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Mathematical modeling of the process of formation of the structure
of bio-yoghurt based on goat's milk

Annotation

Main problem: the article is devoted to the study of the degree of influence of physical and
chemical factors on the formation of the structure of bio-yoghurt using mathematical modeling
methods. The author determined the maximum allowable values of the Cochran criteria and the
calculated value of Fisher, analyzed the coefficients of the regression equation. Controlled factors
were selected: the number of stabilizing systems, temperature and duration of whipping. Controlled
factors were selected: overrunning of a mixture of components, relative stability of overrunning of
bio-yoghurt during storage, effective viscosity coefficient, organoleptic assessment of consistency

Purpose: obtaining objective data on the joint degree of influence of physical and chemical factors
on the formation of the structure of bio-yoghurt from goat's milk with high organoleptic indicators, that is,
consumer properties.

Methods: the article uses methods of mathematical analysis and mathematical-graphical
analysis, mathematical statistics, matrix method.

Results and their significance: in experimental studies, the comparative effect of the
stabilizing systems "GRINDSTED® SB 550A" and "CREMODAN SUPER" on the formation of the
structure of bio-yoghurt based on goat's milk and their stability during storage was studied. The
complex results of experimental studies are presented, characterizing the degree of influence of the
type and amount of food additives on the consumer characteristics of bio-yoghurt based on goat's milk.
The results of a comparative analysis of the data obtained as a result of the first two stages of
mathematical modeling are presented: the type of food additive and its rational amount, as well as the
parameters of the technological process - beating the product. 4% to 1.0% by weight of the
formulation components in all whipping modes, an increase in the coefficient of dynamic viscosity of
the product is observed, another indicator “overrun” decreases when the stabilizing system
“GRINDSTED® SB 550A” is added in an amount of 1.0%.

Keywords: mathematical modeling, food additive, controlled factors, controlled factors,
objective function, stabilizing system.

Introduction

Bio-yoghurt based on goat's milk is a complex multicomponent system, which includes food
products of various structuring: liquid, dry, concentrated. When forming a structured fermented
product, it should be taken into account that food products are complex water-polymer systems, which
include proteins, carbohydrates, lipids, minerals, the ratio of which determines the consumer
properties of the product. Technological properties, including the consistency of food products,
depend on the degree of interaction between all the constituent components. They can be changed
under the influence of various external factors:

- energy field (steam, hot air, high pressure, infrared radiation);

- physico-chemical (mixing, whipping, rubbing) with the addition of special additives -
chemicals of natural or artificial origin.

Bio-yoghurt based on goat's milk is a complex biosystem. To give it high consumer properties,
including a light whipped structure, at this stage it is necessary to use physical and chemical factors:
whipping and stabilizing systems. Given the above, the topic of this scientific study is relevant and
timely.
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Materials and methods

The main goal of this stage of experimental and analytical research is to obtain objective data on
the joint degree of influence of physicochemical factors on the formation of the structure of bio-yoghurt
based on goat's milk with high organoleptic indicators, that is, consumer properties.

Initially, experimental data, in order to identify and eliminate gross experimental errors (misses),
were processed by methods of mathematical statistics. To do this, the homogeneity of variance estimates
was determined using the Cochran test according to the following dependence:
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For each series of parallel experiments, the arithmetic mean of the response function was
calculated:

k
ch = l'zYa,i ’ (2)

The variance of the experiments was calculated by the formula:
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where i — is the serial number;
k — the number of parallel experiments conducted under the same conditions;
N — the number of series of experiments (the number of estimates of variances).

The hypothesis of uniformity of variances was accepted if the calculated value of the Cochran
criterion G, is less than the tabular Gtue, that is, G, < Geple.

Critical, that is, the maximum permissible values of the Kohren criteria were determined by tables.
To find the Cochran criterion G, it is necessary to know the total number N of variance estimates and the
number of degrees of freedom f associated with each of them, and f =k - 1. Experiments are considered
reproducible when the condition G, <= Gy IS Met.

If the experiments are reproducible, then the calculation of the variance of reproducibility of a
series of parallel experiments is calculated by the formula:

S == DS @
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In this case , the number of degrees of freedom is determined by the formula [1]:
f=N(k-1), (5)

At the second stage of mathematical processing, the coefficients of the b; regression equation
were determined.

The relationship between the response function Y and the selected factors in the study area is
linear. In this regard, we are looking for this dependence in the form of a linear regression equation

[2]:
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Y, =b, +b;x, +b,x, +byx; +...+ b, x,, (6)

In matrix form, the system of normal equations will be written as follows. The matrix of
independent variables was represented as:

X =
s e | ()
| Xon XN > XN |

The matrix of the observation vector was presented as:

Y1

Y.

Y =
: (8)
LY~

The matrix — column of coefficients of the regression equation was presented as:

: 9)

When using the least squares method, the system of normal equations for determining the
coefficients by , by, ... by has the form:

rbozxgi +blzX0iX1i +.. +kaX0iin = ZXOiYi
bOZXIiXOi +bIZX12i +... +kaX1iin = ZXIiYi

...................................................................... .o 19
\boz X,iXgi T b, Z X Xpi et by Z Xii = Z XiYi
Martpuna-cronbern ko3hGuImeHToB b onpeaenseTcs caeayonmM 00pa3om:
b=(XxX)"XxY, (11)

At the third stage, the hypothesis about the significance of the b; regression coefficients was
tested. To determine whether the coefficient is significant or not, it is necessary to calculate the
estimate of the variance with which it is determined [3]:
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82
S: = ﬁy (12)
It is known that the regression coefficient is significant if the condition is met:
b|>S, -t (13)

Where t - the value of the Student's criterion is determined from the table for a given
reliability of the experiment (p) and the number of degrees of freedom (f). Moreover , the number of
degrees of freedom is equal to:

f=N(k-1), (14)

where N - number of experiments;

k - the repetition rate of each experiment (for our case k = 5).

Having received the regression equation, we check its adequacy, i.e. the ability to describe the
response surface well enough and predict the results of experiments. To check the adequacy, an
estimate of the adequacy variance was calculated using the formula [4]:
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where B - number of significant regression coefficients;
Y»i, Ypi - €xperimental and calculated value of the response function in the experiment;
N - the number of experiments of the full factorial experiment.
The number of degrees of freedom is associated with the estimation of the adequacy variance
f=N-B.
The next processing step was to determine the calculated value of the Fisher criterion [5]:

2
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y
The regression equation is considered adequate if the condition is met:

<
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where F —the critical (tabular) value of the Fisher criterion.
To check the adequacy of the regression equation, we also used the correlation ratio, which
was calculated using the formula:
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The average relative prediction error (%) was calculated using the formula:
100|Y,, Y, |
E= > (19)
n ;‘ Y. ‘

9,1



144 Hunosayusinwix Evpazus ynusepcumemininy Xabapwwicot. 2023. Ne 2 ISSN 2709-3077

where Y,;, Y, iu Y, - experimental, calculated and average values of the Y;

n - the number of experimental Y values used to verify adequacy.

Results

The research was carried out in stages and consisted of a mathematical and graphical analysis
of experimental data from numerous series of experiments conducted in threefold repetition:

The main task is to conduct a mathematical analysis and modeling of the process of whipping
the mass of components of bio-yogurt with the stabilizing system "GRINDSTED® SB 550A" and
CREMODAN SUPER, to establish how many of them and under what conditions of whipping allows
to obtain a product with improved consumer characteristics. To conduct a comparative analysis of the
data obtained as a result of the first two stages of mathematical modeling and as a result to determine:
the type of food additive and its rational amount; the parameters of the technological process —
whipping.

The regulated factors of this study are the following:

X1 — quantity «<GRINDSTED® SB 550A», %:;

X, — quantity CREMODAN SUPER, %;

X3 — whipping temperature, °C;

X4 — duration of whipping, minutes.

Controlled factors are selected:

V1 —the whipping of the mixture of components is — max, the limit is no more than 40 %;

V, — the relative stability of the whipping of the bio-yogurt during storage is — 100 %, the
limit is not less than 80 %;

V3 — coefficient of effective viscosity no more than 1.4 MPa:s;

Y, — organoleptic consistency score, — 10 points, a limit of at least 8.0 points.

The comprehensive results of experimental studies characterizing the degree of influence of
the type and quantity of food additives on the consumer characteristics of bio-yoghurt are shown in
Tables 1 and 2.

Table 1 — Analysis of regulated factors in the formation of the bio-yoghurt structure based on goat's
milk

Product Regulated factors
Food additive, % X3,°C X4, minutes
Xl X2
Experience 1 0,4 — 30 6
Experience 2 0,6 - 30 6
Experience 3 0,8 - 30 6
Experience 4 1,0 — 30 6
Experience 5 0,4 — 30 9
Experience 6 0,6 — 30 9
Experience 7 0,8 — 30 9
Experience 8 1,0 — 30 9
Experience 9 0,4 — 30 12
Experience 10 0,6 — 30 12
Experience 11 0,8 — 30 12
Experience 12 1,0 — 30 12
Experience 13 0,4 — 10 6
Experience 14 0,6 — 10 6
Experience 15 0,8 — 10 6
Experience 16 1,0 — 10 6
Experience 17 0,4 — 10 9
Experience 18 0,6 - 10 9
Experience 19 0,8 — 10 9
Experience 20 1,0 — 10 9
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Table 2 — Analysis of controlled factors in the formation of the bio-yoghurt structure based on goat's

milk
Product Controlled factors
V,,% Vo, % Vi, mlla-s V., score
Experience 1 16,0 63,75 1,10 6,0
Experience 2 20,0 78,40 1,32 6,9
Experience 3 26,0 81,53 2,91 7.5
Experience 4 18,0 72,22 3,55 6,0
Experience 5 18,0 72,36 1,15 6,5
Experience 6 24,0 82,33 1,34 7,5
Experience 7 35,2 82,78 3,00 8,0
Experience 8 19,0 76,35 3,60 6,5
Experience 9 20,0 75,00 1,20 7,0
Experience 10 28,0 83,64 1,40 8,3
Experience 11 42,0 84,03 3,20 9,0
Experience 12 20,0 77,08 3,75 6,8
Experience 13 24,8 72,76 1,15 7,5
Experience 14 29,0 78,52 1,22 8,9
Experience 15 42,0 78,47 2,18 9,7
Experience 16 15,2 67,73 3,10 6,5
Experience 17 28,2 75,58 1,16 7,8
Experience 18 30,5 81,89 1,31 8,0
Experience 19 44,6 83,53 2,27 9,4
Experience 20 19,2 72,50 3,22 7,0

The translation of controlled factors into dimensionless quantities for mathematical modeling

of complex experimental results is presented in Table 3.

Table 3 — Analysis of regulated and controlled factors when translated into dimensionless quantities

Product Regulated factors Controlled factors
food
additive, % X3, °C | Xy, mua| Y1,% V,, % Vs, mIla-c | V4, score
Xl X2
Experience 1 04 |- 30 6 16,0 63,75 1,10 6,0
Experience 2 06 |- 30 6 20,0 78,40 1,32 6,9
Experience 3 08 |- 30 6 26,0 81,53 2,91 7,5
Experience 4 10 |- 30 6 18,0 72,22 3,55 6,0
Experience 5 04 |- 30 9 18,0 72,36 1,15 6,5
Experience 6 06 |- 30 9 24,0 82,33 1,34 7,5
Experience 7 08 |- 30 9 35,2 82,78 3,00 8,0
Experience 8 10 |- 30 9 19,0 76,35 3,60 6,5
Experience 9 04 |- 30 12 20,0 75,00 1,20 7,0
Experience 10 06 |- 30 12 28,0 83,64 1,40 8,3
Experience 11 08 |- 30 12 42,0 84,03 3,20 9,0
Experience 12 10 |- 30 12 20,0 77,08 3,75 6,8
Experience 13 04 |- 10 6 24,8 72,76 1,15 7,5
Experience 14 06 |- 10 6 29,0 78,52 1,22 8,9
Experience 15 08 |- 10 6 42,0 78,47 2,18 9,7
Experience 16 10 |- 10 6 15,2 67,73 3,10 6,5
Experience 17 04 |- 10 9 28,2 75,58 1,16 7,8
Experience 18 06 |- 10 9 30,5 81,89 1,31 8,0
Experience 19 08 |- 10 9 44,6 83,53 2,27 9,4
Experience 20 10 |- 10 9 19,2 72,50 3,22 7,0
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To solve further problems, we have translated the controlled factors into dimensionless quantities

5
using the coefficient of significance of indicators. The calculation of the objective function ZYO

n=0

was performed for each indicator. The results are shown in table 4.

Table 4 — Results of calculation of the objective function

Product Translation of controlled factors into 5
dimensionless quantities ZYO
Vv, Vv, Vs Vv, n=0
Experience 1 0,40 0,00 0,79 0,00 1,19
Experience 2 0,50 0,00 0,94 0,00 1,44
Experience 3 0,65 0,96 0,00 0,00 1,61
Experience 4 0,45 0,00 0,00 0,00 0,45
Experience 5 0,45 0,00 0,82 0,00 1,27
Experience 6 0,60 0,97 0,96 0,00 2,52
Experience 7 0,88 0,97 0,00 0,80 2,65
Experience 8 0,48 0,00 0,00 0,00 0,48
Experience 9 0,50 0,00 0,86 0,00 1,36
Experience 10 0,70 0,98 1,00 0,83 3,51
Experience 11 0,00 0,99 0,00 0,90 1,89
Experience 12 0,50 0,00 0,00 0,00 0,50
Experience 13 0,62 0,00 0,82 0,00 1,44
Experience 14 0,73 0,00 0,87 0,89 2,49
Experience 15 0,00 0,00 0,00 0,97 0,97
Experience 16 0,38 0,00 0,00 0,00 0,38
Experience 17 0,71 0,00 0,83 0,00 1,53
Experience 18 0,76 0,96 0,94 0,80 3,46
Experience 19 0,00 0,98 0,00 0,94 1,92
Experience 20 0,48 0,00 0,00 0,00 0,48
Discussion

The analysis of the data obtained made it possible to solve the main task set in this section —
the choice of optimal whipping conditions and a stabilizer that allows getting a sour-milk dessert with
high organoleptic characteristics and a stable structure in storage.

Conclusion

Characterizing the results of experimental studies, it can be noted that as the amount of the
stabilizing system increased from 0.4% to 1.0% of the mass of the components of the formulation, an
increase in the dynamic viscosity coefficient was observed in all whipping modes, another indicator
"whipping" decreased when the GRINDSTED® SB 550A stabilizing system was introduced in an
amount of 1.0%. A significant effect on the foaming process was influenced by both the temperature
and the whipping time. The stability of the foam during product storage was also evaluated.

Considering the results of the use of another food additive — CREMODAN SUPER, it can be
noted that its use in the technology of bio-yoghurt with a whipped structure was characterized by
lower efficiency, that is, the whipping of products was less. The foam was characterized by instability
in storage.
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2 «AnTaii MEMJIEKETTIK TeXHUKAIBIK YyHUBepcuTeTi» @I'BOY buiick TeXHOIOTUSIIBIK HHCTHTYTHI
(bummaner). U. U. IMon3zynosa", Peceit

Eumki cyTine Herizgejred OMOrypT KYpbLIbIMbIH KAJBINTACTHIPY YPAICiH MATEeMaTUKAJIBIK
MoOJeJIbaey

Makasia MaTeMaTHKaJIBIK MOJENbAEY OSAICTEpiH KOJJaHa OTHIPBIN, OMOTYPT KYpPBUIBIMBIH
KaJBIITACTBIPYFa (PU3UKATBIK-XUMISUTBIK (DaKTOPIIAp/IBIH oCep €Ty JIOpEeKeciH 3epTTeyre apHalFaH.
ABtop KoxpeH KpuTepWIUIEpiHiH IEKTI pyKcaT eTUIreH MoHJAEpiH jkoHe DUIepaiH ecenTik MoHIH
aHBIKTAJBI, perpeccus TEHACYiHIH KOX(PQPUIMEHTTEPIH Tajaaibl. 3epTXaHAIBIK JXOHE OHIIPICTIK
JKargaiiaapia ajblHFaH OSKCHEPUMEHTTIK-aHAIMTHKAJIBIK MaTepuan HeTi3iHAEe MaTeMaTHKaJbIK
MoJieNbaey Kyprizungi. Perrenerin daxktopnap TaHmamanpl (TypaKTaHIBIPY >KYHENEpiHiH CaHbl,
TeMIeparypa >KoHe KaMILUBIHBIH Y3aKThIFbl. backapbuiaThlH (axTopiap TaHganaabl (KOMIOHEHTTEp
KOCIAaChIHBIH ~ INAHKaTybl, cakTay YpHiciHme OHOTYpTTBHIH I[IAMKaNybIHBIH  CaJIBICTBIPMAJIbI
TYPaKTBUIBIFBI, THIMJI TYTKBIPIBIK KO3(QHIMEHTI, KOHCUCTEHIMSIHBI OPTaHOJIENITUKANBIK Oaramnay).
"GRINDSTED® SB 550A" >xome "CREMODAN SUPER" TtypakTanmelpymisl xyienepiMeH
OHMOOrypT KOMIIOHEHTTEPiHIH MacCachlH IaiKay yplicine MaTeMaTHKaJbIK TalAay KoHEe MOJCIIbACY
KYPTi3ii.

OxcnepuMmeHTTIK 3eprreynepae "GRINDSTED® SB 550A" xome "CREMODAN SUPER"
TYpaKTaHIBIPYILIBI XKYHENEpiHiH elIKi CYTiHe HEeTi3fenreH OHO-TYpT KYPBUIBIMBIH KaJIbIITACTBIPYFa
JKOHE OJIapJIblH CaKTay TYPaKTBbUIBIFBIHA CAJBICTBIPMANbI ocepi 3eprrenai. Emki cyriHe HerizgenreH
OMOMOTYPTTHIH TYTHIHYIIBUIBIK CHTIATTAMallapblHA TaFaMJIBIK KOCTalapAblH TYpl MEH MeJIIepiHiH
acep eTy JIOpekKeciH CUIMATTalThIH SKCIEPUMEHTTIK 3epTTeYNepliH KEeIIeH I HOTKeJepl YChIHBUIFaH.
MateMaTHKaIbIK MOJIENIBACY IiH aJIFAlIKbl €Ki Ke3CHIHEH ajJbIHFaH JEPEKTePl CaJbICTHIPMAaIIBl Ty
HOTHXKENEpl KENTIpiIIreH: TaFaMmJbIK KOCIIAHBIH TYpl KOHE OHBIH YTBHIMABI MOJIEpi, COHIai-ak
TEXHOJIOTHSUTBIK ~ YPIICTIH TapameTpiepi - eomimai maikikay. "GRINDSTED® SB 550A"
TYpaKTaHIBIPFBIII JKyHeci MejmepiHiH OapiblK Mmaikay pexxumaepinze ¢gopmyia KOMIOHEHTTEpi
MaccaceiHbiH 0,4% — nan 1,0% - Ha fAeiiH yIFar0 IIaMachiHa ©HIMHIH JUHAMUKAIBIK TYTKBIPJIBIFEI
KO3 GUIMEHTIHIH YJIFalobl  OalKanaThIHBIl  JONICNAcHAl, 'IMIalkanyaslH" Oacka KepceTKimm -
"grindsted® SB 550A" TypakTraHAbIpFhIL KYyHeciH 1,0% Menepinae eHri3reH Ke3ae a3aspl.
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TyiiiH ce3nep: MaTeMaTUKAIBIK MOJICNB/CY, TaFaMJIbIK KOcIanap, OacKapbulaThiH (akTopiiap,
OacKapbUTaTHIH (paKTOpIap, MAaKCaTThl (DYHKIIHS, TYPAKTAHIBIPYIIIBI KYHeE.

M.B. TeMepﬁaeBal*, M.H. IlIko1bHIKOBA®
"Yunosauwsusik Eypasust yausepcureri, Kasakcran
*Buifckuii TexHOIOrHIecKnit mHCTHTYT ((rmran) ®TBOY BO «Auntaiickuii rOCyIapCTBEHHBIN
TexHudyeckui yausepcurer uM. M.U. Ilonzynosa», Poccus

MartemaTu4yeckoe MoAeIUpPOBaHue Mpouecca (opMHPOBAHUA CTPYKTYPHI OHoiiorypTa
HA OCHOBE K03bero MOJ0Ka

Cratbs TIOCBSAIICHA UCCIICIOBAHUIO BIMSHIS (QH3UKO-XUMHYECKUX (DaKTOPOB Ha (hOPMHPOBAHHE
CTPYKTYpbl OHOWMOrypTa C NPUMEHEHHEM METOJOB MaTeMaTHYECKOTO MOJCIUPOBaHMA. ABTOPOM
oTpesieNieHbl MpeeNbHO JOMyCTHMbIEe 3HaueHHus kpurepueB KoxpeHa u pacdyetHoe 3HaueHue Puiepa,
[pOaHaIM3UPOBaHbl  KO3((UIMEHTHl  ypaBHEHHMs perpeccud. lIpoBepeHo  MmareMaTHYecKoe
MOJEIUpOBaHHE Ha 0a3ze OSKCIEPUMEHTAIBHO-aHAJUTUYECKOTO Marepuana, IOJyYeHHOTo B
na00paTOpHBIX M MPOM3BOACTBEHHBIX YCIOBHUSX. BBIOpaHbl perynupyembie  (QakTopbl (KOJIHYECTBO
CTaOMIM3UPYIOIIUX CHUCTEM, TEeMIlepaTypa M IPOAOJDKUTEIBHOCTh B30MBAaHUS), yNpaBisieMble
(hakTOphI (B30MTOCTh CMECH KOMITOHEHTOB, OTHOCHUTENBHAS YCTOWYHBOCTh B30MTOCTH OMOMOTYpTa B
mporecce  XpaHeHHs, KOA((UIUMEHT 3PQPEKTUBHONW BI3KOCTH, OPraHOJENTHYECKAas OICHKA
KoHcucTeHInH). [IpoBesieH MareMaTHYeCKuli aHaIu3 U MOZETHPOBaHUE Ipolecca B3OWBAHMSI MACChI
KOMITOHEHTOB Ouoiiorypra co crabmmmupytommmu cuctemamu  «GRINDSTED® SB 550A» u
«CREMODAN SUPER» ¢ ycTaHOBIEHHEM HX KOJUYECTBA M YCIOBUSMH B30MBAHHUS.

B 3KCHepUMEHTANbHBIX  HCCIEHOBAHUAX OBUIO HM3YYEHO CpaBHUTEIBHOE  BIIUSHHE
crabmmmupyrommx  cucreM «GRINDSTED® SB 550A» u «CREMODAN SUPER»  Ha
(hopMHpOBaHHE CTPYKTYpbl OMOMOTrypTa Ha OCHOBE KO3BETO MOJIOKA W HX YCTOMYMBOCTH NPHU
xpaHeHud. [IpencTaBieHbl KOMIUIEKCHBIE PE3yJbTaThl, XapaKTepU3yIOIIKUE CTETeHb BIMSHUSA BUJA U
KOJINYECTBA MMUIIEBBIX JI00aBOK HA MOTPEOUTEIHCKHE XapaKTEPUCTHKH OMOHOTYpTa HA OCHOBE KO3bET0O
MoJioka. [IpuBeneHbl pe3ysibTaThl CpPaBHUTEIBHOIO AaHANM3a JAHHBIX, MOJYYCHHBIX B pe3yJjbTare
MPOBEJICHUSI IBYX NMEPBBIX 3TAlOB MaTEMaTHYECKOTO MOJIEIMPOBAHMSA: BHJI MUIIEBON JOOABKU U €€
palroHaJbHOE KOJIUYECTBO, a TaKXKe IapaMeTpbl TEXHOJOIHMYECKOTO Ipolecca — B30OWBaHUS
npoaykTa. JlokazaHo, YTO Mepe YBEIMYEHHS KOJMYECTBa CTAOMIM3UPYIOUIEH  CHCTEMbI
«GRINDSTED® SB 550A» ¢ 0,4 % 1o 1,0 % oT Macchl KOMIIOHEHTOB PELENTYPHI IIPU BCEX PEKUMAX
B30MBaHUs HAOJIIONACTCS YBEIUUCHUE KOA(PQPUIIMEHTAa TUHAMHUYCCKOW BA3KOCTH NPOAYKTa, APYroit
MoKa3artenb «B30UTOCTb» — CHIXKAETCsl IpH BHEceHUH crabunusupytomei cucteMbl «GRINDSTED®
SB 550A» B xommaectse 1,0 %.

KnroueBbie ciioBa: MareMaTHYecKOe MOJENMPOBAaHME, MHINEBas J00aBKa, YIpaBisieMble
(dakTopsbl, yrpasisiemMble GakTopsl, ieneBas QyHKIHS, CTA0MITN3UPYIOIIas CHCTEMA.
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