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ABSTRACT

The aim of this study was to determine the effect of supplementation of rumen protected choline (RPC)
and green tea extract (GTE) on glucose homeostasis in transition cows. Thirty-two pregnant Karan Fries (KF)
cows were randomly allocated into three groups on the basis of most probable production ability (MPPA) and
parity. In control group, cows were fed basal diet. In T, group, each cow was fed 55g of RPC/day along with
basal diet; cows in T, group were fed on basal diet supplemented with 3g of GTE/day and in T, group, 55 g of
RPC and 3 g of GTE/day along with basal diet was fed. The duration of experiment was 30 days before calving
to 60 days after parturition. Non significant difference was observed across the groups for plasma glucose
concentration. The concentration of insulin and IGF-1 increased significantly (P<0.01) in T, T, and T, as
compared to control in days’ dependant manner around parturition. In conclusion, feeding of RPC and GTE in
combination maintained glucose homeostasis during transition period in Karan Fries cows.
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INTRODUCTION

High-yielding dairy cows enter a state of
negative energy balance (NEB) around calving when
the energy demand for maintenance and lactation
exceeds that of dietary energy intake (Bauman and
Currie, 1980). Around 46 % of maternal glucose taken
up by the uterus is utilised by the foetus (Bell, 1995).
Additionally, a cow producing 30 kg of milk per day
uses at least 2 kg of blood glucose to synthesize lactose
(Bell, 1995). So, to maintain the heavy glucose demand,
the liver synthesizes all of this glucose from propionate
and amino acids. Again, just after calving the energy
requirement of body increases approximately 2.5 times
(Grummer, 1995). As cows begin to use large amount
of energy to drive milk production, a lag occurs in DMI,
and they find themselves physically unable to increase
DMI enough to meet their needs (Grummer, 1995).
It is well known that fat accumulation by the liver,
during the transition period, inhibits liver glucose
production (Grummer, 1995). Choline, a component of
phospholipid and methyl donor, takes part an important
role in VLDL synthesis and thereby fat transport from
liver. Dietary supply of choline in post parturient dairy
cows may be inadequate, even though choline can be
synthesized by the animals (Pires and Grummer, 2008).
Methionine and lysine are the 2 most limiting AA for

milk production in dairy cattle (NRC, 2001). The
demand for choline as a methyl donor is probably the
main factor determining how rapidly choline deficiency
induces a disease state (Zeisel et al. 1991). Therefore,
supplementation of choline could spare a portion of
methionine needed to meet daily choline needs, which
would leave a larger supply of methionine for milk
production.

Green tea contains polyphenols (Major catechin
present in green tea is epigallocatechin-3-gallate
[EGCG]), tannins and caffeine (Khan and Mukhtar,
2019). Some of these components have been shown to
enhance the basal and insulin-stimulated glucose uptake
of adipocytes (Wu et al., 2004) and inhibit intestinal
glucose uptake by inhibiting the sodium-dependent
glucose transporter of intestinal epithelial cells
(Kobayashi ef al., 2000). Very few studies have been
reported till date, regarding the effect of RPC and GTE
on glucose and insulin correlation in transition dairy cows.
So, the present study has been designed to study the
effect of supplementation of RPC and GTE on glucose
homeostasis in transition KF cows.

MATERIALS AND METHODS

This study was conducted in the Livestock
Research Centre (LRC) unit of National Dairy Research
Institute (NDRI), Karnal, India. The RPC was

‘Corresponding author: Email: paragacharyal7 @gmail.com

276

Indian J. Anim. Nutr. 2019. 36 (3): 276-280



Acharya et al.

purchased from Kemin animal nutrition, India, which
was prepared by spray freeze drying technology, in the
form of encapsulation with fatty acids. The GTE was
purchased from Sarthak Herbs, Karnal. Ethical
permission was granted for the experiment by the
Institutional Animal Ethical Committee (IAEC) of
Indian Council of Agricultural Research-NDRI
constituted as per article 13 of the CPCSEA rules, laid
down by the Govt. of India (Regd no-1705/GO/al/13
CPCSEA) dated 3/7/2013.

Thirty-two pregnant KF cows (30 days before
calving) were selected from the herd with MPPA of
around 4000 1 milk production, in their second to fourth
lactation stage. Nutrient requirement of experimental
cows were met by feeding basal diet consisted of
concentrate mixture, green fodder and wheat straw as
per the guidelines of NRC (2001). Ingredients and
nutrients composition is depicted in Table 1.

In control group, cows were fed basal diet. In T,
group, each cow was fed 55g of RPC/day along with
basal diet; In T, group, each cow was fed on basal diet
supplemented with 3g of GTE/day and in T, group, 55 g
of RPC and 3 g of GTE/day along with basal diet was
fed. The treatment was given 30 days before calving to
60 days after calving. The blood samples were collected

at weekly intervals by jugular vein puncture into
vacuutainer tubes (Becton Dickinson, Rutherford, NJ).
The serum was separated by centrifugation of the blood
samples at 2400 rpm for 15 min and stored in vials at
-20 °C until further analysis. Estimation of blood
glucose was done by using kit purchased from
Recombigen Laboratories Pvt. Ltd. New Delhi, India.
Insulin was estimated in serum samples by using
Bovine Insulin ELISA kit (Cat. No: EOO15Bo, Bioassay
Teachnology Laboratory, Shanghai, China). IGF-1 was
estimated in serum samples by using Bovine Insulin-like
Growth Factors 1 ELISA kit (Cat. No. EO016Bo,
Bioassay Technology Laboratory, Yanghu Dist.
Shanghai, China).

Data were represented as mean = SE. One-way
analysis of variance (ANOVA) (using GRAPHPAD
PRISM software) was adapted to find out significant
difference between groups and day of treatments and
to interpret the effect of dietary treatment on various
parameters.

RESULTS AND DISCUSSION

The mean plasma glucose concentration in
experimental KF cows during transition period is
presented in Table 2. No significant difference was found

Table 1. Physical and chemical composition of concentrate mixture

Ingredients Parts (%)

Maize grain 33

Groundnut Cake (GNC) 21

Mustard Cake 12

Wheat Bran 20

Deoiled Rice Bran (DORB) 11

Mineral Mixture 2

Common Salt 1

Total 100

Nutrient Concentratem Sorghum Maize Oats Sugar Wheat

percent mixture graze straw

DM 89.87 24.61 14.90 24.29 26.33 90.11

oM 92.57 91.41 92.60 90.81 90.66 91.43

Cp 19.93 9.54 9.82 9.80 11.11 293

EE 3.75 1.85 2.1 1.44 2.10 1.35

NDF 25.63 58.75 50.45 64.42 59.55 78.40

ADF 1542 33.63 28.45 40.61 3691 51.20

Ash 7.29 8.55 7.25 9.13 9.34 8.52
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Table 2. Effect of RPC and GTE supplementation on serum glucose concentration (mg/dl)

Days of calving Group P-value
C T, T,

Days C T, T, T,

-30 58.00+2.42 59.37+2.15 60.62+2.48 60.50+1.47
-15 55.87+2.35 56.50+2.16 58.3242.23 57.25+1.67
-7 53.1242.25 54.374+2.00 55.10+1.96 53.00+1.98
0 48.25+2.13 50.75+1.84 48.04+1.54 49.25+1.50
7 45.87+1.69 47.75+1.53 47.04+2.09 48.25+1.49
15 48.62+1.91 50.50+1.99 50.42+1.77 53.00%1.55
30 51.87+1.52 52.75+1.88 53.02+1.38 54.50+1.40
45 53.62+1.34 55.00+1.81 53.98+1.33 56.25+1.11
60 55.25+1.11 56.00+1.60 56.63+1.23 57.37+0.99

across the groups for plasma glucose concentration.
Similar results were also obtained by many workers
(Chung et al., 2009; Zom et al., 2011; Leiva et al.,
2015) in RPC supplemented transition cows. However,
Sheikh et al. (2014) found significant increase (P<0.05)
in plasma glucose concentration in transition KF cows
when they were fed 60 g of RPC per day. Various
reports documented that green tea supplementation
lowers blood glucose level (Tsuneki et al., 2004). In T,
group numerically higher concentration of glucose in spite
of supplementation of GTE indicates overshadowing
effect of RPC on GTE's glucose lowering ability, that
enabled maintenance of a balance gluconeogenic state
in transition cows to meet the high energy demand.
Significant difference (P<0.05) was noted
between control and treatment groups from seven days

before parturition up to day of parturition and significant
(P<0.01) difference was seen from 15 days after
parturition up to 30" days of parturition, whereas no
significant difference was recorded between T, T, or
T,, T, or T, T, in plasma insulin level (Table 3).

Leiva et al., (2015) reported significantly higher
(P<0.01) concentration of insulin in transition HF cows,
those were given 50 and 100 g of RPC before and after
calving. In early lactation, there is decrease in insulin
concentration which is considered as a part of energy
metabolism, allowing an animal to mobilize the fat
deposit. In one study, EGCG dose-dependently improved
insulin resistance in NAFLD mice not only by reducing
body weight but also through enhancing the insulin
clearance by hepatic insulin degrading enzyme (IDE)
(Gan et al., 2015). So to meet the energy demand,

Table 3. Effect of RPC and GTE supplementation on insulin (pmol/L) of KF cows

DAYS C T, T, T,

-30 17.98+0.75 20.61+0.84 19.59+0.71 20.28+0.49
-15 17.32+0.73 19.82+0.75 18.64+0.71 19.63+0.46
-7 16.46°+0.69 18.73°+0.66 17.94+0.66 19.13°+0.49
0° 14.75°+0.62 17.01°+0.71 16.05*+0.70 17.23°+0.52
7 14.61+0.657 17.29+0.71 15.37£1.90 17.19+0.57
15% 15.33%+0.60 18.49°+0.76 16.66*°+0.65 18.03°+0.39
30 16.08°+0.47 18.50°+0.70 17.40+0.62 19.07°+0.49
45 17.18+0.51 18.35+£0.45 18.15+0.59 18.99+0.68
60 17.65+0.44 18.96+0.59 18.48+0.52 19.64+0.57

**Mean bearing different superscripts in a row differ significantly (P<0.05)
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Table 4. Effect of RPC and GTE supplementation on IGF-1 (ng/ml) of KF cows

DAYS C T, T, T,

-30 126.0745.79 130.28+6.69 131.29+£7.27 134.39+7.54
-15 114.44+5.79 120.26+6.29 119.27+£7.58 126.16£7.72
-7 104.50+5.35 112.01+6.26 109.49+7.86 121.56+7.44
0" 70.23=3.75 87.01°+5.89 86.32%°+6.43 98.06°+7.55
7 58.79°+£3.48 74.03*+5.37 71.37*+6.36 90.93*+7.48
15* 67.45°+3.07 90.56°+6.23 86.61°+6.09 111.33°+7.14
30 90.12°+4.78 112.68°+5.36 104.75%+6.05 134.73°+7.31
45™ 95.77°+4.26 115.32°45.36 108.64°+6.00 136.87°+7.81
60" 99.64°+4.38 122.49°+5.20 113.27%+6.17 141.29°47.61

*»Mean bearing different superscripts in a row differ significantly (P<0.05)

glucose need to be utilized by cells and increase in
concentration of insulin by RPC and GTE helped the
cells to achieve that successfully to avoid NEB.

From day of parturition to 60 days of parturition,
all the treatments significantly (P<0.05) increased
IGF-1 concentration from control (Table 4). In T,
IGF-1 concentration was significantly higher (P<0.01)
than control from 15" day post-partum to 60" day of
post-partum in our study. However, Leiva et al. (2015)
detected no treatment effect (P>0.68) for IGF-1 in RPC
treated cows during transition period. Wimmer et al.
(2015) showed that flavonoid Epigallocatechin 3-gallate
(EGCG), found in the popular beverage green tea
demonstrated similar effects as the endogenous
hormones IGF-1 and insulin in the ability to suppress
action of the atrophy-promoting transcription factor.

Cows under NEB have limited hepatic
expression of GH receptor 1A triggered by low
circulating concentrations of insulin (Butler et al., 2003,
2004). This phenomenon uncouples the growth hormone
(GH)/insulin-like growth factor-1 (IGF-1) axis which
reduces the synthesis of IGF-1 by the liver. Reduced
concentrations of IGF-1 in blood have been associated
with diminished follicle sensitivity to LH, growth and
steroidogenesis (Lucy et al., 1992; Butler et al., 2004).
Conversely, the increase in circulating concentrations
of insulin as energy balance improves seems to be one
of the signals to re-establish GH receptor expression in
the liver and restore IGF-1 synthesis in dairy cows
(Butler et al., 2003).
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CONCLUSION

Insulin and IGF-1 are not only involved in energy
homeostasis, but also involved in growth and maturation
of follicles as well as in maintaining the healthy
reproductive tract. Hence, both RPC and GTE could be
supplemented in the diet of transition cows to enhance
the plasma concentration of insulin and IGF -1, which
have a stimulatory effect on production and
reproduction of animals.

ACKNOWLEDGEMENT

The authors gratefully acknowledge ICAR-
NDRI, for funding this research work. The authors
gratefully acknowledge the staff of division of Livestock
Production Management, Animal Nutrition division and
Animal Reproduction, Gynaecology and Obstetrics
division for their immense support in carrying out this
research work.

REFERENCES

Bauman, D.E. and Currie, W.B. 1980. Partitioning of nutrients
during pregnancy and lactation: A review of
mechanisms involving homeostasis and homeorhesis.
J. Dairy Sci. 63: 1514-1529.

Bell, A.W. 1995. Regulation of organic nutrient metabolism
during transition from late pregnancy to early
lactation. J. Anim Sci. 73: 2804-2819.

Butler, S.T., Marr, A.L., Pelton, S.H., Radcliff, R.P., Lucy,
M.C. and Butler, W.R. 2003. Insulin restores GH
responsiveness during lactation-induced negative
energy balance in dairy cattle: effects on expression of
IGF-I and GH receptor 1A. J. Endocrinol. 176(2):
205-217.

Indian J. Anim. Nutr. 2019. 36 (3): 276-280



Effect of RPC and GTE in transition cows

Butler, S.T., Pelton, S.H. and Butler, W.R. 2004. Insulin
increases 17B-estradiol production by the dominant
follicle of the first postpartum follicle wave in dairy
cows. Reprod. 127: 537-545.

Chung, Y.H., Brown, N.E., Martinez, C.M., Cassidy, T.W. and
Varga, GA. 2009. Effects of rumen-protected choline
and dry propylene glycol on feed intake and blood
parameters for Holstein dairy cows in early lactation.
J. Dairy Sci. 92: 2729-2736.

Gan, L., Meng, Z.J., Xiong, R.B., Guo, J. Q., Lu, X. C., Zheng,
Z.W., Deng, Y.P,, Zou, F. and Li, H. 2015. Green tea
polyphenol epigallocatechin-3-gallate ameliorates
insulin resistance in non-alcoholic fatty liver disease
mice. Acta. Pharmacol. Sin. 36: 597.

Grummer, R.R. 1995. Impact of changes in organic nutrient
metabolism on feeding the transition dairy cow. J. Anim.
Sci. 73: 2820-2833.

Khan, N. and Mukhtar, H. 2007. Tea polyphenols in
promotion of human health. Nutrients. Life Sci. 81:
519-533.

Kobayashi, Y., Suzuki, M., Satsu, H., Arai, S., Hara, Y., Suzuki,
K., Miyamoto, Y. and Shimizu, M. 2000. Green tea
polyphenols inhibit sodium-dependent glucose
transporter of intestinal epithelial cells by a
competitive mechanism. J. Agric. Food Chem. 48:
5618-5623.

Leiva, T., Cooke, R.F., Brandao, A. P., Marques, R.S. and
Vasconcelos, J.L.M. 2015. Effects of rumen-protected
choline supplementation on metabolic and
performance responses of transition dairy cows. J.
Anim Sci. 93: 1896-1904.

Lucy, M.C., Beck, J., Staples, C.R., Head, H.H., De La Sota,
R.L. and Thatcher, W.W. 1992. Follicular dynamics,
plasma metabolites, hormones and insulin-like growth
factor I (IGF-I) in lactating cows with positive or
negative energy balance during the preovulatory
period. Reprod. Nutr. Dev. 32:331-341.

NRC, 2001. National Research Council. Nutrient
Requirements of Dairy Cattle. 7" ed. Natl. Acad. Sci.,
Washington, DC.

Pandurang, P.S. (2012). Supplementing Rumen Protected
Choline to Dairy Cattle During Transition Period:
Effect on Milk Production and Reproductive
Performance (Doctoral dissertation, NDRI, Karnal).

Pires, J.A. and Grummer, R.R. 2008. Micronutrients and their
impact on high performing dairy cows — A focus on
niacin and choline. In Proc. Southwest Nutrition and
Management Conference, Department of Animal
Sciences, University of Arizona.

Sheikh, F.A., Kewalramani, N., Thakur, S.S. and Mir, I.A. 2014.
Effect of supplementation of rumen protected
methionine-lysine and choline on milk production in
crossbred cows. Indian J. Anim. Nutr. 31: 148-151.

Tsuneki, H., Ishizuka, M., Terasawa, M., Wu, J.B., Sasaoka, T.
and Kimura, I. 2004. Effect of green tea on blood
glucose levels and serum proteomic patterns in
diabetic (db/db) mice and on glucose metabolism in
healthy humans. BMC Pharmacol. 4: 18.

Van, D. T. A.M., Wensing, T., Geelen, M.J.H., Wentink, GH.,
Van’t Klooster, GH. and Beynen, A.C. 1995. Time trends
of plasma lipids and enzymes synthesizing hepatic
triacylglycerol during postpartum development of fatty
liver in dairy Cows. J. Dairy Sci. 78: 2208-2220.

Wimmer, R.J., Russell, S.J. and Schneider, M.E 2015. Green tea
component EGCQG, insulin and IGF-1 promote nuclear
efflux of atrophy-associated transcription factor Foxo1
in skeletal muscle fibers. J. Nutr. Biochem. 26:
1559-1567.

Winkler, A., Gessner, D.K., Koch, C., Romberg, F.J., Dusel, G,
Herzog, E., Most, E., Most, E. and Eder, K. 2015.
Effects of a plant product consisting of green tea and
curcuma extract on milk production and the expression
of hepatic genes involved in endoplasmic stress
response and inflammation in dairy cows. Arch. Anim.
Nutr. 69:425-441.

Wu, LY., Juan, C. C.,Ho, L.T., Hsu, Y.P. and Hwang, L..S. 2004.
Effect of green tea supplementation on insulin
sensitivity in Sprague-Dawley rats. J. Agric. Food
Chem. 52: 643-648.

Zeisel, S. H., Da Costa, K.A., Franklin, P.D., Alexander, E.A.,
Lamont, J.T., Sheard, N. F. and Beiser, Alexa. 1991.
Choline, an essential nutrient for humans. The FASEB
Journal. 5: 2093-2098.

Zom, R.L.G,, van Baal, J., Goselink, R.M.A., Bakker, J. A., de
Veth, M.J. and van Vuuren, A.M. 2011. Effect of
rumen-protected choline on performance, blood
metabolites and hepatic triacylglycerols of
periparturient dairy cattle. J. Dairy Sci. 94: 4016-4027.

Received on 05-07-2019 and accepted on 09-10-2019

Indian J. Anim. Nutr. 2019. 36 (3): 276-280



