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Abstract :  In the present study, the effect of extended colostrum feeding
on certain physiological  and endocrinological  parameters  of  pre-ruminant
crossbred calves from birth to one month of age was investigated. Estimation
of blood glucose level, plasma concentration of anabolic hormones as thyroid
hormones and insul in  were  performed and compared with  control  calves
(G-I)  which were fed with colostrum for the f irst  three days of age and
therea f te r  wi th  the  whole  mi lk ,  t i l l  30  days  o f  age .  There  was  s t eady
increase in the blood glucose level (BGL) from birth to one month of age
in both groups of calves, with the rise being slightly higher in the calves
of  G- I I  g roup ,  which  i s  a t t r ibu ted  to  the  ac t ion  o f  g lucagon  by
g luconeogenes i s  e spec ia l ly  in  the  neona tes .  In take  and  absorp t ion  o f
inc reased  amounts  o f  d ie ta ry  p ro te ins  and  amino  ac ids  in  co los t rum
stimulated a significant increase in the plasma insulin concentration in G-
II  calves compared to G-I  calves,  over  and above the accelerated t issue
development of pancreas. Fluctuating levels of thyroid hormones in plasma
of calves of  both the groups suggested that  the concentrat ion of  thyroid
hormones were not influenced either by extended colostrum or whole milk
feeding in calves,  but  rather  fol lowed a diurnal  rhythm.
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INTRODUCTION

Bovine  co los t rum i s  the  f i r s t  l ac tea l
secre t ion  which  i s  fo r t i f i ed  wi th  nu t r ien t s
and  b ioac t ive  fac tors  such  as  insu l in  l ike
growth factors and hormones like insulin and
prolactin as pointed out by (1). Components
of  co los t rum inf luence  immune  s ta tus ,

metabol i sm,  and  endocr ine  sys tems  in
newborn  an imals  (2 ) .  Nut r i t ion  dur ing
neonatal  period can have influence later on
in  l i fe .  I t  i s  es t imated  tha t  cows  produce
about 40% extra colostrum than required for
the i r  own ca lves .  S ince  colos t rum is  unf i t
fo r  sa le ,  i t  i s  o f ten  encounte red  tha t  th i s
pro te in - r ich  nu t r i t ious  food  i s  was ted  or
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under uti l ised in farm and field conditions.
Hence this extra colostrum can be preserved
and  used  as  a  p ro te in  r i ch  feed  to  p re -
ruminant  ca lves  fo r  30  days  of  age .  The
maximum use of available colostrum in calf
feed ing  programme should  be  adopted  to
provide better growth rate and health status
of  ca lves  (3) .  According to  (4) ,  colos t rum
in take  a l lows  the  es tab l i shment  o f  an
anabolic state of metabolism. Therefore, the
presen t  s tudy  was  taken  up  in  o rder  to
eva lua te  and  cor re la te  the  e f fec t s  o f
enhanced  co los t rum feed ing  on  the  b lood
glucose level (BGL) and release of anabolic
hormones  as  insul in  and thyroid  hormones
in  pre- ruminant  ca lves .

MATERIALS AND METHODS

Colos trum co l l ec t ion  and  Animals

Around 700 kg of colostrum was collected
f rom the  hea l thy  c rossbred  cows  of
Univers i ty  L ives tock  Farm,  Col lege  of
Vete r inary  & Animal  Sc iences ,  Mannuthy ,
s ta r t ing  ahead  of  the  per iod  of  s tudy  and
preserved  in  a i r  t igh t  s te r i l e  bo t t l es  a t  –
20°C. Twelve numbers of cl inically healthy
calves of either sex were selected and divided
into two groups, group I (control) and group
II (experimental) with equal number of both
sexes .

Exper imenta l  t reatments

Calves of group I (G-I) and II (G-II) were
fed  f resh  co los t rum (1 /10 th  of  the  body
weight)  in  feeding pai l  twice dai ly for  the
first three days. Thereafter,  calves of group
I  were  fed  wi th  whole  mi lk  (1 /10 th  of
bodyweight )  twice  da i ly  as  under  s tandard
farm managementa l  condi t ions  for  30 days

of  age,  whereas  thawed colost rum was fed
(1/10th of body weight) to the calves of group
II till 30 days of age. Calf starter (@100 g/
day/calf) from 14 days of age and water (ad
libitum) were provided to all  the calves.

Col lec t ion  o f  b lood  and  p lasma separat ion

From all animals of Group I and II, blood
samples  were  co l lec ted  wi th  an t icoagulan t
by jugular  venepuncture ,  immediate ly  af ter
birth (within 10 min; before first  colostrum
feeding)  and  repea ted  on  day  1  (18  hours
after birth), 6, 12, 18, 24 and 30 and plasma
was  separa ted .

Est imat ion  o f  b lood  g lucose

Blood glucose level (BGL) was estimated
by glucose oxidase-peroxidase method (GOD-
POD method) ,  as  sugges ted  by  (5)  us ing
Ecoline® kit (M/S E. Merck (India) Limited,
Mumbai) .

Hormonal assay – Insulin and thyroid hormones

The plasma concentrations of insulin and
thyro id  hormones  v iz  thyrox ine   (T 4)  and
t r i iodothyronine  (T 3)  were  es t imated  us ing
rad io immunoassay  us ing  k i t s  o f  Diasor in ,
Sa luggia ,  I t a ly  and  Minneso ta ,  USA
respectively and calculated the T4 : T3 ratio.

Stat i s t i ca l  ana lys i s

All  the  data  were  s ta t is t ica l ly  analysed
(6) .  Al l  values  are  presented as  mean±s.d .
Comparisons  between two independent  se ts
of  da ta  was  per formed wi th  unpa i red
Student ’ s  t  t e s t .  The  c r i t e r ion  fo r
s ign i f icance  was  se t  a t  P<0 .05 .  In te r  and
in t ra  assay  coef f ic ien ts  o f  var ia t ion  whi le
determining the above mentioned parameters
were found to be less than 10 percent.
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In  the  cont ro l  an imals  of  G-I  group,  BGL
increased  s tead i ly  f rom the  lowes t  va lue
(102.001±15.99 mg/dl) observed immediately
af te r  b i r th  (ze ro  day)  and  reached  a  peak
value of (137.33±38.35 mg/dl) on 30th day of
age. The experimental  calves of G-II group

RESULTS

1 . Blood  g lucose  l eve l  (BGL)

Tables I  and II  and Fig. 1 shows blood
glucose levels of the two groups of calves.

TABLE I : Ef fec t  o f  con t inued  feed ing  o f  co los t rum and  mi lk  on  b lood  g lucose  l eve l ,  p l a sma
concen t ra t ion  o f  insu l in  and  thyro id  hormones  and  T 4 :  T 3 r a t io  o f  p re - ruminan t
c rossbred  ca lves  fo r  a  pe r iod  o f  30  days ,  Mean±SD (n=6  pe r  g roup) .

A g e Glucose Insulin Thyroxine (T4) Triiodothyronine T4 : T3
i n (mg/dl) (μU/ml) (ng/ml) (T3)(ng/ml) ratio
Days

GpI GpII GpI GpII GpI GpII GpI GpII GpI GpII

0 102.00± 111.17± 11.17± 13.79± 64.79± 69.09± 2.58± 2.30± 25.04± 30.21±
x15.99abcde x15.48abcde x2.89adef x3.77ab x19.66acdefg x9.999a x0.18a x0.11ab x7.86acd x5.19cfjno

1 119.17± 118.83± 24.01± 28.51± 69.12± 71.79± 2.47± 2.48± 23.95± 29.20±
x11.70chlors x16.77afghij x3.50j x2.90f x9.65aab x10.68a x0.21a x0.20a x3.93ab x5.20aefghi

6 119.00± 12.50± 23.65± 24.17± 55.84± 49.60± 1.52± 1.62± 37.52± 31.06±
x4.86glcopq x26.21bfklmn x2.73j x4.24bef x11.64bch x2.28 x0.17b x0.23bcd x10.51ehij x4.48bgknpr

12 114.83± 129.00± 13.73± 18.43± 45.60± 44.67± 0.99± 1.54± 47.07± 29.40±
x35.81afghij x18.99cgkopq x3.80cfhi y2.90c x3.44di x2.51 x0.17egh y0.20gh x8.35jlm y3.67bejklm

18 115.33± 136.67± 13.60± 11.44± 44.45± 41.31± 1.11± 1.81± 41.35± 37.67±
x36.35bfklmn x22.27dhlors x4.26begi x1.89a x2.17ehijk x2.91 x0.23dfh x0.26fh x8.13gikm x7.79imqr

24 125.33± 140.67± 10.06± 15.98± 40.37± 40.24± 1.16± 1.24± 39.49± 33.01±
x23.84dimprt x24.15imprt x1.88abc y2.43bcd x3.01gkl x2.19b x0.41bcfg x0.21defg x17.18bdfhkl x4.65hlopr

30 137.33± 140.50± 13.20± 24.04± 41.27± 43.09± 1.22± 1.54± x35.09± x28.29±
x38.35ejnqst x23.24ejnqst x2.59dgh y2.84e x3.37fgl x1.75 x0.22cde y0.21ce 8.94cefg 2.90abcd

Mean±Standard Deviations (between periods) in columns bearing same superscripts (a,b,c,d,e....t) for each parameter
are homogenous.
Mean±Standard Deviations (between groups) in rows bearing same superscripts (x,y) for each parameter differ
significantly (P<0.05).

TABLE I I : Ef fec t  o f  con t inued  feed ing  o f  co los t rum and  mi lk  on  b lood  g lucose ,  p lasma
insulin,  plasma thyroid hormones  and T4 :  T3 r a t io  o f  p re - ruminan t  c rossbred
ca lves  fo r  a  pe r iod  o f  30  days ,  Mean±SD (n=6  pe r  g roup) .

Glucose Insulin Thyroxine (T4) Triiodothyronine T4 : T3
Sampling period (mg/dl) (μU/ml) (ng/ml) (T3)(ng/ml) ratio

GpI GpII GpI GpII GpI GpII GpI GpII GpI GpII

Before the start of 102.00± 111.17± 11.17± 13.79± 64.79± 69.09± 2.58± 2.30± 25.04± 30.21±
the experiment (0d) 15.99a 15.48a 2.89a 3.77a 19.66a 9.99a 0.18a 0.11a 7.86a 5.19a

18h after the start of 119.17± 118.83± 24.01± 28.51± 69.12± 71.79± 2.47± 2.48± 23.95± 29.20±
the experiment (0d) 11.70a 16.77a 3.50b 2.90b 9.65a 10.68a 0.21a 0.20a 3.93ab 5.20a

At the end of the 137.33± 140.50± 13.20± 24.04± 41.27± 43.09± 1.22± 1.54± 35.09± 28.29±
experiment (30d) 38.35a 23.24a 2.59a 2.84b 3.37b 1.75b 0.22b 0.21b 8.94ac 2.90a

Mean±Standard Deviations (between periods) in columns bearing different superscripts for each parameter differ
significantly (P<0.05).
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cor responding  to  the  increase  in  b lood
glucose level .  Experimental  calves of  G-II ,
which were fed colostrum for 30 days of age
also showed a similar fluctuating trend with
the lowest  value recorded (13.79±3.77 μU/
ml)  soon  a f te r  b i r th  and  the  peak  va lue
(28.51±2.90 μU/ml) obtained 18 h after birth
( f i r s t  day)  which  fur ther  go t  reduced  and
then increased to a value of 24.04±2.84 μU/
ml by the end of  the experiment.

While analysing values from zero to 30
days  of  age  of  the  two groups ,  i t  was
observed that the values recorded for calves
of G-I  group on 12th day (13.73±3.80 μU/
ml).  24th day (10.06±1.88 μU/ml) and 30th
day  of  age  (13 .20±2.59  μU/ml)  were
s ign i f ican t ly  (P<0 .05)  lower  than  the
corresponding values of  G-II  calves during

fo l lowed  a  s imi la r  t rend  wi th  l eas t  va lue
(111 .17±15 .48  mg/d l )  recorded  soon  a f te r
b i r th  (ze ro  day)  and  the  peak  va lue
(140.67±24.15 mg/dl) on 24th day of age and
maintained almost the same level. There was
no significant difference in the BGL of the
two groups  a t  any  of  the  per iod  of  s tudy
(Tables I, II and Fig. 1).

2 . P lasma Insu l in  concentrat ion

Plasma insulin concentration of G-I and
G-II calves are presented in Tables I and II
and Fig.  1.  Plasma concentration of insulin
in the control animals of G-I group exhibited
a  f luc tua t ing  t rend  wi th  the  h ighes t  va lue
(24 .01±3.5  μU/ml)  recorded  a t  18  h  a f te r
b i r th  ( f i r s t  day)  and  the  lowes t  va lue
(10 .06±1.88  μU/ml)  on  24 th  day  of  age ,

Fig .  1 : Ef fec t  o f  con t inued  feed ing  o f  co los t rum and  mi lk  on  b lood  g lucose  and  p lasma  insu l in  o f
p re - ruminan t  c rossbred  ca lves  fo r  a  pe r iod  o f  30  days .
Bar  graph comparing blood glucose levels  (BGL) and plasma insul in of  group I  and II  calves during
the  exper imen ta l  pe r iod  o f  30  days  (n=6  pe r  g roup) ;  wi th  Age  in  days  p lo t t ed  in  the  X-ax i s .
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the same per iod.  The corresponding values
were  18.43±2.90 μU/ml,  15.98±2.43 μU/ml
and 24.04±2.84 μU/ml respectively (Table-I).
Calves of both control (G-I) and experimental
(G-I I )  g roups  had  s ign i f ican t ly  (P<0 .05)
h ighes t  va lues  (24 .01±3.50  μU/ml  and
28.51±2.90 μU/ml respectively) on the first
day  (18 h  a f te r  b i r th )  than  the  va lues
recorded soon after birth (11.17±2.89 μU/ml
and  13 .79±3.77  μU/ml  respec t ive ly)  v ide
Tables I and II and Fig. 1.

3 . P lasma concentrat ion  o f  Thyro id  hormone

a . Thyroxine (T 4)

Plasma concentration of thyroxine (T4) of
the  cont ro l  an imals  of  group G-I  dec l ined
steadily from the highest value (69.12±9.65

ng/ml)  recorded 18 h af ter  bir th  (f i rs t  day)
to  the  lowest  value  (40.37±3.01 ng/ml)  on
24th day of age. The calves of experimental
group (G-II )  a lso  fo l lowed a  s imi lar  t rend
with the peak value (71.79±10.68 ng/ml) 18h
after  bir th (f irs t  day) and the lowest  value
(40.24±2.19 ng/ml) on 24th day of age (Table-
I  and Fig.  2) .  On comparing the  serum T4

concentrations of both groups, there was no
signif icant  variat ion between them (Table-I
and Fig. 2).

In the control animals of G-I, the plasma
concentration of T4 (41.27±3.37 ng/ml) was
observed on 30th day of age was significantly
(P<0.05) lower than the value (64.79±19.66
ng/ml) recorded immediately after birth (zero
day) as well as the value (69.12±9.65 ng/ml)
observed  18h  a f te r  b i r th  ( f i r s t  day) .  The

Fig .  2 : Ef fec t  o f  con t inued  feed ing  o f  co los t rum and  milk on plasma thyroxine and tr i iodothyronine
concen t ra t ions  o f  p re - ruminan t  c rossbred  ca lves  fo r  a  pe r iod  o f  30  days .
Bar  g raph  compar ing  p lasma T 3 and  T 4 o f  g roup  I  and  I I  ca lves  dur ing  the  exper imenta l  per iod  of
30  days  (n=6  per  g roup) ;  wi th  Age  in  days  p lo t t ed  in  the  X-ax i s .
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experimental calves of group-II also showed
s ign i f ican t  (P<0 .05)  var ia t ions  in  the
concent ra t ions  of  T 4 recorded  immedia te ly
after birth (69.09±9.99 ng/ml) and the value
a t  f i r s t  day  of  age  by  18 h  a f te r  b i r th
(71.79±10.68 ng/ml)  when compared to the
value (43.09±1.75 ng/ml),  observed on 30th
day of age (Table II and Fig. 2).

b . Tri iodothyronine (T3)

Plasma T 3 concen t ra t ion  in  the  con t ro l
group of animals of G-I showed a fluctuating
trend with the peak value (2.58±0.18 ng/ml)
recorded  soon  a f te r  b i r th  and  the  va lue
declined to the lowest value (0.99±0.17 ng/
ml)  on  12 th  day  of  age ,  which  fur ther
increased till the end of the experiment. The
experimental calves of G-II showed a similar
f luc tua t ing  t rend  wi th  the  h ighes t  va lue
(2.30±0.11 ng/ml) recorded immediately after
b i r th  (ze ro  day)  and  the  lowes t  va lue
(1.18±0.26 ng/ml) on 18th day of age (Table
I and Fig. 2).

While analyzing the values from zero to
30  days  of  age  of  the  two groups ,  i t  was
observed  tha t  the  va lues  obta ined  on  12th
day (0.99±0.17 ng/ml) and 30th day of age
(1.22±0.22 ng/ml) for the calves of G-I were
s ign i f ican t ly  (P<0 .05)  lower  than  the
cor responding  va lues  o f  G-I I  ca lves .  The
values of G-II calves on 12th day and 30th
day were 1.54±0.20 ng/ml and 1.54±0.21 ng/
ml respectively (Table I and Fig. 2).

G-I and G-II animals  showed a significant
(P<0.05)  var ia t ion  in  the  p lasma T 3

concentration when the value (1.22±0.22 ng/
ml) of the G-I calves recorded on 30th day of
age was compared with the value (2.58±0.18

ng/ml) recorded soon after  bir th (zero day)
and the value (2.47±0.21 ng/ml) obtained 18 h
after  bir th (f irs t  day).  The animals of  G-II
group had significant (P<0.05) variations in
the level of T3 at different days after birth,
with the lowest value observed on 30th day
of age (1.54±0.21 ng/ml) compared to both
zero  day  (2 .30±0.11  ng /ml)  and  f i r s t  day ,
observed 18 h after  bir th (2.48±0.20 ng/ml)
vide Table II.

c . T 4 : T3 ra t io

In  the  con t ro l  an imals  o f  G-I  g roup ,
T 4 : T3 ra t io  showed a  f luc tua t ing  t rend
start ing with the lowest  value (23.95±3.93)
recorded  18h  a f te r  b i r th  ( f i r s t  day)  which
increased to the peak level (47.07±8.35) on
12th day of age and further declined by the
30th day of age. The experimental calves of
G-II group showed a peak value (37.67±7.79)
on  18 th  day  of  age  and  lowes t  va lue
(28 .29±2.90)  recorded  on  30th  day  of  age
(Table I and Fig. 2).

On compar ing  T 4 : T3 ra t io  be tween the
two groups,  there  was s ignif icant  (P<0.05)
var ia t ion  be tween  the  va lues  o f  the  two
groups recorded,  especial ly on 12th day of
age and the values of calves of G-I and G-II
were 47.07±8.35 and 29.40±3.67 respectively
(Table I and Fig. 2).

In the calves of G-I group, the values of
T 4 : T3 ra t io  recorded  a t  the  end  of  the
experiment (30th day of age) was significantly
(P<0.05) higher (35.09±8.94) than the value
(23.95±3.93) obtained on 18h after birth (first
day of age). Whereas in the animals of G-II,
none  of  the  th ree  va lues  showed any
significant variation (Table II) .
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DISCUSSION

1 . Blood  g lucose  l eve l  (BGL)

In our study we reported a transient rise
in BGL in both groups of calves, immediately
af te r  b i r th ,  which  la te r  con t inued  t i l l  one
month  of  age ,  which  can  be  a t t r ibu ted  to
the adrenal response to the stressors of birth
and  the  pos tna ta l  env i ronment  (7 ,  8 ) .
Increase in BGL, could also be due to the
ac t ion  of  g lucagon  by  g luconeogenes i s
especially in the neonates which were under
extended colostrum intake (9). Moreover, the
s t imula t ion  of  smal l  in tes t ina l  l ac tase
ac t iv i ty  by  inges ted  co los t rum and  the
consequent lactose digestion and absorption
of  glucose and galactose enhanced BGL in
neonatal calves (9, 10)}. We have observed
tha t  g lucose  concen t ra t ions  a t  b i r th  were
low,  and  increased  a f te r  feed  in take ,  as
pointed out in other studies on colostrum -
fed calves (1, 11, 12, 13). Enhanced feeding
intensity in G-II than in G-I did not influence
p lasma g lucose  concen t ra t ions ,  ind ica t ing
tha t  g lucose  homeos tas i s  was  main ta ined
irrespective of the feeding schedule.

2 . P lasma Insu l in  concentrat ion

We observed a  greater  insul in  response
in colostrum fed calves, since plasma insulin
concent ra t ions  depend  on  amounts  o f
inges ted  co los t rum (11) .  The  enhanced
insul in  secre t ion due to  greater  nutr i t ional
in take ,  (14)  would  be  u t i l i sed  fo r  p ro te in
anabol i sm and  t r ig lycer ide  syn thes i s  (15) .
Acce le ra ted  pancrea t ic  deve lopment  cou ld
also  be  a t t r ibuted,  as  a  poss ib le  cause  for
e leva ted  p lasma insu l in  concen t ra t ion
observed after birth in calves fed colostrum
in tens ive ly  (16) .  Over  and  above  these ,
fac tors  such  as  feed ing  dens i ty ,  energy

in take ,  p ro te in  in take  and  gas t ro in tes t ina l
hormones  poss ib ly  cont r ibu ted  to  modi fy
insu l in  secre t ion  in  co los t rum fed  ca lves
(12).

Thus, colostrum feeding is found to have
a pronounced effect  on glucose metabolism
and insulin release in calves (17) more so,
in case of insulin, during the first month of
life (18,19).

3 . P lasma concentrat ion  o f  Thyro id  hormones

Thyroxine (T4)  and Triiodothyronine (T3)  &
T 4 : T3 ra t io

In the present study, a fluctuating trend
in the levels of plasma thyroid hormones is
obvious,  since they were neither influenced
by feeding  d i f ferent  amounts  of  co los t rum
or by delaying colostrum feeding nor fasting
(4).

In conclusion, i t  is clearly evident from
the present  s tudy that  feeding nutrient  r ich
colos t rum for  ex tended  per iods  a f te r  b i r th
in  p re - ruminant  ca lves ,  p roved  to  be  an
excellent  source of  nutr ients  which help to
increase  the  concent ra t ion  of  hormones  as
insu l in  to  a  s ign i f ican t ly  h igher  l eve l .
Insulin,  being an anabolic hormone, in turn
would be utilised for protein anabolism and
t r ig lycer ide  syn thes i s ,  thus  augment ing
growth rate and body weight gain in calves.
Since the age of sexual maturity in bovines
is closely linked with body weight,  and the
delay in age of puberty and age of conception
in  he i fe rs  i s  now a  major  p rob lem in  our
country,  feeding of  colostrum for  extended
per iods  can  be  jud ic ious ly  and  e f fec t ive ly
u t i l i sed  to  b r ing  down the  age  of  sexua l
maturi ty thus making dairy farming a more
lucra t ive  p rofess ion .  Moreover ,  excess
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co los t rum tha t  i s  usua l ly  was ted  in  l a rge
dairy farms could be hygienically collected
and economical ly  preserved and fed to  the
calves. The study also helped to confirm that

the plasma thyroid hormones were not found
to  be  in f luenced  by  t ime  or  amount  o f
colostrum or milk fed, but followed a typical
d iurna l  rhy thm.
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