
210  BIOCHIMICA ET BIOPHYSICA ACTA VOL. 2 (1948) 

C O N T R I B U T I O N  OF T I l E  M A J O R  C O N S T I T U E N T S  TO T H E  T O T A L  

R E F R A C T I O N  IN M I L K  

by 

K. S. R A N G A P P A  

Department of Biochemistry, Indian Inslitute of Science, Bangalore (India) 

Investigations on refraction in milk 1, 2, and the relation between refraction and 
freezing point of milk 3 has been reported in earlier papers. Refractive index of milk 
is made up of contributions from proteins and solutions of lactose, mineral salts and 
other minor constituents. Fat  has already been shown to contribute nothing to the 
refractive index 1, 2 owing, evidently, to its gross particulate size and physical state of 
suspension in milk. The share of the other constituents has not been so far ascertained, 
since there was, up to now, no way of estimating the value of refractive index of the 
mammary secretion which include the colloidal proteins. The present method 1 therefore 
enables the apportionmment of the role of the principal constituents by successively 
eliminating the ingredients from the liquid. 

Studies on the relationship between the refractive index and non-fatty solids of 
milk proved that the two are not related in an exactly linear fashion 1. In other words, 
for a given value of refractive index the corresponding value of fat-free solids varies 
over a small range instead of being a constant value, and vice versa. The refractive index 
being due to the soluble (including colloidal) solids in milk, the lack of an exact linear 
relationship between the two could only be accounted for by the variations in the mutual 
proportions of the contributory constituents - -  chiefly proteins, milk sugar and soluble 
salts. Further, the fact that the linear relationship between the freezing point of milk 
and the refractive index of m i l k  s e rum,  is lacking between freezing point and refractive 
index of m i l k  a proves that solids other than those that are in true solution in milk come 
into play in the refractive index of milk. 

The nearest approach to this aspect of the problem was by BALER and NEUMANN 4 
(1907) who reported that refractive index of the calcium chloride serum could be used 
as a measure of the lactose content of the milk. Later, PANCHAND and AVERmtCH 5 
reported that the change in the refractometric readings of milk serum and gravimetric 
results of lactose in normal fresh and watered milk agree remarkably. But it will be 
observed that this provides no argument for concluding that the refraction in the serum 
is a direct and the sole measure of the lactose content of milk, for the other constituents 
of milk serum, like unprecipitated proteins, and mineral salts are all diluted in the same 
proportion as milk sugar. 

SCHULZE 6 made an observation that the refraction of serum and lactose content 
undergo corresponding fluctuations in herd milks, and concluded that refraction gives 
sufficient indication of the lactose content. 

In this paper, therefore, the results of experiments conducted not only with a view 
to fixing the share of each of the principal constituents in the total magnitude of refrac- 
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tion, but also the results of experiments on the relationship between the refraction in 
milk or copper serum and the percentage of lactose in the milk, are presented. 

EXPERIMENTAL PROCEDURE 

In order to study the relationship between the lactose content, the refractive index 
of milk and of the copper serum of milk, samples of fresh cow and buffalo milk were 
first tested for density and refractive index as before 1. Then the copper serum was 
prepared by  filtering a well-shaken mixture of 4 parts of milk and I part  of copper 
sulphate solution (72.5 g of copper sulphate crystals in I liter) refracting at 36 at 20 ° C 
in the immersion refractometer as prescribed by  the A.O.A.CY procedure. The serum 
refraction of samples was then tested in the Abb6 refractometer applying the temperature 
correction worked out by ELSDON and STUBBS 8. The fat content of the sample was 
estimated by  the GERBER process. Table I I  gives the resulting data. 

The individual role of the several constituents of milk in the total refractive index 
have to be studied, it will be admitted, by  methods of separation of the constituents 
that  do not interfere with the magnitude of refraction of the product in question. Thus, 
while removal of fat by centrifugation does not alter the refraction, extraction with 
ether does. Similarly, acid or heat coagulation of the proteins cannot be resorted to, 
as such t reatment  considerably alters the refraction. Methods, mostly physical, were 
therefore adopted for the successive elimination of-the principal constituents. 

Individual as well as bulk samples of cow milk were used for these studies. The total 
solids, fat content, milk sugar 9 and ash of the sample were first tested as usual by the 
standard methods. Then the refractive index of the milk was tested as described before. 

In order to eliminate the casein without altering the refractive index of the resulting 
serum, a few trials were made to test the effect of added liquid rennet (HANSEN's,R.I. 
20 ° C, 1.369o ) on the refractive index of milk, by estimating the refraction immediately 
before and after addition of different proportions of rennet to skim milk. Finally, it was 
found that  one drop of the rennet in 25 ml of milk caused no detectable difference in 
the value of the refractive index of milk. 

One drop 9 f HANSEN'S liquid rennet was added, therefore, to 25 ml of the milk 
for curdling the casein. When the milk set, after about 30 minutes, it was filtered on 
a dry, grade 5 Whatman filter paper. The clear filtrate was tested for refractive index, 
by making use of just one drop of the filtrate. 

The casein curd was repeatedly macerated with about 5 ml of distilled water and 
filtered through the same filter until the filtrate was quite clear and did not reduce 
FEHLING'S. This indication of the absence of milk sugar in the final filtrate was taken 
to mean that  the lactalbumin and globulin in the rennet serum 1°, n had also been 
extracted from the curd along with the milk sugar. 

The filtrate, collected in a Volumetric flask, was made up to ioo ml with distilled 
water and well shaken. The fat content of the extract was estimated by  the GERBER 

process using a butyrometer  calibrated for buttermilk. The total solids was determined 
as before by  evaporating off the moisture, and the ash content by  incineration in the 
usual fashion. 

F i n a l l y ,  in orde r to eliminate the lactalbumin and globulin along with the casein, 
about 5 ml of milk was accurately weighed and subjected to ultrafiltration, using a 
cellop bane filter, at 20 kg per cm 2 pressure. Just  one drop of the ultrafiltrate was n " t 



212 K . s .  RANGAPPA VOL. 9, (i948) 

for es t imat ing  i ts  refract ion with  the  Abb6 ref rac tometer .  The prec ip i ta te  on the filter 
was then r epea t ed ly  ex t r ac t ed  with  2 ml of dis t i l led wate r  conta in ing a drop  of chloro- 
form. The l a t t e r  was added  to check ac id i ty  deve lopment  in the  milk  from bacter ia l  
ac t ion in the  course of the  f i l t ra t ion which ord inar i ly  took from 2 to 4 hours.  The fil tra- 
t ion was s topped  as soon as the  final drops  ceased to reduce Fehl ing 's ,  assuming,  in this  
instance,  t ha t  all o ther  minor  c rys ta l lo ida l  cons t i tuents  of mi lk  were ex t r ac t ed  into 
the  f i l t rate  along wi th  lactose. The ent ire  u l t ra f i l t ra te  was then evapora t ed  to  dryness  
to  de te rmine  the  to ta l  solids in it, and  f inal ly ashed for ash content .  

The ul t raf i l t ra t ion,  separa te ly ,  of mi lk  as well as of i ts  rennet  serum (with one drop  
of rennet  in 25 ml of milk) p roved  t ha t  the  two fi l t rates were ident ica l ly  free from lacta l -  
bumin  and  globul in inasmuch as they  had  the  same ref rac t ive  index.  This fact  is clear  
from the  following table .  

TABLE I 
REFRACTIVE INDEX OF ULTRAFILTRATE FROM MILK AND FROM RENNET-SERUM OF MILK 

R.I. (4 °0 C) R.I. (4 °0 C) 
Ultrafiltrate from 

Milk Rennet-serum Milk Rennet-serum 

1.3478 1.3421 1.3384 1.3383 
1.3452 1.342I. 1.3381 1.3382 

The an ly t ica l  d a t a  of the  preceding exper iments  are given in Tables  In, IV and V. 

TABLE n 
RELATIONSHIP BETWEEN REFRACTION IN MILK, COPPER SERUM AND LACTOSE OF MILK 

R.I. (4 °0 C) 
Density (20 ° C) Fat  % Lactose % I - -  

Milk I Copper serum 

1.o29o 
277 
279 
280 
278 
293 

1.o289 

1.o269 
273 
302 
242 
264 
260 

5.3 
4.7 

5.1 
5.2 
4-3 

6.o 

6.7 
6.1 

6.4 
6.9 

-6.8 

Cow Milk 
4.88 
4.20 
4.60 
4-47 
4.64 
4.7 ° 
4.49 
4.52 
Buffalo Milk 
5.3 o 
4.7 ° 
4.7 ° 
4.o8 
4.8o 
4.36 
4.64 

1.3464 
55 
59 
56 
60 
61 

1.3463 
73 

1.3463 
76 
81 
62 
62 
62 
79 

1.3318 
18 
18 
19 

1.3318 

1.3319 
18 
15 
19 

I t  is clear from Table  I I  t ha t  the  ref rac t ive  index of the  copper  serum varies  ve ry  
l i t t le  compared  to t ha t  of mi lk  or of the  content  of milk  sugar.  F r o m  the l a t t e r  i t  follows 
t ha t  the  refract ive  index of the  copper  serum cannot  be t aken  as a measure  of the  lactose 
conten t  of milk,  which therefore  fails to suppor t  the  observa t ion  of SCHULZE (lot. cit.). 

References p. 216. 
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I t  also follows that,  the greater constancy of the refractive index of the serum having 
resulted from the elimination of the protein from milk, this constituent is responsible 
for the wider range of variation of the refractive index of milk (as fat does not contribute 
anything to the constant). 

T A B L E  I I I  

C O M P O S I T I O N  A N D  C O N S T A N T S  O F  M I L K ,  R E N N E T - S E R U M  A N D  U L T R A - F I L T R A T E  O F  C O W  M I L K  

( P E R C E N T A G E S  A R E  E X P R E S S E D  O N  T H E  B A S I S  O F  I O O  g o F  M I L K )  

Milk R e n n e t - s e r u m  / U l t r a - f i l t r a t e  

Sample 1: 
D e n s i t y  (20 ° C) . . . . . . . . . . . . .  
T o t a l  sol ids  % . . . . . . . . . . . . .  
F a t  % . . . . . . . . . . . . . . . . .  
Lac tose  % . . . . . . . . . . . . . . .  
Ash % . . . . . . . . . . . . . . . . .  
R . I .  (20 ° C) . . . . . . . . . . . . . . .  

Sample II: 
. D e n s i t y  (2o ° C) . . . . . . . . . . . . .  
To ta l  Solids % . . . . . . . . . . . . .  
F a t  % . . . . . . . . . . . . . . . . .  
Lac tose  % . . . .  : . . . . . . . . . .  
Ash  % . . . . . . . . . . . . . . . . .  
R.I .  (20 ° C) . . . . . . . . . . . . . . .  

Sample III:  
D e n s i t y  (20 ° C) . . . . . . . . . . . . .  
T o t a l  Solids % . . . . . . . . . . . . .  
F a t  % . . . . . . . . . . . . . . . . .  
Lac tose  % / . . . . . . . . . . . . . . .  

Ash % . . . . . . . . . . . . . . . . .  
R . I .  (20 ° C) . . . . . . . . . . . . . . .  

Sample I V: 
D e n s i t y  (20 ° C) . . . . . . . . . . . . .  
To ta l  Solids % . . . . . . . . . . . . .  
F a t  % . . . . . . . . . . . . . . . . .  
Lac tose  % . . . . . . . . . . . . . . .  
Ash  % . . . . . . . . . . . . . . . . .  
R.I .  (20 ° C) . . . . . . . . . . . . . . .  

Sample V: 
D e n s i t y  (2o ° C) . . . . . . . . . . . . .  
T o t a l  Solids % . . . . . . . . . . . . .  
F a t  % . . . . . . . . . . . . . . . . .  
Lac tose  % . . . . . . . . . . . . . . .  
Ash  % . . . . . . . . . . . . . . . . .  
R . I .  (20 ° C) . . . . . . . . . . . . . . .  

I.O298 
14.59 

5.5 ° 
4.8 
0.85 
1.3495 

I.o292 
14.63 

5.80 
4.76 
o.72 
1.3498 

I.O287 
15.25 

6.6 
4.63 
0.73 
1.3495 

1.o294 
14.28 
5.90 
4.56 
0.75 
1.3485 

1.o31o 
15.o2 

5.95 
4.86 
O . 7 I  

1.35o6 

7 . 0 0  

o. 4 
4.8 
0.60 

1.3442 

5.4 ° 
o.15 
4.76 
0.46 
i .3443 

w 

6. 4 
0.27 
4.63 
0.46 
1.3439 

9.19 

4.56 
o.43 
1.3436 

6.42 
o.16 
4.86 
0.46 
1.3446 

6.00 
0 . 0  

4.8 
0 . 5 0  

1.3414 

O.O 

4.76 

1.34o8 

5.61 
O.O 

4.63 
0.4o4 
1.3416 

5.57 
O.O 

4.56 

1.3415 

m 

5.62 
O.O 

4.86 
0.403 
1.3413 

In Table I I I  the content of casein and, lactalbumin + globulin, are deduced from 
the difference between the total solid content of milk, rennet-serum and ultra filtrate. 
The contribution of these fractions towards the refractive index are similarly deduced 
by the corresponding differences between the refractive indexes of the respective 
liquids. The refractive index of the ultrafiltrate is again resolved between that  of lactose 
and of minor constituents of milk including dissolved inorganic salts, non-protein nitro- 
gen, citric acid, vitamins, etc. The lactose content of the sample having been separately 
estimated, the refractive index of a solution (in this case, milk) containing that percen- 
References p. 216. 
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rage of sugar is obtained from standard tables 12. Therefore the excess of the value of 
the refractive index of the ultra-filtrate over that of the solution of lactose is contributed 
by the minor constituents. The following table thus gives the share of each of the gross 
fractions of the total solids of milk in raising the refractive index of water when they 
exist in the various physical states obtaining in fresh milk. 

T A B L E  I V  

C O N T R I B U T I O N  O F  T I t E  M A J O R  C O N S T I T U E N T S  T O  T H E  R E F R A C T I V E  I N D E X  O F  CO;V M I L K  

. . . . .  C o n s t i t u e n t  " % i n  m i l k  [ C o n t r i b u t i o n  t o  t C I .  

Sample I: 
M i l k  . . . . . . . . . . . . . . . . . . . . .  
" W a t e r  . . . . . . . . . . . . . . . . . . . .  
T o t a l  S o l i d s  . . . . . . . . . . . . . . . . .  

Fat . . . . . . . . . . . . . . . . . . . . .  
C a s e i n  . . . . . . . . . . . . . . . . . . . .  
L a e t a l l m m i n - g l o b u l i n  . . . . . . . . . . . . .  
L a c t o s e  . . . . . . . . . . . . . . . . . . .  
M i n o r  . . . . . . . . . . . . . . . . . . . .  

Sample II." 
M i l k  . . . . . . . . . . . . . . . . . . . . .  
W a t t r  . . . . . . . . . . . . . . . . . . . .  
T o t a l  S o l i d s  . . . . . . . . . . . . . . . . .  

F a  t . . . . . . . . . . . . . . . . . . . . .  
C a s e i n  . . . . . . . . . . . . . . . . . . . .  
L a c t a l b u m i n - g l o b u l i n  . . . . . . . . . . . . .  
L a c t o s e  . . . . . . . . . . . . . . . . . . .  
M i n o r  . . . . . . . . . . . . . . . . . . . .  

Sample l l i :  
M i l k  . . . . . . . . . . . . . . . . . . . . .  
W a t e r  . . . . . . . . . . . . . . . . . . . .  
T o t a l  S o l i d s  . . . . . . . . . . . . . . . . .  

F a t  . . . . . . . . . . . . . . . . . . . . .  
C a s e i n  . . . . . . . . . . . . . . . . . . . .  
L a c t a b l u  n i i n - g l o l m l i n  . . . . . . . . . . . . .  ! 
L a c t o s e  . . . . . . . . . . . . . . . . . . .  i 
M i n o r  . . . . . . . . . . . . . . . . . . .  

Sam/;& I I" 
M i l k  . . . . . . . . . . . . . . . . . . . . .  
\ V a t e r  . . . . . . . . . . . . . . . . . . . .  
T o t a l  S o l i d s  . . . . . . . . . . . . . . . . .  
F a t  . . . . . . . . . . . . . . . . . . . . .  
C a s e i n  . . . . . . . . . . . . . . . . . . . .  
L a c t a l b u m i n - g l o b u l i n  . . . . . . . . . . . . .  ] 
L a c t o s e  . . . . . . . . . . . . . . . . . . .  
M i n o r  . . . . . . . . . . . . . . . . . . . .  

Sample V: 
M i l k  . . . . . . . . . . . . . . . . . . . . .  
W a t e r  . . . . . . . . . . . . . . . . . . . .  
T o t a l  S o l i d s  . . . . . . . . . . . . . . . . .  
F a t  . . . . . . . . . . . . . . . . . . . . .  
C a s e i n  . . . . . . . . . . . . . . . . . . . .  
g a c t a l b u l n i n - g l o b u l i n  . . . . . . . . . . . . .  
L a c t o s e  . . . . . . . . . . . . . . . . . . .  , 
M i n o r  . . . . . . . . . . . . . . . . . . . .  

m 

15 .25  
( S . N . F .  8 .65)  

6 . 6  
2 . 5 2  

0 . 5 2  

4 .63  
o . 9 8  

14 .28  
( S . N . F . o . o o )  

5 .9  ° 
2 .28  

0 . 5 3  
4 . 5 6  
I . e l  

1 5 . o 2  

( S . N . F .  9 .o7)  

5 .95  
2 , 2 I  

o . 6 4  
4 . 8 6  
o . 7 6  

14 .39  
5 .5  
2 . 4 6  
o . 6 o  
4 . 8 o  
1 . 2 0  

m 

14 .63  
5 .8  
2 .58  

4 . 7 6  

1 .3495  (20 ° C) 
1 .333  ° (20 ° C) 
o . o 1 6 5  

O.O 

0 . 0 0 5 6  P r o t e i n s  
0 . 0 0 2 3  } 0 . 0 0 7 9  
0 . 0 0 6 4 *  
0 . 0 0 2 2  

1 . 3 t 8 5  (20 ° C) 
1 .333  ° (20 ° C) 
o . o 1 5 5  

0 . 0 0  

o . o o 4 9  } P r o t e i n s  
O . O O 2 1  0 . 0 0 7 0  

0 . 0 0 6 3 *  
0 . 0 0 2 2  

r . 3 5 o 6  (20 ° C) 
1 .o33o  (2o ° C) 
o . o 1 7 6  

O.OO 

0 . 0 0 6 0  } P r o t e i n s  
o . o o 3 3  o . o o 9 3  
o . o o 6 7 "  
o . o o i 6  

1 .3495  ( 200 C) 
1 .333  ° (20 -~ C) 
o . o 1 6 5  
O.OO 

0 . 0 0 5 3  } P r o t e i n s  
0 . 0 0 2 8  o . o o 8 1  

o . o o 6 6 "  
o . o o 1 8  

1 . 3 4 9 8  (20 ° C) 
1 . 3 3 3 o  (20 ° C) 
o . o 1 6 8  
O.OO 

0 . 0 0 5 5  } P r o t e i n s  
o . 0 o 3 5  o . 0 o 9  ° 
0 . 0 0 6 5 *  
o . o o l  3 

* V  a l u e  o b t a i n e d  f r o m  s u g a r  t a b l e  in  BROWNE'S Handbook of Sugar Analysis. 

References p. 216. 



VOL. 9~ (1948) CONTRIBUTION OF CONSTITUENTS TO REFRACTION OF MILK 215 

DISCUSSION 

I t  is clear from Table  IV tha t  the largest  individual  share of the refract ive  index 

is cont r ibu ted  by  the proteins (casein + lac ta lbumin  + globulin), next  by lactose, and 

least by  minor  const i tuents  including soluble salts. In  propor t ion to their  percentage 

in milk also, the proteins are the largest contr ibutors ,  and the minor  const i tuents  rank 

next  and lactose last in this regard. Among  the proteins, it will be observed, the lactal-  

bumin  and globulin contr ibute,  considering their  proportion,  very  much more than  

casein to the refract ive index of milk. 
ROBERTSON 13 was the first to determine the refract ive index of a solution of casein 

in o.I  N NaOH.  He  gave a value of 0.00152 of refract ive index for I g of casein in IOO ml  

of solution. Wi th  an improved  technique and a purer  sample of casein, BRERETON AND 

SHARP 14 obta ined a higher v a l u e -  0.00181 per g in IOO ml. The  present  series of ex- 

per iments  consis tent ly give a refract ion of o.oo21 per g of casein in IOO ml  of milk in 

all samples. This higher  value over  that; of the earlier workers is perhaps to be a t t r ibu ted  

to (i) the greater  dispersity of casein in milk then in a solution of sodium hydroxide  

and (ii) the difference between the chemical  composit ion of the casein in milk (Calcium 

caseinate) and in sodium hydroxide.  
Fur ther ,  it is also clear from the table tha t  the share of milk sugar in the refract ive 

index  is the most  constant  of all the ingredients  of milk, and tha t  the var iabi l i ty  of the 

proteins is largely responsible for the wide changes in refract ive index of milk from sample 

to sample. 
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SUMMARY 

The refractive index of milk being made up by contributions from several constituents, the share 
of each of the major constituents has been estimated by adopting methods of successive elimination 
of the fractions that do not interfere with the refraction in the resulting liquids. 

Centrifugation, coagulation of casein with a minute quantity of rennet and ultra-filtration have 
been pressed into service for achieving this object. The difference between the refractive indices of 
the resulting liquids fixes the contribution of the constitutents so eliminated in the process. 

In the falling order, the proteins, lactose and minor constitutents contribute to the total re- 
fraction in milk. (Fat has no share in this phenomenon). Of these, in proportion to their presence in 
milk, lactalbumin and globulin contribute the greatest share, more than that of casein. 

A control experiment to verify SCHULZE'S observation that the refractive index of milk serum 
is an indication of its sugar content has also been conducted. 

Milk sera obtained with copper sulphate solution or rennet as preeipitants show that no linear 
relationship exists between the refractive index of the serum and the lactose content of milk. 

The data obtained in all the above experiments show that the wide variability of the refractive 
index of milk is due mainly to the variations in its protein content. 

Rt:.'SUMt~ 

L'indice de r6fraction du lair 6rant dfi ~. diff6rents constituants, la part de chacun d'eux dans 
ce ph6nom~ne a 6t6 d6termin6e par 61imination successive de diff6rentes fractions par des m6thodes 
n'apportant aucune modification secondaire dans la r6fraction des liquides r6sultants. 

Ces m6thodes sont essentiellement la centrifugation, la coagulation de la cas6ine par une quan- 
tit6 minime de pr6sure, et l'ultrafiltration. La diff6rence observ6e entre les indices de r6fraction des 
liquides r6sultants montre quelle est l'importance des constituants 61imin6s. 
References p. 216. 
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Pa r  ordre d6croissant ,  les prot6ines,  le lactose ef  les cons t i t uan t s  m i n e u r s  con t r i buen t  ~ la 
r6ffac t ion totale  du lair  (la graisse ne joue ici a u c u n  r61e). Le r61e le plus  i m p o r t a n t  pa r  r a p p o r t  
leur  quan t i t 6  dans  le la i t  es t  jou~ par  la l ac t a lbumine  + globuline.  Ce r61e es t  p lus  i m p o r t a n t  que  
celui de la cas6ine. 

Des exp6rienees on t  6t6 faites,  des t in i e s  ~ v6rifier l ' observa t ion  de SCHULZE d 'apr~s  laquelle 
l ' indice de r6fract ion du  lair  es t  une  ind ica t ion  de sa tenet l r  en  sucre.  Du  s 6 r u m  de lair  ob t enu  apr~s 
pr6cipi ta t ion  ~ l 'a ide d ' une  solut ion de sulfa te  de cuivre  e t  de pr6sure,  m o n t r e  qu ' i l  n ' ex i s t e  aucune  
propor t ionnal i t6  en t r e  l ' indice de r6frac t ion du s 6 r u m  et  la t e n e u r  en  lactose du  lair. 

Tou tes  les donn~es ob tenues  au  eours  des  exp6riences  du pr6sent  t r ava i l  m o n t r e n t  que  la g rande  
variabil i t~ de l ' indice de r6fract ion du lair  es t  due  essen t i e l l ement  A des  va r ia t ions  de sa t eneu r  en  
prot6ines.  

Z U S A M M E N F A S S U N G  

Da der  B r e c h u n g s i n d e x  von  Milch aus  Beitri~gen m e h r e r e r  Bes tand te i l e  z u s a m m e n g e s t e l l t  ist,  
wurde  der  Ante i l  aller H a u p t b e s t a n d t e i l e  d a d u r c h  b e s t i m m t ,  dass  1Vfethoden a n g e w a n d t  wurden ,  
u m  die Bes tand te i l e  der  Reihe  nach  zu en t fe rnen .  Diese M e t h o d e n  s t 6 r e n  die R e f r a k t i o n  in den  resul-  
t i e r enden  Fl i iss igkei ten nicht .  

Zentr i fugieren,  t{oagul ie rung  des Kase ins  m i t  m i n i m a l e n  Mengen  von  Lab  u n d  Ul t ra f i l t r a t ion  
wurden  zu d i e sem Zwecke angewand t .  Die Dif~erenz zwischen  den  Brechungs ind ices  der  r e su l t i e r enden  
F1/issigkeiten s te l l t  den  Be i t r ag  der  d u r c h  die B e h a n d l u n g  e n t f e r n t e n  Bes tand te i l e  lest .  

Eiweiss,  Lak tose  u n d  weniger  b e d e u t e n d e n  Bes tand te i l e  t r a g e n  in dieser  Reihenfolge  zur  Ge- 
s a m t r e f r a k t i o n  der  Milch bei. (Fet t  h a t  h ie rbe i  ke inen  Anteil) .  I m  Verh~,ltnis zu den  in Milch vor-  
h a n d e n e n  Mengen  h a b e n  L a c t a l b u m i n  u n d  Lac tog lobu l in  den  g r6s s t en  Anteil ,  der  gr6sser  i s t  als der  
von  Kasein .  

E in  K o n t r o l l e x p e r i m e n t  wurde  ausgef i ihr t ,  u m  SCHULZE'S Beobach tung ,  dass  der  B rechungs -  
i ndex  von  Milch eine Anwe i sung  ffir i h r en  Zucke rgeha l t  ist, zu verifizieren.  

~Iilchsera, die du rch  B e h a n d l u n g  m i t  IZupfersul fa t l6sung oder  Lab  als  Pr~Lzipitantia e rha l t en  
wurden ,  zeigen, dass  zwischelx d e m  B r e c h u n g s i n d e x  u n d  Lak to segeha l t  yon  Milch ke in  l inearer  
Z u s a m m e n h a n g  bes teh t .  

Die Resu l t a t e  aller o b e n g e n a n n t e n  E x p e r i m e n t e  zeigen, dass  die grosse Var iabi l i t~ t  des  
B r e c h u n g s i n d e x  von  Milch haupts~ichlich d u t c h  die Ver~Lnderungen ih res  Eiweissgehal tes  v e r u r s a c h t  
wird. 

R E F E R E N C E S  

1 K. S. RANGAPPA, P~oe. Indian Acad. So., 25 (1947) 86. 
2 K. S. RANGAPPA, Proc. Indian Acad. Sc., 26 (1947) 125. 
3 K. S. RANGAPPA, Biochim. Biophys. Acta, 2 (1948). 
4 BAIER AND NEUMANN, Z. Nahr-Genussm., 13 (19o7) 369; Am. Chem. Abs., I (19o7) 1746. 
5 PANCHAND AND AVERBACH, Mitt. Lebensm. Hyg., 9 (1918) 236; Am. Chem. Abs., 13 (1919) 146. 
s SCHULZE, Z. Unters. Lebensm., 53 (1927) 509; Am. Chem. Abs., 21 (1927) 3985. 

LYTHOGO~-, Mass. St. Bd., Health Ann.  Rept. (19o8) 594. 
8 ELSDON AND STUBBS, Analyst, 52 (1927) 193. 
9 LANE AND EYNON, J. Soc. Chem. Ind. (I923) 32 T, 463 T.  

10 PIET~RE, Compt. rend., 178 (1924) 333. 
I1 LLOYD AND SHORE, Chemistry of the Proteins (1938) 448, Churchi l l  Ltd. ,  Lond.  
is BROWN, Handbook of Sugar Analysis, Table  5, C h a p m a n  and  Hall ,  London .  
la ROBERTSON, Ind. Eng. Chem., I (19o9) 723 • 
14 BRERETON AND SHARP, Ind. Eng. Chem., Anal.  Ed. ,  14 (1942) 872. 

R e c e i v e d  M a r c h  I l t h ,  1 9 4 8  


