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Abstract
Background and Objective: This study aimed to determine the energy and protein balance in male Simmental cattle when fed diets with
different protein and energy levels. Methodology: The experimental design used a randomized block design (RBD) with a 2×3×3
factorial pattern. There were two factors, namely, Factor A, which was the level of dietary energy (65 or 70% TDN) and Factor B, which was
the level of dietary protein (10, 12 or 14%). Each treatment was repeated 3 times. The diet consisted of ammoniated rice straw and a
concentrate and was fed at a ratio of 40:60. The concentrate consisted of palm kernel cake, rice bran, cassava, mineral and urea. The
measured variables were intake; the digestibility of dry matter (DM), organic matter (OM) and crude protein (CP), daily gain, urine allantoin,
blood metabolites and feed efficiency. Results: There was no interactive effect between the protein and energy levels of the diet on
nutrient intake (DM intake, OM intake and CP intake), weight gain, or efficiency (p<0.05). There was an interactive effect between the
dietary protein and energy levels on nutrient digestibility (DM, OM and CP) and urine allantoin (p>0.01). Nutrient intake tended to
decrease with increasing levels of energy and protein in the diet, while nutrient digestibility increased with increasing energy levels in
the diet but did not significantly change with increasing protein levels in the diet. The average daily gain and feed efficiency improved
with the increasing levels of energy in the diet. There was an interactive effect (p<0.05) between the energy and protein levels on the
cholesterol and HDL levels. Cholesterol levels increased with increasing levels of protein in the ration. There was no interactive effect
(p>0.05) between the protein and energy levels on LDL, total protein, glucose, albumin, globulin, calcium or urea. Conclusion: It can be
concluded that treatment A2B2, namely, an energy level of 70% TDN and a protein level of 12%, could provide the best reproductive
performance of Simmental cattle in tropical areas.
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INTRODUCTION

Protein   and  energy  are  important  nutrients  to
consider    when   formulating   rations   for   ruminant
livestock. Abubakar et  al.1 showed that to improve livestock
productivity, nutrients can be manipulated by adjusting the
feed protein-energy ratio. Livestock productivity depends on
not only genetic potential but also the fulfillment of nutritional
needs aimed at maximizing animal production. Energy plays
an important role in supporting daily gain as well as animal
health2. Dietary energy and protein levels affect the ruminal
fermentation behaviors associated with total amino acid
composition and microbial synthesis in ruminants3. Rations
with a high energy content will lead to carbohydrate
fermentation and an increase in VFA in the rumen4, which will
be absorbed through the walls of the reticulum and omasum,
with some passing into the abomasum and the small intestine
as an energy source for the animals5. A lack of energy in the
diet will lead the animal to catabolize body reserves, including
body protein, which will raise the urea concentration in the
blood6. Additional protein and energy supplements are
needed for livestock feed that is of low quality due to poor
management7.

Energy and protein are the most important sources of
nutrients for beef cattle, as these nutrients stimulate rumen
micro organism growth and rumen fermentation and enhance
the productive functions of the animals. In the rumen,
simultaneous carbohydrate fermentation is essential for
microbial protein synthesis8. This study aimed to balance the
protein and energy needs of male Simmental cattle that live in
tropical areas, such as Indonesia. No previous studies have
reported on the protein and energy balances of male
Simmental cows in Indonesia. The purpose of the present
research was to determine the ideal energy and protein
balances of male Simmental cattle diets to obtain the best
reproductive performance.

MATERIAL AND METHODS

The experimental design used was a randomized block
design (RBD) with a 2×3×3 factorial pattern consisting of 6
treatment rations and three groups of body weight as
replicates. The treatment consists of 2 factors: Factor A = TDN
level (A1: TDN 65%, A2: TDN 70%) and Factor B = protein level
(B1: protein 10%, B2: protein 12% and B3: protein 14%).
Eighteen Simmental male cattle with initial body weights of
approximately 225-260 kg were used in this study. The
treatment diets are shown in Table 1. Digestibility trials were
conducted using three animals separated into individual pens
for each treatment. Cattle were fed ad libitum during the
preliminary phase (15 days) and were then restricted during
the collection period (last 6 days) to 90% of the feed that was
offered at 7:00 and 16:00 h. During the collection period,
accurate records were kept on individual feed intake and fecal
excretion. Live weight was measured every two weeks. Total
fecal excretion was collected once daily and 10% of the
representative samples were dried at 60EC overnight and kept
in sealed bags until analysis. Feed and fecal materials were
ground to pass through a 1 mm screen and were composited.
Dry matter, organic matter and nitrogen were analyzed by
standard methods. Samples of feed, feed refusals and feces
were analyzed for dry matter (DM), organic matter (OM) and
crude protein (CP) using standard methods9. Urine allantoin
levels were analyzed according to Chen et al.10.  Blood samples
were taken once, before the livestock were fed (fasting). Blood
samples were taken from a jugular vein using a 10 mL capacity
syringe and placed in a vacutainer. The blood serum was
separated by centrifugation at a rate of 3000 rpm for 10 min.
Glucose, total protein, urea, albumin, triglyceride, total
cholesterol, HDL and LDL analyses were performed using the
HumaStar 80® Auto Analyzer tool. Data were analyzed using
ANOVA and means were compared using Duncan multiple
range test11.

Table 1: The Ingredient composition of and the chemical composition (dry matter%)
Diet
--------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ingredient composition (%) A1B1 A2B1 A1B2 A2B2 A1B3 A2B3
Rice straw ammoniated 40.00 40.00 40.00 40.00 40.00 40.00
Rice bran 49.00 9.00 35.00 8.50 31.00 10.00
Palm kernel cake 5.00 25.00 10.00 33.50 25.00 39.00
Cassava 5.00 25.00 13.00 16.50 2.00 9.00
Mineral 1.00 1.00 1.00 1.00 1.00 1.00
Urea 0.00 0.00 1.00 0.50 1.00 1.00
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition (%)
Protein 10.17 10.04 12.07 12.01 13.90 13.91
TDN 65.68 69.95 65.52 69.86 65.82 69.83
NFE 4.94 5.37 4.90 4.74 6.49 4.85
NDF 56.66 55.25 61.93 58.52 61.20 64.35
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RESULTS AND DISCUSSION

Nutrient intake: The effect of treatment on nutrient intake is
shown in Table 2. The results showed that there was no
interactive effect (p>0.01) between the protein and energy
levels on dry matter, organic matter and protein intake. This
finding indicates that different  energy  and  protein ratios
have no effect on dry matter, organic matter and protein
intake. The average dry matter  and organic matter intake
from all treatments in this study were 7.06 and 6.57 kg hG1,
respectively.

Table 2 shows that higher protein and energy levels
caused dry matter and organic matter intake to be lower. Dry
matter intake was influenced by the type of concentrate,
nutrient quality and the rate of degradation. This finding is
supported by that of Davidson et al.12, who reported that
rations with increased protein levels (16.5, 16.8, 17.2 and
19.2%) in dairy cattle tended to decrease the dry matter intake
(24.1, 23.4, 23.1 22.9 and 23.3 kg dayG1, respectively). The
decreased dry matter intake associated with increased levels
of protein was caused by higher concentrations of proteins
that escaped rumen fermentation and decreased rumen
fermentation activity, resulting in decreased dry matter
intake13. In addition, Tauqir et al.14 reported an increase in dry
matter intake in buffaloes fed a low protein content and a
decrease in dry matter intake as protein levels increased.

The     dry    matter    intake   of   the   treatments   was
5.67-6.78 kg daysG1, equivalent to 2-2.5% of body weight. It is
generally accepted that animal intake of low-quality tropical
forages is usually limited by a low content of nutrients,
especially proteins that are essential for the growth of animal
microbes in the rumen. However, protein supplements may
not be used effectively in the rumen if an energy source is not
available. Under such conditions, the protein is damaged,
becomes an amino acid and undergoes a deamination
process. In ruminants, urea is an end product of N metabolism
but  bacteria   have   the   enzymatic   capability  to  hydrolyze

urea, thereby making urea-N available  as  NH3. The resulting
N-ammonia is absorbed by the animal and excreted in urine
in the form of urea15.

Nutrient digestibility: The results of the research showed that
there was a significantly different interactive effect between
protein and energy on the digestibility of dry matter, organic
matter, crude protein and urine allantoin production (p<0.05)
(Table 2). Increasing the energy and protein in the diet
appeared to increase nutrient digestibility. The higher the
availability of dietary energy is, the greater the increase in the
energy supply and the better the optimization of rumen
microbial growth so that the amount of degradable feed will
increasingly improve digestibility of the nutrients.

The digestibility of dry matter and organic matter was
significantly different (p<0.05) in the higher protein diet,
although no particular trend with respect to varying levels of
dietary CP was shown. The digestibility of protein has been
reported to increase linearly with increasing dietary protein
level16,17. However, no effect of dietary protein levels on DM
digestibility was observed in this study, although it was
reported in other similar studies18.

Digestibility of DM was significantly different (p<0.05)
between diets containing 65  and 70% TDN. The digestibility
of DM in cattle diets with high TDN and CP levels was
significantly higher than in diets with low TDN and CP levels.
The high digestibility of DM and OM in diets with high CP
levels is caused by  low  levels  of  feed  intake. High feed
intake will decrease digestion19. Low feed intake and feed
degradation rates result in feed leaving the rumen more
slowly and a longer digestion time. In terms of feed,
digestibility is influenced by the type, amount, composition
and  intake  rate  of  rations  given  to  livestock20.  Other
studies have suggested that the digestibility of DM, OM and
protein increases when cattle are fed a 13% protein diet21.
Archibeque et al.22 stated that dry matter digestibility
increased  from  71.8-75.8%  with  an  increase  in the protein

Table 2: Effect of treatment on intake, digestibility, weight gain and feed conversion
Energy Protein ratio Main effect
----------------------------------------------------- ------------------------------------------------- --------------------------

Items 65:10 65:12 65:14 70:10 70:12 70:14 Energy Protein Interaction
DM intake (g daysG1) 7.68a 7.67b 6.88c 7.66b 6.84c 5.63c * * *
OM intake (g daysG1) 7.05 7.13 6.38 7.3 6.1 5.48 * * NS
CP intake (g daysG1) 719 965 913 707 808 776 * * NS
Weight gain (g daysG1) 0.81 0.88 1.01 1.13 1.25 1.12 * * NS
DM digestibility (%) 56.29b 59.07b 59.54b 62.80b 64.08a 66.83a * * NS
OM digestibility (%) 61.63b 63.77b 65.13b 65.02b 69.42a 67.39a * * NS
CP digestibility (%) 67.29b 69.97b 70.33b 75.04a 75.11a 76.25a * * NS
Allantoin urine (mg LG1) 110.44cd 100.81d 122.56b 113.75c 128.44a 138.00a * * *
Feed conversion 8.7 8.1 6.31 5.54 5.21 5.39 * * NS
Means within row bearing different superscripts differ significantly (p<0.05)
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 concentration in the diet. This finding is supported by a study
of Gabler and Heinrichs23, who reported that a ration that
contained a high proportion of concentrate could also
increase the digestibility of dry matter in cattle because it had
high protein and energy content.

The digestibility of protein in this study was significantly
different (p<0.05). This difference was presumably because
the availability of N in the rumen for microbial protein
synthesis is high, allowing feed proteins to bypass degradation
by rumen microbes  and to be digested in the intestine.
Protein digestibility is also influenced by protein type and its
interaction with other nutrients (feed type, flow rate and pH
rumen)24. The utilization of energy is influenced by the quality
of feed consumed, including crude protein balance and the
total digestible nutrients (TDN) or energy. The need for feed
with a balanced protein-energy ratio is greater in rapidly
growing young ruminants25. The balanced protein-energy
ratio will support optimal fermentation efficiency, in which
case, the feed energy utilized for the process will also be
optimal26.

Table 2 also shows that the energy content of the ration
significantly affects daily weight gain (p<0.01). The increase in
body weight corresponds to the increasing energy content of
the ration. Increasing the energy level allows the production
of more fermentable ME for paunch microorganisms, resulting
in increases in the synthesis of microbial proteins and in the
amount of protein available to the animal27. This is likely to be
the reason why daily weight gain increased when the energy
levels increased from 65-70% TDN. In contrast, increased
protein content does not significantly increase body weight,
in agreement with the findings of Huuskonen and Huhtanen28,
who concluded that the body weight gain of growing cattle
increased with increasing ME intake [ME/BW(0.75)] and
showed only marginal effects of the protein supply on body
weight gain. This result is also consistent with the findings of
Huuskonen et al.29, who reported that the daily weight gain
response of cattle fed a control diet was not related to the
protein concentration of the diet and that increased protein
supplementation was negatively related to the DMI and ME
intake. Haryanto30 reported that animal conditions will
influence energy requirements as well as environmental
factors. In the tropics, the energy need will be higher than the
energy need in a subtropical region due to the quality of feed
being relatively lower in general in the tropics. Low-quality
feed causes a higher heat increment and results in lower feed
efficiency. Heat increment is the energy that livestock emit in
the gastrointestinal tract during the feed digestion process.
Research results show that the energy needs for live cattle
(maintenance) in the tropics are approximately 30% higher
than those for live cattle in subtropical regions.

The results of this research show that the best average
daily gain obtained from a diet with 70% TDN and 12% CP was
1.25 kg daysG1. The average daily gain obtained in this
research was higher than that reported by Tufan et  al.31, who
found that the average daily weight gain of Simmental beef
cattle that  received  rations  of  hay  and  corn  ranged from
0.9-1 kg dG1. Increasing crude protein in the diet from 10-14%
did not significantly affect  the  average  daily  gain.  It could
be concluded that 12%  crude  protein  in  the  diet  was able
to  provide  adequate  digestible  protein  for   the   intestines
to support the gains attained; there was no response in
performance due to increasing  the  protein  intake beyond
this level. This result agrees with those of Schroeder and
Titgemeyer32, who reported that when the supply of digestible
protein exceeds the animal’s requirements, additional protein
intake does not affect protein deposition.

The increasing TDN level could increase the body weight
gain of Simmental cattle. The highest increase in body weight
gain was observed at the energy level of 70% with a crude
protein level of 12%, i.e., 1.25 kg hG1. Furthermore, Kearl33

stated that feed energy requirements will increase as body
weight increases. The balance of protein and energy in the
ration greatly determines the efficiency of nutrient utilization,
which ultimately affects the productivity of cattle20.
Furthermore, Wanapat8 reported that energy and protein are
important sources of nutrients for beef cattle and stimulate
the growth of microorganisms and rumen fermentation.

Urinary allantoin can describe the synthesis of microbial
proteins. Increased urinary allantoin levels may indicate
increased synthesis of microbial proteins. Table 2 shows that
the interaction between energy and protein levels has a
significant effect (p<0.05) on the urinary allantoin levels. The
highest urine allantoin level was at the energy level of 65%
TDN and 14% protein and was not significantly different from
the energy level of 70% TDN and 14% protein. From these
results, it was observed that at the level of 14% protein, there
is an increase in the protein synthesis of microbes, which is
also characterized by an increase in the digestibility of feed
during treatment. Increased levels of energy and protein in
rations also cause  increased  urine  allantoin.  This increase
was due to the availability of VFA  from  carbohydrates and
NH3 from protein, which was sufficient for rumen microbial
growth. This observation was supported by Lamothe et al.34

and Suryani et al.35,  who reported that allantoin is the ultimate
result of purine metabolism, which is the most effective
indicator for determining the amount of microbial protein
formation.

The interaction of energy and protein levels did not have
a significant effect (p>0.01) on feed efficiency (Table 2). The
greater  amount  of ration efficiency indicates that the ration
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is becoming more digestible. Shahzad et al.36 reported no
differences in the ADG and feed efficiency of buffalo
consuming  different  dietary  energy  and  protein  levels. In
a contrasting study, Hoffman et al.21 reported linear and
quadratic relationships between the dietary CP and weight
gains  of  Holstein  heifers.  Feed  conversion  in  this   study
was obtained at 5.21-8.70. Feed conversion  was  influenced
by biological capabilities and the interaction with the
environment and generally, the value of feed conversion was
good for cattle, ranging from 4.5-7.537,38.

Blood metabolic profiles: The effect of treatment on blood
profiles is presented in Table 3. The results showed that there
was an interactive effect (p<0.05) between energy level and
protein on cholesterol and HDL levels. Cholesterol levels
increase with increasing levels of protein in the rations. The
lowest cholesterol levels were found in treatment A1B1 and
the highest was in treatment A1B3. This result is higher than
the results of Radostits et al.39, who obtained cow blood
cholesterol in the normal range of 161.95 mg dLG1. These
different blood cholesterol levels likely occur as a result of
rations with different compositions.

Table 3 shows that the HDL levels obtained were higher
than the LDL levels. The highest HDL was in the A1B2
treatment. Andersen et al.40 stated that high levels of HDL
were important because HDL also serves as an antioxidant and
anticoagulant that can prevent the occurrence of various
diseases in the bodies of livestock.

There was no interactive effect (p>0.05) between the
protein and energy levels on LDL, total protein, glucose,
albumin, globulin, calcium or urea. Increased total protein
indicates a positive outcome, as there was a decrease in the
proteolytic process in the rumen through the inhibition of
amino acid conversion to ammonia41. Oikonomou et al.42

reported a significant influence of the glucose concentration
on reproductive performance, as glucose is an essential
energy source for ovarian cyclicity. From the results obtained

in this study, glucose ranged from 83.6-88.8 mg dLG1. This
result is quite normal. Normally, these blood glucose levels
exist in addition to the energy supplied by the feed and
because of the control mechanism of insulin and glucagon
that regulates the balance of blood glucose in livestock. Blood
glucose levels in this study were higher than those in a study
conducted by Munzaronah et  al.43, who observed an average
blood glucose level of 75.27 mg dLG1 in Java cattle fed
different protein levels. This discrepancy likely occurred
because the level of the ration digestibility in this study was
high enough to  support  an  elevated  supply  of  nutrients
and glucose production in livestock and is probably better
than the levels found by Munzaronah et al.43. Syahrir et  al.44

reported  that  in  male  PO  cattle  that  received 50% rice
straw feed and 50% concentrate, the blood glucose level was
70-76 mg dLG1. Differences in blood glucose levels were
observed in the various studies mentioned above because
feed factors, especially energy composition, greatly determine
the level of blood glucose. In the reports above, the resulting
blood glucose levels are higher because, in addition to using
forage, researchers also utilized concentrates in the ration. The
availability of calcium in the body is very important with
respect to its role in bone and tooth formation, as well as its
role in physiological and biochemical processes in the body45.
The calcium levels that were obtained in this study ranged
from 7.5-10.2  mg dLG1. This  result  was  in accordance with
the standard  requirement   of   minerals   for   cows,  which is
8-12 mg dLG1 46. Blood urea can be used as an index of protein
use. The results of this study showed that the blood urea levels
of the Simmental  cattle ranged from 28.31-34.48 mg dLG1.
This result is quite normal  and is supported by Hungate47,
who  stated  that  the  normal  range   of  blood   urea   levels
is 26.6-56.7 mg dLG1. Measurement of the blood urea
concentration is an indicator of the utilization of NH3 and
energy in the rumen. The efficiency of NH3 utilization for
protein synthesis in the rumen depends on energy availability.
If  there  is  a  lack  of  energy,  the protein will be presented in

Table 3: Effect of treatment on blood metabolic parameters
Protein Energy ratio Main effect
----------------------------------------------------- ------------------------------------------------- --------------------------

Items 65:10 65:12 65:14 70:10 70:12 70:14 Energy Protein Interaction
Cholesterol 134.35c 160.56b 210.41a 158.79b 160.56b 169.80b * * *
HDL 112.19b 169.55a 120.30b 100.35cb 119.63b 88.21d * * *
LDL 82.80 82.30 64.92 79.40 79.40 73.70 NS NS NS
Protein total 6.87 6.51 6.23 6.57 6.41 6.31 NS NS NS
Albumin 3.55 3.92 3.83 3.67 3.51 3.89 NS NS NS
Globulin 34.88 28.41 29.31 28.31 28.31 33.62 NS NS NS
Calcium 7.77 10.20 7.81 7.50 8.11 7.84 NS NS NS
Urea 33.62 29.31 28.41 28.31 34.48 31.49 NS NS NS
Glucose 80.80 85.50 83.60 87.50 88.80 88.80 NS NS NS
Means within row bearing different superscripts differ significantly (p<0.05)
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excessive amounts and cannot be utilized by rumen microbes.
It can be concluded that a high concentration of urea in
plasma is caused by high dietary crude protein48.

CONCLUSION

High energy but low protein content in the diet (TDN
70%, crude protein 12%) produced the best response in terms
of intake, digestibility, weight gain, ration efficiency and blood
metabolic profiles of Simmental beef cattle in a tropical area.

SIGNIFICANCE STATEMENT

The study discover the proper energy and protein ratio to
increase the productivity of Simmental cattle in the tropical
area. Generally, the data is available on protein and energy
requirements for temperate regions. This study will helps
researchers to formulate rations to increase the productivity of
Simmental cattle that are kept in tropical areas based on
agricultural waste and to get the feed affordable by the
farmers. Thus introduced a new approach to produce ration
from rice straw ammoniated that contain energy and protein
to meet requirements of livestock for tropical area.
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