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The influence of lysozyme on changes in the dimensions of casein micelles in cow’s
milk was studied. Their size was determined by the fractionation of milk, applying the
centrifugation technique as well as by measurements of light scattering. The dimen-
sions of micelles were also determined with the use of an electron microscope. The con-
ducted studies showed that the addition of lysozyme to milk caused certain modifica-
tions of casein properties and an increase in the dimensions of its micelles. The obtai-
ned results may be useful in an explanation of the method and suitability of milk for
modification by this enzyme e.g. in production of baby food and in cheese manufactu-

re.

INTRODUCTION

Studies.of the dimensions of casein micelles in cow’s milk have revealed a wide
range of their sizes which, according to many research workers, can be connected
with the physicochemical changes of their properties[1, 2, 11]. Itis also commonly
considered that there is a quite close relationship between the distribution in size
of these micelles and the stability of the colloidal system of casein [10, 11]. This in
turn, leads to the assumption that the factors which cause changes in the size of
micelles may also cause changes in casein’s stability. These statements became the
basis for the present studies on the influence of lysozyme upon the changes in ca-

sein micelles in cow’s milk.

MATERIAL AND METHODS
In the experiments, 5-times crystallized lysozyme of hen egg white, produced

by Serva company, was used. -
The size of casein micelles was determined by three different methods:

— indirectly by fractionation of micelles by the centrifugation technique,
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— by measurements of light scattering,
— directly by means of an electron microscope.

A. FRACTIONATION OF CASEIN MICELLES BY THE METHOD OF MILK CENTRIFUGATION

The experiment was performed with bulk fresh milk and the applied additives
of lysozyme were: 0,5; 1.0 and 2.0 mg/cm?. Casein micelles were centrifuged in an
ultraseparator Beckman L-565, with the use of rotor Ti 70, applying three diffe-
rent values of acceleration: 10 x 10° g(fraction I — big micelles), 47 x 10° g(frac-
tion I —medium micelles and 107 x 10° g/fraction III — small micelles). The
centrifugation conditions were selected on the basis of the experiments of Saito
[14] and in the obtained sediments, the following values were determined: total ni-
trogen compounds content [4] calcium and phosphorus content [4] values of iso-
electric points of the separated fractions [14].

B. MEASUREMENTS OF LIGHT SCATTERING IN SOLUTIONS OF MILK MODIFIED BY LYSOZYME

The experiment was conducted on the basis of a relationship between the
scattering of light by the colloidal particles and their size [57]. The phenomenon of
scattering was examined by two methods:

— measurement of intensity of light scattered under 90° — I, with the use of a
specially constructed device,

— measurement of attenuation of the light beam passing through the diffusing
solution, i.e. measurement of turbidity (t), (Spectrophotometer Opton PMQ
MM 12 a).

The samples of milk used in the experiment were prepared on the basis of a
method given by Holt (8) and milk was diluted with an artificially prepared salt
solution according to Jonnes and Koops [9]. In the studies, two additives of lyso-
zyme: 1.0 and 2.0 mg/cm?, were used.

C. DETERMINATION OF DIMENSIONS OF CASEIN MICELLES, USING AN ELECTRON MICROSCOPE

In this part of the experiment the microscopic technique for determination of
micelles sizes was applied according to the method suggested by Schmidtetal [15]-
On the surface of 10 photographs the diameters of micelles with a division into 12
size classes, were measured. The percentage share of micelles in the particular size
classes was calculated in relation to the total amount of micelles visible in the
photograph. Curves of micelle distribution were evaluated statistically by Smir-
nov test [3].

RESULTS AND DISCUSION

The effect of lysozyme on casein of cow’s milk changes some of its propertiqs,
with a simultaneous lowering of the stability of this protein [12, 13]. Changes In
hydration and volume of casein micelles, affected by lysozyme have led to the as-
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sumption that there is a partial aggregation of casein micelles and induced us to
determine their dimensions in milk treated with this enzyme.

Characteristics of micellar fractions obtained from the ultracentrifugation of
milk showed that the distribution of micellar dimensions measured by the
amount of protein in the particular fractions for samples with lysozyme and for
control samples, was similar. The quantities of protein in subsequent fractions
separated from the enzyme-modified milk were, however, higher in comparison
with the corresponding fractions of the control samples (Tab. 1).

Table 1. Content of protein in fractions of casein micelles obtained by ultracentrifugation of lyso-
zyme-modified milk

% of protein in relation to the total content of
Kind of sample casein in milk (2.46 g/100 g of milk)
fraction _
soluble casein
I 11 I11
Control 36.4 52.9 59 8.9
With the addition of lyso-
zyme:

0.5 mg/cm? 36.0 52.6 6.2 5.0

1.0 38.9 53.6 6.7 4.5

2.0 39.8 54.2 6.7 1.5

In conformity with changes in the quantities of protein in the particular frac-
tions, the level of calcium and phosphorus in the separated sediments of proteins
was also changed. Differences in the content of these components be'tween the
control samples and those with lysozyme appeared only in case of its hlghest. ad-
dition (2.0 mg/cm?). The calcium to phosphorus ration in the separated fractions
did not reveal any distinct tendencies to change (Tab. 2). .

Itis know that the particular fractions of casein (a, B, ») reveal various values
of the isoelectric points from 3.7 to 4.9 pH [1, 10]. It is also know that the share of

Table 2. Content of calcium and phosphorus in fractions of casein obtained by ulteacentrifuga-
tion of lysozyme-modified milk

Content of calcium Content of phosphorus
mg/100 g milk mg/100 g milk
Kind of sample fractions fractions

I II 111 I I1 III

Control 43.39 53.29 8.13 22.44 27.86 2.66
With the addition of lysozyme

m 3):
( Og/SCm ! 43.21 51.55 8.32 22.44 27.86 3.01

1.0 49.23 52.91 9.30 22.19 29.32 292
2.0 49.77 54.65 8.65 22.03 29.48 3.11
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the particular casein fractions is not constant. It changes with its size. On the ba-
sis of these relationships, values of the isoelectric point of the obtained fractions
were determined. In the samples with lysozyme, isoelectric point of subsequent
micellar fractions was: 4.60; 4.60 and 4.12 pH and in the control samples: 4.60;
4.42 and 4.12 pH respectively. The addition of the enzyme caused a certain disp-
lacement of the isoelectric point only in the case of medium-size micelles (fraction
IT). These changes as well as differences in the chemical composition of micellar
fractions separated from lysozyme-modified and non-modified milk, may have a
certain relationship with the effect of this enzyme on the size of casein micelles in
milk.

In the further part of the experiment, measurements of light scattering
through the lysozyme-modified milk solutions (1.0 and 2.0 mg/cm?) were perfor-
med.

Appearance of casein micelles with differentiated dimensions from 20 to 450
nm in milk make the univocal choice of the light wavelength difficult. On the ba-
sis of preliminary measurements in the experiment covered by the present work,
the wavelength of dispersed light A = 700 nm was accepted.

The results of the measurement of light's intensity (I,) and the turbidity coef-
ficient (t) for milk samples with the addition of lysozyme and for control samples
showed that independently on the casein concentration, the solutions of lysozy-
me-treated milk were the centres which dispersed light more strongly (Fig. 1, 2).
At a determinated concentration of casein both the value of dispersed light inten-
sity and the turbidity coefficient increased with a growing lysozyme addition.
Both characteristics of dispersed light are directly proportional to lysozyme in
the number of dispersed particles (N) and the square of their volume (V):

190~ T~ sz

This indicates that the addition of lysozyme to milk caused an increase in the

number of dispersing particles, or an increase in their volume, or both at the same
time.
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Fig. 1. Changes of scattered-light intensity iP
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Fig. 2. Changes of turbidity coefficient in milk
modified by lysozyme; 1 — sample with lyso- | |
zyme added 2 mg/cm’, 2 —sample with lyso- 005 010

zyme added 1 mh/cm?, 3 — control sample dilution

The results of fractionation of micelles and measurement of light scattering
showed only tendencies of changes in size of casein micelles affected by lysozyme.
These studies were supplemented with. a microscopic observation of enzy-
me-treated preparation of milk. The microscopic photographs pointed to the
presence in milk of micelles of differentiated size from 30 to 350 nm (photo 1, Fig.
3). Addition of lysozyme to milk caused a change in dimensions of casein micel-
les. Statistical analysis of the distribution of these sizes showed differences in the
course of distribution of lysozyme-treated samples in comparison with the con-
trol samples (Fig. 3). The decrease in percent share of small micelles with a diame-
ter below 60 nm was stated on to the advantage of an increase in amount of micel-

les with larger dimensions (Tab. 3, photos 1, 2, 3).
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Fig. 3. Size distribution of micelles in milk modified by lysozyme; 1 — sample with lysozyme added |
mg/cm®, 2— sample with lysozyme added 2 mg/cm’, 3—control sample
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her hand, measurements of light scattering showed that cationic compounds cau-
sed an increase in average dimensions of micelles.

The results of the present work show that introduction of lysozyme to milk is
connected with defined changes in the structure of casein micelles. The data are
also useful in explaining the nature of enzyme's effect on casein which seems to be
significant due to the possibility of practical utilization of lysozyme in the huma-
nization of cow’s milk and in the cheesemaking process.

CONCLUSIONS

1. Characteristics of micellar fractions obtained from the ultracentrifugation
of milk showed that the addition of lysozyme caused changes in the distribution
of casein micelles dimensions in the milk.

2. The measurement of light scattering showed that the addition of lysozyme
to milk caused an increase of the mean size of casein micelles.

3. The increase of casein micelles size in lysozyme-modified milk was also
confirmed by microscopic observations.
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WPLYW LIZOZYMU NA ZMIANY ROZMIAROW MICELI KAZEINY W MLEKU

Instytut Technologii Mleczarskiej, ART, Olsztyn

Streszczenie

W badaniach podjeto probe okreslenia wptywu dodatku lizozymu (0,5; 1,0 i 2,0 mg/cm?) na roz-
ktad rozmiaréw miceli kazeinowych w mleku. Wielkos¢ miceli okreslano 3 roznymi metodami:
— posrednio przez frakcjonowanie miceli metoda wirowania,

— przez pomiary rozproszenia $wiatla,

— bezposrednio za pomoca mikroskopu elektronowego.

Uzyskane wyniki wykazaly, ze ilosci kazeiny odwirowanej w poszczegolnych frakcjach z mleka
modyfikowanego lizozymem byly wyzsze w porownaniu z odpowiadajacymi im probami kontrolny-
mi. Roznice te, a takze charakterystyka fizykochemiczna odwirowanych frakcji wykazaly, ze lizozym
powodowat pewne zmiany w rozkladzie miceli kazeinowych w mleku (tab. 11 2).

Wyniki pomiarow natg¢zenia swiatla (Ig) oraz wspolczynnik zmetnienia (t) roztworow mleka
modyfikowanego lizozymem wykazaly, ze niezaleznie od st¢zenia kazeiny roztwory mleka traktowa-
nego lizozymem stanowily osrodki silniej rozpraszajace swiatto (rys. 11 2). Wskazuje to posrednio na
zwigkszenie rozmiarow czasteczek kazeiny w mleku z lizozymem.

Whniosek ten potwierdzily rOwniez obserwacje mikroskopowe preparatow mleka modyfikowa-
nego lizozymem. Analiza uzyskanych elektronogramow wykazata, ze enzym wplynat na zmiang roz-
miar6w miceli kazeinowych (zdjecie 1, 2, 3; tab. 3, rys. 3). Analiza statystyczna rozkladu tych wielkos-
ci wykazala roznice w przebiegu dystrybuanty probek traktowanych lizozymem w poréwnaniu z
probkami kontrolnymi (rys. 3). Stwierdzono zmniejszenie procentowego udziatu miceli matych o
srednicy ponizej 60 nm na korzys¢ wzrostu ilosci miceli o rozmiarach wigkszych.



