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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.
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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].
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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% 4 8.0%; protein mass fractions 2.8% 4 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 ofthe 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 cm3 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 ofthe control product, expressed in % (PREex 100/PREc).

Results. A visual analysis of T.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.
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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
of factor F(;;[ ' protein in normalized parameter y (the number of deviation,  error of the RE%V‘
level milk, factor x repetitions of experience, n = 3) a mean

1 0.05 0.02 2346 14 8 100
2 10 0.3 4668 913 528 198
3 17 0.6 5362 56 3R? 229
4 2.6 0.8 6381 110 64 272
5 33 11 6596 71 41 281
6 36 12 6563 244 141 280
7 4 13 5682 524 303 242
8 5 17 6548 789 456 279
9 6.6 23 6586 397 229 281
10 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 oftable 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 Fat, Th_e (atio of fat_: The number of living cells, Sta_nd_ard Average RBV,
of factor % protein in normalized parameter y (the Qumber of deviation, error %
level milk, factor x repetitions of experience n = 3) a ofthe mean
1 0.05 0.02 6526 1498 866 100
2 10 0.3 6142 774 447 A
3 17 0.6 5854 392 227 0
4 2.6 0.8 6426 158 a 98
5 33 11 5047 499 288 77
6 36 12 6450 665 384 9
7 4 13 6471 519 300 9
8 17 7147 80 46 110
9 6.6 2.3 6672 60 3H 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 oftest 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 0.3ul.1 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: pr_otein The number of living cells, Pparameter y Sta_nd_ard Average RBV
of factor in normalized milk, (the numbe_r of repetitions deviation, error of the % '
level factor x of experience n =4) 0] 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 11 7312 640 320 155

6 12 6350 210 105 135

7 13 6318 557 279 134

8 17 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 0.05 015 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

11 6546 0.77/1279 7206 0.28/165 4694 0.09/82
12 6735 0.79/286 6592 0.26/153 5980 0.12/110
13 5311 0.62/225 6642 0.26/153 6838 0.13/118
17 5990 0.7/254 6663 0.26/153 7203 0.14/127
23 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.

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 ofthe sample.

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

y = 239.65x5- 2927.5x4 + 12059x3- 20942x2 + 14284x + 4388.4

Determination factor R2 = 0.923; standard error of the regression equation - 354.3. Ffact. = 9.6;
Ftheor. (0.05, 5, 4) = 5.2. Since Ffact > Ftheor,, 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 oftheirjoint change.

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

Regression equation:

y =5.18x5-62.69x4 + 256.76x3- 444.3x2+ 302.46x + 93.14

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

R2= 0.925. Standard error of the regression equation - 7.36. Ffact. = 9.97; Ftheor. (0.05, 5, 4) = 5.2.
Since Ffact. > Ftheor,, the equation is adequate.

Determination of maximum function:

dy/dx =25.9x4- 250.76x3+ 770.28x2- 880.6x + 302.46 = 0.
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When xo= 0.6 maximum function value ymax= 162+7. Given the calculation error, the optimal value
x0= 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 0.3640.89, 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 oftetrachimene growth curve and culture life span, longer observations
are required.

3. C. 306koBa, T. . ®dypcosa, [. B. 3eHnHa
BY«kinpeceinik CYT eHepk3abl rbifbIMU-3epTTey UHCTUTYTbI, Mackey, Peceli

BA3AbUW, MATPN11AHbIH TETRAHYMENA PYRIFORMIS TECT1H
LONOAHY APLbINTBI K;¥PAMbIH OHTAW/bI AHBLLTAY

AHHOTauma. HyTpuumonormsHoly, Aamybl MeH a3blKNW  HapbirblHAarbl 63CeKenecnkTl, apTybl eHiMai
TY3eTy >X3He >Kaua peuenTypa 33ipfey apkbUibl ewM TYprepiH YHeMi >akcapTy KaXeTTwrnHe 3skenegi. Ken
KOMMOHEHT TamMak KypaMblH >acay Herisri KOMNOHeHTTepALy, ouTalinbl Kypambl MeH apakaTblHaCblH KaMTamachi3
etyre OarbiTTanraH. COHbIMEH KaTap, OLUTaWbINbIKTbIL Herisri enwempepiHiy 6ipi eHiMHiL 61onormsanbik
KYHAbIbITbI MEH XO0rapbl canacbl 601bIN caHanagpl.

PeuenTypaHbl ouTainaHAbIpy fAaliiblH eLWMHLY KypamblHa LUEKTeY eHrisyre 6ainaHbiCTbl (LWUKMLW3aT MeH
KONAaHbINATbIH MHIpeaneHTTepail 6enrini 6ip TYpnepi, akybi3, Mail, Kemipcynap 3He T.6.). AKybI3, Mali >X3He
KEMIpCybIl, KaTblHacbl TaMak eHIMIHiL OMONOruAAbIK KyHAbINbITbIH KanbiNTacTblpy 6apbiCbiHAa Y/KEH pen
aTkapagbl 3pi >Xorapbl cananbl Taram peLenTypacbiH >kacayda OCbl KOPEKTIK 3aTTapibl yTbiMAbl NaijanaHyra
rbINbIMU Ke3KapacTbl KaXeT eTear

Courbl yakbITTa Knaccukanblk agictepre 6anama penHie npokapuoTTbiK HemMece 3yKapvoTTbl Xacyllanapgpl
KONfaHaTblH «TyTac >kacywanbl 6uoceHcopnap» (WCB) TyxXblpbiMAaMachl acanfbl. ANAbILrbl 3epTTeynep
KepCeTKeH/en, ayKapnoTTbl MHADY30pUIA XacyLlanap FeHOMbl XX3He 6ipKaTap Herisri MeTabonmTTiK KepceTKiluTepi
60MbIHLLIA XOrapbl arsanapra ykcac, 6yn tamak ewwmMepLuil 6Monormsanblk KyHAbIIbITbIH 6aranay HaTvKenepL
cneundukanblk 3KcTpanonsuusnayra MYMKIHAIK 6epefdi. A3bIKMAW  eHiM  aKybl3dapbiHbIl, 6MOMOrMsANbIK
KYHAbINbIFbl Taram HblCaHbIHbIL CaHbl MEH canacbiHa 6alinaHbICTbl UHAMKATOPMAP arsacbiHbIl TIPWIiNiK 3peKeTiHil
MaLbi3abl YpAiCTepiHiL, XbingaMabirsl Heri3iHge cunaTTanaibl, OHbl MH(PY30PUIA caHbIHbIL, Ke6e AUHaMUKacbIMEH
6aranayra 6onagpl.

ATtanraH 3eptTeygiy naHi CYT eHiMAepiHiL, canbiCTbipManbl 6MONOTUANBIK KYHAbIMIbIFbIHA €LUM MaTpuuachiH-
[arbl Mali MeH aKybI3fblL, KaTbIHACBIHbIL, 3CEPiH aHbIKTay 60/bIN cCaHanagpl.

3epTTey HbiCaHbl peTiHAe Mail MeH akybI3fbll, Maccanblk Yneci 0,02-geH 2,7: 1-re feiliH nacTepsieHreH
Kanbinka kentipinreH CYT anbiHAbl.

KypambiHaarbl TYpni Mmaccanbik Yneci 6ap CYTTiY akybl3 Menwepi 0,05; 0,15 xaHe 0,3 mMr/Mn. a3oTneH Kaiita
ecenTey apKbli/bl CYAbITbINA OTbIPbIbLIN 3epTTengi. Tangayga canbicTbipy YLUiH KypaMbiHAa Maicbi3gaHAbIpbIIraH
CYTi 6ap Ynrinep 6ap cbiHamanap KongaHblngbl.

OHiMAi canbicTbipMansl 6uonoruanbik 3eptreynep Tetrahymena pyriformis TecT-arsacbiMeH 6uoTecTTey 3gici
apKblnbl XYprisingi. TecT-ar3anapblHblil, CaHbl MEH CafbICTbipManbl 6Monoruanbik KyHAbibikTel (CBK} naibi3beH
epHeKTeNeTiH CbiHakK YNrinepimeH 6ip opTaga ecipifireH )acylla CaHblHbIL CanbICTbIpbiNaTbiH Yrinepae ecipinrex
UHDY30pWil MefLWepLL, KaTbIHACBIMEH aHbIKTafAbIK.

Taxipnbenik XXymbiC 6apbiCbiHAA OKbITY 3fiCTepiHil, aTtan aiTkaHga, opTafgarbl Maifbll, mMaccanblK Y/eciHe
6alinaHbICTbl CbiHaMa AakbiNgap CaHblHbIL AMHAMUKAcbiHA CYMbINTbINY Aapexea (0,05; 0,15; 0,3 mr as3ot / mn)
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aHbIKTanbl. AKybI3fbl acCUMUAALMANAYAbIH TWMALW N 6enrw 6ip Mail MenwepiHiH KaTbiCybl Heri3iHAe Xorapblna-
Abl. CbliHakka Kaxketn CYTTi 0,15 Mr a3oT /MAa felWH CylbINTy Xargainbl 6apnbik YArinepge nHgysopusifaH akybl3
MEH MaiifbIH XeTKiNiKTi TeHrepiMai KabblngayblH KamMTamachl3 eTn, 6yn onapfAblH apaKaTblHACbIHbIH TECT-ar3aHblH
ecyiHe acepiH aHblKTayra MymKiHAiK 6epean

Taxlpubenlk MmaniMeTTepAi MWHMMaNAbl KBajpatTap 34rameH peciMaey TecTiK [aKblfapAblH efemi,
canbICTbipManbl 61MON0rusAnbIK KyHAbIbIK CBK X3He eHiM MaTpuuacbiHbIH KypaMbl apacbiHAarbl KaTbIHACTbl 43N
cUnNaTTaTbiH 3MMAMPUKaNbIK MaTeMaTUKaNbIK TayenainikTi anyra MYMKiHAIK 6epai (aHbikTay Ko3ghpuumneHTi 0,92).
PyHKUMAHBI capanai oTbIpbin, Kanbinka KennpwreH CYT KocnanapbiHAa mMali MeH akybl3fblH MaccablK hpakLums-
NapbIHbIH ourainbl apakatbiHackl 0,36-0,89 kypagbl. KepceTinreH agnanasoHga MaifbiH Ynec caiMarbl 60iiblHLLIA
CYTTiH HopManaHybl nactepneHreH CYTTIH MakcMManfbl CanblCTbipManbl 6M0N0MUANbIK KYHAbIAbITbIHA (162+7) %
KO/ XXETLI3yre bIKMnan eTTi.

XepenpetinreH 6uoTecTineyni KongaHy XUMUSNbIK-aHAIMTUKAIbIK X3HE MUKPOOMONOTUANbIK 34icTepMeH
6ipre wWbIrblH ecyiHci3 CYT eHimAepiHiH canacbl MeH KayincisgiriH HerypnbiM TOMbIK >XK3He ceHimii 6aranayra
MYMKIHAIK 6epefi. AnblHraH Mmanimetrtep 6i3re CYT eHiMAepiH eHAIpYAiH TeXHONOrUANbIK PeXUMAEPIHIH
TWIMAINIriH 6aranayra »aHe afjaMHbIH JeHCay/bITbIH CaKTay M3CENeCiH WeLlyre biKnaa eTeTiH eHiIMAEPAIH Xorapbl
[3pexeni nakanbinbIrbiH KAMTamachl3 eTeTiH OHTalbl KepceTKilLTepAi Tauaayra cenTiriH Turisegi.

TYWiH cesgep: kanbinka kennp”~en CYT, Tetrahymena pyriformis, canbiCTbipManbl 6UONOTMANBIK KYH/bIbIK.

3. C. 306koBa, T. . dypcosa, 4. B. 3eHnHa
BcepoccUncKUin Hay4yHo-1ccnefoBaTelbCKUiA MHCTUTYT MOIOYHON NPOMbILWIEHHOCTH, MockBa, Poccus

ONPEAENEHWE ONTUMA/IbHOIO COCTABA EA30BOWV MATPULLbI
C NCIMOJSIb3BOBAHVEM TECT-OPTAHN3MOB TETRAHYMENA PYRIFORMIS

AHHOTauuMa. Pa3BuTne HyTPULMONOTUN, YCUEHNE KOHKYPEHLUM Ha NPOLOBO/IbCTBEHHOM PbIHKE MPUBOAUT K
Heo6X0AMMOCTN MOCTOSAHHOIO COBEPLUEHCTBOBAHUA acCOPTMMEHTa BbIMYCKaeMOW NPOAYKUMM MNYTEM KOPPEKLMu
CYLLLECTBYHOLLMX M pa3paboTKu HOBbIX peLenTyp.

Pa3paboTka MHOrOKOMMOHEHTHbIX PeLenTyp NULLEBbIX NPOLYKTOB MMEET Lefiblo 06ecneveHne onTUManbHOro
coCTaBa UM COOTHOLUEHUS OCHOBHbIX KOMMOHEHTOB. 1py 3TOM OAHWM W3 OCHOBHbIX KpUTEpPUeB OMTUMabHOCTHU,
HECOMHEHHO, ABMSeTCA OMONOrNYecKas LEeHHOCTb M [06pOKayeCTBEHHOCTb Npogykra. ONTUMM3auus peuenTyp
CBfi3aHa C BBEAEHNEM OrpaHMNYeHUiA N0 COCTaBy rOTOBOr0 NMPOAyKTa (MO OTAeNbHbIM BMAAM UCMOMb3YEMOr0 ChIpbsi U
WHIPEeMEHTOB, COAepXXaHWto 6enka, >upa, yrnesofos u np.). COOTHOLWeHWe 6efka, Xupa n YrnesofoB urpaer
OCHOBHYIO po/ib B (DOPMUPOBAHUU OGUONOrMYECKOW LEHHOCTM NWLLEBbIX MPOLYKTOB, 4TO 06ycnaBnvBaeT
HeobX04MMOCTb HayYHOro noAxoja K Bonpocam pauvoHanbHOro MCnonb3oBaHUs 3TUX HYTPUEHTOB NpuW pa3paboTke
peLenTyp BbICOKOKAYECTBEHHbIX MULLEBbLIX NPOLYKTOB.

B nocnegHee BpeMsi B KauyecTBe afibTepHATMBbI KfacCUYecKMM MeTofaM Obina paspaboTaHa KoHLUenuus
«LLe/IbHOKNETOUYHbIX 6uoceHcopoB» (WCB), B KayecTBe KOTOPbIX WCMOMb3YIOTCA MPOKapUOTUYECKUE UK
ayKapuoTuyeckne Knetku. [poBefeHHbIMW paHee WCCMefoBaHUAMM MNOKa3aHO, 4YTO 3YKapUOTUYECKUe KNeTKu
NHDY30PUiA UMEIOT CXOLACTBO C BbICLUIMMM OpraHu3Mamm no reHoMy U psiay OCHOBHbIX MapaMeTpoB 0O6MeHa BeLLEeCTB,
YTO AOMNYCKaeT MeXBULOBYIO 3KCTPanonAaUMIO pe3ynbTaToB OLEHKN GMONOrMYeckol LeHHOCTU MULLEBbIX NPOAYK-
TOB. bruonornyeckas JOCTYMHOCTb 6€NKOB MULLEBOr0 NPOAYKTA NPU 3TOM XapaKTepu3yeTcs CKOPOCTbIO NPOTEKaHNA
MPOLLECCOB XWU3HEAEeATENbHOCTN UHAWKATOPHOrO OpraHM3Ma B 3aBUCUMMOCTW OT KOJIMYeCcTBa M KayecTsa MULLEBOrO
06beKTa, YTO MOXET ObITb OLLEHEHO MO AMHAMUKe NMPUPOCTa KONMYeCcTBa MHDY30pHid.

MpeAMeTOM [JaHHOrO WUCCNefoBaHUS SABAAMOCH OMpefeneHVe BAWSHWUSA COOTHOLUEHWIA Xupa M 6enka B
NPOAYKTOBOI MaTpuLEe Ha OTHOCUTENIbHYHO 6MOM0rMYECKYIO LLEHHOCTb MOIOYHBIX NPOAYKTOB.

O6bEKTOM MCCNefoBaHWUSA SBAANOCH MOMOKO, HOPMasiM30BaHHOE, MacTepu3oBaHHOE C COOTHOLUEHWEM
MacCOBbIX f0/ei Xupa u 6enka ot 0,02 go 2,7:1.

Monoko ¢ pasnMyHOii MaccoBOi [lONel Xupa UCCnefoBanu B pasBefeHnsX, 00ecrneymBaroLmnx KonMyecTso
MO/I04YHOro 6efika B cpefie B nepecyeTe Ha a3ot: 0,05; 0,15 n 0,3 mr/mn. O6pasuaMn CpaBHEHUA B aHaNM3e CAYXUm
npo6bl, cogepXaline 06e3)XKMPEHHOE MOJOKO.

CpaBHUTeNbHblE 6MONOrMYecKMe UCCcnefoBaHUs MPOAYKTa BbINOMHAAN MeToAaMU 6UOTeCTMPOBAHUA Ha TecT-
opraHmusmax Tetrahymena pyriformis. Onpefensnm KOAU4YeCcTBO TECT-OPraHW3MOB W OTHOCUTENbHYI 6Konoru-
Yeckyl UeHHoCTb (OBLL) Mo OTHOLUEHWIO KOMMYecTBa KMETOK, BbIPOCLUMX Ha cpefe C ONbITHbIMU 06pasuamu, K
KOMMYECTBY VH(Y30pWiA, BEIPOCLIMX Ha 06pa3Lax CpaBHEHUS, BbIDAXXEHHOMY B MPOLEHTaX.

B xofe 3KCNepUMeHTa/ibHbIX paboT YCTAHOBEHO BAMSHWE METOAUYECKMX MPUEMOB, B YaCTHOCTU, CTENeHu
passefeHuns npo6 (0,05; 0,15; 0,3 mr azoTa/Mi) Ha AMHAMUKY YUCMEHHOCTWU TECT-Ky/NbTypbl B 3aBUCMMOCTU OT
MaccoBOM [0MM Xupa B cpefe. dPPEeKTUBHOCTL acCUMUNALMKM 6enka Oblia Bbille B NPUCYTCTBUM OMNPeLeNeHHOro
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KonuuecTsa >xupa. PasBefieHWe Monoka Ana TectuposaHus po 0,15 mr asota/mn obecneymsano [OCTaTOYHO
cbanaHcupoBaHHOe NoTpebeHne Genka 1 Xupa UHPY30pusAMKU BO Bcex 06pasliax, Mo3BONSAIOLLEE BbISBUTb BUSIHWE
MX COOTHOLUEHWS Ha POCT TecT-opraHu3mMoB. Popmanusalms aKCnepuMeHTaNbHbIX AaHHbIX METOAOM HauMeHbLUNX
KBafpaToB MO03BOMIM/IA MOMYYUTb 3MNUPUYECKME MaTeMaTMYecKMe 3aBUCUMOCTM, afleKBaTHO OMuUCbiBaloLLMe
B3aMMOCBSI3b UNCNEHHOCTM TeCT-KynbTypbl, OBL, 1 cocTaBa NpofyKTOBOIM MaTpumLbl (KO3HULMEHT AeTepMUHaLM
0,92). MyTem anddepeHUNpPoBaHNSA PYHKLMUM Obln OonpedeneH gnanasoH ONTUManbHOrO0 COOTHOLLEHWS MacCOBbIX
[l0Nei Xunpa n 6enkKa B HOPMannM30BaHHbIX MOMOYHbIX CMecsiX, cocTaBumBLlumniA 0,36-0,89. Hopmanusauus Mosioka rno
MaccoBO [0ne >XuUpa B YyKasaHHOM [uana3oHe CrMoco6CTBOBana LOCTVXKEHUIO MaKCUMaibHOW OTHOCUTENLHOM
610/10rMYECKOi LLEHHOCTM NacTepM30BaHHOIO Monoka (162+7) %.

lMpuMeHeHWe YCKOPEHHOro 6MOTECTUPOBAHWUS B COYETAHWW C XUMMWKO-aHa/IMTUYECKMMU U MUKPOOMOOri-
YeCKMMUN MeTofamu faeT BO3MOXHOCTb 60nee NOMHOW 1 AOCTOBEPHOW OLEHKM KavecTBa M 6e30MacHOCTM MOMOYHbIX
NPOAYKTOB 0e3 CYLLEeCTBEHHOro YBeNnyeHWs 3aTpar. [lonyyeHHble AaHHble MO3BONAT OLEHWUTb 3NHEKTUBHOCTb
TEXHO/IOTUYECKUX PEXMMOB NPOU3BOACTBA LEeNbHOMOMOYHbLIX MPOAYKTOB M BblOpaTb ONTWMAalbHble MapaMeTpsbl,
obecneynBaloLLMe BbICOKYIO CTeNeHb MOe3HOCTU NPOAYKLUM, COCO6CTBYIOLLEN pelleHno NPo6aeMbl COXpaHeHUs
3[,0p0OBbA YenoBeka.

KnioueBble cnoBa: HopManv3oBaHHOe MONOKO, Tetrahymena pyriformis, oTHocuTenbHas 6uonoruyeckas
LLeHHOCTb.
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