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Abstract. Feed is a main challenge for a livestock farm, especially during dry season when feed
production is low. Such condition may cause low livestock productivity due to insufficient
nutrient intake. Provision of high quality forages from grasses and legumes are limited by land
competition for various developmental reasons. Therefore, an opportunity to provide feed for
livestock is through utilization of agroindustrial by-products such as soy sauce by-product. The
objective of the present study was to evaluate soy sauce by-product on addition of tannins, i.e.,
Acacia mangium Wild. (AT) and chestnut tannin (CT) using an in vitro rumen fermentation
technique. The following treatments were tested: soy sauce by-product as control (R1), soy sauce
by-product + 1% AT (R2), soy sauce by-product + 2% AT (R3), soy sauce by-product + 1% CT
(R4) and soy sauce by-product + 2% CT (R5). The treatments were incubated in vitro with
buffered-rumen fluid in four replicates, represented by three incubation units per replicate, and
conducted for 24 h at 39 oC. Parameters measured in this research were in vitro gas production at
regular time point intervals. Other parameters measured after the incubation were dry matter
degradation, organic matter degradation, total volatile fatty acids (VFA), ammonia (NH3) and
pH. Data were tested using analysis of variance (ANOVA), if there was a significant different at
P<0.05 then continued with Duncan’s multiple range test. The results of this study showed that
the addition of tannins, both acacia and chestnuts, had no significant effect (p>0.05) to dry matter
degradation, organic matter degradation, total volatile fatty acids (tVFA), NH3 and pH. Acacia
tannin was able to influence (p<0.05) the accumulation of gas production at 8, 12 and 24 h. It
can be concluded that the addition of tannin, both acacia and chestnuts up to level 2% does not
interfere with the fermentation process of soy sauce by-product in the rumen an in vitro.
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1. Introduction
Soy sauce by-product has many soluble components and high degradable protein value. Its protein is
not resistant to microbial degradation in the rumen and therefore needs to be protected [1] before given
to livestock. Protection of feed protein can be done by either heat treatment or with the addition of
formaldehyde. Such protection may increase undegradable protein fraction by approximately 50-80%.
The undegraded protein in the rumen can directly undergoes enzymatic digestion process in the
abomasum and small intestine. Protection of protein may also use phenolic compounds such as tannin
[2], one of them can be extracted from the bark of acacia (Acacia mangium Wild.) [3].
Acacia is known to contain a high tannin concentration. The type of tannin present in acacia is
condensed tannin or proanthocyanidin, which is a polymer of catechin and epicatechin. The other type
of tannin is hydrolysable tannin. This tannin has polyester that easily hydrolyzed by acid or enzymes
digestive tract to result polyphenolic acids and simple sugars [4, 5]. Tannin can be used as a feed additive
to bind protein, so that the protein becomes resistant to degradation by protease either in the silo or in
the rumen [6].
The objective of the present study was to evaluate soy sauce by-product on addition of tannin extract
from acacia (AT) or from chestnut (CT) using an in vitro rumen fermentation technique.
2. Materials and methods
Soy sauce by-product was obtained from a soy sauce industry (PT Zebra, Cihideung Ilir, Ciampea,
Bogor). Acacia mangium Wild. bark was collected from Jambi. The bark was extracted, oven-dried at
50°C for 24 h and ground finely to pass 1 mm sieve. The following treatments were tested: soy sauce
by-product as control (R1), soy sauce by-product + 1% AT (R2), soy sauce by-product + 2% AT (R3),
soy sauce by-product + 1% CT (R4) and soy sauce by-product + 2% CT (R5).
The in vitro incubation was performed by using the method of Theodorou [7]. Samples were
incubated together with buffered rumen fluid at 39oC for 24 h in 4 replicates. The amounts of soy sauce
by-product, rumen fluid, and buffer solution in each bottle were 500 mg DM, 17 mL, and 33 mL,
respectively. Determination of gas production was performed by manual reading from the calibrated
scale on the syringe. After 24 h incubation, the fermentation fluid was analyzed for pH, ammonia
concentration [8], and total volatile fatty acid (VFA) [9]. Solid and supernatant parts in each incubation
bottle were separated using a centrifuge at 6000 rpm for 10 second. The solid residue was subjected to
analysis of dry matter degradability (DMD) and organic matter degradability (OMD) [10].
Data were subjected to analysis of variance by using a completely randomized design. Multiple
comparisons among means were carried out using Duncan’s test.
3. Results and discussion
Soy sauce by-product characteristics with addition acacia and chestnut tannins were not significantly
different for ruminal pH, NH3 and total VFA (Table 1).
Table 1. In vitro rumen fermentation profiles of soy sauce by-product with addition
of tannin extract from acacia (AT) or chestnut (CT)
Treatment
pH
NH3 (mM)
Total VFA (mM)
Soy sauce by-product
6.77 ± 0.07 19.80 ± 1.68
139.48 ± 8.92
Soy sauce by-product + 1% AT 6.74 ± 0.04 17.95 ± 3.34
128.74 ± 23.73
Soy sauce by-product + 2% AT 6.71 ± 0.02 19.51 ± 1.46
134.13 ± 17.92
Soy sauce by-product + 1% CT 6.70 ± 0.03 19.25 ± 1.96
137.20 ± 13.10
Soy sauce by-product + 2% CT 6.73 ± 0.05 15.68 ± 0.38
116.28 ± 10.29
Rumen pH in this study ranged from 6.71 to 6.77. It was within the comfortable range for rumen
microbes to proliferate. Rumen pH normally range between 5.5 and 7.0, and the value can be affected
by type of feedstuff and the ratio of forage to concentrate [11]. With regard to ruminal NH3
concentration, the optimum concentration of NH3 in the rumen is around 85 to 300 mg/L, equivalent to
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6-21 mM [12], in order to sufficiently support microbial protein synthesis. Ammonia concentration in
the present study was similar among the treatments. The level of protein, the solubility of protein and
carbohydrate sources as well as the proportion of the solute can affect the concentration of NH3. In
addition, the concentration of NH3 can also be influenced by the protein degradability from feedstuff,
and the ability of the protein to survive from rumen microbial degradation [13].
Similar to NH3, VFA is an end product of fermentative digestion in the rumen [14]. The VFA is the
end product of carbohydrate digestion that consisted of acetate, propionate, and butyrate, with average
molar ration of 65, 21, and 14%, respectively [15]. The total VFA concentration in the present study
was similar among the treatments. An ideal concentration of total VFA in the rumen is about 80-160
mM [16].
The DMD and OMD values of soy sauce by-product added with either tannin extract from acacia or
chestnut were similar across all treatments (Table 2).
Table 2. Dry matter degradability (DMD) and organic matter
degradability (OMD) of soy sauce by-product with addition of
tannin extract from acacia (AT) or chestnut (CT)
Treatment
DMD
OMD
Soy sauce by-product
33.21 ± 4.22 24.35 ± 5.11
Soy sauce by-product + 1% AT 33.46 ± 2.23 25.33 ± 8.86
Soy sauce by-product + 2% AT 28.18 ± 1.69 16.71 ± 1.25
Soy sauce by-product + 1% CT 32.28 ± 1.35 22.46 ± 1.11
Soy sauce by-product + 2% CT 34.57 ± 4.14 27.13 ± 2.23
This may indicate that AT or CT addition at 1 or 2% from dry matter does not negatively affect DMD
and OMD of soy sauce by-product under in vitro rumen environment [17].
Cumulative gas production of soy sauce by-product with addition of tannin extract from acacia or
chestnut is presented in Table 3.
Table 3. In vitro gas production (ml) of soy sauce by-product with addition of
tannin extract from acacia (AT) or chestnut (CT)
Treatment
Gas production
8h
12 h
24 h
Soy sauce by-product
13.25 ± 3.59a 22.75 ± 4.57a 36.00 ± 5.35a
Soy sauce by-product + 1% AT 7.75 ± 0.50b 16.00 ± 0.82b 29.00 ± 0.82b
Soy sauce by-product + 2% AT 8.00 ± 0.82b 16.00 ± 0.82b 28.75 ± 1.26b
Soy sauce by-product + 1% CT 13.50 ± 3.70a 21.75 ± 3.30a 35.00 ± 3.16a
Soy sauce by-product + 2% CT 13.75 ± 3.86a 22.00 ± 4.69a 34.50 ± 4.43a
Addition of tannin from acacia at the level of 1 and 2% decreased gas production at 8, 12 and 24 h
as compared to control (P<0.05), whereas it was not the case for chestnut tannin addition. Apparently
this is related to the different types of tannin present in both plant materials; acacia tannin has been
known to be condensed tannin whereas chestnut tannin is hydrolysable tannin. The lower accumulation
of gas production has to do with the effects of tannin on feed degradation in the rumen [18].
Gas production is a result of feed fermentation in rumen that depends on feed nutrient, including
protein [19]. Protein content of soy sauce by-product used in the present study is high, i.e., 34.5% (dry
matter basis). Mechanism of tannin in reducing gas production is through its ability to interact with feed
components, mainly protein and carbohydrate, which have a major contribution in generating gas [20,
21].

3

9th Annual Basic Science International Conference 2019 (BaSIC 2019)
IOP Publishing
IOP Conf. Series: Materials Science and Engineering 546 (2019) 022020 doi:10.1088/1757-899X/546/2/022020

4. Conclusion
The acacia tannin can be used to protect protein of soy sauce by-product in the rumen and serves as a
potential feed additive for ruminant feeding.
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