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Abstract

An experiment was conducted on early lactating dairy cows to study the effect of rumen
protected choline (RPC) and methionine (RPM) on milk yield and composition. Fifteen crossbred
dairy cows in early lactation (within 10 days of calving) were selected and randomly allotted to any
one of the following three dietary treatments, T1 (Control)- with compound feed mixture containing
CP-20% and TDN- 68% , T2- T +20g RPM and 20g RPC, T3- with compound fed mixture
containing CP- 17%, TDN- 68% +20g RPM and 20g RPC. All the experimental animals were fed
as per ICAR feeding standards (ICAR, 2013). Results revealed no significant difference (p>0.05) in
milk yield and 4 per cent fat corrected milk (FCM) yield between the three treatment groups. Among
the milk constituents, animals in T, had significantly higher milk fat (p<0.05), SNF (p<0.05), protein
(p<0.05) and total solids (p<0.01) compared to those in T1 and T, Milk urea nitrogen levels did
not differ significantly among the three treatments and were within the normal range. The study
showed that milk composition could be effectively improved by supplementing feed with rumen
protected forms of choline and methionine in combination at lower dietary protein level without any
reduction in milk yield.
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India has ranked first among the world’s milk producing nations since 1998 and the nation
also has the largest bovine population in the World. Milk production in India during the period 1950-
51 to 2018-19, increased from 17 million tonnes to 187.7 million tonnes (DAHD, 2020). The per
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capita availability of milk in the country which
was 130g/d during 1950-51 also increased to
3949/d in2018-19 (NDDB, Anand). Data sheds
light on sustained growth in the availability
of milk and milk products for India’s growing
population.

During early lactation, the daily
nutrient intake in cows is low and insufficient to
meet the demands of milk production and the
animal will be in negative energy balance. The
amount of energy required for maintenance of
body tissues and milk production often exceeds
the amount of energy available from the diet,
thus forcing mobilization of body fat reserves
to satisfy energy requirement. The negative
energy balance in early lactation affects peak
milk yield and overall lactation yield. The level
of non-esterified fatty acids (NEFA) increases
in plasma as a consequence of body fat
mobilization leading to hepatic lipidosis (Garg
etal.,2012).

Choline, a component of phospholipid
and methyl donor plays an important role in very
low density lipoprotein synthesis and thereby
contributes to fat export from the liver. Fat
metabolism can be improved with the help of
choline for better energy production. This also
helps in improving milk production. Evidence
suggests that the dietary supply of choline in
early lactating dairy animals may be inadequate,
even though choline can be synthesized by the
animals (Pires and Grummer, 2008). As dietary
choline gets degraded rapidly in the rumen, it
must be supplemented in the protected form
(Elek et al., 2008). Therefore, rumen protected
form of choline has been developed to deliver
choline to the small intestine for effective
absorption.

Methionine is an essential amino acid
and building block for protein and is considered
as one of the two most limiting amino acids for
milk production and milk protein synthesis in
lactating dairy cows. Six per cent of the available
choline in the body is derived from methionine
and 28 per cent of the body’s methionine is
used for choline synthesis. Hence, the use of
protected choline in the ration would help to
spare the methionine, that could be used for
milk production.

Materials and methods
Location of study

This study was conducted at the
experimental animal shed of the University
Livestock Farm & Fodder Research and
Development Scheme (ULF&FRDS), College
of Veterinary and Animal Sciences, Kerala,
India.

Experimental and

Management

Animals, Feeding

Fifteen crossbred dairy cows in early
lactation (within ten days of calving) were
selected from University Livestock Farm and
Fodder Research and Development Scheme,
Mannuthy. They were divided into three groups
of five animals each based on milk production
and were randomly allotted to the three dietary
treatments viz., T1, T2 or T3. The experimental
animals, individually identified by numbered
ear tags, were individually tethered with nylon
ropes in a well- ventilated stall with uniform
management practices and facilities for
individual feeding throughout the experimental
period of 90 days. Antiseptic solution was
sprayed at regular intervals on the floor of
the shed to ensure maximum hygiene. All the
experimental animals were fed according to
ICAR, 2013 guidelines with compound feed
mixture (CFM) in mash form depending on
the treatment group as follows; T1 (Control)
- CFM containing crude protein (CP) - 20 per
cent, total digestible nutrients (TDN) - 68 per
cent, T2- T1+ 209 rumen protected methionine
(metiPEARL; , Kemin Industries Pvt. Ltd.) and
20g rumen protected choline (choliPEARL,;
Kemin industries Pvt. Ltd.) and T3- CFM
containing CP- 17 per cent, TDN- 68 per cent+
20g RPM and 20g RPC. Supplements were
mixed with CFM thoroughly, to ensure complete
intake. All supplemental products used in the
study were procured from local markets.

The roughage used to feed the
animals was hybrid napier. Clean fresh drinking
water was offered to all the animals ad libitum.
Ingredient compositions of compound feed
mixture used for the three treatments groups of
experimental animals are given in Table 1.
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Table 1. Composition of compound feed mixture used in the three treatment groups

Percentage composition of compound feed mixture
Ingredient = T2 T3
Maize 29.0 29.0 29.0
Rice polish 6.0 6.0 13.0
Deoiled rice bran 18.0 18.0 16.0
Corn gluten fibre 17.5 17.5 15.5
Coconut cake 10.5 10.5 15.5
Alfalfa 16.0 16.0 8.0
Calcite 1.5 1.5 15
Salt 0.5 0.5 0.5
Mineral mixture 1.0 1.0 1.0
Total 100.0 100.0 100.0
Rumen protected methionine (g) - 20.0 20.0
Rumen protected choline (g) - 20.0 20.0

Table 2. Chemical composition’ of the rations fed to experimental lactating cows ( %)

Parameter Dietary treatments
T, T, T, Green grass
Dry matter 90.31+0.61 90.31+0.61 90.53+0.49 15.00+0.33
Crude protein 20.93+0.14 20.93+0.14 17.06+0.58 10.58+0.50
Ether extract 3.03+0.13 3.03+0.13 3.29+0.09 2.17+0.20
Crude fibre 7.62+0.24 7.62+0.24 7.15+0.32 29.83+0.23
Total ash 10.58+0.42 10.58+0.42 10.62+0.28 9.55+0.32
Nitrogen free extract 57.81+0.16 57.81+£0.16 61.85+0.08 47.86+0.47
Acid insoluble ash 1.71+0.16 1.71+0.16 1.90+0.02 1.36+0.23
Calcium 0.88+0.12 0.88+0.12 0.88+0.10 0.52+0.07
Phosphorus 0.53+0.13 0.53+0.13 0.53+0.13 0.23+0.06
Neutral detergent fibre (NDF) | 52.86+0.36 52.86+0.36 47.15+0.25 64.84+0.16
Acid detergent fibre (ADF) 14.39+0.15 14.39+0.15 16.74+0.04 43.06+0.07
Values expressed on DM basis, average of six values
The animals were milked twice a  Milk Analysis

day, at 5 A.M. in the morning and at 2 PM. in
the afternoon. The data on milk yield recorded
was used to calculate the daily milk yield for
each animal throughout the experimental
period. Morning and evening milk samples
were collected from individual animals every
fortnight and pooled samples were analysed for
milk composition.

The collected milk samples were
pooled and analysed for total solids, protein
(AOAC, 2016) and fat (IS: 1224, 1977). From
the above data, the solids not fat (SNF) was
calculated. The milk urea nitrogen (Bector et
al., 1998) was also analysed.
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Table 3. Fortnightly average milk production1 of lactating cows maintained on three

experimental rations

Fortnight — Daily milk production (kg) - p-value
1 12.23+1.53 12.63+1.04 10.57+1.16 0.49MS
2 12.71+1.29 12.71+1.39 11.23+1.22 0.66MS
3 12.58+1.02 12.33+1.43 11.41+1.14 0.78MS
4 11.91+1.02 12.25+1.37 10.94+1.03 0.71MS
5 11.92+0.92 12.11+1.36 10.97+1.02 0.75MS
6 11.98+0.95 11.76+1.31 10.80+1.06 0.74MS
Mean=S.E. 12.224+1.12 12.29+1.31 10.98+1.10 055"

'Mean values are based on five replicates with S.E.; ns- non significant

Table 4. Fortnightly average 4 per cent FCM yield of lactating cows maintained on three

experimental rations

Fortnight — Daily milk pl:l?zductlon (kg) — p-value
1 11.30+1.34 12.03+0.92 10.57+1.10 0.67"MS
2 11.66+1.04 11.99+1.26 11.22+1.25 0.90MS
3 11.51+0.80 12.15+1.45 11.31+1.14 0.87MS
4 10.95+0.86 11.86+1.26 10.89+1.02 0.78 S
5 11.19+0.87 11.72+1.24 11.08+0.95 0.90MS
6 11.32+0.97 11.33+1.22 11.02+1.02 0.97MS
Mean=S.E. 11.32+1.08 11.89+1.11 11.01+1.01 0.74MS

"Mean values are based on five replicates with S.E.; ns- non significant

The experimental design used in the
study was completely randomised design. Data
obtained on various parameters were analysed
statistically (Snedecor and Cochran, 1994) and
the comparison of means was done using IBM
Statistical Production and Service Solutions
(SPSS), version 24.0.

Results and Discussion

The per cent chemical composition of
the ration fed to experimental lactating cows is
shown in Table 2.

Milk production

Consolidated data on fortnightly
average milk production and fortnightly average
4 per cent FCM vyield of the lactating cows
maintained on three treatments T1, T2 and T3
are given in Table 3 and 4, respectively. The
average daily milk production of experimental

lactating cows maintained on dietary treatments
T1,T2and T3 were 12.22+1.12, 12.29+1.31and
10.98+1.10 kg, respectively. Statistical analysis
of the data revealed that there was no significant
difference in average daily milk production of
lactating cows maintained on the three dietary
treatments. Tamura et al. (2018) observed that
early lactating dairy cattle supplemented with
8g/day RPM top dressed on the TMR having
14.5per cent C.P did not have any significant
effect on milk yield and both the groups had a
milk production of around 40 kg/day. Similarly,
Pawar et al. (2015) reported no significant
difference in milk yield of crossbred lactating
cows supplemented with 54 g/head/day RPC
(16.93+1.57 kg/day) mixed with the basal ration
when compared with the control (15.38+0.88
kg/day). These results were in accordance with
those of the present study. Milk yield and 4 per
cent FCM yield were not significantly improved
in the above studies which may be because the
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Table 5. Fortnightly average milk composition'| of lactating cows maintained on three

experimental rations, kg

Fortnights
Parameter | Treatment 1 5 3 P 5 6 Mean+S.E.
T 3.52° 3.49° 3.47° 3.48° 3.60° 3.63° 3.53°
1 +0.08 | +0.11 +0.13 | +0.12 | +0.17 | +0.20 +0.14
Fat (%) T, 3.71° 3.65° 3.91° 3.81° 3.80° 3.77° 3.78°
+0.17 | +0.15 | +0.27 | +0.18 | +0.11 +0.08 +0.18
T 4.012 3.982 3.942 3.972 41082 4182 4.032
3 +0.16 | +0.13 | +0.12 | +0.12 | +0.17 | +0.24 +0.15
T 8.00 7.81° 7.71 7.75° 7.85 7.76 7.81°
1 +0.10 | £0.07 | +£0.02 | +0.06 | +0.06 | +0.11 +0.07
o 8.19 8.03% 7.88 7.77% 7.78 7.69 7.89%
SNF (%) T, +0.18 | £0.09 | +0.21 +0.08 | £0.09 | +0.03 +0.12
T 8.30 8.212 8.06 7.962 7.91 7.82 8.042
3 +0.09 | £0.06 | +£0.02 | +0.02 | +0.03 | +0.04 +0.04
T 11.43° | 11.51% | 11.58° | 11.46° | 11.55° | 11.54° 11.51°
1 +0.05 | £0.03 | +0.18 | +0.12 | +£0.16 | +0.20 +0.07
Total T 11.68° | 11.79° | 11.68° | 11.79° | 11.59° | 11.60° 11.68°
solids (%) 2 +0.12 | £0.07 | +£0.15 | +0.16 | +£0.10 | +0.07 +0.12
T 12.862 | 12.712 | 12.462 | 12.392 | 12.372 | 12.432 12.542
3 +0.19 | £0.08 | +0.09 | +0.10 | +£0.13 | +0.07 +0.10
T 2.93° 2.85 2.80° 2.84° 2.83 2.83 2.85°
1 +0.04 | £0.03 | +£0.02 | +0.03 | +0.03 | +0.04 +0.04
Protein T 2.94P 2.89 2.84° 2.86° 2.86 2.82 2.87°
(%) 2 +0.02 | £0.02 | +0.03 | +0.01 +0.02 | +0.01 +0.03
T 3.042 2.93 2.932 2.922 2.91 2.84 2.922
3 +0.03 | £0.05 | +£0.02 | £0.02 | +£0.02 | +0.03 +0.04
T 13.63 | 13.74 | 13.82 | 14.06 | 14.15 | 14.31 13.95
1 +0.10 | #0.09 | +0.08 | +0.11 +0.12 | =0.14 +0.07
MUN T 13.11 13.23 | 13.30 | 13.54 | 13.63 | 13.78 13.43
(mg/dL) 2 +0.23 | £0.26 | +0.22 | +0.32 | +0.31 +0.30 +0.22
T 11.98 | 12.09 | 12.17 | 12.41 12.50 | 12.65 12.30
3 +0.17 | #0.19 | x0.22 | +0.17 | #0.23 | +0.22 +0.24

abValues in the columns bearing different superscripts differ significantly (p<0.05/0.01)

animals selected for the experiment were only
medium producers rather than high yielders.

Milk composition

Data on composition of milk collected
fortnightly from the lactating cows maintained
on the three experimental rations are shown in
Table 5.

The average milk fat (%) contentin milk
from animals fed on the three dietary treatments
T4, T2 and T3 were 3.53+0.14, 3.78+0.18 and

Effect of supplementation of rumen protected choline and...

4.03+0.15 per cent, respectively. The per cent
fat in milk was higher (p<0.05/0.01) in T, when
compared to T, and T,. However, no significant
differences (p>0.05) were observed between
T,andT,.Titi et al. (2013) conducted studies on
Holstein heifers fed with TMR containing 14 or
16 per cent CP supplemented with 0, 15 or 25
g/day RPM and they observed a significantly
higher milk fat content in the group fed with the
ration containing 14 per cent crude protein with
25g/day RPM (3.61+0.01 per cent) compared
with the non-supplemented group and the
supplemented group with higher CP in ration
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and the values were 3.42+0.01 per cent and
3.55+0.01 per cent for the non-supplemented
group and the supplemented group with higher
CP in ration, respectively.

The improvement in milk fat content
may be due totherole of methionineinincreasing
the de novo synthesis of both short and medium
chain fatty acids in the mammary gland as well
as choline, both of which are is essential for
the synthesis of phospholipids that are inturn,
required for the synthesis of chylomicrons and
very low-density lipoproteins.

The average milk solids not fat (SNF)
content of milk from animals maintained on the
three dietary treatments T1, T2 and T3 were
7.81+0.07, 7.89+0.12 and 8.04+0.04 per cent,
respectively. The SNF content (%) of milk was
higher (p<0.05/0.01) in T, when comparedtoT,,
while no significant differences (p>0.05) were
observed between T, and T, and, T, and T, in
this regard. Ahmed et al. (2016) observed that
the supplementation of RPM@ 7g/day RPM in
combination with 20g/day RPL had significantly
improved milk SNF content (9.91+0.07 per
cent) when compared to the control (9.51+0.16
per cent) in early lactating Nili Ravi buffaloes.
Similarly, Rahmani et al. (2014) concluded that
feeding TMR top dressed with 90g/day RPC to
early lactating Holstein cows had significantly
improved the SNF content of milk (8.87+0.05 per
cent) when compared to the control (8.67+0.04
per cent). These results were in accordance
with the results obtained in the present study.

The average milk total solids (%)
content of milk were 11.51+0.07, 11.69+0.12
and 12.54x0.10 per cent in T, T, and T,
groups, respectively. The average total solids
(% ) in milk was higher in T, when compared
to T, and T,, while no significant difference
(p>0.05) was observed between T, and T,
groups. The increase in milk total solids resulted
from a combined increase in fat and protein
concentration. Sheikh et al. (2014) reported
a significantly higher milk total solids content
(13.54+0.15 per cent) in Karan Fries lactating
dairy cows on supplementation with rumen
protected methionine and choline @7 and 60g/
day, respectively along with the basal ration
when compared with the control (12.92+0.08
per cent).

The average milk protein content in
milk was 2.85+0.04, 2.87+0.03 and 2.92+0.04
per cent in T,, T, and T, groups, respectively.
The average milk protein content increased
significantly (p<0.05/0.01) in T, when compared
to T, and T,, while no significant difference
(p>0.05) was observed between T, and T,.
These findings were in accordance with those
made by Davidson et al. (2008), who observed
a significantly higher milk protein content
(2.77+0.06 per cent) in early lactating dairy cows
upon supplementation with RPM and RPC @ 40
and 45g/day, respectively top dressed onthe TMR
having 17.6 per cent CP when compared to the
control (2.60+0.06 per cent). Choline is a source
of methyl groups and it also acts as a methyl
donor in transmethylation reactions which may be
the reason for the improvement in the milk protein
content in the supplemented groups.

The average milk urea nitrogen (MUN)
(mg/dL) contentin milk from animals maintained
on the three dietary treatments T1, T2 and T3
were 13.95+0.07, 13.43+0.22 and 12.30+0.24
mg/dL, respectively. Statistical analysis of the
data revealed no significant difference (p>0.05)
in MUN content of the milk of lactating cows
maintained on three different dietary treatments.
The present observations were similar to those
made by Zhou et al. (2016) in transition dairy
cows where the authors reported that dairy
cows supplemented with RPM (0.08% DM
of TMR) and 60g/day RPC didn’t show any
significant difference (12.82+0.40 mg/dL) in
milk urea nitrogen content when compared with
the control (12.65+0.40 mg/dL).
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