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Introduction

The combination of harmless nature and biological activity 
of chitosan creates prerequisites for its wide application in milk 
processing and casein production [1]. Due to the structure of casein 
micelle, at pH above 5.0 a large negative charge is concentrated 
on its surface. Chitosan at pH below 6.5 has a positive charge that 
enables ionic interaction of chitosan with casein. So adding chitosan 
to milk we can expect their coagulation and precipitation [2-4]. 
Chitosan is soluble in organic acids that causes difficulties for milk 
processing [3]. Oligochitosans are low-molecular-weight chitosan 
derivatives with a molecular weight between 2 and 50 kDa. They 
are highly soluble in water and do not influence on acidity when 
added to milk. There is a practical possibility to use oligochitosan 
to isolate casein from skimmed milk [4, 5]. The effectiveness of 
the interaction of casein with oligochitosans depends on their 
molecular weight and the number of amino groups. The objective 
of the research was to obtain casein from skimmed milk using 
oligochitosans with different molecular weights.

Materials and Methods

The objects of the research were: skimmed cow milk (produced 
by JSC “Savushkin product”, Russia) and oligochitosans with 
molecular weights of 45.3, 25.4, 7.7 and 1.5 kDa with a degree of 
deacetylation (SD) of 86%, obtained by the previously described 
method [6]. The molecular weight of oligochitosans was determined 
by viscosimetry and calculated using the Mark-Houwink equation; 
the degree of deacetylation was determined by conductometric 
titration. To study the process of casein coagulation, water solutions 
of oligochitosans with different molecular weights were added to 
skimmilk to the final polysaccharide concentration from 0.02% to 
1% and a protein content of at least 3.1%. The mixture was incubated 
for 30 minutes at 60 °C, and then centrifuged for 10 minutes at 9000 
g to separate the coagulate. The obtained supernatants and protein 
precipitates were analyzed using electrophoresis in poly acrylamide 
gel at pH 8.8 in the presence of DDS-Na. The compliance of electro 
phoretic components with individual proteins was confirmed 
by protein standards (Sigma, USA). Thermo gravimetric analysis 
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of casein complexes with chitosan was performed on “TA-4000 
Mettler Toledo” (Switzerland). Measurements were performed 
in the temperature range of 25-600 °C in the air atmosphere at a 
heating rate of 5°C/min. The activation energy was determined by 
the Broydeau equation. The protein concentration was measured 
by biuret method.

Results and Discussions

Milk is a complex polydisperse mixture of casein micelles, fat 
globules, whey proteins, lactose and minerals. Protein components 

and fat globules at a pH of 5.0-6.2 are negatively charged and able 
to interact with oligochitosan. In our research we studied the effect 
of oligochitosan on milk components with a fat content of 3.2% at 
a pH of 6.0. The results of the research are presented in the table 
1 (below). Analysis of the results shows that adding oligochitosan 
with a molecular weight of 25.5 kDa to the milk with fat content 
of 3.2 % results in fractionation into milk fat, casein and whey 
proteins. Adding oligochitosan to skim milk we can isolate casein 
fraction.

We investigated the process of skim milk proteins coagulation 
depending on the concentration of oligochitosans with different 
molecular weights at pH 6.0. We added water solutions of 
oligochitosans with molecular weights of 45.3, 25.4, 7.7 and 1.5 
kDa in the final concentration from 0.02% to 1% to skimmed milk 
and observed coagulation. This process took place at 60 °C during 
30 minutes.

The protein content in milk, after separation of the coagulate, 
depended on the concentration and molecular weight of 
oligochitosan (Figure 1A). The Figure 1B shows the composition of 
the proteins included in the supernatant. The coacervation of milk 
proteins did not occur in the absence of oligochitosan (Figure 1A 
& 1B).

Table 1: The influence of oligochitosan Mw 25.5 kDa on milk proteins coagulation.

Experimental conditions рН Fractions Fat content, % Protein content, %

Milk with fat content 3,2 % 6,0 no fractionation 3,2 3,3

Milk with fat content 3,2 % with0,5 % 
oligochitosan 25,5 kDa

6,0 milk fat fraction 3,05 -

whey 0,1 0,5

Casein fraction 0,05 2,8

Skimmilk 6,0 nofractionation 0,1 3,3

Skimmilkwith0,5 % oligochitosan 25,5 
kDa

6,0 whey 0,1 0,5

Casein fraction - 2,8

Figure 1: 
(a) Dependence of casein content in supernatant on concentration of chitosan with molecular weight of 45.3 (1), 25.4 (2),7.7 (3) and 1.5 kDa (4), 
(b) Electrophoretogramof casein in the presence of chitosan is 0.1–0.5% 25.4 kDa (tracks 3 to 6), coagulated precipitate (track 7), milk proteins 
standards (tracks 8).

The amount of coagulated milk proteins increases with 
the concentration of oligochitosans. At low concentrations of 
oligochitosans, partial interaction with milk proteins takes place. 

Maximum protein coagulation (90 %) is achieved respectively at the 
concentration of oligochitosans: 45.3 kDa-0.88×10-4 M; 25.4 kDa-
1.57×10-4 M; 7.7 kDa-5.19×10-4 M; 1.5 kDa-26.67×10-4 M. In these 
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concentrations oligochitosans with different molecular weight 
and degree of deacetylation, the content of protonated amino 
groups remains the same – 2.4×10-4 M. These results indicate that 
oligochitosans of any molecular weight and degree of deacetylation 
can be used for coagulation of casein from skimmed milk with a 
protein content of 3.0%-3.2%. Key factor is the concentration of 
amino groups 2.4×10-4 M. It is determined that the use of these 
samples of oligochitosans allows to obtain a coacervate in which 1g 
of oligochitosan binds 6.0 - 6.2g of milk proteins.

A further increase of oligochitosans concentration leads to 
decrease in the formation of coacervate of milk proteins. The 
precipitate contains all casein groups: a, b, and k-casein and traces 
of whey proteins (Figure 1B). The densest precipitate is formed 
when using oligochitosan 45.3kDa due to the fact that oligochitosan 

with a high molecular weight forms complex with larger number of 
casein micelles. It explains better precipitation comparing to low-
molecular polysaccharides.

 To confirm the interaction of oligochitosans with casein we used 
differential scanning calorimetry (DSC) and thermo graviometry 
(TGA). For these samples of casein, mechanical mixture of casein 
with oligochitosan and lyophilically dried coacervate of casein with 
oligochitosan we determined the stages of thermal decomposition 
under programmed heating conditions from 30 °C to 600 °C at a 
speed of 5 °C/ min (reflected in the Figure 2, Profile 1). DTG profile 
shows that the mass loss of mechanical mixture of casein and 
oligochitosan (Figure 2, Profile 2) matches casein profile in thermal 
degradation peaks.

Figure 2: Profile of differential thermo graviometry of сasein (1), Mechanical mixture of casein with oligochitosan (2) and Coacervate of casein 
with oligochitosan 25.4 k Da (3)

In DTG profile of coacervate of casein with oligochitosan (Figure 
2, Profile 3) we see the decrease in the mass loss of casein coacervate 
with oligochitosan by 7.6-7.8% compared to mechanical mixture 
of casein and with oligochitosan at a temperature of 287°C. It 
proves the presence of strong complex of casein with oligochitosan. 
In addition, at temperature 476°C on DSC profile of coacervate 
of casein with oligochitosan appears the exothermic peak, not 
typical for mechanical mixtures. Its presence indicates possible 
complexation of oligochitosan with calcium ions present in casein. 
The activation energy (Ea) of thermal degradation of oligochitosan 
was 119 kJ/mol, casein 74 kJ/mol, and casein coacervate with 
oligochitosan 79 kJ/mol. The results indicate stabilization of casein 
in complex with oligochitosan.

The degree of coagulation of casein micelles in skim milk 
with oligochitosan 25.4 kDa depends on its concentration and is 
measured by the number of amino groups interacting with protein. 

The dependence of the amount of bound casein in skimmed milk on 
the concentration of oligochitosanis shown in the figure 3.

At low concentrations of oligochitosan and milk protein 
content of 3.1% (Figure 3, Sector a), we observe partial formation 
of coagulate. At concentrations from 0.05×10-4 M to 1.37×10-4 M of 
oligochitosan with a molecular weight of 25.4 kDa and deacetylation 
degree 86 %, the content of amino groups is 0.78×10-2 – 2.1×10-2 
M. In this case, with an excess of macroions of milk protein, only 
part of them can interact with a limited number of amino groups 
of oligochitosan macroion. At the concentration of oligochitosan 
from 1.45×10-4 M to 1.65×10-4 M, we observe the equivalence zone 
(Figure 3, Sector b). In this sector, we reach maximum coagulation 
of milk proteins as the content of negatively charged casein groups 
is equivalent to positively charged oligochitosan groups. The 
interaction of casein and oligochitosan leads to the formation of 
electro-neutral complexes. Due to hydrophobic bonds they are 
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forming aggregates precipitating from the system. The composition 
of complex coacervateis determined by stoichiometry of insoluble 
uncharged complex and depends on the charge ratio between milk 
proteins and oligochitosan.

When the concentration of oligochitosan increases, the 

amount of casein coagulate decreases (Figure 3, Sector c). Further 
increase in polysaccharide concentration prevents milk proteins 
from coagulation (Figure 3, Sector d). In this sector exceeding 
concentration of oligochitosan leads to the formation of stable 
colloid solution with milk proteins.

Figure 3: Dependence of bound casein in skim milk on the concentration of oligochitosan 25.4 kDa.

The process of interaction of milk proteins and oligochitosans 
at molecular level is caused by the formation of electrostatic 
complexes between negatively charged molecules of κ-casein 
micelles and positively charged groups of polysaccharide. 
Oligochitosans act as polycationic ligandslinked to casein micelles 
macroions. The process results in multi-point ionic interaction of 
oligochitosan molecules with casein micelles and whey proteins. 
The charge of polyioniс complex decreased as the negatively 
charged macroions of proteins linked to oligochitosan. As a result, 
electro-neutral complex of oligochitosan with casein and whey 
proteins was formed. Aggregation of these complexes resulted in 
their precipitation in the form of coacervate [1, 5].

The proposed method for obtaining caseins using water-soluble 
oligochitosans opens the possibility of increasing the yield of milk 
protein to 90-92%. In addition the whey obtained in this process has 
pH close to neutral and can be used for functional food production. 

The research results provide theoretical prerequisites to use 
oligochitosans in the development and practical implementation of 
the original technology of casein separation from skimmilk.
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