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ABSTRACT. The study aimed to determine the protein-energy synchronization (PES) index of the various energy source of feed
concentrate in vitro, as a database for the preparation of ruminant rations based on the PES index. The research was conducted
from May to August 2020. The research was carried out experimentally through three stages: proximate analysis, in vitro
digestibility test, and index calculation. The materials used were rumen fluid of three Jawa Randu Goats, taken shortly after being
slaughtered at Sokaraja Goat Slaughterhouse, and seven types of energy sources of feed concentrate. Each feedstuff was
duplicated for 3 replications, then the digestibility data for organic matter and protein of each feedstuff were collected at the 2",
4th gt gth 12t 24™ and 48™ hour by in vitro fermentation. The data collection results were then regressed and the results were
included in the PES index equation. The variable measured was the PES synchronization index. The results showed that the PES
index of rice bran was 0.54, rice polish 0.50, pollard 0.57, corn 0.87, dried cassava 0.94, dried cassava dreg 0.90, and bread flour
0.94. The study concluded that the energy source of feed concentrate are potential as the medium to the high category of PES
index values in the preparation of ruminant rations, where corn, dried cassava, dried cassava dreg, and bread flour have a PES
index in the high category, while rice bran, rice polish, and pollard in the medium category.
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ABSTRAK. Tujuan penelitian ini adalah menginventarisasi indeks sinkronisasi protein-energi (SPE) berbagai bahan pakan
konsentrat sumber energy, sebagai basis data penyusunan ransum ruminansia berbasis indeks SPE secara in vitro. Penelitian
dilaksanakan mulai bulan Mei hingga Agustus 2020. Penelitian dilaksanakan secara eksperimental melalui tiga tahap yaitu
analisis proksimat, kecernaan in vitro, dan perhitungan indeks. Materi yang digunakan adalah cairan rumen 3 Kambing Jawa
Randu yang diambil sesaat setelah disembelih di Rumah Potong Hewan Sokaraja, serta 7 jenis bahan pakan konsentrat sumber
energi. Masing-masing bahan pakan diduplikasi sebanyak 3 ulangan, kemudian masing-masing diukur kecernaan bahan organik
dan protein pada waktu fermentasi in vitro ke 2, 4, 6, 8, 12, 24 dan 48 jam. Data yang dikoleksi selanjutnya di uji regresi dan
hasilnya dimasukkan dalam persamaan indeks SPE. Variabel yang diukur adalah indeks SPE. Hasil penelitian menunjukkan
bahwa indeks SPE dedak sebesar 0,54, bekatul 0,50, pollard 0,57, jagung 0,87, gaplek 0,94, onggok kering 0,90 dan tepung roti
0,94. Penelitian menyimpulkan bahwa, konsentrat sumber energi memiliki potensi nilai indeks sinkronisasi protein-energi pada
kategori sedang hingga tinggi dalam penyusunan ransum ruminansia. Jagung, gaplek, onggok kering dan tepung roti memiliki
indeks sinkronisasi protein-energi pada kategori tinggi, sedangkan dedak, bekatul dan pollard pada kategori sedang.

Keywords: konsentrat, sumber energi, in vitro, dan indeks sinkronisasi protein-energi

INTRODUCTION ruminant rations are rice bran, rice polish, pollard,
cassava dreg, and so on.

The ration of ruminants must be formulated
with a balance of protein and energy to improve
the performance of microorganisms in the rumen.
This kind of ration arrangement can be done by
the protein-energy synchronization (PES) index.
The concept of the PES index was first proposed
by Sinclair et al. (1993). The PES index is
described on a scale of 0-1, where a ration with a
PES index close to 1, can supply energy and
ammonia simultaneously (synchronous).
Widyobroto et al. (2007) said that the balance of
the availability of ammonia and energy in the

Ruminants are a polygastric whose main
requirement for feed comes from fiber sources.
The development of science in animal feed
ingredients has proven the potential for
supplementation of various types of concentrate,
derived from agricultural waste or food processing
waste to supporting ruminant productivity. The
composition of concentrate in ruminant rations
even reaches 40-90% of the total dry matter intake
(DMI) requirement of the ruminant. Several types
of energy source concentrate commonly used in
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rumen. Chumpawadee et al. (2006) explained that
unequal (asynchronous) levels of energy supply
and ammonia will result in losses. Energy is a
limiting factor of ammonia use, the lower amount
of energy can cause ammonia to be absorbed in
the blood and converted into urea in the liver. A
small portion of urea will be recycled and the rest
will be wasted or even cause urea toxicity.

Chumpawadee et al. (2005 and
Chumpawadee et al. (2006) proved that rations
with a high PES index were able to increase
fermentation activity, microbial protein synthesis
(MPS), feed utilization, and digestibility in the
rumen and thereby increasing body weight in
brahman-local crossbred cattle. Cabrita et al.
(2006) proved that PES in dairy cattle rations was
able to maximize milk production. Kaswari (2004)
expressed a contrasting opinion that the effect of
PES on ruminant rations yielded mixed and
inconsistent results. Therefore, an in-depth and
continuous study is needed regarding the ration
preparation based on the PES index, whether
assessed through indexing, determining feed
ingredient pairs, or other effects that have not been
consistently proven.

The ration preparation based on the PES
index is a technique that needs to be developed but
requires information on the PES index of each
feed ingredient. An inventory of the PES index for
local feed ingredients needs to be done as a
baseline that can be used similar to the proximate
nutritional content in the preparation of rations
(Ginting, 2005). The PES index was determined
through a series of in vivo degradability tests,
however, this technique was limited by the
availability of fistulated ruminants. According to
Silva et al. (2013) and Syamsi et al. (2017), the
PES index can be determined in vitro. Syamsi et
al. (2017), Waldi et al. (2017), and Syamsi et al.
(2019) have succeeded in collecting the PES index
of various local feed ingredients but in limited
guantities. Kaswari et al. (2007) showed that
microbial protein synthesis in the PES index
experiment using in vivo techniques was not much
different from in vitro, although the tendency was
higher. It means that the PES index study
information through in vitro techniques is needed
to provide an overview of the results in vivo
techniques. Therefore, this study aimed to
determine the PES index of various energy
sources concentrates by in vitro as a database of
ruminant rations based on the PES index.
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MATERIALS AND METHODS

This research  was  carried out
experimentally through in vitro methods. The
material used was rumen fluid from three Jawa
Randu Goats taken at the  Sokaraja
Slaughterhouse, shortly after being slaughtered.
The feed material used was seven types of energy
source concentrate, i.e. corn, dried cassava, rice
bran, rice polish, pollard, dried cassava dreg, and
bread flour. The research was carried out in three
stages: nutritional analysis, in vitro digestibility,
and calculation of the  protein-energy
synchronization (PES) index. Each feedstuff was
duplicated for three replications, then the
digestibility data for organic matter and protein of
each feedstuff were collected at the 2, 4th, 6t 8th,
12t 24% and 48™ hour by in vitro fermentation.
The results of the data collection were then
regressed and the results were included in the PES
index equation.

Nutritional Analysis

Nutritional analysis of concentrate in
determining moisture content, dry matter (DM),
ash, organic matter (OM), crude protein (CP),
extract ether (EE), crude fiber (CF), and nitrogen
free extract (NFE) was using the proximate
method developed by AOAC (2005). Moisture
content and DM were determined by drying 2g of
the sample in an oven at 105°C. The remaining
weight was determined as DM, while the
evaporated one or lost was determined as moisture
content. The ash and OM content were determined
by burning 2g of the sample in a furnace at 600°C.
The remaining weight was ashes and the oxidized
one was determined as OM. The protein content
was determined by digestion of a 0.1g sample in a
Kjeldahl tube, then the results were distilled and
titrated.

The EE content was determined by
dissolving 1g of the sample in a Soxhlet tube
using acetone as a solvent. The CF content was
determined by washing 1g of the sample using
solvents sequentially, i.e. H,SO4 0.3N, hot water,
H.SO4 0.3N, and acetone. The washing residue
was burned in a furnace at a temperature of
600°C, the remaining weight was crude fiber. The
NFE content wass calculated by the formula =
100% - (ash + EE + CP + CF). Total digestible
nutrient (TDN) levels were determined by the
formula developed by Wardeh (1981), i.e.,, TDN =
40.2625 - 0.1379 CF + 1.1903 EE + 0.4228 NFE +
0.1969 CP.
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Measurement of Protein and Organic Matter
Digestibility

Digestibility measurements were carried out
using the in vitro method developed by Silva et al.
(2013). This method was applied using a 250 ml
Erlenmeyer tube filled with 4g of the sample, 48
ml of McDougall's solution and 32 ml of rumen
fluid. Erlenmeyer was then put into a shaker water
bath with a temperature of 39°C. Erlenmeyer was
supplied with CO; for 30 seconds, then covered
with a ventilated rubber. The degradation of
protein and organic matter (OM) was measured at
7 different times, at 2, 4, 6, 8, 12, 24, and 48
hours. The results of the degradation each time
were then regressed to obtain the average
degradation of g protein and kg OM per hour. This
method was developed by Silva et al. (2013) from
the method of @rskov and McDonald (1979).
Protein-Energy Synchronization Index
Calculating of Each Concentrate

The average degradation of g protein and
Kg OM per hour for each concentrate then can be
included in the formula for calculating the PES
index. This formula was found by Hermon et al.
(2008) and developed by Sinclair et al. (1993).
The PES index formula is as follows:

n

1..!!(Z[ZI —% per ho:u']:
24

. _ 1-24
PES index = >0

Note: 20: the optimal ratio assumption for microbial
protein synthesis in local feed ingredients is 20 g
N/Kg OM; 1-24: time; 24: time of day; n:
observation time; N/OM per hour: the
degradation rate ratio of protein between organic
matter every hour.

Statistical Analysis
The results of the proximate analysis were
discussed descriptively. The digestibility of
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protein and organic matter of each concentrate
was tested using regression analysis and the
average degradation results were calculated in the
protein-energy  synchronization (PES) index
formula. The results of the PES index calculation
for each concentrate then were discussed
descriptively.

RESULTS AND DISCUSSION

Nutritional Value

The energy sources concentrate are
products generally produced from agricultural
products or food processing. This feedstuffs are
mostly grain-based and contain fermentable non-
structural carbohydrates. The addition of energy
sources concentrate in the ration is generally
intended as a reinforcing agent. The use of this
concentrate will increase energy supply quickly
and can be immediately utilized in the MPS
process (Hindratiningrum et al, 2011 and
Sitindaon, 2013). The potency of each concentrate
can be determined from its nutritional content
because each feed ingredient has different
nutritional characteristics. The nutritional analysis
of some energy source concentrate is shown in
Table 1.

The nutritional analysis in Table 1 shows a
quite diverse results for 7 types of energy source
concentrate, but there is a similar trend in dry
matter (DM), organic matter (OM), and ash. The
DM content ranged between 85.54-89.01%, the
OM content between 87.03-89.64%, and the ash
between 10.36-13.53%. Hartadi et al. (2019)
explained that when DM are burned, the OM will
be oxidized and what remains is minerals in the
form of ash. The OM levels presented in Table 1
indicate that each feed ingredient has a high OM
content. The highest ash content was found in rice
bran, which was 13.53%, while the lowest was in
corn, which was 10.36%.

Table 1. The results of the nutritional analysis of some energy source concentrate

Feedstuff DM oM Ash CP EE CF NFE TDN
(%) (%DM)  (%DM)  (%DM) (%DM) (%DM) (%DM) (%DM)
Corn 88.54 89.64 10.36 8.28 18.00 7.22 56.13 86.06
Dried cassava 85.89 87.03 12.97 2.91 15.02 5.57 63.53 84.81
Rice bran 85.54 86.47 1353 10.78 20.07 23.70 31.92 76.50
Rice polish 89.01 88.15 11.85 11.50 21.01 21.24 34.40 79.15
Pollard 86.74 87.78 12.22 12.48 16.07 15.31 43.92 78.31
DCD 86.54 87.47 12.53 2.13 10.24 31.45 43.65 66.99
Bread flour 86.08 88.11 11.89 5.27 15.94 15.49 51.41 79.87

Note : DCD: dried cassava dreg; DM: dry matter, OM: organic matter, CP: crude protein, CF: crude fiber, NFE:
nitrogen free extract, TDN: total digestible nutrient. TDN: calculated by the formula% TDN = 70.60 + 0.259
CP + 1.01 EE - 0.76CF + 0.0991 NFE (Sutardi, 2001)
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Energy source concentrates are included in
the fifth class code feedstuff which contains <18%
crude fiber and <20% crude protein (Hartadi et al.,
2019). Based on this category, Table 1 shows the
suitability of the protein content analysis results
the seven types of feedstuff. The protein content
of dried cassava was 2.13%, lower than the others,
while pollard was 12.48%, higher among the
others. The different results showed that the crude
fiber of 3 feedstuffs was higher than others, i.e.
the rice bran, rice polish, and dried cassava dreg
(DCD), 23.70%, 21.24%, and 31.45%
respectively. Rice bran consists of an outer layer
of rice grains with some seed, while rice polish is
an inner layer of rice grains including a small
portion of starchy endosperm. The content of
cellulose and hemicellulose in these two types of
feedstuff is still very high, which causes the crude
fiber analysis also high. The dried cassava dreg
has a very high fiber, presumably due to the
drying treatment, so that the fiber fraction is high.

The NFE is the composition of
carbohydrates in feed, while total digestible
nutrients (TDN) are a description of the total
energy derived from feed (Amrullah et al., 2015,
and Hartadi et al., 2019). The results showed that
rice bran and rice polish had lower levels of the
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NFE than the others, 31.92% and 34.40%
respectively. This is because the contents of CP,
EE, and CF of these two feedstuffs are relatively
high compared to the others. The TDN content
showed a high average for each feedstuff, which is
above 50%. Corn and the dried cassava showed a
high average compared to the others, 86.06% and
84.81% respectively. This is thought to be related
to the starch content in the feed, the higher starch
content, and the lower fiber content, the higher
TDN.

Synchronization Protein-Energy Index

The protein-energy synchronization (PES)
index is a description of the ability to supply
ammonia from protein degradation and energy
from the OM degradation of feedstuff. The index
is represented by a numerical scale between 0-1.
An index close to 1 describes a more harmonious
(synchronous) condition in releasing ammonia and
energy, and inversely if the scale is closer to 0.
Based on the scale, the PES index 0-0.4 was the
low category, 0.4-0.7 was the medium category
and above 0.7 was high category (Sinclair et al.,
1993; Ginting, 2005; Syamsi et al., 2017). The
PES index results of several types of energy
source concentrate are presented in Table 2.

Table 2. Protein-energy synchronization index of various energy source concentrate

Feedstuff Protein degradation OM degradation PES
Equation Rz g/ hour Equation R2 kg / hour index
Corn y = 0.285x - 0.0607 0.98 13,6193 y =20.442x + 88.402 0.98 1069.618 0.87
Dried cassava y =0.13235x-0.1577 0.91 6.1951 y=15.7238x + 13.806 0.91 288.5484 0.94
Rice bran y=0.1167x-0.0123 0.93 55893 y=27.659x + 5.4102 0.93 1333.0422 0.54
Rice polish y =0.0994x +0.5703  0.98 4.2009 y=20.218x +122.331 0.98 1092.795 0.50
Pollard y=0.1163x + 0.0049 0.95 5.5873 y=15.019x + 540.85 095 1261.762 0.57
DCD y=0.2623x - 0.2756  0.97 12.3148 y=17.466x-9.5785 0.97 833.5895 0.90
Bread flour y=0.1161x +1.8447 0.97 7.4175 y=0.9578x + 330.56 0.94 376.5344 0.94
Note: DCD: dried cassava dreg; OM: organic matter; R2 the coefficient of determination; PES: protein-energy

synchronization

Table 2 shows the equations resulting from
the degradation of g protein and kg OM at 2, 4, 6,
8, 12, 24, and 48 hours. The resulting equations
are quite diverse but have a fairly high coefficient
of determination, which is above 90% on average.
The similar result was also proven by Syamsi et
al. (2017), Waldi et al. (2017), and Syamsi et al.
(2019). The differences of equations are related to
differences in the content of protein and organic
matter in each feedstuff, as well as differences in
degradability that take place at each observation
time. The equation was a linear regression
obtained based on the accumulation of data,
observed on protein or OM digestibility which

continues to increase from the beginning to the
end of the observation time.

The average degradation of g protein/hour
and kg OM/hour was then used as the basis for
calculating the PES index for each concentrate.
The results showed that rice bran, rice polish, and
pollard were categorized in the moderate PES
index, 0.54, 0.50, and 0.57 respectively. Corn,
dried cassava, dried cassava dreg, and bread flour
are categorized in the high SPE index category,
0.87, 0.94, 0.90, and 0.94 respectively. Waldi et
al. (2017) stated that feedstuffs containing high
starch content tend to have a higher index. Syamsi
et al. (2019) further explained that feed
ingredients with a high fiber fraction, complex
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compound bonds, and the anti-nutritional
compounds will cause the PES index to be lower.

Several previous studies have also obtained
the PES index on various types of energy source
concentrate. Kaswari et al. (2007) obtained the
PES maize grain and wheat grain indexes, namely
0.59 and 0.56 respectively. Sani et al. (2016)
obtained the PES index of rice bran 0.66, cassava
dreg 0.11, pollard 0.89, and corn 0.53. Waldi et al.
(2017) obtained the PES index of rice bran 0.29,
dried cassava 0.92, and pollard 0.42. The diversity
of study results is due to differences in
measurement techniques (in vitro or in sacco) and
also the nutritional conditions of the feedstuffs
used during the study. An in-depth study is crucial
loped to obtain more complete and comprehensive
information.

CONCLUSIONS

The study concluded that the energy source
of concentrates are potential with the medium to
the high category of PES index values in the
preparation of ruminant rations, where corn, dried
cassava, dried cassava waste, and bread flour are
in the high category PES index, while rice bran,
rice polish, and pollard are in the medium
category.

ACKNOWLEDGEMENT

Researchers would like to thank the
Institute for Research and Community Service of
Jenderal Soedirman University for funding
research through the 2020 BLU Unsoed Fund for
the Beginner Lecturer Research Program.

REFERENCES
Amrullah, F.A., Liman., Erwanto., 2015.
Pengaruh  penambahan berbagai jenis
sumber karbohidrat pada silase limbah

sayuran terhadap kadar lemak kasar, serat
kasar, protein kasar dan bahan ekstrak tanpa
nitrogen. Jurnal llmiah  Peternakan
Terpadu. 3(4): 221-227.

AOAC. 2005. Official Methods of Analysis. 15th
Ed. Association of Official Analytical
Chemist, Washington DC.

Cabrita, A.R.J., Dewhurst, R.J., Abreu, J.M.F.,
Fonseca, A.J.M., 2006. Evaluation of the
effects of synchronizing the availability of n
and energy on rumen function and

Jurnal Agripet, Volume 21, No. 2, Oktober 2021

production responses of dairy cows - A
Review. Anim. Res. 55(2006): 1-24.

Chumpawadee, S., Sommart, K., Vongpralub, T.,
Pattarajinda, V., 2005. Effect of
synchronizing the rate of degradation of
dietary energy and nitrogen release on
reproductive performance in brahman-thai
native crossbred beef cattle. Songklanakarin
J. Sci. Technol. 28(1): 59-68.

Chumpawadee, S., Sommart, K., Vongpralub, T.,
Pattarajinda, V., 2006. Effects of
synchronizing the rate of dietary energy and
nitrogen release on ruminal fermentation,
microbial protein synthesis, blood urea
nitrogen and nutrients digestibility in beef
cattle. Asian-Australas. J. Anim. Sci.
19(2):181-188.

Ginting, S.P., 2005. Sinkronisasi degradasi protein
dan  energi dalam  rumen  untuk
memaksimalkan produksi protein mikroba.
Wartazoa. 15(1): 1-10.

Hartadi, H., Reksohadiprodjo, S., Tillman, A.D.,
2019. Tabel Komposisi Pakan untuk
Indonesia: Cetakan Ketujuh. UGM Press,
Yogyakarta.

Hermon, M., Suryahadi.,, Wiryawan, K.G.,
Hardjosoewignjo, S., 2008. Nishah
sinkronisasi suplai n-protein dan energi
dalam rumen sebagai basis formulasi
ransum  ternak  ruminansia. Media
Peternakan. 31 (3): 186-194.

Hindratiningrum, N., Bata, M., Santosa, SA.,
2011. Produk fermentasi rumen dan
produksi protein mikroba sapi lokal yang
diberi pakan jerami amoniasi dan beberapa
bahan pakan sumber energi. J. Agripet.
11(2): 29-34.

Kaswari, T., 2004. Synchronization of Energy and
Protein Supply in The Rumen of Diary
Cows. Cuvillier Verlag, Germany.

Kaswari, T., Lebzien, P., Flachowsky, G., Meulen,
U. ter., 2007. Studies on the relationship
between the synchronization index and the
microbial protein synthesis in the rumen of
dairy cows. Anim. Feed Sci. Technol.
139(2007): 1:22.

@rskov, E.R., McDonald, I., 1979. The estimating
of protein degradability in the rumen from
incubation measurement weighted
activating to rate of passage. J. Agric. Sci.
92(2): 499-503.

Protein-Energy Synchronization Index of Various Energy Source of Feed Concentrate for Ruminants. (Afduha Nurus Syamsi, et al.,)

176



Sani, F.F.,, Nuswantara, L.K., Pangestu, E.
Wahyono, F., Achmadi, J., 2016.
Synchronization of carbohydrate and
protein supply in the sugarcane bagasse
based ration on in situ  nutrient
degradability. J. Indonesian Trop. Anim.
Agric. 41(1): 28-36.

Silva, S.P. da., Rodrigues, M.T., Vieira, R.A.M.,
MMC da Silva, MMC., 2013. In vitro
degradation  kinetics of protein and
carbohydrate fraction of selected tropical
forage. Biosci. J. 29(5): 1300-1310.

Sitindaon, S.H., 2013. inventarisasi potensi bahan
pakan ternak ruminansia di provinsi Riau.
Jurnal Peternakan. 10(1): 18-23.

Sinclair, L.A., Garnsworthy, P.C., Newbold, J.R.,
Buttery, P.J., 1993. Effects of synchronizing
the rate of dietary energy and n release in
diets on rumen fermentation and microbial
rumen protein synthesis in sheep. J. Agric.
Sci. 120(2): 251-263.

Syamsi, A.N., Suhartati, F.M., Suryapratama, W.,
2017. Pengaruh daun turi (sesbania
grandiflora) dan lamtoro  (leucaena
leucocephala) dalam ransum sapi berbasis
indeks sinkronisasi protein-energi terhadap
sintesis protein mikroba rumen. Jurnal
Pastura. 6(2): 47-52.

Jurnal Agripet, Volume 21, No. 2, Oktober 2021

Syamsi, A.N., Widodo, H.S., Harwanto., Ifani, M.,
Rahayu, R.A., 2019. Potensi Nilai Nutrisi
dan Indeks Sinkronisasi Protein-Energi
Berbagai Jenis Jerami Segar untuk Ternak
Perah.  Prosiding Seminar  Nasional:
Pengembangan Sumber Daya Perdesaan
dan Kearifan Lokal Berkelanjutan 1X. 9:
32-40.

Utomo, R., 2012. Evaluasi Pakan dengan Metode
Noninvansif. Citra Ajiprama, Yogyakarta.

Waldi, L., Suryapratama, W., Suhartati, F.M.,
2017. Pengaruh penggunaan bungkil
kedelai dan bungkil kelapa dalam ransum
berbasis indeks sinkronisasi energi dan
protein terhadap sintesis protein mikroba
rumen sapi perah. J. Livest. Sci. Prod. 1(1):
1-11.

Wardeh, M.F., 1981. Model for Estimating Energy
and Protein Utilization for Feeds. Utah
State University, United State of America.

Widyobroto, B.P., Budhi, S.P.S., Agus, A., 2007.
Effect of undegraded protein and energy
level on rumen fermentation parameters and
microbial protein synthesis in cattle. J.
Indonesian Trop. Anim. Agric. 32(3) :194-
200.

Protein-Energy Synchronization Index of Various Energy Source of Feed Concentrate for Ruminants. (Afduha Nurus Syamsi, et al.,)

177



