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  INTRODUCTION 
Agricultural by-products are abundant in Indonesia. Many 
farmers have been using these by-products as the main 
source of livestock feed, especially for ruminants. Azevêdo 
et al. (2012) reported that ruminants are able to convert 
renewable natural resources, such as agricultural and agro-
industrial by-products into high-quality feed for ruminants. 
Several reasons for using agricultural by-products as feed, 
among others include helping farmers to reduce feed costs, 
utilizing and optimizing by-products, and minimize the 
environmental impacts of this by-products. Kasapidou et al. 
(2015) reported that the utilization of agricultural wastes in 
farm animal nutrition has a significant effect on 

environmental, economic, and social factors. Van Dyk et al. 
(2013) stated that various by-products from agricultural and 
food processing, based on the nutrient content, it had 
potential as animal feeds. Many researches have been 
reported that the use of various by-products as an animal 
feed can improve rumen fermentation. The in vitro study by 
Jeon et al. (2016) showed that substitution of annual 
ryegrass straw with by-products of pickled radish improved 
ruminal fermentation that increased dry matter (DM) 
degradability, volatile fatty acids (VFAs) concentration, 
and total gas production. Research by Tona (2014) reported 
that 10% cassava peels combination with 60 % Panicum 
maximum + 30 % Gliricidia sepium made efficient rumen 
fermentation and optimize feed utilization. 

 

The effect of substituting native grass with jengkol (Archidendron jiringa) by-product on fermentation 
characteristics, rumen microbial profile, methane production, and hydrogen balance using in vitro method 
was investigated. Seven treatments (different composition of native grass, jengkol peel, jengkol leaves, and 
concentrate) with five replications in a block randomized design were used. Substitution of native grass 
with jengkol peel powder up to 22.5% decreased rumen pH and protozoa, increased N-NH3, did not change 
feed digestibility (dry matter digestibility (DMD) and organic matter digestibility (OMD)), total and propor-
tional volatile fatty acid (VFA) production, microbial protein synthesis, methane production, and hydrogen 
balance. The use of jengkol leaves powder up to 45% decreased rumen pH, increased N-NH3, feed digesti-
bility (DMD and DMO) and microbial protein synthesis, but did not affect total and proportional VFA pro-
duction, protozoa population, hydrogen balance, and methane production. It is concluded that native grass 
can be substituted with jengkol peel powder up to 22.5% and leaves powder up to 45%.  
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Rumen Fermentation of Jengkol Peel and Leaves on in vitro  
  
  

Based on Hidayah et al. (2019), jengkol by-products, like 
peel and leaves have high potential to be used as ruminant 
feed. They are available in high quantity. The weight 
proportion of jengkol peel (59.99%) is higher than seed 
(40.01%), so if Indonesia produced 66,065 tons of jengkol 
(Badan Pusat Statistik, 2018), there would be 36,065 tons 
of peels available. In terms of nutritional value, jengkol 
peel and leaves contain 25.14-35.28% of crude fiber. This 
value is within the range of the recommended crude fiber 
value for ruminant, making jengkol peel and leaves 
potentials to be used as crude fiber sources.  

Jengkol leaves also contain a good source of protein, 
with 15.17-19.26% of crude protein. Jengkol peel and 
leaves have a high content of total digestible nutrients 
(51.56-65.82%). This makes them as good partial source of 
energy for ruminants. Lastly, jengkol peel and leaves are 
also good potential source of saponin (8.26-35.13%) which 
can be used as an alternative natural feed additive to 
increase animal productivity.  

However, there is not much information reported yet 
regarding the effect of jengkol peel and leaves to substitute 
native grass as an alternative of energy source for 
ruminants. So, this research was designed to find out how 
much powder of jengkol peel and leaves can be used to 
substitute native grass and its effect on fermentation 
characteristics, rumen microbial profile, methane 
production, and hydrogen balance of ruminants by using the 
method of Tilley and Terry (1963). 

  

  MATERIALS AND METHODS 
The material in this research used jengkol peel and leaves 
powder. In vitro fermentation was conducted according to 
the method of Tilley and Terry (1963). Into each 100 mL 
fermentation tube, 500 mg substrate, 40 mL McDougall 
buffer, and 10 mL rumen fluid was added and the 
temperature was maintained at 39 ˚C. The substrate con-
tained 60% forage (native grass, jengkol peel and leaves) 
and 40% concentrate mixture (rice bran, corn, tofu by-
product, rucah fish meal and NaCl) with 10-11% CP and 
65-68% total digestible nutrients (TDN) (Tables 1 and 2). 
The rumen fluid for this experiment was collected after 3 h 
morning feeding from the 3 rumens fistulated Ongole grade 
beef cattle with Ethical Approval from Animal Care and 
Use Committee (AUAC). Samples from aliquot were taken 
after 4 h incubation for pH, VFA, NH3, protozoa, total bac-
terial analysis and after 48 h incubation for dry matter di-
gestibility (DMD) and organic matter digestibility (OMD) 
analysis. 

The rumen pH was measured with a HANA pH meter. 
Ammonia (N-NH3) concentration was measured by micro-
diffusion Conway method (General Laboratory Procedures, 
1966).  

Total VFA concentration and molar proportion of VFA 
were analyzed using gas chromatography (GC 8A, Shima-
dzu Crop., Kyoto, Japan, Capillary column type containing 
10% SP-1200, 1% H3PO4 on 80/100 Cromosorb WAW 
and nitrogen as the gas carrier). Prior to analysis, the pH of 
rumen liquid from in vitro incubation was adjusted to 3-4 
with H2SO4. The DMD and OMD were measured using 
Tilley and Terry (1963) method. Protozoa population was 
determined using Fuch Rosenthal Counting Chamber 
(4×4×0.2 mm) under a microscope (40×). The 0.5 mL liq-
uid sample from 4 h incubation tubes were mixed with 2 
mL methyl green formaldehyde saline solution. Microbial 
protein synthesis was measured using Makkar et al. (1982) 
method and then proceeds with Lowry's et al. (1951) 
method. The stages of protein synthesis measured: 1) pro-
duction of complex reagents (solution A: 2% b/v Na2CO3 
in 0.1 N NaOH) and solution B: 0.5% b/v CuSO4.5H2O in 
K-Na-Tartrate 1%), 2) solution of NaOH 2N and folin-
ciocalteu reagents. Methane production was estimated from 
molar proportions of VFA according to Moss et al. (2000) 
(CH4=0.45 C2–0.275 C3+0.40 C4), meanwhile hydrogen 
balance was estimated from molar proportion of VFA ac-
cording to Mitsumori et al. (2012) [2HP (Hydrogen produc-
tion)= 2 × C2 + C3 + 4 × C4 + 2 × Ci5 + 2 x C5], [2HUS 
(hydrogen utilization)= 2 × C3 + 2 × C4 + C5] and 2H re-
covery in sohrt chain fatty acids [SCFA (%)= (2HUS/2HP) 
× 100]. 

The experiment was conducted in a randomized block 
design with seven treatments and five replications. The 
treatments tested were the ration: P1: concentrate (40%) + 
native grass (60%); P2: concentrate (40%) + native grass 
(52.5%) + jengkol peel powder (7.5%); P3: concentrate 
(40%) + native grass (45%) + jengkol peel powder (15%); 
P4: concentrate (40%) + native grass (37.5%) + jengkol 
peel powder (22.5%); P5: concentrate (40%) + native grass 
(45%) + jengkol leaves powder (15%); P6: concentrate 
(40%) + native grass (30%) + jengkol leaves powder 
(30%); P7: concentrate (40%) + native grass (15%) + jeng-
kol leaves powder (45%). Data were tested using analysis 
of variance (ANOVA) and the differences among treat-
ments means were examined by Duncan multiple range test 
(Steel and Torrie, 1980). 
 

  RESULTS AND DISCUSSION 
Fermentation characteristic  
The substitution of native grass with jengkol peel powder 
up to 22.5% reduced (P<0.05) rumen pH, increased 
(P<0.05) N-NH3, but did not affect DMD and OMD, total 
and proportional VFA production. Utilization of jengkol 
peel powder up to 45% decreased (P<0.05) rumen pH, 
increased (P<0.05) N-NH3, DMD, and OMD but did not 
affect total and proportional VFA production (Table 3).  
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The highest pH value (7.12) on the control treatment is 

an indication of that the additions of jengkol peel and 
leaves powder increased fermentation process. This is 
probably related to saponin on jengkol peel leaves powder 
which acts as a defaunation agent for protozoa. Saponin can 
reduce protozoa population which caused rumen bacteria 
population increased. The response found in this study was 
decreasing and linear in protozoa population count 
(P<0.05) (Table 4). 

Busquet et al. (2006) reported that addition of Yucca as 
saponin source at high level (0, 3, 30, 300, 3.000 mg/L) 
decreased (P<0.01) rumen pH value. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
Patra and Yu (2014) stated that utilization of Quillaja 

saponaria as a saponin source at 0.6 g/L significantly de-
creased protozoa and increased S. ruminantium, R. amylo-
philus, P. ruminicola, P. bryantii, C. aminophilum, C. stick-
landii (P<0.05) bacteria. Istiqomah et al. (2011) reported 
that the higher dose addition of saponin from H. tiliaceus 
on the basal diet (0, 5, 10, 15, 20%), the lower population 
protozoa present (P<0.05) whereas ruminal pH decreased 
just numerically. Substitution of jengkol peel and leave 
powder increased protein ration which increased N-NH3 
concentration. Nuswantara et al. (2001) reported that high 
protein feed content increased N-NH3 concentrations  

 

Table 1 Proximate analysis of native grass (NG), concentrate (C), jengkol peel (JP), and jengkol leaves (JL) (DM basis) 

DM Ash CP EE CF NFE TDN* Tannin Saponin 
Materials 

(%) 

NG 94.1 10.4 5.96 1.27 26.9 55.5 49.3 - - 

C 88.9 5.35 15.8 11.8 12.6 54.5 59.0 - - 

JP 89.6 3.48 7.90 0.65 33.1 54.9 51.6 1.43 35.1 

JL 90.6 3.00 19.3 2.50 26.7 48.6 65.7 1.26 19.3 
* TDN calculated according to Hartadi et al. (1980). 
DM: dry matter; CP: crude protein; EE: ether extracts; CF: crude fibre; NFE: nitrogen free extract and TDN: total digestible nutrients. 

Table 2 Nutritional composition of feed with subtitution of jengkol peel and leaves powder

DM Ash EE CP CF NFE TDN Tannin Saponin 
Treatments 

 (%) 

P1 92.0 8.38 5.48 9.89 21.2 55.1 66.1 - - 

P2 91.7 7.86 5.43 10.0 21.6 55.0 66.1 0.11 2.63 

P3 91.3 7.34 5.38 10.2 22.1 55.0 66.1 0.21 5.27 

P4 91.0 6.82 5.34 10.3 22.6 54.9 66.1 0.32 7.90 

P5 91.5 7.27 5.66 11.9 21.1 54.1 67.1 0.19 2.90 

P6 91.0 6.16 5.84 13.9 21.1 53.0 67.7 0.38 5.79 

P7 90.4 5.05 6.03 15.9 21.1 52.0 68.5 0.57 8.69 
DM: dry matter; CP: crude protein; EE: ether extracts; CF: crude fibre; NFE: nitrogen free extract and TDN: total digestible nutrients. 
P1: concentrate (40%) + native grass (60%); P2: concentrate (40%) + native grass (52.5%) + jengkol peel powder (7.5%); P3: concentrate (40%) + native grass (45%) + 
jengkol peel powder (15%); P4: concentrate (40%) + native grass (37.5%) + jengkol peel powder (22.5%); P5: concentrate (40%) + native grass (45%) + jengkol leaves 
powder (15%); P6: concentrate (40%) + native grass (30%) + jengkol leaves powder (30%) and P7: concentrate (40%) + native grass (15%) + jengkol leaves powder (45%). 

Table 3 Fermentation characteristic with subtitution jengkol peel and leaves powder

Treatments  
Parameters 

P1 P2 P3 P4 P5 P6 P7 
SEM P-value 

pH 7.12b 7.04ab 7.00a 7.00a 6.96a 6.96a 6.94a 0.04 0.01 

N-NH3 (mM) 5.59a 7.00b 6.80b 7.34b 6.99b 6.93b 7.37b 0.15 0.00 

VFA total (mM) 125.97 159.95 145.78 153.31 146.82 144.03 146.02 3.52 0.15 

Proportion of VFA (%) 

Acetate 69.9 73.2 73.6 72.0  72.2  72.5 74.1 0.89 0.85 

Propionate 16.1 13.9 14.6 15.1 13.6  13.5 13.3  0.41 0.32 

Butyrate 10.9 9.3 8.9 9.45  11.3  10.9 9.37  0.25 0.63 

Valerate 3.19 3.65 2.95 3.47 2.95  3.12 3.20 0.10 0.77 

A:P 4.39 5.40 5.23 5.10  4.91 5.47 5.71  0.20 0.93 

DMD (%) 55.9a 59.0abc 57.9abc 56.9ab 60.2bc 59.3abc 61.4c 0.54 0.03 

OMD (%) 61.0a 64.1ab 62.9ab 61.2a 65.2b 63.9ab 65.5b 0.49 0.03 
VFA: volatile fatty acid; A:P: acetate:propionate; DMD: dry matter digestibility and OMD: organic matter digestibility. 
P1: concentrate (40%) + native grass (60%); P2: concentrate (40%) + native grass (52.5%) + jengkol peel powder (7.5%); P3: concentrate (40%) + native grass (45%) + 
jengkol peel powder (15%); P4: concentrate (40%) + native grass (37.5%) + jengkol peel powder (22.5%); P5: concentrate (40%) + native grass (45%) + jengkol leaves 
powder (15%); P6: concentrate (40%) + native grass (30%) + jengkol leaves powder (30%) and P7: concentrate (40%) + native grass (15%) + jengkol leaves powder (45%). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means.  
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as a result of protein degradation. Jengkol peel and leaves 
presumably have high solubility protein, which is easily 
degraded by rumen microbes. Andrade-Montemayor et al. 
(2009) stated that soluble protein easily degraded by rumen 
microorganisms resulting in an increase in the NH3 rumen 
concentration. The substitution of native grass with jengkol 
peel and leaves powder did not increase total and propor-
tional VFA production. Similarly, Gunun et al. (2017) 
found that the total VFA concentration, acetate (C2), bu-
tyrate (C4) and C2:C3 were similar among treatments 
(P>0.05) with addition rambutan peel powder. Total VFA 
production in this research ranged from 125.97-159.95 mM 
which is standard for optimum levels of total VFA produc-
tion in the rumen and able to provide energy for ruminant 
and protein microbial synthesis process. McDonald et al. 
(2002) stated that the optimum level of total VFA in the 
rumen range from 70-150 mM. The proportional VFA in 
this study was 69.86-74.09% acetate, 13.34-16.078% 
propionate, 9.33%-11.30% butyrate, 2.95%-3.65% valerate 
and A/P ratio at 4.39-5.71. The proportional VFA rumen 
depends on the type of feed and species of livestock. The 
utilization of 60% concentrate and 40% forage on cattle 
produced 61% acetate, 18% propionate, 13% butyrate and 
8% others. Whereas on goats produced 52% acetate, 34% 
propionate, 12% butyrate and 3% others (McDonald et al. 
2002). The substitution of native grass with jengkol leaves 
powder at 45% increased feed digestibility (DMD and 
OMD), but did not on jengkol peel powder substitution. 
These results could be due to this that nutrients of jengkol 
leaves were digested easier than peel in the rumen. Hidayah 
et al. (2019) reported that jengkol leaves contained acid 
detergent fiber (ADF) at 36.03-39.72% and TDN at 63.87-
65.82% that is classified as high-quality forage feeds. The 
jengkol peel with ADF of 40.84-43.78% is classified as a 
low quality forage feed. The lignin content of jengkol peel 
(15.48-16.42%) is almost the same as lignin content of rice 
straw with 16.62% (Dewi, 2002), coffee hull with 17.5% 
and cocoa seed hull (Azevêdo et al. 2012). Lignin has com-
plex components which are difficult to be degraded because 
lignin influences formation of cross-linkages between cellu-
lose and hemicellulose.  
 
Rumen microbial profile 
The substitution of native grass with jengkol peel powder 
up to 22.5% decreased protozoa but did not increase 
microbial protein synthesis. This was the opposite with the 
utilization of jengkol leaves powder upto 45% which 
increased microbial protein synthesis but did not affect 
protozoa population (Table 4).  
 

 

Saponin content of jengkol peel with defaunation action 
can lyse the protozoal cell. Wallace et al. (2002) stated that 
saponin might kill or damage protozoa by reacting with the 
cholesterol contained in the membrane of protozoa, which 
can lead to increase permeability of cell walls. This result 
showed that jengkol peel was more effective than jengkol 
leaves to reduce protozoa population. This may be due to 
the differences in the type of saponin between two matteri-
als.  

Patra et al. (2012) found that sapogenin of Yucca s. is 
less effective in inhibiting the growth of protozoa than the 
triterpenoid sapogenin of Quillaja s. The different type of 
saponin showing different magnitudes of effect on rumen 
fermentation and microbes (Patra and Saxena, 2009). 

The substitution of native grass with jengkol peel powder 
at 22.5% was not able to increase microbial protein synthe-
sis and its efficiency. While the substitution with jengkol 
leaves powder increased microbial protein synthesis and its 
efficiency. This result could be due to the increasing level 
of jengkol leaves powder substitution increased the protein 
content on feed ration (11.85-15.88%).  

Research by Hidayah et al. (2019) reported that jengkol 
leaves potentially to be used as a source of protein for ru-
minants. Crude protein content of TMR was an important 
factor determining the amount of synthesis protein mi-
crobes per unit of fermented organic matter (Boguhn et al. 
2006).  

Protein of jengkol leaves presumably had a high solubil-
ity, which is easily degraded by rumen microorganisms that 
resulted more availability of nitrogen in the rumen. Clark et 
al. (1992) reported that energy and nitrogen as the most 
limiting factors affecting microbial protein synthesis. 
Saponin and tannin content on jengkol leaves powder might 
be able to increase microbial protein synthesis.  

Hu et al. (2005) observed that by increasing the content 
of saponins, the in vitro rumen fermentation pattern of a 
mixture of meal of forage and corn was affected by 
increasing the microbial protein synthesis. Similar to the 
report by Puchala et al. (2005) that addition of condensed 
tannin-containing forage increased microbial protein syn-
thesis.  

Saponin and tannin have potential to modify favorably 
rumen fermentation which increased the efficiency in mi-
crobial synthesis and microbial yield outflow of microbial 
proteins (Rodríguez et al. 2007).  

The value of microbial protein synthesis in this research 
ranged from 128.74-193.28 g/h with the efficiency of 
51.05-80.32 g/kg BOMR, where the highest value was 
found on the substitution at 30% jengkol leaves powder.  

 
 
 

427-421, )3(10) 2020(Animal Science plied Ap ofIranian Journal   424 



Hidayah et al. 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The efficiency value of the results in this study is higher 
than the efficiency value reported by Santoso et al. (2007) 
which added the saponin source from Biophytum peter-
sianum Klotzsch until 26 mg of saponin/kg body weight 
just at 24.3-36.8 g/kg DOMR. 
 
Methane production and hydrogen balance 
The substitution of native grass with jengkol peel and 
leaves powder did not decrease methane (CH4) gas produc-
tion and did not affect hydrogen balance (Table 5). This 
condition is presumably because saponin and tannin from 
jengkol peel and leaves did not give a significant effect on 
the decreased methanogenic population. Sirohi et al. (2001) 
stated that the formation of methane by ruminal methano-
gens is autotrophic and seems to occur mainly from CO2 
and H2. The same result was reported by Patra et al. (2012) 
that the addition of quillaja or yucca at 0.2, 0.4, 0.6 g/L did 
not influence total gas or methane production.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4 Profile of rumen microbial population with subtitution of jengkol peel and leaves powder

Treatments  
Parameters 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Methane gas production in this research was 15.48-

18.85% and lower than the result reported by Patra et al. 
(2012) at 24.00-27.40%. The different result reported by 
Poungchompu et al. (2009), that supplementation of soap 
berry fruit-mangosteen peel pellets until 4% DM of total 
diets with 12% DM of crude tannin and 15% DM of crude 
saponin was significantly decreased (P<0.01) CH4 gas pro-
duction by measurement and calculation from VFA produc-
tion.  

Jayanegara et al. (2009) reported that tannin effect on 
methane gas production was not consistent yet. This is de-
pending on the plant of tannin source, the tannin structure, 
condensed or hydrolysis tannins that had many variations 
each other.  

The type of compound or its concentration in the plant or 
extract used in the study may be several factors determining 
the efficacy of plant secondary compound to reduce meth-
ane production (Bodas et al. 2012). 

 
 

P1 P2 P3 P4 P5 P6 P7 
SEM P-value 

Protozoa  
(Log CFU/mL) 

5.62b 5.34b 5.30b 4.74a 5.45b 5.18b 5.43b 0.07 0.08 

Microbial protein syntesis 
(g/h) 

147.92abc 142.99ab 153.14bc 128.74a 158.97bc 193.28d 168.63c 4.50 < 0.00 

Microbial protein syntesis 
efficiency (g/kg BOFR) 

58.5ab 59.6ab 62.6bc 51.1a 67.5bc 80.3d 71.7cd 2.02 < 0.00 

P1: concentrate (40%) + native grass (60%); P2: concentrate (40%) + native grass (52.5%) + jengkol peel powder (7.5%); P3: concentrate (40%) + native grass (45%) + 
jengkol peel powder (15%); P4: concentrate (40%) + native grass (37.5%) + jengkol peel powder (22.5%); P5: concentrate (40%) + native grass (45%) + jengkol leaves 
powder (15%); P6: concentrate (40%) + native grass (30%) + jengkol leaves powder (30%) and P7: concentrate (40%) + native grass (15%) + jengkol leaves powder (45%). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SPM= 6.25 × N microbe and BOFR= 0.65 × organic matter digestibility (International Atomic Energy Agency, 1997). 
SEM: standard error of the means.  

Table 5 Methane production and hydrogen balance with subtitution of jengkol peel and leaves powder 

Treatments  
Parameters 

P1 P2 P3 P4 P5 P6 P7 
SEM P-value 

CH  (%) 18.5 15.5  17.3 18.9  16.9  18.8  18.6 0.59 0.56 4

CH /total VFA 0.15  0.10  0.11  0.13  0.11  0.13  0.14  0.01 0.13 4

CH4/OMD 
(mL/100 mg) 

0.31  0.24  0.28  0.31  0.26  0.29  0.28  0.01 0.32 

Hydrogen pro-
duction 
(mmol/L) 

122.18  96.41  107.74  119.46  106.05  118.74  114.47  3.72 0.52 

Hydrogen utili-
zation (mmol/L) 

33.3  22.3 25.6  29.5 25.4  28.9  25.9  1.39 0.53 

H2 recovery 
(%) 

26.8  23.2  23.7 24.9  24.1  23.8  22.6  0.75 0.50 

VFA: volatile fatty acid and OMD: organic matter digestibility. 
P1: concentrate (40%) + native grass (60%); P2: concentrate (40%) + native grass (52.5%) + jengkol peel powder (7.5%); P3: concentrate (40%) + native grass (45%) + 
jengkol peel powder (15%); P4: concentrate (40%) + native grass (37.5%) + jengkol peel powder (22.5%); P5: concentrate (40%) + native grass (45%) + jengkol leaves 
powder (15%); P6: concentrate (40%) + native grass (30%) + jengkol leaves powder (30%) and P7: concentrate (40%) + native grass (15%) + jengkol leaves powder (45%). 
SEM: standard error of the means.  
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Hydrogen production and utilization were similar with 
control treatment. Range of hydrogen production of the 
treatments was 96.41-122.18 mmol/L, hydrogen utilization 
from 22.34-33.31 mmol/L, and hydrogen recovery from 
22.60-24.90%. Moss et al. (2000) stated that metabolic hy-
drogen is produced during degradation and fermentation of 
feed polymers (mainly carbohydrates, both structural and 
non-structural carbohydrates) under anaerobic condition in 
the rumen. H2 production/utilization is the basis to classify 
them into three groups, bacteria which produce propionate, 
butyrate, ethanol and/or lactate; bacteria which produce 
acetate and H2; and methanogenic microorganisms (Bodas 
et al. 2012). Moss et al. (2000) reported that the H2 used 
during VFA synthesis or incorporated into microbial or-
ganic matter. Propionate formation pathway is a ruminal 
metabolic pathway that used H2, and acetate formation pro-
duced H2. Further, utilization of H2 is possible since a 
number of rumen microbes such as H2-utilizing bacteria 
and methanogens are able to consume H2. Sliwi´nski et al. 
(2002) reported that the addition of saponin from Yucca 
schidigera extract (1, 20 and 100 mg sarsaponin/kg DM) 
and Castanea sativa wood extract containing hydrolyzable 
tannins (0.5 and 2.5 g tannins/kg) and pure sulphonate-free 
lignin (2.5g/kg) were the same as control treatment on hy-
drogen balance.  

Hydrogen produced ranged from 0.107-0.134 mol/day, 
hydrogen utilized ranged from 0.077-0.091 mol/day, and 
hydrogen recovered ranged from 0.68-0.75 mol/day. The 
same result was reported by Jayanegara et al. (2015) who 
utilized hydrolyzable and condensed tannins extracted and 
purified from chestnut, sumach, mimosa, and quebracho on 
hay, the hydrogen balance was similar to control. Hydrogen 
production and utilization ranged from 3.51-4.47 mmol. 
The hydrogen recovery of the treatments ranged from 86.7-
95.3%. 

 

  CONCLUSION 

Substitution of native grass with jengkol peel powder up to 
22.5% decreased rumen pH and protozoa, increased N-
NH3, did not change feed digestibility (DMD and OMD), 
total and proportional VFA production, microbial protein 
synthesis, methane production, and hydrogen balance. The 
use of jengkol leaves powder up to 45% decreased rumen 
pH, increased N-NH3, feed digestibility (DMD and DMO) 
and microbial protein synthesis, but did not affect total and 
proportional VFA production, protozoa population, hydro-
gen balance, and methane production. Native grass can be 
substituted with jengkol peel powder up to 22.5% and 
leaves powder up to 45%. 
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