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Stability against aggregation of bovine
casein micelles in the presence
of acidic and alkaline gelatin

Abstract The effect of the presence
of colloidal dispersed and molecular
dispersed acidic (type A) and alka-
line (type B) gelatins with similar
molecular weight and size but dif-
ferent isoelectric points (7.9 and 4.9)
on the stability against aggregation
of bovine casein micelles was inves-
tigated by turbidimetric titration
and laser techniques, over a wide
range of biopolymers concentra-
tions, gelatin/casein ratio in the
initial mixture (0.03-20), pH
(4.9-6.7) and ionic strength

(10~ (milk salts)-1.0 NaCl), using
glucono-d-lactone (GL) as acidifier.
Aggregates of acid gelatin A interact
with the oppositely charged micellar
casein at an ionic strength of around
1073 (milk salts) and pH 6.7 result-
ing in the formation of an electro-
neutral complex by ionic bonds
between the carboxyl groups of
casein and the amino groups of the
gelatin molecules. The complexes
obtained are polynuclear, the aggre-
gation of which is not as sensitive to

pH as that of free casein micelles.
Aggregation of such complexes is
the result of bridging flocculation.
The “‘molar” ratio gelatin aggre-
gates/casein micelles in the mixed
aggregates is 4/1. The complexes are
formed and stabilised via electro-
static interaction rather than
through hydrogen bonds or hydro-
phobic interaction. In the presence
of an excess of gelatin molecules in
the initial mixture a charged gelatin—
casein complex forms and some
dissociation of casein micelles occurs
and, as a consequence, soluble
complexes are obtained. During the
addition of alkaline gelatin B aggre-
gates to the micellar casein solution
and subsequent acidification of the
mixture by GL, no effect of the
presence of gelatin B on the stability
of micellar casein was observed.
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Introduction

Protein mixtures may exist in molecular dispersed and
colloidal dispersed states depending on the properties of
the individual proteins, the composition of the mixtures
and the conditions in which the mixtures are obtained.
Colloidal protein dispersions play a pivotal role in our
everyday life and can be exploited for the efficient
production of food [1]. The interaction between proteins
and natural or synthetic polymers has been extensively

investigated, in particular for the modulation of living
processes in plant and animal cells, immobilisation or
stabilisation of enzymes in complexes, modification of
protein-substrate bridging affinity, changing properties
of food products obtained by treatment of protein
solution and gels [2-6]. These interactions may result in
the formation of water-soluble complexes [7, 8], com-
plex coacervation [9-11], formation of amorphous
precipitates, stabilised by different type of bonds [12,
13] or in the thermodynamic incompatibility of the
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macromolecules leading to liquid-liquid phase separa-
tion [14, 15].

However, until recently, comparatively little attention
had been given to interactions in aqueous protein (1)-
protein (2) systems, with both macromolecules in the
colloidal dispersed state. It can be surmised that the
compatibility and aggregation properties of a protein in
the colloidal dispersed state can be different from these
existing in the molecular dispersed state and that an
increase in “molecular” weight and in the hydrophob-
icity of the accessible surface should cause a decrease in
compatibility and an enhancement in stability against
aggregation. However, data are lacking for a quantita-
tive understanding of how structural features of the
protein, such as net charge sign, charge density,
conformation state, as well as the different physico-
chemical factors affect these properties.

We attempted to study the interaction of acidic and
alkaline gelatins in the colloidal dispersed state with
micellar casein at neutral pH and during acidification of
these mixtures by glucono-d-lactone (GL). Turbidimet-
ric titration and particle size distribution determination
were used to observe these effects.

Materials and methods

Materials

The samples of gelatin used were a pigskin gelatin, type B 200
Bloom 30 PS, (lot 33678), and an ossein gelatin type A 200 Bloom
30 PS (lot 19538), produced by SBI Systems Bio-Industries,
France. The Bloom number of the gelatins reported by the
manufacture was 200; this correspond roughly to a weight-average
molecular mass of 1 x 10° g mol™' [16]. The isoionic points of the
gelatin samples, estimated as described by Boedtker and Doty [17],
were 7.0 for the gelatin A and 4.6 for the gelatin B samples. The
isoelectric points of the gelatin samples, determined by isoelectric
focussing according to the procedure reported by Addeo et al. [18],
were 7.9 for the gelatin A and 4.9 for the gelatin B samples.

Gelatin aggregates were produced as described Boedtker and
Doty [17]. By following this procedure, it was possible to obtain
reproducible particle size distributions. The diameter of aggregates
of gelatin types B and A were 0.42 and 0.48 um, respectively.

Micellar casein was prepared by I.N.R.A.-LRTL (Rennes,
France). Its composition is as follows: protein content 87.04%,
nonprotein nitrogen 0.37%, lactose 1.81%, total mineral substanc-
es 8.46% (including calcium 3.2%, phosphorus 1.7%, chloride
0.2%, sodium 0.08%). The initial pH of the micellar casein
dispersions was 6.8 and the water activity at 25 °C was —0.450.
Casein micelles in water presented a narrow size distribution,
nearly Gaussian, with a 0.30-um diameter, very close to that of
literature data [19-21]; this size corresponds to colloidal particles
with a molecular weight of about 160,000 kDa [22].

Skimmed milk (protein: 35.5%, lipids: 0.8%, calcium: 1.29%)
was a commercial food product.

The GL was obtained from Aldrich Chemie, Germany,
catalogue no. G-201. Dry micellar casein or skimmed milk powder
was rehydrated to obtain dispersions at the same concentration of
micellar casein as in fresh skimmed milk (2.5%). Micellar casein
was first dispersed in deionised water or buffer by magnetic stirring
for 5 min at 5 °C The dispersion was then sonicated for 5 min at
the same temperature. The colloidal dispersions obtained were

centrifuged at 1460g for 60 min at room temperature to remove
aggregated micelles. To prevent bacterial growth, 0.05% sodium
azide was added when necessary.

The protein concentration in the dispersions was determined in
triplicate by drying at 104 °C for 12 h, taking into account the
nitrogen content (18.30% for the gelatin type A and 18.15% for the
gelatin type B) which does not depend on the isolation method [16]
and the protein content of micellar casein.

Aggregation of casein micelles and their association with gelatins

Two methods were used to follow the aggregation of casein micelles
during acidification, during heating or after addition of gelatin: the
measurement of the size distribution of colloidal particles and
turbidimetric titration.

Size distribution

The size distribution of the casein micelles, the gelatin aggregates
and the particles in mixed casein—gelatin systems was determined at
5 °C with a Malvern Mastersizer IP laser Granulometer using a 45-
mm lens. The minimum size of particles measured was 0.08 um. The
results were expressed in terms of volume/surface average diameters.
For each experimental trial, the average of three essays was taken.

Turbidimetric titration

Forty millilitres of the solvent was placed in a thermostatic mixing
vessel and was magnetically stirred and pumped to the thermo-
stated spectrometer flow cell. The vessel and the cell were
thermostated separately at the desired temperature (from 2 to
70 °C). A pH electrode was placed in the liquid in the mixing vessel.
Changes in turbidity were monitored at 590 nm and recorded as
variations of the absorption coefficient (A4s9y), which is linearly
proportional to true turbidity for Ase9 < 0.9. Solutions of micellar
casein at 4.8% (w/w) protein concentration were placed in the
mixing vessel and diluted with the appropriate solvent (buffer or
gelatin solutions in buffer) so as to get a final 4s9q value of 0.3-0.4
(approximately 0.08 gdl~!' of casein concentration); in the case of
the turbidimetric titration of micellar casein—gelatin mixtures, the
dilution of micellar casein dispersions was made with colloidal
dispersed gelatin solutions so as to get gelatin/casein ratios varying
from 0.03 to about 13. After the turbidity had reached a constant
value, the necessary quantity of GL was added to acidify the
dispersion to the desired final pH value (pH 4.9). However, GL was
unable to acidify casein—gelatin mixtures at high ionic strength; the
titration was done in such cases by addition of 0.01-0.5 M KOH.
The pH value below which 459 begins to increase was taken as the
clotting point of casein micelles. The higher the GL concentration,
the higher the clotting point and the stronger the aggregation. This
kinetic effect disappeared when acidification took 1 h and more.
The clotting points were therefore determined in all subsequent
experiments using different amounts of GL added step by step so as
to achieve acidification in about 2 h.

Interprotein interactions

Circular dichroism spectra of solutions of gelatins, micellar casein
and their mixtures were recorded with a Jobin Yvon Mark VI
dichrograph in 1-mm quartz cells at 10 °C over the wavelength
range 190-250 nm. The method was used to spot the possible
formation of gelatin—micellar casein molecular associations within
the one-phase region. It was assumed that in the absence of such
associations the spectrum of the mixture must be the sum of the
spectra of the solutions of the individual components at the same
concentrations as in the mixture; a departure from additivity
should then be due to “complex” formation.
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The composition of water—insoluble micellar casein-gelatin
complexes was determined for the mixtures in deionised water at
10 °C. A solution of gelatin aggregates (0.2% w/w, obtained by
dilution of 0.5% of gelatin aggregates) and a 2.5% w/w solution of
micellar casein were prepared separately and mixed at pH 6.8 and
20 °C to get gelatin/casein w/w ratio ratios (R) from 0.2 to 2.0. The
mixed solutions were stored for 2 h and at 10 °C to reach
equilibrium, decanted and submitted to low-speed centrifugation
for 20 min under 1200g at 10 °C in order to separate free proteins
(which did not take part in the complex formation) from the
complex. The precipitated complex was washed twice with
deionised water to remove traces of low-molecular-weight com-
pounds and were solubilised at 40 °C. The concentration of gelatin
in the complex was determined by subtraction of the dry weight of
casein from the dry weight of the casein—gelatin complex; a second
method consisted in measuring the absorption at 240 nm after
dissociation of the complex and removal of micellar casein by
precipitation at pH 4.6 in 0.5 M NaCl.

Results and discussion

Solutions of gelatin aggregates show an extremely low
turbidity at 590 nm. This makes it possible to study the
behaviour of the casein micelles in mixed micellar
casein—gelatin solutions. We consider the behaviour of
casein micelles in water and NaCl solutions in the
presence of colloidal dispersed gelatin. The problem of
the bridging flocculation and depletion flocculation in
weakly charged micellar casein—gelatin mixtures will be
approached in terms of complex formation and incom-
patibility of biopolymers.

Since the behaviour of casein micelles in the presence
of gelatins is extremely dependent on the sign of the
net charge of the gelatin molecules, we will examine the
effect of acidic gelatin and of alkaline gelatin on the sta-
bility of casein micelles against aggregation separately.

The effect of acidic gelatin at pH 6.7

Figure 1 presents the results of the turbidimetric titra-
tion of micellar casein solution in water (0.03% w/w) by
aqueous solutions, containing aggregates of gelatin A
(0.5% w/w), at pH 6.7 and at different temperatures
from 2 to 20 °C. The addition of even a small amount of
gelatin aggregates to micellar casein solution causes
large changes in turbidity. They strongly depend on the
gelatin/casein ratio, R: as R increases, the turbidity first
increases steeply, reaches a sharp maximum for R=1.26
and then decreases to values lower than its initial level
when R > 5-10. In theory, such a bell-shaped turbidity
curve could be the result of a depletion flocculation
mechanism of casein micelles induced by gelatin mole-
cules, the flocculation of the colloidal particles being
reversed at high concentrations of the destabilising
polymer [1, 23]. Such a dependence on R is also typical
for interpolymer complex formation [24, 25]. The latter
hypothesis seems more probable since the system studied

contains two kinds of protein colloids with opposite net
charge sign; an additional argument in favour of a
bridging flocculation process is that in the case of
depletion stabilisation one would expect that turbidity of
such a system should be close to that of micellar casein.
The electrostatic interaction between the two species
causes formation of mixed casein—gelatin aggregates
with compensated charges and, as a consequence,
bridging flocculation would occur; precipitation would
be a maximum for R =1.26 (maximum of turbidity), and
at R > 10 charged complexes (soluble complexes) could
be formed with partial dissociation of casein micelles.

As a matter of fact, we do observe coprecipitation of
casein and gelatin as the formation of a protein-enriched
gel-like phase. The effect of the gelatin/casein ratio in the
initial mixture on the composition and yield of the
proteins in the protein-enriched gel is shown in Fig. 2. An
increase in R increases the yield of the precipitate, and at
R=1.26 almost all the proteins are precipitated. The
gelatin/casein ratio in the precipitate and the dry weight
of the precipitate did not depend on the gelatin/casein
ratio in the initial mixture; they were equal to 1.26 + 0.05
and 6.65 £ 0.15%, respectively. The mixed aggregates
coexist together with free casein micelles at low R values,
but the number of free micelles decreases strongly as R
increases. Above R =0.94 free casein micelles are absent.
These results demonstrate that coprecipitation is the
result of bridging flocculation. Taking into account that
the molecular weight of gelatin A aggregates in the
conditions used is about 50,000 kDa and that of micellar
casein is about 160,000 kDa, we evaluate the molar ratio
gelatin aggregates/micellar casein micelles in the mixed
aggregates of gelatin and micellar casein. A simple
calculation shows that this ratio is 4/1.

590

Fig. 1 Effect of gelatin/casein ratio (R) on the turbidity (Adsgo) of a
micellar casein solution (0.03% w/w) after addition of a solution of
gelatin aggregates (0.5% w/w). 7=0.001 milk salts; pH 6.7
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Fig. 2 Yield (Y) and composition (R*) of the water-insoluble gelatin
A-micellar casein complex obtained for different gelatin/micellar
casein ratios (R) in the initial mixture. pH 7.0; concentration of
micellar casein: 0.28%; 10 °C

In the case of systems containing flexible macroions
such as gelatin and caseins in the molecular state, the
composition of the concentrated phase is conditioned by
the stoichiometry of the water-insoluble electroneutral
complex and depends on the charge ratio of macromo-
lecular components [24, 26-29]. For systems containing
rigid particles such as globular proteins this rule does
not apply [24, 29].

The dependence of the particle size of mixed aggre-
gates upon the gelatin/casein ratio in the initial system is
shown in Fig. 3. At small R values (0.03-0.165) rela-
tively small mixed aggregates are formed and the
average particle size in the system increases with R; the
peak of the size distribution curve shifts from 0.3 to
3 ym. With R values between 0.94 and 5, the central
particle size did not depend on R and was 12-14 um.
When R exceeds 10, the size of the particles drops
suddenly to small values, of the order of 0.2-0.3 um,
smaller than the size of casein micelles, indicating that
not only the mixed aggregates dissociate but to some
extent the casein micellar structure also (Fig. 3). These
results are coherent with those of the turbidity measure-
ments reported in Fig. 1.

Thus, complexes of casein micelles and aggregates of
acid gelatin seem to be polynuclear aggregated com-
plexes, similar to most interpolymer complexes formed
by mixing two polymers with opposite charges at a given
pH [30]. According to the theory of Veis [31], the first
stage is the formation of electroneutral complexes by
electrostatic interactions between the oppositely charged
polyions. At neutral pH, acid gelatin bears a positive net
charge owing to the cationic amino acids: lysine,
arginine and histidine. The pK, value of histidine is
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Fig. 3 Effect of gelatin/ casein ratio (R) in gelatin A—micellar casein
mixtures on the size distribution of the colloidal particles. pH 6.7;
I1=0.001 mol/l milk salts; 18 °C
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Fig. 4 Effect of ionic strength on the formation of gelatin A—micellar
casein complexes and B effect of ionic strength (NaCl concentration)
on the turbidity of the gelatin A—micellar casein system. pH 6.7;
concentration of micellar casein: 0.28%; R=0.6. A: T= 18 °C. Dotted
line: micellar casein alone, /=0.9 NaCl. B: point I turbidity of the
initial solution of micellar casein alone

low (6.5-7.0) and the amount of this amino acid is
very small (0.011 mmol/g) [32]; therefore, the arginine
(0.53 mmol/g, pK, > 12) and lysine (0.30 mmol/g,
pK,=10-10.4) groups of gelatin are mainly responsible
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for the formation of ionic bonds with the negatively
charged side groups of the casein micelles. These side
groups are mainly glutamic acid residues (12-25%,
pK,=4.5), since caseins are relatively poor in aspartic
acid residues (2—4%) [33]. The second stage of complex
formation consists of the aggregation of electroneutral
complexes and the formation of a concentrated phase.
The typical composition of the complex precipitate,
obtained from the water—micellar casein (2.4%) aggre-
gates of gelatin A (0.25%) at 10 °C and pH 6.7 contains
2.36% of caseins, 2.98% of gelatin and 1.276% of
mineral salts.

The effect of NaCl on the aggregative behaviour in
mixed micellar casein—gelatin A aggregates at R=0.6 is
shown in Fig. 4A and B. Introduction of a very minute
salt concentration causes a considerable increase in
turbidity, but then the turbidity decreases steadily as the
ionic strength increases and at /=0.09 it becomes
similar to that of initial system, even if the ionic strength
is increased only after a 24-h storage of the turbid
system. This shows that the complexes are formed and

200 210 220 230 240 250
A, MM

190

Fig. 5 Circular dichroism spectra of gelatin A solution (curve 2) and
those of gelatin A solution in presence of micellar casein for R=20
(curve 1), obtained at 10 °C. Concentration of gelatin: 0.02% (w/w);

stabilised via electrostatic interaction, rather than pH 6.7; cell length: 0.1 cm
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through hydrogen-bond formation or hydrophobic
interaction. The determination of the particle size
distribution (Fig. 4A) confirms these results: at
I1=0.001, mixed aggregates are formed with a size
distribution centred around 10-20 um; the size distribu-
tion is shifted progressively to smaller sizes as the ionic
strength increases above this value; at 7=0.9, the
average size drops to a value slightly below those of
casein micelles and gelatin A aggregates, meaning that
the initial mixed aggregates are dissociated.

When R was very high (above 10), we observed at
I1=0.001 that the turbidity of the mixed system was lower
than that of the micellar casein dispersion (Fig. 1) and
that the corresponding size distribution curves are shifted
to sizes below that of pure micellar casein (Fig. 4A).

By analogy with the formation of -electrostatic
complexes of casein and polysaccharides [30] we as-
sumed that in the presence of an excess of gelatin
molecules in the initial mixture (i.e. an excess of
positively charged groups) a charged gelatin—casein
complex forms but that electrostatic repulsion between
similarly charged groups causes some dissociation of
casein micelles and, as a consequence, soluble complexes
are obtained. This surmise finds some support in the
results of circular dichroism measurements on gelatin A
solution and its mixture with micellar casein: at 10 °C,
R=20 and pH 6.8, after the subtraction of the spectrum
of micellar casein obtained of the same conditions, the
absolute amplitude of the negative dichroic peak at
around 198 nm of gelatin A aggregates is considerably
reduced in the presence of micellar casein (Fig. 5),
indicating the existence of interactions between the two
macromolecular components. The presence of a very
small amounts of micellar casein in the solution of
gelatin A aggregates decreases the optical rotation of
gelatin solution. It is an indication of some interaction
between the two macromolecular species in this system.
All the results obtained allow a schematic representation
of the process of interaction of casein micelles with the
aggregates of gelatin A (Fig. 6A, B, C, D), including
electrostatic interaction between positively charged lisine
side groups of gelatine aggregates and negatively
charged aspartic acid residues of casein micelles
(Fig. 6A), aggregation of electroneutral complexes
(Fig. 6B), dissociation of the complexes at high ionic
strength (Fig. 6C) and the formation of soluble com-
plexes in the presence of an excess of gelatin molecules in
the initial mixture (Fig. 6D).

The effect of aggregates of gelatin A on the
behaviour of casein micelles during acidification
at very low ionic strength

Figure 7A, B and C presents the results of the
turbidimetric titration by GL of the aqueous micellar

casein-acid gelatin aggregates at /=0.001 in the tem-
perature range from 3 to 20 ° for different R values. At
R values less than the equilibrium ratio (R=1.26),
acidification increases the turbidity of the mixed systems
at pH 5.5 £ 0.1 (Fig. 7). This increase becomes less
significant as R increases, and at R values close to the
equilibrium ratio the turbidity does not change signif-
icantly down to pH 5.2-4.8, but drops markedly when
the pH becomes more acidic (Fig. 7). This behaviour can
be ascribed to the formation of the weakly aggregated
electroneutral complexes, the aggregation of which is
not as sensitive to pH as that of free casein micelles. The
size distribution of the complexes does not change
significantly in the pH range from 6.7 to 4.8 (Fig. 8). In
other words, the complex particles obtained at an
equilibrium ratio of R do not aggregate during acidifi-
cation. At pH < 4.8, the turbidity of the mixture
decreased (Fig. 7), probably as a consequence of the
dissociation of the complexes owing to the charge
reversal of casein. At R values (10 or greater) much
larger than the equilibrium ratio, the decrease in pH had
very little effect on the turbidity of the mixture. Similar
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Fig. 7TA-C Variation of the turbidity of gelatin A-micellar casein
systems with pH at different values of the gelatin/casein ratio (R)
in the initial mixture. 7=0.001 salts. 7=10°C (A); 5°C (B);
20 °C (C)
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Fig. 8 Particle size distribution of colloidal particles in the micellar
casein—aggregates of gelatin A mixture before and after acidification.
Gelatin/casein ratio R=1.0; /=0.001 mol/l NaCl; 18 °C

behaviour was observed long ago for solutions of
polysaccharide and globulin or polysaccharide [30] and
was explained by the formation of charged complexes
which do not aggregate readily.

The effect of alkaline gelatin B on the behaviour
of casein micelles

Turbidic titration of the micellar casein solution (0.09%
w/w) in water by a 0.5% solution of gelatin B aggregates
did not show an appreciable change of turbidity with R,

for R up to 2.7. The particle size distribution in micellar
casein—alkaline gelatin aggregates at 1% micellar casein
concentration (10 times the concentration used in the
turbidimetric titration) did not show any significant
change for R values from 0.02 to 0.63 (data not
presented). During acidification of the micellar casein—
alkaline gelatin B aggregates by GL, no effect of the
presence of alkaline gelatin on the stability against
aggregation of micellar casein was observed in the range
0.03 < R < 2.67 (data not presented). Such behaviour
of alkaline gelatin aggregates—micellar casein indicates
the absence of specific polymer interactions.

Conclusion

At neutral pH and low ionic strength casein micelles
interact with acidic gelatin aggregates by creation of
ionic bonds between carboxyl groups of casein and
oppositely charged amino groups of gelatin. The com-
plexes formed are polynuclear aggregated electroneutral
complexes. Aggregation of such complexes is the result
of bridging flocculation. The dispersity of the complex
aggregates of acidic gelatin and casein micelles can be
predicted on the basis of the knowledge of the sizes of
the interacting aggregates. In the presence of an excess
of positively charged gelatin molecules in the initial
mixture a charged gelatin—casein complex forms but
electrostatic repulsion between similarly charged groups
causes some dissociation of casein micelles and, as a
consequence, soluble complexes are obtained.

Acknowledgement Financial support from the C.ILE.S., France
(grant no. 197034H ) is gratefully acknowledged.

Schwenke KD, Mothes R (eds) Food

Almgvist and Wiksel, Stockholm

References

1. Tolstoguzov VB (2000) Int Rev Cytol proteins structure and functionality. 15. Antonov YA, Lashko NP, Glotova
192:3-30 VCH, New York, pp 210-215 YK, Malovikova A, Markovich O

2. Harding S, Hill SE, Mitchell JR (1995) 9. Piculell L, Bergfeldt K, Nilsson S (1996) Food Hydrocolloids 10:1
Biopolymer mixtures. Nottingham (1995) In: Harding SE, Hill SE, Mitch- 16. Johnston-Banks FA (1990) In: Harris P
University Press, Nottingham ell JR (eds) Biopolymer mixtures. Not- (ed) Food gels. Elsevier, New York,

3. Stainsby G (1980) Food Chem 6:3 tingham University Press, Nottingham, pp 233-289

4. Owen AJ, Jones RAL (1998) Macro- pp 13-35 17. Boedtker H, Doty P (1954) J Phys
molecules 31:7336 10. Veis A (1970) Biological polyelectro- Chem 58:968

5. Margolin A, Sheratyuk SF, Izumrudov lytes. Dekker, New York 18. Addeo F, Chianese L, Luccia AD,
VA, Zezin AB, Kabanov VA (1985) 11. Morawetz H, Hughes WL (1952) J Petrilly O, Mauriello R, Anelli G
Eur J Biochem 146:625 Phys Chem 56:64 (1983) Milchwissenshaft 38:586

6. Tolstoguzov VB (1998) In: Hill SE, 12. Ledward DA (1979) In: Blanshard 19. Walstra P, Jenness R (1984) Dairy
Ledward DA, Mitchel JR (eds) Func- JMV, Mitchell JR (eds) Polysaccha- chemistry and physics. Wiley, New
tional properties of food macromole- rides in food. Butterworth, London, York
cules. Aspen, Gaitherburg, Md, pp 205-217 20. Holt C (1992) Adv Protein Chem 43:63
pp 252-277 13. Sherys AY, Gurov AN, Tolstoguzov 21. Horne D (1986) J Colloid Interface Sci

7. Antonov YA, Soshinsky AA (2000) Int VB (1989) Carbohydr Polym 10:87 11:250
J Biol Macromol 27:279-285 14. Albertsson PA (1986) Partition of cell 22. Kirchmeier O (1969) Milchwissenshaft

8. Braudo EE, Antonov YA (1993) In: particles and macromolecules, 3rd edn. 24:336



441

23.

24.

25.

26.

Cowell C, Vincent B (1982) The effects
of polymers on dispersion properties.
Academic, London

Gurov AN, Wajnerman ES, Tols-
toguzov VB (1974) Starke 26:172
Vainerman ES, Grinberg VY, Tols-
toguzov VB (1972) Colloid Polymer Sci
250:945

Boojy HS, Bungenberg de Jong HG
(1956) Biocolloids and their interac-

27.

28.

29.

tion. Springer, Berlin Heidelberg New
York, p 277

Braudo EE, Strelzova SA, Tolstoguzov
VB (1975) Nahrung 19:903
Tolstoguzov VB, Wainerman ES,
Rogoshin SW (1975) Nahrung 19:355
Tolstoguzov VB, Wainerman ES
(1975) Nahrung 19:45

30.

31.

32.

33.

Tolstoguzov VB, Braudo EE, Grinberg
VY, Gurov AN (1985) Prog Chem
USSR (English translation) 44:250
Veis A (1970) Biological polyelectro-
lytes. Elsevier, New York

Brockmeier NF (1987) Encycl Polym
Sci Eng 7:483-513

Swaisgood HE (1992) In: Fox PF (ed)
Advanced dairy chemistry 1: proteins.
Elsevier, London, pp 63-82



