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ABSTRACT

ARTICLE HISTORY

Objective: Protein and carbohydrates are substances needed by ruminants, especially sheep.
Providing protein and carbohydrates must pay attention to their degradation. In addition, bal-
ancing nutrients to meet the nutritional needs of rumen microbes is very important because the
unbalanced availability of rumen degradable protein (RDP) and readily available carbohydrate
(RAC) at one time can cause suboptimal microbial protein synthesis efficiency.

Materials and Methods: Completely randomized design with a nonfactorial pattern of five treat-
ments with three replications. Treatment includes RDP and RAC ratios, namely R1 = 2.30, R2 =
2.00, R3=1.70, R4 = 1.50, and R5 = 1.30.

Results: The results showed that the balance of RDP and RAC in sheep ration formulation in
vitro had a very significant effect (p < 0.01) on NH,, microbial protein synthesis, total gas, total
microbes, and organic matter digestibility (OMD) but had no significant effect (p > 0.05) on rumen
pH and dry matter digestibility (DMD).

Conclusion: The optimal balance of RDP and RAC in the formulation of sheep rations in vitro
was obtained at a ratio of 2.30 with NH, (mM) 8.47, rumen pH 5.97, microbial protein synthesis
(mg/100 ml) 123, gas (ml/g of material) 145, total microbes (cells/ml) 2.012 x 10°, (log CFU cells/
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ml) 6.3025, DMD 61.0%, and OMD 63.1%.

Introduction

Ruminant livestock, one of which is sheep, requires protein
as the basis for the formation of body tissue and carbohy-
drates as an energy source, which is digested intensively in
the rumen with the help of rumen microorganisms [1,2].
In addition, sheep feed is mostly a source of energy and
low in protein, which will have an impact on the yield of
fermented products in the rumen.

It is feared that providing feed protein without paying
attention to the level of degradation will cause a deficiency
in meeting the protein needs of microbes and livestock. In
addition, differences in degradation rates vary and depend
on the synchronized and comparative level of rumen pro-
tein degradation [3,4]. If substance N is degraded more
quickly than the energy source (carbohydrates), then the
ammonia resulting from the degradation of compound N

will be transferred to the liver and then recycled to the
digestive tract (a small part), where most of it is lost with
urine secretion. rumen degradable protein (RDP) is a pro-
tein fraction that undergoes degradation by microbes in
the rumen. An average of 50% of the microbial population
in the rumen has protease enzymes to degrade protein
feed sources. This protein fraction feed will quickly experi-
ence deamination by rumen microbial protease enzymes,
resulting in NH, [5].

Carbohydrate degradation must match the rate of pro-
tein degradation [6]. If the energy consumed is available
in sufficient quantities, the livestock’s response to protein
utilization will be better. High protein degradation pro-
duces NH, high, but it must be balanced with the availabil-
ity of easily digestible energy to produce carbon sources.
RDP and readily available carbohydrate (RAC)-based
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ration formulations are considered effective because these
rations will meet not only the needs of livestock but also
the needs of microorganisms contained in the rumen. In
addition, the unbalanced availability of RDP and RAC at
one time can cause low microbial protein synthesis effi-
ciency because microbial protein synthesis is influenced by
RDP and RAGC, so it is very important to balance nutrients
to meet the nutrient needs of rumen microbes and high
digestibility indicates the provision of RDP and RAC is suf-
ficient for rumen microbial growth [7]. Based on this, the
author conducted research regarding the balance of RDP
and RAC in sheep rations and their in vitro fermentability.

Materials and Methods

The ingredients used consist of elephant grass, Indigofera,
coconut cake, corn, bran, tofu dregs, MC Dougall liquid,
pepsin HCl 0.20% liquid, rumen fresh liquid, HgCl solu-
tion, saturation, and distilled water.

The equipment used consists of a grinder, analytical
balance, centrifuge, electric furnace, water shaker bath
39°C-40°C, measuring cup, porcelain cup, flask, thermom-
eter, pH meter, Erlenmeyer, electric oven 105°C, desiccator,
CO, gas, filter paper, and Whatman.

The method used in this research is an experimental
method using a completely randomized design with a non-
factorial pattern of five treatments with three replications.
Treatment includes RDP and RAC ratios, namely R1 = 2.30
(RDP 60.4: RAC 26.0), R2 = 2.00 (RDP 60.3: RAC 30.2),R3 =
1.70 (RDP 60.5: RAC 35.5), R4 =1.50 (RDP 60.0: RAC 40.1),
and R5 = 1.30 (RDP 60.0: RAC 46.0).

Ration formulation based on RDP and RAC ratio

The ration formulation based on the RDP and RAC
ratio which will be tested in vitro on sheep, is shown in
Tables 1-3.

Preparation of feed ingredients

Preparation of feed ingredients starts with the drying process
of elephant grass, Indigofera, and tofu dregs using an oven
at 60°C for 24 h, as well as providing coconut meal, ground
corn, fine bran, and ultra minerals. Then, the feed ingredients

are floured using a grinder, then sifted using a 0.30 mm sieve.
After all the feed ingredients are available, the process of mix-
ing the feed ingredients until they are homogeneous is car-
ried out, and the feed ingredients can be tested.

In vitro testing

The complete feed sample preparation that has been ground
is weighed at 1 gm and then put into the fermenter tube.
Then, mix McDougall’s solution and rumen fluid in a ratio
of 4:1 into a glass beaker and mix with CO, gas. Then, the
mixed solution is put into the fermenter tube, and the blank
is made without adding any feed samples to the fermenter
tube. Then, the fermenter tube is closed using an intermit-
tent rubber stopper and inserted into the shaker water bath,
which has been filled with water. The first incubation was
carried out for 48 h with shaking at 80 rpm and a tempera-
ture of 39°C in a closed condition. After 48 h the sample
was removed, the pH was measured, and several parts of
the supernatant were separated for microbial calculations,
followed by the addition of 1 ml of 5% HgCl, and 2 ml 1 N
Na,CO, in each sample and blank. The sample was centri-
fuged at 2,500 rpm for 15 min, then the dissolved substance
was discarded, and 40 ml of 0.20% pepsin solution was
added to the fermenter tube. Samples were incubated again
for 48 h. The sample was removed and centrifuged with the
same settings, then the dissolved substance was discarded,
and the residue was rinsed using distilled water and then
centrifuged again. Samples were filtered using Whatman
paper no. 41, then the sample was transferred to a cup and
baked for 24 h at a temperature of 105°C. The samples that
have been kilned are then burned in the kiln at a tempera-
ture of 600°C for 6-8 h until ash forms [8].

Variables

The parameters measured are NH,, rumen pH, microbial
protein synthesis, gas, total microbes, dry matter digest-
ibility (DMD), and organic matter digestibility (OMD).

Data analysis

The data were obtained, tabulated, and analyzed using
variance. If real or very real results are obtained, then the

Table 1. Nutrient content of feed ingredients making up the test ration based on DM (%).

Feed DM oM Ash cpP CF EE NNFE TDN NDF ADF
Elephant grass 93.0 87.0 13.0 13.0 31.0 2.61 40.5 57.2 67.2 40.1
Indigofera 90.0 91.4 8.59 30.9 17.4 2.39 41.0 67.6 23.2 21.0
Coconut cake 935 92.1 7.89 7.85 13.1 14.6 56.5 79.3
Corn 88.5 88.7 11.3 15.2 1.63 2.98 69.0 81.1
Bran 90.9 91.0 8.93 11.0 26.8 4.36 49.0 62.3
Tofu dregs 93.6 97.4 2.57 20.4 214 2.14 535 93.6 97.4 2.57
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Table 2. Ration formulation based on RDP and RAC ratio for sheep.

Feed ingredients R1 R2 R3 R4 R5
Elephant grass (%) 59 54 47 42 35
Indigofera (%) 14 12 10 8 7

Coconut meal (%) 10 11 14 12 15
Corn (%) 9 12 17 16 11
Bran (%) 3 6 9 13 16
Tofu dregs (%) 4 4 2 8 15
Mineral (%) 1 1 1 1 1

Total 100 100 100 100 100

Table 3. The nutritional content of sheep rations is based on the RDP and RAC ratio.

Nutritional content R1 R2 R3 R4 R5

RDP 60.4 60.3 60.5 60.0 60.0
RAC 26.0 30.2 35.5 40.1 46.0
CcpP 15.3 14.9 14.3 14.4 14.4
TDN 63.0 63.9 65.5 65.6 66.0
CF 24.0 229 21.2 214 22.0
DM 88.0 88.0 88.1 88.7 90.0
oM 89.0 89.0 89.1 89.7 90.6
EE 3.82 4.01 4.45 4.25 4.62
NDF 43.0 39.1 33.9 30.1 49.9
ADF 26.5 24.1 20.9 18.5 25.1

Table 4. Composite fermentability of RDP and RAC of sheep rations in vitro.

Treatment

Parameter

R1 R2 R3 R4 R5
NH, (mM) 8.47* 7.528 8.35% 7.008¢ 6.37¢
pH rumen 5.97 5.60 5.50 5.73 5.37
Microbial protein synthesis (mg/100 ml) 1234 106°¢ 1108 1128 101°
Gas (ml/gm of material) 145° 1518 147¢ 1498¢ 1534
Total microbes (cells/ml) 2.012 x 10° 1.909 x 10° 1.521 x 10° 1.549 x 10° 1.559 x 10°
Total microbes (log x, cells/ml) 6.3025* 6.2802* 6.1817° 6.1894° 6.19248
DMD (%) 61.0 49.1 56.2 58.2 47.2
OMD (%) 63.14 51.28 60.2% 61.0% 53.08

Note: different superscripts on the same line show very significant differences (p < 0.01).

Duncan multiple range test is carried out using SPSS soft-
ware [9].

Results and Discussion

The RDP and RAC balance research produced NH, ranging
from 6.37 to 8.47 mM (Table 4). Many rumen microbes
use NH, to synthesize microbial proteins, which makes it
an important indicator of the internal environment of the

http://bdvets.org/javar/

rumen [10]. NH, is liberated and converted to ammonia
[11]. Ration formulations with lower RDP and RAC ratios
produce fluctuating NH.. This is thought to be because the
RDP content in the ration fluctuates, where the R2, R4, and
R5 treatments contain lower RDP than the R1 and R3 treat-
ments, so that the levels of NH, produced are also relatively
low, or, in other words, the formation of NH, is directly pro-
portional to the availability of RDP in the ration. The NH3
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levels produced are still below the levels required to sup-
port rumen microbial growth. This is in accordance with
the statement of Xu et al. [12] that high-protein feed can
increase NH, concentrations in ruminant livestock. Reduce
NH, by encapsulating feed or providing a soluble energy
source so that it can be used together with NH, to synthe-
size microbial protein.

Based on diversity analysis, different RDP and RAC
ratios in sheep ration formulations had a very signifi-
cant effect (p < 0.01) on rumen NH, levels. Duncan’s test
showed that treatment R1 was not significantly different
from R3 but was very different from R2, R4, and R5. This is
thought to be because the provision of lower RDP, followed
by the provision of higher RAC, does not support increased
microbial protein synthesis. However, the NH, produced is
still within the normal range for rumen microbial growth.
This is in accordance with the statement of Rosmalia et al.
[13] that NH, levels are 7.60-8.11 mM, which is within the
normal range.

Table 4 shows the balance of RDP and RAC in sheep
rations in vitro producing a pH ranging from 5.37-5.97.
The resulting pH decreased from the pH before fermen-
tation, namely 6.70-6.80. However, the pH is within the
normal range. This is in accordance with the statement by
Kitkas et al. [14] that rumen pH values range from 5.30 to
6.60, which is within the normal range. In addition, Asin et
al. [15] added that the rumen pH value ranges from 5.50 to
7.50, which is within the normal range as well.

A pH that has decreased indicates that the hydrolysis
process of organic compounds (RAC) such as carbohy-
drates has occurred into simple forms, namely organic
acids volatile fatty acid (VFA). The accumulation of organic
acids causes changes in rumen pH conditions. Apart from
that, Saha et al. [16] state that lower feed intake, shorter
rumination time, and lower saliva levels can all contribute
to a decrease in rumen pH.

It appears that the lower the RDP and RAC balance ratio
in the sheep’s ration, the lower the pH, or vice versa. This is
related to microbial activity in hydrolyzing carbon sources.
The decrease in pH occurs because microbial activity
hydrolyzes carbohydrates and produces organic acids.
Carbohydrates in the R5 treatment are relatively high com-
pared to other treatments, thus allowing higher microbial
activity to hydrolyze carbohydrates. This is reflected in the
resulting pH being relatively lower than other treatments.
According to the statement by Yunilas et al. [17], that is,
the higher the microbial activity in hydrolyzing carbohy-
drates, the production of organic acids will increase so that
the pH decreases. The accumulation of these organic acid
products causes a decrease in the pH of the fermentation
results.

Analysis of diversity showed that the ration formula-
tion based on the RDP and RAC ratio of 2.30-1.30 had no
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significant effect (p > 0.05) on rumen pH. The pH achieved
can support microbial protein synthesis but is still below
normal microbial growth (pH 6.50). Suharti et al. [18] state
that appropriate pH conditions indicate that the process
of microbial growth and metabolism will not be disturbed
so that the digestion process of the ration will be optimal.

The average microbial protein synthesis ranges from
101 to 123 mg/100 ml, or 10.1-12.3 mg/10 ml. The bal-
ance of RDP and RAC in sheep diets in vitro results in fluc-
tuating microbial protein synthesis. Under constant RDP
conditions, the higher the availability of RAC in the ration
formulation, the lower the microbial protein synthesis,
or vice versa, but high microbial protein synthesis was
achieved in the treatment with an RDP and RAC ratio of
2.30, which was related to rumen N ammonia. This is in
accordance with the statement of Lu et al. [4] that a signif-
icant increase in rumen ammonia N was associated with a
significant increase in microbial protein synthesis results.

Analysis of diversity showed that the balance of RDP
and RAC in sheep diets in vitro had a very significant influ-
ence (p < 0.01) on microbial protein synthesis. The aver-
age ratio of research results obtained is in the range of the
research results of Zahera et al. [19], namely microbial
protein synthesis values ranging from 12.0 to 15.1 mg/10
ml, but higher than research by Putri et al. [20]. This was
due to the higher NH, concentration in this study, mean-
ing more nitrogen was available for microbial protein syn-
thesis. The total concentration of VFA, which serves as an
energy source and carbon skeleton, also influences micro-
bial protein synthesis.

Formulation of sheep rations with RDP and RAC ratios
ranging from 2.30 to 1.30 produces a total gas of 145-153
ml/gm feed (Table 4). It can be seen that the lower the RDP
and RAC ratios of the treatment ration, the higher the total
gas obtained, or vice versa. This shows an increasing trend
along with a decrease in the RDP and RAC ratios.

Based on the diversity analysis, it was found that the
ratio of RDP and RAC in the ration formulation had a very
significant effect (p < 0.01) on the total gas produced.
Duncan’s further tests showed that the R5 treatment was
very significantly different from the other treatments. This
is thought to be related to microbial activity in degrad-
ing carbon sources (RAC). High microbial activity occurs
in treatments with high availability of carbon sources.
High gas production indicates a high rate of degradation.
According to the statement by Sun et al. [21], carbohydrate
degradation produces products in the form of glucose,
organic acids, and CO,,.

The balanced RDP and RAC ratio of 2.30-1.30 in the in
vitro ration resulted in total microbes fluctuating in the
range of 1.521 x 10°-2.012 x 10° cells/ml or 6.1817-6.3025
log CFU cells/ml (Table 4). Diversity analysis showed that
different RDP and RAC ratios in the feed formulation had a

Yunilas et al. / J. Adv. Vet. Anim. Res., 10(4): 738—743, December 2023 741



very significant influence (p < 0.01) on the microbial (bac-
teria) population. The lower the RDP and RAC ratios, the
lower the microbial (bacteria) population. This is related
to the availability of easily degradable proteins and easily
degradable carbon sources as providers of carbon frame-
works for microbial (bacteria) growth.

Treatments R1 and R2 showed that the microbial (bac-
teria) population was significantly higher than the other
treatments. This shows that RDP produces NH, as an
N contributor and requires RAC as a carbon source pro-
vider, which is not too high for optimal microbial protein
synthesis.

The results of the research balance the availability of
RDP and RAC at different ratios to DMD and OMD. DMD
and OMD indicate the amount of feed that is degraded by
rumen microbes and digested by postrumen enzymes [22].
Fermentability has a close relationship with the digestibil-
ity of feed ingredients or rations, especially the fermen-
tation of carbohydrates, which are the largest nutrient
component in ruminant feed. The easier it is for the ration
to be fermented by microbes, the easier it will be to digest
the ration. The fermentation process is able to reduce the
crude fiber (CF) component [23].

The average dry matter (DM) digestibility fluctuates
and shows an increasing trend (Table 4). This is in accor-
dance with the statement of Sileshi et al. [24] that the high
protein content of the diet shows that there are many
nutrients, especially N-protein, that are available to be
degraded and digested so that it can increase digestibility,
improve microbial growth, and supply high levels of amino
acids. Syamsi and Ifani [25] added that protein in the diet
indicates the availability of N for rumen microbes, which
can help microbial growth and the production of microbial
synthesis when digesting nutrients. Therefore, increasing
protein content in livestock diets can result in increased
DMD and OMD.

It appears that the higher the RAC in the ration for-
mulation, the lower the resulting ratio. A high RDP and
RAC ratio has an influence on DMD. It is suspected that
the optimum RDP and RAC ratio will stimulate microbial
growth so that digestibility can be increased. The growth
or increase in the population of microbes (bacteria) will
indirectly increase the digestibility of feed ingredients.
However, although there is a tendency for DMD to increase,
it has not yet shown a significant effect. This can be seen
from the results of the in vitro RDP and RAC synchroniza-
tion diversity analysis in sheep diets, which did not have a
significant effect (p > 0.05) on diet DMD.

The results of research on RDP and RAC ratios in ration
formulations show that the average OMD fluctuates (Table
4). Based on diversity analysis, it was found that the bal-
ance of RDP and RAC had a very significant effect (p < 0.01)
on OMD. Organic matter (OM) is part of the DM, and the
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OM components consist of CF, crude protein (CP), ether
extract (EE), and non-nitrogen-free extract. Low DMD is
followed by low OMD too.

It can be seen that treatments R1, R3, and R4 produce
higher OMD than treatments R2 and R5. It is suspected
that this is because microbial protein synthesis is relatively
higher compared to treatments R2 and R5. Higher enzyme
production is made possible by high microbial protein
synthesis, which is positively correlated with the digest-
ibility of organic feedstuffs. In addition, DMD is usually not
always greater than OMD.

Conclusion

The optimal balance of RDP and RAC in the formulation of
sheep rations in vitro was obtained at a ratio of 2.30 with
NH, (mM) 8.47, rumen pH 5.97, microbial protein synthe-
sis (mg/100 ml) 123, gas (ml/gm of material) 145, total
microbes (cells/ml) 2.012 x 10° total microbes (log x,
cells/ml) 6.3025, DMD 61.0%, and OMD 63.1%.

List of Abbreviations

CE, crude fiber; CP, crude protein; °C, degree centigrade;
DM, dry matter; DMD, dry matter digestibility; EE, ether
extract; g, gram; h, hours; min, minutes; mg, milligram;
mL, milliliter; mm, millimeter; OM, organic matter; OMD,
organic matter digestibility; RAC, readily available carbo-
hydrate; RDP, rumen degradable protein; rpm, revolutions
per minute; VFA, volatile fatty acid.
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