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Results of mathematical analysis of experimental data
fermentation of skimmed milk to produce a fermented milk product

Annotation

The main problem: Modern research in the development of fermented milk products is focused on
increasing the bioavailability of milk components, as well as the use of bacterial components of sourdough,
which increase health properties. The use of the fermentation process of skimmed milk with a combined starter
consisting of traditional for cottage cheese and starter cultures of probiotic cultures immobilized in a gel of
biopolymers is very important.

Purpose: The purpose of this study is to determine the optimal amount of starter, consisting of an
association of probiotic cultures immobilized in a gel of biopolymers (membranes) to be added to fermented
skimmed milk in order to enrich it with functional ingredients.

Methods: A one-factor experiment was used. The culture association Propionibacterium freudenreichii
subsp. was used as a regulatory factor. Shermanii, Bifidobacterium lactis and Streptococcus thermophilus,
immobilized in a biopolymer gel, added to skimmed milk in the form of membranes (determined as a percentage
of the mass of fermented milk). Controlled factors are the main indicators characterizing the efficiency of the
skim milk fermentation process; these are active acidity, the logarithm of the number of viable cells of
bifidobacteria, the logarithm of the number of viable cells of propionic acid bacteria, and organoleptic
evaluation.

Results and their significance: Based on the results of a mathematical analysis of the totality of values
of controlled factors depending on the amount of starter cultures of probiotic cultures, mathematical models were
built to determine the degree of influence of the starter on the quality indicators of the product, using the Table
Curve 3D-v4 mathematical computer program.

Key words: fermentation, sourdough, probiotic cultures, bifidobacteria, propionic acid bacteria,
skimmed milk, immobilized culture.

Introduction

At present, the process of scientific substantiation and practical creation of a fundamentally new
generation of milk-based products enriched with functional ingredients is actively developing in Kazakhstan.
Their main characteristics are: balanced composition, reduced fat content, easily digestible carbohydrates, high
protein content, as well as probiotic properties. At the same time, thanks to modern biotechnological methods in
combination with traditional methods of food technology, it is possible to create fermented dairy and milk-
containing products that are unique in their composition and properties with a controlled chemical composition
and given physiological and biochemical properties [1].

Dairy fermented products occupy an increasing share in human nutrition. The relevance of the
development of their technology and production is due to the increase in the number of consumer groups of
different ages who have health problems and need products enriched with natural proteins, «fast» carbohydrates,
micro- and macroelements [2].

The range of such products is regulated through the use of plant materials, including wild species and
cultivated in Kazakhstan, which is necessary for the dynamic development of the agricultural sector of the
economy and the processing industry, as part of the implementation of the tasks of the import substitution
program. In connection with the foregoing, this direction of scientific research is relevant.

Materials and methods

A single -factor experiment was selected. As a factor in regulation X - the Association of Cultures was
chosen: Propionibacterium freudenreichi subsp. shermanii; Bifidobacterium lactis; Streptococcus thermophilus,
immobilized to the biopolymer gel added to skim milk in the form of membranes (determined as a percentage of
the mass of fermented milk) [2, 3].
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Results

Managed factors have chosen the main indicators characterizing the effectiveness of the processing
process of skim milk.

y, — active acidity, units. pH > 4,4;

y, — logarithm of the number of viable cells of bifidobacteria,

CFU/cm?® — max;

Y3 — Jorapud)M KOJIMYECTBA JKU3HECIOCOOHBIX KIETOK MPOIMMOHOBOKHCIBIX Gakrepmii, CFU / cm® —
max;

y4 — organoleptic evaluation, points — max.

Table 1 — Results of experimental studies

Sample Adjustable Managed factors Rationing of controlled factors n
factor Z Yi
x1, % yo  |v2CFU/lys, CFU/| yo | wi' | o' [ v | v | ™

er.pH| cm? cm?®  |points
Control 0 4,20 - - 43 |0,9438| - - 0,860 | 1,8038
Experiment 1 | 0,03 4,30 7,7781 |9,0792 | 44 | 0,9662| 0,9790| 1,9500| 0,880 | 3,7752
Experiment 2 | 0,05 4,44 7,9445 | 9,5563 | 5,0 | 0,9977| 1,0000| 1,0000| 1,000 | 3,9977
Experiment 3 | 0,07 4,45 7,8751 | 9,5051 | 4,6 | 1,0000( 0,9912| 0,9946| 0,920 | 3,9058

Then they are converted into dimensionless values by normalizing the controlled factors by the
maximum value:

i = ymlax’ (1)
Y

yi’ — the normalized value of the controlled factor;
yi —the experimental value of the controlled factor;
yi™™ — minimum value of the experimental controlled factor.

The value of the target function, which is the sum of the normalized values of managed factors, is
determined by the following formula:
n '
Yo=2 Vi @
n=1

Yo — the value of the target function;

n '
Z Y; —the amount of normalized values of controlled factors.
n=1

Based on the results given in table 1, a diagram characterizes the dependence of the values of the target
function on the totality of controlled factors was built (Figure 1).
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Figure 1 — The dependence of the objective function values on the amount
of starter of the association of probiotic cultures, gel-immobilized biopolymers
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Based on the results of mathematical analysis of the totality of the values of controlled factors, depending on the

number of sourdoughs of probiotic crops, mathematical models are built to establish the degree of influence of

the sourdough on the qualitative indicators of the product, using a mathematical computer program Table Curve
3D-v4 [4, 5]. Figure 2 shows a graphical illustration of the change in active acidity in fermented milk.
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Figure 2 - Response surface of changes in active acidity in fermented milk depending
on the dose of starter culture and fermentation time

The regression equation for changes in active acidity during fermentation has the form:
z1=a+bx+cy +dy® +ey® + fy*, 3)

z1 — active acidity of fermented milk;
x — starter dose, %;
y — fermentation time, Hr.

The coefficients of the regression equation are equal:

a

b

C

d

e

f

6,6925

-5,0673

-0,3693

0,3241

-0,0887

0,0062

The coefficient of determination of the regression equation is 0.92. The correlation coefficient is 0.96.
Since the correlation coefficient is close to one, it can be assumed that the presented regression equation
adequately describes the change in active acidity from the amount of fermentation and the time of fermentation.

Figure 3 presents the statistical assessment of the error of the regression model, the maximum error of
the mathematical model consists in 17 positions and is 15.916 %.

Rank 48 Eqn 4 z=a+hu+oy+dy=+ey +7y3

LT W Walue Y Walue I alue £ Predict Residual Residual %
1 0.o7 a8 445 41953131 02546869 57233015
2 0.07 B 4.45 46903131 -0.240313  -5.400294
3 0.o07 4 B 59603131 00395850 06614486
4 0.07 2 G.4 52853131 01146853 1.7919331
L 0.07 0 6.5 633783131 01621869 24951333
G 0.05 a 444 4 2966589 01433411 32284036
T 0.05 5 445 47916589 0341658 7 R7F728
a 0.05 4 5 BOR1ESEY 0061658  -1.027648
9 0.05 2 6.4 B.38R6582 00133411 0.208455
10 0.05 0 B5 B.4391589 00608411 09360173
1 0.0z 2 4.3 43980047 -0.093005  -2.279178
12 003 B 4.52 48030047 0373008 8252316
13 003 4 6.2 6. 1630047 00369953 05055928
14 Q.03 2 6.5 £.4800047 00119953  0.18454325
15 Q.03 0 E5 B.A405047 0040506 0623149
16 0 a8 425 4 5500234 0300023 -7.0549373
17 0 5 5 0460234 09549766 165916277
18 0 4 6.3 63150234 -0.0158023 -0.238466
19 0 2 B5 B.EAO0Z34  -0.140023  -2.154206
20 0 0 6.51 B.BO25234 0182523 -2.803738

Figure 3 — Assessment of the statistical error of the regression equation of a change in active acidity
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Figure 4 shows the response surface of a change in the amount of bifidobacteria in fermented milk.
The regression equation of a change in the logarithm of the amount of bifidobacteria has the form:

72 =a+bx+cx? +dy +ey® + fy®, (4)

z2 — logarithm of the number of bifidobacteria;

x — starter dose, %;

y — fermentation time, Hr.
5 8+— | [8 &
] =
5] 2
= ’_,_,.;-v-""'-# | =)
:S 7 5 __,_,_;-'-‘""-FFF 7-5 E
o) =
= St
oy _,_,.—F""FFF’ ! -]
£ 74+ 7 &
: -- £
E | "———\_.__‘_‘__ -
E 6.5 1 6.5 =
E ! - — ] f
G - 6 =]
2 o] £
= =
=1 ]
= ~-55 =
% 5.5 - é"
= “-“‘ ‘ﬁ 4 . e':at

Share 0. ® 2 w{\o‘\
Ofleq ven, o; v ot 0 ?eﬂ“e’“
Figure 4 — The response surface of the change in the logarithm of the number of bifidobacteria cells in
fermented milk, depending on the dose of starter and fermentation time
The coefficients of the regression equation are equal:
a b c d e f
4,9551 32,5 -270 0,1178 0,0688 -0,0063
Discussion

With an increase in fermentation time, the number of viable bifidobacteria cells increases. The
coefficient of determination of the regression equation is 0,93. The correlation coefficient is 0,96. Therefore, it
can be stated that the developed mathematical model of changing the amount of bifidobacteria in the process of
fermentation of milk adequately describes the process under study.
Figure 5 presents a statistical report of the error of the regression equation of a change in the number of
viable bifidobacteria cells.
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Figure 5 — Statistical error report of a mathematical model of changing the number
of bifidobacteria cells in the process of fermentation
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The maximum model of the model is 7,97 % in the fourth position, which does not exceed the
permissible value for technological research.
Figure 6 presents a graphic illustration of the surface of the response of the Logarithm of the number of
propionic acid cultures.

Logarithm of the number of propionic acid bacteria

Logarithm of the number of propionic acid bacteria

Figure 6 — Response surface of the change in the logarithm of the number of propionic acid
bacteria in fermented milk, depending on the dose of starter culture and fermentation time

The regression equation for the change in the logarithm of the number of propionic acid bacteria in
fermented milk has the form:

z3=a+bx+cx® +dy+cy® + fy?,

z3 — logarithm of the number of propionic acid bacteria;
x — starter dose, %;
y — fermentation time, Hr.

The coefficients of the regression equation are equal:

©®)
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5,8788

76,8

-702,5

0,1781

0,0409

-0,0045

The amount of propionic acid bacteria with an increase in the time of fermentation increases. The
coefficient of determination of the regression equation is 0,99. The correlation coefficient of the model is 0,995.
The developed mathematical model of changing the number of propionic acid bacteria in the process of
fermentation adequately describes the studied process.

Figure 7 presents a statistical report of the error of the regression equation of changes in the number of
propionic acid bacteria cells.
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Figure 7 - Statistical error report of a mathematical model of changing the number of propionic
acid bacteria cells in the process of fermentation
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The relative statistical error of the model does not exceed 1,5 %. The maximum relative error of the
model is in the second position and is equal to 1,44 %.

The developed mathematical models in all three cases are represented by expressions identical in form,
which have the form:

z3=a+bx+ox® +dy+cy® + fy°, )

which indicates the same regularity in the course of the fermentation process, but differ in the values of
the coefficients of the regression equations. By the nature of the response surface, they are close to a linear
surface. Thus, it was found that an increase in the fermentation time of the product leads to an increase in the
number of cells of bifidobacteria and propionic acid bacteria.

Conclusion

All mathematical models have a high level of adequacy, the statistical error is minimal.

Therefore, a comprehensive study of the process of fermentation of skimmed milk with a combined
starter consisting of traditional for cottage cheese and starter cultures of probiotic cultures immobilized in a gel
of biopolymers (membranes) allows us to assume that the mass fraction of the starter of probiotic cultures, which
is 0,05 % of the mass of skimmed milk, ensures the efficiency of the process, its fermentation and enrichment of
the product with functional ingredients.
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L«B.M. T'op6aroB atsisaarsl Deaepambik a3bIK-TYITK KyHenepi FhUTBIME OpTaIIBIFbD
(dbenepanablk MEMIIEKETTIK OFOKETTIK FRUIBIMU MeKeMeci, Peceit
MunoBanmonnsiii EBpasuiickuii yausepcurer, Kazakcran

AIIBITBUIFAH CYT 6HIMJEPiH OHIPY YIIIH MalichI3 CYTTi AIBITYABIH
JKCNEPUMEHTTIK JepeKTepiHe MATeMATHKAJBIK TAJIay HITH KeIepi

AlIBIFaH CYT OHIMJAEPIH o3ipJey cajachlHIAFbl 3aMaHayd 3€pITeyJep CYT KOMIIOHCHTTEPIHIH
OMOXXETIMILIITIH apTTHIPYFa, COHJAi-aK JCHCAyJbIKKAa Malganbl KACHETTEPiH AapTTHIPATHIH KBIIIKBUIIBIH
OaKTepUAIBIK KOMIIOHEHTTEPIH KOJIaHyFa OaFbITTanfaH. ['enb OuomosmMepliepiHe UMMOOWIM3aNHsIIaHFaH
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NpOOUOTHKANBIK JAKBULAAPIBIH AJCTYPJi Cy30eci MEH alIbITKbICHIHAH TYPAThIH apajiac allbITKhIMEH MalChi3
CYTTI allIBITY NPOLECIH KOJIaHY 6TE MaHbI3/IBL.

Ocsl 3epTTeyAiH MakcaThl (YHKIHOHANIBIK MHTPEIUCHTTEpre OaibiTy MakcaThiHIA (EepMEHTTENreH
MaiChI3 CYTKE €HTi3y VIIiH MPOOHOTHKAIBIK MaKpUIIap KayBIMIACTHIFBIHAH TYPATHIH, TeJIb OHOTONHMEpIIepine
(MeMmOpaHamapra) IMMOOWII3AIMIIAHFAaH YHBITKBIHBIH OHTAMIIB MOJIIEPiH aHBIKTAay OOJBI TaOBIIa IbL.

Bip dakTopisl sKCIIepUMeHT KOIIaHbIasl. Pertey dakropsr petinme Propionibacterium freudenreichii
subsp MomeHHeTTEp KaybIMIACTHIFBI KoimaHsuimel. Shermanii, Bifidobacterium lactis sxome Streptococcus
thermophilus, rtems GuomoMMMepIIepiHe WMMOOWIH3AIMSANAHFAH, MAalChI3 CYTKe MeMOpaHamap TypiHIe
KOCBUIAJIBI (AaIIBITBUIFAH CYT MAaCCACHIHBIH ITAibI3bIMEH aHBIKTANAAbI). backapbuiaTelH (akTopiap Maichl3 CyTTi
AIBITY YPAICIHIH THIMAUIIIH CUNATTAWTBIH HETI3r1 KOPCETKIMTepal TaHAaabl, ojap OeNCeHAl KhIIIKBUIIBIK,
OuduI00aKTEePUSLITAPIbIH OMIPIICH KACYIIATAPbI CAHBIHBIH JIOrapu(Mi, MTPOMHOH KBIIIKBLIBI GaKTePHUSIaPbIHBIH
OMIpILIeH jKacylIanapsl CAHBIHBIH JIOrapu(Mi, OpraHONCNTHKAIBIK Oaranay.

BackappuiaTeiH (akTopiap MOHJIEPIHIH JKUBIHTBIFBIH MaTeMaTHKaNbIK Tajllay HOTHXKENepi HeriziHnzae,
OpoOMOTHKANBIK JaKbUIAAP/BIH AIIBITKBl CcaHbiHAa OaitmanbicTel, Table Curve 3D-v4 MarteMaTuKasbik
KOMIIBIOTEPIIIK OargapiaMachlH KOJIaHa OTBIPHII, AIIBITKBIHBIH OHIMHIH CalalibIK KOPCETKIIITEPIHE dcep Ty
JIopeKeciH aHbIKTayFa MYMKIHJIK OepeTiH MaTeMaTHKAJIBIK MOJICIbACD KYPBUIIBL.

TyiiiHAi ce3mep: ambITy, AIIBITKBl, NPOOMOTHUKANBIK MaKpUimap, OmdumodakTepusiap, MPOIHOH
KBILIKBLTEl OaKTepUsIIapbl, MaiChI3 CYT, HMMOOIIH3AIMIIAaHFaH MOJICHHUET.
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'®enepanpHoe rocyaapcTBEHHOE GIOKETHOE HAYUHOE YUPEKICHHE
«®DenepanbHbI HAyYHBIH [EHTp MUILEBBIX cucTeM uM. B.M. I'opbarosay», Poccus
’JHHOBAIHOHHBII EBpasuiickuit yausepcuret, Kasaxctan

Pe3yabTaThl MATEMATHYECKOT0 AHAJIN3A IKCIEPHUMEHTAIbHBIX JAHHBIX
(epMeHTAIMH 00€3KUPEHHOT0 MOJIOKA JIJIs1 MPOU3BOACTBA KHCJIOMOJIOYHOI0 MPOAYKTA

CoBpeMeHHBIE HCCIIEIOBaHUS B 00JIacTH pa3pabOTKM KHUCIOMOJIOYHBIX ITPOJYKTOB HAlpaBJICHBl Ha
MOBBIIIEHNE OMOJOCTYITHOCTH KOMIOHEHTOB MOJIOKA, & TaKKe HCIIOJIb30BaHUE OaKTEpHAIbHBIX KOMIOHEHTOB
3aKBAaCKH, MOBBIIIAIOIINX TMOJE3HBIE IS 3JI0pOBbs cBoiicTBa. Mcronmb3oBanue mporecca (epMEeHTALNH
00€3>)KUPEHHOT0 MOJIOKa KOMOMHUPOBAHHOM 3aKBAcKOM, COCTOSIIEH M3 TPaIUIMOHHOMN AJIsl TBOPOTa M 3aKBACKU
MPOOHOTHYECKUX KYJIbTYp HMMOOWIN30BAHHBIX B I'eIb OMOIIOIMMEPOB BECbMa aKTyaJbHO.

Llenpto JTaHHOTO WCCJIENOBAHMS SIBISETCS OIPENENICHHE ONTUMAJIBbHOIO KOJMYECTBA 3aKBACKH,
COCTOSIIEH U3 acCOIMAllUU MPOOHMOTHYECKUX KYIbTYP, IMMOOWIM30BAaHHBIX B Tellb OHOMOINMEPOB (MeMOpaH)
JUIsL BHECEHHsI B (epMEHTHpyeMoe O0Ee3)KMPEHHOE MOJIOKO C HeJbl0 ero oboramieHus (yHKIHMOHAIbHBIMH
MHIPE/INeHTaM.

bbu1  ucmonb3oBaH — OJHO(AKTOPHBIA  dKcnepuMeHT. B kauectBe (dakTopa perynnpoBaHUs
UCIIONb30BaNach acconuanus KynsTyp Propionibacterium freudenreichii subsp. Shermanii, Bifidobacterium
lactis u Streptococcus thermophilus, nmmoOuIM30BaHHas B rejib GHOTIOIMMEPOB, JT00aBisieMast B 00€3KUPEHHOE
MOJIOKO B BHJE MeMOpaH (ompenenseTcsi B MPOLEHTaX OT Macchl (PEPMEHTHPYEMOTO MOJIOKa). Y IPaBJISIEMbIMU
(hakTOpamMu BHIOpaHBI OCHOBHBIE IIOKa3aTelNH, XapakTepusymome 3(QeKTHBHOCTH Ipolecca (epMEeHTANH
00E3KUPEHHOTO MOJIOKA: aKTHUBHAS KHCIOTHOCTb, JIOrapu(M KOJMYECTBA IKM3HECIIOCOOHBIX KIIETOK
oudunodakTepmii, jmorapu™M KOJIUYECTBA >KU3HECHOCOOHBIX KIJIETOK IPOIMMOHOBOKHCIBIX OaKTepui,
OpraHoJIENTHYECKAs OLICHKA.

Ha ocHOBaHMM pe3yJbTaTOB MaTEMAaTHYECKOTO aHalli3a COBOKYIIHOCTH 3HAYeHHH YIPaBISIEMBIX
(hakTOpOB B 3aBHCHUMOCTH OT KOJHYECTBA 3aKBACKH MPOOMOTHYECKHX KYJIBTYP IMOCTPOSHbI MaTeMaTH4YeCKHe
MO/ICJIH, MO3BOJISIOIINE YCTaHOBUTH CTENEHb BIMSHHS 3aKBACKM HAa KAueCTBEHHBbIC IOKA3aTeNH MPOAYKTa C
HCIIOJIb30BaHIEM MaTeMaTHYECKONW KOMITbIOTepHOH mporpaMmMel Table Curve 3D-v4.

KiroueBbie cmoBa: ¢QepmeHTamms, 3akBacka, MNPOOMOTHYECKHE KYyIbTYpHl, OuduIodakTepu,
MPONTMOHOBOKHCIIBIE OaKTEpHH, 00€3KUPEHHOE MOJIOKO, IMMOOHMIM30BaHHasl KyJIbTypa.
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