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ABSTRACT
Dobbelaar, P., Noordhuizen, J.P.T.M. and van Keulen, K.A.S., 1987. An epidemiological study o2
gammaglobulin levels in newborn calves. Prey. Vet. Med., 5: 51-62.
The effect of various factors on serum gammaglobulin concentration in newborn dairy calves
was studied in 181 calves on six commercial farms. The refractometer test for monitoring colostrum management was found to be a reliable, rapid and practical method up to 6 days after birth.
The three factors, time of first colostrum feeding, quantity of first colostrum intake and gammaglobulin concentration in first colostrum, explained 19.9% of the variation in serum gammaglobulin concentration. Time of milking, time of first colostrum intake and gammaglobulin
concentration in first colostrum explained 21.0% of the variation in serum gammaglobulin concentration. Calves from first lactation cows showed lower serum gammaglobulin concentrations
than calves of older cows.

INTRODUCTION

There are four major protein fractions in calf blood serum: the albumin and
the alpha-, beta- and gammaglobulins (Borg and Frerking, 1982). Most of the
immunoglobulins (Ig) are in the gammaglobulin fraction. The increased total
protein ( T P ) in blood of calves in the first week of life is mainly due to an
increase in gammaglobulin level (Naylor and Kronfeld, 1977). In this period,
albumin and alphaglobulins remain at a constant level and betaglobulins show
only a slight increase (Breukink et al., 1974).
The literature provides abundant information on the major factors affecting
the serum gammaglobulin levels in calves. Among these factors are the time,
quantity and method of intake of the first colostrum fed (Barber, 1978; Stott
et al., 1979; Borg and Frerking, 1982; von Eigenmann et al., 1983 ). The extent
to which each factor contributes to the serum gammaglobulin level is, however,
a matter of discussion (Bush et al., 1973; Stott et al., 1979).
Herds with a history of disease in their young stock require rapid Ig deter0167-5877/87/$03.50

© 1987 Elsevier Science Publishers B.V.

52
mination methods for facilitation of disease prevention. Serum levels of gammaglobulins and total protein in young calves may be assessed by glutaraldehyde
and refractometer tests, respectively, ( McBeath et al., 1971; Naylor and Kronfeld, 1977; Frerking et al., 1980; van Keulen et al., 1984).
The objective of this study was to confirm the relationship between serum
total protein ( assessed by refractometer test) and serum gammaglobulin level
in individual calves on commercial dairy farms. Additional studies were performed in order to explain differences in serum gammaglobulin levels caused
by factors influencing colostrum supply to individual calves.
MATERIALAND METHODS

Calves
Calves on six commercial dairy farms in the area of the Ambulatory Clinic
of the Veterinary School of Utrecht were used in the study. They were born in
February, March and April. A questionnaire on colostrum feeding and rearing
method, birth history and health status was completed for each calf, together
with data on the dam. Major items from the questionnaire are listed in Table
I. Calves with missing data, e.g. suckled calves, were omitted from the analysis.
Major characteristics for the herds, colostrum feeding methods and mean serum
and colostrum gammaglobulin concentration per herd are presented in Table
II.

Blood sampling and serum total protein level
Plain blood samples were obtained from all calves (jugular vein ) before Day
6 after birth. Serum was collected by centrifugation. Total protein concentration in serum was assessed by means of the refractometer test, whereafter the
samples were stored at - 15 ° C to determine total protein and gammaglobulin
concentrations by the biuret method and electrophoresis, respectively.

Refractometer
Total protein concentration was determined by the refractometer test (Serum
Protein Refractometer, ATAGO, Model 310) according to the method described
by Reid and Martinez (1975). The refractometer was gauged using distilled
water. Total protein concentrations could be read from a calibration in grams
per decilitre, and for our purposes were converted to grams per litre. The prism
was cleaned with distilled water after every reading.
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TABLE I
Variables taken from the questionnaire, groups per variable, mean serum gammaglobulin concentration, number of calves per variable and statistical significance of difference between-group
means
Variables from the questionnaire (groups)

Mean serum
(c = colostrum)
gammaglobulin
concentration
(g 1-1) ±s.d.

Number
of calves

STAT (P)

Day of 1st blood sample
(Day 1 to Day 6)

14.4 ± 8.5

172

n.s.

Time of feeding 1st colostrum
(0-½, ½-1½, 1½-3, 3-5, >5 h afterbirth)

14.9 ± 8.7

150

*** ( P < 0.001 )

Quantity of 1st day colostrum
(0.3-0.5, 0.6-1.0, 1.1-1.5, 1.6-2.0, > 2.0)

14.9 ___8.7

150

*(P<0.03)

Total quantity of 1st day colostrum
(2-3,4,5,6,71)

15.4 ± 8.7

140

** (P<0.006)

Parity {1-9)

14.7_+8.7

155

**(P<0.01)

Calving history of the dam (spontaneous,
assisted, difficult, twin, caesarean)
Sex of the calf (male, female)

n.s. (P=0.7)

14.1 _+7.8 (male)
14.5_+9.3 (female)

80
90

Body weight of the calf on Day 3 ( < 35,
36-40, >40 kg)

n.s. ( P = 0.8)
n.s. (P=0.5)

Health status of the dam
(with/without clinical mastitis at calving)

14.1 _+8.7 (mastitis)
14.5±8.6 (no)

24
147

Health status of the calf
(with/without clinical diarrhoea on day 3 )

14.4±8.6 (diarrhoea) 164
14.4_+8.0 (no)
10

Person who supplies colostrum to the calf
(farmer; other e.g. wife, child)

15.9___8.7 (farmer)
10.7+7.4 (other)

121
28

Method of feeding colostrum (bucket,
bucket + nipple, bottle + nipple, suckling

n.s.

n.s. (P=0.91)

**(P<O.O1)
**(P<O.O1)

COW)

Length ofdryperiod ofthe dam
(25-50,51-65,66-80, >80days)

106 ±32 (c)

STAT = Statistical significance of differences between group means.
n.s. = not significant; *'**'*** = significant.

96

n.s.
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TABLE II
Major characteristics of the dairy herds, colostrum feeding method, and serum and colostrum gammaglobulin
concentration as group mean per herd
Herd

1

2
3
4
5
6

Average
No. of
cows

Breed L Housing
system -~

80
80
85
90
100
90

HF
HF
MRY
HF
HF
FH

Calvesper feeding method first colostrum
Bottle
nipple

C
T
C
C
C
C

Bucket
nipple

41

Bucket

Calf
suckling

Serum
Colostrum
gamma- gammaUnknown globulin globulin
conc.
conc.
(gl ~)
(gl t)
X_+ s.d. X_+ s.d.

24
2

39

2
1
20

10
7
13

1
18

7.2 _+3.8
17.5"+9.2
18.3"+7.4
13.2"+5.7
16.8"+8.1
9.2-+6.8

102 +_34
93"+31
116"+30
112"+26
118+21
96-+24

~HF = Holstein-Friesian crossbreed; MRY = Dutch Red Breed; FH = Dutch Friesian Breed.
-'C = cubicle housing; T = tied housing.

Total protein and gammaglobulin concentration in serum samples
The concentration of total protein was measured using the biuret method,
while the protein spectrum was determined after electrophoresis on cellulose
acetate foil and Ponceau S staining. The fractions were measured in percentages using a densito-meter (Densito-meter, VITATRON) technique. Gammaglobulin concentrations were calculated from serum protein concentration
and the gammaglobulin percentages.

Colostrum samples
The quantity of first colostrum intake was measured by the farmer with a
calibrated bucket or bottle.
Samples were taken from the first colostrum fed to calves and were stored
at - 1 5 ° C by the farmer. A total of 135 samples were available for measurement of gammaglobulin concentration.

Statistical analyses
Data were analyzed using the Statistical Package for the Social Sciences,
SPSS, (Nie et al., 1975). They included primary calculations, such as correlation and regression coefficients between variables, and a t-test for differences
between group means (Table I).
A multiple regression programme was used because several factors might
influence serum and colostrum gammaglobulin concentrations and all included
variables ( except herd effect ) were measured at ratio level. A forward-stepwise
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TABLE III
Relationship between serum gammaglobulinlevel (determined by total protein and spectrum)
and serum total protein level (determined by refractometer) in blood of calves between 24 h and
6 days after birth
Sampling day
after birth

Correlation
coefficient

P

No. of
samples

1
2
3
4
5
6

0.82
0.60
0.77
0.74
0.83
--

0.001
0.001
0.001
0.001
0.005
--

60
45
34
22
9
2

procedure was followed. However, other combinations of the variables were
also tested to determine which combination would yield the best prediction of
the dependent variable (gammaglobulin level in first colostrum and in serum,
respectively). Only those variables which appeared to be significantly correlated with the dependent variables and to which any relevance could be attributed were included in the model. No observations were made on herd level in
this study; herd effect can only be estimated retrospectively e.g. by using d u m m y
variables in a multiple regression model.
RESULTS

Comparison of the methods of measuring gammaglobulin
The relationship between serum total protein (assessed by refractometer
test) and serum gammaglobulin concentration (determined by serum total
protein and serum protein spectrum) is presented in Table III and Fig. 1. This
relationship may be expressed as

Y= 0.6 X - 18.6
where Y= serum gammaglobulin concentation (g l - 1) and X = serum total
protein concentration (g l - 1) by the refractometer test. The correlation is high
and statistically significant (mean value 0.74) and remains on a high level
from Day 1 to Day 6 (Table III).

Epidemiological study
General aspects
Substantial differences in mean serum gammaglobulin levels could be noted
between farms (Table II ). The lowest value was 7.2 g l-1 and the highest was
18.3 g1-1 .
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Fig. 1. The relationship between serum tota] protein concentration determined by the refractometer and serum gammaglobulin concentration determined by the biuret method and
e]ectrophoresis.

Serum gammaglobulin levels were highest in calves which showed the greatest colostrum intake on the first day after birth. For intakes of 2-3 and 71 they
were 13.4 and 20.8 g 1-1, respectively.
Calves from first lactation cows showed an average serum gammaglobulin
level of 10.0 g 1-1, while this value was significantly higher (15.8 g 1-1) for
calves of older cows.
The interval between calving and first milking was equal for both first lactation and older cows. However, the first colostrum was usually ingested 1 h
later by calves from first lactation cows compared with calves from older cows.
The quantity of first colostrum fed differed significantly between parities,
with a mean of 1.2 1 for calves from parity 1 and 1.5 1 for calves from higher
parity cows.
Assistance at calving was provided in 26 of 37 first lactation cows and in 46
of 125 older cows.
No substantial differences in gammaglobulin levels of colostrum from first
lactation versus older cows were detected; the levels were 101 and 105 g 1-1,
respectively. Between farms the following differences were noted: the lowest
mean was 93 g 1-1 and the highest was 118 g 1-1. Within each farm, wide
variations in colostrum gammaglobulin levels occurred between cows.

Correlation coefficients
The correlation matrix including the variables under study is presented in
Table IV.
The gammaglobulin concentration in first colostrum fed was significantly
correlated with parity ( P = 0 . 0 1 4 ) and quantity of first colostrum intake
( P = 0.033 ). Time of milking first colostrum appeared not to be correlated with
gammaglobulin concentration in first colostrum fed. The correlation between
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TABLE IV
Pearson correlation coefficients for the variables in the study

Length of dry period
Parity
Time of milking first colostrum
Time of feeding first colostrum
Quantity of first colostrum fed
Total quantity of colostrum fed
during first 24 h after birth
Gammaglobulin concentration
in first colostrum fed

Parity

Gammaglobulin
concentration in
first colostrum fed

Serum
gammaglobulin
concentration

0.11
1.0
0.19"
-0.21"
0.17"

0.02
0.20*
0.04
-0.01
-0.17"

0.04
0.23
0.32*
-0.27*
0.15"

-

-

0.17"

-0.03

0.21"

0.20*

1.0

0.24*

*P < 0.05.

time of milking first colostrum and time of feeding first colostrum was 0.55
and indicates that first colostrum is not always fed to calves immediately after
milking.
Serum gammaglobulin concentration in this material is significantly correlated (see Table IV) with parity, time of milking first colostrum, time of feeding first colostrum, quantity of first colostrum fed, total quantity of colostrum
fed during first 24 h after birth and gammaglobulin concentration in first colostrum fed. Parity was significantly but weakly correlated with all other five
variables. Each of these five variables was also significantly correlated with
serum gammaglobulin concentration. For that reason, parity was excluded as
a predictor from the multiple regression analysis model (see Multiple regression analysis model). The five remaining variables were included in the multiple regression analysis model to predict serum gammaglobulin concentration.
Time of feeding first colostrum was negatively correlated with parity, while the
time of milking first colostrum was positively correlated with parity (Table
IV).

Multiple regression analysis model
Colostrum gammaglobulin concentration. Quantity of first colostrum fed and
parity accounted for only 10.6% of the variation in colostrum gammaglobulin
concentration (Table V). Other factors appeared to affect colostrum quality
but could not be detected in this study.

Serum gammaglobulin concentration. In the forward-stepwise procedure, where
all five independent variables ( see Correlation coefficients) were included, time
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TABLEV
Regression equation for prediction of colostrumgammaglobulinconcentration by a combination
of two variables, and the R2 of the gammaglobulinconcentration in the first fed colostrumby the
forward stepwise regression analysis
Colostrum gammaglobulinconcentration = c + bl X1+ b2X2
where c = 112.97 X~=parity
bl = 3.89 X2=quantity of first colostrum fed
b2 = - 1.27
Step

Variable

R2
(%)

P

1
2

Parity
Quantity first colostrumfed

5
10.6

0.103
0.077

of milking first colostrum and total quantity of colostrum fed during the first
24 h after birth did not appear to contribute significantly to the proportion of
variation accounted for by the variables (R 2= 0.21 ). Reduction of the number
of these variables from five to three yielded an R 2 of 0.199 (Table VI, eqn. 1 ).
In another model where time of milking first colostrum was forced to enter
in the first step and the other four variables were entered via forward-stepwise
inclusion, only quantity of first colostrum fed and gammaglobulin concentration in first colostrum fed contributed significantly to the proportion of variation accounted for by the variables (R2=0.21). Reduction of the number of
variables from five to three yielded an R 2 of 0.21 (Table VI, eqn. 2 ).
In situations where the colostrum gammaglobulin concentration is unknown,
the serum gammaglobulin concentration may be estimated by two combinations of predictors in an equation. However, these methods only yield R 2 values
of 9 and 10.9%, respectively.
DISCUSSION
The correlation coefficient found in this study for the association between
serum total protein and serum gammaglobulin concentration agrees with results
found by other workers (Bush et al., 1973; van Keulen et al., 1984). Ristedt
(1980) indicated t h a t a high correlation coefficient between gammaglobulin
concentration (nephelometric method) and serum total protein (by refractometer test) exists only 10-20 h after the first colostrum feeding. ThodeJensen (1978) found a rather small correlation coefficient at 2 weeks after
birth.
From this study it appears t h a t a high correlation coefficient may be found
during the first 5 days of life. Under the field conditions of this study, serum
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TABLE VI
Regression equation for prediction of serum gammaglobulin concentration using a combination
of three variables, and the respective R 2 of serum gammaglobulin concentration by the stepwise
regression analysis procedure (maximum of three steps; time of milking first colostrum was forced
as variable into the first step in the second equation)
Serum gammaglobulin concentration = c + bl X1 + b2 X2 + bs X3
where (1) c = 3.69
(2) c = 3.00
bl = - 0 . 1 8
bl = - 0 . 2 0
b2 = 0.40
b2 = 0.45
b3 = 0.74
b3 = 0.076
X1 = time of feeding first colostrum
X1 = time of milking first colostrum
X2 = quantity of first colostrum fed
X2 = quantity of first colostrum fed
X3 = gammaglobulin concentration in
X3 = gammaglobulin concentration
first colostrum fed
in first colostrum fed
Step

1
2
3

Equation

(1)
(2)
(1)
(2)
(1)
(2)

Variable

Time of feeding first colostrum
Time of milking first colostrum
Quantity of first colostrum fed
Quantity of first colostrum fed
Gammaglobulin concentration
in first colostrum fed
Gammaglobulin concentration
in first colostrum fed

R2(1)

R2(2)

(%)

(%)

9.5

P(1)

P(2)

0.02
9

13.8

0.03
0.11

14.5
19.9

0.07
0.05

21

0.05

R2= Proportion of variation explained by the variables in the respective steps of the procedure.
P = Significance of entering the variables in the procedure in that step.

gammaglobulin concentrations in calves up to 6 days old may be checked by a
refractometer test on regular herd visits.
The differences in mean serum gammaglobulin concentration between herds
are substantial ( Table II). The lowest values were constantly observed in herds
where the method of feeding was with a bucket without a nipple, where the
first colostrum was fed in low quantity and at a long time interval after birth.
In 60 of the 174 calves ( 34.5% ) the serum total protein determined by refractometer test was < 50 g l - 1; in 39 calves ( 22.4% ) this concentration was below
45 g l - 1. This value should be above 55 g l - 1 for an acceptable health risk level
for calves passing through market places ( B r a u n and Tennant, 1983 ). In this
study only 84 of the 174 calves {48.2%) achieved this level. Barber (1978)
indicated that serum gammaglobulin concentration in calves was less important on farms where infection pressure was low. Calves with low serum gammaglobulin concentrations could be reared without any problem. This agrees
with our findings on one farm where 24 of the 33 calves had a (refractometer

60
measured) serum total protein concentration of < 50 g l- 1, and no calf diarrhoea occurred on this farm. Clinical diarrhoea on Day 3 did not significantly
affect serum gammaglobulin concentration in our study (Table I).
The difference between serum gammaglobulin concentration in calves of
first lactation and older cows indicated that in our situation calves of the former group had a higher risk of disease. The lower levels in these calves may be
partly explained by differences in both time of interval between birth and first
colostrum feeding, and in total quantity fed during the first day. No differences
were found in gammaglobulin concentration in colostrum between first lactation and older cows. Luetgebrune (1982) indicated that a lower vitality in these
calves after a stressful birth may explain the delayed intake of less colostrum.
In our study it appeared that calving assistance was provided in nearly twice
as many cases in first lactation than in older cows. Calving history of the dam
did not significantly affect serum gammaglobulin concentration in calves
(Table I ).
Differences in serum gammaglobulin concentration between both groups of
persons feeding the calves ( farmer versus other) were statistically significant
(Table I ). Colostrum feeding by the farmer resulted in higher concentrations.
However, the interval from birth to first feeding was significantly shorter for
farmers and is a confounder in that respect.
Gammaglobulin concentration in the colostrum was not significantly correlated with the time of the first colostrum feeding in our study ( -0.002,
P = 049 ) and this finding disagrees with results reported by Pivont et al. (1984):
0.666, P = 0.01. Colostrum gammaglobulin concentration was negatively correlated with the quantity of first colostrum fed in our study (-0.1704,
P = 0.033). This was in agreement with the results reported by Pivont et al.
(1984). The differences noted could not be explained. In our study, serum
gammaglobulin concentration was significantly but weakly correlated with time
of feeding first colostrum ( - 0 . 2 7 4 ) , quantity of first colostrum fed (0.151),
total quantity of colostrum fed in the first 24 h after birth (0.214), and quantity of first colostrum fed (0.237). Pivont et al. (1984) found no significant
correlation between serum gammaglobulin concentration and time of feeding
first colostrum, quantity of first colostrum intake and total quantity of colostrum intake during first 24 h after birth, and only a significant correlation with
gammaglobulin concentration in first colostrum fed. These differences in results
cannot be explained by differences in analysis procedures alone.
Significant differences between feeding methods occurred (Table I). Nipple
feeding (with bucket or bottle) resulted in higher serum gammaglobulin concentrations than did other methods. However, this could be an expression of
herd effect since the feeding method is usually consistent within a herd. Effects
of feeding method for first colostrum could be confounded with herd effect.
The fact that more calves originated from one farm and observations per farm
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were thus correlated may point to a herd effect as well. However, observations
were made on individual calf level in this study.
Results from the multiple regression analyses indicate to what extent the
various equations explain the variation in serum gammaglobulin concentration. The final two equations (Table VI ) explain 19.9 and 21% of the variation
in serum gammaglobulin concentration in calves born on the commercial dairy
herds in this study. The R 2 values detected in all four multiple regression equations appeared to range from 9 to 21%. T h e two regression equations (a) and
(b), which exclude colostrum gammaglobulin concentration as a variable, yield
an R 2 value of 9 and 10.9%.
Serum gammaglobulin concentration = c + bl X1 + b2 X2
where (a) X1 = t i m e feeding first colostrum, X2 = q u a n t i t y first colostrum,
c-- 15.11, bl = - 0.169, b2 -- 0.165 and R 2 = 9%; (b) X1 = time feeding first colostrum, X 2 = t o t a l q u a n t i t y 1st day colostrum, c= 10.18, b~--0.15, b2= 1.48 and
R 2 = 10.9%.
These R 2 values are rather low, pointing to the importance of including
colostrum gammaglobulin concentration as a variable in the study, which allows
better prediction of serum gammaglobulin concentration. Total q u a n t i t y of
colostrum fed during the first 24 h after birth appeared to be less important in
this study. Under field conditions Geene (1984) found the same effect. Other
factors affecting serum gammaglobulin concentration were not detected and
require further study.
A final conclusion of this study is t h a t the refractometer test is a practical
and useful method for the assessment of serum gammaglobulin concentration
in newborn calves under Dutch dairy farming conditions.
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