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LIBERG, PER: Agarose gel electrophoretic fractionation of serum 
proteins in adult cattle. I. A study of clinically healthy cows. Acta vet. 
scand. 19177, 18, 4-0-58. - Blood samples were taken from 2.5 clinical
ly healthy Swedish red-and-white dairy cows on 111 occasions in the 
course of about one year. The blood serum proteins were studied, chief
ly by agarose gel electrophoresis, in respect of relative and absolute 
concentrations. The following parameters were studied: Total protein, 
albumin, total globulin, A/G quotient, oi;1-, oi;2-, !32- and 
y-globulin. The material was analysed statistically in respect of varia
tion between and wi.thin cows, ·and of aige, pregnancy and seasonal 
variation. The variation between cows was found to be significantly 
greater than that between different samplings of the same cow. Older 
cows exhibited significantly higher y ... globulin corncentrations. The 
variation with season and sta•ge of pregnancy was less pronounced for 
most serum p·rotein fractions. 

agarose gel electrophoresis; bovine serum 
p r o t e i n s; n o r m a 1 v a 1 u e s. 

Electrophoretic protein fractionation for diagnostic purposes 
has not been developed to the same extent in veterinary as in 
human medicine. Paper electrophoresis has been used in most 
animal studies (e.g. Boguth 1954, Chopard 1954, Zimmerli 1955, 
Wiinsche 1960). Paper electrophoresis suffers from certain weak
nesses such as poor resolution and disturbing adsorption pheno
mena. Distinct separation of different components in bovine 

* The investigation was supported by the Swed•ish Council for 
Forestry and Agricultural Research. 
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serum may be difficult to achieve. Labouche (1962) found for 
example that the a-globulin peak very often was not clearly 
visible and that the was not distinctly separated from 
they-globulin. Irfan (1967), furthermore, found that a y-globulin 
component lay very close to the 

Methods have been developed in which cellul.ose acetate, poly
acrylamide gel or agar gel are used as separation medium. These 
media permit rapid separation with improved resolution. For 
study of bovine serum such methods have been used only by a 
few investigators (Matthaeus 1965, Ek 1969, Osbaldiston 1972, 
Raphael et al. 1973, McLennan & Willoughby 1973). 

To further increase the efficiency and usability of agar gel 
electrophoresis a technique has been developed which uses se
paration in agarose gel on water-cooled glass plates (Johansson 
1972. 

This technique has been modified for study of bovine serum 
(Carlstrom & Liberg 1975). The agarose gel electrophoresis me
thod is simple and quick. The resolution is sufficiently good to 
allow a naked-eye estimate of the concentrations of individual 
proteins in the different electrophoretic zones. A more objective 
evaluation can be made spectrophotometrically by so-called gel 
scanning. 

Evaluation of the electrophoretic patterns requires knowledge 
as to which proteins are main components in each fraction and 
as to the variation of the different proteins in health and in dis
ease. Genetic and acquired protein variants may shift the mu
tual positions of the proteins. It may therefore be difficult to 
interpret the signification of a changed peak. 

Normal values for the protein fractions in bovine serum re
ported in the literature are with few exceptions based on paper 
electrophoresis. They show great variation, largely attributable 
to differences in separation technique and quantizing procedures. 
For this reason several authors have maintained that each labo
ratory should determine its own normal values for the animal 
population to be studied (Nilsson & A.berg 1956, Haraszti & 
Tolgyesi 1961, Ek, Osbaldiston). 

Normal values vary also with factors such as breed, age, stage 
of lactation and of pregnancy. Individual values found in dis
eased states must therefore be judged in relation to these factors. 
The changes which appear to he most pronounced are increasing 
concentrations of total protein and y-globulin with rising age 
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(e.g. Winkler 1955, Czernicki 1957, Perk & Loebl 1959, Matthaeus 
& Straub 1965, Heidler 1968) and lowering of the serum protein 
concentrations during the very last stage of pregnancy (Larson 
& Kendall 1957, Larson 1958, Larson & Hays 1958, Haraszti & 
Tolgyesi, Carlstrom 1961, McLennan & Willoughby 1973). In 
cattle, furthermore, large variations have been found between 
individual animals, and even in the same animal on different 
occasions. 

The object of this investigation has been to determine normal 
values of serum proteins in Swedish adult cattle by means of 
agarose gel electrophoresis and to some extent to study also the 
physiological variation for the animal population concerned. 

MATERIALS AND METHODS 
The material consisted of 25 Swedish red-and-white dairy 

cows from five herds with medium to high production. Blood 
samples were taken from all animals on 11 occasions at five 
weeks' interval during about one year. The animals were clini
cally healthy throughout the period of the study. The blood was 
centrifugated as soon as possible. The serum samples were stored 
at -20°C before analysis. 

Total protein was determined by the biuret method. 
Albumin was determined spectrophotometrically with brom

cresol green (Doumas et al. 1971). 
Total globulin concentration and albumin/ globulin ratio were 

calculated on the basis of total protein and albumin values. 
Electrophoresis was run ad modum Carlstrom & Liberg 

(1975) (Agarose gel, barbital buffer, pH 8.6 + barbital hydro
chloric acid buffer, pH 7.9, 20 v/cm, about 40 min). Evaluation 
of the electrophoresis pictures was done in a Beckman spectro
photometer Acta CIII with gel scanner and integrator recorder. 
The electrophoresis picture was divided into the following frac
tions: cx1-, cx2-, and y-globulin (Fig. 1). 

As the albumin zone becomes relatively very heavily stained 
in electrophoresis, the optical measurement usually underesti
mates the albumin concentration. The correlation between elec
trophoretic and wet-analytical determination of albumin as above 
was therefore calculated. The coefficient of correlation was 0.75 
and the coefficient of regression 0.66. There is reason to consider 
the higher albumin values found in wet-analytical determination 



Fractionation of serum proteins. I. 43 

more correct. In the electrophoresis picture, therefore only the 
relative concentration of different globulins was taken into ac
count. The absolute concentration was calculated on the basis of 
the calculated total globulin concentration. 

The reproducibility of the electrophoretic method was investi
gated by determination of the variations of double samples on 
different electrophoresis plates (interplate variation). Twenty
four normal double samples were run and the analytical varia-

tion (=Sa) was evaluated using the formula: Sa= vl: d2 where 
2n 

dis the difference between two single determinations on the same 
sample and n is the number of double determinations. The inter
plate reproducibility in terms of the relative standard deviation 
was for the different serum globulin fractions: y 3. 7, 2.9, 
3.4, + 2.7, 10.3, cx2 6.4, cx1 8.5 and cx1 + cx2 4.6 % 
respectively. An example of the reproducibility is illustrated in 
Fig. 1. 

The material was analysed statistically by analysis of variance 
and Student's t-test. 

" . " ) _)- _J-

s 

+ I I I INTER- I 
ALBUMIN 0t1 0(2 C( - /3 

F i .g u r e 1. Electrophoretograms of proteins in blood serum from 
a normal cow. The two electrophoretograms are from the same sample 
but run on different electrophoresis plates (interplate variation). 

s = sample applic·ation slit. 
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RESULTS 
For all protein components the variation between cows was 

significantly greater than the variation between samplings of 
individual cows (Table 1). 

T a b 1 e 1. The serum p,rotein pattern in healthy dairy cows. Mean 
and standard deviation from t1 samplings during about one year and 
statistical evaluation of the variation between cows in relation to that 

between samplings. 

Total 

25X11 samplings Variance Probability (p) 
x quotient (F) 

Total protein (g/1-00 ml) 7.55 <tL30 .19.8,8 P<0.001 
Albumin (g/liQlO ml) 4.05 0.15 16.48 " 
Total globulin (g/100 ml) 3.50 0.34 30.07 " 
Albumin/ globulin quotient 1.18 0.14 34.40 " 
ix1-g1obulin (rel. %) 6.15 1.0 113.40 " (g/100 ml) 0.213 0.03 9.46 " ix2-globulin (rel. %) ;1'3.6 1.4 213.9 171 

" (g/100 ml) 014'7 0.04 9.70 " (rel. %) 4.7 11.2 319.415 
" (g/100 ml) ·0 .. 1'6 O.,Q,4 35.217 " (rel. %) 21.14 2 .. 1 58.021 
" (g/100 ml) 0.7151 10.,06 18.4181 
" (rel. %) 18.21 1.8 214.113 
" (g/100 ml) 0.16'4 o .. w 214.711 
" y-globulin (rel. %) 315.6 3.5 413.218 
" (g/100 ml) 1.215 0.22 33A9 " 

Between different age groups there were significant dif
ferences in total protein, total globulin and in absolute concentra
tions of and y-globulin. With rising age the absolute y-globu
lin concentration rose significantly, which was reflected in in
creased concentrations of total globulin and total protein, with 
consequent lowering of the albumin/globulin quotient (Table 2). 

Between stall feeding and grazing periods there were no 
significant differences in the concentrations of total protein, al
bumin or total globulin (Table 3). In the individual globulin 
fractions both the relative and the absolute concentration of ix1 -

globulin was significantly lower during the grazing period. On 
the other hand the absolute concentrations of and 
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Table 3. Seasonal variation of the serum protein pattern in healthy dairy cow'l. 

Seasonal variations 

stall feeding grazing period 
period 

Number of cows 2.5 2,5 
Number of samples 50 50 

x s. x s t-value Probability (pJ 

Total protein (g/100 ml) 7.53 (}.35 7.66 0.43 1.1'53 n.s. 
Albumin (g/100 ml) 4.03 0.18 4.00 0.28 0.&49 n.s. 
Total globulin (g/100 ml) 3.53 0.40 3.613 0.39 0.862 n.s. 
Albumin/ globulin quotient l.li6i6 '0.1'60 1.137 0.157 0.653 n.s. 
a 1 -globulin (rel. %) 7.5 1.5 6.-0 1.1 4.177 p < 0.001 

(g/,11()0 ml) 0.216 O.Oo o_,2,2, 0.04 4.081 p < 0.001 
-globulin (rel. %) 1r3.5 ,1.l 12'..8 1.4 1.92,1 n.s. 

(g/100 ml) 0.47 0.04 OA6. '0.05 0.963 n.s. 
(rel. %) 4.8 1.4 4.5 1.0 0.79<3 n.s. 
(g/100 ml) 0.1"71 0.05 -0.16 0.04 0..3215 n.s. 

(rel. %) 21.2 2.3 22.1 2.1 1.3()8 n.s. 
(g/11()0 ml) 0.74 0.08 0.79 ,o.08 2.2114 0.05 > p > 0 .. 01 
(rel. %) 17.5 2.1 .18.9 1.9 2.41'6 0.05 > p > 0.01 
(g/100 ml) 0.62 o.n. 0'.68 0.10 2.183 0.015 > p > 0.01 

y-globulin (rel. %) 35.6 ,3,9 36.0 ,3.6 ·0.419 n.s. 
(g/100 ml) 1.26 0.2,5 l.30, -0.24 -0.504 n.s. 

as also the relative concentration of were significant
ly higher during the grazing period. 

Between different pregnancy periods there were no significant 
differences in the concentrations of total protein, albumin or 
total globulin (Fig. 2). For the individual globulins significant 
differences were observed in the relative concentrations of a1-, 

and y-globulin (Fig. 2) and for the a 1-globulin also in the abso
lute concentration (Fig. 3). The a 1-globulin showed a slow con
tinuous fall with progress of pregnancy, while the y-globulin, 
reached a minimum after about one-third of the duration of 
pregnancy, thereafter increasing up to parturition. The fluctua
tion of the was more irregular. 

DISCUSSION 
Electrophoretic analysis is valuable both for screening tests 

of the serum or plasma protein composition and for more pro-
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Figure 2. ,Variation of the serum globulin pattern in healthy dairy 
cows for different stages of pregnancy and during the peri-0d imme

di·ately after calving (relative concentrations % ; x ± 95 % C.I.). 

found analysis, and as complement to specific analysis of indi
vidual proteins. 

Strictly standardized analytical procedures and consideration 
as far as possible of the physiological variation are essential for 
a meaningful evaluation of changes in serum protein composi
tion in an individual case of illness. Improved methods of ana
lysis are important for minimizing the variation and the uncer
tainty in the determination technique. The agarose gel electro-
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F i g u re 3. Variation of the serum protein pattern in healthy dairy 
cows ·for di.fferent stages of pregnancy and during the period imme
diately after calving (absolute concentrations, g/ml serum; x ± 915% 

C.I.). 

phoresis method used in this study is distinctly superior to paper 
electrophoresis in this respect. 

The establishment of normal values for the serum protein 
components in cattle involves many problems which have often 
been mentioned and discussed in the literature. The physiolo
gical variation is complicated and consists in differences between 
animals and fluctuations in the individual animal. 

The variation with breed, age, stage of lactation and of preg-
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nancy is to some extent possible to illustrate, whereas variations 
caused by hereditary differences and by differences in general 
immunological status are more difficult to take into account. 

The correlation between different factors of significance for 
the protein composition may be complicated and difficult to 
evaluate. Several authors (e.g. Payne et al. 1970, Hewett 1974), 
when using metabolic blood profile tests, have observed a great 
variation in the concentrations of total protein, albumin and 
globulin between herds. Differences in management technique 
and feeding may be regarded as important causes of variation 
in this respect. Payne et al. observed, for example, that hypo
albuminaemia occurred in herds with low protein intake. It has 
not been possible with the relatively laborious electrophoretic 
technique to investigate a material of a size which allows mean
ingful analysis of inter-herd variations. But it may be assumed 
that any such variations in globulin concentration are not caused 
to any great extent by differences in feeding but by a varying 
immunity situation. The globulin concentration is essentially an 
index of the immunological response to infection. 

As regards breed variation, it has been assumed that no major 
differences in the individual electrophoretic protein fractions 
occur between most Swedish breeds of dairy cow. Some sup
port for this assumption is found in a study of purchased ani
mals (Liberg 1974), which showed no significant differences be
tween Swedish red-and-white and Swedish Holstein Friesian 
cows for total protein, albumin or total globulin. 

The age variation found accorded with that reported in the 
literature (e.g. Czernicki 1957, Matthaeus&Straub 1965, Hewett). 
With rising age the y-globulin concentration increased, and with 
it the total globulin concentration. The albumin concentration 
was unchanged, resulting in increase of the total protein concen
tration and lowering of the albumin/globulin quotient. The in
crease of y-globulin, which consists of immunoglobulins, may be 
seen as an expression of successive increase of the specific im
munity of the animal. 

The variations during different stages of pregnancy were 
moderate. No significant differences were found in the con
centrations of total protein, albumin or total globulin. On the 
other hand there were certain significant variations in the ot1-, 

{:l2- and y-globulin fractions. The changes in the y- and f:l2-glo
bulin fractions, however, were confined to percentual fluctua-
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tions, while for the °'1-globulin the absolute concentration as well 
was affected. Several authors have observed great changes in the 
serum protein concentrations during the last stage of pregnancy. 
In 1956 Blakemore & Garner reported significant changes of the 
y-globulin levels in serum and lacteal secretion at parturition. 
Homologous bovine, radioactively labelled y-globulins injected 
in the blood appeared in the precolostrum in the udder within 
24 hrs. and was concentrated there at least 13 times. Larson & 
Kendall (1957) observed that about 14 weeks before parturition 
the serum protein levels began slowly to increase, reaching a 
maximum about four weeks before parturition, thereafter falling 
to a minimum at parturition. These authors showed the changes 
in serum to be due to losses of and y-globulins to the colo
strum. The variations of other serum proteins were more limited. 
These observations have later been confirmed by many authors, 
e.g. Dixon et al. (1961). The reason why this lowering of im
munoglobulin was not recorded in the present study is presum
ably that most samplings were made closer to 35 weeks' preg
nancy than to the time of parturition. Larson (1958) found that, 
even if the transport particularly of immunoglobulins from the 
blood to the colostrum starts roughly one month before parturi
tion, the great change in serum does not occur until the very 
last days of pregnancy. In a study of purchased animals (Liberg) 
a significant lowering of the total globulin concentration was 
recorded for animals with more than 8.5 months' pregnancy, 
which lends additional confirmation to the findings of Larson & 
Kendall and others. 

As in the present study, Larson & Kendall also found a con
tinuous difficultly explainable lowering of the °'1 -globulin con
centration with progress of pregnancy. They pointed out, how
ever, that practically all blood globulin components in the new
born calf are °'-globulins and that components electrophoretically 
resembling the °'-globulins appear in the colostrum close to par
turition. 

By means of immuno-chemical determinations among other 
methods, Dixon et al. found that the y-globulin level in serum 
rose quickly in the first weeks after parturition and that it often 
continued to rise slowly to a level exceeding that before parturi
tion. A similar rising tendency was noted in the present study. 

The variation between stall feeding and grazing periods for 
individual protein fractions is difficult to evaluate, but would 
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appear to be attributable mainly to differences in nutrient con
tent of the feed. The statistically very significant difference in 

concentration must especially be observed. 
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SAMMANFATTNING 
Agarosgelelektroforetisk fraktionering av serumprotei'ner hos vuxna 

notkreatur. I. Undersokning av kliniskt friska kor. 
For att bestamma normalvarden pa serumproteiner vid anvanding 

av i fOrsta hand agaroogelelektrof-Ores togs blodprov frAn 2'5 kliniskt 
friska mjolkkor av SRB-ras vid 1'1 provtagningstillfiililen under c: a 1 
ar. Serumproteinerna undersi:iktes i avseende pA procentuell fOrdelning 
och absoluta koncentrationer. FOljande parametrar studerades: total
protein, albumin, totalglobulin, A/G-kvot, ot1-, ot2-, 

och y-globulin. Materialet bearbet-ades statistiskt med avseende pA 
variation mellan och inom kor, Mders-, draktighets- och sasongvaria
tiom 

Av resultaten framgick att variationen mellan kor var signifikant 
storre an den inom kor mellan olika provtagningstillfiillen. Den vik
tigaste fysiologiska variationso·rsaken var iildern. Xldre kor uppvisade 
signirfikant fi:irhojda y-globulinkoncentrationer. Variationen med sii
song och drakttghetsgrad var mindre uttalad for flertalet serumpro
teinfraktioner. Undersokningsr.esultaten diskuteras i ljuset av relevant 
litteratur. 
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