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Abstract | This study aims to get the balance of energy and protein rations of dairy cows on feed consumption, digest-
ibility and milk production. This study used a completely randomized design (CRD) 2x2 factorial pattern with 3 rep-
lications. The treatment factor used is the ration energy content (TDN) for factor A, namely: Al (65%), A2 (70%) and
ration protein content for factor B, namely: Bl (14%), B2 (16%). The variables observed in this study include dry matter
consumption (DMC), organic matter consumpt.ion (OMC), dry matter digestibility (DMD), organic matter digesti-
bility (OMD), crude protein digestibility (CPD) and milk production. The results showed that there was an interaction
between energy and protein rations on dry matter consumption (KBK), organic matter consumption (KBO), dry matter
digestibility (KcBK), organic matter digestibility (KcBO) and milk production. The conclusion of this study is that
teeding with a balance of 70% energy and 14% protein in the ration gives a significantly different effect on Dry Material
Consumption (KBK) of 14.88 kg/head/day, Organic Material Consumption (KBO) of 13.41 kg/head/day, Digestibility
of Dry Material (KcBK) of 69.18%, Digestibility of Organic Material (KcBO) of 71.29%, Milk Production of 19,98
liters/head/day not 9,98 liters/head/day.
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INTRODUCTION

that cause low milk production of dairy cows is feed prob-
lems, especially due to nutrient deficiencies (Despal ez /.,

risian Holstein (FH) cattle are a very common dairy
breed and play an important role in meeting national
milk demand (Ratnasari ez a/., 2019). However, domestic
milk production is still insufficient, so milk imports are still
needed (Gandhy and Kurniawati, 2018). One of the factors

2011 ). Therefore, to meet the milk needs of dairy cows, high
quality feed is required.

Feed is an important factor in a livestock business that
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production. Food nutrients needed by livestock consist of
carbohydrates (as the main source of energy), protein, fat,
water, vitamins and minerals. The main nutrients needed by
dairy cows are energy and protein.

Energy is required to meet the metabolic needs of dairy
cows including growth, body maintenance and milk pro-
duction. Energy in dairy cattle rations is usually measured
in units of 7ovzal Digestible Nutrients (TDN). TDN is a de-
scription of the total energy derived from feed consumed by
livestock. TDN requirements in lactating dairy cows range
from 63-67% (NRC, 2001). The main source of energy in
dairy cattle feed comes from carbohydrates. The most im-
portant end product of carbohydrate digestion in the rumen
is wvolatile fatty acids (VFA) because VFA is the main source
of energy (70%) for ruminants and is used by microbes as a
source of carbon atoms (C) to form rumen microbial pro-
tein structures. Protein is an important nutrient for dairy
cows because it plays a role in growth, body tissue repair,
mjlk synthesis and reproductive function. In general, feed
protein consumed by ruminants is in the form of crude pro-
tein. These crude proteins are easily degraded (RDP/ Ru-
minally Degraded Protein) and undegraded proteins (RUP/
Ruminfllly Undegraded Protein).Protein requirements in
lactating dairy cows range from 12-15% (NRC, 2001).

Table 1: The content of food substances that make up the

ration.

Food  Feed Ingredients

Content Elephant Field Bran Afkir Tofu Minerals
(%) Grass  Grass Bread Dregs
BK 19,65 2329 87,84 61,61 19,85 100
BO 8853 91,43 8899 90,59 9537 0
PK 1127 1023 9,86 2029 2596 0
SK 30,45 22,94 17,62 13,58 19,86 0
LK 2,67 3,19 7,02 10,81 9,17 0
TDN 56,40 57,52 64,74 827 7031 0
BETN 43,49 48,84 5538 78,42 4641 0

Source: Ruminant Nutrition Laboratory, Faculty of

Animal Husbandry, Universitas Andalas (2023).

'The availability of energy and protein in the ration is very
important because these two factors play a major role in
the synthesis of rumen microbes. Rumen microbes ferment
teedstufts containing energy and protein, then use nitro-
gen to fulfill their life needs and form microbial protein
under balanced energy and protein conditions. To achieve
optimal microbial protein growth and livestock production,
sufficient dietary energy and protein are required. Microbi-
al synthesis efficiency can be achieved by designing rations
based on the synchronization index between energy and
protein, thus supporting optimal livestock growth (Her-
mon, 2009). Widyobroto ez a/. (2007) added that these two
factors must be available simultaneously (synchronized). If

protein is produced more than energy, most of it will be
wasted as urea and can even cause urea toxicity. Conversely,
excess energy compared to ammonia also cannot be utilized
for microbial protein synthesis (SPM), but instead is used
for other cellular metabolism. Providing both sources for
SPM growth can be achieved through protein and energy
synchronization (Widyobroto ez a/., 2007).

'The balance of energy and protein in the ration of Friesian
Holstein cows has also been carried out on the digestibility
of dry matter (DMD) and digestibility of organic matter
(KcBO) by Zahera ez al. (2022) and the increase in the di-
gestibility of dry matter and organic matt.er along with the
increase in the level of energy and protein provision. The
best digestibility of dry matter and organic matter was ob-
tained at the level of energy 61.14% and protein 15.71%.
'This study aims to examine the effect of protein and energy
balance on consumption, digestibility and milk production
of dairy cows.

MATERIALS AND METHODS

RESEARCH LOCATION

This research was conducted at “Yuza Farm” Dairy farm
located in Padang Panjang Timur, Padang Panjang City,
West Sumatra, Indonesia. Laboratory analysis was con-
ducted from September to December 2023 at the Rumi-
nant Nutrition Laboratory and Dairy Cattle Laboratory,
Faculty of Animal Science, University of Andalas, Padang,

West Sumatra, Indonesia.

ANIMALS, TREATMENTS AND RESEARCH DESIGN

Twelve Friesian Holstein dairy cows in the second and
third lactation period with a body weight of about 350 kg
were experimented for 5 weeks. The ration given was based
on dry matter requirement of 4% of body weight. This study
used a completely randomized design with a 2x2 factorial
pattern and 3 replications. Factor A was the provision of
energy (TDN) in the ration with levels A1 (65%) and A2
(70%), while factor B was the provision of protein in the
ration with levels Bl (14%) and B2 (16%). The treatments
in this study were as follows: AIBl: TON 65% + Protein
14%; A IB2: TON 65% + Protein 16%; A2B I: TON 70%
+ Protein 14%; and A2B2: TON 70% + Protein 16%. The
ration formulation and feed chemical content are presented

in Tables 1 and 2.

FEED PREPARATION

Feed preparation includes the provision of elephant grass,
field grass, and concentrates consisting of discarded bread,
tofu pulp, bran, and minerals. Feed is given twice a day, in
the morning and evening.

DaAtA COLLECTION AND PARAMETER MEASUREMENT
Feed consumption was calculated by weighing the total
0
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feed given and the remaining feed each day. Feed digesti-
bility was calculated by subtracting the content measured
in feces from the total feed consumption, then multiplying
by 100%. Milk production was collected and recorded dai-
ly for 30 days during morning and evening milking. Milk
samples were then put into plastic containers and placed in
a coolbox for milk quality analysis, including fat, protein,
and lactose content using a lactoscan device.

Table 2: Formulation and nutrient content of rations.
Ration Material Treatment (%)

A1B1 A1B2 A2B1 A2B2
Forage 50 50 50 50
Afkir Bread 16 13 20 15
Tofu Dregs 16 23 9 20
Bran 17 16 20 14
Minerals 1 1 1 1
Total 100 100 100 100
Content
DM 35,38 32,16 38,41 33,40
oM 89,05 89,43 88.70 89,29
CPp 14,38 15,55 14,37 15,88
CFib 19,32 19,80 19,41 19,56
CF 5,34 5,32 5,41 5,38
TDN 65,49 65,34 70,05 70,30
NNFE 54,98 53,66 56,53 54,39
Ca 0,59 0,59 0,58 0,58
P 0,28 0,29 0,26 0,28
Lignin 4.83 5.11 4.51 4.96
Silica 2.78 2.93 2.61 2.85

RESULTS AND DISCUSSIONS
Based on the data in Table 3. It can be explained that:

Table 3: Average Dry Matter Consumption by Feeding
Different Energy and Protein Balances (kg/head/day).

Factor A (TDN) Factor B (Protein) Average
B1(14%)  B2(16%)

A1l (65%) 12,07° 12,17° 12,12

A2 (70%) 13,212 10,70¢ 11,96

Average 12,64 11,43

SE 0,09

Notes: Different superscripts indicate significantly different
effects (P<0.0).

Dry MATTER CoNsUMPTION (KG/HEAD/DAY)

'The results showed a significant interaction (P<0.05) be-
tween Factor A (TDN) and Factor B (Protein) on Dry

Material Consumption Based on DMRT further test, the
interaction between factor A and factor B showed that
AIBI treatment was not significantly different (P>0.05)
with A1B2 treatment. AIBI treatment is significantly
different (P<0.05) with A2BI treatment. A2BI treatment
is significantly different (P<0.05) with A2B2 treatment.
A2B2 treatment was not significantly different (P>0.05)
with AIB2 treatment.

Table 4: Average Organic Matter Consumption with
Different Energy and Protein FeedBalances(Kg/Head/Day).

Factor A (TDN) Factor B (Protein) Average
B1 (14%) B2 (16%)

A1 (65%) 10,900 11,000 10,95

A2 (70%) 11,92¢ 9,72¢ 10,82

Average 11,41 10,36

SE 0,08

Notes: Different superscripts indicate significantly different
effects.

ORrGANIC MATERIAL CoNsUMPTION (KG/HEAD/DAY)
The results showed a significant interaction (P<0.05) be-
tween Factor A (TDN) and Factor B (Protein) on Organ-
ic Material Consumption. Based on DMRT further test
on the interaction between factor A and factor B, it was
found that AIBI treatment was not significantly different
(P>0.05) with AIB2 treatment. A1BI treatment is signifi-
cantly different (P<0.05) with A2BI treatment. A2Bl treat-
ment is significantly different (P<0.05) with A2B2 treat-
ment. AIB2 treatment is significantly different (P<0.05)
with A2B2 treatment.

DRY MATTER DIGESTIBILITY (%)

The results showed a significant interaction (P<0.05) be-
tween Factor A (TDN) and Factor B (Protein) on Dry
matter Digestibility. Based on DMRT further test on the
interaction between factor A and factor B, it was found that
AIBI treatment was not significantly different (P>0.05)
with AIB2 treatment. A2BI treatment is significantly
different (P<0.05) with A2B2 treatment. AIBI treatment
is significantly different (P<0,05) with A2B1 treatment.
A1B2 treatment is significantly different (P<0,05) with
A2B2 treatment.

DIGESTIBILITY OF ORGANIC MATTER (%)

'The results showed that there was a significant interaction
(P<0.05) between Factor A (TDN) and Factor B (Protein)
on Organic Matter Digestibility. Based on the DMRT fur-
ther test on the interaction between the two factors, it was
found that the A1B1 treatment was not significantly dif-
ferent (P>0.05) with the A1B2 treatment. A2B1 treatment
was significantly different (P<0.05) with A2B2 treatment.
AIBI treatment is also significantly different (P<0.05) with
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A2B1 treatment. A1B2 treatment was significantly differ-
ent (P<0.05) with A2B2 treatment.

CRUDE PROTEIN DIGESTIBILITY (%)
'The results showed that there was no significant interaction

(P>0.05) between Factor A (TDN) and Factor B (Protein)
on Crude Protein Digestibility.

Table 5: Average dry matter digestibility with different
energy and protein balance (%).

Factor A (TDN) Factor B (Protein) Average
B1(14%)  B2(16%)

A1 (65%) 65,21 69,72¢ 67,47

A2 (70%) 72,84 63,91° 68,37

Average 69,03 66,81

SE 1,49

Notes: Difterent superscripts indicate significantly different
effects (P<0.05).

Table 6: Average Digestibility of Organic Matter by
Feeding Different Energy and Protein Balances (%).

Factor A (TDN) Factor B (Protein) Average
B1 (14%) B2 (16%)

A1 (65%) 66,86 70,19° 68,52

A2 (70%) 74,19 64,91° 69,55

Average 70,52 67,55

SE 1,45

Notes: Different superscripts indicate significantly different
effects (P<0.05).

MiLk PropucTiON (LITER)

Based on the results of the study, there was a significant
interaction (P<0.05) between Factor A (TDN) and Factor
B (Protein) on Milk Production. Based on DMRT fur-
ther test on the interaction between the two factors, it was
found that AIBI treatment was not significantly different
(P>0.05) with A1B2 treatment. A2B1 treatment was sig-
nificantly different (P<0.05) with A2B2 treatment. A1B1
treatment is also significantly different (P<0.05) with A2B1
treatment. AIB2 treatment was not significantly different
(P>0.05) with A2B2 treatment.

Dry MATERIAL CoNsuMPTION (KG/HEAD/DAY)

In this study, feeding with 70% energy ratio and 14% pro-
tein showed the best dry matter consumption of 14,88
kg/head/day. The optimal dry matter consumption in the
A2B1 treatment (14,88 kg/head/day) was due to the ap-
propriate ratio of TDN and protein in the feed that met
the needs of the livestock. In contrast, the lower dry matter
consumption in the A2B2 treatment (13,22 kg/head/day)
occurred because feed with high TDN and protein content
made the animals feel full faster, reducing their appetite.

Livestock have biological mechanisms to regulate feed in-
take based on nutrient requirements. When feed is high
in TDN and protein, hormonal signals such as leptin and
ghrelin indicate that nutrient requirements are met, thus
reducing hunger and feed intake. According to Church
(1991), feeding feeds with too high TDN and protein con-
tent can cause health problems such as indigestion or other
metabolic problems, which can make livestock feel uncom-
fortable and reduce appetite and feed consumption.

Table 7: Average Protein Digestibility by Feeding Different
Energy and Protein Balances (%).

Factor A (TDN) Factor B (Protein) Average
B1(14%)  B2(16%)

A1 (65%) 68,30" 71,38+ 69,84

A2 (70%) 75,244 65,56° 70,40

Average 71,77 68,47

SE 1,32

Notes: Difterent superscripts indicate significantly different
effects (P<0.05).

Table 8: Average Milk Production with Different Energy
and Protein Balances (kg/head/day).

Factor A (TDN) Factor B (Protein) Average
B1 (14%) B2 (16%)

A1 (65%) 16,78" 18,59 17,68

A2 (70%) 20,57 17,820 19,19

Average 18,68 18,20

SE 0,78

Note: Different superscripts indicate significantly different
effects (P < 0.05).

ORraGANIC MATERIAL CONSUMPTION (KG/HEAD/DAY)
In this study, feeding with a ratio of 70% energy and 14%
protein resulted in the best organic matter consumption
of 13,41 kg/head/day. The optimal organic matter con-
sumption in the A2BI treatment (13,41 kg/head/day) was
due to the high dry matter consumption in the treatment.
Conversely, the lower organic matter consumption in the
A2B2 treatment (11,92 kg/head/day) was due to the low
dry matter content in the treatment. The high and low
consumption of organic matter is strongly influenced by
the high and low consumption of dry matter. According to
Astuti ez al. (2009), organic matter consumption is close-
ly related to dry matter consumption; the higher the dry
matter consumption, the higher the organic matter con-
sumption. Djita ez a/. (2019) also observed that the con-
sumption level of organic matter in the ration increased
along with the increase in dry matter consumption in the
ration. This is because the nutrients contained in dry matter
are also contained in organic matter, so the consumption
of organic matter in the ration is highly dependent on dry
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this is reinforced by their research which shows a strong
relationship between dry matter consumption and organic
matter in livestock rations.

DRY MATTER DIGESTIBILITY (%)

In this study, feeding with a ratio of 70% energy and 14%
protein resulted in an optimal dry matter digestibility of
69,18%. The best dry matter digestibility in the A2BI treat-
ment (69,18%) was due to the feed having a combination
of 70% TDN and 14% protein, which is an appropriate and
optimal ratio to support rumen microbial activity. This led
to eflicient fermentation and optimal nutrient utilization to
increase dry matter digestibility.

Such a balanced diet helps to reduce excess ammonia pro-
duction from deamination of unneeded protein, and allows
more energy to be used for physiological and digestive pro-
cesses (Havel, 2001). Widyobroto ez a/. (2007) explain that
tfeed with high TDN content tends to produce greater micro-
bial protein synthesis compared to low TDN feed. Haryanto
(2012), added that synchronization or balance between the
availability of energy and protein in the rumen can increase
microbial activity and rumen microbial protein synthesis.

ORGANIC MATTER DIGESTIBILITY (%)

In this study, feeding with a ratio of 70% energy and 14%
protein produced the best organic matter digestibility of
71,29%. The optimal digestibility of organic matter in the
A2BI treatment (71,29%) was caused by the high digest-
ibility of dry matter in the treatment. An increase in dry
matter digestibility contributes to an increase in organic
matter digestibility, in accordance with the principle ex-
pressed by Raharjo ez /. (2013). In addition, Fathul and
Wiajizah (2010) also stated that organic matter is part of
dry matter, so an increase in dry matter will increase organ-
ic matter, and vice versa. The digestibility of organic matter
reflects the availability of nutrients from feed. In this study,
the digestibility oforganic matter was higher than the di-
gestibility of dry matter because dry matter still contains
ash, while organic matter does not contain ash. Therefore,
materials without ash content are relatively easier to digest,
as described by Dewi ez al. (2012).

CRUDE PROTEIN DIGESTIBILITY (%)

In this study, feeding with a ratio of 70% energy and 14%
protein produced the best crude protein digestibility of
72,25%. 'The optimal protein digestibility in the A2B1
treatment (72,25%) is due to the fact that cows are able to
digest protein well on feed that has a combination of 70%
TDN and 14% protein, which is sufficient for cattle needs.

The low protein digestibility in the A2B2 treatment
(67,41%) was caused by feeding with high TDN and pro-

tein levels, which can have an impact on rumen microbes.

An imbalance between TDN and protein can inhibit the
growth and activity of microbes responsible for ferment-
ing protein efficiently. Feeds with high protein content may
produce excess ammonia from deamination of proteins
that are not utilized by rumen microbes. Excess ammonia
will be reabsorbed into the blood circulation and excreted
as urea, indicating that the protein is not fully utilized by
the animal’s body.

MiLk PropucCTION (LITERS)

In this study, feeding with a ratio of 70% energy and 14%
protein resulted in the best milk production of 19,98 liters.
'The optimal milk production in the A2BI treatment was
due to the fact that the dairy cows received feed with energy
and protein ratios that matched their needs, resulting in a
higher supply of energy and amino acids for milk synthesis.

Meanwhile, the low milk production in the A1BI treat-
ment was caused by inadequate feed to support milk pro-
duction. The high energy content in feed can increase the
energy supply that affects milk production, in accordance
with the opinion of Legowo (2002) which states that ener-
gy in feed can affect milk production.

CONCLUSIONS AND
RECOMMENDATIONS

The conclusion of this study is that feeding with the ra-
tio of energy and protein at the level of Energy (TDN)
70% and Protein 14% (A2BI) in the ration showed op-
timal results. In this treatment, dry matter consumption
(DMC) was 14,88 kg/head/day, organic matter consump-
tion (OMC) was 13,41 kg/head/day, dry matter digesti-
bility (DMD) reached 69,18%, organic matter digestibil-
ity (OMD) reached 71,29%, crude protein digestibility
was 72,25%, and milk production was 19,98 liters/head/
day. These results indicate that this ratio supports optimal
conditions for dairy cows in terms of feed consumption,
nutrient digestion, and milk production.
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