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ABSTRACT 
The objective of this research was to determine the effect of pellet with a combination leave tannin source from Acacia 
mangium Willd, Swietenia mahagoni, dan Artocarpus heterophyllus in pellets on in vitro nutrient digestibility. This 
research used three substrate tratments with different tannin levels at 0%, 1%, and 2% with substituting part of the 
concentrate feed with pellet and still based on dry matter (DM). The ratio of forage and concentrate on the substrate is 
60:40. The substrate used for in vitro analysis was a two-stage digestibility analysis by Tilley and Terry method. 
Parameters observed were digestibility of dry matter, organic matter, crude fiber, and crude protein in the rumen and 
abomasum (total). The results showed that the addition of combination leaves tannin source into pellet with tannin level 
up to 2% on substrate, reduced the digestibility of crude protein in the rumen (P<0.05), but increased the digestibility 
of crude protein in total (P<0.05) without any effects on the digestibility of dry matter, organic matter, and crude fiber. 
Based on the results of the research, it can be concluded that the addition leaves tannin source from Acacia mangium 
Willd, Swietenia mahagoni, and Artocarpus heterophyllus into pellet with tannin level up to 2% on substrate, was able 
to reduce ruminal CPD and increase CPD total without any effects on the DMD, OMD, and CFD. 
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1. INTRODUCTION 

Organisms such as ruminants need nutrients for their 
survival. However, there are several phases that require 
more protein nutrients, such as the growing phase, the 
developing phase, the pregnant phase, and the lactation 
phase. Protein is an important nutrient component in the 
feed given to livestock. Its roles are very numerous in 
living systems, such as being involved in the formation 
of body tissues [1] and being actively involved in all 
metabolic processes in the body, including protein 
hormones [2], antibodies [3], and enzymes [1]. 

Based on the digestive system of ruminants, feed 
consumed by livestock is not directly utilized by 
livestock but is first fermented by rumen microbes in the 
acids (VFA), and microbial protein. Then NH3 will be 
used by microbes to synthesize microbial protein [4], 
CO2 will be converted to CH4 with H2 [5], VFA will be 
absorbed by the body for energy for livestock [6], and 
microbial protein along with proteins that pass from 
rumen fermentation is total protein that can be used by 
livestock for their survival [7]. Therefore, the provision 
of protein feed for ruminants requires special attention, 
because the process of transforming feed protein into 
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microbial protein requires time and a balance of energy 
and protein in feed [8], besides that feed protein is also 
easily degraded in the rumen (such as is soybean meal). 
The percentage of protein loss after rumen incubation 
time reached 0, 2, 4, 8, 16, 24, 48 hours was 17.6; 26.7; 
35.9; 50.42; 74.9; 91.1; and 99.2 [9]. Based on this, feed 
protein needs to be protected.  

There is a way to protect feed protein from 
fermentation in the rumen by microbes so that protein can 
be directly digested in the post-rumen digestive tract and 
utilized by host animals. That is by utilizing plant 
bioactive compounds, such as tannins as feed additives. 
The phenol group of tannins can bind strongly to the 
carboxyl groups (aromatic and aliphatic) of protein [10] 
at pH 6 to 7 as in the conditions in the rumen, and the 
strong bond of tannin with protein will be released again 
at a pH of less than 3.5 (as in the abomasum) or higher 
than 8 (as in the duodenum) [11]. 

Tannin compounds from acacia (Acacia mangium 
Willd), mahogany (Swietenia mahagoni), and jackfruit 
(Artocarpus heterophyllus) leaves have been proven to 
bind to globular proteins in vitro. According to [12], 1 
gram of tannin derived from jackfruit leaves can bind 
23.149 g of globular protein. According to [13], 1 mg of 
tannin derived from mahogany leaves can bind 1.217 mg 
of globular protein. According to [14], feed 
supplementation with condensed tannin from acacia 
plants significantly reduced total nutrient digestibility. 
According to [15], feeding containing tannin compounds 
with a level of 1% BK can reduce crude protein 
digestibility in the rumen as much 29.73%. 

Tannins have the potential to protect feed protein 
from fermentation in the rumen and increase the 
efficiency of protein utilization by livestock, but the level 
of tannin levels needs to be considered in the diet so as 
not to interfere with rumen microbial fermentation. 
According to [16] the level of tannin levels ranging from 
0% to 2% of the diet is not dangerous for consumption. 
According to [17] the ideal level of condensed tannins in 
the diet does not exceed 5% dry matter. According to [18] 
adult cattle can tolerate hydrolyzed tannins at the level of 
1.5% to 2.5% only. 

In addition to tannin levels, the application of 
processing technology in the use of tannins can also be 
considered. The application of feed technology such as 
pelleting can be done to increase feed consumption and 
palatability [19, 20], as well as an effort to minimize 
selective uptake by livestock and increase the 
completeness of the nutritional value consumed by 
livestock [21]. Thus, it is hoped that pellets from a 
combination of acacia, mahogany, and jackfruit leaves 
can be a solution in protecting feed protein from 
fermentation in the rumen, without affecting the 
fermentation of other feed substrates in the rumen. 

2. MATERIALS AND METHODS 

2.1. Experimental Treatments 

This study used three substrate treatments which were 
differentiated based on the tannin content of the substrate 
(% DW based). The three substrate treatments in question 
are described as follows: 

Tannin level 0% = Forage 60% + 
Concentrate 40% + 
Pellet 0% 

Tannin level 1% = Forage 60% + 
Concentrate 27.6% + 
Pellet 12.4% 

Tannin level 2% = Forage 60% + 
Concentrate 15.2% + 
Pellet 24.8% 

 Pellet feed is used as a substitute feed for some 
concentrate feeds because pellet feed is a feed whose 
nutrient content is quite similar to concentrate feed. The 
pellet feed contains a 9% proportion of soybean meal 
which acts as a protein source feed supplement that will 
function to increase the availability of protein nutrients 
(amino acids) in the post-rumen tract. 

2.2. Materials 
The laboratory equipment used to determine the 

nutritional content of each feed ingredient is described by 
[22], the extraction and determination of the tannin 
content in the leaves is described by [23, 24], in vitro 
nutrient digestibility analysis has been described by [25], 
and the field equipment used to manufacture pellets such 
as pelletizers and mixers. The substrate samples in this 
study consisted of forage, concentrate, and pellets. The 
forage chosen for the manufacture of the substrate is 
elephant grass (Pennisetum purpura). Concentrates for 
the manufacture of substrates consist of soybean meal, 
pollard, rice bran, palm oil meal, molasses, premix, and 
corn cobs. The pellets for making the substrate consisted 
of a combination of acacia leaf flour, mahogany leaf 
flour, and jackfruit leaf flour added to feed ingredients in 
the form of soybean meal, molasses, and tapioca. 

2.3. Methods 
2.3.1 Sample Preparation 

Samples of acacia, mahogany, and jackfruit leaves 
were taken at Kasuran Wetan, Sayegan, Sleman, 
Yogyakarta. The leaf samples were separated from the 
stems and then dried in the sun (36oC) for 15 to 20 hours 
to dry. The leaves used are young to mature leaves. 
Elephant grass samples were cut into pieces measuring 2 
cm to 3 cm in length. Leaves and grass were dried in an 
oven at 55oC and mashed with a blender to become a 
powder which then together with the concentrate 
constituents of feed ingredients will be used for proximate 
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analysis based on the method that has been carried out by 
[22]. 

2.3.2 Extraction of a combination of leaves from 
tannin sources 

The method applied for the extraction of acacia, 
mahogany, and jackfruit leaves is based on the method 
used by [23]. The extraction process uses the Sonoplus 
Bandelin Ultrasonic tool. The results of the extraction 
process are stored in a chiller for further use for the 
determination of tannin levels. 

2.3.3 Determination of total, condensed and 
hydrolyzed tannin levels 

The method applied for the determination of total, 
condensed, and hydrolyzed tannin content is based on the 
method used by [23] and [24]. The method uses a sample 
extraction of each leaf as a source of tannin. The results 
of the analysis of determining the total, condensed, and 
hydrolyzed tannin levels in sequence, namely for acacia 
are 5.68; 5.52; and 0.16; for mahogany is 11.69; 9.83; and 
1.86; for jackfruit is 7.8; 5.34; and 2.49. 

2.3.4 Production of Pellets from Tannin Sources 
and Protected Protein Sources 

The process of making pellets consists of grinding, 
mixing, pelleting, and drying processes. Pellets are made 
by the cold method. The grinding process is carried out 
using a disc mill with a screen size of 0.1 mm. The mixing 
process is carried out by prioritizing the largest 
proportion of feed ingredients. The pelleting process is 
carried out using a die measuring 1.5 cm. The drying 
process is carried out using sunlight for 4 to 5 hours. 

2.3.5 Technique in vitro nutrient digestibility 
The process of preparation of rumen fluid, buffer 

medium, and substrate was carried out before carrying 
out the in vitro nutrient digestibility technique by [25]. 
The rumen fluid used came from the rumen of Bali cattle 
that had been fistulae and were given feed adaptation for 
5 days. The method made in the manufacture of the 
medium according to the method [25]. The medium is 
then flowed with carbon dioxide gas to maintain 
anaerobic conditions. Carbon dioxide gas is flowed 
before the medium is mixed into the rumen fluid. The 
feed substrate consisted of 3 treatment levels. The 
substrate used for dry matter digestibility (DMD), 
organic matter digestibility (OMD), and crude fiber 
digestibility (CFD) was 250 mg, while the substrate for 
crude protein digestibility (CPD) was 500 mg. The in 
vitro nutrient digestibility technique was carried out 
based on the method that had been carried out [25] in two 
stages. The first stage describes the state of fermentation 
in the rumen, while the second stage describes the state 
of fermentation in the post-rumen tract (abomasum and 

intestine). The substrate was incubated for 96 hours (48 
hours for the first stage and the next 48 hours for the 
second stage) under anaerobic conditions at 39oC. Yields 
at each stage will be analyzed to determine DMD, OMD, 
CFD, and CPD. Analysis in determining DMD, OMD, 
CFC, and CPD based on the method that has been carried 
out [22]. 

2.4. Parameters Observed 
The parameters observed were nutrient digestibility 

in the rumen and total digestibility. The digestibility of 
the nutrients included of dry matter digestibility, organic 
matter digestibility, crude fiber digestibility, and crude 
protein digestibility. 

2.5. Data Analysis 
Obtained data were analysed by one-way analysis of 

variance (ANOVA) continued by Duncan’s new multiple 
range test (DMRT). All statistical analysis calculations 
using The Statistical Product and Service Solution 
(SPSS) v.17 software. 

3. RESULTS AND DISCUSSION 

The effect of adding a combination of leaf sources of 
tannin from Acacia mangium Willd, Swietenia 
mahagoni, and Artocarpus heterophyllus in pellet form 
on the parameters of nutrient digestibility in the rumen 
and total digestibility can be observed in Table 1. 

Table 1. The effect of adding combination leaves 
tannin source to pellets on the digestibility of feed 
nutrients in the rumen and total in vitro. 
 

Nutrient 
Digestibility 

Level of Tannin (% DW based) 
0% 1% 2% 

In Rumen    

DMD ns 52.43±2.29 54.32±0.94 53.33±3.27 
OMD ns 51.69±1.28 53.77±0.35 52.38±2.93 
CFD ns 46.85±4.84 48.70±0.80 54.72±0.38 
CPD 63.82c±3.49 51.73b±2.99 40.51a±1.01 

Total    

DMD ns 55.59±2.52 57.49±1.86 59.67±2.99 
OMD ns 54.64±2.84 55.30±0.31 56.48±0.12 
CFD ns 49.32±3.19 50.36±1.85 55.33±2.60 
CPD 62.89a±2.62 69.75a±3.66 82.10b±4.11 

ns : Non-significant (P>0.05), 
abc : Different superscripts in the same column 

showed significant differences (P<0.05), 
1)DMD, dry matter digestibility; OMD, organic matter digestibility; 
CFD, crude fiber digestibility; CPD, crude protein digestibility. 
 

3.1. Digestibility of Nutrients in the Rumen 

The addition of combination leaves tannin sources in 
pellet with tannin treatment level of up to 2% did not 
significantly affect DMD, OMD, and CFD in the rumen 
(P>0.05) and was significantly able to reduce CPD in the 
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rumen (P<0.05). The absence of significant changes in 
DMD, OMD, and CFD was suspected because the level 
of addition of tannins up to a level of 2% could still be 
tolerated by rumen microbes to degrade other organic 
compounds (except protein). According to [26], tannin 
supplementation can provide two different responses. The 
positive response is that when tannins at optimum levels 
from certain plants can increase the activity of the 
glutamate ammonium ligase enzyme and also suppress 
the protozoan population, so that the degradation of 
fibrous feed will increase. The negative response is when 
the addition of high levels of tannins will cause digestive 
disorders and decreased digestibility. The absence of a 
significant effect on DMD and OMD also occurred in a 
study [27] that used pelleted tannins from acacia, 
mahogany, and jackfruit leaves with a tannin level of up 
to 2% in the gast test method. The same study was also 
able to reduce the number of protozoa in the rumen by up 
to 35%. This can be the basic factor for the incidence of 
increasing CFD number at the addition of 1% tannin level 
by 3.95% from 0% tannin level (control), and at 
increasing 2% tannin level by 16.8% from control. 
Although there was no significant change from CFD 
when the tannin pellet was added to a level of 2%. 

The results of the analysis showed that there was a 
significant decrease in CPD in the rumen significantly. 
The addition of 1% tannin level decreased CPD by 
18.94% from the control, while the addition of 2% tannin 
level decreased CPD by 36.52% from control. This is due 
to polyphenolic tannin compounds that can bind strongly 
to feed protein in rumen conditions [28], so that the work 
of protease enzymes from proteolytic bacteria will 
decrease in degrading feed protein in the rumen. 
Research results [27] using 1% and 2% tannins from a 
mixture of acacia, mahogany and jackfruit leaves were 
able to significantly reduce the activity of protease 
enzymes by 6.88% and 36.31%, respectively. The 
decrease in CPD also occurred in a study [29] that used 
tannin compounds from the leaves of Psidium guajava, 
Ficus bengalensis, and Ficus infectoria from levels 1 to 
3% added to the feed to reduce CPD in the rumen by 13% 
to 49% in vitro. According to [28], the formation of a 
strong bond of tannin with protein is influenced by 
several factors, namely the concentration of tannin, the 
isoelectric point of the protein, pH, and protein chemistry 
(the higher the proline content in the protein, the more 
easily it reacts with tannin). 

The use of tannins from a combination of acacia, 
mahogany, and jackfruit leaves in pellets up to a tannin 
level of 2% in the diet is still in a good range to be given 
to livestock. The addition of tannin pellets was able to 
effectively bind protein without disturbing the 
degradation of the feed substrate in the rumen by the 
rumen microbial population. [30] argues that a balanced 
microbial population in the rumen is important for 
optimizing the use of organic matter in feed. 

3.2. Total Nutrient Digestibility 
The addition of combination leaves tannin sources in 

pellet with tannin treatment level of up to 2% did not 
significantly affect DMD, OMD, and CFD in total 
(P>0.05) and significantly increased CPD in total 
(P<0.05). The results of the total digestibility of DMD 
and OMD in this study showed that the effort to protect 
protein by tannin compounds in pellets gave a positive 
response. This positive response is illustrated by the 
protection of specific nutrients (amino acids from 
soybean meal) without reducing the level of degradation 
of feed organic matter, so that the microbial population 
in the rumen is not disturbed and absorption of specific 
nutrients from the digestive processes in the rumen and 
post-rumen can be optimally absorbed. [28] stated that in 
general the enzyme response to tannins varies greatly 
depending on the affinity of the enzyme for tannins, so it 
cannot be predicted. 

The addition of leaf combination pellets from tannin 
sources up to a level of 2% did not significantly reduce 
the total CFD. This result is directly proportional to the 
CFD in the rumen. This is presumably because the 
administration of tannins up to a level of 2% in this study 
can still be tolerated by the fiber-digesting enzymes so 
that they do not interfere with the hydrolysis of the fiber- 
digesting enzymes. [28] in his research showed that low 
concentrations of tannins will increase the circular 
structure of the enzyme thereby increasing its catalytic 
activity. Enzymes vary greatly in their affinity for tannins 
so that the potential effect of tannins on enzymes cannot 
be predicted. 

The results of the analysis shown in Table 1. indicate 
that the addition of a mixture of acacia, mahogany and 
jackfruit leaf pellets as a source of tannins with a level of 
1% did not increase the total CPD. Giving pellets with 
1% tannin level increased the total CPD, which was 
10.91% from the control. Meanwhile, the 2% tannin level 
significantly increased the total CPD value (P<0.05) 
against the control. Giving pellets with a tannin level of 
2% can increase the total CPD as much as 30.55% of the 
control (62.89%). This is due to the hydrolysis of strong 
bonds between tannins and feed protein at a pH of less 
than 3.5 (as in the abomasum) or greater than 8 (as in the 
duodenum) [11]. In this study, the administration of a 
mixture of leaf pellets with a tannin source of up to 2% 
in this study still had a beneficial effect on livestock 
because it did not reduce the hydrolysis ability of 
enzymes in the post-rumen tract. 

4. CONCLUSION 

In conclusion addition leaves tannin source from 
Acacia mangium Willd, Swietenia mahagoni, and 
Artocarpus heterophyllus into pellet with tannin level up 
to 2% on substrate, was able to reduce ruminal CPD and 
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increase CPD total without any effects on the DMD, 
OMD, and CFD.  
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