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Abstract — Choline plays an essential role in fat metabolism in
the liver. The purpose of this study was to evaluate the effects of
addition rumen-protected choline (RPC) on plasma lipid profiles
(concentrations of plasma cholesterol, low density lipoprotein
(LDL), high density lipoprotein (HDL) and triglycerides), milk
yield and milk fat concentration in lactating Holstein. Eight of
lactating Holstein (in the 2™ lactation period and 456 + 31 kg of
body weight) used. The cows were fed two diets in a crossover
experiment for 90 days. The first diet was total mixed ration
(TMR) containing Napier grass and concentrate (40:60) as
control diet, and the second diet was TMR added with RPC as
choline chloride 30 g/head/d (choline chloride 60% corn-cob as
equal to 0.02% BW®™). The data was analyzed with one simple
T-Test using SPSS ver.21. The results showed that addition RPC
in the diet did not significantly influence (p>0,05) the
concentrations of plasma lipid profiles. The inclusion of RPC in
the diet increased (p<0.05) milk yields up to 0.38 kg/d and
increased milk fat concentration up to 0.35%/d. Thus, choline
chloride could be added in the diets of lactation cows to increase
milk yield and milk fat.

Keywords — choline chloride, plasma lipid, milk yield, milk
fat, dairy cows.

I. INTRODUCTION

In the tropic region, milk yield of dairy cow is relatively
low and could not meet the total consumption need. The
quality of feeding is important to improve the quantity and
quality of milk produced. Choline has been classified as one of
the B-complex vitamins, but it’s determine was not complied
into the definition of vitamins whose had enzyme co-factors
[24]. Choline is formed as lecithin on feed and part of
phosphatidylcholine whose the main phospholipid in cell
membrane, lipoproteins, and milk fat globule on dairy cows
[15]. Choline plays an essential role in fat metabolism in the
liver by increasing the utilization of fatty acids in the liver.
Moreover, choline contributes in lipid metabolism that serve
Acetyl CoA as the precursor of cholesterol synthesis [10], as
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phosphatidylcholine (the main part of phospholipid that used
in lipid transport) and as methyl group donor in metabolism
(methionine, folic acids and vitamin B12) [24]. Methionine is
used in very low density lipoprotein (VLDL) synthesis in liver
then will be converted into LDL in blood. Methylation
pathways form phosphatidylcholine, the main phospholipid of
HDL. Vitamin B12 is needed as co-enzyme in methylation
pathways and used to be precursor of gluconeogenesis from
propionate. Highly energy efficiency implicated to increasing
milk yield and highly lipid anabolism implicated to increasing
milk fat. Because of that, choline become to be feed additive
that need in dairy cows feed. Choline had been fully degraded
in the rumen because of that choline have to be protected as
Rumen Protected Choline (RPC) or choline chloride 60%
corn-cob (contained 60% choline chloride mixed with 40%
corn-cob as carrier) that choline can pass through
reticulorumen and absorbed into small intestine [4,15].
Addition of choline chloride in feed is expected to optimize
methyl group metabolism in order to prevent negative energy
balance which can improve the increasing milk yield and to
optimize lipid metabolism that the transport of fat milk
precursor to the mammary gland will increase which the
indicator is lipid plasma (cholesterol, triglycerides, LDL, and
HDL in blood.

We hypothesized that addition choline chloride can improve
the energy metabolism in order to improve the milk yield in
dairy cows and increase plasma lipid within normal range in
order to improve the milk fat of dairy cows. This research is
expected that choline chloride can be incorporated into feed
and could improve total milk production and milk fat.

A. Animals diets

This research was used eight of Lactating Holstein cows (61 to
91 days in milk; 3" lactation period; 13.66 + 1.26 kg/head/d of
milk; and 456 + 31 kg of BW = 99 + 5 kg BW®") and held in
dairy farm on Central Java, Indonesia. The proximate analysis
of diet was listed in Table 1. The diet was total mixed ration
(TMR) with the ingredients were Napier grass and concentrate
(40:60) which was assumed from the National Research
Council [12], as shown in Table 2. Additive feed was RPC as
choline chloride 60% corn-cob 30 g/head/d (as equal to 0.02%
BW?® ) referred by research before about RPC [9,15,23]. The
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TABLE I: THE PROXIMATE ANALYSIS OF DIETS INGREDIENTS

Nutrient composition Napier grass Concentrate
DM? (%) 15.32 88.39

TDN (%) 57.33" 69.54°

CP? (%) 8.01 16.70

CF* (%) 33.06 19.92

EE* (%) 2.72 455

*Nutrient and Feed Science Laboratory, Faculty of Animal and
Agricultural Sciences Diponegoro University, (2015).

TDN count based on Hartadi et al., (1980).

“TDN count based on Sutardi, (1979).

“Ecology and Plant Production Laboratory, Faculty of Animal and
Agricultural Sciences, Diponegoro University, (2015).

DM : dry matter

TDN : total digestible nutrient

CP : crude protein

CF : crude fiber

EE : ether extract

RPC was purchased from Feed Grade Vitamins (Hebei
Kangdali Pharmaceutical Co., Ltd, Hebei, China). The cows
were fed two diets in a crossover experiment for 90 days
(throughout into 2 periods) that consisted of 30 days of dietary
adaptation and 60 days of dietary treatment. The diet
treatments consisted of control diet (TMR) and RPC diet
(TMR with choline chloride). Feeding of Napier grass was
given twice per day on 08.00 am. and 04.00 p.m. then
concentrate was given 4 times on 04.00 a.m., 07.00 a.m.,
01.00 p.m. and 03.00 p.m. Adding RPC was given in the
morning after 2nd concentrate on 07.00 a.m. had done. The
water available was ad-libitum with nipple cup.

B. Sample collection and analysis

Blood samples were collected every 30 days and were taken
from jugular vein using non EDTA tubes then were stored in
cooling box. Serum was gotten from centrifuges on 2060 x g
for 15 min at 5°C. Lipid plasma was analyzed using
hemodialysis method with standardization value of analyzer
(Caretium Biochemistry Analyzer). Standard value for
cholesterol was 138 mg/dl that ranged 96-179 mg/dl,
triglyceride was 104 mg/dl that ranged 73-135mg/dl, and HDL
was 79 mg/dl that ranged 55-102 mg/dl. Milk yield was
collected every days in the morning milking at 04.00 a.m. and
evening milking at 03.00 p.m. Milk fat was analyzed by
lactoscan machine every 7 days of periods.

C. Calculations

The LDL was calculated by Friedewald equation which was
known with cholesterol total level, HDL level and triglicerides
level. LDL = Cholesterol Total — (HDL + Triglycerides/5)

The mean values and standard errors of the mean (SEM)
were calculated for all of the data. All of the data were
analyzed with One Simple T-Test procedures in SPSS ver.21.
Statistical significance was declared at P < 0.05, and a
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tendency to significance was declared at 0.05 < P < 0.20.
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TABLE Il: THE INGREDIENT AND NUTRIENT COMPOTITION OF DIETS

Dietary Treatments

Composition TMR diet RPC diet

Napier grass  Concentrate  Napier grass Concentrate
Ratio 40 60 40 60
DM? (%) 6.12 53.03 6.12 53.03
TDN (%) 22.93 41.72 22.93 41.72
CPY (%) 3.20 10.02 3.20 10.02
CF? (%) 13.22 11.95 13.22 11.95
EE? (%) 1.08 2.73 1.08 2.73
RPC (g/head/d) 0 30

IV.RESULT

A. Dry matter intake

The average of DMI was not affected significantly by RPC
diet. DMI of TMR diet was 13.50 + 2.18 kg/head/d and 2.91 £
0.42% BW. The DMI of RPC diet was 14,19 + 1,98 kg/head/d
and 3.09 £ 0.35% BW (showed in Table I11.). The DMI of two
treatments were ranging between 2.25 — 4.32% BW. The
sufficiency of DMI is used for performance and milk
production. Based on National Research Council [12] that the
DMI of dairy cows ranged 2.25 — 4.32% BW. The averages
DMI showed that RPC diet tended to increase 0.69 + 0.20
kg/head/d (P = 0.2) and 0.18 £ 0.07% BW (P = 0.2) than TMR
diet. The role play of choline in increasing utilization
efficiency of energy tended to cause the increasing energy
metabolism. DMI was not affected by metabolism rate but was
affected by type of feed and digestibility. Choline plays an
important role in the regulation of carbohidrate conversion
into CO2 and ATP [13]. The liver glycogen concentration
increased linearly while increasing intake of choline chloride
that to assist the formation of glycogen from hydrolysis to be
used as a source of glucose in the liver become faster that
affected to increasing milk yield [4,14]. Addition 40 g/head/d
RPC increased 0.3 kg/d DMI (Davidson, 2008) the addition 25
g/head/d RPC (50% choline chloride) has been significantly
increased DMI of 2.2 kg/head/d and milk yield of 4.4 kg/d [6].

B. Ether extract intake

The average of EEI was not affected by RPC diet. EEI of
TMR diet averaged 512 + 83 g/head/d and 0.11 + 0.18% BW.
EEI of RPC diet averaged 543 + 81 g/head/d and 0,12 +
0.17% BW (has been shown in Table I11.). It showed that the
EEI with RPC diet increased numerically 31.25 + 0.2 g/head/d
(P = 0.19) and 0.01t+ 0.01% BW (P = 0.18). EEI has not
affected significantly due to DMI which not significantly
affected. The EEI affected increasing lipid metabolism rapidly
so transfer of fatty acid into mammary gland will increase.
Choline which provides a methyl group donor in the synthesis
of carnitine is an essential component for the oxidation of fatty
acids so that the mobilization of non esterified fatty acids
(NEFA) from feed in blood to the liver increases and does not
accumulate in the liver. EEI can increase cholesterol and LDL
levels in blood [18]. Feed intake is a factor that determine of
function, respond and nutrient feed using [2].
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TABEL Ill: EFFECTS OF CHOLINE CHLORIDE TO DRY MATTER INTAKES AND ETHER EXTRACT INTAKES

Treatments
Parameters - -
TMR diet RPC diet
DMI (kg/head/d) 13,50 +2,18 14,19+1,98
DMI (% BW) 2,91+0,42 3,09 £0,35
EEI (g/head/d) 512,38 +82,23 543,63 + 79,81
EEI (% BW) 0,11+0,18 0,12 +£0,17
DMI = Dry Matter Intake; EEI = Ether Extract Intake.
TABEL IV: EFFECT OF CHOLINE CHLORIDE TO PLASMA LIPID
Treatments
Parameters - -
TMR diet RPC diet
Cholesterol level (mg/dI) 159,37 £ 21,02 161,43 £21,52
Trygliceride (mg/dl) 70,14 £ 6,76 69,16 + 3,53
LDL level (mg/dI) 74,77 16,94 80,21 + 24,67
HDL level (mg/dl) 70,52 £11,76 67,48 + 15,62

LDL = Low density lipoprotein; HDL = High density lipoproteins.

TABEL V: EFFECT OF CHOLINE CHLORIDE TO MILK YIELD AND MILK FAT

Parameters - Treatments "
TMR diet RPC diet
Milk yield (kg/d) 13,84 £2,41° 14,29 +2,90°
Milk yield 4% FCM (kg/d) 13,36 +2,63° 14,53 +3,12°
Milk fat (%) 3,76 +0,27° 4,11+0,28°

C. Cholesterol

Cholesterol level in blood has not been affected by
treatments. Cholesterol level of TMR diet averaged 159.37 +
21 mg/dl and cholesterol level of RPC diet averaged 161.43 +
22 mg/dl (as showed in Table IV.). Cholesterol level was in
the normal value that ranged between 139-177 mg/dl [21].
Cholesterol level is influenced by the consumption of DMI
and EEI that provides a source of energy for the precursor of
cholesterol, named Acetyl CoA which is produced from
glucose and fatty acids in the mitochondria and amino acid
catabolism [10]. Cholesterol level with RPC diet was higher
1.06 £ 0.1 mg/dl (P = 0.6) in normal range than TMR diet
although it was not affected significantly. The role play of
choline was to improve supply acetyl-CoA which the main
precursor for cholesterol synthesis and as a phospholipid
(phosphatidylcholine) in lipoproteins that used in cholesterol
transport through the blood flow. Cholesterol acts as the main
compounds such as bile steroid body whose function as an
emulsifier of fat so that the body can absorb it. Based on
cholesterol was the main of all steroid compounds which had
been synthesized in the body, one function of bile salts to
emulsify fats into fatty acids that can be absorbed by the body
[11]. Choline that formed phosphatidylcholine contained in
bile function in maintaining the hydrophobic protective layer
on the mucosa of the small intestine. Cholesterol was formed
in the liver and used as the source of dietary fat which was
absorbed by the small intestine of chylomicrons form. Fat
absorption which occurs actively for triglycerides, cholesterol
and phospholipids is formed in the gut, then the flow of blood
to further join the protein (apoprotein) forming a lipoprotein
that can circulate in the blood circulation [1].
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D. Triglycerides

The average of trygliseride level was not affected by
traetments. Triglyceride of TMR diet averaged 70.14 + 6.76
mg/dl and triglyceride of RPC diet averaged 69.16 + 3.53
mg/dl (showed in Table IV.). Triglyceride with RPC diet
decreased 0.98 + 3.23 md/dl (P = 0.77) than TMR diet
although it was not affected significantly. Triglyceride level of
two treatments were in the normal value that ranged 63 -77
mg/dl [20]. Choline forms phospatidylcholine of lipoprotein as
phospholipids form so that can help the mobilization and B
oksidation in liver which made trygliceride level in the blood
lowest because more of lipoprotein produced. Addition
choline chloride in feed increased NEFA mobilization to make
taking up fatty acids by liver for oxidazing into ketone bodies
and carbondioxide or trygliseride increased [4]. Lipoprotein
contained of trygliceride, fatty acids, and fosfolipids so that
lipoprotein was produced more, then made the more higher of
trygliceride which was brought by lipoprotein [5].

E. Low density lipoprotein

The average of LDL level were not affected significantly
(showed in Table IV.) and averaged 74.77 £ 12 mg/dl of TMR
diet and 80.21 + 16 mg/dl of RPC diet. LDL level with RPC
diet was higher 5.44 + 0.4 mg/dl (P = 0.35) than TMR diet
including in the range of normal value eventhough it was not
affected significantly. It indicated cause by increasing fat
metabolism and role of choline as phosphatidylcholine that
improve secretion of NEFA and triglycerides in VLDL then it
will became to be LDL. LDL is a lipoprotein which has a
lower density, serves a major carrier of essential fatty acids
from the liver to the tissue for cells absorption and metabolism
[19]. Normal levels of LDL in dairy cows ranged between 60 -
130 mg/dl and contained of triglycerides 10% and cholesterol
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50% [21]. Addition 45 g/head/d of RPC (25% choline
chloride) increased the de novo synthesis which was shown by
the present of highly milk fatty acids [23]. Highly milk fatty
acids due to the influence of choline caused by high level fatty
acids in blood from being transported through VLDL. The
addition of RPC 75 g/head/d (contained 37.5% choline
chloride) increased the synthesis and secretion NEFA through
VLDL from liver [14]. Methionine is supplied by choline that
provids the amino acid profile of VLDL and as
phosphatidylcholine (main phospholipids) surface layer of
VLDL that plays a role in the lipid transport [8].

F. High density lipoprotein

The average of HDL level in blood were not affected
significantly by treatments (has been shown in Table IV.).
HDL level of TMR diet averaged 70.52 + 17 mg/dl and HDL
level of RPC diet averaged 67.48 +25 mg/dl. HDL level of
two treatments was in the normal range of dairy cow’s HDL
level which was 40-90 mg/dl. HDL is a lipoprotein with low
cholesterol levels and higher protein levels and it function
plays in cholesterol transport from tissues to the liver. HDL is
known as a molecule composed of fat (13% of cholesterol and
triglycerides less than 5%) and 50% protein [21]. HDL level
with RPC diet was lower 3.04 £ 0.8 mg/dl (P = 0.37) than
TMR diet including in the normal value eventhough not
affected significantly. The function of choline as
phosphatidylcholine in bonding lipoprotein HDL mechanism
has not been optimal because choline was more usable for
chatabolism in order to produce energy than anabolism to
form HDL. High of EEI caused fatty acid in blood higher so
that made LDL level higher than HDL level. The nutrients
from the food begins to be absorbed by the small intestine and
then carried by the blood stream to the liver. HDL plays an
important role in the mobilization of NEFA from the feed to
be brought to the liver in lipoprotein formed, HDL. Choline is
a precursor of phosphatidylcholine, a major phospholipid in
high-density lipoprotein or HDL [24]. The function of
lipoproteins is to transport cholesterol from peripheral tissues
and from other lipoproteins to be oxidixed in the liver so that
HDL plays a role in to prevent of atherosclerosis in blood
vessels [22].

G. Milk yield

Milk yield was significant affected by treatments (has been
shown in Table 3.) Milk yield of TMR diet averaged 13.84 +
2.41 kg/d and the milk yield of RPC diet averaged 14.29 +
2.90 kg/d (P = 0.05). The averages of milk yield in 4% FCM
(Fat corrected milk) convertion of TMR diet was 13.36 + 2.63
kg/day and RPC diet was 14.53 + 3.12 kg/day (P = 0.04)
(Showed in Table V.). It showed that increasing milk yield
was made by choline that used for energy metabolism
especially in chatabolism to produce energy for milk yield.
Choline contributes in increasing energy eficiency and play as
methyl group donor in energy metabolism, especially in lipid
metabolism. Choline improved chatabolism of fatty acids and
amino acids to produce Asetil CoA so it was obtained not only
from glicolysis but also gluconeogenesis. Deposite of fatty
acids increased while increasing choline chloride addition in
certain level, it made gluconeogenesis better that improved
glycogen from glycolysis to use for glucose source [3]. Asetyl
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CoA that produced by glycolysis and gluconeogenesis used to
produced energy which used for milk yield. Glycogen
increased while increasing of RPC consumption in dairy
cow’s liver. The slightly lower triglyceride concentrations for
cows that received increasing amounts of RPC may have
allowed for greater rates of gluconeogenesis, sparing glycogen
from hydrolysis for use as a glucose source or perhaps
replenishing glycogen in liver more quickly than cows not
receiving RPC [14]. Addition RPC 12 g/head/d increased milk
yield 3.6 kg [9], addition RPC 45 g/head/d which consists of
20 g choline chloride) in feed increased milk yield 2.9 kg [16]
and addition RPC 30 g/head/d which consists of 37.5%
choline chloride increased milk yield 0.3 kg than without
addition choline chloride [23].

H. Milk fat

The average of milk fat was significant affected by RPC diet
(showed in Table V.) Milk fat of TMR diet averaged 3.76 +
0.27% and RPC diet averaged 4.11 + 0.28%. RPC diet
increased significantly 0,35% + 0,01% of milk fat (P = 0.03).
The averages of milk fat include in normal value of dairy
cow’s milk fat that ranged 3.24-4.49%. Milk fat increased
because lipid metabolism in liver increased. LDL which was
precursor of milk fat synthesis was higher with RPC diet than
TMR diet. Mobilization of NEFA to take fatty acids by liver
for oxidize into ketone and carbondioxide or tryglyseride
increased [4]. Addition RPC increased cholesterol level 30%
so lipid storage and lipid metabolism in balance by liver
reached. Choline play role as methyl group donor in carnitine
synthesis those use for lipid oxidation and lipotropic effect
(Forms NEFA into tryglyserides and secretion tyglycerides)
[17]. Milk fat increased because LDL which was as a
precursor of milk fat tented to increase so lipid was carried
into mammary gland quite a lot. Choline as
phosphatidylcholine in lipoprotein bond made lipoprotein was
more produced so that lipid esterification and tryglicerides
from liver increased then carried as LDL into mammary gland.
It implicated to increase mechanism in mammary gland such
as milk yield and milk fat. Choline also play role as fosfolipid
component in fat globule of milk fat so fluidity and rigidity
from fat globule of milk depended by its [8].

IV. CONCLUSION

Choline Chloride as Rumen Protected Choline could be
added in the diets of lactation cows to increase milk yield and
milk fat.
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