (Indonesian Bioethanol Entrepreneurs 

Association 2010). 

Many sorghum cultivars have bifunction as food 

and feed resource for both chopped and hay and silage. 

Sorghum waste (fresh leave and stem) can be used as 

forage. Sweet sorghum leaves production is around 14-

16% of the fresh weight of stem or about 3 ton of fresh 

leave pe hectare of the total production of 20 ton/ha. 

Sorghum leave contains crude protein (7.82%) higher 

compared to elephant grass (6%) and cane ratoon 

(5.33%) (Sirappa 2003). This study was aimed to 

evaluate the most optimal sorghum cultivar in 

producing biomass in a dry land with dry climate as 

forage.  

 

MATERIALS AND METHODS 

The study was conducted in a dry land with dry 

climate in Gunung Kidul district, Special Region of 

Yogyakarta. It had rainfall of 3230.5 mm/year with dry 

season period more than six months and wet season 

period of 4 months classifies as type D (Oldeman 

1975). Rainfall and rainy day observations were 

performed during this research using OBS rain scraper. 

The data were shown in Table 1. 

The land used was processed perfectly of weeds 

cleaning and soil loosing. Soil samples were analyzed 

for its nutrient of pH, organic material (C/N ratio), P 

and K. This is performed to confirm nutrient amount 

should be added in the fertilization. Fertilizer added 

followed the standard of sorghum cultivation (Suminar 

et al. 2017) consisted of commercial compose fertilizer 

by 4 kg/pot (2.5 ton/ha) and chemical fertilizer by 160 

g/plot (100 kg/ha), KCl- 144 g/plot (90 kg/ha) and urea 

by 240 g/plot (150 kg/ha). Those materials addition 

assumed to rich the soil nutrient required by sorghum: 

120 kg/ha N, 36 kg/ha P2O5 and 90 kg/ha K2O 

(Suminar et al. 2017). The fertilization was performed 

at the beginning of planting with no re-fertilizing during 

the research until the harvesting return III. 

Nine Sorghum spp cultivars derived from a breeding 

program of Indonesian Cereal Research Institute (Super 

1, Super 2, Numbu, Kawali), National Nuclear Energy 

Agency of Indonesia (mutant G2 and G5) also from 

Australia (PAC 537, PAC 593 and PAC 501). Each 

cultivar was planted in a 4 x 4 m plot with a spacing of 

15 x 75 cm. Each hole was filled with 3 seeds which 

were only one seedling being maintained then. A 

randomized block design with 9 treatments and 3 

repetitions.  

The observation was conducted to the primary and 

ratoon plant. The primary plant was a first plant of the 

seed planting, while the ratoons were the new bud 

growing on the felled stem. The primary plant was 

harvested at 65 days and the ratoon was re-harvested at 

45 days for three times (I, II and III). The variables 

observed were heigh, the time of first flowering, forage 

production, and the quality of forage. The height was 

measured from the top of the soil to the highest leaf tip 

using meter measuring instrument (3 m). The primary 

plant was harvested at 65 days (approaching flowering) 

by cutting of 10 cm soil surface. Then, the harvesting of 

the I, II, and III ratoons was done 45 days. The fresh 

biomass was weighed immediately using a two-digit 

scale. A 2.5 kg were taken composite, chopped and 

dried in the 60°C oven for 48 hours, then milled to 

flour. A 500 g meal samples were analyzed at the 

laboratory of Indonesian Research Institute for Animal 

Production, Ciawi-Bogor. Data were tabulated in the 

Excel program and statistically analyzed using SAS.
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Table 1. Rainfall for 17 months of research in the dry land 

with dry climate of Gunung Kidul district, 

Yogyakarta  

No/Month Rainfall  

(mm) 

Rainy day/ 

month 

Year: 2011   

January  399 16 

February 347 18 

March 160 11 

April 162 4 

May 160 4 

June 65 3 

July 31 3 

Augst 0 0 

September 0 0 

October 0 0 

November 95 2 

December 385.5 20 

Year: 2012 

January 295 14 

February 302.5 14 

March 384 18 

April 342.5 15 

May 102 6 

RESULTS AND DISCUSSION 

Chemical characteristic of soil in this study 

consisted pH 5.4; organic material with the low ratio of 

C/N (9%); very low in N (0.08%); C (0.08%) and K 

(0.08%); but very high in P (116 ppm). It can be 

concluded that the soil was less fertile with low organic 

material and sandy clay texture. Purwowidodo (1993) 

and Rahmi & Biantary (2014) described that fertile soil 

consists CN ratio of >10% and PH>6. A high ratio of 

C/N is able to provide abundant energy for the soil 

organisms. The anorganic N compound available in the 

soil is converted into organic N in the soil organism 

body. In this stage, the decomposition rate of organic 

material is at the lowest point. 

Sorghum plant height  

The height of 65 days sorghum plant was varied 

between the cultivars for about 99.67 – 118.33 cm. 

While the height of 45 days ratoons I, II and III was 

around 79.86 – 110.15%; 7.76 – 63.61%; and 30.96 – 

81.97% respectively. Statistical analysis showed no 

significant differences in all cultivars both the primary 

and ratoon I, II and III plants (Table 1). 

The sorghum cultivars are very diverse, both in 

terms of production, harvest age, seed color, taste, and 

quality of its processed seed. This study results differed 

from those reported by Purnomohadi (2006), which 

reported that four sweet sorghum cultivars, namely Rio, 

Cawley, Wray, and Keller showed the same vegetative 

growth in both 50 and 100 days after planting cutting 

age (primary plant). Heigh range of 50 and 100 days 

sorghums each was 51.61-58.85 cm and 63.03-67.53 

cm. This indicates that those four cultivars have the 

same response to the environment condition (climate 

and nutrients content in the soil). The primary plant in 

this study had the shortest (99.67 cm) height in the G5 

cultivar and the highest was in the Super 2 cultivar 

(118.33 cm) in the same climate condition. No 

significant difference of all the nine cultivars in this 

study indicates a same response to the climate 

condition. Different height of 65 days sorghum in this 

study with the 100 days sorghum in the Purnomohadi 

(2006) might be caused by different place of planting. 

Purnomohadi (2006) planted in the polybag, while in 

this study the sorghum was planted on the ground. 

The growth of 45 days ratoons showed faster than 

the primary plants (Table 2). Ratoons I, II and III, Super 

2, G5 and Super 1 cultivars showed faster growth than 

other cultivars. The factors that may influence the 

growth of the ratoons plants are the quality of the first 

plant: the genotype on height, number of leaves and 

stem diameter (Efendi et al. 2013; Meliala et al. 2017). 

A relative similar mass and height indicate that the nine 

cultivars have the same quality. 

Flowering phase  

From total 240 trees of 65 days after planting 

sorghum, five cultivars have not flowered, namely: 

Super 2, G5, Kawali, PAC 593, and PAC 537 (Table 3). 

The Super 2 and PAC 593 were the slowest flowering 

compared to other cultivars. It was only 4.8% 

pregnancy in the Super 2 cultivar without flowering and 

only 5.6% of pregnancy without flowering in the PAC 

cultivar. Only one cultivar that had a short flowering 

period (67-70 days) with 9 flowering plants (4.5% of 

total population) in the 65 days after planting (Table3). 

Efendi et al. (2013) said that ratoon plant had a 

faster production which is closely related to the 

carbohydrate supply from photosynthesis process of the 

primary plant stored in the roots and stems which that 

translocated for bud initiation. A cultivar with the most 

flowering in 65 days after planting was Super 1 (Table 

3). This flowering period was faster than the previous 

study conducted by Revy et al. (2014) that reported 90-

92 days of flowering period. 
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Table 2. Average heigh of primary and ratoons plant of nine sorghum cultivars  

Cultivars 

Average heigh of 

primary plant 

(65 days) 

Average heigh of  

ratoons I plant 

(45 days) 

Average heigh of  

ratoons II plant 

(45 days) 

Average heigh of  

ratoons III plant 

(45 days) 

PAC 501  102.67±15.06 190.40±9.71 136.27±14.74 138.80±24.94 

Super 2  118.33±25.89 248.67±45.09 193.60±29.91 198.93±31.00 

G5  99.67±34.05 234.80±13.72 168.87±14.70 215.33±29.32 

Kawali  105.33±17.57 179.27±7.58 115.40±21.07 154.33±20.82 

PAC 593  106.33±42.22 234.87±37.07 147.33±24.57 169.00±44.73 

Numbu  109.67±49.58 220.20±32.69 131.07±22.11 173.73±39.31 

G2  107.00±34.70 200.40±37.75 107.40±27.31 150.27±38.62 

Super 1  102.00±39.84 242.20±23.09 165.07±23.77 213.87±19.42 

PAC 537  116.33±26.24 183.53±7.97 141.00±11.66 130.53±9.39 

     

This difference of flowering period is highly 

influenced by the different of planting location, 

especially the climate (rainfall, temperature, and 

nutrient content). The research of Revy et al. (2014) 

was conducted in Riau, while this study was conducted 

in Yogyakarta, where there was no rain in August-

October which did not affect the flowering period. A 

cultivar with the slower flowering period would have 

longer vegetative phase. With this characteristic, this 

cultivar is potential as a forage resource. 

Maturation phase of forage influences its quality 

(Ball et al. 2001; Ayub et al 2012). Therefore, forage 

with longer vegetative phase would keep forage quality 

longer. Flowering age of a plant is influenced by 

genetic and environment (Widyastuti et al (2012). Super 

1 cultivar could be concluded to have the fastest flower 

age. In this study, all nine cultivars were planted in the 

same climate and soil condition, so that it was likely, 

the flowering age was influenced by genetic. This is in 

accordance with the report of Darjanto & Satifah (1987) 

in Pasaribu et al. (2015) who said that the transition 

from vegetative period to generative is mostly 

determined by genetic and the rest of it is temperature, 

light, water and nutrient. 

Table 3 showed that in the ratoon I all cultivars have 

been flowered in 45 days after harvesting of the primary 

plant, so it might start flowering before 45 days. The 

PAC 537 cultivar had the fewest booting and flowering 

(<50%). The appearance of flowering in 45 days in the 

Ratoon I was at the same month of low rainfall (31-65 

mm) with the rainy day of 3 days. That condition spurs 

the flowering (Ibrahim et al. 2011). 

Fresh forage production  

Primary plant harvest was done in 65 days after 

planting before flowering. However, in the 65 days, 

PAC 501, Numbu, G2 and Super 1 cultivars had been 

flowered (Table 3). The production of upper part of a 

plant consisting of leaves and stems varied between all 

cultivars of 7.09 – 16.36 ton/ha (Table 4). The highest 

production of 16.36 ton/ha was in PAC 537 cultivar 

followed by Super 1 cultivar of 14.58 ton/ha. It was not 

significantly different (P<0.05) with other cultivars, 

except the G2 of 7.09 ton/ha. 

Forage production of the primary plant was lower 

than previous study report. Super 1 and 2 cultivars are 

an inbred cultivar of sorghum with 30-40 ton/ha of 

biomass potential as a renewable energy source. Those 

two cultivars could reach 3 to 4 meters with seed 

production of 5-6 ton/ha which is potential to be used as 

silage (Indonesian Cereal Research Institute 2011). 

Table 3. The number of booting and flowering of nine 

sorghum cultivars of the primary plant in 65 days 

after planting and ratoons plants in 45 days after 

planting  

Cultivar 

Primary plant in 65 

days after planting 

Ratoon I plant in 45 

days after planting 

Booting Flowering Booting Flowering 

PAC 501  134 35 164 99 

Super 2  6 0 76 105 

G5  36 0 219 160 

Kawali  32 0 194 36 

PAC 593  7 0 203 158 

Numbu  58 9 124 78 

G2  51 7 131 92 

Super 1  81 148 185 286 

PAC 537  63 0 38 21 
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Table 4. Fresh forage production of primary and ratoon plant in dry land with dry climate in Kunung Kidul District, Yogyakarta  

Cultivars 

Production of primary 

plant 

Production of primary plant 

Ratoon I Ratoon II Ratoon III 

kg/16 m2 ton/ha kg/16 m2 ton/ha kg/16 m2 ton/ha kg/16 m2 ton/ha 

PAC 501  19.26 12.04ab 2.43 1.52ab 22.35 13.97ab 16.70 10.44cd 

Super 2  14.17 8.86ab 2.97 1.86ab 22.76 14.22ab 24.56 15.35abc 

G5  17.53 10.96ab 3.23 2.02ab 27.77 17.36ab 15.72 9.85d 

Kawali  20.23 13.43ab 2.30 1.44b 25.28 15.80ab 20.65 12.91abcd 

PAC 593  16.54 10.34ab 2.63 1.64ab 24.41 15.26ab 20.16 12.60abcd 

Numbu  13.77 8.61ab 2.22 1.39b 22.21 13.88ab 18.13 11.33abcd 

G2  11.35 7.09b 1.83 1.14b 19.88 12.42b 17.62 11.01bcd 

Super 1  23.33 14.58ab 2.67 1.67ab 27.86 17.41ab 26.05 16.28a 

PAC 537  26.17 16.36a 4.77 2.98a 30.14 18.84a 25.76 16.10a 

The same superscript in the same column shows not significant difference (P<0.05) 

 

Figure 1. Forage production of nine cultivars of Sorghum bicolor in primary, ratoon I, ratoon II and ratoon III planted in the dry land 

with dry climate in Gunung Kidung, Yogyakarta. 

The lower result in this study was suspected to be 

influenced by climate and rainfall in Gunung Kidul and 

low quality of the organic material of the soil. Subagio 

& Aqil (2014) reported that Super 1 and 2 cultivars 

from Sumba-East Nusa Tenggara had a height stems of 

2.16-2.3 m and biomass production of 38.7–39.3 ton/ha 

from two ratoon harvesting in 105-115 days planted in 

Indonesian Cereal Research Institute. 

In the ratoon I phase, forage production pattern was 

similar to the primary plant. The PAC 537 produced the 

highest forage of 18.42 ton/ha and significantly 

different with the G2 (12.42 ton/ha). In the ratoon II 

phase, it was at the time of the long dry season, where 

there was no rain at all for 3 months before the 

harvesting (Table 1), so that the plant only depended on 

the residual moisture of soil for several months before. 

Even though the production of forage decrease up to 

84.2-90.9% than the ratoon I (Table 4), in the condition 

of no rain at all, the farmers still could provide forage of 

2.98 ton/ha which is equal to 993 heads cattle with the 

body weight of 300 kg. 

The forage production of ratoon III significantly 

increased than the ratoon II. According to the data, 

November was the early rainfall with two days of rainy 

day and 95 mm of rainfall. In December, the rainfall 

was relatively high of 385 mm with the rainy day of 20 

days, while in January 2015, the rainfall still high (295 

mm) with the rainy day of 14 days (Table 4). This 

indicates that water availability highly influences the 

growth of sorghum. All this time, Sorghum bicolor is 

cultivated only up to ratoon I and II (Efendi et al. 2013). 

However, in this study sorghum cultivar could be 

harvested up to ratoon III. This is in accordance with a 

research result of Tsuchihashi & Goto (2008) that 

sorghum could result in ratoon III both in dry and wet 

seasons so that it could be 2-3. 
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Table 5. Analysis of forage nutrient of some cultivars of Sorghum bicolor  of primary and ratoon planted in dry land with dry 

climate in Gunung Kidul, Yogyakarta  

Cultivar 
 DM (%) CP 

(%) 

CF 

(%) 

Energy 

Kcal/ kg 

Ash NDF 

(%) 

ADF 

(%) 

Ca 

(%) 

P 

(%) 

PAC 501 Primary 23.64 8.66 3.51 4021 10.15 67.07 44.43 0.56 0.34 

 Ratoon I 19.26 11.19 2.80 3747 12.68 65.40 42.74 0.63 0.37 

 Ratoon II 23.01 6.23 5.31 4160 5.46 69.32 41.00 0.14 0.09 

Super 2   Primary 22.57 9.32 2.81 3963 9.77 65.81 42.10 0.52 0.35 

 Ratoon I 23.55 10.36 2.49 3722 11.34 66.28 43.78 0.73 0.27 

 Ratoon II 22.88 4.56 3.94 4096 6.78 72.49 44.62 0.14 0.07 

G5   Primary 23.76 10.31 3.12 3863 9.99 61.83 40.10 0.84 0.22 

 Ratoon I 20.27 10.32 2.68 3857 12.21 67.40 46.04 0.86 0.23 

 Ratoon II 22.72 8.37 4.38 4139 6.12 65.89 38.54 0.29 0.12 

Kawali  Primary 26.57 10.78 3.23 3931 9.79 66.32 42.99 0.65 0.26 

 Ratoon I 19.34 9.78 2.63 3755 11.34 64.28 42.19 0.86 0.25 

 Ratoon II 26.90 8.14 4.83 3857 7.85 69.50 41.43 0.47 0.18 

PAC 593  Primary 27.19 7.32 2.53 3841 9.30 67.32 40.83 0.65 0.23 

 Ratoon I 22.11 8.14 2.49 3661 14.26 67.82 45.88 0.91 0.32 

 Ratoon II 26.74 5.64 4.70 4040 6.51 69.07 43.06 0.33 0.15 

Numbu   Primary 20.35 9.07 2.95 3805 8.96 62.12 36.39 0.56 0.20 

 Ratoon I 20.65 11.59 2.70 3843 11.42 64.84 42.36 0.97 0.37 

 Ratoon II 20.96 6.49 5.14 4134 5.98 67.82 45.92 0.18 0.09 

G2   Primary 25.98 11.53 3.22 4002 9.00 67.79 37.09 0.59 0.33 

 Ratoon I 15.87 13.65 3.37 4007 11.42 66.92 42.62 0.77 0.34 

 Ratoon II 25.82 6.05 3.93 4088 5.89 68.25 41.03 0.24 0.08 

Super 1  Primary 26.03 11.58 2.72 3939 8.41 68.52 42.29 0.51 0.31 

 Ratoon I 19.50 9.84 3.00 3862 12.81 68.78 44.96 0.99 0.21 

 Ratoon II 24.72 5.10 4.31 4068 6.33 69.98 42.65 0.24 0.08 

PAC 537  Primary 24.18 6.73 3.05 3947 8.78 66.15 40.75 0.65 0.29      

 Ratoon I 22.69 8.72 2.93 3683 11.86 67.92 44.62 0.86 0.20 

 Ratoon II 23.56 5.87 3.92 4035 6.77 67.40 44.73 0.25 0.14 

Description: DM(dry material). CP (crude protein).CF (crude fat). NDF (neutral detergent fiber). ADF (acid detergent fiber). Ca (calsium) P 
(phosphor) 

Forage production in Table 4 shows even though the 

Super 1 produces the highest biomass but it is not 

significantly different with the PAC 537, Numbu, PAC 

593, Kawali, and Super 2. The lowest biomass 

production significantly produced by the G5 followed 

by PAC 501 compared the other cultivars. This 

decrease is suspected to be influenced by the lack of 

nutrients in the soil, so that it requires more nitrogen 

(N) administration to overcome the difference in 

production of the primary and ratoon plant (Efendi et al. 

2013). 

Forage 1 shows forage production of all cultivars 

decreases in the ratoon II phase. The PAC 537, 

consistently has the highest production both in the first 

harvest, ratoon I and ratoon II. 
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Table 6. Dry material and organic material digestibility of 

cultivars of Sorghum bicolor of primary and ratoon I 

planted in dry land with dry climate in Gunung 

Kidul, Yogyakarta 

Cultivar DMD (%) OMD (%) 

PAC 501 Primary 74.67 73.07 

 Ratoon I 71.18 70.72 

Super 2 Primary 75.95 74.29 

 Ratoon I 73.25 71.31 

G5 Primary 75.31 74.01 

 Ratoon I 65.74 63.06 

Kawali Primary 56.11 53.20 

 Ratoon I 66.85 64.19 

PAC 593 Primary 70.37 69.23 

 Ratoon I 51.92 47.97 

Numbu Primary 78.31 76.35 

 Ratoon I 61.55 59.21 

G2 Primary 54.55 51.54 

 Ratoon I 41.19 36.57 

Super 1 Primary 60.51 58.18 

 Ratoon I 53.91 51.17 

PAC 537 Primary 60.88 58.94 

 Ratoon I 62.06 59.57 

The decrease in biomass production from the first 

harvest to the ratoon II was caused by the decrease in its 

growth percentage. Effendi et al. (2013) also reported 

that primary plant of 15021A of Sorghum bicolor had 

highest biomass production of 63.4 ton/ha and 

decreased drastically into 24.6 ton/ha in the ratoon I and 

20.6 ton/ha in ratoon II. The drastic decrease of the 

ratoon I to ratoon II was caused by the decrease in 

growth percentage of the ratoon I (44.2%) to ratoon II 

(33.3%). 

Growth percentage of the ratoon would determine 

the number of the plant would be harvested per area 

unit which affected fresh biomass production. The 

genotype 15011A has a high enough potential ratoon 

with the growth percentage of the ratoon I of 73.0% and 

ratoon II of 54.2%, so that fresh biomass production of 

the primary plant, ratoon I and ratoon II. The difference 

in biomass production in this study of the primary and 

ratoon I because the forage production was measured 

before the flowering period which is intented to 

maintain the quality of forage. High production in 

ratoon I and the production decrease in ratoon II were 

influnced by the season. The rainfall in ratoon I was 31 

mm with the rainy day of 3 days, while the rainfall in 

ratoon II was 0 mm (Table 1). Besides, it was also 

influenced by age of the plants, where the ratoon plants 

were more mature compared to the primary plants and 

the period of photosyntate acumulation to the biomass 

became lower (Efendi et al. 2013). 

Nutrient in the forage  

Chemical analyzes were performed on the upper 

part of the plant on the primary, ratoon I and ratoon II. 

The primary forage consisted protein of 6.37 - 11.58% 

of DM, NDF of 61.68 - 68.52%, ADF of 36.39 - 

44.43%, Ca of 0.51 - 0.84% and P 0.20 - 0.35% (Table 

5). Crude protein in this study was higher than that 

reported by Sirappa (2003) that the leaves and stems 

contained crude protein of 7.82% and 4.4% respectively 

and crude fiber of 28.94% and 32.30% respectively. 

Higher crude protein content in the primary, ratoon I 

and ratoon II was because the crops harvested as they 

approached the flowering period at 45 days of age. This 

is the right age to be used as feed because it contains 

optimum nutrient. Atis et al (2012) also reported that 

the right time to harvest sorghum for feed was before 

the seed physiology mature where it can be obtained the 

highest productivity and quality. 

Dry matter and organic matter digestibility ranged 

from 54.55 - 78.31% and 51.54 - 76.35%, respectively 

(Table 6). This value was higher compared to the 

digestibility of straw of other cultivars reported by 

Praptiwi et al (2016), where three sorghum cultivars 

tested had dry material digestibility ranging from 45.80-

48.93 and organic material digestibility ranged from 

46.89 to 50.11%. In the ratoon I, the protein content of 

forage was higher than the first harvest and the ratoon II 

was about 8.14 - 13.65% (Table 5). Ca and P content of 

ratoon I was higher than the primary and II plants. 

Crude protein (ranged from 4.56 - 8.37%) content of 

ratoon II forage was lower than those of primary and 

ratoon I (Table 5). 

The increase in stem and leaf growth and crude 

protein level (Escalada & Pluchnett 1977) was as a 

result of the absorption of the N of urea and organic 

fertilizers or the one existed in the soil by the roots 

which then was delivered to stems and leaves. Bogdan 

(1977) stated that cultivars and species of different 

genetic properties will affect their response to the 

formation of crude protein. Besides the genetic factors 

and crude protein content, crude fiber content of a plant 

is also influenced by climate, soil fertility where they 

grow and the age of plant (Atis et al. 2012; Sher et al. 

2016). 

Sorghum is adaptive in the tropics and drought 

tolerant, so that it has a good opportunity to be 

developed as forage. The development is a viable 

alternative. It should be done to meet forage demand in 

the dry areas in Indonesia increase which continues to 
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increase. The results showed that the nutrient content of 

sorghum was not much different from corn, sugar cane 

bud and elephant grass, so that it has the same dry and 

organic materials digestibility. 

CONCLUSION 

Sorghum could grow and adapt well in a dry land 

with dry climates and long dry season. Forage 

production in primary plants and the three ratoons 

varied between cultivars and harvest time. Forage 

production of PAC 537, Super 1 and Super 2 were 

consistently highest in both primary and ratoon I, II and 

III. The highest forage quality was achieved in the 

ratoon I and the lowest was in the ratoon II. Biomass 

production was 18.84 ton/ha/harvest with the crude 

protein content of 5.87 - 8.72%, dry matter digestibility 

of 62.06% and organic matter digestibility of 59.57%. 

These three cultivars were most potential as forage 

resources in a dry land with dry climate. 
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ABSTRAK 

Kostaman T, Sopiyana S. 2017. Gambaran primordial germ cell yang diinkubasi selama 24 jam dalam larutan phosphat bufer 

saline [-]. JITV 22(3): 144-150. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1802 

Perkembangan gonad adalah sebuah rangkaian proses terdiri dari tiga peristiwa besar, yaitu migrasi PGC, penentuan jenis 

kelamin, dan diferensiasi gonad. Penelitian ini bertujuan untuk melihat perkembangan PGC yang diisolasi dari gonad embrio, 

diinkubasi selama 7 hari dan kemudian diinkubasi dalam larutan Phosphat Bufer Saline (PBS) [-]. Gonad yang sedang 

berkembang dapat di isolasi dari embrio ayam umur 7 hari dan dapat di inkubasi pada temperatur 37,8oC dalam larutan PBS [-], 

yaitu tanpa Ca2+ dan Mg2+. Pelepasan PGC dari gonad diamati dalam waktu 1, 8, 16, dan 24 jam setelah gonad embrio 

dimasukkan ke dalam larutan PBS [-]. Hasil penelitian menunjukkan bahwa PGC dapat lepas dari jaringan gonad dan layak 

untuk dikoleksi dengan cara memasukkan gonad yang sedang berkembang ke dalam larutan PBS [-]. Jumlah PGC dan 

persentase survival rate tertinggi diperoleh setelah gonad diinkubasi selama 1 jam, namun tidak berbeda dengan 8 jam (P>0,05), 

sedangkan dengan 16 dan 24 jam setelah inkubasi berbeda nyata (P<0,05). Sebaliknya untuk persentase tingkat kemurnian yang 

tertinggi adalah yang diinkubasi selama 8 jam, akan tetapi tidak menunjukkan perbedaan yang nyata dengan 1 dan 16 jam 

(P>0,05). Persentase tingkat kemurnian berbeda nyata setelah gonad diinkubasi selama 24 jam (P<0,05). Dapat disimpulkan 

bahwa waktu inkubasi yang paling tepat untuk mendapatkan PGC dari jaringan gonad embrio ayam KUB adalah pada waktu 

tidak lebih dari 8 jam.  

Kata Kunci: Gonad, PGC, Ayam Lokal 

ABSTRACT 

Kostaman T, Sopiyana S. 2017. Primordial germ cells profiles incubated for 24 hours in phosphate buffer saline [-] solution. 

JITV 22(3): 144-150. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1802 

Gonadal development is a sequential process that can be divided into three major events: the PGCs migration, sex 

determination and gonadal differentiation. This study was aimed to see the development of PGCs isolated from the gonads of 

embryos after being incubated for 7 days and then was incubated using a solution of Phosphate Buffer Saline (PBS) [-]. The 

developing gonad can be isolated from 7 days old chick and can be incubated at a temperature of 37.8oC in a solution of PBS [-]: 

without Ca2+ and Mg2+. The release of gonadal PGC was observed within 1, 8, 16, and 24 hours after the embryonic gonad was 

placed in a PBS solution [-]. The results showed that PGCs can be separated from gonadal tissues and can be collected by 

entering the developing gonad to the PBS [-] solution. The highest percentage of PGCs and survival rate was obtained after 

gonad was incubated for 1 hour and was not different with 8 hours (P>0.05). Those result was significantly different (P<0.05) 

with the 16 and 24 hours incubation. The highest purity rate percentage was in the 8 hours incubation, but did not show a 

significant difference (P>0.05) with the 1 and 16 hours incubation. The percentage of the purity differed (P<0.05) after the 24 

hours incubation. It can be concluded that the most appropriate incubation time to obtain PGCs from the KUB chicken 

embryonic gonad is no more than 8 hours. 

Key Words: Gonad, PGCs, Native Chicken 

INTRODUCTION 

Primordial germ cell (PGC) are the precursors of the 

progenitors of the oocytes and spermatocytes, or 

according to D'Costa et al. (2001), PGC are the 

precursors of mature ovum and spermatozoa of the 

mature poultry and an intergenerational genetic linkage. 

Germ cells play a very important role in the species 

identification as they transmit genetic information to the 

next generation. In many animal species, including 

birds, germ cells emerge from a small population of 

cells known as PGC (Bednarczyk 2014). 

Chicken PGCs were collected from the germinal 

crescent (Naito et al. 2001), the embryonic blood vessel 

(Naito et al. 1994) and from the embryonic gonads 

(Park et al. 2003). Although no phenotypic changes 

between the different sources of PGcs were observed, 

and the expression patterns of specific markers were 
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identical (Park & Han 2012), however the advantage of 

using gonadal PGCs compared with another sources of 

these cells is, that a greater number of PGCs can be 

retrieved from one embryo. (Bednarczyk 2014) 

Characterization and detail description of the 

differentiation of the germinal cell gen will result in 

better understanding of fertility, germ cell tumor and 

contraception method (Kakegawa et al. 2008). 

A unique character of poultry PGC during the initial 

development provides a chance to manipulate the 

poultry germplasm. Two purpose of PGC use widely 

reported is for the conservation of genetic resources 

especially the endanger poultry germplasm (Glover & 

McGrew 2012) and the production of transgenic poultry 

(Nakamura et al. 2013). 

The primordial germ on poultry has a significant 

potential to be used in cell-based studies since it can be 

collected from the blastoderm, embryo blood and 

embryo gonad (Chojnacka-Puchta et al. 2012). 

Although there is no phenotypic change between the 

various PGC sources observed and the expression 

pattern of the certain marker, most PGC can be 

collected only from one embryo which is an advantage 

of the gonad PGC (Park & Han 2012). Considering the 

difficulty of the collection process from the tissue, the 

isolation and culture of the chicken PGC from embryo 

gonad may provide many sources for the chicken 

genetic manipulation (Shiue et al. 2009).  

Isolation method of the gPGC using Phosphate-

Buffered Saline (PBS) [-] solution is a simple method 

developed for chicken PGC isolation derived from the 

gonad tissue. The advantage of the gPGC isolate using 

the PBS [-] is easy to be collected in the short time and 

does not require expensive equipment (Nakajima et al. 

2011). PBS is a media which is very useful and 

convenient for various animal cell cultures. Besides, the 

PBS is rich in nutrient (dos Santos et al. 2002). PBS is 

available commercially in the different formulation: 

PBS with calcium and magnesium (PBS[+]) and 

without calcium and magnesium (PBS[-]). Therefore, it 

was conducted a study to isolate PGC derived from 

gonad tissue with high purity by incubating the embryo 

gonad in the PBS [-] for 24 hours 

MATERIALS AND METHODS 

Location 

This study was conducted at the Laboratory of Non-

Ruminant Reproduction, Indonesian Research Institute 

for Animal Production (IRIAP), Ciawi-Bogor.  

Fertile egg preparation 

The eggs used in this study was 60 fertile eggs of 

Kampung Unggul Balitbangtan (KUB) chicken from 

the IRIAP, Ciawi-Bogor. Those eggs were cleaned 

using cotton moistened with 70% alcohol, then were 

incubated in a portable incubator (P-008B Biotype; 

Showa Furanki, Saitama, Japan) with 37.8°C of 

temperature for 7 days. 

Procedure of gonad collection 

The 7 days old eggs were taken from the incubator 

and placed in an egg tray. One by one egg was cracked 

using tweezers on the plunt part to create a small hole. 

The small hole was cracked more slowly to create a 

bigger hole to see the embryo (Figure 1). 

The embryo was carefully separated and put into a 

petri dish (90x15mm, LBS60001PT, BIOLAB) filled 

with PBS [-] solution. This process was repeated for all 

embryo. One by one embryo was taken and placed into 

a charcoal plate filled with the PBS [-] where its 

abdomen part was upward. The head and legs were 

pinned using a pin to lock the embryo during the gonad 

collection (Figure 2). 

  

Figure 1. The normal development of KUB chicken embryo incubated for 7 days. 

.
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Figure 2. Embryo of KUB chicken incubated for 7 days placed on the charcoal plate. 

 

Figure 3.  Gonad position (the white arrows) of KUB embryo incubated for 7 days observed under Microsoft with 400x 

magnification attaching to the right and left mesonephros (the black arrows). 

The abdomen and the innards were removed using 

tweezer carefully to see the mesonephros. The gonad is 

attached to the left and right mesonephros (Figure 3). 

Gonad was taken carefully using a tweezer, verify that 

the gonad can be taken with no cut off and there no 

other part included. 

Isolation and collection of Gonadal Primordial 

Germ Cell  

After the 7 days incubation, both left and right 

gonads successfully isolated were placed in the 1.5 ml 

Eppendorf tube filled by 500 µl PBS [-] and then 

incubated for 1, 8, 16, and 24 hours in the CO2 

incubator (Thermoline) at 37.8°C, then, the purity of 

PGC was performed following Nakajima et al. (2011). 

 

Variables 

Variables visually observed was morphological 

characteristic which was identic with the PGC 

circulation as a huge round cell with large nucleus that 

was observed under contrast phase Microsoft (Olympus 

CKX41, Japan), the number of PGC, survival rate 

(measured using trypan blue staining of Nakajima et al. 

2011) and level of purity (defined as ratio of PGC 

amount released and total cell amount removed that 

expressed in percentage) 

Statistical analysis  

Data of morphological characteristic were analyzed 

descriptively. Average PGC amount, survival rate, and 

purity level were analyzed in the ANOVA. It was 
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continued by Duncan test when there was a difference 

using SPSS Ver 10 program. 

RESULTS AND DISCUSSION 

The basic principle of PGC isolation using PBS [-] 

solution is storing the gonad has been removed from the 

mesonephros and then incubated in the PBS [-]. The 

isolated PGC (Figure 4) under the contrast phase 

Microsoft showed a unique characteristic of PGC and 

almost similar with circulation-PGC (cPGC) which 

having a large nucleus. Also, it showed several 

membrane microphilies that is important for in vivo 

migration (Raucci et al. 2015). Microscopic observation 

with larger magnification showed a large nucleus with a 

diameter of about 9 µm, which was eccentric. Several 

cPGC had pseudopodia and irregular shape showing the 

character of this cells is in the development stage 

(Kuwana & Rogulska 1999).  

Gonad embryo within 7 days of incubation chicken 

contained a little (if there was any) somatic cells and 

rarely or no connective tissue between PGC (Nakajima 

& Tajima 2013). This is common that the gonad of 

somatic cells promotes the maturation and 

differentiation of germinal cells in the gonad (Johnson 

2000; Kirby & Froman 2000). Although the 

mechanisms underlying PGC release from gonadal 

development in PBS [-] are not understood, the fast and 

simple method described in this study will be very 

convenient for the production of germline chimera. 

The releasing or migrating the PGC from gonad 

tissue can be performed by incubating the gonad in the 

PBS [-] solution (Figure 5). The PBS [-] solution played 

the main role to create an ideal micro environment for 

PGC interact, maintaining the pluripotency or 

differentiating into functional germinal. This structure 

showed that the current incubation condition was able 

to maintain the appropriate physiology of cell (Raucci 

et al. 2015). The other reason for the use of PBS [-] is 

because in the PGC release from gonadal tissue does 

not need a help from cation (Sopiyana et al. 2017). 

Temporal change in the amount, survival rate and 

purity of the PGC isolated from gonad embryo 

incubated in the PBS [-] solution for 24 hours showed 

in Table 1. The increase of PGC amount which was not 

continuing collected after 16 and 24 hours incubation 

was compared to the 1 and 8 hours of incubation. This 

can be caused by the release of somatic cell continue to 

increase along with longer incubation time. A similar 

result was also reported by Nakajima et. al. (2014). 

Average survival rate percentage of PGC was more than 

80% at the first 8 hours of gonad incubation. It then 

decreased to 65% on the 24 hours incubation. This 

significant decrease in the survival rate of PGC after 8 

hours of incubation can be correlated to the depletion of 

essential nutrients to maintain cell metabolism of PGC. 

This may because increased cellular metabolism has 

accelerated the consumption of nutrient media and 

beyond the PBS buffer power. Consequently, it results 

in longer incubation time which dos Santos et al. (2002) 

described that the composition of media is a crucial 

factor to survive.  

 

 

Figure 4. Primordial germ cell isolated from 7 days old gonad with 400x of magnification. 
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Figure 3. The average score of udder parenchymal (PAR) and mammary fat pads (MFP) of each quarter of buffalo calve udder. 

Score: <1=very small PAR size/thin MFP, 1-<2=small PAR/medium MFP, ≥2= medium PAR/thick MFP. 
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Table 1. The Amount, survival rate and purity level of primordial germ cell (pgc) isolated from kub chicken embryos  

Variable 
Incubation Time (hour) 

1  8 16 24 

gPGC amount (cell/embryo) 151.47a±16.12 140.25 a±7.77 122.40b±5.75 130.60b±3.65 

Survival rate (%) 90a 82a 70b 65b 

Purity level (%) 48a 50a 45a 40b 

Description: different superscript on the same rows shows a significant difference (P<0.05) 

As well as the percentage of PGC purity level that 

decreased after 8 hours incubation. This may be caused 

by spontaneous dissociation of gonad was accelerated 

after 8 hours of incubation in the PBS [-] (Nakajima et 

al. 2014). Therefore, spontaneous PGC release into the 

PBS [-] solution from gonad embryo observed in this 

study may have been affected by the existence of 

protein adhesion cell such as cadherin and integrin 

controlled by the concentration of Ca2+ and Mg2+ 

(Gumbiner 2005; Lien et al. 2006). 

The same result was also reported by Nakajima et 

al. (2011) on White Leghorn (WL) and Rhode Island 

Red (RIR) that showed longer incubation of gonad, the 

more decrease in survival rate and purity percentage of 

PGC. This decrease may also be correlated to the 

incubation time of the cell in the CO2 room. Storing 

cell more than 8 hours without media or calcium and 

magnesium compound may have contributed to high 

PGC mortality. It then Li et al. (2005) proved that more 

decrease in PGC amount when incubation caused by the 

cessation of aggregation factor by PGC, so that the PGC 

was back into phenotype derived from blood. 

Currently, the fastest method for isolating PGC from 

gonad embryo of chicken is PBS [-] solution. This 

method provides a possibility to collect the most PGC 

amount purified and feasible to be transferred in a short 

time (Nakamura et al. 2013). It also has been proved 

that cells isolated from gonad and injected into X and 

17 stage-embryo also experienced normal development 

and had normal gamete (Mozdziak et al. 2006). 

It was expected from this study that isolation 

method of gPGC can be used in reproduction 

management system forming of specific-species for the 

success of Indonesian native chicken genetic resource. 

Also, it was expected that this new technology can help 

in reducing the maintenance cost and protecting the bird 

from an unexpected incident such as the highly 

pathogenic avian influenza or tsunami. 

CONCLUSION 

The most appropriate incubation time to obtain PCG 

isolated from KUB chicken embryo was from 1-8 

hours. The Viability of PCG until 8 hours of incubation 

showed high PGC amount, the percentage of survival 

rate and purity compared to the 16 and 24 hours of 

incubation. To obtain the high PGC amount, survival 

rate and purity level, Ca2+ and Mg2+ should be added 

after 8 hours incubation. 
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ABSTRAK 

Sawitri DH, Wardhana AH, Wibowo H. 2017. Profil sitokin tikus yang terinfeksi dengan virulensi tinggi dan rendah isolat T. 

evansi Indonesia. JITV 22(3):151-164. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1666 

Surra pada ternak disebabkan oleh Trypanosoma evansi, yaitu protozoa darah homoflagella yang bersirkulasi secara 

ekstraseluler. Penyakit ini tersebar luas dikawasan Asia, Afrika, Amerika Selatan dan Tengah.  Ditinjau dari aspek imunologis, 

tingkat keparahan surra pada hewan ternak (sapi) dan mencit yang diinfeksi trypanosoma berhubungan dengan respon inflamasi. 

Disisi lain lama hidup mencit tergantung pada regulasi sintesis Th1 dan sitokin proinflamasi seperti IFN-γ dan TNF-α. Penelitian 

ini bertujuan untuk melihat respon sitokin pro inflamasi IFN γ, TNF-α dan anti inflamasi IL-10 yang terjadi akibat adanya 

interaksi dengan parasit pada hewan. Informasi ini dibutuhkan untuk perbaikan tatalaksana penanggulangan surra pada hewan. 

Sebanyak 30 ekor mencit dibagi dalam 3 kelompok, yang secara berurutan diinfeksi dengan T. evansi virulensi rendah (Pml287); 

virulensi tinggi (Bang87) dan tidak diinfeksi sebagai kelompok Kontrol. Serum mencit dikoleksi pada setiap 4 hari untuk 

pemeriksaan sitokinnya dengan ELISA. Hasil penelitian menunjukkan terdapat perbedaan profil sitokin proinflamasi dan 

antiinflamasi antara mencit yang diinfeksi isolat Bang 87 dan Pml 287. Kematian dini pada mencit yang diinfeksi isolat Bang 87 

diduga akibat terjadinya sindrom respon inflamasi sistemik yang ditandai dengan peningkatan kadar IFN-γ yang tidak 

dikompensasi secara cukup oleh antiinflamasi. Terjadinya anemia berkontribusi sebagai penyebab kematian pada mencit yang 

mendukung terjadinya kegagalan multi organ (multiple organ disfunction). 

Kata Kunci: Surra, Trypanosoma evansi, Sitokin, IFN γ, TNF-α, IL-10 

ABSTRACT 

Sawitri DH, Wardhana AH, Wibowo H. 2017. Cytokines profile of mice infected by high and low virulences of Indonesian T. 

evansi isolates. JITV 22(3): 151-164. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1666 

Surra in livestock is caused by Trypanosoma evansi, a homoflagella blood protozoa that circulate in extracellular. This 

disease is widespread in Asia, Africa, South and Central America. According to the immunological aspect, the severity of surra 

in livestock and mice which infected by trypanosoma is associated with an inflammatory response. On the other hand, the 

survival time of mice depends on the regulation of Th1 synthesis and pro inflammatory cytokines such as IFN-γ and TNF-α. The 

aim of this study was to observe the responses of pro inflammatory (IFN γ, TNF-α) and anti-inflammatory (IL-10) cytokines 

which result from interaction with parasites. This information is needed for improvements in the management of prevention of 

Surra in animals. A total of 30 mice were divided into 3 groups. The group was infected with a low virulence  (Pml287) and high 

virulence (Bang87) T. evansi respectively and one group was not infected as control. Mice sera were collected in every 4 days 

for cytokine measurement using an Enzyme Link-Immunosorbent Assay (ELISA). The result showed a difference response of 

pro inflammatory and anti-inflammatory cytokine profile between mice infected by Bang 87 and Pml 287 isolate. Early deaths in 

mice infected by Bang 87 isolate were suspected as a result of the response of systemic inflammation syndromes characterized 

by elevated IFN-γ levels that were not adequately compensated by anti-inflammatory. Anemia contributes to the cause of death 

in mice that support multiple organ failures (multiple organ dysfunction). 

Key Words: Surra, Trypanosoma evansi, Cytokine, IFN γ, TNF-α, IL-10 

INTRODUCTION 

Surra is a disease leading to high economy losses in 

the livestock farming business due to causing abortus, 

estrus cycle disorder of the female, body weight 

decrease, immune system depression and death (Payne 

et al. 1993; Payne et al. 1994; Jittapalapong et al. 2009).  

The previous reports of many Diseases Investigation 

Centre (DIC) in Indonesia : Wates, Subang, Bukittinggi 

and Denpasar during the year of 2010-2014 indicated 

that the prevalent of surra in cattle, horse and buffalo 

was around 0.28%- 69.3%.  From the point of view of 

immunology aspect, the severity level of surra on cattle 

and mice infected by trypanosome is related to the 
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inflammation response (Maina et al. 2004; Mekata et al. 

2013). While, the survival time of mice is depended on 

synthesis regulation of Th1 and cytokine 

proinflammation like IFN-γ and TNF-α (Darji et al. 

1996) and profile change of feedback negative of anti-

inflammatory cytokine and Th2 pattern (Namangala et 

al. 2001a). This is related to the expression of variant 

surface glycoprotein (VSG) of T. evansi which changes 

periodically. Magez et al. (1993) said that VSG released 

by T. evansi was identified as the main factor that 

induces the TNF-α and also known playing a role in 

excessive activating of macrophage. The study of the 

interaction between the host with infection of T. 

congolense, T. brucei and T. evansi is always associated 

to the species of the host with sensitivity difference, but 

until present there is no report how the response of the 

similar host due to the infection of T. evansi with 

different virulence so far. This information is needed to 

describe the different clinical manifestation which is not 

only caused by the species difference, but also due to 

different virulence level. Therefore, the effect of the 

divergence of virulence of T. evansi against its immune 

response on the same host is required. 

Within the bloodstream system, trypanosome will 

be faced with natural immune response as the early 

defense of the host against the infection. Nature 

immune system consists of physical and chemical 

defense to the infection that is represented by the 

epidermis, cilial ephitel of respiration system, blood 

vessel endotel and mucosal surfaces by the 

antimicrobial secretion (Basset et al. 2003). Nature 

immune system is responsible to recognize and restrict 

the microbe/paracyte on the beginning of infection by 

activating the complement, phagocytosis and immune 

activation by different families from the pattern 

recognition receptors (PRRs). The nature immune 

response of the host focus on the introduction of 

conserved structure which is evolved on the microbe 

called pathogen-associated molecular pattern (PAMPs) 

coded as PRRs. One of PRRs families has been widely 

studied is Toll-like receptors (TLRs) (Akira et al. 2006; 

Medzhitov & Janeway 2000). The most PAMPs 

identified on protozoa is glycosylphosphatidiylinositol 

(GPI) link activating the TLR 2 and 4 (Almeida & 

Gazzinelli 2001) and the antimetilation DNA activating 

the TLR 9 (Debierre-Grockiego et al. 2003; Gazzinelli 

& Denkers 2006) (Figure 2.9). Almeida et al. (2000) 

and Coller et al. (2003) described that the GPI molecule 

from the VSG will interact with macrophage which then 

inducing the proinflammation cytokine. Therefore, the 

first immune response of the host immune system is the 

pro inflammatory cytokine (IFN-γ, IL-1, IL-6) and NO 

excreted by the macrophage activity through classic 

path (Ca MΦs). Furthermore, the DNA of trypanosome 

released when the parasite dies, is also known to 

activate the macrophage through the same path to 

secrete the other proinflammation cytokine such as 

TNF-α, IL-12 dan NO (Shoda et al. 2001; Harris et al. 

2006). 

Severity of the disease occurred at the initial 

stadium of trypanosome infection on mice is signed by 

an increase in synthesis of pro inflammatory cytokines 

such as IFN-γ, TNF-α and the Th-1 pattern (Namangala 

et al. 2001a), while the survival time of mice depends 

on the expression of anti-inflammatory cytokines to do 

negative regulation and the Th-2 pattern (Darji et al. 

1996). Mabbott et al. (1998) and Paulnock & Coller 

(2001) described that IFN-γ is the first pro 

inflammatory cytokine which has a crucial role in 

activating macrophage after being stimulated by 

parasite antigen. The activated macrophage will induce 

the production of pro inflammatory cytokine such as IL-

1, IL-6 and TNF-α paling a role in parasitemia and host 

immune response (Paulnock & Coller 2001; Gao et al. 

2002; Magez et al. 2007). The increase in IFN-γ level in 

the serum is useful to control parasitemia by activating 

the macrophage to clean the paracyte from the blood 

(Silva et al. 1992; Hertz & Filutowicz 1998; Magez et 

al. 2006). Cytokine IFN-γ produced by Th-1 and T 

CD8+ cells also have a role to stimulate the production 

of antibody IgG2a and IgG3 (component opsonization 

and microbial phagocytosis). An experimental study 

showed that high level of IFN-γ and low parasitemia 

related to the animal resistance infected by T. brucei 

and T. evansi (Hertz & Filutowicz 1998; Paim et al. 

2011). Then it is described by Shi et al. (2003) that 

early motility on BALB/c mice sensitive to the infection 

of T. congolense related to the increase in IFN-γ 

synthesis leading to systemic inflammatory response 

syndrome (SIRS) (Figure 2.10). 

The sensitivity to the infection was reported in mice 

deficiency to TNF-α infected by T. congolense 

(Naessens et al. 2004). Another study also reported that 

TNF-α produced by macrophage played a role in 

directly and undirectly eliminating the parasite by 

inducing the nitric oxide (NO). Nitric oxide is a free 

radical produced by macrophage synthesized from L-

arginine by NO synthase (NOS). This substantion has 

the effect of killing the parasite and destroying tissue 

function (spleen, liver, peritoneum, and central nervous 

system) (Eckersall et al. 2001; Reed et al. 1989; Kitani 

et al. 2002). The existence of selective inhibition by Th-

1 cell causes negative effect to NO. Specific antigen 

CD4+ Tr1 is possibly IL-10 to do negative regulation. 

The macrophage activity, especialy the kupffer cell in 

the liver increase significantly. The excisive SIRS lead 

to a death (Shi et al. 2003; Shi et al. 2004). Macrophage 

activation is marked by at least three factors: 

trypanosoma agocytosis, excessive production of IFNγ 

and IL-10 production (Shi et al. 2005). 

The IL-10 is a Th-2 cytokine related to the 

sensitivity of the host to protozoa. It can decrease the 
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response of T cell by regulating the APC to decrease the 

secretion of TH-1 cell (IFN-γ and IL-2), activation of 

IFN-γ and suppressing the release of TNF-α, IL-1 and 

IL-6 by macrophage (Ghalib et al. 1993; Ralph et al. 

1992). The IL-10 is needed to maintain a balance of 

protective and pathogenic immune responses during 

trypanosomiasis. No TL-10 is related to the decrease in 

lifetime and increase in inflammation in mice infected 

by T. brucei (Quan et al. 1999). 

In addition, macrophage also produces IL-1. It is 

described by Sileghem et al. (1991) that IL-1 release by 

macrophage increase during acute phase on mice 

infected by T. brucei. This cytokine also induces acute 

phase of protein and stimulate the immune response 

mediated by lymphocyte. Other cytokine produced by 

macrophage and dendritic cell is IL-12 inducing Th-1 

cell. In trypanosome infection, the production of IFN-γ 

and IL-12 is related to the response of Th-1 and 

correlated to the resistence of host (Uzonna et al. 1998). 

MATERIALS AND METHODS 

Ethic statement 

The protocol for the animal experiments was 

approved by Health Research Ethics Committee, 

Faculty of Medicine, Universitas Indonesia (Approval 

number 124/H2.F1/ETIK/2013). 

T. evansi isolates 

T. evansi isolates used in this study were Bangkalan 

87 (high virulence) and Pemalang 287 (low virulence) 

isolates.  

Experimental animal 

As much as 30 DDY mice were divided into three 

groups and treated with: group 1 (control, without 

infection), group 2 (infected by T. evansi Pml 287 

isolate-low virulence) and group 3 (infected by T. 

evansi Bang 87 isolate-high virulence). The infection of 

both T. evansi isolates was performed on the 1x10
4
 

paracytes/head of dose each intraperitoneal. The 

number of parasitemia was observed quantitatively in 

every two days of interval. Blood collection for the 

serum and PCV (hematocrit) examination was 

performed in every four days for 24 days. 

PCV test 

Sixty microlites of blood was taken by using 

microhematocrit (heparinized) through mice tail vein 

every four days interval. Both microhematocrit tips 

were closed by micro seal and then centrifuged for five 

minutes with 13,500 g speed until the blood and plasma 

were separated. Then, the hematicryte level was 

measured by microhematocrit reader (Hawsksley) and 

expressed in percent. 

Preparation of mice serum for ELISA 

Serum separation was performed by collecting 

blood from tail vena for about 90 µl in the 0.6 ml 

microtube without EDTA. The bleeding was stopped by 

wiping it with alcohol. The serum was isolated from 

mice blood which was incubated beforehand at room 

temperature for 30 minutes. After the bloodshed and 

clear liquid were formed, it then incubated for 30 

minutes at 4°C. The blood was centrifuged with 3.000 g 

of speed for 5 minutes at 4°C. All the serums were 

transferred into the new tube using a pipette. The 

second centrifugation was performed with the same 

speed and the pure serum was transferred to the new 

tube and stored at -20°C until used. 

ELISA  

The proinflammation and antiinflammation 

cytokines were qualified using ELISA against 

antimouse IFN-γ, TNF-α, and IL-10 (eBioscience, 

USA). The ELISA 96-well plate (Corning, USA) was 

coated using solution of 100µl of 0,5-4µg/ml antimouse 

IFN-γ (0.5 µg/mL), TNF-α (1µg/mL), IL-1β (1µg/mL), 

IL-10 (1µg/mL), and IL-12 (1µg/mL) which was 

separately done by dissolving each cytokine on the 

dapar carbonate pH 9.6 then incubated at 4°C for 24 

hours. The plates were washed once using phosphate 

buffer saline (PBS) and added by the blocking buffer 

(PBS-0.5% tween 20) as much as 200 µl/well and 

incubated for 60 minutes at 37°C. The blocking buffer 

was removed and the serum (mice serum) was diluted 

by 1:25 on the blocking buffer. It then was inserted into 

ELISA plate and duplicated. After incubated for 60 

minutes at 37
o
C, the plates then were washed six times 

using PBS 0.5% Tween 20 (Sigma Aldrich). Total of 

100 µL of Biotinilated antimouse conjugate with the 

concentration of 0.25 – 4 mg/mL: IFN-γ (0.5 µg/mL), 

TNF-α (0.5 µg/mL), IL-1β (1µg/mL), IL-10 (1 µg/mL), 

and IL-12 (1 µg/mL) which was diluted separately on 

the blocking buffer and added by ELISA plate and 

incubated for 60 minutes at 37
o
C. After the 5-6 times of 

washing with PBS- 0.5% tween 20, it was added by 100 

mL Avidin-HRP (Horseradish peroxidase) that was 

diluted on the blocking buffer (1:1500) and incubated 

for 60 minutes at 37
o
C. After 8-10 times of washing 

with PBS 0.5% tween 20, it then was added to 100 mL 

of substrate/chromogen which was TMB 

(Tetramethylbenzidine). The plates were shaken and 

incubated for five minutes. When the color changed, the 

reaction was stopped by adding 100 mL 2N H2SO4 and 
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incubated for 10 minutes. Then, the ELISA plate was 

read using ELISA reader on the wavelength of 450 nm. 

Statistical analysis 

The ELISA result was descriptively and statistically 

analyzed. The determination of the difference of the 

response of cytokine of each group infected by high 

virulence (bang87), low virulence (Pml287) isolates and 

control were used one-way analysis of variance 

(ANOVA) and non-parametric test of Mann Withney. 

Spearman Correlation test was used to determine the 

association between the parameters. 

RESULT AND DISCUSSION 

Immunopathogenity of the T. evansi 

Normal PCV value on the mice used as a reference 

in this study was normal PCV value range from all mice 

before infection (0 dpi) and the control group which is 

around 43-54%. The PCV value under 43% was 

categorized as an anemia. Average value of PCV 

decrease in every experimental interval showed in 

Figure 1.  

Group of mice infected by high virulence isolate 

(Bang87) the PCV value decreased by average 27.1% at 

4 dpi, while the low virulence (Pml287) group by 

average 31.2-50.7% at the 8-24 dpi respectively. This 

indicated that mice infected with T. evansi both high 

and low virulence had anemia. The control group had 

an average normal value of PCV until the end of the 

study (24 days). 

The Bang87 group experienced simultaneous death 

at 5 dpi, so the next observation was performed only on 

the PML 287 and the control groups. Statistical analysis 

result showed that PCV level at 4 dpi was significantly 

difference (P<0.05) between the three groups (Bang87, 

PMl287 and control). The T-test result also showed a 

significant difference (P<0.05) between the Pml287 

group and control at 8-24 dpi. 

This study result showed no correlation between the 

level of parasitemia with hematocrit value (P>0.05). 

The level of parasitemia showed a fluctuation in every 

interval of experimental of mice infected by Pml287 

(Figure 2), while the hematocrit value tended to 

decrease from the beginning to the end of the study 

(Figure 1). As well as between the hematocrit value 

 

 

Figure 1. Packed Cell volume of high virulence (Bang 87) and Low virulence (Pml287) T. evansi infection in DDY mice at 24 days 

observation with 4 days intervals. * represent statistical difference between infected and control groups (P<0.05, n= 5/each 

group). 
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Figure 2.  Parasitemia level of high virulence (Bang 87) and low virulence (Pml 287) T. evansi isolates. 

with the survival time did not show a correlation. The 

sensitive mice strain (DDY) infected by T. evansi low 

virulence isolate (Pml287) showed lower hematocrit 

value then the mice infected with T. evansi high 

virulence isolate (Bang87). However, the mice infected 

with Pml287 isolate survived up to  

24 dpi. 

Profile of pro imflammatory (TNF-α, IFN-γ) and 

anti implammatory (IL-10) cytokine level  

The result of ANOVA analysis showed that TNF-α 

level at 4 dpi was significantly different on those three 

treatments (P<0.05). The profile of TNF-α level on the 

Bang87 group incisively increased on the peak of 

parasitemia (4 dpi) sevenfold of the control (Figure 3). 

Then, this group show simultaneous death on 5 dpi so 

that the TNF-α level was not available for further 

observation. 

The result of Mann Whitney analysis showed that 

the increase in TNF-α level during of 4-20 dpi was 

significantly different between the Pml287 group and 

the control (P<0.05). The Pml287 group showed a 

fluctuative profile of TNF-α level following its 

parasitemia pattern (figure 3) by increasing on 4 and 8 

dpi by 2 and 3 fold each of the control. The decrease 

was at the 12 dpi. Then, there was an incisive increase 

on 16 dpi (about 4 fold of the control). The decrease in 

the TNF-α level are similar to the control occur at 20-24 

dpi until dead at 26 dpi. 

ANOVA analysis result at IFN-γ level at 4 dpi also 

showed significant difference (P<0.05) between those 

three groups. The profile of IFN-γ level on the Bang87 

similar  to TNF-α: the incisive increase in IFN-γ at 4 

dpi (sevenfold of the average level of the control) 

followed by the simultaneous mice death at 5 dpi. 

According to the result of Mann Whitney analysis, it 

also showed that IFN-γ level significantly different 

(P<0.05) between Pml287 and control at 8-20 dpi. 

Increase pattern of IFN-γ of Pml287 group was 

fluctuative which was occure at 4-24 dpi. The increase 

of almost twofold of the control occured at 4 dpi then 

continued to increase into fourfold at 8 dpi. The IFN-γ 

level decreased at 12 dpi and then increasing fivefold at 

16 dpi  followed by a decrease to near the normal level 

at 24 dpi (Figure 4) 

The ANOVA analysis showed that the IL-10 level at 

4 dpi of Bang87 and Pml287 groups was significantly 

different (P<0.05) with the control. The IL-10 level on 

Bang87 showed an incisive increase at 4 dpi by fourfold 

of the average level of the control followed by 

simultaneous death at 5 dpi.  

The result of Mann Whitney analysis of the IL-10 

level of Pml287 showed significant different (P<0.05) 

with the control during 8-20 dpi. The increase of the IL-

10 level of Pml287 began at 4 dpi by threefold of the 

control. This increase was maintained until reaching the 

peak at 16 dpi, then decreased at 20 dpi. After the 

decrease, the IL-10 level was not significantly different 

(P>0.05) with the control at 24 dpi (Figure 5). 

 

High virulence (Pml 287) 
 

Low virulences (Bang87) 

Parasitemia Level 
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Figure 3. Serum level of pro inflamatory cytokines (TNF-α) in DDY mice infected by high virulence (Bang 87) and low virulence 

(Pml 287) T. evansi isolate compared with uninfected controls. *represent statistical difference between infected and control 

groups (P<0.05, n= 5/each group). 

 

Figure 4. Serum level of proinflamatory cytokines (IFN-γ) in DDY mice infected by high virulence (Bang 87) and low virulence (Pml 

287) T. evansi isolates compared with uninfected controls. * represent statistical difference between infected and control 

groups (P<0.05, n= 5/each group). 

 

 

Figure 5. Median of IFN-γ level on mice serum infected by T. evansi with high virulence (Bang87), low virulence (Pml287) and 

control (without infection of T. evansi). The *sign shows a significant difference between treatments (P<0.05). 
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The relationship of IFN-γ level to the IL-10 

The correlation of the IFN-γ and IL-10 showed that 

in the group infected by T. evansi isolate Pml287 and 

control showed an identic result with the balance of the 

IFN-γ with IL-10. However, there was a slight increase 

in Il-10 level. In contrast to the Bang 87 group, the IL-

10 tended to decrease (Figure 6). The analysis result of 

spearman correlation between the IFN-γ and IL-10 at 4 

dpi of the mice infected by Bang87 isolate showed a 

significant negative correlation (P<0.05). Analysis 

result showed that the increase of IFN-γ level was not 

followed with the increase of IL-10. In the other word, 

higher IFN-γ, the more IL-10 level decrease. The 

analysis result on the Pml287 group showed a not 

significant positive correlation (P>0.05). This indicated 

that there was an increase in IFN-γ level followed by an 

increase in IL-10 level (Figure 7). 

  

Figure 7. Scatter diagram showing distribution pattern of control group and mice infected by T. evansi isolate Bang87 and Pml287 to 

the expression correlation of the IFN-γ and IL-10. 

                        

Figure 8. Scatter diagram showing distribution pattern of mice infected by T. evansi isolate Bang87 and Pml287 according to the 

analysis of expression correlation of IFN-γ and IL-10. 
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Discussion 

The difference of PCV profile between isolate T. 

evansi with high virulence (Bang 87) and low 

virulence (Pml 287) 

Verdillo et al. (2012) reported that all the mice 

infected by T. evansi will showing a significant 

decrease in PCV followed by anemia progressive. 

However, the decrease in PCV by 27.1% on mice 

infected by Bang87 isolate is expected not as the main 

cause of the early death but contributed to the multiple 

organ dysfunction (MOD). This can be explained by the 

observation result of the mice infected by Pml287 

isolate . The decrease in PCV value of mice due to the 

infection was 31.2-50.7%, but some mice were able to 

survive up to 28 days. However, Groenveld et al. (2008) 

stated that although the most cases of anemia are mild, 

the decrease of red blood cells amount will decrease the 

ability to absorb oxygen from lungs which in a long 

term it can cause the damage or multiple organ 

dysfunction including aritmia and heart failure. Differ 

with the surra, anemia related to the immunopathology 

is reported as the main cause of death in the Nagana 

case caused by T. vivax.  

According to the parasitemia level, mice infected by 

Bang87 isolate experienced a decrease in PCV value at 

the peak of parasitemia. This incident was not found in 

mice infected with Pml287 isolate. The PCV value 

tended to decrease, but its parasitemia level was 

fluctuative until the mice dead at 28 dpi. This 

phenomenon is identic with the African 

trypanosomiasis case caused by T. congolense. The 

anemia was detected at the beginning of infection when 

the parasite was found in the blood circulation. 

Furthermore, anemia was maintained even until the 

parasite amount in the blood was low. This condition 

proves that anemia is not directly induced by the 

number of parasite in the blood, but is mediated by the 

cytokine. In many studies, it is stated that there is a 

correlation between anemia and inflammation 

(Naessens et al. 2005). This state is supported by Magez 

et al. (2004) who reported that anemia in a mouse 

infected by T. brucei is not correlated to the parasite 

amount and the survival time of the host. 

One of the cytokines played a role in anemia  

process is tumor necrosis factor-a (TNF-α). The anemia 

in a mouse infected by T. brucei rhodesiense is 

mediated by the TNF-α (Naessens et al. 2004). A study 

on the C57BL/6 mice strain which resistant  to T. evansi 

and T. brucei proves that the development of anemia 

through the TNF-α mediated by TNF-R2 signal. This is 

supported by a study result of Magez et al. (1999) who 

proved that TNF-α is a key moderator involved in 

parasitemia control process and a pathology damage on 

mice infected by T. brucei. This result is in accordance 

with the statement that the peak of parasitemia of mice 

infected by Bang87 isolate at 4 dpi was increased of 

TNF-α level, otherwise, this causes the decrease of 

PCV value (anemia). Even though statistically did not 

show any significant correlation (P>0.05) between the 

TNF-α level and parasitemia amount and the decrease 

of PCV value, there was a tendency PCV value and 

TNF-α level to be inversely proportional. An increase in 

the TNF-α level in mice infected by Bang87 isolate was 

up to sevenfold compared to the control. In contrast 

with this result, the mice infected by T. congolense 

shows that the TNF-α did not play an important role in 

the anemia (Naessens et al. 2005). 

A role of TNF-α in the anemia process also occurred 

in the mice infected by Pml287 isolate. This Profile 

pattern of the TNF-α on mice was different to the 

Bang87 isolate. An increase in the TNF-α level in mice 

infected by Pml287 isolate was fluctuative by around 

twofold to fourfold compared to the control following 

its parasitemia pattern (Figure 1). However, the PCV 

value tended to decrease since the first peak of 

parasitemia until the mice dead (at 26 dpi). The TNF-α 

contributes in the anemia process at different level due 

to its activity on hemopoiesis by decreasing 

erythropoietin and inhibiting proliferation of the 

precursor cell (Jelkmann 1998) or playing a role in 

hyperactivation of macrophage system (Larroche & 

Mouthon 2004). 

Pro-inflammatory cytokine profile (IFN-, TNF-,) 

and anti-inflammatory (IL-10) in mice infected with 

high virulence (Bang 87) and low virulence (Pml287) 

Response pattern of cytokine during parasite 

infection is able to describe interaction between the 

parasite agent and host sensitivity (Sher & Coffman 

1992). The cytokine is an immune system regulator 

which works by keeping up the balance between the 

type 1 (pro-inflammatory cytokine) and type 2 (anti-

inflammatory cytokine) in influencing a manifestation 

of a disease. On trypanosomiasis infection, lymphocyte 

produces IFN-γ as a response to the parasite  antigen 

which then will activate macrophage to increase its 

ability in destroying organism through phagocytosis. 

The activated macrophage will induce the production of 

TNF-α and IL-10 cytokines. Those cytokines have an 

important role in replicating the parasite  of the host 

(Magez et al. 2007). 

Isolate Bang 87 (high virulence) 

This study results showed that mice infected by 

Bang87 and Pml287 isolate increased regulation of 

IFN-γ and TNF-α during infection period. The mice 

infected with isolate Bang87 showed extreme 

production of IFN-γ and TNF-α (by sevenfold of the 
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control respectively) on the peak of parasitemia (4 dpi). 

Magez et al. (1997) said that pro-inflammatory cytokine 

such as IFN-γ and TNF-α contributes to the defense 

mechanism of the host against an infection. On the 

infection of T. brucei and T. congolense, IFN-γ and 

TNF-α cytokine are reported having an important role 

on the parasitemia control and survival time of the host 

(Hertz & Filutowicz 1998; Magez et al. 2007; Naessens 

et al. 2004). However, an excessive cytokine response 

can be harmful the host even causing death (Magez et 

al. 1999; Magez et al. 2004). 

The increase of pro-inflammatory cytokine level 

was also followed by an  increase in anti-inflammatory 

(IL-10) cytokine. The IL-10 level increased fivefold 

from the control at 4 dpi. However, the IL-10 increase 

is allegedly unable to offer sufficient negative control 

due to the incisive increase of the pro-inflammatory 

cytokine (IFN-γ). This condition is allegedly as the 

main cause of mice death in a short time (5 dpi) due to a 

cytokine storm. 

Shi et al. (2003) said that early mortality of sensitive 

mice (BALB/c) infected by T. congolense is triggered 

by the excessive synthesis of IFN-γ leading to a 

Systemic Inflammatory Response Syndrome (SIRS). 

This phenomenon is initiated by the fagositosis 

trypanosome by kupffer cell which ultimately causes 

swelling and apoptosis of the cell kupffer, lesion focal 

of liver parenchyma cell, capiler swelling, hypotension, 

body temperature decrease and the host becomes limp 

(Shi et al. 2003; Shi et al. 2006). Then it is stated that 

the SIRS is related to the excessive production of the 

pro-inflammatory cytokine such as TNF-α, IL-6, IL-12 

and IFN-γ (Kaushik et al. 2000; Stijlemans et al. 2010; 

Uzonna et al. 1998). It is reinforced by Abbas & 

Litchman (2009) who said that TNF-α, IL-1 and 

chemokine are the main cytokine involved in monocyte 

and neutrophil to the location of the infection. The high 

concentration of the TNF-α can cause a thrombus on the 

surface of endothelial, increasing blood pressure due to 

the decrease of heart muscle contraction, dilatation and 

blood vessel puncture and body metabolism failure. 

The SIRS phenomenon is also reported on the 

severe infection case of gram-negative bacteria leading 

a deadly clinical syndrome called "septic shock" (Abbas 

& Litchman 2009). Coldewey et al. (2013) said that 

sepsis is a complex clinical symptom aggregate caused 

by the systematic response of the individual in facing 

the infection which manifests on various clinical 

symptoms. This syndrome is a cause of the MOD or 

severe sepsis leading to the death. The mechanism 

causing the sepsis is cardiovascular dysfunction 

including the microvascular disfunction, the activation 

of leucocyte and the effect of excessive production of a 

pro inflamatory cytokine such as TNF-α and IL-1β 

(Krishnagopalan et al. 2002). 

The cytokine storm is also proved by Guilliams et 

al. (2009) by knocking out the IL-10 gen on the 

C57BL/6 resistant mice infected by T. brucei brucei 

which causing an early death. Therefore, the IL-10 is a 

very important cytokine to control the emergence of pro 

inflammatory cytokine storm causing the early death 

due to the effect of SIRS. 

In terms of inflammation signal activation by nature 

immune system cell, the failure of compensation of the 

IL-10 may be caused by the blocade activity of IFN-γ 

against the certain protein on the activation process of 

IL-10. Saraiva & O'Garra (2010) described that IL-10 

expression of macrophage and dendritic cells can be 

induced through TLR or non-TLR pattern (Figure 9.a). 

Activation of TLR and its molecule adaptor, the 

myeloid differentiation primary-response protein 88 

(MYD88) and TIR-domain-containing adaptor protein 

inducing IFN-β (TRIF) activate the extracellular path of 

signal-regulated kinase 1 (ERK1) and ERK2, p38 and 

nuclear factor-κB (NF-κB) (Saraiva & O'Garra 2010). 

The activation of this path results in an induction of the 

expression of the pro-inflammatory (IFN-γ) and anti-

inflammatory (IL-10) cytokine (Saraiva & O'Garra 

2010). While, the activation path of the non-TLR 

through dendritic cell (DC) specific ICAM3-grabbing 

non-integrin (DC-SIGN) and RAF1 that play a role to 

increase the induction of TLR2 for then producing IL 

10. On the macrophage, the role of nucleotide-binding 

oligomerization domain 2 (NOD2) signal on the IL-10 

induction is similar with the TLR2. 

This study results showed the IL-10 production did 

not compensate the production of IFN-γ in  mice 

infected by Bang87 isolate at 4 dpi which was a day 

before the dead at 5 dpi. That is allegedly to be led by 

two factors (Figure 9). The first factor (Figure 9a) is the 

presence of positive and negative feedback  interference 

of IL-10 on macrophage the expression of dual-

specificity protein phosphatase 1(DUSP1) which will 

reduce IL-10 production is not compensated by positive 

feedback increased expression regulation of locus 2 a 

progression tumour (TPL2) to increase the production 

of TL-10. The second factor is the high level of IFNγ 

will disturb the path of phosphoinositide 3-kinase 

(PI3K)–AKT which will release glycogen synthase 

kinase 3 (GSK3). Normally, the GSK3 will block the 

expression of IL-10 with its action on the transcription 

factor of cAMP response element-binding protein 

(CREB) and activator protein 1 (AP1) where the Il-10 

production is inhibited by IFN-γ through its effect on 

PI3K (Saraiva & O'Garra 2010). 

Pml 287 T. evansi isolate (low virulence)  

The mice infected with Pml287 had longer survival 

time (more than 18 days). This condition also occurs in 

resistance mice (C57BL/6) infected with T. brucei 
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(Namangala et al. 2001b). The IFN-γ and TNF-α level 

slowly increased and fluctuated following the level of 

its parasitemia. At the peak of parasitemia, the level of 

IFN-γ increased, and then decreased where there is a 

relapse. That pattern indicates a regulation of cytokine 

through negative feedback so that the cytokines do not 

harm the physiology of the host which is able to extend 

the life of mice. An increase in IL-10 level was 

estimated to able to maintain the balance of the pro 

inflammatory cytokine (IFN-γ). This mechanism is able 

to extend the average survival time of mice. The 

decrease in IL-10 level followed by death started from 

20 dpi. Namangala et al. (2009) and Noël et al. (2002) 

said that the response of type-1 cytokine (IFN-γ, TNF-

α) which then turned into type-2 cytokine (IL-10) 

related to the characteristic of resistance phenotype of 

mice. An important role of IL-10 on trypanotolerant has 

been proved well using mouse deficient to gen IL-10 on 

the T. brucei model (Namangala et al. 2001b). That 

statement has been confirmed by Shi et al. (2003) who 

provided anti IL-10 receptor therapy on mice C57BL/6 

infected by T. congolense. This therapy is able to 

stimulate a neutralization of the IFN-γ with the antibody 

anti IFN-γ, so that the mice can survive longer. A 

similar result is also reported by Guilliams et al. (2009) 

who proved a fact that the mice deficient to IL-10 

shows immunopathology and reduce its survival time 

drastically because mice can not control the production 

of very strong immune response of the type-1 (pro-

inflammatory) cytokine at the beginning of infection. 

 

Figure 9. (a) Expression of IL-10 on macrophage and dendritic through TLR ao non TLR path. (b) Positive and negative regulation of 

IL-10 (Saraiva & O’Garra 2010). 
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Titus et al. (1991) stated that the response of the 

first host on the infection of protozoa is a secretion of 

TNF-α, IL-1β and IL-6 cytokines. The combination of 

the activity of those three cytokines can cause 

leukocytosis, fever and the production of acute phase 

proteins. This can be explained on a study conducted by 

Sawitri et al. (2016) on a description of the DDY mice 

leucocyte infected by high virulence T. evansi with a 

leukocytosis on the first peak of parasitemia. While 

mice infected by low virulence T. evansi, the 

leukocytosis occurred at 8 dpi which was 2 days after 

the first peak of parasitemia with increasing numbers of 

leukocytes up to 24 dpi. 

The early death of mice in this study can be 

described with many reasons. First, the multiplication 

rate of parasite on blood and central nervous system of 

the host can harm the host due to the excessive 

exploitation of the host causing severe disease and 

death (Biswas et al. 2001; Habila et al. 2011). Secondly, 

an imbalance of cytokine production of pro 

inflammatory cytokine such as TNF-α, IL-6, IL-12 and 

IFN-γ (Kaushik et al. 2000; Shi et al. 2003). The 

uncontrolled IFN-γ production causes an imbalance in 

IFN-γ and IL-10 response leading to early death (Shi et 

al. 2006). Third, an acute anemia related to parasitemia 

wave (the trypanosome in the blood) and the severity of 

disease (Adamu et al. 2008). 

CONCLUSION 

There is a difference response of pro inflammatory 

and anti-inflammatory cytokine between mice which 

infected by Bang 87 and Pml 287 isolates. Early deaths 

in mice infected by Bang 87 isolate were suspected as a 

result of the response of systemic inflammation 

syndromes characterized by elevated IFN-γ levels that 

were not adequately compensated by anti-inflammatory. 

Anemia contributes to the cause of death in mice that 

support multiple organ failures (multiple organ 

dysfunction). 
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