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E L E C T R O P H O R E T I C  S T U D I E S  OF MILK 

I. INVESTIGATIONS ON COLOSTRUM OF DAIRY COWS 

by 

G. V. H E Y N D R I C K X  AND A. DE V L E E S C H A U W E R  

Chair o/ Technology, State Agricultural College, Ghent (Belgium) 

INTRODUCTION 

In view of the manifold importance of the milk proteins and the limited knowledge 
we have of them, a scientific analytical examination appeared very desirable. In a search 
of the literature it is surprising to find that the methods of fractionation of the proteins 
in milk which have been developed up to the present have a chemical basis, whereas 
modern protein research has a physico-chemical basis. One of the best developed 
physico-chemical procedures-- that  of electrophoresis--has already had many applica- 
tions in biochemistry but has not in practice been applied to milk, apart from a couple 
of qualitative investigations of skim milk or of proteins separated from milk. 

METHODS 

Since a protein solution intended for electrophoresis mus t  be completely t ransparent ,  an im- 
por tan t  par t  of our  work was to devise and develop a method of clearing the milk with the min imum 
of al terat ion in the qual i ta t ive and quant i ta t ive  composit ion of the proteins.  After t rying a number  
of tests, the following process was finally adopted. The milk was dialysed* against  MICHAELIS veronal- 
sodium buffer 1 of PH 8 and ionic s t rength  o.I. After three days dialysis at  low tempera ture  (2 ° C) 
the milk was centrifuged at  io,ooo to 15,ooo r.p.m, in order to remove the fat, this  giving complete 
clearing. This  high-speed centrifuging may be done only after dialysing for some days, as otherwise 
the calcium casein compound,  which is probably  converted into the more stable sodium casein by 
the dialysis, would come out  as a sediment.  After centrifuging, the milk was again dialysed for a 
couple of days with repeated centrifuging in order to obtain  finally a perfectly clear and completely 
dialysed serum. Separate tests  showed tha t  this  clearing process occurred wi th  practically no loss 
of protein.  

The so-prepared serum was diluted wi th  the dialysis buffer and electrophoresis was carried out 
at  2 ° C with a current  s t rength of 25 mA. For  this  purpose we used the Striibin appara tus** wi th  
the Phi lpot  Svensson optical system, which is characterised by specially great accuracy and is 
described in detail in the numerous  publicat ions of WIEDEMANN 2. The resolution of the diagrams 
obtained into ideal GAUSS curves was done according to the semi-automatic  method of WIEDEMANN 3. 
I n  calculat ing the percentual  composit ion of the different fractions, the correction formulae of 
LONGSWORTH AND MclNNES ~ and WIEDEMANN 5 for the delta and epsilon effect were used. The 
mobilities were calculated from the classical formula:  

q.s. K 
U - -  

I . t  

* The sausage casings used were from the Visking Corporation, 6733 West  65th. Street, Chicago 

(U'S'~*'JMessrs.a~ Striibin, Gerbergasse, 25, Basle (Switzerland). 

Re/erences p. 493. 
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o h o u r s  20 h o u r s  

6 h o u r s  3 ° h o u r s  

I2  h o u r s  43 h o u r s  

8 days 

Fig. i. Electrophoresis diagrams of colostrum of dairy cows, at different intervals post partum 

Cow B - Rising boundaries 
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In addition to the electrophoresis tests, a Kjeldahlometric fractionation according to the method 
of ROWLAND s was carried out, the total protein being determined by precipitation with trichloracetic 
acid at  a final concentration of I2%,  the casein by precipitation at PH 4 .6, the albumin by heating, 
the globulin by saturation of the casein-free filtrate with magnesium sulphate, and the proteose 
by difference. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The milk of two cows was examined periodically during the colostrum period and 
the results are collected in Tables I and II and Fig. i. 

From the results of the Kjeldahlometric fractionation given in Table I, it appears 
in the first place that  the samples taken immediately after calving had a very high total 
nitrogen content. In the sample from cow A the total nitrogen amounted to 1624.3 nag N 
per ioo g milk, decreasing very rapidly through the colostrum period to 139o.3 nag 
after 4 hours, I22I. 9 mg after 8 hours, 987.3 mg after 18 hours, 785.5 mg after 3o hours 
and 453.1 mg in the normal state. With the samples from cow B the values went from 
3245-5 nag after o hours, 2466.6 rng after 6 hours, 1676.8 nag after I2 hours, 1319. 9 mg 
after 2o hours, 985.2 mg after 3 ° hours, 8o9.5 nag after 43 hours to 597.9 nag in the 
normal state. Similarly the content of protein nitrogen ranged from i578.8-I343.8 - 
1166.6-934.4-744. 4 to 422. 9 mg N per IOO g of milk for the samples from cow A and 
from 3151.8-2387.6-I6O4.9-I252.5-923.6-752.I  to 555-4 rng N for the samples from 
cow B. 

In the sample from cow A, taken immediately after calving, the content of casein 
nitrogen attained a value of 664.2 rng, which is however only 42.1% of the total protein 
nitrogen. This casein nitrogen, as a percentage of the total protein nitrogen, rose 
gradually with time after calving and attained successively the values of 46.5 after 
4 hours, 54.9 after 8 hours, 66.o after 18 hours, 73.6 after 30 hours and 82.8 % ill the 
normal lactation state. The samples from cow B showed the same increasing values: 
the original percentage, lower than with cow A, i.e. 29.7%, becoming in succession 
32.2-4o.3-47.8-6o.2-71.o  and finally 81.O%. 

With regard to the globulin content, it appears from Table I that in the samples 
from cow A the percentage, calculated on total protein, was 41.7 on calving, and that 
this figure dropped through the values 38.2-33.1-21.7 and 13.4 to 4.5% in the normal 
state. The samples from cow B showed the same character but  more pronounced: the 
globulin content dropped from 61.2 to 6.4%. While the percentage of casein to total 
protein rose during the first hours after calving in the proportion of about I to 2 or 
I to 2.7, the globulin percentage dropped from practically 9 to i or io to I according 
to whether we are considering the samples from cow A or from cow B. 

In both samples the contents of albumin and proteose, as a function of total protein, 
showed only slight variations during the colostrum period. 

The results of the Kjeldahlometric fractionation show that colostrum milk, as 
against normal milk, is characterised b y - - a m o n g  other fac to rs - -an  appreciably lower 
proportion of casein together with a still more conspicuous high proportion of globulin; 
as the time after calving increases, the casein rises and the globulin drops, both to the 
normal values. 

On careful examination of the 'photographs of the electrophoresis diagrams, col- 
lected together on Fig. I, the changes in composition of the milk proteins during the 
colostrum period appear very clearly. Since, on the photographs, the visual course of 

Re]evences p. 493. 
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TABLE II 

RESULTS OF THE ELECTROPHORETIC EXAMINATION ON COLOSTRUM OF DAIRY COWS 

Time H 
post partum 

I. Relative percentual concentrations for the different fractions 

Cow A 

o hours 
4 hours 
8 hours 

18 hours 
3 ° hours 
3 ° days 

1.3 
1.8 
i . i  
1.3 
1.8 
2.0 

21.8 
25.5 
30.8 
43.0 
50.4 
51.8 

6.4 
8.3 
7.5 
9.4 
8.0 

11.9 

6.4 
6.6 
6.2 
7.4 
7.7 
5.8 

4.4 
4.7 
5.2 
4.9 
4.7 
6.1 

3.8 
5.4 
6.3 
4.9 
4.7 
4.4 

9.0 
9.5 

IO.I 

IO. 9 

11.9 
14.7 

46.9 
38.2 
32.8 
18.2 
Io.8 
3.3 

Cow B 

o hours 
6 hours 

12 hours 
2o hours 
3 ° hours 
43 hours 
8 days 

I.O 
O.9 
I.O 
o.8 
o.8 
o.8 
o.9 

11.9 
14.1 
16.4 
26.2 
39.1 
45.3 
48.6 

7.0 
7.I 
7.5 
5.7 
5.8 
5.2 
8.3 

8.4 
8.4 
9-4 
9.0 
7.9 
7.2 
7.0 

3.4 
4.7 
4.5 
3.5 
3.9 
4.4 
9.0 

2.6 
3.1 
2.6 
2. 7 
2.9 
5.0 
3.6 

6.5 
8.3 

II.2 

12. 3 
13.8 
I7.I 
18. 4 

59.2 

53.4 
47.4 
39.8 
25.8 
15.o 
4.2 

2. Mobilities (× IO -5) for the different fractions 

Cow B 

o hours 
6 hours 

i2 hours 
2o hours 
3 ° hours 
43 hours 

8 days 

I3.2 
13.4 
I3.5 
13.1 
13.4 
][3.3 
I3.4 

7.3 
7.4 
7-4 
7.4 
7.6 
7.5 
7.8 

6.7 
6.9 
6.8 
6.8 
6.8 
6.8 
7.1 

6.0 
6.2 
6.0 
6. I 
6.3 
6.3 
6.5 

5.2 
5.3 
5.3 
5.3 
5.5 
5.6 
6.0 

4.4 
4.5 
4.4 
4.4 
4.5 
4.6 
4.9 

3.6 
3.8 
3.7 
3.6 
3.7 
3.5 
3.6 

1.8 
2.I 

2.0 
1.9 
1.9 
1.6 
2.0 

the protein  composit ion dur ing the colostrum period is similar with bo th  animals  bo th  
on the rising and  descending boundaries,  only the rising boundar ies  of cow B are 
reproduced. Moreover the most  quickly moving,  b u t  very small, A peak is not  visible 
on Fig. I as when exposed it  had  disappeared from the field of view; for the calculation 
this  peak was photographed separately.  

The results obtained from the  electrophoresis diagrams, given in Table II ,  show 
tha t  with colostrum, as with normal  milk, there were eight fractions which we call, in 
decreasing order of mobil i ty,  A, B, C, D, E, F, G and  H. The B component ,  the dominan t  
fraction with normal  milk, represents merely 21.8% in the sample from cow A taken 
immediate ly  after calving. This percentage increased dur ing the post p a r t u m  period 
through the values 25.5 after 4 hours, 30.8 • after 8 hours,  43.o after 18 hours, 5o. 4 after 
30 hours to 51.8% in the normal  state. The samples from cow B showed a similar rise 

Re/evences p. 493. 



492 C.V. HEYNDRICKX, A. DE VLEESCHAUWER VOL. 6 (I95I) 

of the B component  during the post calving period, actual ly from 11. 9 after o hours, 
I4 . I  after 6 hours, 16. 4 after I2 hours, 26.2 after 20 hours, 39.I after 3o hours, 45.3 after 
43 hours to 48.6 % in the normal  state. The mobi l i ty  of the B component  appeared to 
be on an average 7.5" zo-5. 

The G component  also shows a striking rise during the post calving period, This 
component ,  of which the mobi l i ty  varies slightly a round 3.6.IO -5, rises, with the 
samples from cow A, from 9.0 to I4 .7% and  with cow B from 6.5 to 18.4%. As we had 
already been able to show from the results of the electrophoresis of normal  milk*, the 
B and  G components  have a casein character, which is also confirmed by  the results 
obta ined with colostrum milk. 

Wi th  regard to the H fraction, it appears from Table I I  that ,  in the sample taken 
from cow A at  calving, this amounted  to 46.9%; this value dropped very quickly to 
38.2 after 4 hours, 32.8 after 8 hours, I8.2 after 18 hours, lO.8 after 3o hours and  3-3% 
in the normal  state. The results obtained with the samples from cow B are similar:  
here the value of the H component  dropped from 59.2 after o hours to 53.4 after 6 hours, 
47.4 after 12 hours, 39.8 after 2o hours, 25.8 after 3o hours, I5.O after 43 hours and  
4.2% in the normal  state. The H component  is also the slowest moving of the eight 
fractions;  its average mobi l i ty  appeared to be z. 9 • IO -5. In  comparison with the chemical 
fract ionation,  this H component  agrees very well with the globulin percentage as 
determined by  salt ing-out.  The results of the electrophoretic examina t ion  of normal  
milk showed merely the casein character of the B and  G components ,  while noth ing  
definite could be said of the other fractions on account  of their secondary character. 
The results of this invest igat ion have now allowed us to establish the globulin character 
of the H fraction, both  in colostrum and  in normal  milk. 

Wi th  respect to the A, C, D, E and  F components,  it appears from Table I I  tha t  
these do not  undergo any  significant change dur ing the colostrum period. 

SUMMARY 

Electrophoresis tests were carried out on samples of colostrum of dairy cows. The milk was 
first cleared by dialysis against MIC~AgLIS veronal-sodium buffer (PH ~ 8; ~u = o.i) and high-speed 
centrifuging. The results of chemical fractionation by the method of ROWLAND show an increase 
in the casein, in the samples from cow A, from 42.I to 82.8~o; with cow B from 29.7 to 81.o%. 
Together with this increase in casein content there is a drop in globulin content during the colostrum 
period from 41.7 to 4.5% with the samples of cow A and from 61.2 to 5.4% with cow B. In the 
electrophoresis (PH = 8; ~u ~ o.I ; t ~ 2 ° C; I = 25 mA) the same number of fractions were obtained 
as with normal milk, but in different proportions. 

From the results obtained it appears that the B component, of mobility 7.5" lO-5, rises during 
the colostrum period from 21.8 to 51.8% and from II.9 to 48.5% respectively for the samples from 
cow A and B. The G componerLt also, of mobility 3.5. io -6, rises during the colostrum period, i.e. 
from 9.o to 14.7% in the samples from cow A, and from 6. 5 to 18.4% with cow B. As we were able 
to establish previously from the results obtained in the electrophoresis of normal milk, the B and G 
components show a casein character, which is also confirmed by the results obtained with colostrum 
milk. Moreover, during the colostrum period there is a considerable drop in the H component, the 
slowest moving fraction with a mobility of 1.9" lO -5. With the samples from cow A this drop is 
from 46.9 to 3.3% and with cow B from 59.2 to 4.2%. On account of the remarkable agreement 
between the globulin percentage and the magnitude of the H component, we ascribe a globulin 
character to this fraction. The other components A, C, D, E and F show only slight variations during 
the colostrum period. 

* To be published. 

Re]erences p. 493. 
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Nous avons soumis ~ l'~lectrophor~se des prises de colostrum de vaches laiti~res. Le lait 6tait 
d 'abord clarifi6e par dialyse contre du tampon veronal-sodium de MICHAELIS (PH ~ 8; ~ ~ o.I) et 
par centrifugation ~ grand hombre de tours. Les r6sultats du fractionnement chimique par la m6thode 
de ROWLAND montrent  une augmentation de la teneur en cas6ine de 42.1 ~ 82.8 % dans les 6chantillons 
de colostrum de la vache A e t  de 29.7 ~ 8Lo% pour la vache B. En m~me temps que cette augmen- 
tat ion de la teneur en cas$ine on observe pendant  la p6riode de colostrum une baisse de la teneur 
en globuline de 41.7 ~ 4.5% pour la vache A, et de 61.2 ~ 6.4% pour la vache B. A l'61ectrophor~se 
(PH = 8;/~ = o.1; t = z ° C; I = 25 mA) nous avons obtenu le m~me r~mbre de fractions que pour 
le lair normal, mais en proportions diff6rentes. 

I1 ressort des r6sultats obtenus que la composante B, de mobilit6 7.5" IO-S, augmente pendant  
la p6riode de colostrum de 21.8 ~ 51.8% et de II.9 ~ 48.6% pour les vaches A et B respectivement. 
La composante G, de m0bilit6 3.6. Io -~, elle aussi, augmente pendant  la p~riode de colostrum de 
9.0 h I4.7% (vache A) et de 6. 5 b. 18.4% (vache B). Nous avons pu ~tablir par des exp6riences 
ant6rieures que les fractions B e t  G ont le m~me caract~re que la cas~ine; ce fait a 6t6 confirm6 
par les exp6riences effectu6es avec le colostrum. De plus, pendant  la p~riode de colostrum, la fraction 
H, c.-h-d, la fraction la plus lente de mobilit6 1.9" lO -5, baisse en quantit6 : de 46.9 ~ 3.3% (vache A) 
et de 59.2 h 4.2% (vache B). En rue  de la concordance remarquable entre le pourcentage de globuline 
et la grandeur de la fraction H nous attribuons ~ cette fraction le caract~re de globuline. Les autres 
composantes A, C, D, E ct F ne montrent que des variations faibles pendant  la p~riode de colostrum. 

ZUSAMMENFASSUNG 

Elektrophoretische Versuche wurden mit Colostrumproben yon Milchkfihen ausgefiihrt. Die 
Milch wurde erst durch Dialyse gegen MmSAELIS'schen Veronalnatrium-Puffer (PH = 8; /~ = o.I) 
und Zentrifugieren bei hoher Tourenzahl gekl~t .  Die Ergebnisse der chemischen Fraktionierung 
nach der ROWLAND'schen Methode zeigen eine Zunahme des Kaseingehaltes und zwar in den Proben 
von Kuh A yon 42.1 auf 82.8%, und von Kuh B von 29.7 auf 8r .o%. Gleichzeitig mit dieser Zunahme 
des Kaseingehaltes beobachtet man w~thrend der Colostrumperiode eine Abnahme des Globulin- 
gehaltes yon 4L7 auf 4.5% fiir Kuh A und yon 61.2 auf 6.4% fiir Kuh B. Bei der Elektrophorese 
(PH -~ 8; /* = o.I;  t = 2 ° C; I = 25 mA) wurde die gleiche Anzahl Fraktionen wie bei gewSlmlicher 
Milch, aber in verschiedenen Mengen-verh~ltnissen, erhalten. 

Aus den Versuchsergebnissen geht hervor, dazs die B-Komponente, Mobilit~t 7.5" IO-~, wiiaxrend 
der Colostrumperiode, respektive fiir Proben yon Kuh A und B, yon 21.8 auf 51.8% und yon I1.9 
auf 48.6% zunimmt. Auch die G-Komponente, Mobilit~tt 3.6" Io -5, nimmt wAhrend der Colostrum- 
periode an Menge zu, und zwar von 9.0 auf 14. 7 fiir Kuh A und von 6.5 auf i8. 4 ftir Kuh B. Aus den 
Ergebuissen der Elektrophorese yon uormaler Milch haben wir bereits friiher feststellen kSnnen, 
dass die B- und G-Komponente Kaseincharakter haben; dies wird durch die, mit  Colostrummilch 
erhaltenen, Ergebnisse bestiitigt. Ausserdem nimmt withrend der Colostrumperiode die H-Kompo- 
nente, das ist die langsamste Fraktion mit einer Mobilitiit yon 1.9" lO -5, bedeutend ab. Fiir die 
Proben von Kuh A betragt dieser Abfall yon 46.9 auf 3.3% und fiir diejenigen von Kuh B von 
59.2 auf 4.2%. Auf Grund der bemerkenswerten 13bereinstimmung zwischen dem Globulingehalt 
(in %) und der GrOsse der H-Komponente wird dieser Fraktion Globulincharakter zugeschrieben. 
Die anderen Komponenten A, C, D, E und F zeigeu nur geringe Variationen w~hrend der Colostrum- 
periode. 
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