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Mathematical modeling of experimental data in the design of formulas for dairy products

Abstract

Main problem: the article is devoted to the issue of designing basic recipes for dairy products
using mathematical modeling methods. The author analyzed the problems in the field of food
technology and concluded that mathematical modeling is used in the following areas: clarification of
technological process modes, designing recipes and assessing the quality of finished products, as well
as predicting the shelf life of new products when they are put into production. The use of
dihydroquercetin as a drug that prevents the oxidation of milk fat in the design of dairy products is
substantiated. Mathematical modeling was carried out on the basis of experimental and analytical
material obtained in laboratory and production conditions. Based on the maximum value of the
objective functions, the optimal normalized mixtures and the maximum allowable concentration of
dihydroquercetin were selected. The analysis of the received mathematical dependences and models is
carried out, the system of linear equations is made.

Purpose: to study the effect of natural bioflavonoid antioxidant on the oxidative processes of
milk fat and the viability of lactic acid cultures and their associations by mathematical modeling in
order to use it in the technology of a new product; conduct an analysis of mathematical dependencies
and models, compose a system of linear equations.

Methods: the article uses the method of mathematical analysis and the matrix method.

Results and their significance: a mathematical model was developed for the dependence of the
viability of probiotic cultures on the mass fraction of dihydroquercetin when designing recipes for a
creamy-protein curd product, a matrix of the chemical composition of dairy ingredients was presented,
and a system of linear equations for basic recipes was compiled. In the course of the study, the spatial
configurations of dihydroquercetin, as well as its effect on the oxidative processes of milk fat, were
studied. Mathematical modeling of experimental data on the study of the effect of dihydroquercetin on
the viability of microorganisms with probiotic properties was carried out. The normalization of the
complex of obtained results on the study of the influence of the mass fraction of dihydroquercetin on
the fermentation process was studied. Controlled factors characterizing the process of fermentation of
model media with dihydroquercetin have been determined. A rationing of the dihydroquercetin
complex of more than 0.50% was established; the target function decreases to its minimum value of
0.53 with a mass fraction of dihydroquercetin of 1.00%.

Keywords: mathematical modeling, dihydroquercetin, concentration, objective function,
controlled factors, controlled factors.

Introduction

In the food industry, the use of mathematical methods has significantly expanded. This is due
to the complication of technological processes, when any technically and economically unjustified
solution leads to significant material losses. It is possible to avoid miscalculations in modern
production conditions only by applying a strict quantitative assessment of technological processes
based on mathematically described patterns of occurring phenomena. The translation of technological
problems into a mathematical form allows not only to clarify the essential aspects of the problem
itself, but also to significantly reduce the time and cost of solving it. Various mathematical methods
are used both in the study and optimization of modes and parameters of various technological
processes [1].

A large number of antioxidants of various activity and origin are known in the world.
Dihydroquercetin, a biologically active flavonoid from Siberian larch, is known among them.
Dihydroquercetin is currently the reference product, i.e. the product with the highest antioxidant
activity.
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Dihydroquercetin is presented as vitamin P and has the following characteristics: chemical
formula - C15H1207; molecular weight - 304.26; it contains 2,3 - dihydro - 3,5,7 - trihydroxy - 2- (3,4
- dihydroxyphenyl) - 4H - 1 - benzopyran - 4 - OH. The chemical formula of dihydroquercetin is

shown in Figure 1.
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Figure 1 — Chemical formula of dihydroquercetin Cy5H;,0,

There are four spatial configurations of dihydroquercetin — R, R; R,S; S,S; S,R (Figure 2).
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Figure 2 — Spatial configurations of dihydroquercetin

As a substance with a high degree of biological activity, dihydroquercetin, as a P-vitamin,
enhances capillary permeability, has a whole range of positive effects on metabolic reactions and the
dynamics of various pathological processes in the human body. The doses of dihydroquercetin
recommended by doctors, physiologists and biologists as a prophylactic agent in the composition of
dietary supplements or food products are 140-160 mg per day [2].

Dihydroquercetin is non-toxic, harmless to humans, has high activity at low concentrations. It
does not add extraneous tastes and odors and does not change the color of products, it is resistant to
thermal and mechanical influences used in the manufacture of products, that is, it meets all the
requirements for all food additives in general and, in particular, for antioxidants. Dihydroquercetin is
included in the list of food additives that do not have a harmful effect on human health when used for
food preparation [3].

The use of dihydroquercetin as a drug that prevents the oxidation of milk fat must be studied
for each dairy product individually, taking into account its chemical composition, the amount of fat
component and the production process, since dihydroquercetin can affect their effectiveness. In the
technology of curd products, milk fat during heat treatment and mixing comes into contact with
atmospheric oxygen, equipment walls, which lead to a decrease in its quality due to the development
of oxidative processes. Least of all, this process has been studied in milk cream and fermented
products, as a result of which the task was to investigate the effect of a natural bioflavonoid
antioxidant on the oxidative processes of milk fat and the viability of lactic acid cultures and their
associations in order to use it in the technology of a new product.

Given the above, the topic of this scientific study is relevant and timely.



168 Hunosayusinwix Evpazus ynusepcumemininy Xabapwwicot. 2023. Ne 1 I1SSN 2709-3077

Materials and methods

Normalization of the complex of the obtained results on the study of the influence of the mass
fraction of dihydroquercetin on the fermentation process was carried out according to the maximum
value of a homogeneous indicator according to the formula:

Y @)

The objective function was determined by the formula:

F,= nZ=3 Y, (2)

Given that the duration of fermentation should be minimal, then the normalized value will
enter the objective function with a minus sign [4]. Based on the maximum value of the objective
functions, the normalized mixtures optimal for further research and the maximum allowable
concentration of dihydroquercetin were selected, at which the optimal quality indicators and
technological properties of the normalized mixtures are ensured.

Results

Mathematical modeling was carried out on the basis of experimental and analytical material
obtained in laboratory and production conditions.

Rationing was carried out according to the following controllable factors presented in Table 1.

Table 1 — Controlled factors characterizing the process of fermentation of model media with
dihydroquercetin

Vi Name of factors Units of Optimal
measurement meaning
VvV, | Fermentation time in hours <8)5
VY, | Organoleptic evaluation in points — max (15)
V3 | Logarithm of the total number of microorganisms Colone-forming Not < 8,0
with probiotic properties units/gram

The summary results of experimental studies to determine the main qualitative indicators
characterizing the process of fermentation of model media in the presence of dihydroquercetin are
shown in Table 2.

Table 2 — Summary of Experimental Data on Fermented Model Media

Experienced Regulated factors Controlled factors
sample X1 (mass fraction of Vi VY, VY,
dihydroquercetin, %)
Experience 1 0,000 8,0 10,0 9,991
Experience 2 0,063 8,0 11,5 8,908
Experience 3 0,125 8,2 12,0 8,903
Experience 4 0,250 8,3 13,0 8,875
Experience 5 0,375 8,5 13,5 8,778
Experience 6 0,500 8,7 14,5 8,732
Experience 7 0,625 9,0 14,0 8,000
Experience 8 0,750 9,2 13,5 7,903
Experience 9 0,875 9,3 13,5 7,778
Experience 10 1,000 9,6 11,0 7,681




Becmnux Unnosayuonnozo Eepasuiickozo ynusepcumema. 2023. Ne 1 I1SSN 2709-3077 169

The calculation results of the objective function are presented in the form of Table 3.

Table 3 — Normalization of complex experimental data and calculation of the objective function

. Rationing of controlled factors

Position v, v, A F1_3
Experience 1 0,83 0,69 1,00 0,86
Experience 2 0,83 0,79 0,89 0,85
Experience 3 0,85 0,83 0,89 0,86
Experience 4 0,86 0,90 0,89 0,92
Experience 5 0,89 0,93 0,88 0,92
Experience 6 0,91 1,00 0,87 0,97
Experience 7 0,94 0,97 0,80 0,83
Experience 8 0,96 0,93 0,79 0,76
Experience 9 0,97 0,93 0,78 0,74
Experience 10 1,00 0,76 0,77 0,53

Analyzing the results obtained, the values of the objective function, we can conclude that the
optimal concentration of dihydroquercetin is observed in experiment 6 and is 0.50 %. It can be noted
that with a mass fraction of dihydroquercetin of more than 0.50 %, the objective function decreases to
its minimum value of 0.53 with a mass fraction of dihydroquercetin of 1.00 % Thus, in a normalized
mixture, the mass fraction of dihydroquercetin in an amount of 0.50 % is optimal and maximum
allowable.

The subject of further analytical studies is to study the dependence of the influence of the mass
fraction of dihydroquercetin on the activity and viability of lactic acid microorganisms (L. bulgaricus,
S. thermophilus) and bifidobacteria (Bifidobacterium lactis).

Based on a set of experimental data on the process of fermentation of model media, a model of
the effect of dihydroquercetin on the activity of cultures with probiotic properties has been developed.

The mathematical description of the established dependence has the form:

f(x,y)=a+bx+cy+dxy+fx’+gy,

Where x — mass fraction of dihydroquercetin, %;

y — fermentation time, hours;

f (x,y) — logarithm of the total amount of microflora;

a, b, c, d, f, g — coefficients.

At the next stage, the formulations of the dairy product were designed. A feature of the
technology of the new product is the naturalness of its components: dairy and vegetable. The design of
the basic recipe consisted of determining the quantitative ratio of dairy ingredients to ensure that the
mass fraction of protein in the new product is at least 10%, the mass fraction of fat is from 5 % to
15 %. To solve this problem, ingredients were used, the chemical composition of which is given in
Table 4.

Table 4 — Dairy Ingredients Chemistry Matrix

Ingredients Mass fraction, %
dry including X
substances fat protein | carbohydrates
Milk protein concentrate 20,0 3,11 10,0 4,3 X,
Cream with a mass fraction of fat 25 % 32,0 25,00 3,0 4,0 X,
Cream with a mass fraction of fat 35 % 42,0 35,00 3,0 4.0 X3
Skimmed milk powder 94,0 1,00 36,0 53,0 X4

Based on the data given in Table 4, a system of linear equations was compiled for the first
basic product recipe (using milk cream with a fat mass fraction of 25%):- by fat (V,): 0,311X; +
0,25X, + 0,01X,;

— for proteins (¥,): 0,10X; + 0,03X, + 0,36Xy;

— by carbohydrates (V3): 0,043X; + 0,040X, + 0,53X4;

—on dry matter (Vo): 0,20X; + 0,32X; + 0,94X,.

The following conditions are accepted in the basic recipe.
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For a product with a mass fraction of fat 5 %:

Vi=5%;

vV, =10 %;

V3 — not standardized, that is, in fact;

Vo =32-33 %.

For a product with a mass fraction of fat 10 %:

Vv, =10 %;

vV, = 10 %;

V5 — not standardized, that is, in fact;

Vo = 38-39 %.

For a product with a mass fraction of fat 15 %:

V1 =15 %;

vV, =10 %;

V3 — He not standardized, that is, in fact;

Vo = 45-47 %.

The composition of the recipe in kg/ton is determined by the weight participation of the
components and can be represented by the following equation:

Zy =X, + X, + X, = 1000 (kilogram)

For the second version of the basic recipe for a new product in the equations, instead of cream
with a mass fraction of fat 25 %, used cream with a mass fraction of fat 35 %:

— by fat (Vy): 0,311X; +0,35X5 + 0,01Xy;

— for proteins (Y;): 0,10X; + 0,03X;3 + 0,36Xy;

— by carbohydrates (V3): 0,043X; + 0,040X3 + 0,53X,;

— on dry matter (Yo): 0,20X; + 0,42X3 + 0,94X,.

After determining the main recipe, the composition of the recipes will be determined in the
assortment with the introduction of functional and flavoring additives.

Discussion

The effect of natural bioflavonoid antioxidant on the oxidative processes of milk fat and the
viability of lactic acid cultures and their associations was studied by mathematical modeling in order
to use it in the technology of a new product. Mathematical relationships have been established that
characterize the viability of cells of probiotic microorganisms on the amount of dihydroguercetin in
model media. The analysis of mathematical dependencies and models was carried out, a system of
linear equations was compiled.

Conclusion

Analysis of the obtained mathematical dependencies and models allows us to draw the
following conclusions:

1. For lactic acid microorganisms (L. bulgaricus, S. thermophilus), the optimal number of cells
is observed in areas of response surfaces corresponding to the mass fraction of dihydroquercetin in the
fermentation medium of 0.2-0.6 %.

2. The optimal amount of bifidobacteria (Bifidobacterium lactis) in the fermented medium is
observed in areas of the response surfaces corresponding to the mass fraction of dihydroquercetin in
the fermented medium in the range of 0.2-0.5 % during fermentation for 7.5-8.0 hours.

Based on the results of normalization of experimental data and analysis of mathematical
models, the optimal mass fraction of dihydroquercetin (0.5 %) was established, which does not reduce
the viability of microorganisms involved in the fermentation of the protein base (L. bulgaricus, S.
thermophilus, Bifidobacterium lactis). Therefore, the level of dihydroguercetin in the composition of
the product should not exceed the prescribed amount, which will ensure its quality and functional
properties.

Thus, on the basis of the ingredients established experimentally, recipes will be drawn up that
meet the regulatory requirements for a new product.
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M.B. TemepbaeBa
WNunosammsneik Eypaszus yausepcurteri, Kazakcran

CyT eHimaepiHiH popmynanapbiH xo0anay Kesinae IKCNEPUMEHTTIK AepeKTepai
MaTeMATUKAJBIK MOJeJIbey

Makaja MaTeMaTUKaIbIK MOJECIbACY 9MICTEPiH KOJJIaHa OTBIPHIN, CYT OHIMICPIHIH HEri3ri
dopMynanapelH KoOajlay MoceleCiHe apHaaFaH. ABTOpP TaMaK TEXHOJOTHsJIAPhl CallaChIHIAFbI
MoceneNiep/li  Tanjan, MaTeMaTHKaJbIK MOJeNbey Kejeci OarbITTaplia KOJNJAHBUIAABI JIETeH
KOPBITBIH/IbIFA KEJI/Ii: TEXHOJIOTHSIIBIK YPAICTEPAIH PSKUMACPIH HAKThLIAY, (hopMyaiapabl xobdanay
JKOHE JalblH OHIMJEPMAIH camachlH Oarajnay, COHJal-aK OJIapJbl OHIIPICKE KOK Ke3iHJE >KaHa
OHIMJIEP/IiH KapaMJBUIBIK Mep3imMaepiH Oommkay. MakcatrTel (QpyHKIMSIIAPABIH MaKCUMAIAbl MOHIHE
CYWieHe OTBIPBII, OHTANIIBI KAJIBITKA KENTIPIIreH Kocnasap KoHe JUTHIPOKBEPLUETHHHIH MEKTI pyKcaT
eTUITeH KOHIIEHTPAIMACH TaHJANAAbl. AJBIHFAH MaTeMAaTUKAIBIK TOYEIJILTIKTEp MEH MOJeNbaepre
TaJJay jKacaljibl, ChI3BIKTHIK TEHAEYJIEp JKyHeci Kacaibl.

[IpoOuoTHKaNbIK AaKbUIIAPIBIH OMIPIICHIITIHIH JIATHIPOKBEPLUETHHHIH MacCajblK YJeCiHe
TOYCJAUIIHIH MaTeMaTHKAJIBIK MOJEN KpeMJi aKybI3Ibl cy30e eHIMIiHIH (hopMysalapbiH jxo0aiay
Ke3iHJe JKacaljibl, CYT WHIPEJUCHTTEPIHIH XWMHSUIBIK KYpambl MAaTPHIACHI YCBIHBUIIBL, HETI3Ti
(hopMynanapabIH ChI3BIKTHIK TEHACYIICP XKYyHec xKacalapl. 3epTTey TUTHIPOKBEPICTUHHIH KEHICTIKTIK
KOH(QUTYpalUsIapblH, COHAAW-aK OHBIH CYT MaWbIHBIH TOTBIFY YpPHICTEpiHE 9CEpiH 3epTTeli.
JIMruapoKBepIeTUHHIH, POOMOTHKAIBIK KAaCHETTEpi 0ap MHUKPOOPraHM3MAEPHAiH ©MIpIIeHIIiriHe
oCepiH 3epTTey OOMBIHINA SKCIIEPUMEHTTIK JEPEeKTEepAl MaTeMaTHKAIbIK MOACIbACY KYPri3ijii.
JUruipokBepUeTHHHIH MaccalblK YJECiHIH allbITy YpAiCiHe ocepiH 3epTTey OOMbIHIIA allbIHFaH
HOTIDKEJIEp KEIIEHIHIH KaJIbIlKa Keyi 3epTrreiai. JJuruapokBepleTHHMEH MOJIE/bIIK OPTaHbl alllbITY
YPZICIH CHIIATTAaHUTBIH OacKapbUIaThIH (akTopiap aHbIKTaNAbL. JurunpoksepuernH kemeri 0,50% -
JaH >KOFapbl HOpManay OenriieHai, MakcaTThl (YHKUMs OHBIH €H TeMeHIT MoHi 0,53-ke neiiin
TOMEHIEH].

TyitiH ce3aep: MaTeMaTHKAJIBIK MOJCbACY, IUTHIPOKBEPICTHH, KOHICHTPAI[MsI, MaKCATThI
¢byHKuus, GacKapbUIaThIH QakTopiap, OaKbUIAHATHIH (aKTopIap.
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MareMaTu4eckoe MOJeJMPOBAHUE IKCIEPUMEHTAIbHBIX JAHHBIX NPHU NPOEKTUPOBAHUU
pelenTyp MoOJIOYHBIX MPOAYKTOB

CraTbsl MOCBAIICHA BOIMPOCY MPOSKTUPOBAaHUSI 0A30BBIX PELENTYpP MOJOYHBIX MPOAYKTOB C
NPUMEHEHNEM METOJIOB MAaTEMaTHIECKOTO MOJICITMPOBAHMSA. ABTOPOM IIPOAHAIN3UPOBAHBI IPOOIEMBI
B O0JaCTH MHUINEBBIX TEXHOJOTMH W CHIEJAH BBIBOJA, YTO MAaTEeMaTHYECKOE MOJAEIUpPOBAHHE
MPUMEHSIETCS. B CICIYIOIMX HaNpaBICHUSIX: YTOUYHEHHE PEKUMOB TEXHOJOTHMYECKHX IPOIECCOB,
KOHCTPYHPOBAaHHE PELENTyp M OLEHKA KaueCcTBa TOTOBBIX MPOAYKTOB, & TaKKe NMPOrHO3WPOBAHUE
CPOKOB TOJHOCTH HOBBIX IIPOAYKTOB IIPU IIOCTAaHOBKE HX Ha TNPOW3BOACTBO. Ha ocHoBaHMHM
MaKCUMaJbHOTO 3HAYEHUs IeNeBbIX (QYHKUWI BHIOpaHBl ONTHMAIbHBIE HOPMATU30BAHHBIE CMECH U
npefenbHo JOMYCTHMasi KOHLEHTpalus IUTHApPOKBepueTHHA. [IpoBeneH aHanM3 MONMYyYEHHBIX
MaTEeMaTHYECKUX 3aBUCHMOCTEN U MOZEIEH, COCTaBICHA CHCTEMA TMHEWHBIX YPaBHEHH.

Pazpaborana maremaTndeckas MOJIEIb 3aBHCHUMOCTH KHU3HECTIOCOOHOCTH TPOOHOTHYECKUX
KYJITYp OT MAacCOBOW JIONM JWTHIPOKBEPLETHHA NPU TMPOSKTUPOBAHWUHM PELENTYp CIMBOYHO-
O€JIKOBOTO TBOPOXKHOTO IPOAYKTA, IPEACTABICHA MaTpHIAa XHMHYECKOTO COCTaBa MOJOYHBIX
MHIPE/IMCHTOB, COCTAaBJICHA CHCTEMa JIMHEHHBIX ypaBHEHMH 0a30BBIX penentyp. B xone
WCCIIC/IOBAaHNSl M3YYEHBI MPOCTPAHCTBEHHBIC KOHQUIYpalUH TUTHAPOKBEPICTHHA, a TaKKE €ro
BIMSHUE HAa OKHCIHUTENbHBIE TMPOLECCHl MOJOYHOTO JKHpA. [IpoBeneHo MaTemMaTH4eCKOE
MOJIETTMPOBAHUE DKCIICPUMEHTAIBHBIX JIAHHBIX MO HCCIEIOBAHHIO BIMSHUS IWTHIPOKBEPLETHHA HA
’KH3HECTIOCOOHOCTE  MUKPOOPTAaHH3MOB  C npoOMOTHYECKMMHU  CcBOMcTBaMu. McciemnoBano
HOPMHPOBaHHE KOMIUIEKCA TIIOJyYEHHBIX pPe3YyJbTaTOB [0 H3YYCHHIO BJIHMSHUS MAacCCOBOW JIOJIH
IMTHIPOKBEPLETHHA Ha Tmpouecc (epMeHTanuu. Ompenernensl  ynpaBiseMble  (aKkTOPBHI,
XapaKTepu3yIoIue Mmporecce (HepMEHTAIUH MOJCIBHBIX CPEl ¢ AUTHAPOKBEPLETHHOM. Y CTAaHOBICHO
HOPMHpPOBaHHE KOMIUIEKC AWUTHApOKBepuernHa Oonee 0,50 % MOPOUCXOAUT CHIDKEHHE UENeBOU
(yHKIMH 10 ee MUHUMaIbHOTO 3HaueHus 0,53 nmpu MaccoBoit noie muruapokeepieTrna 1,00 %.

KiroueBble ciioBa: MaTeMaTH4ecKOe MOJAEIHPOBAHUE, IMTHIPOKBEPLETHUH, KOHIIEHTPALHS,
neseBast yHKIHsI, yIpasisieMble (aKkToOpbl, KOHTPOJIHPYeMble (PaKTOPHI.
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