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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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REGARDING THE BIOPOLYMERS HEAT STABILITY FORMATION

Abstract. Any biopolymer used as raw material for further treatment for food purposes besides the conformity
with sanitary-hygienic regulation, physical-chemical and organoleptic regulation requirements should possess the
specific technological properties that allow to manufacture high quality and safe finished products. All these pertain
to raw milk. One of the basic technological characteristics is heat stability i.e. the ability of milk to sustain high
temperature treatment while keeping at the same time the initial colloidal-disperse state of proteins that form its
composition.

The article presents the methods of heat stability determination. It bases on both visual estimation and the usage
of different instruments, created in the investigation process and fixation of physical characteristics or milk
components.

The basic factors effecting the intravital formation of raw milk heat stability namely zootechnics, biochemical
and physical have been also addressed in the article.

The authors describe several zootechnical factors, such as animal breeding and genetic traits, lactation periods,
feed allowance and year season, housing conditions and level of health. It was proved that in order to obtain milk
products manufactured under high temperature treatment, utilization of cow’s milk of cows subjected to selective
choice is preferable relating to accumulation in their A-alleles milk proteins; the maximum stability shows the milk
produced within the 4™ and the minimal within the 10™ months lactation; full-value and the balance of the ration can
be provided by pasture forage for cow or usage a twelve month confinement of soiling food, probiotic vitamins,
mineral concentrates separately or as the complex additives; three times milking comparing to two times milking
raises milk yield per lactation by 15-18% and effects positively the animals udder health state that is expressed by
lower amount of somatic cells in milk.

The data covering the effect of milk composition, its components ratio density, titratable and active acidity on
protein system stability are presented. The different correlation of milk heat stability depending on fat mass fraction,
total protein and whey proteins, size and casein micelle fraction composition, salt composition and index of milk
system physical state in the whole are considered.

Key words: biopolymers, raw milk, heat stability, methods of control, zootechnical, biochemical and physical
factors.

The world milk production made up 844 million of tons in 2018 from which the part of the Eurasian
Economic Union amounted to 5.4% (45.5 mln t). Russia ranks 6™ place (30.3 mln t) among Top-10 best
producers: USA (98.7 mln t), India (89.8 min t), Brazil (33.8 mln t), Germany (33.0 mln t), China
(30.8 mln t), France (25.5 mln t), New Zeuland (21.4 mlIn t), Turkey (20.0 miln t), Pakistan (16.7 mln t). In
2019 milk production in RF increased up to 31.3 mln t, that corresponds to 85.1% of self — sufficiency.
For 2020 the task was to produce about 32.0 mln t and achieve the index of 86.5% which in the nearest
years, according to the Doctrine of Food Safety of RF, should make up 90% [1]. When implementing the
positive dynamics in raw milk production the primary attention should be payed to its quality conditioned
by sanitary-hygienic, physical-chemical, organoleptic and technological properties among which heat
stability is of great importance.
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The scientific literature uses different synonyms of “heat stable” term: “thermostability”, “heat
stability”, “heat tolerance”. In dairy production practice this term implies the capacity of milk to withstand
high temperature treatment (115-140°C) while preserving initial protein colloid-disperse properties,
meaning that casein should remain in the colloid suspension and whey proteins — in the solution. Since the
share of heat stable milk (available for high temperature impact) makes up from 60 to 80 % in different
the RF regions during the summer-autumn period (even less for winter-spring period), the attention of
Russian and foreign scientists is inter alia concentrated at investigation of mechanism of protein heat
coagulation and the factors effecting the system stability as well as the problem of its het stability
improvement under heating. Some scientists determined the relation between milk heat stability and its
protein and mineral composition; the theory of salt balance was created and developed under which the
basic factor of milk stability against heating is its mineral composition [2-4].

Due to the fact that the mechanism of milk proteins heat coagulation process up to the present time
has not been fully determined and milk stability under heating is characterized by not only one index of its
physical-chemical state but by the complex of a number of factors (active acidity, concentration of free
ions of calcium, magnesium, phosphorous, citrates, mas protein fraction and separate protein components,
protein hydration rate, etc.), the common method of heat stability determination which can consider all
nuances of the system variability integrally is lacking. Thus the scientists offer different methods between
which the total aptitude and correlation have not been revealed [2,5,6]. The following methods of heat
stability determination are the best known and more often used:

- the alcohol test — the method is based on the detection of milk proteins coagulation under the action
of ethyl alcohol within the definite period of time;

- the thermal test — this method sets up the duration of proteins coagulation in milk samples placed
into oil or glycerin bath at 115-140°C;

- the flask test — determines the lack of coagulation in milk samples subjected to thermal action in
ultrathermostat at 135°C within 5 min;

- the calcium-chloride test — the method is based on the investigation of milk protein fraction stability
under the action of calcium chloride solution and high temperature within the specific period of time;

- phosphate test — monosaturated potassium phosphate is used as the coagulant which is added to milk
with immersion of the sample for the definite time into the boiling water bath;

- RAMSDEL - the type of the phosphate test where different amounts of monosaturated potassium
phosphate are added into the milk;

- the acid-boiling test — the combination of thermal effect and acid (hydrochloric and sulfuric)
rangering them by the volume is used as influence on milk protein.

Among the mentioned above methods of heat stability determination only the alcohol test is the
standardized method (GOST 25228-82 “Milk and cream. Method of determination of termostability on
alcohol test”) due to simplicity of performance that was widely used in the industry as the rapid method
for detection of not thermostable milk.

It should be mentioned that the thermal test is the most reliable and objective method, possessing
high sensitivity and accuracy of the results. It also allows to immediately determine milk proteins stability
under high temperature action without considering the effect of the added denaturants. However, due to
the complex instrumental execution and the duration of measurement taking, the mentioned method
cannot be used in the industry but only as the arbitral method.

The described above methods are based on the visual evaluation of thermal stability. To except the
subjectivity during investigation the different test methods have been developed including the express
control methods based on , for example, determination of electric conductivity size; detection of protein
coagulation case by the hydro-mechanical method (“Thermol-1”); determination of calcium ions amount
determined by the potentiometric method using ion-selective electrode; determination of titratable and
active acidity quantity ratio, etc. Nowadays the mentioned methods are not widely used.

A lot of studies determined the following basic factors effecting life long formation of raw milk
thermal stability:

- zootechnics (breed and genetic the animals characteristics, lactation period, feed allowance and year
season, housing conditions, state of health);

- biochemical and physical (milk composition, proportion of its ingredients, density, titratable acidity,
pH value).

— 78 ——
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It is known that milk of different breeds of cows has different physical-chemical composition, incl.
protein amount, casein and fractions and minerals ratio that in turn effect milk thermostability. Thus, the
top-priority of the zootechnical science is the selection of cow’s breeds of highly productive milk of dairy
farming, possessing not only high yield and mass fraction of fat and protein in milk, but milk with the
specific technological properties that allow to manufacture high quality products requiring high
temperature treatment during production as well [7,8].

Thus, the first calving cows of red-multicolored breed (control group) compared with Leningrad type
black-multicolored breed (experimental group) being at non tethering maintenance in cowshed-
transformers food allowance of which composed feed mixtures, milking and the primary milk treatment
was performed in the industrial milking parlor. It was determined that milk samples of the control group
corresponded on average to the 3d group of thermal stability by alcohol test and the experimental — to the
2d group. Thus the milk of the last group was more stable against high temperature treatment its usage
was preferable in the manufacture of long-term storage sterilized products [9].

The investigation of milk protein component heat stability of the cows of Bestuzhevskiy, Airshirsky,
Holstein breeds and their hybrids of different genotype showed that the milk of Holstein breed possesses
the best capacity to stand ultrahigh temperature (endure the heat test within 72,2 min), the lesser —
Bestuzhevsky (39.9 min). At cross-breeding of Bestuzhevsky (B) cows with Airshirsky (A) and Holstein
(H) breeds these properties were significantly improved comparing to maternal breed and achieved the
best figures in three breeds hybrids B x A x H (62.8 min) [10]. The data covering milk thermostability
increase were published depending on increase of blood portion of farther-holstein breed in the genotype
of hybrids cows: the milk of Holmogorsky-Holstein breed in the second generation endured 50.4 min of
heat treatment but in the fourth generation — 68.2 min [11].

The works relating to the improvement of productivity of the red-multi colored breed cows due to
usage of bull-breeders of Holstein cows are presented. Evaluation of the physical-chemical and
technological properties of milk from cows-daughters of the first and second lactation being maintained
without tether in boxes, milking — in milking parlor DeLaval “Elochka” type showed that cows part
producing heat stable milk was increased by 60-89% [12]. Moreover the selection works proved that usage
of Holstein breed increases the productive qualities of the red-multicolored cows. The cows of new
genotype with blood portion in Holstein breed gave 75% during lactation period higher milk yield (by
1.7 times), milk portion of the first group of thermostability was increased by 1.6 times, the second group
—by 1.5 times [13]. It gives the ground for continuation of the selection works in this field.

It has been proved that milk stability against heat treatment is conditioned by heredity that is
evidenced by breed, linear and genotypic differences under the defined milk property. Milk of black-
multicolored and red-steppe breeds is characterized by higher thermostability due to small casein micelles
content than milk of Simmental and Kostromsky breeds, containing more calcium, that results in faster
rennet coagulation. It has been also determined that milk of Tatarstan breed cows possesses higher
stability at sterilization temperature and keeps protein in the native state up to 74% and milk of Holstein
cows — up to 70% due to high milk casein stability (up to 90% and 84% respectively) [14].

A lot of data was obtained in studies of thermostability and cheese aptitude of milk from cows with
different genotypes by milk proteins such as alfa S1-casein (CSNISI), beta-casein (CSN2), kappa-casein
(CSN3) and beta-lactoglobulin (BLG). On the basis of genotyping of the black-multicolored and Holstein
cows according to CSN3 gene by the PCR-RFLP method of analysis, it was shown that milk from cows
with BB genotype CSN3 possessed reduced thermostability (39,3+£5,43 min), 44 genotype — increased
thermostability (57.2+1,61 min) and milk of the animals with 4B genotype took the intermediate position
(56.5+2.52 min) [15,16,17].

The presence of B allele beta-casein in cow’s genome improves the milk technological characteristics
and allows to use it cheese making and A-allele — effects positively the thermostability. The studies of the
question of genetic CSN2 gene polymorphism of Tatarstan Republic cattle showed that A4 allele variant of
CSN2-gene prevails (gene frequency 0.90-0.95) [18].

The investigation of the technological milk properties of the black-multicolored cows with different
genotypes of -lactoglobulin showed that the highest themostability (58.9+4.67 min) possesses milk from
cows having in their genome the allele variant of 4 gene and the lesser (52.7 &+ 2.52 min) — B gene [19].

The presented data relating to relation of milk from different thermostability groups on genotype by
kappa-casein of first calving black-multicolored, red-multicolored and red-steppe breeds. It was
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determined that the milk of the I and II groups gave 67% cows of the red-steppe breed, 60% — red-
multicolored breed, 15% — black-multicolored breed besides the last animals gave only milk of the
II group [20].

Thus, in order to receive the milk products manufactured with high temperature treatment, it is better
to use milk from cows which passed the selection on the accumulation of 4-allele in milk proteins in their
genotype.

The composition and properties of milk depend as well on cow’s lactation period. Usage of raw milk
received from healthy cows after 7 days after the calving and 5 days before the calving is regulated by law
for dairy products manufacture. It is determined that milk thermostability of tatarstan type cows and
Holstein breed within the lactation period is subjected to significant changes, e.g. the better stability
possessed the milk received within the 4™ and the lesser — within the 10™ month of lactation. The highest
part of milk thermostability (87.5-100%) related to the I and II groups was observed in the period of the
7™ month. The stable negative correlation was observed between lactation variability of milk by
thermostability and the amount in it the protein in the whole as well as its separate fractions. [14,21]. It
was detected as well that milk independent on cows breed (Holstein, Cholmogor, Tatarstan) and their
cross breed of different genotype 15 days prior to the start didn’t stand heat treatment required for
manufacture of sterilized products [11].

It is evident that the technological peculiarities of milk are influenced certainly the fodder type, their
balance in cows’ ration, regime of feeding, housing conditions as well as seasonal factors having the
systematic character. The increased part of the concentrates at low level of carbohydrates, vitamins and
minerals in cows’ nutrition within long time results in reduction of milk thermostability. Pasture forage or
usage of soiling food all the year round at stabling improve milk thermostability [2,22]. For example, it is
determined that inclusion of granular birch bark into lactating cows diet in the dosage of 10 g per 10 kg of
live weight even after 7 days increases thermostability from the III to the I group [22]. Other
investigations showed the positive effect on the heat stability of milk from the cows with feeding ration
with addition of probiotic oreparations, e.g. lactic acid bacteria that made it possible to increase milk part
from the Ist group by thermostablity from 30% to 40% [23]. Administration into the fodder buffer
mixtures, protein, vitamins, minerals concentrates separately or as complex additives improves milk
thermostability as well [5,24].

Dairy plants receive collected milk which meets all established sanitary-hygienic, physical-chemical
and organoleptic requirements. The individual peculiarities in the composition and properties of milk from
separate cows do not significantly effect the raw milk quality. In the case of deviation from physically
normal state of health the lactating animals milk secretion disorder, yield reduction, decrease of casein,
lactose, fat, potassium, phosphorus, magnesium, calcium in milk take place and on the contrary a lot of
whey proteins, sodium, chlorine appear. Due to these the technological characteristics of milk are
deteriorated incl., heat stability is decreased which extent of variation depends on severity of illness [2].

Along with feeding the milking is significantly influenced by the method of maintenance and the
order of cows’ milking which acquire special meaning in high-productive herds. It has been determined
that threefold milking comparing to twofold increases lactation by 15-18% and effects positively of the
animals udder state of health that is expressed in lower number of somatic cells in milk; exceeding of the
regulated figures of which (legislatively fixed level — at most 7.5x10° of somatic cells in 1 cm’) is the sign
of udder mastitis and disturbance of mammary gland secretory function. At threefold milking the number
of cows with somatic cells more than 1x10° made up only 2.6% whereas at twofold milking — 6% [25,26].
The works relating to the creation of the methods of milk quality forecasting prior to its milking by
determination of bioelectrical potential of surface localized biologically active centers are of great interest.
The direct correlation relation between thermostability of milk proteins and the level of average potential
which is influenced by the secretion intensity in mammary gland including conditioned by microflora
provoking mastitis and reducing casein micelles stability against high temperature impact [27].

Raw milk thermostability besides its dependence on zootechnical factors is mainly conditioned by the
biochemical composition and physical state of milk. The scientists detected different correlations of milk
heat stability depending on mass fat fraction, total protein and whey proteins, the size and composition of
casein micelle fraction, salt composition, titratable and active acidity, density, etc.
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For example, in the evaluation of the collected milk composition classified according to the groups of
therostability by alcohol test the higher amount of minerals 0.66% was fixed in nonthermostable milk
(III-V groups) comparing to thermostable (I-II groups) — 0.47%, whey proteins -0.61% and 0.52% and the
ratio of calcium to phosphorus —1,6 and 1,4 respectively. The non-thermostable milk had bigger casein
micelles (by 2.4%), higher titratable acidity (by 10.6%), contained slightly more dry matters (by 1.3%)
and dry skimmed milk residues (by 1.8%) and less casein amount (by 3.7%) at practically equal part of
total protein 3.06%, lactose (by 0.9%), phosphorus (by 11.8%), citrates (by 10.7%). Herewith the fact of
prevailing of the negative effect on titratable acidity thermostability was determined (coefficient of
correlation 0.38) and the sharp reduction of heat stability at mass part of whey proteins more than
0.9% [4,14].

The analysis of the interconnection between total protein, whey proteins, B-lactoglobulin,
a-lactalbumin and proteozo-peptone fraction showed that increasing of their level as a rule resulted in
decreasing of milk capacity to keep its initial heat stability. The largest correlation dependence was
determined on total protein content (-0.283) and milk whey proteins (-0.190). Thus at high level of total
protein and whey proteins (3.439% and 0.799%), average (3.392% and 0.754%) and low (3.294% and
0.746%) milk sustained without visible coagulation 46.1:51.9:60.2 min and 45.3:53.7:54.0 min. The
investigation by p-lactoglobulin and proteozo-peptone fraction showed 49.6:52.5:55.3 min and
47.5:53.6:57.6 min. The correlation coefficient made up in average: -0.139 and -0.159. Slightly different
picture of heat stability was observed in a-lactalbumin 49.4:55.6:48.1 min. Thus the author confirmed the
supposition that total protein level renders greater negative effect than whey proteins on milk
thermostability [10].

The other scientists carried out the whole year analysis of milk thermostability depending on the ratio
of its basic components. It was stated that increase of mass fraction of fat in milk effects positively its heat
stability. The coefficient of correlation between fat content, ratio of fat to protein and thermostability
made up 0.134-0.136. Moreover, the preferable ratio between fat and protein 1.21-1.50 for milk system
was determined. Besides it was mentioned that if milk contains less than 2.5% of protein and density is
less than 1,027 g/cm’ or more than 1,032 g/cm’ the part of non-thermostable milk is increases (up to
18.2-21.6% of the tested samples). Simultaneously more than 55% of milk samples with mass protein
fraction 3.01-3.25% were related to I-II groups by thermostability. The increase of milk acidity to more
than 20°T resulted in the increase of non-thermostable milk part (to 60%) [5,28]. The obtained data were
confirmed by the studies [26] and namely: milk with 3.07-3.10% of protein showed the largest part of
thermostability of I-II groups (with reduction of protein amount to 2.9% milk thermostability was reduced
to III-IV groups); fixation of milk density in the range of 1.027-1.028 g/cm’ showed thermostable milk
(with density 1.025 g/cm’ and the part of non-thermostable milk was increased sharply); milk coagulation
began titratable acidity lower 15°T or higher 19°T.

Fresh milk has subacid medium (the average value of active acidity (pH) makes up to 6.75,
fluctuation range of pH 6.65-6.85) and as a rule at such values it stands high temperature action without
visualization of casein coagulation. There is no direct relation between milk active acidity and its
thermostability. Meanwhile, it was stated that one of the reasons for the reduction of casein micelles
negative charge and decreasing of hydrate coating size resulting in casein particles aggregation and their
destabilization during heating is the change of milk active acidity. The increase of calcium ions
concentration with decreasing of pH values results in coagulation [2,9,29].

Thus the directed intravital formation of raw milk thermostability allows to minimize usage of
different additional technological methods of milk heat stability improvement and obtain qualitative raw
milk for dairy products manufacture including the technologies which stipulate usage of high temperature
treatment of milk.
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BUONIOJUMEPAIH KbIUIYFA TO3IMALIITITH KAJIBIIITACTBIPY

AnHoTanus. TaraMJIbIK MaKcar YIIiH Of[aH opi KaiTa eHiey OapbhIChIH/Ia IIMKI3aT PETiHIC MaiaagaHbUIaThIH
KE3 KEJII'CH 6I/IOHOHI/lMep CaHUTaAPJBIK-TUTUCHAJIBIK, (1)I/I3I/IKa-Xl/IMI/IHJ'IbIK JKOHC OPraHOJICITUKAJIBIK CUIIaTTaMajiapra
KOWBUIATHIH TaJaNTapAbl KaHAFaTTaHIBIPYMEH KaTap, camajbl JKoHe Kayilci3 AaiblH eHIMIl IIbIFapyFa MYMKIHAIK
Oepetin Oenrimi O6ip TEXHOIOTHSUIBIK KacueTTepre ne Ooimybl Kepek. MyHBIH 0opi mMKi cyTKe KaThICThl. OHBI opi
Kapail eHJey MYMKIHIITiHIH HETI3rl TEeXHOJIOTHSUIBIK CHIIATTaMalapbIHBIH Oipi, ocipece, 3apapch3IaHIBIPBUIFAH
OHIMZEPIl OHIIpyJe >XbUIyFa Te3IMALIIri OOJNBIN caHAaibl, SFHU OHBIH Kypayllbl aKybI3JapblHBIH aAJIFallKbl
KOJUIOUTHI-TUCTICPCTI KYHiH cakTay OapbIChIHIA CYTTIH XKOFaphl TEMIIEPATYPaJIbIK OHJICYTe TOTEI Oepy MYMKIH/IITI.

Makanana KputyFa TO3IMIUTIKTI BU3yalabl Oaranayra (aJKOTOJBIIK, KbUTYJIBIK, TUTCIIK, KAIbIUH XJIOPHII,
(docharThl, KbIIIKbUIABI-KAWHATHUIFAH ChIHAMANApP), COHBIMEH Karap 3epTTey HETi3iHIe jKacajfaH >XOHE CYTTiH
(GU3MKANBIK CHUITaTTaMalapbl MEH KOMIOHEHTTEPiH TIpKeyre apHalFaH TYpPJi KYpPBUIFBUIApABl KOJNHAHYy oIicTepi
ycoiabUIFaH. COHBIMEH KaTap, MUK CYTTIH XBUTyFa TO3IMAUIITIHE ocep eTeTiH HeTisri (pakTopiapsl, aTam aiTKaHAa,
300TEXHHUKAIBIK, OMOXUMUSIIBIK ’KoHE (PU3UKAIIBIK KapacThIPbUIFaH.

300TeXHUKAIBIK (DaKTOpIapblH IIIiHIE, MBICANIBI, )KaHyapiap TYKbIMbI MEH I'€HETHKAJBIK CHIATTaMmaiapsbl,
JaKTalus Ke3eHi, a3blKTaHIbIpy PAlMOHBI MEH Kbl MayChbIMbI, YCTay LIapTTapbl, NEHCAYJBIFbIHBIH JKai-Kyii
cunartanral. JKorapel TeMiieparypazia eHJey apKblUIbl OHIIPUIreH CYT OHIMIEPiH aly YIIIH CUBIP CYTiH KOJJaHFaH
JKOH, OJ YIIiH TeHOTHIHAEe A-ajule]l aKybI3IapblH JKHHAKTAY YIIH CEeNEKIMSUIBIK JKYMBICTAp JKYPTi3iIreH;
JMaKTanUsHBIH 4 >koHe 10-aiiblHAa anplHFaH CYT aHAFYPIBIM TO3IMIi; TOJBIK >KOHE TEHACCTIpIAreH TaMaKTaHYIbI
CHBIp JKal0 HEMece KOKIEH a3bIKTaHABIPY, NMPOOMOTHKAIBIK Ipernaparrap, Typiai Oydepiik Kocmamap, akysb3,
JIOpYMEH/JIEP JKOHE MUHEpaJI/Ibl KOHLIEHTPATTAPIbI J)KEKe-KeKe HeMece JKblI 0Bl KOPEKTEHIpYyTe apHaJFaH KeIIeH i
Kocrayiap TYPIHIE KaMTaMachl3 eTyre OoJiajibl; KOcapllaHFaH cayyMeH CalbICTBIPFaHIa, YLl ece cayy, JIaKTauus
Ke3iH/e CYTTiH eHimautiri 15-18% jxorapbliaiiibl koHe KaHyapIap *KediHiHIH IeHCayIIbIFbIHA KaFbIMJIbI dCEp eTel,
OYJ1 CyTTeri COMaTHKAIBIK JKacyIIaJapAblH TOMEH KypamMbl apKbLUTBI KOPIHEIi.

Maxkamaga CYTTiH KypaMblHa acepi, OHBIH Kypampaac OeJiKTepiHiH KAaTbIHACHL, THIFBI3ABIFEL, THTPICY >KOHE
OernceH/i KBIIIKBUIABIFBI aKybl3 JKYHECIHIH TYPaKTBUIBIFBI KeNTipinreH. MaiaplH, aKybI3AbIH JXQHE CapbICy
aKybI3/IapbIHBIH MacCallblK YJIECiHe, Ka3eMH-MuUIleIa (pakUsIapbIHbIH MOJILIEpi MEH KYpaMblHa, TY3/bIH KYpaMbl-
Ha JKOHE TYTaCTall alfaHfa CyT JKyHeciHiH (U3UKaIBIK KYHiHIH MOHIHE OalIaHBICTBI CYTTIH XbUTyFa TO3IMALTITIHIH
TYpJIi apaKaThIHACH! KOPCETUITeH.

JKeumyra Te3iMAl CYTTiH FRUIBIMH-TEXHUKAIBIK KO31H TaJay HETi3iHae MUHEpaIIbl TY3ap, CapbiCy aKybI3aaphl
MeH KanbIuinid ¢ochopra KaTbiHack ToMeH Oomansl. COHBIMEH KaTap, JKbUTyFa TO3IMAlI eMec CYTTiH KypaMbIHIa
Ka3eMH MHUIIEIUIAchl ipi, TUTpJey KBIIKBUIABIFBI JKOFaphl, KypaMblHIa OipHele KarThl 3aTTap Oap oHEe Kyprak
MaiChI3 CYT KLABIKTAphI, all a3 MeJlIeple Ka3euH, Jakro3a, ¢pocdop xoHe uutpar Oap. XKamnsl akybl3, capbiCybl
Oap axybI3, B-IaKTOMIOOYJIHH, O-JTAKTOATBOYMUH JKOHE MPOTEO3a-NENTOH (DPAKIMSICHIHBIH apaKaThIHACBIH TaJaay
ONIap/bIH JEHIeHiHIH JKOFapblUlaybl apKbUIbl, 9/IETTE, CYTTIH 0aCTaIlKbl KbUIyFa TO3IMIUIIrHIH caKTay KaOlieTiHiH
TOMEHJICHUTIHIH KopcerTi. Keiibip 3epTTeymiyiep cyTTeri MaiiibIH MaccalblK YJIeCiH OHBIH JKBUIyFa TO3IMALIITiHE
apTTBIPYIBIH OH SCepiH aHbIKTanbl. COHBIMEH KaTap, Mail MEH aKybI3/IbIH apaKaThIHACH! aHBIKTAJIAJIBI.

Ocputaifiia MMKi CYTTIH JKbUIyFa TO3IMAUIICIHIH eMip OolbIHa OarbITTaJFaH KaJBIITACYBl CYTTIH TEPMUSUIBIK
TO3IMJIUIITIH apTTHIPY kSHE CYT OHIMIEPIH OHIPY YILIH JKOFaphl canalibl CYT HMIMKI3aThIH ajly YLIIH TYPJ KOChIMILA
TEXHOJIOTHSUIBIK O/IICTEepHi a3aliTyra MYMKIHIIK Oepeii, TEeXHOJOTHSCHI JKOFapbl TEMIIEpaTypaibl CYTTI OHIeyi
KOJIJaHyAbl Ke3ISHIi.

Tyiiin ce3gep: Onomonmmepiep, MUK CYT, KBUIyFa TOIIMAUIIK, OaKpUIay oIicTepi, 300TEXHHUKAIBIK, OMOXH-
MUSUTBIK, JKOHE (PHU3HUKAIBIK (haKTopIap.
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K BOITPOCY ®OPMHUPOBAHUSA TEPMOYCTONYUBOCTH BUOIIOJIMMEPOB

Annoranusi. JIroOoii Omononumep, UCIONB3YEMBIH Kak ChIpbe MUl AajbHEHIeld mepepadoTKy Ha NHIIEBbIE
LIeJTN, KPOME COOTBETCTBHSI PETJIaMEHTHPYEMBIM TPEOOBaHHSM 110 CAHUTAPHO-TUTUEHNYECKUM, (PU3UKO-XUMHUECKUM
W OpraHoJIENITUYECKUM IOKa3aTelsiM, JOJDKEH 00J1a/laTh ONpeeleHHBIMA TEXHOJIOTHUYECKIMMHU CBOMCTBaMHM, TO3BO-
JISIOMIMMU OCYIIECTBIISATH BBITYCK KAUECTBEHHOW M 0€301MacHON TOTOBOM MpoayKuuu. Bee 310 B OIHO#M Mepe OTHO-
CHUTCSl K CHIPOMY MOJIOKY. OIHOW M3 OCHOBHBIX TEXHOJIOTHUECKHX XapaKTEPHCTHK BO3MOXHOCTH €TI0 AalbHEHIIen
nepepaboTKn, 0COOCHHO B IPON3BOICTBE CTEPHIIN30BAHHON NPOIYKIUH, SIBIISIETCS] TEPMOYCTOHYNBOCTD, T.€. CIIOCO0-
HOCTb MOJIOKA BBIIEPKHMBATh BBICOKOTEMIIEPATYPHYIO 00pabOTKy MpPU COXPaHEHWH MEPBOHAYAIBLHOTO KOJUIOMAHO-
JIUCIIEPCHOTO COCTOSIHUS BXOJSIIIMX B €r0 COCTaB OENIKOB.

B crarbe mpuBeneHBI METOABI ONPEACTICHUS] TEPMOYCTONUMBOCTH, OCHOBAHHBIE KaK Ha BHU3yaJbHOW OIICHKE
(ankoronpHast, TEIUIOBas, THIJIOBas, XJIOpKalblHeBast, (hochaTHasi, KUCIOTHO-KUIIATHIIbHAS TIPOOBI), TaK U C UCIOJb-
30BaHMEM Pa3IMYHBIX MPHUOOPOB, CO3AaHHBIX Ha 0a3e MccieoBaHus U GUKCUPOBAHUS (PU3MYECKUX XapaKTEPHCTHK,
7100 COCTaBHBIX YacTel MOJIOKa.

PaccMoTpeHbl 0OCHOBHBIE (DaKTOPHI, BIUSIONINE Ha IPIKU3HEHHOE (DOPMHUPOBAHNE TEPMOYCTOWYHNBOCTH CHIPOTO
MOJIOKa, & IMEHHO 300T€XHUYECKHE, OMOXMMHUYECKHE U (PH3HIECKHE.

Cpenu 300TeXHHUYECKHX (DAaKTOPOB BBIAEJIEHBI M ONHCAHBI TAaKHE, KaK MOpOJa M T€HETHYECKHEe OCOOEHHOCTH
JKUBOTHBIX, MEPHOA JAKTAILlMM, KOPMOBOW DPALMOH M CE30H Troja, YCIOBHSA COICP)KaHMSA, COCTOSHHE 3J0POBBS.
ITokazaHo, 9TO AJIS1 TOJTyYEHUS] MOJIOYHOH NMPOAYKIMH, BHIPA0OATHIBAEMON C HCIIOJIb30BAaHHEM BBICOKOTEMIIEPATYP-
HOI1 00pabOTKH NMPEANIOYTUTENIbHEE IPHUMEHATh MOJIOKO KOPOB, B OTHOLIEHHH KOTOPBIX NMPOBEAEHBI CEJIEKIMOHHbIE
paboThl 10 HAKOIUICHHWIO B HMX TeHOTHIle A-ajuieneil OelKOB MOJIOKa; HamOOoJIbIeil yCTOMYMBOCTBIO 00iamaer
MOJIOKO, TIOJIyYCHHOE B Te€UeHHE 4-ro, a HauMeHblIeld — B TedeHue 10-ro Mmecsla JaKkTaluu; IOJHOLEHHOCTh U
cOaaHCUPOBaHHOCTh PallMOHA MOXXHO OOECIEYUTh 33 CUET MACTOMIIHOTO COAEPIKAaHUS KOPOB WM MCIIOJIb30BAHHUS
IPU KPYTJIOTOAMYHOM CTOMJIOBOM COJIEPYKaHUM 3€JIEHOM IOJKOPMKH, IpernapaToB MPOOMOTHYECKOTO JEHCTBUSA,
pa3nuuHbIX Oy(epHBIX cMeceil, OEITKOBBIX, BUTAMUHHBIX, MUHEPAJIbHBIX KOHIICHTPATOB 110 OTAEIBHOCTH WIN B BUJIE
KOMIUIEKCHBIX /100aBOK; TPEXKPAaTHOE JOCHHE 110 CPAaBHEHHUIO C JBYKPATHBIM IIOBBIIIAET YJIOM 3a JIAaKTaluio Ha 15-
18% W MOJOXXNTENTHHO BINSET HAa COCTOSHHE 3/10pOBbSl BHIMEHH JKHUBOTHOTO, KOTOPOE BBIpaXKaeTcs B OoJiee HU3KOM
COJICP’)KaHUU COMaTHYECKHX KJIIETOK B MOJIOKE.

[IpencraBneHsl AaHHBIE 1O BIMSHUIO COCTaBAa MOJIOKA, COOTHOIIGHHMS €T0 COCTaBHBIX YacTeH, IIIOTHOCTH,
TUTPYEMOH M aKTUBHOM KHCIOTHOCTH Ha CTaOMIBHOCTH O€NKOBOH cucTeMbl. [IpHUBENeHBI pa3ndHble KOPPEISLHN
TEIUIOBOU CTAaOMIIBHOCTH MOJIOKA B 3aBHCHMOCTH OT MacCOBOM JTOJIH JKUpa, 00IIero Oelka M CHIBOPOTOYHBIX OEIKOB,
pa3Mepa U cocTaBa (paxiuil MULEIT Ka3eHHA, COJIEBOT0 COCTAaBa M 3HAYEHUH IoKa3aTeneil GU3NIECKOro COCTOSHU
MOJIOYHOH CHCTEMBI B LIEJIOM.

Ha ocHoBe aHann3a Hay4YHO-TEXHHYECKUX MCTOYHHKOB B TEPMOYCTOMYMBOM MOJIOKE 3aukcHpoBaHO Oojiee
HHU3KOE COZEp)KaHWEe MHUHEPAIbHBIX COJIEH, CHIBOPOTOYHBIX OEJNKOB, COOTHOLIEHHE Kaiblus K ¢ochopy. Hapsny c
9THUM, HETEPMOYCTOWYHMBOE MOJIOKO HMMEJO Oojiee KpYIHbIE MUIEIbl Ka3enHa, 0oJjiee BBICOKYIO TUTPYEMYIO
KHCJIOTHOCTbB, COZIEPKAJI0O HECKOJBKO OOJIbILIE CYXHX BEIIECTB M CyXOro OOE3’)KMPEHHOI'O MOJOYHOIO OCTaTka u
MEHbIIee KOJIMYECTBO Ka3eWHa, JaKkTo3bl, (ocdopa, murparoB. Takke aHAIU3 B3aWMOCBS3U COJEP)KaHMS OOIIEro
OenKa, CHIBOPOTOYHBIX OEJIKOB, B-JIAKTOTJIO0YIIHMHA, O-TaKTOAIL0YMUHA U MPOTE030-TIENTOHHONW (pakIiK MOKa3al,
YTO NP YBEJINYEHUN UX YPOBHS, KaK MPAaBUJIO, CHIXKAETCS CIIOCOOHOCTh MOJIOKA COXPAHATh CBOE IIEPBOHAYAIBHYIO
TEIJIOBYIO CTaOMJIBHOCTE. HEKOTOpBIMH HCCIIEOBATENSIMH YCTAaHOBJICHO ITOJIOKHUTEIFHOE BIUSHUE YBEIUUCHHS
MaccOBOH OJM JKHpa B MOJOKE Ha €ro TepMOCTOMKOCTb. Kpome 3Toro, ompeneneHo HpennodYTUTEIbHOE COOTHO-
IIEHHE MEXy KUPOM U OCITKOM.

Takum 06pa3om, HalpaBlICHHOE MPWKU3HEHHOE (POPMUPOBAHUE TEPMOYCTOWYHMBOCTH CHIPOTO MOJIOKA MO3BO-
JUT MUHMMH3UPOBATh HCIIOJb30BaHHE PA3HOOOPA3HBIX MOMOJIHUTENIBHBIX TEXHOJIOTMYECKHX MPUEMOB MOBBILICHUS
TEIUIOBOH YCTOWYMBOCTH MOJIOKA U MOJIy4aTh KAYECTBEHHOE MOJIOYHOE ChIPhE JJIsl IIPOU3BOJICTBA MOJIOYHOM IIPOAYy-
KLUH, B T.4. TEXHOJIOTUS KOTOPO NpelycMaTpuBaeT NPUMEHEHNE BEICOKOTEMIIEpaTypHOI 00pabOTKH MOJIOKa.

KioueBsbie ciioBa: GHONONINMEDPBI, CHIPOE MOJIOKO, TEPMOYCTOHYMBOCTh, METO/IbI KOHTPOJIS, 300TEXHHYECKHUE,
O6uoxumuueckue U puznueckue paKTopsl.
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