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The study was undertaken to determine and compare the activity of important enzymes and
its correlation with milk production in cattle. The study was done on each of six Gir,
Kankrej and Crossbred cattle. The animals were divided in to three groups viz. 0-90 days
of lactation (Group I), 91-180 days of lactation (group Il) and 181 till dry stage (group IlI).
Blood was collected aseptically before and after milking and clear plasma was separated
and stored until analyzed. The samples were analysed for endocrine parameters by RIA
and IRMA method. Hormone levels were differed significantly between different breeds.
Level of Insulin, and Prolactin were higher in Gir, whereas, Kankrej found with highest
level of T3 and crossbred found with high concentration of cortisol. Hormone levels of T,
andT, increased while prolactin decreased with advancement of lactation. The hormones
studied found negative correlation with milk yield.

Introduction

The physiology of lactation includes
development of the mammary gland from the
fetal to the adult stages, further development
during pregnancy and onset of lactation, with
the accompanying metabolic and behavioral
adaptation. The onset of lactation is
accompanied by increase in the blood volume,
cardiac output, mammary blood flow, and
blood flow through the Gl-tract and liver,
aiming to provide the udder with nutrient and
hormones for regulation of milk synthesis

(Bhoite and Padekar, 2002). Food intake and
distribution of nutrients of the mammary gland
are partially regulated by hormones as well as
the repartitioning of nutrient away from the
body store towards the udder. Lactation has a
great impact on intensity of metabolism and
on metabolic parameters (Talvelkar et al.,
2008).

Stages of lactation, and production levels,
affect the blood metabolic parameters (Berry
et al., 2005). Milking and suckling stimuli also
induce release of several hormones and
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growth factors (e.g. prolactin, insulin, GH,
IGF-1, ACTH, and cortisol) and increase in
their release, is fundamental to continuous
milk synthesis. Consequently, it is important
to understand the relationship among these
hormones and growth factors during suckling
or hand milking and machine milking, because
different modes of milk removal cause
different levels of stimulation and thus results
in release of different levels/quantity of
endocrine profiles. Repeated emptying of
udder during, calf suckling stimulates
lactogenesis, which appears to increase the
flow of dietary nutrients, and this is reflected
in blood levels of hormones.

In the dairy cow there is a diminished rate of
insulin secretion during lactation. The low
insulin concentration would then be of value
in allowing mobilization of endogenous
energy sources in the form of amino acids and
non-esterified fatty acids. (Lomax et al., 1978)

The circulating insulin and thyroxine were
correlated positively with stage of lactation
and negatively with dairy milk yield (Walsh et
al., 1980). Insulin and T3 aid in the process of
partitioning of nutrient in milk towards milk
production by reducing the demand for
nutrients by the peripheral tissue (Jindal and
Ludri 1994).

There is also paucity of literature regarding
the detailed hormonal values of Gir, and
Kankrej cattle at different stages of lactation.
Keeping in view the above points, the present
study was undertaken in Gir, Kankrej and
Crossbred cattle to determine the activity of
the hormones in blood plasma, the changes in
hormones levels before and after milking,
their correlation to milk production and to
apply systematic health monitoring and the
animal breeding status in order to identify
changes that occur as a consequence of
pathological processes and changes in the
metabolic status in good time.

Materials and Methods

The research was approved by the Institutional
Animal Ethics Committee (IAEC, No.:
179/VVPY/[2014). The study was carried out on
six each of Indigenous Gir, Kankrej and
Crossbred cattle maintained at the Livestock
Research  Station, Anand  Agricultural
University, Anand, Gujarat. Female cattle of
various ages, party and Lactation stages were
used, The animals were divided in to three
groups viz. 0-90 days of lactation (Group 1),
91-180 days of lactation (group I1) and 181 till
dry stage (group IIl). The animals were
maintained under standard feeding and
management conditions followed at Livestock
Research  Station, Anand  Agricultural
University, Anand, Gujarat. In Gir and
Kankrej, the practise of suckling and hand
milking was followed and in crossbred it was
weaning and machine milking.

Blood collection was conducted during the
months of July 2014 to April 2015. Blood was
collected aseptically, between 0600 hrs to
0800 hrs of the day, 20 minutes before
milking (B.M) and within 5 minutes after
completion of milking (A.F), through the
jugular vein. Ten ml blood was collected in a
single venipucture in Lithium Heparin
vacutainer. Blood was centrifuged at 3000
RPM for 20 minutes and clear plasma was
separated for the estimation of hormones. The
samples were analysed for endocrine
parameters at the Reproductive Biology
Research Unit, College of Veterinary Science
& A. H., A AU., Anand by RIA(for plasma
tri-iodothyronine, thyroxine and cortisol) and
Immuno Radiometric Assay (IRMA method
for plasma insulin and prolactin) using the
Kits manufactured by Immunotech, Beckman
Coulter, Czech Republic.

The data obtained in the present study were
subjected to statistical analyses by using
BASIC (Beginners All purpose Symbolic
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Instructional Code) programme of the
computer and applying the Factorial
Completely Randomised Design (CRD) as per
Snedecor and Cochran (1990).

Results and Discussion

The Plasma tri-iodothyronine and thyroxine
levels increased significantly along with the
progress of lactation in before and after
milking in both Gir and Crossbred cows
whereas, in kankrej cows thyroxine was only
hormone showed significant increase. In each
lactation stage a non-significant differences
ware observed between milking phases.

The levels of Plasma tri-iodothyronine
observed in the present study were similar to
finding of Ninan Jacob et al., (2012) in
indigenous cattle and Sinka et al., (2008) in
cross bred cattle. However, as compared to
our levels Sharma and Joshi (2006) were
reported lower levels in indigenous cattle
whereas, higher levels reported by Deshmukh
and Mantri (1997) for cross bred cattle.

The overall mean between the breeds and
stages of lactation reflect the plasma tri iodo
thyronine differed significantly among the
breeds (P<0.05) with Kankrej recording
highest values (2.11 + 0.08), followed by cross
bred cattle (1.77+ 0.06) and Gir (1.74 = 0.06)
which are at par.

The plasma tri iodo thyronine differed
significantly (P<0.05) among the stages with
least value in stage-I (1.73 £ 0.08) followed by
stage-11 (1.88 = 0.07) which are at par and
highest values in stage-I11 (2.01 + 0.09).

When the overall mean between the breeds
and stages of lactation were compared it was
observed a non-significant variation in the
plasma thyroxine levels among the breeds,
with cross bred cattle recording highest values
(66.16 + 4.68) followed by Kankrej (65.36

4.36) and Gir cows (61.53 + 5.43).The plasma
thyroxine differed significantly among the
stages (P<0.05) with least value in stage-I
(48.53 £ 6.63), followed by stage-Il (70.58 +
7.72) and highest wvalues in stage-Ill
(73.94£5.45) which are at par. The plasma
thyroxin level increased significantly from
Stage | to 11l in all the three breeds in before
milking stage.

A similar effect of increased plasma thyroxin
level with progress of lactation was observed
by Akasha et al., (1987). Sharma and Joshi
(2006) while interpreting their data suggested
that lower thyroxine of plasma was associated
with higher lactational performance, possibly
due to greater utilization of plasma T4 in
higher producers. The levels of plasma
thyroxine observed in the present study were
more than that reported by Sharma et al.,
(2009) in indigenous cattle and Deshmukh and
Mantri (1997) for cross bred cattle. The
similar results were also found by Ninan Jacob
(2012) for indigenous cattle and by Sinka
et.al. (2008) for cross bred cattle. The values
observed in present study were lower than
those reported by Ali et al., (2011) and
Sharma and Joshi (2006) in indigenous cattle.

An important role of the thyroid hormones (T3
& T4) IS observed in the normal body
metabolism influencing all the catabolic and
anabolic processes (Rudas and Pethes, 1990),
which could also explain the higher levels
seen in the late lactation stages in our study.
The variation in the findings of our study and
that of other scientists could be due to the
breed, age and nutritional status of the
animals. The varying levels of thyroid
hormones during different periods of lactation
in were a pointer towards its essential role in
lactation. Thyroid hormones influence milk
synthesis as well as intensity and duration of
milk synthesis and are necessary for the
maintenance of lactation (Park and Lindberg,
2005) (Table 1 and 2).
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Table.1 Plasma hormone levels at different stages of lactation in indigenous and crossbred cattle (Mean £S.E.)

Stages of Lactation
I

Overall
mean

BM AF BM AF BM AF
T, Gir 1.56° +0.07 1.54" +0.05 1.75% +0.07 1.75° £0.07 1.94% +0.04 1.90% +0.04 1.74'+0.06
Kankrej 2.02+0.04 2.02+0.03 2.18+0.07 2.08+0.05 2.27+0.11 2.11+0.15 2.11°+0.08
Cross bred 1.64° £0.01 1.589 +0.04 1.79" +0.03 1.78° +0.02 1.93™ +0.02 1.89° +0.02 1.77'+0.06

Overall Mean 1.73%+0.08 1.88%+0.07 2.01'+0.09
T Gir 44.14° +6.12 44.27° +5.51 65.79% +5.59 74.36% +3.34 80.24%+2.43  60.36"+8.91  61.53+5.43
Kankrej 55.54' +1.75 50.21'+5.21 67.81" +1.95 78.35' +3.06 81.239+3.48  59.07+10.06  65.36+4.36
Cross bred 48.46" +6.18 48.58" +5.83 63.72" +4.47 71.449 46.75 86.68™+2.52  76.09P +4.40  66.16+4.68

Overall Mean 48.53"+6.63 70.58Y+7.72 73.94V+5 .45
Insulin el 44.14"° +6.12 44.27° +5.51 65.79° +5.59 74.36% +3.34 80.24%+2.43  60.36"+8.91  61.53+5.43
Kankrej 55.54' +1.75 50.21' #5.21 67.81" +1.95 78.35) +3.06 81.239+3.48  59.07+10.06  65.36+4.36
Cross bred 48.46" +6.18 48.58" +5.83 63.72" +4.47 71.449 +6.75 86.68™+2.52  76.09P +4.40  66.16+4.68

Overall Mean 48.53"+6.63 70.58V+7.72 73.94 V4545
il Gir 5.00° +0.38 5.53°+0.48 7.29%+0.36 7.51%+0.35 5.69% +0.45 6.75 % +0.20 6.29'+0.96
Kankrej 5.57'+0.16 8.64' +0.15 6.57" +0.17 7.63'+1.09 7.299+0.15 7.44) +0.19 6.48 '+0.69
Cross bred 7.11+0.10 7.22+0.07 7.13+0.20 7.77+0.18 7.18+0.18 9.36+0.18 7.30°+088

Overall mean 6.13%+0.69 6.99+0.83 6.95 Y+0.69
Prolactin el 48.64°+1.00 49.04%+1.24 35.92°+1.56 44.40° + 1.38 37.32°+1.16 38.80°+0.72  42.36°+2.01
Kankrej 42.08° +1.01 49.08' +1.56 34.04" +0.92 43.12" +0.96 31.00' +0.88 34.60+0.87  39.80'+1.86
Cross bred 28.20™ +1.00 35.44+1.09 26.00" +1.20 28.80% +1.23 27.40"+1.36 28.88%+1.56  29.00+1.37

Overall mean 42.64"+2.04 35.36"+1.46 33.16"+1.03

Note: Means having the same superscript do not differ significantly from each other within breed/overall mean (P<0.05). =6

s-u: between breeds
v-X: between stages

a-c: between gir before milking
d-f: between gir after milking
g-i: between kankrej before milking

j-I: between Kankrej after milking
m-o0: between crossbred before milking
p-r: between crossbred after milking

BM: Before milking
AF: After milking
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Table.2 Correlation between the hormones and milk yield in Gir, Kankrej and Crossbred cows

-0.502+0.98 -0.293+0.52
-0.487+0.89 -0.308+0.98
-0.442+0.18 -0.269+0.79

The higher levels of these hormones in both
Gir cattle and crossbred cattle during the 2"
and 3" stage of lactation reflect the highest
metabolic activity of the mammary gland for
milk synthesis. It is proved by the fact that
peak daily milk yield in both the breeds is
reached during second month of lactation
(Singh et al., 1996). Thyroid hormones are
considered to be essential to counter balance
the threat in terms of metabolism and energy
requirement for the survival and maintenance
of the animals (Jacobs et al., 1981).

The Plasma insulin levels increased
significantly from stage-l to stage -llI,
followed by reduction at stage-Ill in both
milking phases of all the three breeds. We
also observed that the milking phases have
non-significant differences. However,
significant (P<0.05) difference was observed
between lactation stage, with levels in after
milking being higher than the before milking
phase. Our findings were similar to the results
obtained by Ninan Jacob (2012) in indigenous
cattle and by Basoglu et al., (1998) in cross
bred cattle. However, higher levels were
recorded by Sartin et al., (1998), than those
observed in the present study. The overall
mean, between the breeds and stages of
lactation differed significantly (P<0.05)
among the breeds with Gir cows recording
highest values (12.72 + 0.89) followed by
crossbred (11.69 = 0.72) and Kankrej cattle
(10.17 + 0.98).The plasma insulin levels
differed significantly (P<0.05) among the
stages of lactation with increase in values
from 11.20 £ 0.85 (stage-l) to 13.90 + 0.96
(stage-Il) followed by a decrease to 9.48 +
0.69 (stage-111).

-0.436+0.87 -0.262+0.44 0.364+0.78
-0.426+0.62 -0.242+0.33 0.354+0.67
-0.394+0.87 -0.303+0.49 0.402+0.56

During lactation, insulin helps in partitioning
of nutrients towards milk production by
reducing the demand of peripheral tissues and
also sparing glucose for synthesis of lactose
for milk production. Increased levels of
lactose are responsible for increased milk
volume (Jindal and Ludri, 1994). Low level of
insulin at stage-I than stage-11 could reduce
glucose uptake during early lactation, when
lactose synthesis rates at peak.

The Plasma cortisol levels increased
significantly from stage-l to stage -II,
followed by decrease during stage-I1I in both
milking phases of Gir cows while in kankrej
the levels were increased significantly with
stage of lactation in both the phases of
milking.  Non-significant changes were
observed for crossbred cows. The values
observed in the present study were similar to
the findings of Ninan Jacob (2012). However,
values were less than that reported by Sartin
et al., (1998) and Walsh et al., (1980) in cross
bred cattle. The overall cortisol mean,
between the breeds and stages of lactation
differed significantly (P<0.05), among the
breeds with cross bred cattle recording
highest cortisol level (7.30 £ 0.88) followed
by Kankrej (6.48 + 0.69) and Gir cows (6.29
+ 0.96) which were at par. The plasma
cortisol levels differed significantly (P<0.05)
among the stages with increase in values from
6.13 £ 0.69 (stage-I) to 6.99 + 0.83 (stage-1I)
followed by decrease to 6.95 + 0.69 (stage -
[11). In each stage of lactation, significant
(P<0.05) difference was observed between the
milking phases. The values in before milking
phase (6.54 + 0.65) are lower than the after
milking phase (6.94 £ 0.59).
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Cortisol plays an important role for the
internal defense during stressful situations and
helps to maintain homeostasis. In severe
stress, excessive cortisol secretion reduces the
number of lymphocytes, and thus, reduces
secretion of immunoglobulins (Martin and
Crump, 2003). Highest level of cortisol at
stage Il as compared to stage | and stage Il of
lactation justifies the gluconeogenic effect of
cortisol for higher level of glucose, which is
essential for lactose synthesis. Cortisol is a
lactogenic hormone which influences the
formation of casein proteins and whey
proteins (Park and Lindberg, 2005).

The Plasma prolactin level decreased
significantly from stage-I to stage—Ill, in both
milking phases of Gir and kankrej cows,
while it was increased significantly in stage
Il in before milking phase of cross bred
cows. Whereas, non-significant changes were
observed in after milking phase. Values in
before milking phase (3456 + 1.06) are
significantly (P<0.05) lower than the after
milking phase (39.56 + 1.86) indicating that,
suckling and milking are potent stimulants for
high circulatory prolactin levels, which is in
conformity with the findings of Arya, (1990).
The Mean levels of plasma prolactin observed
in the present study were similar to the
findings of Negrao and Marnet (2002) in
cross bred cattle, while it was lower than the
values reported by Jacquemet and prigge,
(1991).

When the overall mean values, between the
breeds and stages of lactation were compared,
it was observed that the plasma prolactin level
differed significantly (P<0.05) among the
breeds with Gir cattle reporting highest values
(42.36 + 2.01) followed by Kankrej (39.8 +
1.86) and cross bred cattle (29.00 + 1.37).The
plasma prolactin levels differed significantly
(P<0.05) among the stages with highest
values in stage-l (42.64 + 2.04) followed by
stage-11 (35.36 + 1.46) and lowest value in

stage-111 (33.16 = 1.03). The circulating
prolactin levels were not correlated with
either stage of lactation or milk yield,
indicating that the prolactin may be relatively
less important for galactopoesis in cow.

Prolactin plays role in mammogenesis and
lactogenesis in cattle, enabling the mammary
cells to differentiate fully at parturition and
initiating the onset of copious milk secretion.
Milking or suckling induces release of
prolactin and this release declines as lactation
advances (Beck et al., 1979), which is similar
to findings in the present study. Prolactin in
plasma appears to reflect directly the needs of
mammary gland cells to stimulate metabolic
process in milk secretion (Akasha et al.,
1987). The role of prolactin in galactopoesis
and its relationship with milk production is
not yet established. The blockage of prolactin
after establishment of lactation is found not to
effect the subsequent lactation, and even
exogenous administration of prolactin does
not increase the milk yield (Jacquemet and
Prigge, 1991).

The negative correlation of T3, T4 and insulin
with milk yield observed in this study (Table
2) was similar to the findings of Jindal and
Ludri, (1994), Deshmukh and Mantri (1997),
and Walsh et al., (1980). Whereas, negative
correlation of cortisol with milk yield was
similar to the findings of Fukasawa et al.,
(2008). The circulating prolactin correlated
with milk yield only during stage-l in Gir,
while no correlation was observed in other
stages and breeds.

Hormone levels were differed significantly
between different breeds. Level of Insulin,
and Prolactin were higher in Gir, whereas,
Kankrej found with highest level of T3 and
crossbred found with high concentration of
cortisol. All the hormones having significant
differences during different lactation stages.
Hormone levels of T3 andT,4 increased while
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prolactin decreased with advancement of
lactation. Insulin and cortisol increased
between Stage-1 and stage-11 but remained
low in stage-1ll. Significant differences in
cortisol and prolactin levels were observed
between both before and after phases of
milking too. Both these hormones were
significantly higher in after milking samples
in all the three breeds. The hormones studied
found negative correlation with milk yield.
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