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MILK CURD SELF-SEGMENTATION
IN CHEESEMAKING TANK
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milk gelation, cheesemaking, The purpose of this work is to describe and study the previously unknown phenomenon of self-segmentation of a

Benard cells, gel self-segmentation  milk curd in an open-type cheesemaking tank. Based on the analysis of the kinetics of gel formation, it has been
determined that self-segmentation of the gel begins near the gel point, develops over several tens of seconds, and
becomes stable as the gel condenses. The segments in the milk curd do not have a definite regular shape; their
average size varies from 5 to 50 cm. The shape and size of the segments do not repeat and do not correlate with
the type of cheese being produced. The displacement of the segments of the milk curd in the cheesemaking tank
relative to each other in height is from 0.5 to 2 mm. The width of the boundary layer between the curd segments
increases during the secondary phase of gelation from 3 to 10 mm. As a result of experimental studies, it has
been shown that self-segmentation of milk gel is caused by thermogravitational convection, which forms Benard
convection cells. A description of a possible mechanism of milk gel self-segmentation in open-type cheesemaking
tanks is proposed. The effective role of fat globules in the mechanism of self-segmentation of the milk curd has
been noted. It has been suggested that self-segmentation of the milk curd in the cheesemaking tank may cause
some organoleptic defects in the finished cheese, in particular inhomogeneity of texture and color.

FUNDING: The article was prepared as part of the research under the state assignment No. FNEN-2019-0010 of the “V. M. Gorbatov Federal Research
Center for Food Systems” of the Russian Academy of Sciences.

ACKNOWLEDGEMENTS: The author expresses his deep gratitude to the experienced cheesemaker Natalya Moshkina, head of the experimental work-
shop of VNIIMS, for her invaluable assistance in conducting experimental research in the field of cheese manufacture.

Iocrynuna 31.03.2022 https://www.fsjour.com/jour
INoctynmia nmociie penensupoBanus 21.04.2022
IIpunsara B neuatsb 29.04.2022

© CMbIKOB M. T., 2022 Open access

CAMOCETMEHTANUS MOJOYHOTO CI'YCTKA
B ChIPOAEJIbBHOMN BAHHE

CmbikoB 1. T.

Bcepoccuiickuit HayYHO-MCCIeA0BATeIbCKIUI MHCTUTYT Maca0e/usl U cbipofenus, Yrand, IpociaBckast 061actb, Poccus

Hayunas ctaTbs

K/JTFOYEBBIE CJIOBA: AHHOTALNUA

2e1e00pa3o8aHue MoaoKa, Llenb 9TOi pabOThI COCTOUT B OMMCAHUM U UCC/IENOBAHMYM paHee HEeM3BECTHOTO SIBJIEHMs CaMOCerMeHTalMu MO-
npou3eo0cmaeo cvlpa, auetiku JIOYHOTO CT'YCTKa B ChIPOZIENbHOI BAaHHE OTKPBITOTO THUIA. Ha 0OCHOBe aHam3a KMHETUKY Tesie06pa3oBaHyst onpe-
Benapa, camocezmemayus 2ens JIeJIEHO, UTO CaMOCerMeTallus rejiss HauMHaeTcst BOMU3M reib-TOUKY, Pa3BUBAETCSl B TeUEHVe HeCKOIbKUX JecsIT-

KOB CEKYHJI ¥ 3aKpeIUIIeTCs] [0 Mepe YIUIOTHeHs refst. CerMeHThI B MOTIOYHOM CTYCTKe He MIMEIOT OIpeie/IeHHOM
MpaBMIbHOI (hOpMBI, UX cpenHMiT pazMep BapuabesneH B npefenax ot 5 1o 50 cm. @opma 1 pa3mepsl CErMEHTOB
He MIOBTOPSIIOTCS 1 He KOPPEIVIPYIOT C BUOM BbIpabaThiBaeMoro cbipa. CMeleHye CerMeHTOB MOJIOYHOTO CIyCTKa
B ChIPOJIEJIbHOM BaHHE OTHOCUTEJIBHO APYT Ipyra 110 BbicoTe coctassseT ot 0,5 1o 2 M. [lInpyHa rpaHUYHOTO CII0S
MEXIY CETMEHTaMM CI'yCTKa YBeIMYMBAETCSI B IIPOLiecce BTOPMUHOI dasbl reeobpasoBanmus ot 3 1o 10 mm. B pe-
3y/IbTaTe IPOBENEHHBIX IKCIIePUMEHTATbHBIX MCCIe0BaHNii TI0Ka3aHo, YTO CAMOCETMEHTALMSI MOTIOYHOTO Tesist
BbI3bIBAETCSI TEPMOTPABUTALIOHHOI KOHBEKILIMel, 06pasyioleil HIMPKYISIMOHHbIe sueiiku BeHapa. [IpennokeHo
OITVICaHMe BO3MOKHOTO MeXaHM3Ma CaMOCerMeHTalyy MOJIOYHOTO TeJisl B ChIPOJeNbHBIX BAHHAX OTKPBITOrO THIIA.
OTMeueHa JeiicTBEeHHAs! POJIb KMPOBBIX IAPUKOB B MeXaHM3Me CaMOCerMeHTAIM MOJIOUHOTO CryCTKa. BbickazaHo
TIpeAITIONOKEeHNE, YTO CAMOCErMeHTaIVisi MOTIOYHOTO CTYCTKA B ChIPOZENbHOJ BAHHE MOXKET BbI3BaTh HEKOTOPBIE Op-
raHosenTuyeckye 1edeKTsl B TOTOBOM ChIpe, B YaCTHOCTY HEPAaBHOMEPHOCTh TEKCTYPbI ¥ HEPABHOMEPHOCTb IIBETa.

OVHAHCHPOBAHUE: CraTbsi HOArOTOBIEHA B paMKax BBIIIOTHEHMS MCCIe0BaHMii 110 rocymapcrBeHHOMY 3ananuio N2 FNEN-2019-0010 dene-
paJIbHOTO HAYYHOTO IIEHTpa MUILEBbIX cucTeM M. B. M. Top6aToBa Poccuiickoit akageMum HayK.

BJIATOJAPHOCTU: ABTOp BbIpaskaeT ITy6OKYIO MIPM3HATETbHOCTh OIIBITHOMY MacTepy-chipozeny Hatasbe MOIIKMHO, 3aBeAYIONIEl SKCIIEPUMEH-
TaabHbIM 1IexoM BHUVIMC, 3a Heo1ieHMMY10 TIOMOIIb B IIPOBEIEHUN IKCIIePUMEHTAIbHbBIX MICC/IEOBaHNI B 06J1aCTY TPOM3BOACTBA ChIPA.

1. Introduction there is no mention in the literature of visible surface changes in
Many thousands of experienced cheesemakers-practitioners  the milk curd. Indeed, visually it is almost impossible to notice
and research scientists have observed the formation of rennet any changes on the surface of milk, except for the initial sepa-
milk curd in open cheesemaking kettles, vats and tanks, but  ration of whey, throughout the entire process of formation of
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the rennet curd. Especially if the milk is covered with foam that
forms when the milk mixture is stirred.

The mechanism of the enzymatic phase of gelation in milk
is well described in molecular terms in [1,2,3,4]. The influence
of various environmental factors on it is quantitatively revealed.
The initial aggregation of rennet-hydrolyzed casein micelles
in this phase is confirmed by a series of micrographs obtained
by different authors [5,6]. It is also noted that at the end of the
enzymatic phase, cooperative conformational phase transitions
occur in casein molecules, which drastically change the proper-
ties of casein micelles [7,8,9].

In the descriptions of the mechanism of the enzymatic phase
of gelation, it is assumed that the milk is at rest, and the interac-
tions between the enzyme molecules and k-casein, intermicellar
interactions of destabilized micelles occur due to the diffusion
(Brownian) motion of particles. However, it is well known that
agitation of milk in the fermentation phase prevents gel forma-
tion. The quantitative influence of the mixing factor and the
intensity of residual movements of milk in the volume on the
properties of the resulting gel remains unexplored.

The secondary phase of rennet coagulation [10] includes
further aggregation of destabilized micelles, leading eventually
to gel formation. The mechanism of micelle aggregation in this
phase can be described by the von Smoluchowski theory for dif-
fusion-limited aggregation (DLA) [11,12]. Diffusion of particles
limits the rate of aggregation and is determined by random col-
lision and connection of particles of destabilized micelles [13].
However, even for this phase of coagulation, the known models
of gelation do not take into account the effect of mixing milk
on the properties of the gel. In addition, the mixing of milk can
occur spontaneously, both due to conformational transitions in
casein micelles at the micro level [8], and due to convective flows
in the cheesemaking tank at the macro level.

Gelation, which occurs under conditions of relative rest, is
the conversion of milk from a colloidal dispersion into a con-
tinuous protein phase, which includes moisture and fat globules
in its pores. A number of physicochemical changes accompany
such a conversion in the system, for example, the light reflec-
tance and thermal conductivity change. These changes can be
used and are used to evaluate the kinetics of gelation in milk in
various studies and in the industrial production of cheese.

It is obvious that the main attention of researchers is drawn
to the disclosure of the patterns of rennet gelation at the micro-
scopic level. However, for cheese manufacturers it is primarily
important to ensure the high quality of cheeses, their attrac-
tiveness to consumers. Therefore, it is necessary to have clear
ideas about at what stages of the cheese manufacture technol-
ogy certain defects in the finished product may occur [14]. Much
attention is also paid to this area of research. Thus, in [15] it is
noted that in the United States of America up to 5% of produced
cheese is lost or becomes less valuable due to quality problems
annually. However, some manufacturers report large losses of 20
to 30% of their product due to quality defects.

The work [16] is devoted to the problems of assessing the
quality of cheese texture, its defects and measures to prevent
their occurrence. Texture plays a key role in consumer percep-
tion and the market value of cheeses. Therefore, the texture of
food products is assessed using instrumental and organoleptic
methods, which are discussed in [17]. The texture of cheese is
directly related to its microstructure and therefore various mi-
croscopy methods are of great importance here [18]. This re-
view discusses advances in the analysis of the microstructure of
cheese, including new methods and how they can be applied to
understand and improve the quality of cheese. Simultaneous as-
sessment of the texture and color of cheeses can be performed
using the segmentation algorithm of the cheese fracture image
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in the color space [19]. For expert evaluation, a specially devel-
oped Likert scale was used.

Despite the fact that there are many theoretical and experi-
mental studies on the process of gelation in milk, little attention
has been paid to the influence of the size, shape and design of
the reservoirs in which the formation of a milk curd occurs on its
sensory characteristics.

The purpose of this study was to describe the discovered
phenomenon of self-segmentation of a milk curd in a cheese-
making tank, to identify its causes, to determine the manifesta-
tions of self-segmentation and its possible impact on the quality
of a milk curd.

2. Objects and methods

The studies were carried out in the experimental production
workshop of the All-Russian Scientific Research Institute of But-
ter- and Cheesemaking, a branch of the V. M. Gorbatov Federal
Research Center for Food Systems”.

In the studies, cow’s milk was used from one supplier-manu-
facturer — AgriVolga LLC, Yaroslavl region, Uglich district, Bur-
masovo village.

Rennet enzyme 90, Extra (chymosin — 90%, beef pepsin —
10%), MSA — 100000 were used in the studies. Plant of endocrine
enzymes, Moscow, Zelenograd, Russia;

Cheese manufacture was carried out in an industrial-exper-
imental cheesemaking tank with a volume of 300 liters accord-
ing to standard technological production processes: heating and
pasteurization of milk in a tank at a temperature of 68°C for
10 minutes; milk cooling; the addition of calcium chloride, lig-
uid bacterial starter and enzyme preparation; mixing and coagu-
lation of milk at a temperature of 35+ 1 °C, cutting and further
operations for cheese molding.

Studies were carried out in the manufacture of commercial
semi-hard cheese “Rossiyskiy” — the mass fraction of fat in dry
matter is 50%, the mass fraction of moisture is 43%;

The change in viscosity during the formation of a milk curd
in a cheesemaking tank was assessed by the change in its ther-
mal conductivity by the hot wire method [20,21,22]. In prepara-
tion for the research, an automated system for in-line control
of the process of gelation kinetics in a cheesemaking tank was
used, described in [23].

Additionally, two platinum resistance thermocouples were
placed in the cheesemaking tank to measure the temperature
of the milk gel, one of them in the upper part of the tank, the
other — in the lower part. The control of the kinetics of gelation
and temperature in different parts of the tank was carried out
automatically, while recording the results of observations with
an interval of 2 seconds.

Changes occurring on the surface of milk in a cheesemak-
ing tank after the addition of an enzyme preparation and before
cutting the curd were recorded under oblique illumination us-
ing an Epson H285B LCD projector (Japan) as an illuminator and
a screen located perpendicular to the reflected light beam. The
image obtained on the screen was recorded with a video camera
synchronously with the temperature and viscosity of milk in the
cheesemaking tank.

A total of 32 commercial cheese productions were analyzed.
Statistical processing of the obtained results was carried out in
the MS Excel 2010 program, at a significance level of 0.05.

3. Results and discussion

When carrying out long-term research work in the industrial
cheesemaking workshop, we noted the distortion of the image
of the production ceiling light on the surface of milk in an open
cheesemaking tank in the secondary phase of the formation of
a milk curd. Figure 1 gives the first photographs of the image of
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a ceiling light on the surface of milk in the cheesemaking tank in
the enzymatic gelation phase. These images served as the basis
and starting point for further research.

Figure 1a gives the reflected image of the ceiling light from
the surface of milk in the enzymatic phase of gelation; it is ac-
tually a mirror image, only slightly blurred due to small foam
residues. The dark spots in the photographs are large remnants
of milk foam.

After some time, approximately near the gel point of the milk
curd, the image of the illuminator is sharply distorted and takes
the form presented in Figure 1b. Obviously, such a distortion of
the image can occur only with a local deviation of the reflecting
surface of the milk curd from flatness. In turn, this means that
in the cheesemaking tank there are previously unknown and un-
explored internal dynamic processes that violate the integrity of
the structure of the milk curd in the tank.

Further observations found that the distortion of the re-
flected image increases throughout the entire secondary phase
of gelation. This means that the ongoing internal local processes
lead to the separation of the curd in the cheesemaking tank into
separate segments, the boundaries between which become more
and more expressed. Figure 1c gives a photograph of the reflect-
ed image of the illuminator on the surface of milk in a cheese-
making tank before the curd is ready for cutting.

Investigations have also found that in the secondary phase
of gelation on the surface of the milk gel in the cheesemak-
ing tank, a previously undescribed phenomenon of gel self-
segmentation is noted. This phenomenon can be seen in an
open-type cheesemaking tank under very close watch with the
naked eye; however, observations are greatly hampered by the
foam on the surface of the milk that forms when it is stirred.
Perhaps this is what previously prevented the detection of milk
gel self-segmentation.

Figure 1. Image of a ceiling light reflected from the surface
of milk in a cheesemaking tank during gelation
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The phenomenon of self-segmentation of the gel is clearly
visible under bright oblique illumination of the surface of the
milk gel. Under oblique illumination, the reflective surface of
milk strongly polarizes the light flux. In the LCD projector we
used, the luminous flux from the light source is divided into
three color (RGB) components, which pass through their polar-
izing filters located at different angles. Therefore, by rotating
the projector around its optical axis, you can achieve maximum
image contrast. In our case, the maximum image contrast was
obtained with green light. In addition, the LCD projector makes
it possible to form an image of regular bands of a certain width
on the gel surface, which is necessary for assessing the size of
the resulting segments and their boundaries.

Figure 2 gives photographs of the phenomenon of self-seg-
mentation of a milk curd in a cheesemaking tank, obtained us-
ing oblique illumination. Photographs of the surface of the milk
curd were taken immediately before the moment of its readiness
for cutting. The width of the photos corresponds to the width of
the cheesemaking tank — 80 cm.

Externally, Figures la and 1b differ significantly, however,
these photographs were taken during the development of the
same cheese in the same tank, but on different days.

Figure 2. Photographs of self-segmentation of a milk
curd in a cheesemaking tank

Self-segmentation of milk gel was repeatedly observed by
us in the same cheesemaking tank and in different tanks and
during the manufacture of different cheeses. At the same time,
the shape of the segments and their sizes did not repeat, which
did not allow us to reveal correlations between the morphology
of self-segmentation and the size and shape of tanks, types of
cheese, starter and enzymes, etc. Nevertheless, it can be noted
that the time characteristics coincide and that the boundaries
of the segments usually begin on the walls of the cheesemaking
tank and the characteristic sizes of the segments are close.

The height of the displacement of milk curd segments rela-
tive to each other, the width and depth of the boundaries be-
tween the segments can be estimated using the light section
method, which is widely used in the technique of measuring the
unevenness of various surfaces [24]. To do this, an image of regu-
lar linear stripes of a certain width (raster) was projected onto
the surface of a milk gel in a cheesemaking tank using an LCD
projector. The displacement of black stripes on surface irregular-
ities gives an idea of their width and depth. Numerical values can
be obtained by measuring the surface distortion in fractions of a
known black stripe width, taking into account the magnification
and angle of the light source relative to the surface.

Figure 3 gives a photograph of the segmented surface of a
milk curd in a cheesemaking tank, on which a line raster image is
focused. Figure 4 gives an enlarged fragment of a segmented gel.
The photographs clearly show that the surface of the milk curd
has significant deviations from flatness, especially noticeable at
the boundaries of the segments.

The watch on such deviations from flatness suggests that the
milk curd in the tank is inhomogeneous in its physical proper-
ties. In some places, it can be denser, in others weaker; the abil-
ity to syneresis can also be different. Perhaps this does not affect
the quality of the finished cheese, but it is also possible that the
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Figure 3. Image of a segmented milk curd
with a raster overlay

Figure 4. Enlarged photograph
of a segmented milk curd

segmentation of the curd leads to various defects in the cheese,
such as its color, and inhomogeneous texture.

As the photographs show, the border of the transition from
one segment to another is smooth and can be convex, stepped or
concave. Calculations demonstrate that with a width of images
of black stripes on the bunch surface of 2.3 mm, the displace-
ment of the stripes at the boundaries of the segments is from
half to two times the width of the strip, the actual displacement
of the segments in height is from 0.5 to 2 mm. In our opinion,
this is a large value, and the fact that the phenomenon of milk
curd self-segmentation was not previously described can be ex-
plained by its masking by a layer of foam formed during mixing.
The width of the boundary layer between the gel segments in-
creases during gelation from 3 to 10 mm.

The discovered phenomenon of milk gel self-segmentation
primarily requires the resolution of two main questions: what
causes self-segmentation and what is the practical significance
of this phenomenon.

There may be several reasons causing self-segmentation of
the gel during its formation. However, in our opinion, one of the
main reasons is the thermal convection of the milk in the tank.
To test this hypothesis, some studies of the thermodynamics of
gelation in a cheesemaking tank were carried out.

Figure 5 gives the results of synchronous registration of
changes in temperature and viscosity of the milk gel after the
addition of the enzyme preparation. The results presented in
Figure 5a were obtained with all three temperature sensors lo-
cated in the middle of the cheesemaking tank at medium milk
depth. Here, the nature of the change in the temperature of
the milk gel, recorded by three closely spaced sensors, is the
same, but one of the sensors has a systematic error caused by
a calibration error. As can be seen from the graph, all three
sensors simultaneously register a sharp stabilization of the
milk temperature in the middle part of the tank after the gel
point. If before the gel point the temperature of the milk in the
bath gradually decreased due to natural cooling, then after the
gel point it stabilized, which is evidently due to a significant
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Figure 5. Changes in milk gel temperature
in a cheesemaking tank

decrease in the thermal conductivity of the milk curd com-
pared to milk.

Viscosity changes up to the gel point have significant spon-
taneous fluctuations in the region of the enzymatic phase, de-
creasing with time. Comparison of these fluctuations with syn-
chronous video recording of phenomena on the surface of milk
in the tank allows us to conclude that these fluctuations are
caused by damped residual flows of milk after stopping the stir-
rer, which was working when the enzyme preparation was added.
It should be noted here that the existence of residual flows and
their role in the enzymatic phase of gelation is not taken into
account in any way in the known models of the mechanism of
gelation.

In the next experiment, changes in the temperature of milk
in depth during gelation were carried out using three tempera-
ture sensors located at different heights along the same vertical
in the middle part of the tank. One of them (T, Figure 5b) was
located at the average depth of milk in the tank, the second (T2)
was in the depth of milk at a distance of 5 cm from the bottom of
the tank, and the third (T3) at a depth of 5 cm from the surface of
the milk. At the same time, using a Hot-Wire sensor, the change
in viscosity (V) of the milk gel was recorded.

The obtained results show that in the primary enzymatic
phase of gelation, there are practically no differences in the na-
ture of temperature changes along the depth of milk. However,
in the secondary phase of gelation, temperature changes along
the depth of milk differ significantly. At the middle depth, the
temperature of the milk is the highest and remains unchanged
throughout this phase. Near the bottom of the tank, the tem-
perature of milk is somewhat lower and slowly decreases, and
near the surface, the temperature of milk is even lower than near
the bottom and decreases much faster. Thus, the cooling of the
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milk gel in the tank occurs both from below and from above, but
more intensively from above. Obviously, these vertical tempera-
ture gradients in the cheesemaking tank cause convective move-
ment of the milk as a whole and its components individually. As
is known, convective flows coordinated within a certain volume
can form Benard convection cells [25]. Cooling on the open sur-
face of the cheesemaking tank, and hence the denser layers of
milk fall down, and the warmer inner layers rise up. In our case,
this temperature difference is small and, as follows from Figure
5, it is at the moment when the boundaries of the segments ap-
pear, i. e. close to the gel point, about 0.2 °C.

Stationary Benard convection cells are dissipative structures.
Unlike equilibrium structures, dissipative structures are formed
and preserved due to the exchange of energy and matter under
nonequilibrium conditions. In known models, it is assumed that
the kinematic viscosity and thermal diffusivity of the liquid are
constant over time, and change only under the influence of tem-
perature. In addition, it is expected that the liquid is homoge-
neous. In the case of enzymatic gelation in milk, the viscosity
and thermal diffusivity change significantly not only with tem-
perature, but also with time. It is especially important that milk
is a complex heterogeneous system, the individual components
of which have their own temperature-dependent parameters.
For example, milk fat globules have positive buoyancy and a
higher coefficient of volumetric expansion compared to other
milk components, which, in the case of a temperature gradient,
ensures their priority in organizing the convective movements
of the liquid.

Evidently, the main factor in the occurrence of convective
currents is the presence of a temperature gradient. As the graphs
in Figure 5 show, near the time of the gel point, i. e. at the mo-
ment when the beginning of self-segmentation is observed, the
milk temperatures are low at the bottom of the tank and on the
surface, and the highest milk temperature is at an average depth.
That is, in the upper part of the open-type tank, during the milk
gelation, a negative temperature gradient AT occurs (Figure 6),
which causes the emergence of circulating convection cells.

\

Figure 6. Benard circulating cells in a cheesemaking tank

S

At the same time, there is a positive temperature gradient in
the lower part of the tank. This situation is also different from
the conditions for the occurrence of Benard convection cells,
where it is assumed that heating occurs from the lower side and
cooling from the upper side. Therefore, it can be expected that

the existence of a two-level self-segmentation of the gel in a
cheesemaking tank is also possible, but of a different type.

In general, the mechanism of milk gel self-segmentation in
an open-type cheesemaking tank can be as follows. After add-
ing rennet to the milk heated to the required temperature and
thoroughly mixing it, hydrolysis of kappa-casein occurs. In the
enzymatic phase of milk gelation, damped residual flows remain
after intensive mixing. By the end of the fermentation phase, the
milk in the tank is partially and unevenly cooled so that vertical
temperature gradients are formed in it. When the state of milk
approaches the gel point, loose aggregates (flakes) of destabi-
lized paracasein micelles are formed in it. By this point in time,
the temperature gradients in the tank reach a threshold value
at which milk fat globules, which have a coefficient of thermal
volume expansion significantly greater than the surrounding
whey, begin to float actively. The floating-up of fat globules is
initiated by the action of fluctuations of residual flows after mix-
ing in places with the highest temperature gradient and is ac-
companied by the fact that fat globules carry along the flakes of
paracasein micelles formed by this time. Reaching the surface,
warmer volumes of liquid have a lower surface tension there and
therefore spread over the surface. That particular process is ob-
served during the expansion of segments on the surface of milk.
The process of segment expansion ends when the dissipation of
energy due to the increase in the viscosity of the gel exceeds the
energy created by the lifting forces. After this, the gel is com-
pacted, but its properties inside the segments and at its bound-
aries will be different.

Segments in the milk curd do not have a definite regular
shape, their average size varies from 5 to 50 cm. Based on the
proposed mechanism, the size and shape of the segments should
depend on the state of the environment and the design of the
cheesemaking tank.

Apparently, with a larger number of segments in the chee-
semaking tank, the inhomogeneity of the milk curd in terms of
its modulus of elasticity in the volume of the tank is greater,
i. e. more difficult is the setting of grain and a greater spread of
cheese grain in terms of its physical and chemical properties.
The appearance of unacceptable color defects in the finished
cheese in the form of spots and nonuniform color, as well as de-
fects in the texture of the cheese is possible as well.

4. Conclusion

Comprehensive studies of the kinetics of gelation, tempera-
ture gradients in the cheesemaking tank and changes in the
optical and geometric characteristics of the milk surface in the
tank made it possible to identify and describe the phenomenon
of milk gel self-segmentation.

A description of a possible mechanism of milk gel self-seg-
mentation in open-type cheesemaking tanks based on the for-
mation of Benard convection cells and the effective role of fat
globules in this mechanism is proposed.

The research results show that self-segmentation of milk gel
in a cheesemaking tank can lead to texture and color defects in
the finished product, which requires further research.
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