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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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THE DETERMINATION OF THE BASE MATRIX
OPTIMAL COMPOSITION WITH USE
OF TEST ORGANISMS TETRAHYMENA PYRIFORMIS

Abstract. The use of accelerated biotesting in combination with chemical-analytical and microbiological
methods allows evaluating quality and safety of dairy products fully and reliably without significant increase in
costs. The relative biological value and the optimal range of fat and protein mass fractions ratio in normalized milk
mixtures amounted to 0.36 - 0.89 were determined by means of the biotest analysis express method on protozoa.
Milk normalization by fat mass fraction in indicated range contributed to the achievement the maximum relative
pasteurized milk biological value (162+7) %. The efficiency protein assimilation was higher in the presence of a
certain amount of fat. It was established the influence of methodological techniques during experimental work, in
particular, the degree of samples dilution (0.05; 0.15; 0.3 mg nitrogen/ml) on the dynamics of number of test cultures
depending on fat mass fraction in the medium was established and was selected the optimal milk dilution for testing
up to 0.15 mg nitrogen/ml.

Key words: normalized milk, Tetrahymena pyriformis, relative biological value.

Introduction. Multicomponent food formulations development is aimed at ensuring optimal
composition and ratio of the main components. At the same time, biological value and good product
quality are undoubtedly one of the main criteria for formulations optimality and process efficiency.
Formulation optimization is associated with restrictions introduction on finished product composition (for
certain types of raw materials and ingredients used, protein, fat, carbohydrates content, etc.).

It is known that the quantitative proteins and fats ratio in product composition affects the digestibility
of both. Fat and protein in diet should be balanced, because while reducing fat intake, the body uses
excess protein for energy purposes. Fat lack in diet leads to energy malnutrition, exacerbates proteins
deficiency in food: proteins begin spending on covering body’s energy consumption. In addition, the
protein digestion, received with food is worsening, protein metabolism products are accumulating - uric
acid, etc., the acid-base balance is shifted to acid side [1].

The ratio of protein, fat and carbohydrates plays major role in food products biological value
formation, which necessitates scientific approach to rational use of these nutrients in high-quality food
products formulations development. The most reliable method of product quality integral assessment from
nutritional point of view is biological method using higher animals [2, 3], application of which is very
difficult for products continuous monitoring, raw materials evaluation, various processing methods and
new technologies.

Recently, several authors [4—10] have developed the concept of “whole cell biosensors” (WCB) as an
alternative to classical methods. Prokaryotic or eukaryotic cells are used as biosensors. Previous studies
have shown that eukaryotic ciliates cells are similar to higher organisms in terms of genome and number
of basic metabolic parameters [11,12], which allows interspecific extrapolation of assessing food products
biological value results [13-15].

— 14—
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The Tetrahymena pyriformis ability to use intact proteins as nutrient substrate has practical
importance in assessing food product biological value, and correlation coefficient of experimental results
when comparing T.pyriformis ciliates and white rats is 0.93-0.98 and is estimated as high. The
bioavailability of food product proteins in this case is characterized by rate of vital processes of indicator
organism depending on food object quantity and quality, which can be estimated by increase dynamics in
ciliates number [16].

Statement of the problem. The aim of the work is to study methodological aspects of accelerated
dairy products biological assessment using test organisms Tetrahymena pyriformis. Based on the results of
applying express method to determine indicators of dairy products relative biological value, it is planned
to develop methodology for assessing technological processes effectiveness for dairy products production,
which will exclude an empirical approach to biological value formation developed products.

The subject of this study was to determine effect of fat and protein ratios in the food matrix on dairy
products relative biological value.

Methods. The object of the study was pasteurized normalized milk with fat mass fractions of
0.05% u 8.0%; protein mass fractions 2.8% u 3.6%. The normalized milk with various fat and protein
mass fraction ratios (from 0.02 to 2.7:1) was obtained by mixing skimmed milk and cream. Normalized
milk was homogenized at temperature of 60 °C and pressure of (17.5 £ 2.5) MPa, pasteurized at
(92 + 2) °C, cooled and prepared dilutions. The following parameters were measured in the normalized
milk samples: the fat — by Gerber butyrometric method (ISO 2446:2008); the total protein - by Kjeldahl
method with use of KJELTEC automatic system (ISO 8968-1:2014). The milk with various fat mass fraction
was investigated in dilutions providing the amount of milk protein in the medium in terms of nitrogen: 0.05;
0.15 and 0.3 mg/ml. Reference samples in the analysis were samples containing skimmed milk.

The experiments repetition is 3-4 times. The obtained experimental data were processed by the
methods of mathematical statistics (regression analysis) using applied service programs (Statistica,
Mathcad). The confidence level of probability was taken equal to 0.95 with relative error of +£5%.

Biological experiment at Tetrahymena pyriformis. Comparative biological studies of the product were
performed by biotesting methods on test organisms Tetrahymena pyriformis [17-22]. Cell counts were
performed using the BioLaT-3 analytical complex (Europolitest LLC) according to the Operation Manual.
The ciliates were counted 10 times in 0.02 ml of culture medium from each tube. Each milk sample was
examined in triplicate. For biotesting, a less dense, pure tetrachimen culture was used (in the range of
50-100 thousand cells per 1 ml).

A pure culture of ciliates was subcultured into bacteriological tubes with 4 cm® peptone medium
(2.0 g of peptone, 0.1 g of yeast extract, 0.5 g of glucose, 0.1 g of sodium chloride, distilled water (pH 7.1)
up to 100 ml) every 7-10 days. Cultivation was carried out for 3 days in an incubator at temperature of
25 °C, shaking 2-3 times a day. Before culture introducing, milk samples were diluted with distilled water.
In 1 ml of diluted milk, 1 ml of CSY (carbohydrate-salt yeast) medium was added (1.5 g of glucose, 0.1 g
of yeast extract, 0.1 g of sodium chloride, distilled water (pH 7.1) up to 100 ml). Tubes with prepared
samples were heat treated to inactivate microflora. After cooling to (25£2) °C, 0.02 ml of a 3-day-old
tetrachimene culture, grown on peptone medium was added to each tube. The ciliates were cultured for
4 days in an incubator at 25 °C until stage of the stationary growth phase, shaking periodically 2-3 times a
day. After 96 hours of cultivation, one drop of 5% alcohol solution of iodine was added to the vials,
thoroughly shaken, diluted 2-4 times with water, and the grown cells were counted taking into account the
dilution.

Relative biological value (RBV) was determined by cells number ratio, grown on test product to the
ciliates number, grown on the control product, expressed as a percentage. Protein efficiency ratio (PER)
was determined as ratio of the gain in live weight of test organisms to consumed protein, the protein
relative effectiveness ratio (PRE) as ratio of protein efficiency of the experimental product to protein
effectiveness of the control product, expressed in % (PRE.x 100/PRE,).

Results. A visual analysis of 7. pyriformis population state, grown in cultivation media based on the
studied milk did not reveal noticeable differences in these populations, as well as any morphological and
functional disorders. Organisms death during 4-day cycle of population study was not observed.

Table 1 shows the results, obtained when testing pasteurized milk samples with different fat content
and diluting samples to 0.05 mg nitrogen/ml.

— 143 ——
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From table 1 data it follows that in medium with 0.05 mg nitrogen/ml with an increase in fat mass
fraction in range of 1-1.7%, the ciliates number increases by 2-2.3 times. In interval of fat mass fraction of
1.7-3.3%, an increase in test organisms was observed and, accordingly, an increase in RBV by 2.3-
2.8 times. In range of fat mass fraction of 3.3-8%, the difference between their average abundance in
almost all samples was statistically insignificant. The obtained results indicate that this concentration of
protein in absence of fat in medium significantly limits reproduction of protozoa. The population increases
when certain fat amount appears in culture medium. Thus, the use of milk dilution to protein concentration
in terms of nitrogen of 0.05 mg/ml does not provide test organisms with sufficient amount of nutrients in
all samples.

Table 1 — The number of Tetrahymena pyriformis cells grown on normalized milk with different ratio of fat and protein mass
fractions, and RBV indicators (0.05 mg nitrogen/ml of medium)

i — number The ratio of fat: The number of living cells, Standard Average
Fat, o . o RBV,
of factor N protein in normalized parameter y (the number of deviation, | error of the o
% . o . _ %
level milk, factor x repetitions of experience, n = 3) c mean
1 0.05 0.02 2346 14 8 100
2 1.0 0.3 4668 913 528 198
3 1.7 0.6 5362 56 32 229
4 2.6 0.8 6381 110 64 272
5 33 1.1 6596 71 41 281
6 3.6 1.2 6563 244 141 280
7 4 1.3 5682 524 303 242
8 1.7 6548 789 456 279
9 6.6 23 6586 397 229 281
10 8 2.7 6431 131 76 274

Table 2 shows results, obtained when testing pasteurized milk samples with different fat content and
diluting samples to nitrogen mass fraction of 0.3 mg/ml.

From the data of table 2 it follows that when diluting milk to 0.3 mg/ml in terms of nitrogen, nutrients
concentration in medium did not limit growth of ciliates in all samples. At the same time, milk fat did not
play a significant role in overall metabolism, judging by the fact that with an increase in its content in
medium, change in cells number did not exceed the maximum standard deviation. Thus, milk dilution to
0.3 mg N/ml in conditions of our experiment did not allow us to reveal the effect of fat mass fraction in
environment for protozoa growth.

Table 2 — The number of Tetrahymena pyriformis cells grown in normalized milk with different ratio of fat and protein mass
fractions, and indicators of RBV (0.3 mg nitrogen/ml of medium)

i — number The ratio of fat: The number of living cells, Standard Average
of factor F;t’ protein in normalized parameter y (the number of deviation, error R];V’
level ’ milk, factor x repetitions of experience n = 3) c of the mean ’
1 0.05 0.02 6526 1498 866 100
2 1.0 0.3 6142 774 447 94
3 1.7 0.6 5854 392 227 90
4 2.6 0.8 6426 158 91 98
5 33 1.1 5047 499 288 77
6 3.6 1.2 6450 665 384 99
7 4 1.3 6471 519 300 99
8 1.7 7147 80 46 110
9 6.6 2.3 6672 60 35 102
10 8 2.7 6583 267 154 101
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Table 3 shows results, obtained by testing pasteurized milk samples with various fat mass fractions
and diluting samples to nitrogen content of 0.15 mg/ml. Judging by total cells number, grown in media
with different milk concentrations, dilution to 0.15 mg N/ml contributed to the best growth of test culture.
From the data of table 3 it follows that in an environment with milk diluted to 0.15 mg N/ml, with an
increase in fat content, the number of protozoa increases by 1.5 times, and with ratio of fat and protein
mass fractions 0.34l.l exceeds cells number of grown in medium with high milk protein content
(0.3 mg N/ml). An increase in fat: protein ratio to 1.2 and higher led to decrease in grown cells number.
This allows to conclude that protein use efficiency is higher in presence of certain fat amount.

Table 3 — The number of Tetrahymena pyriformis cells grown on normalized milk with different ratio of fat and protein mass
fractions, and indicators of RBV (0.15 mg nitrogen/ml of medium)

i — number The ratio of fat: prptein The number of living cells, parameter y Stapd?rd Average RBV
of factor in normalized milk, (the numbe_r of repetitions deviation, error of the % ’
level factor x of experience n = 4) c mean

1 0.02 4714 1509 755 100

2 0.3 6929 932 466 147

3 0.6 7784 656 328 165

4 0.8 7518 499 250 159

5 1.1 7312 640 320 155

6 1.2 6350 210 105 135

7 1.3 6318 557 279 134

8 1.7 6606 105 53 140

9 2.3 6604 505 253 140

10 2.7 6475 1538 768 137

The values of PER and PRE for various dilutions were also calculated and analyzed (table 4, figure 1).

Table 4 — The number of test culture cells, grown on normalized milk with different ratio
of fat and protein mass fractions and PER, PRE indicators

. Milk dilution to mg nitrogen/ml:
The ratio
of fat: protein 0.05 0.15 03
in milk The number PER/PRE, The number PER/PRE, The number PER/PRE,
of cells, units % of cells, units % of cells, units %
0.02 2346 0.28/100 4312 0.17/100 5466 0.11/100
0.3 4002 0.47/170 6589 0.26/153 6689 0.13/118
0.6 5322 0.63/228 7685 0.3/176 6131 0.12/109
0.8 6459 0.76/275 7402 0.29/171 6314 0.12/109
1.1 6546 0.77/279 7206 0.28/165 4694 0.09/82
1.2 6735 0.79/286 6592 0.26/153 5980 0.12/110
1.3 5311 0.62/225 6642 0.26/153 6838 0.13/118
1.7 5990 0.7/254 6663 0.26/153 7203 0.14/127
2.3 6305 0.74/268 6360 0.25/147 6714 0.13/118
2.7 6524 0.77/279 6656 0.26/153 6394 0.13/118

From the data in table 4 and figure 1, it can be seen that with an increase in samples dilution degree,
the values of PER and PRE are increase. When milk is diluted to 0.3 mg nitrogen/ml, the values of PER
and PRE are minimal and increase to 1.0-8.0% in presence of fat in 1.141.3 times. Correlation with fat
mass fraction is practically absent, which indicates protein excess in the medium and, obviously,
insignificant fat consumption.

When milk is diluted to 0.05 mg nitrogen/ml, the values of PER and PRE were maximum and most
dependent on fat presence in medium. At the same time, the number of cells, grown in medium with
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comparison sample (skimmed milk) was the lowest and with an increase in fat mass fraction in the
medium it increased most significantly (1.742.8 times). With further fat mass fraction increase (over
3.6%), the values of PER and PRE are slightly decreased. Obviously, protein lack in the medium was
compensated by consumption of fat certain proportion.

The use of milk dilution up to 0.15 mg nitrogen/ml made it possible to reveal a certain dependence of
PER and PRE on fat mass fraction in the medium, maximally expressed at a ratio of fat and protein mass
fraction of 0.3ul.1.

Thus, dilution of milk for testing up to 0.15 mg nitrogen/ml provides a fairly balanced intake of
protein and fat by infusoria in all samples, which allows to identify the effect of their ratio on growth of
test organisms and determine its optimum.

800 170
160 .
/\ .
R 150 /TN
0,05 mg N/ml \
_ 140 . S

A = .
S > 130
= &
A~ 120

0,15 mr N/ml

= 110

0,3 mg N/ml

— 100 b
0 90
o 05 1 15 2 25 3 00 03 06 09 12 15 18 21 24 27 30
Fat:protein Fat:protein
Figure 1 — PER dependence on the ratio of fat and protein mass Figure 2 — Dependence of normalized milk RBV
fraction in normalized milk when using different dilutions on the ratio of fat and protein mass fraction

Considering the obtained data, further studies were carried out using samples dilution to protein
content in terms of nitrogen of 0.15 mg/ml.

Analysis of the data in table 3 for presence of gross errors showed, that calculated values of
maximum relative deviation are less than table quantile value distribution of maximum relative deviation,
therefore, there are no grounds for dropping out the extreme results of the sample.

The formalization of obtained experimental data (Table 3) by least-squares method allowed obtain an
empirical mathematical dependence:

y =239.65x" —2927.5x* +12059 x> — 20942 x> +14284 x + 4388 .4

Determination factor R*> = 0.923; standard error of the regression equation — 354.3. Fg = 9.6;
Fineor. (0.05, 5, 4) = 5.2. Since Fper. > Fineor, the equation adequately describes the identified dependence.

Thus, a close relationship was found between the number of grown test organisms and the ratio of fat
and protein mass fraction in culture medium and nonrandomness of their joint change.

Based on obtained experimental data, the RBV of normalized milk was calculated. The dependence
of milk RBV on the ratio of fat and protein mass fraction was correspondingly similar (figure 2).

Regression equation:

y=5.18x" —62.69x* +256.76x° — 444 .3x* +302.46x +93.14

where y — RBV, %; x — the ratio of fat and protein mass fraction in normalized milk.

R’ = 0.925. Standard error of the regression equation — 7.36. Fg = 9.97; Fyeor. (0.05, 5, 4) = 5.2.
Since Fper. > Fueor, the equation is adequate.

Determination of maximum function:

dy/dx = 25.9x* —250.76x° +770.28x> —880.6x +302.46 = 0.
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When x, = 0.6 maximum function value y,.x = 162+7. Given the calculation error, the optimal value
X, = 0.3640.89.

Conclusion. During experimental work, the influence of samples dilution degree on dynamics of
Tetrahymena pyriformis test culture number dependence on the ratio of fat and protein mass fraction in the
medium and the value of protein efficiency coefficient was established. The optimal milk dilution for
testing was selected - up to 0.15 mg nitrogen/ml. By accelerated biotesting method, the indicators of
relative biological value and optimal ratio of fat and protein mass fraction in normalized milk mixtures
were determined, intended for whole milk products production, amounting to 0.36410.89, contributing to an
increase in their relative biological value to (162+7) %. The obtained data will allow to evaluate the
effectiveness of technological regimes for whole milk products production and to choose the optimal
parameters that provide high degree of products usefulness that contribute to solving the problem of
maintaining human health. It should be noted that the obtained values of protein efficiency coefficient did
not characterize protein biological value. Obviously, to characterize protein biological value, it is
advisable to use nitrogen metabolism coefficient as the ratio of consumed nitrogen amount by test
organisms to amount of total nitrogen introduced into medium. To determine the long-term effect of
medium composition on the nature of tetrachimene growth curve and culture life span, longer observations
are required.

3. C. 3006xoBa, T. I1. ®ypcosa, /1. B. 3ennna
Bykinpeceiiik cyT eHepkaciOi FEUIBIMU-3€pTTeY MHCTUTYTHI, Mackey, Peceii

BA3AJIBIK MATPULIAHBIH TETRAHYMENA PYRIFORMIS TECTIH
KOJIJAHY APKBLJIbI KYPAMBIH OHTAMJIBI AHBIKTAY

AnHoTanusi. HyTpuIuoIOTusSHBIH OaMybl MEH a3bIK-TYJIIK HAPBIFBIHAAFBI OOCEKEIECTIKTIH apTybl OHIMII
TY3€Ty JKOHE JKaHa pelentypa d3ipiiey apKbUIbl ©HIM TYpJIepiH YHeMi »akcapTy KaxeTTiniriHe okeneni. Kem
KOMIIOHEHTTI TaMaK KYpaMbIH jkacay Heri3ri KOMIIOHEHTTEPIIH OHTaiIbl KypaMbl MEH apakaThbIHACKIH KaMTaMachl3
eryre OarbiTranraH. COHBIMEH Karap, OHTAWIBUIBIKTBIH HETri3ri enuiemjaepiHiy Oipi ©HIMHIH OHOJIOIHSIIBIK
KYHJIBUIBIFBI MEH JKOFaphl canachl OOJIbII caHaIaIbl.

Penenitypanbl OHTalaHABIPDY NalWblH OHIMHIH KypamblHAa IIEKTEy CHri3yre OallaHbICTHl (LIMKI3aT MeH
KOJIZIaHBUIATBIH MHIPEANEHTTepAIH Oenrini Oip Typiepi, akybl3, Mal, kemipcynap koHe T.0.). AKybI3, Mail »oHE
KOMIpPCY/bIH KaTBhIHACKI TaMakK OHIMIHIH OHOJIOTHSIIBIK KYH/BUIBIFBIH KaJIBIITACTHIPY OapbIChIHIA YIIKEH pell
aTKapaJbl opl JKOFapbl camajibl TaraM pELENnTypachlH jkacayjga OChbl KOPEKTIK 3aTTapAbl YTHIMIBI IaiijaaHyra
FBUIBIMHU KO3KapacThl KAXKET eTel.

CoHFBI yaKpITTa KIACCHKANBIK dmicTepre 0axaMa peTiHIe MPOKAPHUOTTHIK HEMECe SYKapHUOTTHI JKacyIIaaapabl
KOJIIAaHATBIH «TyTac >kacymansl OuoceHcopiap» (WCB) TyxblpeiMaaMachl Xacauabl. AJIBIHFEL 3€pTTEyJEp
KepCeTKeH e, dyKapuoTThl HH(DY30pHil jKacylianap reHOMbI )KoHe OipKaTap Herisri MeTaOOJHUTTIK KOpCeTKilTepi
OOMBIHIIA KOFApHl aF3alapra ykcac, Oyl TamMak eHIMIEpiHiH OMOJOTHSIIBIK KYHIBUIBIFBIH Oaranay HOTIDKEIepiH
creuu(UKaNbIK HSKCTPANOSIIMIIAYFa MYMKIHIIK Oepemi. AS3BIK-TYJNIK ©HIM aKybI3JapblHbIH OHOJOTHSIIBIK
KYH/IBUIBIFBI TaFaM HBICAHBIHBIH CaHBI MEH CarachiHa OAiJIaHBICTBI MHIUKATOPJIAp aF3aChIHBIH TIPIIUTIK OpEeKETIHIH
MaHBbI3/Ibl YPIAICTEPIHIH KbULAaM/IbIFbl HETi31HAe CUIaTTala/lbl, OHbl HH(Y30pHi CaHBIHBIH KOOI AMHAMUKACHIMEH
Oarayiayra OOJaibl.

ATaiFaH 3epTTEYy/iH MoHI CYT OHIMJICPIHIH CaTbICTHIPMAbl OHOIIOTHSUIBIK KYHIBUIBIFBIHA OHIM MaTPHUIIACHIH-
JlaFbl Mali MEH aKybI3/IbIH KaTbIHACHIHBIH 9CEPiH aHBIKTAy OOJIBII caHaIa bl.

3epTTey HbICaHBI peTiHIE Mail MEH aKybI3IblH MaccaiblKk yieci 0,02-men 2,7: 1-re neiiiH macTepliieHreH
KaJIBITIKA KEJTIPUITeH CYT aJbIHABL.

KypaMberagarsr Typii MaccamnsIk yieci 0ap cyTTiH akys3 memmepin 0,05; 0,15 xone 0,3 Mr/mil. a30TmeH KanTta
ecentey apKblIbl CYHBIITBIIA OTBIPBUIBIN 3epTTenyl. Tannayaa calbICThIPy YIUIH KYpaMbIHAA MalChI3IaHbIPbUIFaH
cyTi Oap yiriep 6ap chiHaMajIap KOJIAaHBLIIbL.

OHIM/II CaJIBICTBIPMAIIBI OUOJIOTHSUIBIK 3epTTeyiep Tetrahymena pyriformis TecT-aF3acbiIMeH OMOTECTTEy dfici
apKBUIBI XKYPri3iaai. TecT-aF3ajapblHbIH CaHbI MCH CaJIBICTBIPMaibl OHONOTHSUTBIK KYHABUIBIKTE (CBK) maiisiz0eH
OPHEKTEJIETIH ChIHAK YJIrliepiMeH Oip opTaja ecipiiireH acylia CaHbIHBIH CAJIBICTBIPBLIATBHIH YITLIEpe ociplireH
nH}y30pHUil MeJIIIEPiHiH KATHIHACBIMEH aHBIKTA/IbIK.

ToxipuOenik >KyMbIC OapbICHIHIA OKBITY 9IICTEpiHIH, aran alTKaHJa, OpTaJarbl MaiJIbIH MacCaJbIK YJIeCiHe
OaifIaHBICTEI CHIHAMA JAKBUIIAP CAHBIHBIH JWHAMHKACHIHA CYWBUITHUTY mopexeci (0,05; 0,15; 0,3 mr asor / mur)
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AHBIKTAIIBL. AKYBI3IbI aCCUMIUIAIISIIAYIBIH THIMIUTIT] Oenrini 6ip Maif MeJIIIepiHiH KaThICYHI HETi31HAe KOFaphlia-
nel. CeiHAaKKa KakeTTi cyTTi 0,15 Mr a3ot /My meiiiH cydbpUITY karmaiibl OapiblK yarigepae WHQY30pHsIaH aKybl3
MEH MaiIbIH KeTKUTIKTI TeHrepiMai KaObinayblH KaMTaMachl3 eTTi, OWI OJapAbIH apaKaThIHACKIHBIH TECT-aF3aHbIH
ecyiHe ocepiH aHbIKTayFa MyMKIHIIK Oepeti.

ToxipuOenik MoNIMETTEpAl MUHHMAIIBI KB3JparTap OMICIMEH peciMliey TeCTIK JaKbUIIapAblH OJIleMi,
CaNbICTBIpMaITbl OMOMOrMsUTBIK KyHABUIBIK CBK »kKoHe 6HIM MaTpHIACBIHBIH KYpPaMbl apachbIHIAFbl KATBIHACTHI I
CUIIATTANTHIH SMIIMPUKAIBIK MAaTEMATUKAJIBIK TOYCSIIUTIKTI alyFa MYMKIHIIK Oep/i (aHbikTay Kod(dumuenti 0,92).
OYHKIUAHBI capaiail OTBIPBII, KAJIBINKA KEATIPUINeH CYT KOCHaJaphlHIa Mall MCH aKybI3[bIH MacCajblK (hpaKiius-
JIAPBIHBIH OHTaiIbl apakaThiHackl 0,36-0,89 kypanel. Kepcerinren auana3oHga MaiblH YJIeC caiMarbl OOMBIHINA
CYTTiH HOpMAaJIaHYBI MTACTEPJICHICH CYTTIH MaKCHMAJIbl CAJBICTHIPMAJIbl OMONOTHSIBIK KYHABUIBIFBIHA (162+7) %
KOJI KETKi3yTe BIKITal eTTi.

Kenennerinren OwoTecTLICyi KONAAHY XWMUSUIBIK-aHATATUKANBIK JXOHE MHKPOOUOJOTHSUIBIK OIiCTEpPMEH
Oipre MIBIFBIH OCYIHCI3 CYT OHIMIEpIHIH camachl MEH KayilCi3[OiriH HEeFYpIBIM TOJBIK XXOHE CEHIMIl Oaramayra
MYMKIiHIIK Oepeni. AJBIHFaH MomiMeTTep Oisre CYT OHIMAEPIH OHIIPYAIH TEXHOJOTWSIIBIK pPEeXKUMICPIHIH
THIMALUTITIH OaFanayra »KoHE aJJaMHBIH JACHCAYJBIFBIH CAKTay MACEJICCiH MICITyTe BIKIIal €TeTIH OHIMICPIiH KOFaphl
JIOpErKelTl MaiIalIbIIBIFBIH KAMTAMAChI3 €TETIH OHTANIIbI KOPCETKIIITEPAl TAHAAYFa CENTITiH TUTI3e/I].

Tyiiin ce3nep: Kaybika KeATipiarex cyt, Tetrahymena pyriformis, cansicThipMalibl OUOIOTUSITBIK KYHBUIBIK.

3. C. 300xoBa, T. I1. ®ypcosa, /I. B. 3ennna
Bcepoccuiickuil Hay4HO-MCCIEA0BATEIBCKUNA MHCTUTYT MOJIOYHON MPOMBILIIEHHOCTH, MockBa, Poccus

OINPEJIEJIEHUE ONITUMAJIBHOI'O COCTABA BA30OBOI MATPHIIbI
C UCITOJIB30BAHUEM TECT-OPI'TAHU3MOB TETRAHYMENA PYRIFORMIS

AHHoTanusl. PazBuTre HyTPUIMOJIOTHH, YCHUIICHNE KOHKYPEHIMH Ha TPOJOBOJIbCTBEHHOM PBIHKE IPHUBOAUT K
HEOOXOAMMOCTH TIOCTOSSHHOTO COBEPIICHCTBOBAHHSI ACCOPTUMEHTA BBIYCKAaEMOW NPOAYKIHMU MyTEM KOPPEKIIHUU
CYILIECTBYIOIIUX U Pa3paOOTKH HOBBIX PELENTYP.

Pa3pa60T1<a MHOTOKOMIIOHCHTHBIX PEUCITYP NHUIICBLIX NPOAYKTOB UMECT LECJIbIO o0ecrieueHre ONTUMAaJIbHOIO
COCTaBa U COOTHOILICHHUS OCHOBHBIX KOMIIOHCHTOB. HpI/l O9TOM OJHHUM H3 OCHOBHBIX KPUTCPUEB ONTHMAJILHOCTU,
HECOMHEHHO, SIBJISIETCS OMOJIOrMYecKas LEHHOCTh M JOOpOKAa4eCTBEHHOCTh Npoiaykra. ONTUMH3aLus peuentyp
CBSI3aHA C BBEJCHUEM OTPaHMYEHUI! IT0 COCTaBY rOTOBOrO MPOIYKTA (IO OTAEIBHBIM BHIAM HCIIOIB3yEMOT'0 CHIPbs U
WHIPEANEHTOB, COJEP)KaHMIO Oenka, >kupa, yrieBonoB u np.). CooTHomieHne Oenka, )KMpa M YIJIEBOJIOB HIpaeT
OCHOBHYI0O pOJIb B (opMHpOBAaHMM OWOJOTMYECKONW LEHHOCTH IMIIEBBIX MPOJIYKTOB, 4YTO OOYCIIaBIMBAaET
HEOOXOAMMOCTh HAYYHOTO MOJX0a K BOIPOCAM PallMOHAIBHOTO MCIOIb30BaHMs 3TUX HYTPUEHTOB NPH pa3paboTKe
penenTyp BHICOKOKAYECTBEHHBIX MHIIEBBIX MTPOIYKTOB.

B mocnemHee BpeMs B KadyecTBE ajbTEPHATHUBBI KJIACCHYECKHMM METOAaM ObUTa pa3paboTaHa KOHIEIIHS
«IETHHOKIETOUHBIX OmoceHcopoB» (WCB), B KadecTBe KOTOPBIX HCHOIB3YIOTCS MPOKAPHOTHUYECKHE U
JyKapuoTHueckue KieTkH. IIpoBeJeHHBIMH paHEe HCCIEIOBAaHMAMHU II0Ka3aHO, YTO JYKAPHOTHYECKHE KIIETKU
nH(Y30pHi UIMEIOT CXOJICTBO C BHICIIMMHU OPraHU3MaMH 110 TEHOMY U Psily OCHOBHBIX IIapaMeTpOB OOMEHa BEILECTB,
YTO JIOMYCKaeT MEXBUIOBYIO HKCTPAIOJISILUIO PE3yJbTaTOB OLIEHKH OMOJIOTMYECKON IIEHHOCTH MHUINEBBIX MPOIYK-
TOB. brosornueckas 10CTYmHOCTh OEJIKOB MHIIEBOTO ITPOIYKTa IPU 3TOM XapaKTepU3yeTCs CKOPOCTHIO MPOTEKAHHMS
MIPOLIECCOB JKU3HENEATEIILHOCTH MHAMKATOPHOIO OPraHW3Ma B 3aBUCHMOCTH OT KOJIMYECTBAa M KayecTBa IHUILEBOIO
00beKTa, 4YTO MOXKET OBITH OLIEHEHO IO TMHAMUKE MTPUPOCTa KOJIMYECTBa HH(PY30pHil.

[IpeaMeToM HaHHOTO WCCIIEAOBAHUS SIBIISUIOCH ONpENEJICHHE BIMSHHMS COOTHOIICHWH Xupa M Oenka B
MIPOYKTOBOM MaTpHIe Ha OTHOCUTENBHYIO OMOJIOTNYECKYIO [IEHHOCTh MOJIOYHBIX IPOAYKTOB.

OOBEKTOM HCCIENOBAaHUS SIBISUIOCH MOJIOKO, HOPMAJIM30BaHHOE, IACTEPH30BAHHOE C COOTHOILICHHEM
MAaCCOBBIX J1oJieit xupa u 6enka ot 0,02 mo 2,7:1.

MOoJIOKO € pa3arMYHOW MAacCOBOM HOJICH KMpa HCCIACIOBAIH B PA3BEACHUAX, 00CCICUUBAIOIINX KOJIMYESCTBO
MoJIOYHOTO Oefka B cpene B mepecuete Ha azoT: 0,05; 0,15 u 0,3 mr/mi. OOpa3uaMu CpaBHEHHS B aHAIHM3€E CITYKIITH
npo0Bkl, colieprkaliue 00e3KUPEHHOE MOJIOKO.

CpaBHl/ITeHbele 6I/IOJ'IOFI/I'-ICCKI/16 HCCJICA0BaHM MPOAYKTa BBIINOJJHAIN METOJaMU 6I/IOTeCTI/lpOBaHl/Iﬂ Ha TECT-
opraumsmax Tetrahymena pyriformis. Onpenensyii KOJWYECTBO TECT-OPTaHM3MOB M OTHOCHUTENIBHYIO OHOJIOTH-
yeckyto IeHHOCTh (OBL]) mo oTHOMIEHMIO KOJIMYECTBa KIIETOK, BHIPOCIIMX HAa CPeJe C ONBITHBIMH 00pa3lamu, K
KOJIMuecTBY MH(Y30pHii, BEIPOCIINX HAa 00pa3iiax CpaBHEHUS, BBIPAKCHHOMY B ITPOIIEHTAX.

B xonme skcnepuMeHTaNbHBIX PabOT yCTaHOBJICHO BJIMSHHE METOJMYECKUX NPHUEMOB, B YaCTHOCTH, CTEIICHH
pasenenust npo6 (0,05; 0,15; 0,3 Mr asora/mir) Ha TUHAMHKY YHCICHHOCTH TECT-KYJBTYpPbl B 3aBHCUMOCTH OT
MacCOBOM TTONH JXKupa B cpene. DPPEKTUBHOCTh aCCUMILTAINK Oellka ObLIa BBIIEC B MPHCYTCTBUHU OIPEASIIEHHOTO
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KoIlMuecTBa Jxupa. PasBenenue Monoka s tectupoBanus jgo 0,15 mr asora/mi obecrieuyuBano OCTATOYHO
cOanmarcupoBaHHOE MOoTpedieHne OeKa 1 Kupa WHPY30pHAMHU BO BCeX 00paslaX, MO3BOJISIONICE BRISIBUTH BIMSHUE
MX COOTHOIICHHS Ha POCT TECT-OpraHu3MoB. DopManu3anus SKCIEePUMEHTAIBHBIX JaHHBIX METOJJOM HAUMEHBIIUX
KBaJ[paToOB MO3BOJIMJIA MOJYYUTh OSMIHPHYECKHE MATEMATH4YeCKUE 3aBHCUMOCTH, aJICKBATHO OIMCHIBAIOIINE
B3aUMOCBSI3b YHCIIEHHOCTH TecT-KynbTypbl, OBL] u cocraBa npoaykToBoi MaTpuilbl (KOIPQUIHEHT AeTepMUHALIMN
0,92). Ilyrem auddepenuupoBanus GyHKIUUA ObUT ONpEeNieH AUaNna3oH ONTUMAaJIbHOTO COOTHOIIEHHS MAacCOBBIX
JIoJieH Kupa U Oellka B HOPMAJIM30BAHHBIX MOJIOUHBIX cMecsx, coctaBuBinuii 0,36-0,89. Hopmanusaius Mosoka mo
MaccoBO#l 10l JKMpa B YKa3aHHOM JHalla3oHe CIOCOOCTBOBaja JOCTHKEHUIO MaKCUMaJIbHOW OTHOCHTEIBbHON
OHMOJIOrMYEeCKOI IIEHHOCTH MAaCTePHU30BaHHOT0 MoJioka (162+7) %.

[IpuMeHeHHE YCKOPEHHOTO OHMOTECTHPOBAHUS B COYCTAHWU C XUMHUKO-aHAIUTHYCCKUMH W MHUKPOOHOIOTH-
YECKHMHU METOAAMH JaeT BO3MOXKHOCTH 00Jiee TTOJTHOHN M IOCTOBEPHOH OICHKH Ka4ecTBa M O€30MaCHOCTH MOJIIOYHBIX
MPOAYKTOB 0€3 CYIIECTBEHHOTO YBEIWYCHHUs 3aTpaT. [loydeHHBIE NaHHBIC MO3BOJAT OIECHUTH 3(H(HEKTUBHOCTH
TEXHOJOTUYECKHX PEKHUMOB MPOM3BOACTBA IIEJIBHOMOJIOYHBIX MPOJAYKTOB M BHIOpATh ONTHUMAJbHBIC MapaMeTphbl,
00ecIeunBaroIe BEICOKYIO CTEIIEHb MOJIE3HOCTU MPOMYKIIHH, CIOCOOCTBYIOIICH PELICHHIO MPOOIEMbI COXPAHSHUS
3/I0POBbsI YETIOBEKA.

KioueBble ci10Ba: HOpPMalM30BaHHOE MOJIOKO, Tetrahymena pyriformis, OTHOCHTENbHAsh OHOJIOTHYECKAs
LEHHOCTb.
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