IRSTI 65.63.33 https://doi.org/10.58805/kazutb.v.4.25-630

OPTIMIZATION OF THE FORMULATION OF VEGETABLE MILK WITH THE ADDITION OF
LEGUMES ON THE EXAMPLE OF MUNG BEAN
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One of the key positions of food security is "improving the health of the population” as the most
complete satisfaction of human needs for basic nutrients - proteins, fats, carbohydrates, vitamins, minerals.
A balanced diet has a huge impact on all aspects of the human body’ s vital activity. Continuously occurring
life processes are impossible without the introduction of nutrients from the outside. Nowadays, human
nutrition is of particular importance precisely during illness. This study is aimed at developing a functional
drink based on vegetable "milk” using different ratios of mung bean, water and stabilizer. The results
obtained made it possible to select the formulation of vegetable milk from mung bean by applying the
developed mathematical model. One of the most important indicators of milk quality is acidity, which
characterizes the freshness of milk, its suitability for further processing and pasteurization. The article
describes the results of fitting various models to the acidity data of vegetable milk. An increase in acidity
leads to the fact that proteins become less resistant to heat. A model in three-dimensional space is also
presented, characterizing the dependence of acidity on the components of vegetable milk.

Keywords: formulation, optimization, vegetable milk, legume culture, mung bean, acidity, functional
purpose.

MATI TAKBLJTBI MBICAJIBIHIA BYPIIAK JAKBLIJIAPBIH KOCY APKBLIbI O CIMJIIK
CYTIHIH PEIEINTYPACBHIH OHTAJIAH/IBIPY
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AB3BIK - TYJIK Kayilci3iriHiH Heri3ri ycTaHbIMIAPbIHBIH Oipi aJaMHBIH HETi3T'1 TaFaMJIbIK 3aTTapFa-aKybi3-
Japra, Malnapra, Kemipcyiapra, JopyMeHaepre, MUHepaigapra JIereH KaKeTTUIriH OapblHINIA TOJIBIK Ka-
HAFaTTaH/IBIPY «XaJBIKTBI CAYBIKTHIPY» OOJIBII Ta0bUIaABL. TeHAECTipiireH TAMaKTaHy a/1aM aF3aChIHBIH Oap-
JIBIK aCHEKTUIepiHe YJKEH acep eTeli. Y3/IKCi3 Ky peTiH eMipIliK IpoLecTep KOPEKTIK 3aTTap/ibl ChIPTTaH
eHrizoecTeH MyMKiH emec. Ka3ipri yakpITTa aJaMHBIH TaMaKTaHYBI aypy Ke3iHJie epeKIlie MaHbI3Fa ue. by
3epTTey 9pTYpJil apaKaThIHACTA Malll, Cy KOHE TYPaKTaHbIPFBIIITHI KOJIIaHA OTHIPHII, 6CIMJIIK HET131HAer1
«CYT» HeriziHjae (PyHKIMOHAIbI CYChIH jKacayra OarbITTaaFaH. AJIBIHFAH HOTHOKEJIep d3ipJieHreH MareMa-
TUKAJIBIK, MOZIEJIB/II KOJIIAHY apKbUIbI MAIIITAH ©CIMJIIK CYTiHIH pelenTypachiH TaHJayFa MyMKIHIIK Oep/ii.
CyT camachlHBIH MaHBI3bl KOPCETKIMITEePiHiH Oipi-CyTTiH OaFbIHABIFBIH, OHBI 9pi Kapall eHjeyre skoHe
racTepJieyre KapambUIBIFbIH CUMATTANTBIH KBIIKBUIABIK. Makanana eciMIiK CYTiHiH KBIIIKBUIIBIK, Je-
PEKTEpiHe 9PTYPJii MOAEJIbIEP/Il COMKECTEHAIPY HOTHKeIepl cunaTTairad. KpllIKbUIIBIKTBIH apTYhl aKybl-
3ap/blH BICTBIKKA TO3IMIUNTIHIH TeMeHaeyiHe okeseal. CoHgal-aK, KbIIIKbUIIBIKTBIH ©CIMIIK CYTIHIH
KOMIIOHEHTTEPIHE TOYEJIAUIIIH CUIIATTAlThIH YIII ©JIIIEMA] KEHICTIKTETT MOJEJIb YChIHBIIFaH.

Tyiiin ce3aep: perenrtypa, OHTAWIAHIBIPY, OCIMIIIK CYyTi, OypIIaK AaKbUIIApPhl, MaIlll, KbIIIKbUIIBIK,
(pyHKIIMOHAJIIBIK, MAKCATHI.

OIITNMU3ANINA PEHEIITYPBI PACTUTEJIBHOI'O MOJIOKA C JOBABJIEHUEM BOBOBbBIX
KVJIbTYP HA ITIPUMEPE MAIITA
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OpHUM U3 KJTIOYEBHIX MMO3UIIHIA TTPOIOBOJIBCTBEHHOM 0€30MaCHOCTH OTHOCHUTCSI «O3/I0POBJICHUE Hacele-
HUSI» KaK HanOoJIee MTOJTHOE YOOBJIETBOPEHUE HOTpe6HOCTI/I YeJIOBEKA B OCHOBHBIX ITUINIEBBIX BEIIECTBAX -
6CJ'IKaX, KUpax, yriieBoaax, BATAMHUHAX, MUHCPAJIbHbIX BCIICCTBAX. C6aHaHCI/IpOBaHHOC IIMTAaHUEC OKAa3bIBa-
€T O'POMHOE€ BJIMAAHUE Ha BCE CTOPOHDI JKUBHEACATEIIbHOCTU OPraHn3mMa YCJIOBECKaA. HereprBHO IMpOUCXO-
AAINE KU3HEHHBIC ITPOUECCHI HEBO3MOKHDI 0e3 BBCACHUA M3BHE IIUTATCJIbHBIX BCIIICCTB. B name BpEMA
0co00€e 3HAYEHHE npmo6peTaeT MMUTAaHUE YECJIOBEKAa MMEHHO BO BpEMH OOJIE3HM. I[aHHOG HCCJIEAOBAHHUEC
HAIpaBJIeHO Ha pa3pa0dOTKy HANMUTKA (DYHKIIMOHATLHOTO HA3HAYEHUS HA OCHOBE PACTUTEIBHOTO «MOJIOKA»
C HMCIIOJIb30BAHUEM B pPa3HbIX COOTHOIICHHAX Mallld, BOAbl U CTa6I/IIII/I3aTOpa. HOJ'Iy‘ICHHbIC PE3YJIbTATbL
MO3BOJIMJIM TIOJJ0OPATh PELeNTYPy PACTUTEIHFHOrO MOJIOKA M3 Mallla IyTeM MPUMEHEHHs pa3paOoTaHHOM
MaTeMaTUYeCKOM MOJEJIN. O):[I/IH W3 BAXXHEHNIINX IOKa3aTesiel KauecTBa MOJIOKA - KHUCJIOTHOCTD, XapaKTe-
pU3yIoIIasl CBEKECTh MOJIOKA, €ro MPHUrOAHOCTDb K JaJbHEWIIel nepepaboTke U nacrepusanuu. B cratbe
OIMUCAaHbl PE3YyJIbTAThl ITOATOHKU PA3JIMYHBIX Moneneﬁ K JaHHBIM KHUCJIIOTHOCTH PaCTUTEIILHOI'O MOJIOKA.
IloBbilIeHNE KUCIOTHOCTH IIpUBOOUT K TOMY, YTO O€EJIKM CTAaHOBSITCSI MEHEE YCTOfI‘IPIBLIMH K Harp€BaHHIO.
Taxk:xe npeacraBjieHa MOJACIIb B TPEXMEPHOM ITPOCTPAHCTBE, XapaAKTEPU3YIOIIaAd 3aBUCUMOCTb KUCJIOTHOCTU

OT KOMITOHEHTOB PACTHUTEJIBHOI'O MOJIOKA.

KuiroueBble cjioBa: peuentypa, onTUMHU3aIMs, pacTUTEIbHOE MOJIOKO, 0000Bast KyJIbTypa, Malll, KKC-

JIOTHOCTh, (DYHKIIMOHAJIbHOE HAa3HAYECHHUE.

Introduction. The main task of the food industry
is to develop recipes that incorporate plant raw
materials to achieve balance and expand the range
of products. From the perspective of enhancing
the biological value of the product, the recipe
composition is determined by enriching it with
polyunsaturated fatty acids and their derivatives
from plant raw materials. One of the promising
types of plant raw materials is leguminous crops,
specifically mung beans. Mung beans contain
approximately 24% protein. Sprouted mung beans
are particularly popular among vegetarians and
health enthusiasts. Mung bean sprouts, which can be
eaten raw and added to salads, are a low-calorie food
rich in fiber and vitamins [1-3].

When recalculated to 100 g of the product in its
natural values, the recipe for plant-based milk is as
follows:

- Mung bean powder - 19.7 g;

- Water - 77.1 ml;

- Stabilizer - 3.2 g.

The goal of the research is to optimize the recipe
for plant-based milk based on leguminous crops
(mung beans).

Materials and methods. The objects of the
study were plant-based milk made from mung
beans, mung bean powder, water, and stabilizer.
Experimental research was conducted at the base
of the Astana branch KazNII of Processing and
Food Industry LTD in 2024. The optimization of
the recipe was carried out using the Statgraphics
Centurion 19 software package. Experiments were
conducted according to a simplex-lattice design
(Sheffe’ s plan) of the third order (Simplex-Lattice).
During the experiment, a recipe for plant-based milk
from mung beans was developed, where the main
components were mung bean powder, water, and
stabilizer.

The variable factors in composing the recipe were
the mass fractions of mung bean powder (x1), water
(x2), and stabilizer (x3) in the recipe composition.
These factors were varied according to Sheffe’
s third-order plan [4-6]. Other conditions of the
experiments remained unchanged. The results of the
experiments characterized the change in one of the
parameters - the acidity of the plant-based milk.

The determination of acidity was conducted in
accordance with GOST 3624-92 [7-9].

Discussion of the results. The components of
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the plant-based milk that form the planning matrix
and the results of the experiments are presented in

table 1.

Table 1 - Sheffe’ s Plan and Experimental Results

Mass fraction of components Acidity, °T
Experiment numbers | Encoded values Natural values ’
xI | x2 | x3 | M,r | B,mn Cr |y

1 1 0 0 100 | O 0 25

2 2/3 11310 66,6 | 33,3 0 21,6

3 2/3 10 1/3 | 66,6 | O 33,3 | 21

1 173 12/3 10 33,3 | 66,6667 | O 18

5 173 | 1/3 ] 1/3 | 33,3 | 333 33,3 1 19,9

6 17310 2/3 33310 66,6 | 19,5

7 0 1 0 0 100 0 17,5

8 0 2/3 113 |0 66,6 33,3 | 19,5

9 0 173 12/3 |0 33,3 66,6 | 21,5

10 0 0 1 0 0 100 | 25

The average model consists only of a constant.
The linear model includes first-order terms for
each component. The quadratic model adds cross-
products between pairs of components. The special
cubic model includes terms that involve products of

three components. The cubic model adds additional
third-order terms [10].

The estimated effects of the full model for acidity
are presented in table 2.

Table 2 - Estimated Effects of the Full Model for Specific Volume

Values Sum of squares | Difference | The middle square | F-ratio | P value
Average 4347,23 1 434723 - -
Linear 32,4013 2 16,2007 4,21 0,0631
Quadratic 24,8284 3 8,27615 15,65 | 0,0112
Special cubic | 0,524991 1 0,524991 0,99 0,393
Cubic 1,59023 3 0,530078 - -
Mistake -7,02188*10-13 | O 0 - -

Total 4406,57 10 - - -

As seen in table 2, each model is presented
with a P-value that tests whether the model is
statistically significant compared to the mean square
for the term provided below. Typically, the most
complex model with a P-value of less than 0.05 is
chosen, assuming that the work is conducted at a
significance level of 95.0%. Unfortunately, there are
no degrees of freedom for error, so the statistical
significance of the cubic model cannot be tested.
Adding additional runs to the design would help

alleviate this issue.

The currently selected model is the quadratic

model, and the analysis of variance is presented in
table 3.

Table 3 presents the analysis of variance for
the currently selected quadratic model. Since the
P-value for this model is less than 0.05, there is a
statistically significant relationship between acidity
and the components at a 95.0% confidence level.
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Table 3 - Analysis of Variance (ANOVA) for the Acidity of Plant-Based Milk from Mung Beans

Values Sum of squares | Difference | The middle square | F-ratio | The value of P
The quadratic model | 57,2297 5 11,4459 21,64 | 0,0054

The final error 2,11526 4 0,528814 - -

Total (corr) 59,345 9 - - -

The lack-of-fit test is designed to determine
whether the chosen model adequately describes the
observed data or if a more complex model should
be used. This test is performed by comparing the
variability of the residuals of the current model
with the variability between observations at repeated
settings of the components. Unfortunately, in this
case, the test cannot be conducted as there are no
repeated observations.

The coefficient of determination indicates
that the fitted model explains 96.4357% of the
variability in acidity based on the components of
the plant-based milk. The adjusted coefficient of
determination, which is more suitable for comparing
models with different numbers of independent
variables, is 91.9802%. The standard error of the
estimate shows that the standard deviation of the

y = 25,2714z, + 17,3143x4 + 24,614325 — 6,04284x, x5 — 20,4428x x5 — 1,41427222,

Based on the obtained regression equation,
a model was constructed in three-dimensional
space, representing a plane that characterizes the
dependence of acidity on the components of plant-
based milk.

Figures 1-4 present graphical representations of
the dependency plots. The analysis of the behavior
of the obtained response surface showed that the

residuals is 0.727196. The mean absolute error
(MAE) of 0.410477 represents the average of the
residuals. The Durbin-Watson (DW) statistic checks
the residuals to determine if there is any significant
correlation based on the order in which they appear
in the data. Since the P-value is greater than 5.0%,
there is no indication of serial autocorrelation in the
residuals at a 5.0% significance level.

The results of fitting the quadratic model for
acidity and the regression coefficients are presented
in table 4.

Thus, the dependence of acidity on the
components of plant-based milk from mung beans
can be represented in terms of the mass fraction
of the ingredients individually, and the regression
equation can be written in the following form
(formula 1):

)

optimal zone for the acidity of plant-based milk
is achieved when the mass fraction of mung bean
powder is 19.7%, the mass fraction of water
18 77.1%, and the mass fraction of stabilizer is
3.2%. The analysis of the distribution of errors in
predicting acidity values yielded satisfactory results:
a significant portion of the points did not deviate
noticeably from the line, indicating the adequacy of
the obtained model.

Table 4 - Results of Fitting the Quadratic Model for Acidity

Components

A: Mung bean powder

B: Water

C: Stabilizer

Coefficients | Mistake
25,2714 0,684381
17,3143 0,684381
24,6143 0,684381
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Figure 1 - Response Surface of the Output Parameter: Dependence of Acidity on the Mass Fraction of
Components
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Figure 2 - Projections of the Response Surface Sections Characterizing the Dependence of Acidity on the
Mass Fraction of Components

Figure 3 - Projections of the Response Surface
Sections Characterizing the Dependence of Acidity
on the Mass Fraction of Components with Optimal

Points

Conclusion. Mung beans are a widely recognized
plant-based source of protein and a means of
maintaining health due to their high nutrient content.
Currently, people’ s demands for quality of life
are continuously improving, while simultaneously,
the prevalence of unhealthy populations is
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Figure 4 - Diagnostic Plot of the Deviation of
Predicted Acidity Values from Normal Distribution

steadily rising. The ”generation of people who
eat medicines” is gradually being perceived by
consumers as a whole.
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