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HanyoHanbHbIi, peLieH31pyeMblii )KypHaJl ITIOCBSILEeH OCHOBHBIM
rnpo6iemMaM HayKy O MUILEBOI MPOMbIIIEHHOCT. OCHOBHO
MMCCHell SIBAsieTCs: Co3/laHMe, arperaiys, MogAepykKa 1 pacrpo-
CTpaHeHMe HayYHOTO KOHTEHTA B 00/1aCTH MUIIEBOI IIPOMBILIIEH-
HOCTH, 00beAVIHEeHVE YCUIIUIA MCCIIeoBaTeNell HAyUHBIX [IeHTPOB,
YHUBEPCUTETOB, ITPeOioIeHe Pa3pbIBa MeXKIY M3IaHUSIMMU PeTu-
OHAJILHOTO, HALIMOHAILHOTO U (eiepabHOTO YPOBHEI. JKypHain
MPU3BaH OCBELATh aKTyaIbHbIe TPOGIeMbI B MMIIEBON U CMEX-
HBIX OTPACJISIX, IPOJBUTATh HOBBIE MTE€PCIEKTVBHbIE TEXHOIOTUY
B IIMPOKYIO ayAUTOPUIO HAYYHBIX U MMPAKTUUECKUX PAGOTHUKOB,
MpernojaBaresieii, aCMpaHTOB, CTYIEHTOB, IPeIIpUHIMATeIeli.
HayuHast KOHLIeTI¥sI M3aHus TIpeJTioaaraeT myeaMKamio HOBbIX
3HAHMIT B 06J1ACTY MULIEBBIX CUCTEM M HAYYHBIX OCHOB pecyp-
cocHeperarimx TeXHOIOTMIi ITy6OKOI epepaboTKy CebCKO-
XO0351/ICTBEHHOT'O ChIPbsI, TPOPBIBHBIX TEXHUUECKMX PeIIeHMI ISt
MIPOM3BOJCTBA MUIIEBBIX TPOAYKTOB OOLIETO U CIIELMATU3UPOBaH-
HOTO Ha3HaueHusl. B JKypHase my6MmMKyOTCs HayYHbIe ¥ 0030pHbIE
CTaThU, AOKIAAbI, COOBIIEHMS, peLleH3MM, KpaTKie HaydHbIe
coob61eHus (MMcbMa B peakiuio), MHGopMaMoHHbIe y6in-
Kalyy 110 HallpaB/IeHMUSIM : TEXHOIOTMSI MUIIEBBIX TPON3BOACTB;
rporeccsl, 060pyLoBaHMe ¥ annapaThl MUIEBbIX TPOU3BOICTB;
TUTMEeHA UTaHWsT; GMOTEXHONIOTHS; CTaHAAPTU3ALMS, cepTUdu-
Kalusi, KauecTBOo ¥ 6€30MacHOCTh; IKOHOMMKA ; aBTOMATU3aLIMs
¥ MHGOPMAaTHU3aIMs TEXHOIOTMYECKMX Mpo1ieccoB. [Togpo6Hast
vHbopMauus 1Jis aBTOPOB M UMTaTE/Ieli IpeiCTaBlIeHa Ha caiiTe:
www.fsjour.com.
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ABSTRACT

This study aims to investigate the factors that influence consumer purchasing decisions regarding peanut oil brands in Myanmar,
specifically examining the impact of price, health benefits, and taste and smell on purchasing behavior. A quantitative research
approach was employed to analyze the data collected from 255 participants who are social network friends’ netizens living in
Yangon region. The gathered data was analyzed by using the logistic regression statistical tool. Tests such as Likelihood Ratio
test, Wald test, the Hosmer-Lemeshow test, Cox and Snell R-square, Nagelkerke R-square and Omnibus test were used in this
study for the model fitting purpose to achieve its objectives. The results show that peanut oil price had a significant impact on
consumer purchasing decisions, while health considerations also played a role in decision-making. However, taste and smell did
not significantly contribute to the prediction of the relationship between the dependent and independent variables.
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KJIIOYEBBIE CJIOBA: AHHOTALIUA

apaxucosoe mMacno, Llenbi0 JAHHOTO MCC/IENOBaHMs GbIIO M3yueHMe (HaKTOPOB, BAMSIOIINX HA MPUHSTHE MTOTPEOUTENSIMM PEIIEHMS O MTOKYIIKE

npuHsimue peuleHust 6peHI0B apaxmMcoBOro Maciia B MbsiHMe, M3y4ast, B YaCTHOCTM, BIMSTHME LIeHbI, TTOJTb3bI [/IS 30POBbsI, @ TAKKE BKYCa U 3araxa Ha

0 NOKynKe, 8JUsiHUE TOKYTIaTeIbCKOE MOBeIeHNME. BbUT 1CITOIb30BaH KOMMUECTBEHHBDIN MCCIe0BaTeTbCKMI TIOMXOA, IJIs1 aHaIM3a JAaHHbIX, COOpaH-

yeHbl, 6030elicmeue HA HbIX OT 255 YUACTHUKOB, KOTOPbIE SIBJISTIOTCS MO/Ib30BATE/ISIMIM COLMATBHO CETH IPY3€ii, KUBYIIMX B paiioHe I. IHrox. Co6pan-

300posbe Hble JaHHbIe 6bUIM aHATM3UPOBAHbI IyTEM UCIIOIb30BAHMS CTATUCTUUECKOTO MHCTPYMEHTA JIOTMCTUYECKON perpeccyin. B aTom
MCCIeqoBaHNy GbLTY MCIIONb30BaHbI TAKME TECTHI KAK TECT OTHOILIEHNS TIPaBOONomo6ust, TecT Banbaa, Tect Xocmepa-Jlemeliioy,
R-xBagpat Kokca u CHemna, R-kBagpaTt Haresnbkepke u yHMBepCalIbHbIV KpUTePUii I/s1 afanTanyy MOLEeIN OJs1 JOCTUKEHUST
eé 1eseit. Pe3yabTaThl MOKa3ain, YTO [eHA Ha apaxXCOBOe Mac/io OKas3biBajla 3HAUMMOE BIIMSHME Ha pelleHe moTpebuTenei
0 TIOKYTIKE, B TO 3Xe BpeMsI COOOpaykeHMs 3T0POBbsI TAKXKE UTPaIM POJIb B TPUHITUY pelieHnst. OGHAKO BKYC U 3aI1aXx He BHOCWIIU

CYH.IECTBQHHbIﬁ BKJIaJZl B ITIPOTHO3VPOBAHME B3aMMOOTHOILIEHM MEXKAY 3aBUCUMbIMI M HE3aBUCUMbIMU II€PEMEHHbIMU.

1. Introduction

The global edible oil market has been characterized by unprecedented
price fluctuations, influenced by various factors such as decreased output
and increasing demand [1]. In Myanmar, edible oil is an essential compo-
nent of daily life, often used for frying and mixed with food. The country
has diverse edible oil types, including peanut, sesame, sunflower, palm,
vegetable, olive, soybean, mustard, and mixed oil.

Htoon, K. L. [2] shows that from 2001 to 2017, Myanmar’s peanut oil
production increased significantly, with an average annual production
of 270,000 tons. However, the edible oil industry has faced challenges in
recent years, with 90 % of expeller mills ceasing operation due to the sale
of lower-quality mixed edible oils and a lack of competition in the local
market. While peanut oil production in Myanmar saw growth from 2001
to 2017, recent market trends have shifted significantly, causing a large
proportion of production facilities to cease operations due to increased
availability of cheaper, lower-quality oils and insufficient competition
to drive improvement and viability in the market [3]. Furthermore, the
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palm oil industry has been criticized for its use of chemically modified
peanut oil fragrances and lack of standardization, with the government
attempting to regulate the sale of unhealthy and unstandardized oils.
The country’s reliance on imported palm oil has had a significant im-
pact on the domestic edible oil industry, with monthly imports averag-
ing 7,000 tons in the early 1990s and growing to 70,000 tons today [4].
Currently, local oil mills in Myanmar are struggling with declining pro-
duction and high costs of electricity, raw materials, and labor, while the
growing market for lower-quality mixed edible oils poses a significant
challenge.

In Myanmar, oilseed crops cover approximately 16.4 % of the total ag-
ricultural land, with peanuts being one of the main crops. The produc-
tion of peanut oil is a significant industry, but it faces challenges due to
competition from imported palm oil. The Myanmar Edible Oil Dealers’
Association and the Myanmar Edible Oil Manufacturers’ Association have
reported that the sudden imposition of import restrictions by India on
beans and pulses led to a shift in farming practices, with many farmers
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switching to growing peanuts. However, this change has proven difficult
due to the different skills required [5].

The demand for edible oil in Myanmar is high, with each person con-
suming an average of 9.3 kg of edible oil per year. The country imports
significant amounts of palm oil to meet this demand, particularly from
Malaysia. However, this has negatively affected the national economy and
consumer base in Myanmar’s oilseed crop industry. It is also important for
consumers to be aware of the importance of eating nutritious oils, such as
those found in peanuts, sesame seeds, and sunflower seeds [3]. According
to a survey, peanut oil is the most popular edible oil in Myanmar, with
61.40 % of respondents selecting it as their preferred oil type [2].

Understanding consumer behavior is crucial for businesses to gain a
competitive advantage in today’s market. A consumer is defined as an in-
dividual with sufficient income to purchase goods or services, and their
demand for superior services plays a significant role in the success or
failure of an industry [6]. To thrive in a competitive market, businesses
must understand and adapt to the decision-making processes and ac-
tions of their customers [7]. Consumer decision-making involves a com-
plex process, including information search, evaluation of alternatives,
purchase decision, and post-purchase evaluation, with various factors
influencing the decision-making process [8]. According to Philip Kotler,
customer behavior is the study of how individuals or groups choose, use,
and reject goods, services, concepts, or encounters to satisfy their wants
and needs [9]. Researchers have developed various models to depict the
decision-making process involved in purchasing and the factors that af-
fect it [8]. By understanding what consumers like to buy, where they buy,
how much they buy, how often they buy, and why they buy, businesses can
reorganize their decision-making process at different stages [10].

The buying process begins with need recognition, where a customer
identifies a desire or issue, often triggered by internal and external stim-
uli, such as cultural and social factors [11]. This initial phase involves
recognizing a gap between the ideal and current circumstances, creat-
ing demand, and the need to fulfill that desire [12]. Marketers may influ-
ence consumers to buy by highlighting the difference between their ideal
and present circumstances, creating a sense of urgency [8]. Factors such
as financial considerations, past decisions, family characteristics, social
status, marketing campaigns, and personal preferences can impact the
identification of needs [8]. The genuine condition is influenced by vari-
ous factors, including evaluation after purchase, excitement, and inap-
propriate group. Scholars argue that a need can be something one needs
rather than something one just wants to preserve one’s way of life [11].
The problem is detected when a consumer observes a significant differ-
ence between their current circumstances and an ideal or preferred state.

Consumers seek information from various sources, including person-
al, commercial, public, and experimental sources, during the information
search process, which is a crucial step in the buying decision-making pro-
cess. This search is often triggered by an unconscious desire, and once
consumers are aware that a product or service can satisfy their needs,
they will evaluate whether to purchase it. The level of consumer interest
determines the amount of information needed during the search process,
with consumers being more likely to make a decision quickly if the prod-
uct is readily available or instantaneously accessible [12]. Consumers have
the right to access knowledge from multiple sources, including both pri-
vate and public data [13]. As consumers seek to make informed decisions,
they often search for experiences associated with products and similar
products or services. They may also seek advice from friends, family, and
acquaintances who have experience with the products or solutions they
need. Positive customer feedback can significantly increase the likelihood
of purchase, while external data can also aid in decision-making. Addi-
tionally, consumers can obtain information through various channels,
such as magazines, TV, and online resources. For example, advertising on
TV or the Internet can serve as important cues to make a purchase [14].
Another study on internal and external consumer behavior examines the
influence of internal factors (such as personality and motivation) and ex-
ternal factors (such as culture and social class) on purchasing decisions
at Keboen Rodjo Kediri Restaurant, highlighting the importance of under-
standing consumer behavior in a competitive market [15].

Consumers are faced with a vast array of options, which can lead to
overwhelming decision-making. To alleviate this, businesses can simplify
the process by highlighting their products’ unique qualities and guiding
consumers toward more informed purchases. During this process, cus-
tomers evaluate all available options, develop a mental framework of
brand associations, and consider various factors such as brand, quality,
originality, and usefulness [14]. Businesses must identify reliable infor-
mation sources and understand what aspects of their products or services
resonate with customers to effectively navigate this complex decision-
making process.
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As they gather more information, they may elevate their standards for
evaluation and categorize options based on shared qualities, with emo-
tional connections influencing their perception of different choices [8].

During the evaluation stage, consumers weigh their options, consider-
ing factors such as social influences and unexpected situations, to form a
purchase intention and rank their preferred brands [8]. As they reach the
“end goal”, they have to select the product they wish to purchase, guided
by their needs, wants, and challenges [14]. Purchase decisions are influ-
enced by various factors, including social relationships, reference groups,
and personal preferences [3], with some customers opting for exclusive
brand loyalty if they have a positive perception of the brand.

After purchasing a product, the customer’s job is not done, as they
will either be satisfied or dissatisfied and engaged in post-purchase be-
havior. Satisfaction depends on the gap between expectations and disap-
pointment, and vendors must evaluate customer needs, satisfaction, and
retention. Some buyers may make impulsive purchases, leading to dissat-
isfaction and returns, while others may feel guilty, ashamed, or helpless
after making an extravagant purchase [11]. The customer assesses wheth-
er the product meets, exceeds, or falls short of their expectations [8], and
their satisfaction is influenced by whether the product meets their needs,
exceeds their expectations, or falls short.

The edible oil market has various different types of edible oil for con-
sumers to choose. Several factors are affecting the purchasing decision-
making regarding edible oil. Among them, price, health, smell, and taste
are explored in detail in the following section.

Price is the only instrument employed by businesses to gener-
ate income from marketing mix elements, and as such, the prices that
companies establish for their goods are essential to ensuring a good
return on their investments. In a competitive marketplace, the price is
acknowledged as a financial amount regardless of the level of quality
of the goods [16]. Consumers perceive price as a measure of quality and
use it to compare reference rates in a marketplace, where comparable
products are sold at a variety of prices [17]. Many scholars believe that
price has a significant influence on purchasing decisions [18], and re-
search has shown that price and product quality play significant roles in
consumers’ decisions [19,20,21]. The findings of these studies indicate a
relationship between price-related variables and consumer purchasing
decisions, as well as the potential for a positive or negative relation-
ship between price and purchasing probability. In Myanmar, consumers
have expressed that the price is high for them to consume edible oil, but
even if the price is low and income increases, they will not increase their
consumption [3]. This suggests that price might influence consumer
purchasing decisions in Myanmar, particularly in terms of switching to
high-quality edible oils.

The consumption of edible oil in Myanmar is high, with an annual per
capita consumption of 14.39 kg, which has increased by 64 % in recent
decades [3]. However, this increase in consumption has led to a grow-
ing market demand for high-quality edible oils, which has resulted in the
mixing of inexpensive oils and chemicals, leading to adulteration and
health problems [22,23]. As a result, consumers are becoming more sen-
sitive to the quality of edible oil they consume, and many countries are
switching to healthier options. In Myanmar, consumers are complaining
about the difficulty in distinguishing blended edible oil from contami-
nants and are demanding healthier options [24]. Previous studies aimed
to create an oil blend that meets the recommended fatty acid ratio and
to assess the impact of blending on the physicochemical properties of
the resulting oil mixture. Groundnut oil was blended with palm oil and
sunflower oil to achieve a balance of saturated fatty acids (SFA), monoun-
saturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA) as
recommended by health agencies, ideally close to a 1:1 to 3:1 ratio [25].
These concerns highlight the importance of consumers finding brands
and edible oil types that are healthier and more authentic.

Edible oils, particularly peanut oil, are refined to achieve a neutral fla-
vor before consumption, but customers can detect even minute amounts
of aromatic product residue. While flavorless oils are preferred in the
United States and many Western countries, faint natural flavor notes,
such as nutty, buttery, or oily, are acceptable and often necessary in Af-
rican and Asian countries, for example, in Myanmar [26]. In Myanmar,
peanut oil is a popular choice for cooking, frying, and adding flavor, with
most variants having a mild, neutral flavor [3,27]. Myanmar people tend
to appreciate nutty and oily smells and tastes, making peanut oil a suit-
able fit for their preferences. Additionally, people often use taste and
smell as indicators of the state and quality of edible oil products, as each
type of oil has its unique smell and flavor. For example, bad oil can have
an acidic or peculiar smell, while a bitter or pungent taste can indicate an
inferior product [28]. As a result, consumers are likely to choose edible
oils based on their taste and smell.
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Several studies have explored the factors influencing consumer pur-
chasing decisions of edible oil, with one study conducted in Myanmar
confirming that price, health, taste, and smell affect consumption rates,
although the researchers noted that further research is needed to fully
understand the effects of these variables [3]. A study in Kandy, Sri Lanka,
found that price is the most significant factor influencing consumer pur-
chasing decisions of edible oil, with consumers also considering how they
use edible oil in a healthy way [18]. In another study in Surendranagar
City, Gujarat, researchers found that taste and smell, health consider-
ations, price, availability, and brand reputation are all factors influenc-
ing consumer purchasing decisions of edible oil, with consumers placing
significant importance on health considerations and taste and smell [22].
These studies collectively suggest that health considerations, taste and
smell, and price are all important factors influencing consumer purchas-
ing decisions of edible oil.

A regression model can be used to predict consumer purchasing de-
cision-making behavior, helping local peanut oil producers adjust their
resources and remain competitive.

Therefore, this study was conducted to understand how price, health,
taste and smell affect the consumer purchasing decision concerning peanut
oil brands as well as the association and regression model to predict the con-
sumer purchasing decision making in regard to the edible peanut oil brands.

Research questions:

Based on the above problem statement, the researchers attempted to
answer the following questions:

1) How do price, health, taste, and smell affect consumer purchasing
decisions when buying edible peanut 0il?

2) What are the associations between edible peanut oil price, health, taste,
and smell, and consumer purchasing decisions of peanut oil brands?

3) What recommendations can be provided to local edible peanut
oil producers to improve their product offerings, packaging, and
distribution strategies?

Drawing from existing research, literature, and reports, the conceptu-
al framework presented here encompasses three independent variables:
price, health, and taste and smell, with the dependent variable being con-
sumer purchasing decision-making regarding edible peanut oil brands.
This conceptual framework aims to explore the influence of price, health,
taste, and smell on consumer purchasing decisions related to peanut oil
brands (Figure 1).

Independent Variables

Dependent Variable

Figure 1. Conceptual framework of the study
PucyHok 1. KoHenryanbHasi cxeMa McCjleJ0OBaHUS

This conceptual framework (Figure 1) is adapted from previous studies
on consumer behavior and purchasing decision-making [28,29].

The study focuses on the binary logistic regression analysis of peanut
oil brands and association between price, health, taste/smell and buy-
ing decision studied in the population of 760 social network users from
thirty-nine townships in Yangon Region. This research was conducted to
reveal a knowledge gap in understanding the consumer preference with
regard to health, taste and smell when purchasing the edible peanut oil
brands as well as the association between consumer preferences and
health, taste and smell of the edible peanut oil brands.

2. Objects and methods

2.1. Problem statement

Myanmar is the fourth-largest peanut oil consumption country in the
world [30]. Researchers have emphasized the need to identify the factors in-
fluencing consumer purchasing decisions toward peanut oil brands, includ-
ing price, health, taste and smell as these factors can contribute to purchas-
ing behavior [31]. As the import of edible oils continues to harm Myanmar’s
peanut oil producers, understanding the associations among these factors
and their impact on consumer purchasing decisions has become crucial.

2. 2. Research methodology

This section describes the research design, data collections and meth-
ods as well as the explanation of a data analysis tool that was used in this
study such as logistic regression.

2.2.1. Data analysis

The gathered data was analyzed using the logistic regression statistical
tool. Tests such as the Likelihood Ratio test, Wald test, Hosmer-Lemeshow
test, Cox and Snell R-square, Nagelkerke R-square, and Omnibus test were
employed in this study for model fitting purposes. The statistical tools used
in this study were explained in detail in the following section.

a. Logistic regression

Logistic regression is used to predict a discrete outcome, such as group
membership, based on various continuous or categorical variables. Typi-
cally, the dependent variable is dichotomous (e. g., price, taste and smell and
health) and peanut oil consumption is the independent variable in this study.
Logistic regression is more flexible as it does not assume specific distri-
butions for the predictor variables. This statistical modeling technique,
initially developed for biomedical research, has expanded into fields such
as business, finance, engineering, marketing, economics, and health poli-
cy. Its main applications are classification (predicting group membership)
and profiling (differentiating between groups based on certain factors).
The goal of logistic regression is to identify the best-fitting and most par-
simonious model that describes the relationship between the dependent
variable and independent variables. In logistic regression, the dependent
variable is typically binary, taking a value of 1 (success) or 0 (failure), with
probabilities represented as P(Y=1) and P(Y=0)=1-P(Y=1).

The binary logistic regression model in the usual form is

Yi=E(Y) +&. @
Since the distribution of the error term ¢; depends on the Bernoulli
distribution of the response Y;. The expected value of each Y; is
E(Y) = 7, - exp(By + By + X; + ... + BiX;)
! " l+exp(By By + X+ +BX;)

@

where E(Y;)=conditional mean given the value of X;; By=the constant of the
equation; B =the coefficient of the predictor variable i.

An alternative form of the logistic regression equation is:
T
loglog[n(X)] = loglog[l_—nl} =By +B + X+ +B X ()

b. Likelihood ratio test

The likelihood ratio test (LRT) is a statistical test used to compare the
goodness of fit of two models: a null model (usually a simpler model) and
an alternative model (usually a more complex model). The formula for the
likelihood ratio statistic is given by

A=L,/Ly, 4

where Ly=maximum likelihood of the null model; L; =maximum likelihood of
the alternative model.

¢. Wald Test

Wald test is used as a test of significance for the coefficients in the lo-
gistic regression. Wald statistics follow a chi-square distribution and have
stated that the likelihood-ratio test is more reliable for a small sample
size than the Wald test.

W= S~E(ﬁ,.). 5)

d. The Hosmer-Lemeshow test

Goodness-of-fit statistics assess the fit of a logistic model against ac-
tual outcomes. The inferential goodness-of-fit test for logistic model is
the Hosmer-Lemeshow (H-L) test. The H-L statistic, C is a person chi-
square statistic, calculated from gx2 table of observed and estimated
frequencies, where g is the number of groups formed from the estimated
probabilities. A formula defining the calculation of C is as follows:

L2

& (0 - M)
= —

S (1-7)

where ny is the total number of subjects in k group, C; denotes the num-
ch

ber of covariate patterns in the k™ decile, O = Z ¥;, is the number of re-
j=1

sponses among the C; covariate patterns, and the average estimated

probability is

C-= ©)

Q

h min;
o )
k

ﬁk:

j=1

e. Cox and Snell R-square
Cox and Snell’s define R square is a transformation of the statistics
of =2In [L (Mintersept)/ (Mpyyp)] that is used to determine the convergence of
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a logistic regression. The ratio of the likelihoods reflects the improve-
ment of the full model over the intercept model (the smaller the ratio, the
greater the improvement).

L(M) is the conditional probability of the dependent variable given the
independent variables. If there are N observations, L(M) is the product
of N probabilities. Thus, taking the n root of the product L(M) provides
an estimate of the likelihood of each Y value. Cox and Snell’s pseudo-R-
square has a maximum value that is not 1. If the full model predicts the
outcomes perfectly and has a likelihood of 1, Cox and Snell R-square will
be (1 — L(Mpuere)®™, which is less than one.

f- Nagelkerke R-square

It adjusts Cox and Snell’s so that the range of possible values extends
to 1. To achieve this, the Cox and Snell’s R-square is divided by its maxi-
mum possible value,

1- L(Mintercept)%’ ®)
_ L(Mintercept) z
) L(Mpy) N
R- )
1- (Mintercept)ﬁ

Then, if the full model perfectly predicts the outcome and has a likeli-
hood of 1, Nagelkerke R-square will be equal to one.

&. Omnibus test
Omnibus tests are a kind of statistical test. They test whether the

explained variance in a set of data is significantly greater than the un-

explained variance, overall. In addition, the Omnibus test, as a general
name, refers to an overall or a global test. Other names include F-test or

Chi-square test. Omnibus test as a statistical test is implemented on an

overall hypothesis regarding coefficients ; =B, =.=py vs. at least one pair

B; # B/ in Multiple linear regression or in Logistic regression. Usually, it

tests more than two parameters of the same type, and its role is to find

the general significance of at least one of the parameters involved. Omni-
bus test commonly refers to either one of those statistical tests:

0 ANOVA F-test to test significance between all factor means and/or
between their variance’s equality in Analysis of Variance procedure;

0 The omnibus multivariate F-test in ANOVA with repeated measures;

0O F-test for equality/inequality of the regression coefficients in Multiple
Regression;

0O Chi-square test for exploring significant differences between blocks
of independent explanatory variables or their coefficients in a logistic
regression.

These omnibus tests are usually conducted whenever one tends to test
an overall hypothesis on a quadratic statistic (such as sum of squares or
variance or covariance) or rational quadratic statistic (such as the ANOVA
overall F test in Analysis of Variance or F-test in Analysis of covariance
or the F-test in Linear Regression, or Chi-square in Logistic regression).
While significance is found on the omnibus test, it does not specify ex-
actly where the difference occurs, meaning, it does not bring specifica-
tion on which parameter is significantly different from the other, but it
statistically determines that there is a difference, so at least two of the
tested parameters are statistically different. If significance was met, none
of those tests will tell specifically which mean is different from the others
(in ANOVA), which coefficient differs from the others (in Regression) etc.
The model tested can be defined by y;, whereas y; is the category of the
dependent variable for the i-th observation and x; is the j independent
variable (j=1, 2...k) for that observation, f; is the j-th coefficient of x;; and
indicates its influence on and expected from the fitted model.

2.2.2. Research design

This study focuses on the impact of price, health, taste, and smell on
consumers’ decision-making regarding edible peanut oil. The authors
employ a mixed-methods approach, combining both descriptive and
analytical research methodologies. The descriptive approach is used to
present demographic data from the respondents. Additionally, binary
logistic regression analysis is employed to examine the relationship be-
tween price, health, taste of peanut oil, and peanut oil brands. To further
investigate the associations between consumer behavior and taste, smell,
health, and price of peanut oil, various statistical tests were conducted,
including the Chi-square test, Hosmer and Lemeshow (H-L) tests, -2 Log
Likelihood, Cox & Snell R-square, and Nagelkerke R-square tests. The
analysis of the data was performed using the IBM SPSS statistical analysis
tool, specifically designed for social science research.

A survey research strategy is preferred for its focused investigation,
while a descriptive research approach provides a detailed data explana-

tion. Structured questionnaires are used for their efficiency in gathering
primary data, and a deductive approach is used to evaluate the study’s
hypotheses.

2.2.3. Population and sampling

The total population of this study includes all the consumers of edible oil.
However, due to the limitation of time and cost, this study was only conduct-
ed on social network friends who live within the Yangon region. There were
a total of 760 social network friends available to collect data. Thus, the study
population was 760. Therefore, the sample size was based upon a 760 popu-
lation with known population sample size calculation formula as follows.

N=Population size=760
Z=Z score (confidence interval 95%)=1.96
E=margin of error (5%)=0.05
p=sample proportion uncertainty=0.5, n=sample size

2 xpx(1-p)
{N_“_zzxpx(l—p)}

2’p(1-p)
{N_szp(l“’)} (11

n=255.3987 ~ 255
Therefore, the sample size for this study is 255.

(10)

n=N

2.2.4. Research instrument development

The participants completed a structured survey consisting of a series
of questions. Survey methods commonly utilize structured questions.
The primary aim of these questionnaires is to collect responses from par-
ticipants while ensuring a systematic approach to addressing the ques-
tions and conducting the survey. In this study, the questionnaires utilized
a five-point Likert scale.

The data were collected through a researcher-made instrument that
was used in a peanut oil company. One of the researchers works in the
sales and distribution department of this company. Due to time and finan-
cial constraints, the study was confined to the Yangon region. The sample
size is therefore a limitation of this investigation.

Previous investigations serve as reviews for the questionnaires used in
this study, helping to choose the questions that will best meet the goals
and objectives of the investigation. Specifically, the survey questions have
been used by a peanut oil company where a researcher works in the sales
and distribution department. The survey was structured to follow a logi-
cal order, starting with demographic data, followed by questions related
to smell and taste, price considerations, and health aspects influencing
participants’ decisions when purchasing edible peanut oil.

3. Results and discussion

This section analyzes the impact of brand image, taste, smell, price,
and health on peanut oil consumption using regression analysis. The sur-
vey was conducted on a sample of social network friends from thirty-nine
townships. Statistical analysis includes descriptive data analysis and re-
gression analysis to identify key independent and dependent variables.

3.1. Socio-demographic characteristics of respondents

3.1.2. Respondents by gender
The socio-demographic characteristics of the respondents by gender
for social network friends who are consuming peanut oil are in Figure 2.

= Male

= Female

Source: Peanut Oil Survey Data, 2023
Figure 2. Respondents by gender

PucyHok 2. PacnipenesieHye peCliOHIEHTOB 110 IOy



Hafianti S. et al. | FOOD SYSTEMS | Volume 8 No 2 | 2025 | pp. 156-166

In this survey, the total number of respondents was 255. There were
42 male respondents and 233 female respondents.

The data reveals a significant gender disparity among responders,
with a male-to-female ratio of around 1:5.5. This notable gap indicates
that the sample is not representative of the wider population in terms of
gender, thereby affecting the overall findings and interpretations.

The predominance of female responders may create a bias in the find-
ings. It is crucial to ascertain whether the preferences or behaviors of fe-
male consumers of peanut oil diverge from those of male customers, as
this could distort the findings if generalizations are applied.

3.1.3. Total respondents by age range

The data indicates that consumers of peanut oil are primarily aged
41 to 50, with a significant portion over 50, suggesting a greater prefer-
ence among middle-aged and older adults relative to younger groups (Fi-
gure 3). This indicates that marketing tactics ought to focus on these age
demographics, highlighting the health advantages and culinary adapt-
ability of peanut oil. Customized communication that aligns with their
lifestyles and dietary awareness may significantly enhance engagement
with this target demographic.

The limited presence of responders under 30 (10.2%) indicates a
possible deficiency in attractiveness of peanut oil to younger custom-
ers, who may be influenced by modern dietary trends and brand recog-
nition. To engage this population, marketing strategies can emphasize
the adaptability and health advantages of peanut oil, utilizing platforms
favored by younger consumers. Subsequent research could investigate
the underlying factors of these consumption patterns and the potential
evolution of preferences over time, guaranteeing that marketing efforts
stay pertinent across various age demographics.
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Source: Peanut Oil Survey Data, 2023
Figure 3. Total respondents by age range
PucyHok 3. PacnipepesieHye pecIIOHI€HTOB 110 BO3paCTHOMY JMaNna3oHy

3.1.4. Respondents by township
The chart shows the breakdown of 39 townships in survey (Figure 4).
The data shows the regional distribution of respondents, reflecting
differing levels of interest in the topic. Yankin had the most respondents
(16), suggesting a higher population density or interest in the topic. Shwe
Bo (11) and Tarmwe (13) also had notable replies, suggesting that com-
munity projects or targeted marketing methods boost involvement.
However, Kyimyinttine (2) and Mandalay (2) had low responder counts,
raising questions about interest and accessibility. It is worth investigating
whether these lower numbers are due to a lack of awareness, geographic
isolation, or demographics that do not fit the study’s goal. Magway (9) and
Mingalardon (9), with moderate replies, may be good candidates for outreach
or focused initiatives if they share qualities with high-participation areas.
The varied response rates across regions highlight significant dispari-
ties that warrant deeper analysis. Understanding the drivers behind high
and low engagement levels can improve future surveys and enhance over-
all engagement in underrepresented areas, ensuring a more comprehen-
sive understanding of the topic or product being studied.

3.1.5. Monthly income by households’ range

The survey results demonstrate a clear market segmentation based on
household income, with a large concentration of respondents in the high-
income category (above 1,000,000 kyats, or $500) and a significant repre-
sentation in lower income categories (Figure 5). The high-income group
has 127 respondents, whereas the two moderate income groups have 15.
This suggests upper-class purchasing power and a chance to attract price-
sensitive lower-income consumers.

150

127
100
50
= ]
[

300,000 to 500,000 500,001 to 750,000 750,001 to 1,000,000 Above 1,000,000
Monthly Household Income
Source: Peanut Oil Survey Data, 2023
Figure 5. Monthly income by households’ range
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Figure 4. Respondents by Township
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With 44 % of respondents earning below 750,000 kyats (about $375),
affordability may influence their purchases. For this population, market-
ing should highlight cost-effectiveness, while higher-income consumers
(56 % of respondents) may choose premium products and health benefits
of peanut oil. This suggests that alternative marketing strategies can be
used to meet these income groups’ interests and financial needs.

3.1.6. Household size by range

The survey found that most peanut oil consumers (196 respondents)
were from four- to six-person families (Figure 6). The peanut oil market
may be pushed by mid-sized households due to their increased consump-
tion needs and frequency of cooking oil-heavy meals.

Smaller households (one to three people) and bigger households
(above seven members) make up only 42 and a small number of respon-
dents, respectively, of the survey sample. This suggests that peanut oil
marketing should focus on value and culinary variety for mid-sized fami-
lies. Understanding this majority group’s cooking habits and preferences
can inform product offerings and promotional strategies.

3.2. Peanut oil usage by quality

Peanut oil users choose higher-quality goods, with 72 % using medium
(64 respondents) or very good (120 respondents) peanut oil (Figure 7).
This shows that health concerns and the potential benefits of better-
quality cooking oils are driving consumer awareness and demand for
quality versus lower-grade options.

Only 28% of respondents use low-quality peanut oil, suggesting
that a large minority may prefer cost over quality or be uninformed of
the health risks. Marketers can educate customers about the benefits of
higher-quality peanut oils to change the preferences of 28 % of consum-
ers. In addition, as most consumers value quality, brands may emphasize
certifications, sourcing processes, or health benefits in their marketing.

This result opposes what Htar et al. [3] found when they looked at how
people in Myanmar used vegetable oil and how they felt about brands,
prices, and health issues. According to their research, Myanmar’s peanut
oil production went up from 2001 to 2017, but the market has changed
a lot since then. Many factories have had to shut down because of the
flood of cheaper, lower-quality oils, which makes the market less stable
because there is not enough competition.

3.3. Peanut oil price range

With these results, peanut oil pricing should be converted from viss
to kilograms, where 1 viss equals 1.6 kilograms, to examine consumer be-
havior in the local edible oil market (Figure 8).

Qils priced below 12,000 kyats per viss cost under $4.75 per kg, those
between 12,000 and 18,000 cost between $4.75 and $6.55 per kg, those
between 18,000 and 20,000 cost between $6.55 and $7.85 per kg, and
those above 20,000 cost over $7.85 per kg.

The survey found that 49 % of respondents choose peanut oil under
$4.75 per kg, indicating economic price sensitivity. Additionally, 44 % of
consumers are willing to pay between $4.75 and $6.55 per kg for better
quality, but few are buying oils above $6.55 per kg, indicating low interest
in premium options. Marketers should target oils below $6.55 per kg to
meet consumer preferences and enhance sales, as 93% of respondents
prefer them. This information can help create effective marketing strate-
gies and boost market competitiveness.

The findings support the result of the previous research that says that
in a competitive market, price is seen as a monetary amount that has noth-
ing to do with product quality. However, consumers see price as a quality
measure for comparing similar items at different price points, which, along
with product quality, has a big impact on buying choices [16-21].

3.4. Buying place of peanut oil

Peanut oil consumption patterns show a fragmented market driven by
convenience with various purchasing preferences. Respondents buy pea-
nut oil from supermarkets, grocery stores, wet markets, oil wholesalers,
and rice and oil outlets. This diversity shows how important accessibility
is in consumer purchase decisions, as customers prefer convenient and
reputable retail venues.

According to Figure 9, the results show that supermarkets are the most
popular shopping choice, selected by 102 respondents. This likely stems
from their wide variety of products, competitive pricing, and promotional
offers that make them convenient and cost-effective.

Wet markets are the second choice, with 60 respondents favoring
them, possibly for their fresh produce and local goods. However, the sig-
nificant difference in numbers indicates that supermarkets are more ap-
pealing overall due to their convenience and selection.

Other options, including nearest grocery stores (49 respondents), rice
and oil outlets (19), and oil wholesalers (16), are less popular, likely due to
their limited offerings and convenience compared to supermarkets. Nine
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Figure 6. Household size by range
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Figure 7. Peanut oil usage by quality
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Figure 8. Peanut oil price range
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Figure 9. Buying place of peanut oil
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respondents who shop at multiple locations may be trying to mix conve-
nience with the freshness offered by wet markets.

While supermarkets are the clear favorite, there is still a segment of
consumers who appreciate the unique benefits of other shopping options,
underscoring the importance of convenience, variety, and pricing in con-
sumer choices.

3.5. Peanut oil monthly consumption

Peanut oil consumption by month reflects consumer patterns in the
examined population. Figure 10 shows that 74 % of respondents consume
1.5 viss to 2 viss of peanut oil per month, or 2.25 kg to 3 kg, as 1 viss
equals 1.5 kg. Peanut oil is used by a large percentage of homes, indicat-
ing its relevance in cooking and eating. The majority of responders (184)
consume this amount, indicating that this is the most common.

In contrast, 43 respondents (17 %) consume less than one viss (1.5 kg)
of peanut oil each month, demonstrating a decreased reliance on this
commodity. A minority of 28 respondents consume more than 2 viss, or
3 kg monthly, suggesting higher demand in homes that use peanut oil
heavily. The data shows that peanut oil is essential to family consump-
tion patterns, with a preference for moderate usage, and offers market
expansion prospects targeting high-consuming areas.

This result is more than the percentage found in the survey made by
Statista (2024), which says that peanut oil is the most popular edible oil
in Myanmar, with 61.40% of respondents selecting it as their preferred
oil type [2].

3.6 Brand orientation
The study results indicate a notable trend in brand preference among
survey respondents (Figure 11). Brand development is a primary concern
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Source: Peanut Oil Survey Data, 2023

for marketers in diverse sectors. The study reveals that 59 % of respon-
dents (150 persons) do not emphasize brand while choosing peanut oil,
but 41% (105 participants) demonstrated brand-oriented preferences.
This indicates that for the majority of peanut oil users, brand loyalty is
minimal, as they are inclined to move to an alternative brand if their
chosen option is not accessible. Conversely, the brand-oriented segment
exhibits heightened commitment to a certain brand, even when their pre-
ferred choice is unavailable. The research underscores the significance
of branding, since a robust brand identity can facilitate sustained corpo-
rate expansion. Moreover, a favorable brand reputation can attract non-
brand-oriented people to switch their loyalty to a particular brand.

3.7. Peanut oil brand currently used by respondents

The findings with respect to peanut oil brand utilization in the local
market indicate a varied spectrum of customer preferences and competi-
tive interactions. Figure 12 illustrates the diverse array of brands, high-
lighting a dynamic market environment influenced by regional prefer-
ences, product accessibility, and marketing tactics. Ngwe Tha Zin Min
peanut oil is the preferred brand for 111 respondents, establishing its
dominance. This substantial market presence indicates good positioning,
likely resulting from vigorous marketing, perceived quality, and excel-
lent distribution capabilities. The significant difference between Ngwe
Tha Zin Min and its nearest competitor, Meizen peanut oil (with 47 men-
tions), signifies robust brand loyalty and customer confidence in Ngwe
ThaZin Min.

Although several brands are present in the market, most exhibit much
reduced usage frequencies, leading to a fragmented consumer base.
Brands such as Yangon and A May Htwar peanut oils have received merely
21 and 20 mentions, respectively, indicating that, except from Ngwe Tha
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Figure 10. Peanut oil monthly consumption
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Figure 11. Brand orientation
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Figure 12. Peanut oil brands currently used by respondents
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Zin Min, no other brand commands a significant portion of the market.
Comprehending the factors influencing consumer preferences, including
affordability, perceived quality, and appeal of locally based items, may
yield significant insights for marketers. The utilization of local mill pea-
nut oil by 23 respondents indicates a preference for traditional or locally
sourced products. In conclusion, although Ngwe Tha Zin Min is the mar-
ket leader, the diversity of brands presents both problems and opportuni-
ties for differentiation, enabling other brands to effectively target certain
consumer interests.

3.8. Peanut oil consumers’ responses to price and quality

The results show that a strong 98 % of consumers think that higher
prices mean better quality (Figure 13). This suggests that many people
use price as an instinctual way to judge a product’s value. Customers are
more likely to think this way when they do not know much about a prod-
uct and think that a higher price usually means better quality.

For companies, this means that pricing their goods below what cus-
tomers expect may make people doubt their quality, even if the quality is
actually very good. Companies must carefully look at their pricing plans
to make sure they match how customers see them. People who care about
prices may be drawn to lower prices, but people who think that higher
prices mean better quality may feel alienated. Businesses must put a high
priority on maintaining a strong brand reputation and clearly explaining
the value of their goods in order to build trust and boost sales.

3.9. Consumers’ responses to peanut oil taste and smell

The results show that peanut oil has a very positive response, with
99% of people saying they like the way it tastes and smells (Figure 14).
This strong preference shows that peanut oil is liked by consumers, which
means it might be useful in cooking and making food items. Nearly every-
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Source: Peanut Oil Survey Data, 2023
Figure 13. Peanut oil consumers’ responses
to price and quality
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Figure 14. Consumers’ responses to taste
and smell of peanut oil
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one likes peanut oil, which could mean that it has a special place in the
market and affects people’s choices when they are looking for aromatic
and flavorful food oils.

The one negative answer shows that there are not many people who
disagree, which supports the idea that peanut oil could be a safe and
popular choice for cooking. These results give businesses a chance to sell
peanut oil with confidence, focusing on how good it tastes. However, it is
important to think about the product’s positioning and target audience,
especially for people who may have peanut allergies or dietary limits.
Overall, people’s strong desire for peanut oil could help its marketing as
an ingredient that can be used in many different foods.

3.10. Health awareness of peanut oil consumers

The findings reveal that 90 % of participants consider peanut oil advan-
tageous for health, reflecting significant consumer awareness (Figure 15).
This corresponds with the increasing emphasis on health regarding cook-
ing oils. The uncertainty of 10% of respondents on the health advantages
of peanut oil underscores the necessity for further education on the sub-
ject. This uncertainty may arise from insufficient knowledge regarding
different cooking oils. This presents a chance to educate the public of the
health advantages of peanut oil and to rectify any misunderstandings.

This result aligns with the 2023 report from Global New Light Myan-
mar, indicating an increased awareness among consumers about cooking
oil quality and a desire for healthier options amid concerns about distin-
guishing blended oils from potentially harmful alternatives [24].

3.11. Suggestion by respondents

The results show that people who buy peanut oil are passionate about
it, with a big focus on how delicious it is (Figure 16). Sixty-seven respon-
dents especially mentioned how delicious peanut oil tastes in cooking

@ Nothealthy @ Healthy
Source: Peanut Oil Survey Data, 2023
Figure 15. Health awareness of peanut oil
consumers
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and salads. This shows how versatile and tasty it is. Also, 32 responders
talked about how good it is for health, which is a big selling point for con-
sumers who might start using it. Notably, even though prices are going up,
178 of those who answered the survey still suggest peanut oil, showing that
they value its benefits and perceived value more than cost. This means that
there is a good chance that more people will start using peanut oil if the
marketing is good and stresses both the taste and health benefits.

3.4. Binary logistic regression model of purchasing decision-making
regarding peanut oil based on price, health, taste and smell

3.4.1. Variable in the binary logistic regression model

Based on the survey data of binary logistic regression analysis (Table 1),
peanut oil consumption is considered as an independent variable and
peanut oil price, taste and smell and health are considered as dependent
variables. In this survey, the respondents are peanut oil consumers being
friends in social network. Purchasing decision making regarding peanut oil
brand is considered a dependent variable. Peanut oil price, peanut oil taste
and smell, and health are considered independent variables.

Table 1. Variables in binary logistic regression model
Ta6nuiia 1. [lepemeHHbIe B MOE/IM GUHAPHO JIOTMCTUYECKON perpeccumn

Dependent variables Independent variables

Peanut oil price, taste and smell and health Peanut oil consumption

Source: Peanut Oil Survey Data.

3.4.2. Binary logistic regression analysis for purchasing decision making
depending on price
The value of omnibus test of model coefficient given Chi-square, Hos-
mer and Lemeshow (H-L) tests, -2 Log Likelihood, Cox & Snell R-square
and Nagelkerke R-square are included in the model fitting information
for peanut oil price in Table 2.

Table 2. Model fitting information for binary logistic regression
model for price

Ta6muua 2. N opmanms no noaroHKe Mojesu Aj1si MojeIu GMHapHO
JIOTMCTUYECKOIM Perpeccum JJist LEeHbl

Model fitting criteria Chi-square Df p-value
Omnibus test of model coefficient 10.670 1 0.001ss
Hosmer and Lemeshow (H-L) tests 0.813 4 0.937

-2Log Likelihood 185.816
Cox & Snell R-square 0.041
Nagelkerke R-square 0.076

Source: Peanut Oil Survey Data.

In the Omnibus tests of model coefficients, the inclusion of the four
predictor variables yields a chi-square value of 10.670 with 1df, p<0.001.
Thus, the overall model is statistically significant, and the model is a good
fit, which means that adding the pricing predictor variables to the model
have significantly increased the ability to predict whether the pricing
variable influences the purchasing decision making regarding peanut
oil brands. There is no evidence of lacking fit based on the H-L statistics
(Chi-square=0.813, df=4, p-value =0.937). The Hosmer and Lemeshow
test is a model fit test. P-value=0.937 is greater than 0.05, it shows the
model adequately fits the data. Hence, there is no difference between
the observed and predicted model. Since -2 log likelihood statistic is
185.816, it can be said that the existence of a relationship between the
independent variables and dependent variables is supported. The model
fitting information includes two different ways of estimating R-square
(Cox & Snell R-square and Nagelkerke R-square). This pseudo-R estimate
indicates that 4.1 % of variation in purchasing decision making regard-
ing peanut oil brands based on price and 7.6 % of variation in purchasing
decision making regarding peanut oil brands based on peanut oil price
can be explained by the variation in independent variables. The results of
purchasing decision making regarding peanut oil brands based on peanut
oil price in Binary Logistic with selected socio-economic and demograph-
ic characteristics model are shown in Table 3.

Binary logistic regression model is performed on the purchasing deci-
sion making regarding peanut oil brands based on price. The results are
shown in Table 4.

According to the results, peanut oil price has a positive influence on
purchasing decision making of peanut oil brand. Although peanut oil
price is found to be statistically significant at 1%, the 95 % confidence in-
terval suggests that the magnitude of the effect could be anywhere from
a 0.691 to a 0.914-fold decrease.

Table 4. Variable in binary logistic regression model of purchasing
decision making based on health benefits

Ta6muiia 4. [lepemeHHass B MOZ ey GMHAPHOI TOTUCTUYECKOI perpeccum
IPUHATHUS pellieHNs] O ITOKYIIKe Ha OCHOBE IO/Ib3bI JJISl 30POBbS

Dependent variables Independent variables

Y, = Purchasing depending on healthy oil
= 0, do not purchase, peanut oil is
not healthy.

=1, I think peanut oil is healthy.

Source: Peanut Oil Survey Data.

X;; = Consumer purchasing decision
making regarding peanut oil brands

3.4.3. Binary logistic regression analysis for purchasing decision
making based on health
The values of omnibus test of model coefficient given Chi-square, Hos-
mer and Lemeshow (H-L) tests, -2 Log Likelihood, Cox & Snell R-square
and Nagelkerke R-square are included in the model fitting information
for “peanut oil is healthy” in Table 5.

Table 5. Model fitting information for binary logistic regression
model for health
Ta6nuua 5. Uadopmanms 1Mo IMogroHKe MogeIu IJisi MOAeI GMHaPHO
JIOTYCTUYECKOJi Perpeccuu AJisi MOJIb3bl JJ1s1 3T0POBbSI

Model Fitting criteria Chi-square Df p-value
Omnibus test of model coefficient 10.179 1 0.001
Hosmer and Lemeshow (H-L) tests 1.724 4 0.786
-2Log Likelihood 157.8
Cox & Snell R-square 0.039
Nagelkerke R-square 0.081

Source: Peanut Oil Survey Data.

In the Omnibus tests of model coefficients, the inclusion of the
four predictor variables yields a chi-square value of 10.179 with 1df,
p<0.001. Thus, the overall model is statistically significant, which
means that adding the healthy predictor variables to the model has
significantly increased an ability to predict whether the health variable
influences the purchasing decision making regarding peanut oil brands.
There is no evidence of lacking fit based on the H-L statistics (Chi-
square=1.724, df=4, p-value =0.786). The Hosmer and Lemeshow tests
are model fit tests. P-value= 0.786 is greater than 0.05, it is showing the
model adequately fits the data. Hence, there is no difference between
the observed and predicted model. Since -2 log likelihood statistic is
157.800%, it can be said that the existence of a relationship between the
independent variables and dependent variables is supported. The model
fitting information includes two different ways of estimating R-square
(Cox & Snell R-square and Nagelkerke R-square). This pseudo-R-square
estimate indicates that 3.9% of variation in purchasing decision mak-
ing regarding peanut oil brands based on health and 8.1 % of variation
in purchasing decision making regarding peanut oil brands based on
peanut oil healthy aspect can be explained by the variation in indepen-
dent variables. The results of purchasing decision making of peanut oil
brands based on peanut oil health aspect in binary logistic with selected
socio-economic and demographic characteristics model are shown in
Table 6.

Binary logistic regression model is performed on the purchasing deci-
sion making because of the healthy aspect of peanut oil brands. The re-
sults are shown in Table 6. According to the results, peanut oil is healthy
which has influence on the purchasing decision making regarding pea-
nut oil brand. It is found to be statistically significant at 2%, the 95%

Table 3. Parameter estimates of binary logistic regression model for purchasing decision making based on peanut oil price
Ta6nuiia 3. OLeHKM MapaMeTpoB MOJEIN GMHAPHOI JIOTMCTUYECKOM Perpeccuy MPUHSATUS PeLIeHNsI O IIOKYIIKe Ha OCHOBE IIeHbI Ha apaxucoBoe Macio

B S.E Wald
Constant 2.978 0.420 50.273
Purchasing decision making -0.230 0.071 10.341

of peanut oil brands
** * represent 1%, 5% and 10% levels of significance.

Note: *

95% C.I. for EXP(B)

Df Sig. Exp(B

8 P(B) Lower Upper
1 *#+0.000 19.641
1 *#%0.001 0.795 0.691 0.914
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confidence interval suggests that the magnitude of the effect could be
anywhere from a 0.667 to a 0.911-fold increase.

Table 6. Parameter estimates of binary logistic regression model
purchasing decision making based on health considerations

Tabmuua 6. OmeHKM nmapaMeTpOB MOAeIV OMHapPHOJ JIOTMCTUYeCKOi
perpeccuyt IPUHATHS PELIEHUsI O IIOKYIIKe HA OCHOBE COOGpakeHmit

300POBbA
95% C.I. for
B S.E Wald Df Sig. Exp®B) EXP(B)
Lower Upper
Constant 3.360 0.482 48.658 1 ***0.00 28.792
Purchasing
decision making
regarding 0.249 0.08 9.761 1 ***0.002 0.780 0.667 0.911
peanut oil
brands
Note: ** *represent 1%, 5% and 10 % levels of significance.

Table 7. Variable in binary logistic regression model of purchasing
decision making based on taste and smell

Ta6nuua 7. [lepeMmeHHast B MoJe/iy GMHAPHO IOTMCTUYECKOI perpeccum
NPUHATUS PELIeHNsI O IIOKYIIKE Ha OCHOBE BKyca U 3amaxa

Dependent Variables Independent Variables

Y| = Purchasing depending on Taste

and Smell

= 0, purchase depending on taste X;;= Consumer purchasing decision
and smell (taste and smell are good)) making regarding peanut oil brands
=1, do not purchase depending

on taste and smell.

Source: Peanut Oil Survey Data.

3.4.4. Binary logistic regression analysis for purchasing decision making
based on taste and smell
The value of omnibus test of model coefficient given Chi-square, Hos-
mer and Lemeshow (H-L) tests, -2 Log Likelihood, Cox & Snell R-square
and Nagelkerke R-square are included in the model fitting information
for “peanut oil has good taste and smell” (Table 8).

Table 8. Model fitting information for binary logistic regression
model for taste and smell
Ta6nuua 8. Uadopmanys 1o MoAroHKe MogeIu IJisi MOAeI GMHAPHO
JIOTMCTUYECKOJi perpeccuy IJisi BKyca U 3araxa

Model Fitting criteria Chi-square Df p-value
Omnibus test of model coefficient 0.309 1 0.579
Hosmer and Lemeshow (H-L) tests 3.960 4 0.411
-2Log Likelihood 108.17
Cox & Snell R-square 0.001
Nagelkerke R-square 0.003

Source: Peanut Oil Survey Data.

In the Omnibus tests of model coefficients, the inclusion of the four
predictor variables yields a chi-square value of 0.309 with 1df, p > 0.001.
Thus, the overall model is not statistically significant, which means
that adding the taste and smell predictor variables to the model have
not significantly increased an ability to predict whether the taste and
smell variable influences purchasing decision making regarding peanut
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oil brands. There is no evidence of lacking fit based on the H-L statistics
(Chi-square=3.960, df=4, p-value =0.411). Since the —2-log likelihood
statistics is 108.170?, it can be said that the existence of a relationship
between the independent variables and dependent variables is support-
ed. The model fitting information includes two different ways of estima-
tion R-square (Cox & Snell R-square and Nagelkerke R-square). These
pseudo-R-square estimates indicate that 4.1 % of variation in purchasing
decision making regarding peanut oil based on taste and smell and 7.6 %
of variation in purchasing decision making regarding peanut oil based
on peanut oil taste and smell can be explained by the variation in inde-
pendent variables. The results of monthly consumption per person based
on peanut oil price in Binary Logistic with selected socio-economic and
demographic characteristics model are shown in Table 8.

Table 9. Parameter estimates of binary logistic regression model
for purchasing decision making based on taste and smell
Tab6muiia 9. OLeHKM MapaMeTpoB MOJe/IN GMHAPHO IOTMCTUYECKOM
perpeccuy NNIPpUHATHUSA pellIeHVs O IIOKYIIKe Ha OCHOBE BKycCa M 3araxa
95 % C.I. for
EXP(B)
Lower Upper

B S.E Wald Df Sig. Exp(B)

2.608 0.498 27.381 1 ***0.000 13.575
0.061 0.111 0.298 1 0.585 1.063
Note: *** ** * represent 1%, 5% and 10% levels of significance.

Constant

Brands 0.854 1.322

The binary logistic regression model was used for the purchasing de-
cision making based on taste and smell of peanut oil brands. According
to the results, taste and smell of peanut oil (independent variable) was
not significantly influenced by the purchasing decision making regarding
peanut oil brands.

4. Conclusions

The study findings reveal several key insights regarding consumer be-
havior and preferences related to peanut oil.

Firstly, the majority of respondents have sufficient income to afford
peanut oil for their daily consumption, with most prices falling within
the range of 10,000 to 20,000 kyats or $3.57 to $7.14. Consumers strongly
associate price with quality, indicating that they view price as a crucial in-
dicator of product quality. Additionally, a significant portion of consum-
ers (59 %) exhibit brand orientation, suggesting that brand loyalty plays
a role in their purchasing decisions. However, fluctuations in prices may
prompt non-brand-oriented consumers to switch to other brands.

Concerningly, 10% of respondents perceive peanut oil as unhealthy,
highlighting the importance of marketers’ efforts to ensure that their
products are perceived as part of the healthy oil category. On the con-
trary, 90% of consumers are aware of health benefits of peanut oil and
perceive it as a healthy option.

Regarding the factors influencing consumer decision-making, binary
linear regression results indicate that while taste and smell are not sig-
nificant predictors, both price and health considerations significantly im-
pact consumer choices.

Even slight changes in price or health perceptions can lead to shifts
in consumer purchasing decisions. Logistic regression analysis further
confirms the significance of price and health concerns in influencing con-
sumers’ choices of peanut oil brands.

The data accuracy for these factors is high, indicating a strong rela-
tionship between price, health considerations, and brand preferences
among consumers.
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PA3PABOTKA METOJVKHU ONPEJAEJEHUS MACCOBOM 101U
KAKAO-TIIPOOAYKTOB B KOHAWUTEPCKUX U3AEINAX
I10 COOEPXAHHUIO AJIKAJTIONIOB
Konpparees H. B., Pynenko O. C.,* Ocumio M. B., BestoBa 1. A.

Bcepoccuiickuii HayyHO-UCC/Ief0BaTe/NbCKMUI UHCTUTYT KOHAUTEPCKOI IPOMBIIIJIEHHOCTU, MockBa, Poccus

Hayunas cTaTbs
Open access

KJIFOYEBDBIE CJIOBA: AHHOTALIUA
KOHOumepckue Hamume ajkajoumoB IPyIibl METUIKCAHTMHOB, TAKMX KakK KOGeuH, Te06pOMMH 1 TeObU/UIMH, XapaKTePHO st TPOAYKTOB
u3denusi, meoOGpomMuH, TmepepaboTKM Kakao-6060B. TeOGPOMMH HE COOEPSKUTCS B APYTUX BUAAX ChIPbsI, [IOITOMY €T0 COAEPKAHME MOYKET CITYXKUTb VH-
KoeuH, KanuanapHelli  JUKaTOPOM OTIPEAeNEHNMs KaKao-TIPOAYKTOB. Kakao-TPOMYKThI MCIIOMB3YIOTCS B PAs/IMUHbIX BUIAX KOHAUTEPCKUX USAENIT 1)1
anekmpogopes, Kakao- yIy4lIeHUs BKyca M apomMara, OQHaKO METOIVIKM, TIO3BOJISIIOIIME OTIPEAENNUTh COfEPKaHye KaKao-TIPOAYKTOB B U3AEMSIX, KDOME
000bl, KAKAO-NOPOWIOK, IIOKOTAIHbIX, OTCYTCTBYIOT. OGbEKTaMM MCC/IeOBaHNS BIGPAHbI TPOLYKTHI IIepepaboTKy Kakao-6060B: KaKao-TIOPOIIOK, KaKao
Kaxkao mepmoe, TEPTOe M caxapyCThie KOHAMUTEPCKME U3IeINS, BKITI0Uast 0K/, KOHAUTEPCKIE TUIUTKM ¥ HAUMHKM [1s1 Baesib, MU3TOTOBIEH-
0CMamoxk Kakao HBIE C VX UCIOb30BaHMeM. TeoGpoMMH 1 KohenH ONPENEsIIH C MCTIONb30BaHEM METOIA KAMMM/UISIPHOTO aekTpodopesa mocie
KMCJIOTHOTO THApOu3a 06pasiioB. OnpeneneHo cogepkaHme Teo6pomMiHa B Kakao-606ax, Kakao-IOpoIIIKe 1 Kakao TeptoM. Ha
OCHOBE 3TMX AAHHBIX PACCUUTAHO COEepsKaHye TeOOPOMIHA B TiepecueTe Ha Cyx0ii 06e3KMpeHHbI 0CTaTOK Kakao 1560 mr/100 r
¥ TIpefyioskeHa opmysia AJ1s pacyeTa MacCoBO JOMM CYXOro 00e35KMPEeHHOr0 OCTaTKa Kakao. PaspaboTaHHasi METOAMKA C pac-
CYUMTAHHBIMU METPOJIOTMYUECKMMM TIOKA3aTeIsIMM MO3BOJISIET IIPOBOAUTb M3MepeHye MacCOBOM JOMU CYyXOro 00e35KMPEeHHOro
OCTaTKa KaKkao B CaXapMCThIX KOHAUTEPCKUX U3AENMSIX, IJIs1 U3TOTOBJIEHMST KOTOPBIX MCITOb30BaHbI IIPOAYKTHI [T€pepaboTKi 60-
60B Kakao. [Tpe10KeHHbIi ITOIX0/ MOKET 6bITh MCII0/Ib30BaH KakK 3(h(eKTUBHbII IKCIIPeCc-MeTOo, MCCIeI0BaHMs COCTaBa MHO-
TOKOMITOHEHTHBIX CaXapUCThIX KOHAUTEPCKUX U3MAETINIA [JIs1 OLIEHKM MX KauecTBa U OTIPEeMIeIeHNsT COMEPsKaHMsI CYyXOro 06e3sKu-
PEHHOTO OCTaTKa KaKao — BaKHENIIIET0 UAeHTU(DMKAIMOHHOTO KPUTEPUS COIepsKaHMsI TPOAYKTOB IepepaboTKy Kakao-6000B.
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DEVELOPMENT OF A METHOD FOR DETERMINING
THE MASS FRACTION OF COCOA PRODUCTS IN CONFECTIONERY
BY THE CONTENT OF ALKALOIDS
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All-Russian Research Institute of the Confectionery Industry, Moscow, Russia

ABSTRACT

The presence of methylxanthine alkaloids such as caffeine, theobromine and theophylline is characteristic of cocoa bean pro-
cessing products, but theobromine is not contained in other types of raw materials. Therefore, the theobromine content can
be used as an indicator of the content of cocoa products. Cocoa products are used in various types of confectionery products
to improve the taste and aroma; however, there are no methods to determine the content of cocoa products in confectionery
products that do not belong to the chocolate group. Cocoa bean processing products such as cocoa powder, cocoa mass and
sugar confectionery products, including chocolate, confectionery bars and wafer fillings made with their use, were objects
of the study. Theobromine and caffeine were determined using the capillary electrophoresis method after acid hydrolysis of
samples. The theobromine content in cocoa beans, cocoa powder and cocoa mass was determined. Based on these data, the
theobromine content was calculated in terms of dry fat-free solids of cocoa of 1560 mg/100 g and a formula was proposed for
calculating the mass fraction of dry fat-free solids of cocoa. The developed method with calculated metrological indicators
allows measuring the mass fraction of dry fat-free solids of cocoa in sugar confectionery products made from cocoa bean pro-
cessing products. The proposed approach can be used as an effective express method for studying the composition of multi-
component sugar confectionery products to assess their quality and determine the amount dry fat-free solids of cocoa, which
is the most important identification criterion for the content of cocoa bean processing products.
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1. BBegeHue Il1st pa3sIMUHbIX HAYMEHOBAHMIA III0KO/Ia/ia pa3paboTaHbl Tpe6OBaHMS

KoHupgutepckue m3genusi, U3TOTOBJIEHHbIE C UCIIONIb30BAHMEM ITPO-
IYKTOB mepepaboTKy Kakao-6060B, MOMb3YIOTCS 0COGEHHOI MOMYIsip-
HOCTBIO y TIOTpebuTeneii: MIOKOaM, UIOKOAaJHbIe TPSHUKY, Baduin,
reyeHbe, HAUMHKM U Ip. BOmpocel onpeneneHus comepkaHusl Kakao-
MIPOAYKTOB B KOHOAUTEPCKUX MU3OENUAX BO3HUKAIOT TP OLIEHKE Kaue-
CTBa IPY OTCYTCTBUM MHCTPYMEHTAIbHBIX METOAVK MCCIenoBaHus [1],
OJIHAKO J1JIS OTIpeJIe/IeHNs COLePsKaHUsI CyXOT0 06e3XKMPEHHOT0 OCTaTKa
KaKao B IIOKoIafie ucronabsyercs TOCT 31723-20121.

! rOCT 31723-2012 «3penust KoHOUTEpCcKMe. MeTon omnpezeneHus CoepsKa-
HMUS CYyXOT0 00€3KMPEHHOTO OCTAaTKa KaKao B MIOKOTaJHBIX u3aemvsix». M.: CTaH-
naprurdopm, 2018. — 11 c.

oJ1d HTUTUPOBAHNM: KongpaTtses, H. B., Pynenko, O. C., Ocumnos, M. B.,
BenoBa, U. A. (2025). Pa3paboTka METOAVKY OMpeLeNeHNMsT Kakao — MPOAYKTOB
B KOHIMUTEPCKUX U3LENUSIX IO COOepKaHUI0 alkalonnoB. ITuujessie cucmemsl, 8(2),
167-172. https://doi.org/10.21323/2618-9771-2025-8-2-167-172

K 3HAUEHUSIM UIEeHTUGDUKAIMOHHBIX [TOKa3aTeleil ¥ COOTBETCTBYIONIE
METOIMKM UX UCCIEIOBAHMI. DTY METOAMKM OCHOBAHbI Ha KJIACCUUYECKUX
MeTOJaX BbleNeH)sI KOMIIOHEHTOB, ra30KMIKOCTHOM xpomaTtorpadun,
a Takke Ha criocobe ornpemenenus 6enka o Keeabgamo. Ha ocHoBe Ta-
KMX METOAMK Pa3paboTaHbl roCcymapCTBEHHbIE CTaHAapThl. OMHAKO Me-
TOAMKM M COOTBETCTBYIOLIME OCYAAPCTBEHHbIE CTAHIAPTHI IjIsI MHOTUX
IPYTMX HAVMEHOBAHMT KOHOVUTEPCKMX M3Ienii B HACTOsIIIee BpeMs He
pa3paboTaHbl.

CopepskaHue KMPHBIX KUCIOT, TPUIIUIIEPUIOB, CTEPOJIOB, alKajo-
UOOB M OPYI'MX KOMIIOHEHTOB B KOHAMUTEPCKUX MU3OEIUIX MOTYT CITy-
SKUTh MapKepaMM MUCITONb3YeMOTO ChIpbsl. IX COOTHOIEHMEe HAXOOUTCS

FOR CITATION: Kondratev, N. B., Rudenko, O. S., Osipov, M. V., Belova I. A.
(2025). Development of a method for determining the mass fraction of cocoa
products in confectionery by the content of alkaloids. Food Systems, 8(2), 167-172.
https://doi.org/10.21323/2618-9771-2025-8-2-167-172
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B OIpeJe/eHHbIX JMana3oHaxX. Pa3paboTka MeTOAMK MIeHTU(UKAIU
MUIIEBO MPOLYKIMY C MCIIONb30BAaHMEM HOBBIX KPUTepUEeB UAeHTU M-
KaLMy SIBJISIETCS] BXKHOI 3amaveit ajist muieBoit orpacin. Ocoboe BHM-
MaHue yIeseTcss KOMIUIEKCHOMY MOIXOLY K UIeHTU(PUKALNY MULIEBbIX
NIPOAYKTOB [2], BK/IIOYasi MeJi, C MCIIONb30BaHMEM MHCTPYMEHTAaIbHbIX
MeTOJ0B aHaJIM3a, IIPeJJIOKeHHbIX aBTOpaMy paboTsl [3].

ABTODBI [4] McciemoBamu comepskaHue TeOOPOMMHA U IPYTUX asiKa-
nounoB B 17 obpasuax IIOKOIaza ¢ MCHonb3oBaHMeM Mertoma BIXKX.
Ha6mromanach MoMoKUTebHAsE KOPPEJISLMS MEXKIY TeO6POMUHOM U KO-
dbenHom. B pabote [5] ayis onpenenenus: kodhenHa, TeO6pOMUHA U TeO-
wnnuHa B mIOKONMAZe MCIIOMb30BaHa KUAKOCTHAS XPOMAaTO-MacC-CIIeK-
TPOMeTpPUSI.

ABTOpamMyu paboTsl [6] TaKKe KccIen0BaHa BO3MOKHOCTb UAeHTU DM -
Kaluy pasnMyHbIX HAMMEHOBaHMIi IIOKOJIa1a TI0 CoepykaHMIo KodenHa
u TeobpomuHa. I3yyeHo cbipbe U M0omyHabpuKaThl, UCIIONb3yeMble TSI
IMPOV3BOACTBA MIOKOJIA/a Pa3IMYHBIX HauMeHoBaHMi1. ComepskaHue Teo-
6poMiHa B Kakao-606ax cocrasisieT 546—1047 mr Ha 100 r, B Kakao-110-
pourke — 656-1694 mr Ha 100 r, B kKakaosemne — 779-1209 mr Ha 100 1.
B maciie Kakao aJkaJouAbI TPAKTUUECKY OTCYTCTBYIOT. [Ipy yBennueHumn
KOJIMYeCTBa KaKao-IIPOAYKTOB B IIOKO/Tafe COmepskaHyue Teo6poMuHa
u KoderHa Takke BO3PacTaeT, B TOPbKOM IIIOKOJIafie OIpemeneHo 357—
668 Mr koeuna u 525-803 mr teo6pomuna Ha 100 r mpoaykra. CrenaH
BBIBOJL, O BO3MOKHOCTY VICITOJIb30BAHMSI TTOTYYeHHBIX JAHHBIX JIsT OTIpe-
JleJIeHUs CofepKaHMsl KaKao-TMPOAYKTOB B KOHAUTEPCKUX U3LEIUSIX, CO-
JepsKalyx MPOAYKThI IepepaboTKy Kakao-6000B.

MeTonuka ornpeneneHus TeoOpoMMHA pazpaboTaHa Jjis YCTaHOBIIE-
HMSI KauecTBa TEMHOTO IIOKOjaaa. TeoGpOMMH M3BIEKAIOT U3 BOLHBIX
BBITSIKEK LIIOKO/IaJa, SKCTPAKT aHAIU3UPYIOT METOOM CIIEKTpodoTOME-
TPUM IIPU JIIVHE BONHBI 272 HM [7].

Ormpenenenue comepKaHusl MPOLYKTOB IepepaboTKy Kakao-6060B
B KOHAMTEPCKUX U3JENUSIX MOKHO MPOBOOUTH C UCIIONb30BaHUEM pe-
3y/IbTATOB MCCIEIOBAaHMSI KaueCTBEHHOTO M KOJIMYECTBEHHOTO COZep-
SKQaHMSI BelllecTB, 0GOCHOBAHHBIX B KauecTBe MapKkepoB. Hammuume an-
KaJIOUIOB TPYIIIbl METWJIKCAHTMHOB, TaKMX KaK KodeuH, TeoGpoMIH
¥ TeoOU/UTMH, XapaKTePHO IIst TPOAYKTOB IepepaboTKy Kakao-6060B.

Bompocamu copepskaHusl alKaJIOUIOB B MUIIEBBIX MPOAYKTaX 3aHU-
MaloTCsl MHOTME MccienoBaTenyu. Hampumep, usyyennem kode 3aHu-
MaJCh aBTOPBI paboTsl [8], uccaenoBanust KodenHa U aHaIN3 PUCKOB
rorpe6eHust KohenHcoaepKalyX MUIIEBbIX TPOAYKTOB OMMCAHbI B pa-
60Te aBTopa [9]. YpoBeHb comepskaHust KodenHa B MOJIOYHOM LIOKO/Iaze
¢ UenbHBIM QYHAYKOM cocTaBwi 103 Mr/Kr, B MOJIOYHOM IIOKOazie —
153 mr/kr, B ropbKoM 11okosiazge 80 % kakao — 652—665 MI/KT.

IIpoBeneHa olleHKa CofepsKaHuUs KaKao TEPTOTO B Auarna3oHe 46-65 %
0 COZiep’KaHMI0 Teo6poMMHa. [ToKa3aHO, UTO KOIMYECTBO CYXUX 06e3-
SKMPEHHBIX BellleCTB KaKao Ha OCHOBE COIepyKaHusl Te0OpOMMHA MOKHO
paccumnTaTth, Kak 38,0 x% TeobpoMuHa (1Mo macce). isyyeHo copepkanue
oQeHoIOB B HEKMPOBOJ 4aCTH KaKao, OLleHMBaeMOe 110 TeO6POMUHY.
/X ypoBeHb MCC/IEIOBaH B IIOKOIAlE C COepkaHeM KaKao-IIPOAYKTOB
or 20 mo 100%. ITonyyeHHbIe pe3yabTaThl MO3BOJIWIN MPENIION0XKNUTD,
YTO OTpeJeeH e CyXoro 06e3KMPeHHOr0 0CTaTKa Kakao TOIbKO II0 CO-
JepskaHMio TeoOpoMmHa GyeT 60ee TOYHO XapaKTepu30BaTh KOIUUECT-
BO KaKao-IMpoayKTos [10].

OueHka (hraBaHOIBHOTO cocTaBa 41 06pasiia KOMMEPUECKOTO LIOKO-
nazga nposoawiack Metonom BJKX-DAD. ConepskaHue Teo6poMuHa UC-
I10JIb30BAJIOCh B KauecTBe KOCBEHHOTO ITOKa3aTess AJis 06e3KUPEeHHbIX
CYXMX BeIeCTB KaKao, OMHAKO OHO He SIBJISIeTCSI MIOJTHOLIEHHBIM Mapke-
poM cofepykaHusI aNuKaTexHa uiau ¢nasanona [11].

Takum 06pa3oM, JJis MOATBEPKOEHNSI KOMMYECTBA MCIIOTb30BAHHO-
rO IIOKOJIAJIHOTO ChIPbSI B LIOKOMAJHBIX U3JENIUSIX MOKHO UCCIeOBATh
cozepskaHye Te06pOMIHA KaK MAEHTU(DUKALMOHHOTO COeqVHEHYS B IIO-
Konape [4-7,10,11].

CylIecTBYIOT [Ipyre MeTOAbl 3KCTPAKLIUU U OIpeleneHus: Kode-
MHa U TeO6pPOMMHA M3 PACTUTENBHOTO Chipbs [12,13]. Hampumep, mist
yas, Kode, kKakao u BAJloB paspaboranbl Metommku M 04-61-2009
(®P.1.31.2010.07017)% u M 04-60-2009 (®P.1.31.2010.07016)5.

OpHako INpenjokeHHble MeTObl He MO3BOJISIIOT OMpeNeuTb Conep-
’KaHMe KaKao-TIPOAYKTOB B KOHAMTEPCKUX U3JENNSIX, He OTHOCSIIVIXCS
K IpyIIe mokosnaaa. Teo6poMuH sIBJsieTCst 06513aTebHBIM KOMITOHEHTOM
KaKao-TMPOAYKTOB, HO He COIEPKUTCS B APYTUX BUIAX ChIPbSI, UCIIOIb3Ye-
MBIX IIPY U3TOTOBJIEHUM KOHOUTEPCKUX n3aenuii. [losTomy conepskaHue

2 Merommnka M 04-61-2009 (®P.1.31.2010.07017). Ompenenenne KodenHa
¥ TeOOPOMMHA B Yae U YaiftHoi mpoayKiuiu, kode 1 KodernpoayKkTax, Kakao-606ax
u Kakao-TnpoaykTax, BAJI: I'pyna kommnanuit «JIrlomake»: nata Beegenus 2009. —
Mocksa: 2009. — 2 c.

3 Meromuka M 04-60-2009 (®P.1.31.2010.07016). Onipenenenne kobenHa u te-
o6pomMuHa B uae, kode, kakao u BAJlax: I'pynma kommnanuit «JIIOMIKC»: IaTa BBeie-
Hus 2009. — Mocksa: 2009.
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TeOOPOMMHA MOKET GBITh MCIIOMH30BAHO KaK MHIMKATOD COAEPKaHMS
KaKao-TMPOAYKTOB.

Llesb paboThi: paspaboTka METOAVKM OTIPEAETEHMsT MACCOBOIA IO CY-
XOT0 00€3KMPEHHOT0 OCTaTKa KaKao B KOHAUTEPCKUX USMIENNSIX, B ChIpbe
u nonydabpuKkaTax Ajasi X IPOU3BOACTBA IO COAEPKAHMIO ANTKAIOUIOB.

2. Marepuajbl M METOAbI

O6beKTaMy UCCIeNOBaHUS SIBISUINCh 00pasLbl ChIpbs, monydabpu-
KaTOoB LIIOKOJIAJHOTO ITPOM3BOACTBA, TaKMe Kak KaKao-606bl, KaKao-I10-
POIIOK, KaKao TepToe, Maclo Kakao, Kakao BeJla, IOKo/IafHas [71a3ypb,
a Taxke pasaMyHble Ha¥MeHOBaHMSI IIOKOIaLA Y KOHOUTEPCKUE TUIUTKHU,
KOTOpble GbUIM OTOGPaHbI Cy4aiftHbIM 06pa3oM. Kakao-606bl, Kakao-
IOPOLIOK, KaKao TePTOe, MacJIo Kakao, Kakao BeJuia, LIOKOIaJHasl INIa3ypb
IOTy4eHbl U3 TOProBoii ceTu. Teo6pOMMH 1 KObeNH 13 KOHAUTEPCKUX
u3penuii, monypabpuKaToB U ChIPbSI ONPEESIOT I10C/Ie KUCIOTHOTO I'M-
Ipomu3a 06pasioB. VccnenoBanus cofepkanus KodenHa 1 Teo6poMuHa
MPOBEZIEHBI C UCTIONBb30BaHMEM CUCTEMBI KalMIISIPHOTO 31ekTpodopesa
«Kamnens 105 M» (Poccust) ¢ poToOMeTpUUeCcKUM IeTEKTOPOM, IIPU JJIHE
BOJHBI 270 HM 110 METOZMKE OIpe/ieeHMsi MacCOBOJ L0/ TeO6pOMIHA
" KopenHa B KOHAUTEPCKUX uspenvsx (MBU 46-00334675-2015)%. M
MIPUTOTOBJIEHMST KOHTPOJIBHOTO 06pa3slia Te06POMIHA VICIIONb30BaH TEO-
6pomuH Gpupmbl SIGMA (> 99,0 %).

Conepkanue ankanouzga B obpasie (C, mr/100 T) pacCUMTHIBAIOT IO
dbopmyrne:
AxC.xV

€= A xi0xm’

1)
rae C, — KOHIIeHTpalMst Te0OOpOMIHA B KOHTPOIIbHOM 00pasiie, MI/J;
A — nomioneHue obpasua, %;
A, — TIOTJIONIeHVe KOHTPOJIBLHOTO 06pasiia, %;
V — 06beM ruaponn3aTta/quCTU/UIMPOBAHHONM BOMIBI IJIS1 PACTBOPEHMS IKC-
TpaKTa, M,
m — macca HaBecKy, T.

[pu onpeneneHny CopepkaHys TeOGPOMMHA ITPOBOIST [1BA M3Mepe-
HMS B yCI0BUsAX nosTopsiemocty TOCT MCO 5725-1-20025. PesysbTaT om-
pezmeneHus MaccOBO LOMM AJIKAJIONIOB IPENCTABISUIU B BUie GOPMYIIbI:

(Cp*A) % 1ipu P = 0,95, )
rie A — abCoMOTHAS MTOTPENIHOCTD OnpeneaeHnit. Ee paccumTbiBam 1o
dopmyre:

A=5-0,01-Cpp, 3)
rae 8 — rpaHuiia OTHOCUTETbHO IMOTPEITHOCTH, paBHas 5,1 %.

OmpezeneHyie MaccoBOi IOMM JKUPa B Kakao-606ax, Kakao TEPTOM,
KaKkao-nopomke nposopmm no TOCT 31902-2012°, pesynbrar mpen-
CTaB/ISUIM B BUZAE CPeAHEero 3HaueHMs] M CTaHAAPTHOTO OTKIOHEHMS
(Y., *A) npu moBepuTeNnbHOl BeposTHocTH P = 0,95.

Pe3ynbTaThl 5KCIIEPMMEHTOB OIpefe/eHNss MaccoBOW [O/MM CyXOro
06€e3XMPEeHHOr0 OCTaTKa KaKao MPEeICTaB/IsIM B BULE CpeSHEro 3Have-
HVISI M CTAHJAPTHOTO OTKJIOHEHUS (M, *A) Ipu NOBEPUTETIBHOM BEPOST-
HocTn P = 0,95 (M, = A)%. MaTemaTuyeckoe OXuiaHue pacCauThIBa/IM 110
dbopmyie [14]:

M(x) =Y xp;, @)
i=1

I7ie X; — pe3y/IbTarT [IpY i-TOM 3KCIIePUMEHTe;
Pi — BEPOSITHOCTD MIOJTyYEeHMUST Pe3y/IbTaTa X;
n — KONMYEeCTBO 9KCIIepUMEHTOB.

MeTponormnyeckye XxapakTepuCTUKM METOOVKN: ITpeJiell TOBTOPSIeMO-
CTH, TIpefiell BOCIIPOM3BOAMMOCTH, II0Ka3aTelb TOYHOCTH (TPaHULBI OT-
HOCUTEJIbHOJ TIOTPEeLTHOCTM) PaCcCUMTaHBbI 110 GOpMysiaM B COOTBETCTBUM
¢ PMT 61-2010".

OlLleHKa YCTaHOBJIEHMS! IPAaBMIbHOCTY METOIMKM IPOBefieHa C yye-
TOM IIPMMEHEeHMsT OLHO(PAKTOPHBIX IUIAHOB dKCIepuMeHTa [14] u B coOT-
BeTcTBUM ¢ PMT 61-20107.

4 Meroayuka MBU 46-00334675-2015. Onpesie/ieHye MaccoBoii A0JM Teo6po-
MuHa 1 KodenHa B KOHAUTEpCKUx mapenusx: ®IBHY BHUUKII: fnata BBemeHuMs
2015. — Mocksa: 2015. — 6 c.

5 TOCT MICO 5725-1-2024 «TOYHOCTD (IIPABUMBLHOCTD ¥ IIPELM3MOHHOCTb) Me-
TOJOB U pe3ynbTaToB M3MepeHuit. YacTp 1. OCHOBHbIE TOJIOKEHMS U OIIpefierne-
Husi». M.: Cranpaptuadopm, 2002. — 21 c.

6 TOCT 31902-2012 «3penus xoHgUTepckue. MeTonpl onpeaeneHns Macco-
BOI1 o skupar. M.: Crangaptundopm, 2014. — 21 c.

7 PMT 61-2010. TocyzapcTBeHHas CucTeMa 0Gecriede st eIMHCTBA M3MepeHMit
TIoKasaTejit TOYHOCTH, MMPaBUIIbHOCTY, MPEHIMU3MOHHOCTY METOAMUK KOJIMYeCTBEH-
HOTO XMMUYECKOro aHaim3a. Metozp! otienku M.: Crangaptuudopm, 2013. — 62 c.
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3. Pe3ynbTaThl M 00CYKAEHUE

[l yCTaHOBJIEHYSI 3aBUCUMOCTH COLEPKaHMS aTKaJ0UIOB U CYXOro
06€35KMPEeHHOr0 OCTaTKa Kakao B PA3IMYHBIX HAMMEHOBAHMUSIX KOHAM-
TePCKUX U3AeNnit MPOBeIeHbl UCCIEeN0BaHNSI KaKao-6060B, Kakao TePTO-
IO ¥ KaKao-TI0POLIKa C M3BeCTHBIM KOTMYECTBOM CYXOT0 06€e3KMPeHHOr0
oCTaTKa Kakao.

VcTaHOBIEHO, UTO cofepskaHue KodeuHa U Teo6poMMHA B ChIpbe
u nomydabpuKaTax IOKOIAJLHOTO TPOU3BOACTBA HAXOLUTCS B LIMPOKUX
Iuama3oHax. IIpoBeieH IepecueT comepkaHMs TeoGpPOMMHA B KaKao-
606ax Ha cyxoii 06e3kMpeHHbIi ocTaTok Kakao (COOK), comepskaiuiicst
B o6pasuax (Tabnuua 1).

Ta6nuua 1. Cogepskanue koderHa 1 TeOOpOMIHA B KaKao-606ax
Table 1. Caffeine and theobromine content in cocoa beans

CopepskaHue ajiKaJIou- CogpepsxaHue
Kakao MaccoBas gois moB, mr/100 r TeoGpOMMHA
Go6BI xupa, %, (Cp®D) B IlepecueTe Ha
(YptA) COOK, mr/100 1,
KodeuH  TeoOPOMMH (M%)
Nel 51,5%0,8 65,2%3,3 706+36,0 1455,7+74,2
Ne 2 49,8+0,8 138+7,0 847+43,2 1687,3+86,0
Ne3 50,2%0,8 204+10,4 775+39,5 1556,2+79,4
Ne 4 50,3%0,8 121+6,2 894+45,5 1798,8+91,7
Ne5 51,2%0,8 172+8,8 811+41,3 1661,9+84,8
N2 6 53,2%0,8 59,7£3,0 646+329 1380,3+70,4
Ne7 51,4%0,8 36,3*1,8 832+42.4 1711,9+87,3
Ne 8 51,8%0,8 92,247 794£40,4 1647,3£84,0
N2 9 51,6%0,8 75,1+3,8 822%41,9 1698,3+86,6
N2 10 51,5%0,8 112£57 844+430 1740,2+88,8
Ne 11 51,8%0,8 98,0£5,0 779+39,7 1616,2+82,4
N2 12 52,0+0,8 120%6,1 823%41,9 1714,6+87,4
N2 13 51,7£0,8 107+5,5 787+40,1 1629,4+83,1
Ne 14 51,5%0,8 90,0+4,6 815+41,5 1680,4+85,7

TakuM 06pa3oM, MOTyYeHbl HOBbIE JaHHbBIE O COAEpPKaHUM KoderHa
1 Teo6pOoMIMHA B KaKao-600ax, a TakKe cofepkaHue Teo6poMuHa B riepe-
cyeTe Ha Cyxoil 00e35KMPEeHHbBIN OCTAaTOK Kakao. B crarbe [10] aBTOpHI HE
HAIIJTM KOPPEJIALNIO MEKIY KOTMUECTBAMU MOMMGPEHONIOB U TEO6POMMHA.
AHanu3 mMaccuBa AaHHBIX, IPUBENEHHBIX B paboTe [10] 1 B 6a3e JaHHBIX
USDA (MunucTepcTBa cenbckoro xo3siiictBa CILIA) rmo nuiieBoit iieHHOCTH
MUIIEeBBIX TPOAYKTOB (ITyHKTHI 19902-19904) [15], yka3biBaeT Ha Koppe-
JISILIMIO KOJTMYECTBA TEOGPOMIMHA U CYXOT0 00€3KMPEHHOT0 0CTaTKa Kakao.

Hamu ycraHOB/IEHO, UTO COfepykaHVe TeOOpOMMHA B IepecueTe Ha
CyX0it 06€3KMPEHHbBI 0CTATOK KaKao HaXOAUTCS B OTHOCUTETbHO Y3KOM
nuamnasoHe oT 1380 mo 1798 mr/100 r, 103TOMY MOKHO MPEeAIIONI0XKUTb,
YTO MOJTyYeHHbIe Pe3y/IbTaThl I03BOMISIOT OIIEeHMBATh COflepyKaHNe CyXO0-
ro 06e3XKMPEeHHOr0 OCTAaTKa Kakao B MPOAYKTax M0 YPOBHIO TEOOPOMMHA.

[TpoBeneHbI MCCIENOBAHMS COLEPKAHNS aTKAIOUIOB U CelaH Iepe-
CyeT coepkaHysi Te0O6POMMHA B APYTMX OCHOBHBIX ChIPbEBBIX MHIPEIUEH-
Tax, KOTOPbIE VCIIOIb3YIOTCS TP IIPOU3BOJACTBE KOHAUTEPCKUX U3IENNIA,
B TOM 4JMCJT€ B KAKAaO-TIOPOIIIKe 1 B Kakao Teprom Ha COOK (Ta6muiipl 2, 3).

Ta6nuia 2. Cogepskanne KodenHa 1 TeOGPOMIMHA B KaKa0-IIOPOIIKe
Table 2. Caffeine and theobromine content in cocoa powder

CopepskaHue aJIKaJIOu- CopepskaHnue
Kakao Maccosaﬂo,uonﬂ mos, mr/100 r TeoGpoMmHa
S Xxupa, %, (Cyp®D) B IlepecyeTe Ha
(Y tA) COOK, mr/100 r,
KoeH TeoOGpoMMH (M, %A)
Ne1 12,1£0,8 51,0£2,6 1325%67,5 1507,4+76,9
Ne2 10,9%0,8 62,9%3,2 1401+71,4 1572,4+80,2
Ne3 10,5+0,8 27,8%1,4 1273+64,9 1422,3+72,5
Ne 4 13,4%0,8 22,2%1,1 1369+69,8 1580,8+80,6
Ne5 13,2%0,8 24,2%1,2 1299+66,2 1496,5+76,3
N2 6 10,2%0,8 33,1+1,7 1493+76,1 1662,6+84,8
Ne7 15,5+0,8 17,0£0,9 1306+ 66,6 1545,6+78,8
Ne 8 14,3%0,8 28,9+1,5 1078+54,9 1257,9+64,2
N2 9 11,5+0,8 46,524 1504£76,7 1699,4+86,7
N2 10 12,2%0,8 128+6,5 1535£78,2 1748,3+89,2
Ne 11 11,3%0,8 23,7%1,2 1120%57,1 1262,7+64,4
N2 12 14,1%0,8 25,6%1,3 1301%66,3 1514,6+77,2
N2 13 10,3%0,8 24,5%1,2 1046+53,3 1166,1£59,5
Ne 14 12,8%0,8 28,214 1217+62,0 1395,6+71,2
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CognepskaHue Teo6pomuHa B 11 o6pasiax Kakao-rnopoika (6e3 yuera
o6pasoB N2 8, 11, 13) B mepecueTe Ha CyxOit 06€35KMPEHHbBIN OCTATOK
KaKao Takke HaXOOUTCSI B OTHOCUTENbHO Y3KOM auarnasoHe oT 1395 mo
1748 mr/100 1, UTO TaK)Xe MOXKHO MCIIOIb30BaTh JJIsl Pa3pabOTKU METO-
IMKY OTpenesieHys MacCOBO HOMM KaKao-MPOAYKTOB B KOHIOUTEPCKUX
U3IEeNUsX Mo comepkaHuio Teo6pomuna. Comepskanue kodenHa Bapbu-
pyercsi ot 23,7 1o 128,5 mr/100 r, yTO ienaeT ero HeHaAEKHbIM TIOKa3aTe-
J1eM 1151 pa3paboTKy MeTOAVIKY OTpesie/ieHM sl KaKao-IIPOLYKTOB.

IIpoBefieH TmepecyeT COAep)KaHMsI Teo6GpOMMHA B Kakao TEPTOM Ha
COOK (Tabnumua 3).

Ta6nuia 3. Cogepskanne kodenHa ¥ TeOGPOMIMHA B KAKAO TEPTOM
Table 3. Caffeine and theobromine content in cocoa mass

CopepskaHue ajIKajJIon- CopepsrkaHue
Kakao Macconaﬂo,uoml noB, mr/100 r, Teo6pOMMHA
Teproe )xupa, %, (CypED) B IepecyeTe Ha
(YA COOK, mr/100 r,
KopenH TeoOpoMMH (M, %A)
Ne1l 51,7+0,8 26,3%1,3 633+32,2 1310,6*66,8
Ne2 50,5+0,8 52,127 760+38,7 1535,4+78,3
Ne3 51,4+0,8 62,9+3,2 765%39,0 1574,1+80,3
N2 4 50,4%0,8 59,0£3,0 704£35,9 1419,4+72,4
Ne5 51+0,8 58,5%3,0 725+36,9 1479,6+75,5
N2 6 50,7+0,8 58,1£3,0 644+32,8 1306,3+66,6
Ne7 52,1+0,8 68,3%3,5 707+36,0 1476,0+75,3
Ne 8 52,3+0,8 43,722 738%37,6 1547,2£78,9
N2 9 51,8%0,8 34,8+1,8 892+454 1850,6+94,4
N2 10 51,2%0,8 38,7£2,0 945+48,1 1936,5+98,8
Ne11 51,3%£0,8 479+24 696+35,4 1429,2+72,9
N2 12 52%0,8 28,6%1,5 753+38,4 1568,8+80,0
N2 13 51,4%0,8 54,3%2,8 877+44,7 1804,5+92,0
Ne 14 50,3+0,8 29,8+1,5 741+£37,7 1490,9+76,0

CopepskaHue Teo6pomMmHa B 14 o6pasiiax Kakao TepTOro B Iepecyere
Ha CyXO0J 06e3KMPEeHHbII 0CTaTOK KaKao HaXOAUTCs B Ayanasoxe ot 1306
1o 1936 mr/100 r, 13 KOTOPbIX 9 06pa3LOB COAEPIKAT CYyXO0it 06€35KUpeH-
HBIf OCTATOK KaKao B y3KOM auamnasoHe ot 1419 no 1574 mr/100 r. Comep-
skaHMe KoerHa BapbUpyeTcs B AuamnasoHe ot 26,3 no 68,3 mr/100 r, npu
9TOM MMHMMaJbHbIE U MaKCMMaJbHble 3HAUeHNsI pa3InyarTcs Goee
yeM B 2 pasa.

[Tormy4yeHHbIe pa3IMYHbIe AMANA30HBI COOePKaHMs Teo6pOMMHA 06-
YCJIOBJIEHBI PA3IMYHBIM COAEPKAaHMEM JXXUPA B XKMPOBOIi (ase mccieno-
BaHHBIX ITPOJIYKTOB.

PesynbTaThl OoIpeseneHus: comepskaHus anaKkaaouIoB B KaKao-IIpo-
IYKTaX (Kakao-6006bl, KAKa0-MOPOIIOK U KaKa0 TEPTOE) COOTBETCTBYIOT
paHee MOJYYEeHHBIM AAHHBIM, MPENCTaBIeHHbBIM B paborax [5,16-19].
OHM OATBEPKAAI0T TUIIOTe3y O BO3MOXXHOCTY MCII0/Ib30BaHMS JAHHBIX
I10 COZePyKaHNI0 Te0OOPOMIHA JIs pa3paboTKY METOLMKY OIpeeeHNs
KaKao-TIPOAYKTOB B KOHJOMTEPCKUX MU3JAeNUsX MO0 COAEepKaHMIO ajKa-
JIOUIIOB.

TMonyyeHHble aHHbIE TAKKe COIIACYIOTCS C pe3ylbTaTamMy pabGoOThI
[20], B KOTOpOJI IpenioskeH pacyeT KOIMYeCTBa CyXUX 06e35KMpPEeHHBIX
BeIl[eCTB KaKao Ha OCHOBe cofep’kaHus Teo6poMyHa. OoHAKO y aBTOPOB
3TOJi pabOThI HET YETKOTO 060CHOBaHMS KO3hdulMeHTa rnepecuera.

MaccyuB NOMTyJYeHHbIX JAaHHBIX 110 COZiepKaHMI0 Te06POMMHA O3BOJIS-
eT MPOBeCTM MaTeMaTUUYecKylo 06paboTKy Jisi ycTaHOBAeHMs Koaddu-
LMeHTa IepecyeTa CopepskaHusl Teo6POMMHA Ha CYX0il 00e3XMpPEeHHbIi
OCTaTOK KaKao M pacueTa MeTPOJIOTMYeckux xapakTepuctuk. [[poseseHa
MaTeMaTtuueckas 06paboTKa MOMYUYeHHbIX JaHHBIX COEPKaHVsI Te06pO-
MMHA B Kakao-606ax, Kakao TepToM, Kakao-Mopolike 1o meropy l'aycca
(PucyHoxk 1).

ITonryyeHHble pe3yabTaThl MMeEIOT HOPMa/lbHOE paclipefeseHue
o l'ayccy ¢ HempepbIBHBIM pacipejiesieH/ieM BepOSITHOCTeN ¢ MUKOM
B LIEHTpe, NPY KOTOPOM OCHOBHAsI JOJSI 06pasLoB IO COOepPsKaHUIO
TeobpomuHa (B mepecuete Ha COOK) cocpemoroueHa B [guara3oHe
1300-1700 mr/100 r. PacnpeneneHue xapakTepusyeTcsl MaTemMaTuye-
ckuM oxxupauuem 1560,5 mr/100 r, meguanoit 1562,5 mr/100 r 1 cpen-
HMM KBaJIpaTUYHBIM OTKJIIOHEeHMeM 169,6 mr/100 r Teo6poMuHa B repe-
cuyete Ha COOK.

ConepkaHue KoderHa B Kakao-Maciae HaxOOUTCS B AMana3oHe OT
10,2 mr/100 r mo 24,3 mr/100 r. ComepskaHue Teo6poMMHA B KaKao-Macje
He3HauuTelIbHOE U HaxoauTcs B auamasoHe ot 0 mo 8,0 mr/100 r (Tab-
nmua 4).
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PucyHok 1. PacnipepeneHye KoanmyecTsa o6pasios
KaKao-IPOAYKTOB II0 A¥ana3oHaM MacCOBOI S0 TeoGpoMIMHa
B nnepecyete Ha COOK
Figure 1. Distribution of the number of samples of cocoa products
by range of mass fraction of theobromine in terms of dry fat-free solids
of cocoa

Ta6nmuua 4. ComepkaHue KkodenHa 1 Teo6poMMHA
B KaKao-MacJjie
Table 4. Caffeine and theobromine content in cocoa butter

CopepskaHue ajgkanonaos, mr/100 r
Kakao macio

KodenH TeoGpOMUH
Ne1 13,1£0,7 0
Ne 2 13,2+0,7 0
Ne3 24,3+1,2 5,2%0,3
Ne 4 10,2%0,5 8,00,4
Ne 5 11,1£0,6 4,2%0,2
N2 6 12,2%0,6 2,5%0,1
Ne7 15,0+0,8 0
Ne 8 12,1£0,6 4,7%0,2
Ne9 14,4+0,7 6,3%0,3
N2 10 12,1£0,6 0
N2 11 12,7%0,6 5,5+0,3
Ne 12 14,5+0,7 4,7+0,2

Cyxoit 06e3KMpeHHbII OCTATOK KaKao B KMPOBOM GpaKiuy Kakao-
6000B (Kakao TepTOro), KaKao-TOpOLIKa, MpeaCTaBisioneii coboit
YMCTOE KaKao-Maciao, OTCYTCTBYeT.

ConepykaHue KodernHa B Kakao-606ax, KaKao-IOPOIIKe, KAKao Tep-
TOM HaXOOWTCS B IIMPOKMX IMATIA30HAX, B TO BPeMsl KaK AMara3oHbI
cozepkaHusi TeOGPOMMHA 3HAYUTETBHO MeHblle. [I03ToOMy copepkaHue
Teo6pOMMHA MOXKET ObITb MCIIONb30BAHO KaK MHIMKATOD COAEpsKaHMsI
KaKao-TMPOAYKTOB AJISI KOJMMYECTBEHHOM XapaKTePUCTUKU HEKMPOBBIX
KOMITOHEHTOB KaKao.

Ha ocHOBaHMM IIONyYeHHBIX SKCIIEPMMEHTAJbHBIX HAHHBIX pac-
CUMUTAHO cofepkaHue TeobpomyuHa B mepecyere Ha COOK, paBHOe
1560 mr/100 r, n ipepsioskeHa dopmyria Ijisi pacuyeTa MacCoOBO JIONN CY-
XOro 06e3XKMPEHHOTO OCTAaTKa KaKao B PAasIMUHbIX HAMMEHOBAHUSIX Ca-
XapUCTBIX KOHAUTEPCKNUX mapenuii (M). IIpu UX M3roTOBIEHUN UCTIONb-
30BaHbl MMPOAYKTHI MEPepabOTKM KaKao-6000B, OHM MO3UIIVIOHUPYIOTCS
KaK U3Jensl C KaKao-TMPOAYKTaMM:

X
B, ®)
COOK
roe C — comepskaHue Teo6poMIMHa B MCCIeq0BaHHOM o6pasiie, mr/100 r;
Ccoox — Conep>)kaHye Te0OOpOMIMHA B CyXOM 06€3KMPEeHHOM OCTaTKe KaKkao,
mr/ 100 r;
100 — koapdunmenT nepecuera Ha 100 r ob6pasiia.

M =

Ha ocHOBe pe3y/bTaToB MCCaeJ0BaHMIt pa3paboTaHa METOIVKA OTpe-
[leJIeHNsT MacCOBOJ TO/M CYXOTO 00e3KMPEHHOr0 OCTaTKa Kakao B caxa-
PUCTBIX KOHAUTEPCKUX U3Aennsx. [1o comepskaHmio Te0O6pOMMHA MTPeIo-
>KEHO OLI€HMBATH MACCOBYIO LOJTI0 CYXOT0 06€3KMPEHHOr0 OCTAaTKa KaKao.
PaspaboTaHHasi MeTOAMKA [TO3BOJISIET TPOBOAUTD M3MEPEHMS] MaCCOBOI
IOV CYXOTo 00e3XKMPEHHOT0 OCTaTKa Kakao B auamnasoHe ot 0,01% mo
70%, ipy 3TOM GbLIM OMpeNe/eHbl METPOIOTUYECKME TTOKA3aTENN Me-
TOJIMKMY, TIOKA3aTeTh TOYHOCTU (TPAHULIBI OTHOCUTENbHO MOTPEITHOCT)
coctaBuin 4,9 %.

IMonyyeHbl 3KCIEPUMEHTAIbHbIE 3HAUEHMS COomepkaHusl KodenHa
¥ TeOOpOMMHA B pas/IMUHBIX BUaax iokonazaa (Tabauia 5).

Ta6nuua 5. Cogepskanue kodenHa 1 TEOOPOMMHA B Pa3INIHBIX
HayMeHOBaHMAX HIOKo/Iaga
Table 5. Caffeine and theobromine content in various types of chocolate

ConepskaHue
Ne Illokonaz ankanonnos, mr/100 r COII(')EI(J)}K(HE’}ME
xodbeuH TeoGpoMMH >
1 TtemubIit N2 1 9,0+0,5 461+23,5 29,5+1,4
2 TemHbI N2 2 26,0£1,3 336+17,1 21,5+1,1
3 TeMHbIN N2 3 11,0+0,6 394£20,1 252+1,2
4 TeMHbI N2 4 248+12,6 239%12,2 15,3+0,7
5 TEeMHbIii C LeJIbHbIM 125+6,4 275+14,0 17,6%0,9
MUHIAIeM
6  TeMHbIii C GPYyKTOBO- 508+25,9 243+12,4 15,6+0,8
SITOHOV HAUMHKOJ
TEeMHBIN ¢ QyHIYKOM 274+14,0 428+21,8 27,4%+1,3
MOJIOYHBIN ¢ PyHIYKOM 300+15,3 137£7,0 8,8+0,4
¥ TIeUeHbeM
9  MOMOYHbIN 32 % Kakao 473%24,1 127+6,5 8,1£0,4
10 MosOouHBI ¢ GYHIYKOM 89,0+4,5 14172 9,0+0,4
11 MOJIOYHBIi C LIeTbHBIM 46,0%2,3 89,0+4,5 5,7%0,3
dyHIyKOM
12 MONOYHbI 357+18,2 157+8,0 10,1£0,5
¢ Apo6seHbIM QYHAYKOM
13 Gesblit TOPUCTDIN 2,0+0,1 140+7,1 2,0+0,4

TeMHBII IOKOJIAZ, XapaKTepu3yeTCss OTHOCUTETbHO BBICOKUM COZIep-
SKaHMEM CYyXOTo 06e3XKMPEHHOTO OCTAaTKA KaKao U COePKaHNeM TeoOpo-
muHa oT 239 mr/100 r 7o 461 mr/100 r. B MOIOYHOM IIOKO/IaZie COEePXKUT-
Cs1 CYIIeCTBEHHO MeHblllee KomnuecTBo Teo6pomuua — ot 89,0 mr/100 r
nmo 157 mr/100 1.

ComepskaHne koeuHa B IUIMTKE KOHAMTEPCKOH coctaBmio (16,0—
98,0) mr/100 r, a Teo6pomuua — (12,0-130) mr/100 r (Tabauiia 6).

Tabmuua 6. Conepskanue kodenHa 1 TeoGpoMMHA
B IVIUTKE KOHIUTEPCKOM
Table 6. Caffeine and theobromine content in confectionery bars

CopepskaHue
ILrTKa ankanouzos, mr/100 r Cone]()));((al;ne
KodeH TEOOPOMUH 07
KoHAUTepcKas 6e3 mo6aBnenuit  98,0+5,0 130+6,6 8,3+0,4
KOHJMUTEPCKasi C KPYITHbIMU 16,0+0,8 77,0£3,9 4,9+0,2
I00aBIeHUSIMU
KOHAUTePCKasi MOJIOUHast 35,0+1,8 12,0%£0,6 3,2%0,2

ropucrast

Huskoe copmepskaHme TeO6pOMUHA B IUIUTKE KOHAMTEPCKON 06YyCIaB-
JIVBAeT HU3KYI MACCOBYIO IO/ CYXOro 00e3KMPEHHOr0 O0CTaTKa Kakao.

CraHgapTM30BaHHbIE METO/IbI, TIO3BOJISIIOLINE OMTPEETNTh CONEepsKaHME
CYXOro 06e3KMPEHHOI0 OCTaTKa KaKao, B HACTOSIIEe BPeMsl OTCYTCTBYIOT.
TTo pa3paboTaHHO METOIVIKE OMIPeeIN COollepsKaHyie TeOOPOMIMHA 1 CY-
XOT0 00€3KMPEHHOTr0 0CTaTKa KaKao B HAUMHKAX /ISt Baesib, B KOTOPBIX 10
MapKMPOBKe GbUTH 3asIBJIEHBI TIPOAYKTHI TIepepaboTKM Kakao-6000B.

Ta6nuua 7. CopepskaHue TeOGpOMIMHA M CYXOro 06e33KMPEeHHOro
OCTaTKa KaKao B pa3jIMYHbIX HAMMEHOBAaHMSIX HAYMHOK
s Badenn
Table 7. Content of theobromine and dry fat-free solids of cocoa
in various types of waffle fillings

Ne Hauuuku aj1s Badenp f:gﬁeg(;ﬁ;::, Coggg)ll((al(zle
Mmr/100 r ’
1 capomarom mokonana N2 1 1,5+0,1 0,1+0,005
2 Ne2 6,4+0,3 0,4+0,02
3 co BKycoM Imokonaga N2 3 29,1+1,5 1,9+0,1
4 N4 45,1£2,3 2,9£0,1
5 Ne25 78,2%£4,0 5+0,2
6 C IIOKOJAZHOM HAYMHKOM N2 6 91,5+4,7 5,9%0,3
7 ¢ XMPOBOJ IPOCJIONKOIA, 162,283 10,4%0,5
BKYyC 1okonaga N2 7
8 N28 203,5+10,4 13+0,6
N2 9 272,5+13,9 17,4%£0,9
10 c moxkonagHoi HauMHKOM N2 10 298+15,2 19,1+0,9
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ConepskaHue Teob6pomuHa B repecuete Ha COOK B HauMHKax HaXOou-
JIoCh B mMpoKoM auanasoHe ot 0,1 mr/100 r go 19,1 mr/100 r. [Ipu aTom
BbISIBJIEHO, UTO HEKOTOPbIE 06Pa3Iibl OTIMYAIOTCSI BBICOKMM COZLePsKaHM-
eM Teo6pomuHa B iepecuete Ha COOK.

ViccmemoBanbl 26 06pasiioB KOHAMTEPCKMX WU3IENNIA, B TOM UKCIe
LIIOKOJIaJ], KOHOUTEPCKUE TUIUTKU, HAUMHKY 11 Badesib, KOTOPbie ObLIN
BKJIIOUEHBI B PE3Y/IbTAThl JAHHOM PabOThI U SBJSIOTCS TIPECTABUTENS -
MM 3HaUMTeNIbHOTO aCCOPTMMEHTA CaXapUCThIX KOHAUTEPCKUX U3TENNIA.
Takske GbUTM MPOBEAEHDI UCCAENOBAHMS MYUHBIX KOHIUTEPCKUX U3Ie-
HMﬁ, TAaKMX KaK «IIOKOJIagHbIe» ITPSIHUKU, [T€UE€HbE, PE3Y/IbTAaThl KOTOPbIX
He ObUTM MCIIONb30BAHBI B TAHHOI pabore.

Vcrionb30BaHHBIN TOAXOJ, MO3BOJISIET ONpPeNeNsTh MacCOBYIO JOJIO
CyXOro 006e3kKMpPEeHHOr0 OCTaTKa Kakao B MonydabpukaTaXx M MHOTO-
KOMITOHEHTHBIX KOHAMTEPCKUX U3JIENsIX, ISl M3TOTOBIEHMUST KOTOPBIX
MCIIO0/b30BaHbl KaKao-IPOAYKTHI U ISl KOTOPBIX He pa3paboTaHbl Me-
TOIMKY OIpeJielieHNsI CofepskaHusl KaKao-MponyKToB. [TomyyeHHbIE pe-
3YJIBTAThl MOTYT GBITH PACIIPOCTPAHEHbBI M Ha IPYTHe TPYIIITbI CAXapUCThIX
KOHIUTEPCKUX WU3MENUi, I U3TOTOBIEHMUS KOTOPBIX MCIIOIb30BaHbI
MIPOAYKTHI epepaboTKM KaKao.
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VcTaHOB/IEHA KOppeIsSnus MeXKAy COmepXaHueM TeoOpoMMHA
¥ MacCOBOJ ojieit CyXoro 06e3XKMpeHHOro ocTaTka Kakao. Comepska-
HMEe TeoOGPOMIMHA MOXET ObITh UCIIONIb30BAHO KaK MHAMUKATOP CONep-
SKaHUST KaKao-poaykToB. [TonyueHa ¢popmysa pacueta MaccoBOii TOJIU
CYXOTO 00e35KMPEeHHOr0 OCTaTKa Kakao B CaXapMCThIX KOHAUTEPCKUX
U3IENUSX.

ITpoBeneHbI MCCIENOBAHMUSI COOEPKaHUSI TeoOpOMMHA U KodeuHa
B IIIOKOJIJIe M ChIPbe JIJIsI ero Mpou3BoacTBa. Ha ocHOBe 3KcrepumeH-
TaJTbHBIX JAHHBIX PACCYUTAHO CoZepkaHyue TeoOpOMMHA B IepecyeTe
Ha COOK, paBHoe 1560 mr/100 r, 1 mpensioskeHa hopmysa sl ompe[e-
sneHust maccoBoii Jonu COOK B pasJiMyHbIX CaXapUCTbIX KOHAUTEPCKUX
U3ETUSIX.

Pa3paboTaHa MeToAyKa OIMpeeaeHys] MacCoBOIi IO CYyXOro 06es-
SKMPEHHOTO OCTaTKa Kakao B KOHAMTEDPCKMUX M3LeNusX, I03BOJsouIas
aHaMM3MPOBATh €ro CofepskaHue B IIOKOIa/e, KOHIUTEPCKUX TUIUTKAX,
HAaUMHKaX U APYIUX CaXapmUCTbhIX KOHOAUTEPCKUX U3OETUAX, USTOTOBJIEH-
HBIX C VICIIOJIb30BAaHMEM KaKao-TIPOLYKTOB.

TIpenoskeHHbIM TOAX0M MOXKET ObITh MCIIONb30BaH B KauecTBe 3¢-
(heKTMBHOTO 3KCIIPECCHOTO CII0co6a MCC/Ien0BaHMi COCTaBa MHOTOKOM-
TIOHEHTHBIX CaXapUCTbIX KOHAUTEPCKUX WM3OENnii, MPOBOAVMBIX IIPU
OIleHKe MX KauecTBa, AJIsl ONpeJie/IeHNsT KOMYEeCTBa CyXOoro 06e3KupeH-
HOTO OCTaTKa KaKao — BaKHeWIIero maeHTUGUKAIMOHHOTO KPUTePUsI
cofiepskaHusI TIPOAYKTOB MepepaboTKy Kakao-6060B.

ManpHeiime WMCCAeIOBaHMSI HaNpaBieHbl Ha OIEHKY KadecTBa
MYYHBIX KOHAMTEPCKUX WM3[eNNii, M3TOTOBIEHHBIX C JCIIONb30BaHMEM
KaKao-TMPOAYKTOB.

coa solids content of chocolate. Journal of Agricultural and Food Chemistry, 56(1),
260-265. https://doi.org/10.1021/jf072153c¢

11. Alanén, M. E., Castle, S. M., Siswanto, P. J., Cifuentes-Gémez, T., Spencer, ]. P.
E. (2016). Assessment of flavanol stereoisomers and caffeine and theobromine
content in commercial chocolates. Food Chemistry, 208(1), 177-184. http://doi.
org/10.1016/j.foodchem.2016.03.116

12. Mapuenko, JI. A., MoknHa, H. 4., IlTaxomoBa, O. A., Coxonosa, A. B., HuxuseH-
Ko, B. H. (2021). OnTMMu3anus sKCTpakimm kodenHa 1 Teo6poMuHa U3 pas-
JIMYHBIX COPTOB Yask 6JI0K-COMONMMEPOM IUTIOPOHMK. M36ecmus 8y308. [Tuujesas
mexHonozus, 5-6(383-384), 32-36. [Marchenko, L. A., Mokshina, N. Ya., Pakho-
mova, O. A., Sokolova, A. V., Nizhivenko, V. N. (2021). Optimization extraction
of coffeine and theobromine from various varieties of tea with pluronic block
copolymer. Izvestiya Vuzov. Food Technology, 5-6(383-384), 32—36. (In Russian)]
https://doi.org/10.26297/0579-3009.2021.5-6.6

13. Pavlovic, N., Jakovljevic, M., Miskulin, M., Molnar, M., Ackar, D., Jokic, S. (2019).
Green extraction techniques of bioactive components from cocoa shell. Croatian
Journal of Food Science and Technology, 11(1), 11-20. http://doi.org/10.17508/
CJFST.2019.11.1.02

14. I'paues, 10.I1., [TnakcuH, 10. M. (2005). MaTemaTiyeckye MeTOAbI IVIAHUPOBAHMS
akcriepumMeHToB. M.: TeJIu mpuHT, 2005. [Grachev, Yu. P., Plaksin, Yu. M. (2005).
Mathematical methods of experimental design. Moscow: DeLi print, 2005.
(In Russian)]

15. USDA Database. Retrieved from https://www.usda.gov/ Accessed 07.05.2024.

16. Alifiya, F., Guntarti, A. (2022). Theobromine content in chocolate products: A re-
view. Journal of Halal Science and Research, 2(1), 24-32. https://doi: 10.12928/
jhsr.v2i1.4434https://doi.org/10.12928/jhsr.v2i1.4434

17. Eren, F. H., Kabaran, S. (2023). Evaluation of theobromine content and the re-
lationship between cocoa percentages in dark chocolates. Functional Foods in
Health and Disease, 13(10), 520-532. http://doi.org/10.31989/ffhd.v13i10.1141

18. Hasegawa, T., Takahashi, K., Saijo, M., Ishii, T., Nagata, T. (2009). Rapid deter-
mination of theophylline, theobromine and caffeine in dietary supplements
containing guarana by ultra-performance liquid chromatography. Journal of the
Food Hygienic Society of Japan, 50(6), 304-310. http://doi.org/10.3358/shokuei-
shi.50.304 (In Japanese)

19. Brunetto, M. de R., Gutiérrez, L., Delgado, Y., Gallignani, M., Zambrano, A.,
A’lvaro Gomez, A. et al. (2007). Determination of theobromine, theophylline
and caffeine in cocoa samples by a high-performance liquid chromatographic
method with on-line sample cleanup in a switching-column system. Food Chem-
istry, 100(2), 459-467. http://doi.org/10.1016/j.foodchem.2005.10.007

20. Cabuposa, U. B., CuBkoBa, I. A. (2015). Xummveckuit aHanm3 mokonaga. Cumgon
Hayku: mexc0yHapoOHblil HayuHblll dypHan, 3, 3—4. [Sabirova, L. B., Sivkova, G. A.
(2015). Chemical analysis of chocolate. Symbol of Science: International Scientific
Journal 3, 3-4. (In Russian)]



Kondratev N. B. et al. | FOOD SYSTEMS | Volume 8 No 2 | 2025 | pp. 167-172

CBEJEHHA OB ABTOPAX
IIpyHaAAe;)KHOCTD K OpraHu3anumn

KongpatseB Hukonait BopucoBuu — JOKTOP TEXHUUECKMX HAYK, IIaBHBIN
HayyHbIil COTPYOHMUK, OTHE] COBPEMEHHBIX METOLOB OLIEHKM KayecTBa KOH-
IUTEePCKUX u3nenuit, Bcepoccuiickuii HayqYHO-MCCIE0BATENbCKMI MHCTUTYT
KOHAMTEPCKO¥ MPOMBILIUIEHHOCTH

107023, Mocksa, yi. DneKTpo3aBogckasi, 20

Ten.: + 7-495-963-54-75

E-mail: conditerprom_lab@mail.ru

ORCID: https://orcid.org/0000-0003-332-9621

Pynenko OxcaHna CepreeBHa — KaHIMJAT TEXHUUYECKMX HAyK, 3aMeCTUTETb
IMpeKTopa Mo HayuyHoi pabore, Bcepoccuitickuit HayqHO-MCCIeq0BaTeIbCKIIL
MHCTUTYT KOHOUTEPCKOM MPOMBIILIIEHHOCTU

107023, Mockaa, yi1. dneKkTpo3aBogckasi, 20

Ten.: +7-495-962-17-40

E-mail: oxana0910@mail.ru

ORCID: https://orcid.org/0000-0003-2436-4100

* aBTOP JJ1s1 KOHTaKTOB

OcunioB Makcum BnagyumupoBuu — 3aBefylolMii OTAENOM, OTAeN COBpe-
MeHHBIX METOZ,0B OLIeHKM KauecTBa KOHIUTEePCKUX M3aennii, Bcepoccuitckmit
HAy4YHO-UCCIeN0BATENbCKUI MHCTUTYT KOHOUTEPCKOM ITPOMBIIIIEHHOCTY
107023, Mocksa, yi1. DineKTpo3aBogckasi, 20

Ten.: + 7-495-963-54-75

E-mail: conditerprom_lab@mail.ru

ORCID: https://orcid.org/0000-0002-1316-259X

Benosa VpuHa AeKcaHIpPOBHA — MHXeHep-MCCIeoBaTelb, OTAeN COBpe-
MEHHBIX METOIOB OLIEHKM KayecTBa KOHAUTEPCKUX M3Iennit, Becepoccuiickmii
HaYYHO-MCC/IeI0BATeNbCKII MHCTUTYT KOHAUTEPCKOI IPOMBIIIIEHHOCTH
107023, Mockaa, yi1. dneKkTpo3aBogckasi, 20

Ten.: +7-916-849-23-42

E-mail: conditerprom_lab@mail.ru

ORCID: https://orcid.org/0000-0001-8025-952X

Kpurepun aBTOpcTBa

ABTOpr B PaBHBIX OOJISIX UMEIOT OTHOILIIEHMEe K HalTMCaHUIO PYKOIIUCHU
¥ OAVHAKOBO HECYT OTBETCTBEHHOCTbD 3a IljIarnar.

KoHdnukT nHTEpecoB

ABTODBI 3asIBIISIIOT 06 OTCYTCTBMM KOHGIVIKTA HTEPECOB.

AUTHOR INFORMATION
Affiliation

Nikolay B. Kondratev, Doctor of Technical Sciences, Chief Researcher,
Department of Modern Methods of Quality Assessment of Confectionery
Products, All-Russian Research Institute of the Confectionery Industry

20, Electrozavodskaya Str., 107023, Moscow, Russia

Tel.: + 7-495-963-54-75

E-mail: conditerprom_lab@mail.ru

ORCID: https://orcid.org/0000-0003-332-9621

Oxana S. Rudenko, Candidate of Technical Sciences, Deputy Director for
Scientific Work, All-Russian Research Institute of the Confectionery Industry
20, Electrozavodskaya Str., 107023, Moscow, Russia

Tel.: +7-495-962-17-40

E-mail: oxana0910@mail.ru

ORCID: https://orcid.org/0000-0003-2436-4100

* corresponding author

Maxim V. Osipov, Head of Department, Department of Modern Methods
of Quality Assessment of Confectionery Products, All-Russian Research In-
stitute of the Confectionery Industry

20, Electrozavodskaya Str., Moscow, 107023, Russia

Tel.: + 7-495-963-54-75

E-mail: conditerprom_lab@mail.ru

ORCID: https://orcid.org/0000-0002-1316-259X

Irina A. Belova, Research Engineer, Department of Modern Methods of Qual-
ity Assessment of Confectionery Products, All-Russian Research Institute
of the Confectionery Industry

20, Electrozavodskaya Str., 107023, Moscow, Russia

Ten.: +7-916-849-23-42

E-mail: conditerprom_lab@mail.ru

ORCID: https://orcid.org/0000-0001-8025-952X

Contribution

Authors equally relevant to the writing of the manuscript,
and equally responsible for plagiarism.

Conflict of interest

The authors declare no conflict of interest.



MUALLEBbIE CUCTEMbI | Tom 8 No 2 | 2025 FOOD SYSTEMS | Volume 8 No 2 | 2025

DOI: https://doi.org/10.21323/2618-9771-2025-8-2-173-179

Received 18.12.2024 Available online at https://www.fsjour.com/jour

Accepted in revised 21.04.2025
Accepted for publication 25.04.2025
© Badran E. F., Abedelmaksoud T. G., Elshazly, E.A., Ahmed S. S., 2025

IMPACT OF RED FLOUR BEETLE TRIBOLIUM CASTANEUM (HERBST)
(COLEOPTERA: TENEBRIONIDAE) INFESTATION ON SOME QUALITY
CHARACTERISTICS OF STORED WHEAT FLOUR
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ABSTRACT

This study examines the impact of Tribolium castaneum infestation on the quality of stored wheat flour by assessing insect
population growth, weight loss, moisture content, colour parameters, and chemical composition along various infestation
levels (0, 10, 20, and 40 pairs/kg) and storage durations (4, 6, and 8 months). Results indicate that T. castaneum populations and
weight loss in flour increased significantly with higher infestation levels and prolonged storage. After 8 months, the highest
infestation (40 pairs/kg) resulted in a maximum insect population of 638.5 insects/kg and 42.54 % weight loss, underlining the
importance of effective pest management. Moisture content also rose up along with infestation level and storage duration,
reaching 14.56 % at 40 pairs/kg after 8 months. Colour analysis showed a decline in lightness (L*) and an increase in a* and b*
values, indicating quality deterioration. Chemical composition analysis revealed protein, lipid, and ash levels increased with
infestation, while carbohydrate and fiber content decreased. Statistical analysis demonstrated significant differences in all
parameters across infestation levels and storage periods, with notable changes occurring as storage progressed. The findings
highlight the progressive quality degradation in flour due to T. castaneum infestation, thus emphasizing the need for improved
storage practices and monitoring in order to mitigate weight loss, moisture increase, and nutritional deterioration in stored
wheat flour products. These insights contribute to understanding pest-induced losses and suggest preventive strategies to
preserve flour quality in storage environments.
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BJINAHUE 3APAXEHUSA KPACHBIM MYKOMOJIbBHBIM JKXYKOM
TRIBOLIUM CASTANEUM (HERBST) (COLEOPTERA: TENEBRIONIDAE)
HA HEKOTOPDBIE KAYECTBEHHBIE XAPAKTEPUCTUKU
MIIEHUYHOW MYKU, HAXOOSAUENCA HA XPAHEHUU

Bagpan E. @.!, A6emenbmaxkcyy T. I.%* dnbmasam, E.A.L) Axmep C. C.!

I Kadenpa 3KOHOMIMYECKOI SHTOMOJIOT MM U ECTULMIO0B, CeTbCKOX035/CTBeHHbII haKynbTeT, Kaupckuit yuusepcurert, I'msa, Erumner
2 Kagenpa nuiessix HayK, CelbCKOXO35CTBeHHbIN QaKkyabreT, Kaupckuii yausepcutet, I'usa, Eruner

KJIIOYEBBIE CJIOBA: AHHOTALINA

MYUHblE HCYKU, B 3TOM McCenoBaHuM M3yvaeTcsl BAMSIHYE 3apaskeHysI KpaCHbIM MYKOMOJIbHBIM 3KyKoM Tribolium castaneum Ha KauecTBO Xpa-

3apajyeHue, nomepu,  HALIENCS MIIEHVNYHO MYKM ITyTeM OLIEHKM POCTa MOMYJISIIUM HACEKOMBIX, IIOTePU Beca MyKU, COAEeP>KaHusI BJIary, IapaMeTpoB

nepuodst XxpaHeHus, LIBeTa ¥ XMMMUYECKOro COCTaBa MyKy IPU pasinyHbIX ypoBHSX 3apakenus (0, 10, 20 u 40 nap/Kr) ¥ NpOSO/DKUTENBHOCTH ee

MyKa xpaHeHus1 (4, 6 U 8 mecsiieB). Pe3yabTaThl MOKa3bIBaIOT, UYTO MOMYJISLIMY XXKyKa T. castaneum v TIoTepsi Beca MyKU 3HAUUTETbHO
pociu rpu 6osiee BHICOKMX YPOBHSIX 3apaykeHMs U [UIUTeTbHOM XpaHeHun. Uepes 8 MecsiieB camast BbICOKast CTETIeHb 3apaskeHusT
(40 map/Kr) 6bl1a MpeacTaBIeHa MaKCMMaIbHBIM POCTOM ITOIYJISIIIMM HACEKOMBIX UMCIEHHOCThIO 638,5 HaCEKOMBIX/KT, U TIOTe-
peit Beca MyKu B 06beMe 42,54 %, uTo roguepKuBaeT BXKHOCTh 3¢ beKTUBHOI 60pb6bI ¢ BpeauTeasimu. ComepskaHe BIaru Takke
POC/IO HapSIAY C YPOBHEM 3apaskeHMs U MTPOAO/DKUTENbHOCTDIO XpaHeHs], HOCTUTHYB 14,56 % mipu 40 mapax/Kr uepes 8 MecsIieB.
LIBeTOBOII aHA/IM3 TTOKA3aJI CHYDKeHMe cBeTIOTHI (L¥) 1 yBemueHue 3HaueHuit a* u b* 4To CBUIETENbCTBYET 00 YXYIIIeHUN Ka-
yecTBa. AHA/IM3 XMMMUUECKOTO COCTaBa MOKAa3aJl, YTO YPOBHM COLlepyKaHMsI GesTKa, IMIIMIOB U 30JTbl YBETVMUWIVCH TIPU 3apaskeHIM,
B TO BpeMsI KaK coZiepskaHye YIJIeBOLOB U KJIeTYaTKM CHU3WIOCh. CTaTUCTUUEeCKUIT aHa/IU3 MPOeMOHCTPUPOBAI 3HAUUTeTbHbIe
pasnnums BO BCeX MapamMmeTpax MyKH B 3aBYCMMOCTY OT YPOBHel 3apaskeHMsI 1 [TePYOIOB XpaHEeHUsI, TPV 3TOM [0 Mepe XpaHeHUsT
TIPOUCXOIMUIN BeCcbMa 3aMeTHbIe M3MeHeHMsl. Pe3ybTaThl JOKa3bIBaIOT IIPOTpeccUpylolliee YXyallleHe KauecTBa MYKU, BbI3BaH-
HOe 3apaskeHyieM kykoMm T. castaneum, TeM CaMbIM MTOAUYEPKMBasi HEOOXOAMMOCTb YIyUIlEeH!s METOIOB XpaHEeHMsI ¥ KOHTPOJIS CO-
CTOSTHMS IMTPOAYKTA IOJ11 CHVMKEHMS ITOTEPD BecCa, IMPeaOoTBPalleHMs YBeIMYEHUS BJIAKHOCTU U YXYAIIEHMS IMUTATEIbHBIX CBOJICTB
XPaHSIIMXCS TPOLYKTOB U3 MILIEHNYHO MyKU. DTY JaHHbIE CIIOCOGCTBYIOT TOHMMAaHUIO 00beMa M0TePb, BHI3BAHHBIX BPEIUTEISI-
MU, ¥ TIpeIIaraloT MIpeBeHTMBHbBIE CTPATErMY IJIs COXPaHEeHMST KaUeCTBa MYKM B YUIOBUSIX CKJIQ[ICKOTO XpaHeHMSI.

1. Introduction

Wheat is a primary food source for humans, serving as the essen-
tial raw material for flour production. Egypt is the largest importer
of wheat globally, with imports reaching approximately 12.85 mil-
lion tons in 2021 year [1]. In developing countries, improper storage
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of cereal grains, particularly wheat, facilitates infestations by insects.
These insects are categorized into primary and secondary types. Prima-
ry insects can infest intact wheat grains, while secondary insects tar-
get grains that have already been damaged by primary insects, as well
as wheat flour and its processed products. Poor threshing, insufficient
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drying, and improper handling can also contribute to infesta-
tions [2,3].

Insect infestations are a major threat, leading to both qualitative
and quantitative losses in cereals products. These losses arise from both
the contamination caused by insects and the actual material they con-
sume [4,5]. On average, insect infestations lead to a 5-35% weight loss
in various stored grain products [6,7]. In some countries, weight losses
in cereal grains due to insect pests can reach up to 50 % of the total har-
vest [8]. These infestations also lead to reductions in the nutritional value
and changes in the flavor of wheat flour. In particular, infestations can
affect the proteins, carbohydrates, and lipids, thereby altering the char-
acteristics of the raw materials [9]. Furthermore, metabolic changes, such
as increased levels of purines, quinones, and uric acid excreted by insects
into wheat flour, can negatively impact the organoleptic properties and
the suitability of the products for processing and consumption [10-12].
Infestations can also promote fungal growth, including fungi that pro-
duce mycotoxins, leading to contamination of commodities with insect
bodies and other residues, some of which may be toxic, repulsive, or al-
lergenic [13]. Consequently, infested grains or flour are unsuitable for hu-
man consumption [2,14].

Wheat flour is susceptible to attack by various insects, including flour
beetles such as the flour mill beetle (Cryptolestes turcicus), yellow meal-
worm (Tenebrio molitor), large flour beetle (Tribolium destructor), con-
fused flour beetle (Tribolium confusum), and red flour beetle (Tribolium
castaneum). These insects infest wheat flour, cereal products, and foods
stored in the mills or warehouses [2,15,16]. Among them, Tribolium cas-
taneum (Herbst) is a common secondary pest of wheat, that often infests
flour and other processed food products [17]. This beetle has been report-
ed to cause significant damage to foodstuffs such as biscuits, nuts, beans,
pasta, cornflakes, and dried fruits [18]. The infestation by adults of T.
castaneum contaminates the flour, adversely affecting its characteristics,
including its viscous and elastic properties, and producing an unpleasant
taste and colour. These adult beetles can secrete benzoquinones (BQs)
from specialized glands, where the main components is methyl-1,4-ben-
zoquinone (MBQ) and ethyl-1,4-benzoquinone (EBQ) [16].

The storage period is a critical factor influencing the quality of stored
products. Extended storage, up to six months, affects parameters such as
1000-grain weight, falling number, and moisture content. Additionally,
infestation levels tend to increase along with longer storage periods [19].
Physicochemical characteristics may also change during storage, affect-
ing the usability of wheat flour for the various applications [20].

This research aims to investigate the T. castaneum populations and
infestation levels and their effects on the quality and quantity of wheat
flour by measuring weight loss, moisture content, color changes, and
alterations in chemical composition under various storage periods. The
findings will contribute to the prevention of commercial fraud in wheat
flour.

2. Materials and methods

2.1. Insect cultures

The stock of T. castaneum was obtained from infested flour and main-
tained in the laboratory of stored grain insects at the Department of En-
tomology, Faculty of Agriculture, Cairo University. Mixed-age cultures
of adults were reared on a wheat flour-based diet, which was prepared
according to the method described by Carvalho et al. [9]. This diet con-
sisted of 1000 g wheat flour, 100 g dried yeast, and 100 g milk powder.
About 50 pairs of adults were placed in glass jars with a 1 kg capacity,
each jar containing 500 g of the ration. The jars were covered with muslin
cloth secured with rubber bands to prevent escape and incubated under
optimal conditions (30%2°C and 65*5% relative humidity) for 10 days
to allow for egg laying. Eggs were collected daily by sieving through a
40 um-mesh sieve. Approximately 500 eggs and 500 g of flour diet were
then placed in glass jars and incubated under the same conditions until
adult emergence. Adults (0-7 days old) were used for the trials in the
experiments after three generations of rearing.

2.2. Experimental design

Wheat flour, obtained from a local market in the Giza governorate
with an extraction rate of 72 %, was sieved through a 40 pm-mesh sieve
to eliminate impurities. The chemical researched components of sample
flour were moisture (8.4 %), ash (0.48 %), protein (10.84 %), lipid (0.92 %),
fiber (0.87 %) and carbohydrates (68.9%). The flour was then stored at
4°C for approximately one week prior to use to prevent insect infesta-
tion [21].

To study the effect of flour beetle infestation on the properties of flour,
three infestation levels with newly emerged adults of T. castaneum were
created, and their effect was studied at 4, 6, and 8 months of storage peri-

ods. About 48 kg of sterilized wheat flour were divided into one kilogram
each and put into a glass jar (15 cm diameter and 25 cm length). These
jars were divided into three groups of 16 jars each (one group of jars/
storage period). They were artificially infested by 0, 10,20, and 40 pairs
of newly emergence adults of T. castaneum, which were added into four
treatments (4 replicates for each treatment). The jars were sealed with
muslin cloth and secured with rubber bands to prevent escape of insects.
They were stored in the laboratory under controlled conditions (30£2 °C
and 65+5 % relative humidity) for 4, 6, and 8 months, from March, 2022
to the end of October, 2022.

2.3. Weight loss

At the end of each storage period, i. e. in 4, 6 and 8 months, the jars
containing the flour were sieved thoroughly wire 40 um-mesh to sepa-
rate and count the insect populations’ progeny. Moisture content of each
sample was measured by moisture meter tester Wile 55 (Farmcomp Oy,
Finland) then the dry weight of infested and healthy ones and weight
losses were calculated according to the following equations [22]:

The sample weight (100 — moisture content)
100 ’

The Dry weight (%) = 1)
Weight loss % =

_ Dry weight of non infested flour — Dry weight of infested flour (2)
- Dry weight of non infested flour )

2.4. Colour change

The colour of flour infested with T. castaneum at various infestation
levels was assessed by measuring the CIE colour parameters (L* a* b*)
over storage periods of 4, 6, and 8 months. These measurements were
taken using a Minolta CR400 colorimeter (Konica Minolta, Japan). Flour
samples (50 g/ replicate) were placed in a sample-holding cup, covered
with a lid, and analyzed for color changes [23,24]. The L value represents
lightness, ranging from 0 (black) to +100 (white); the value indicates
redness or greenness, with a range from -100 (greenness) to +100 (red-
ness); and the b value denotes yellowness or blueness, spanning from
-100 (blueness) to +100 (yellowness) [25-27].

2.5. Chemical composition

To assess the impact of T. castaneum infestation over various storage
periods, approximately 100 g of sieved wheat flour from each replicate
were collected at the end of each storage interval. Prior to analysis the
dry matter content was determined using the weight-dryer method.
Subsequent analyses were performed on the air-dry mass, including
measurements of moisture, crude protein, crude fat, crude ash, and
crude fiber, following the methods outlined by AOAC [28]. Dry matter
was determined by drying samples at 105 °C until a constant weight was
achieved (method 945.15). Crude fat (ether extract, EE) was quantified
using the Soxhlet extraction method with diethyl ether as the solvent
(method 2003.06). Crude ash (CA) was measured by sample incineration
in a muffle furnace at 550 °C for 8 hours (method 920.153). Crude pro-
tein (CP) was calculated as N x 6.25 using the Kjeldahl method, with dis-
tillation performed on a Biichi B-324 distillation unit (BiichiLabortech-
nik AG, Switzerland) (method 945.18). Crude fiber (CF) was determined
as the residue after sequential treatment with 1.25% H,SO, and 1.25%
NaOH, utilizing an ANKOM220 FiberAnalyzer (ANKOM Technology,
New York, NY, USA). Total carbohydrates were then calculated based on
these measurements.

Nitrogen free extract (NFE) (%)= 100 — % (moisture +
+ crude protein + crude fat + crude ash + crude fiber).

©)

2.6. Statistical analysis

Completely Randomized Design (CRD) was applied in this experi-
ment. All data obtained for experiments were calculated and expressed
as mean*standard error and statistically analyzed by factorial analy-
sis of variance (ANOVA) using (SPSS) software (Version 16, SPSS Inc.,
Chicago, IL, USA) as described by Snedecor and Cochran [29]. Differ-
ences among mean values were separated according to Tukey’s Honestly
Significant Difference (HSD) test using one-way analysis to detect the
significance among the different infestation levels and storage periods
at P<0.05 level.

3. Results

3.1. Insect population and product weight loss

The data in the Tables 1 and 2 demonstrate the progressive increase in
T. castaneum population and associated weight loss in wheat flour across
different infestation levels (0, 10, 20, and 40 pairs/kg) and storage periods
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(4, 6, and 8 months). The results indicate that insect population and
weight loss in flour both increased significantly with higher infestation
levels and extended storage periods. Specifically, after 4 months, the in-
sect populations quantity were recorded as 292.25+6.2,310.50%7.33, and
318.15+9.04 insects/kg at infestation levels of 10, 20, and 40 pairs/kg,
respectively, with a marked increase to 638.50+24.32 insects/kg after
8 months at the highest infestation level (40 pairs/kg). Weight loss fol-
lowed a similar trend; for instance, after 4 months, weight losses were
0.49%, 14.42 %, 15.70 %, and 18.19 % at infestation levels of 0, 10, 20, and
40 pairs/kg, respectively. This increased to 1.75%, 34.60 %, 34.85 %, and
42.54% after 8 months at the same infestation levels, thus highlighting
a substantial deterioration in flour quality over time along with higher
infestation rates.

Table 1. Mean number of T. castaneum adults at different storage
periods (month) and infestation levels (pairs/kg)
Ta6nuua 1. CpemHee KOIMYECTBO B3POC/IbIX ocobeii T. castaneum npu
Pas/JIMYHBIX CPOKAX XpaHeHMs (110 Mecs1iaM) U Pa3/JINYHBIX YPOBHSIX
3apa’keHus (map/Kr)

Storage Infestation levels (pairs/kg)
periods
(month) 0 10 20 40

292.25+06.2°¢  310.50+07.338  318.15+09.04
6 0.00+0.00%¢ 353.25+21.49"® 383.00+11.60"B 397.50+21.9bA
8 0.00£0.00P 461.75+29.7°C  501.75+22.40°B  638.50%24.323A

Means followed by the different letters are significantly different from each
other at P<0.05 (Tukey HSD test); Capital letters represent differences between
infestation levels and small letters represent differences between storage periods.

4 0.00%0.00P

Table 2. Weight loss (%) of flour at different infestation levels
(pairs/kg) of T. castaneum and storage periods (month)

Ta6nuua 2. [loreps Beca (%) MyKM IPU Pa3IUYHBIX YPOBHSIX 3aPaskeHMUS
(map/kr) T. castaneum v pa3IMIHBIX CPOKAX XpaHeHMsI (110 MecsI.am)

Storage Infestation levels (pairs/kg)
periods
(month) 0 10 20 40

4 0.49+0.34%C 14.42+0.41®  15.70£0.68®  18.19%0.64%

6 1.25%0.31%C  20.76%0.51°B  26.10+2.50°AB  33.02+2.63%*

8 1.75%0.122¢ 34.60+£2.39°  34.85+1,62%8  42.54+1.56*
Means followed by the different letters are significantly different from each

other at P<0.05 (Tukey HSD test); Capital letters represent differences between
infestation levels and small letters represent differences between storage periods.

Statistical analysis reveals significant differences in insect popula-
tion between the control sample (0 pairs/kg) and all infestation levels
across storage periods. Additionally, significant differences in insect
populations were evident between storage periods across all infesta-
tion levels. Weight loss differences were notably significant (P <0.0001)
between storage periods across all infestation levels and between in-
festation levels within each storage period, except between the 10 and
20 pairs/kg levels, which showed no statistically significant differences.
These findings underscore the critical impact of infestation level and
storage duration on both insect population growth and flour weight
loss, suggesting the necessity for effective pest management in stored
grain to preserve product quality.

3.2. Moisture content

Table 3 illustrates the effect of different infestation levels of T. casta-
neum and storage periods on the moisture content (%) of flour. A signifi-
cant increase in moisture content was observed as both the storage time
and infestation levels increased. The 4th month, the moisture content
ranged from 12.59% at O pairs/kg to 13.43% at 40 pairs/kg, indicating
that even at the initial stage of storage, insect infestation contributes to
increased moisture levels, likely due to the metabolic activity of insects
and associated microbial growth. By the 6th month, moisture content
values significantly increased across all infestation levels, with values
ranging from 13.03% to 14.11 %. The highest moisture contents were re-
corded after 8 months of storage, with a maximum reaching of 14.56 % at
the 40 pairs/kg infestation level. Statistically, small letters indicate the
significant differences between storage durations, while capital letters
denote differences between infestation levels. The results suggest that
prolonged storage and higher infestation intensities synergistically el-
evate flour moisture content, which could accelerate quality deteriora-
tion and increase the risk of microbial contamination. This highlights the
importance of pest control and moisture monitoring during flour storage
to preserve its quality and safety.

Table 3. Effect of infestation levels of T. castaneum and storage
periods on flour moisture content (%)
Ta6nuua 3. BiussHue ypoBHS 3apakeHus )XykoMm T. castaneurmn vi CpOKOB
XpaHeHUs Ha BJIAKHOCTb MYKM (%)

Storage Infestation levels (pairs/kg)
periods
(month) 0 10 20 40

4 12.59+0.20"®  12.85+0.25  13.10+0.30°*  13.43+0.25%

6 13.03+0.15%8 13.51+0.10"®  14.02%0.20%4  14.11+0.152
8 13.20£0.10°¢  14.04%0.108  14.45%0.25*%  14.56+0.20%
Means followed by the different letters are significantly different from each

other at P<0.05 (Tukey HSD test); Capital letters represent differences between
infestation levels and small letters represent differences between storage periods.

3.3. Colour

The data presented in the Table 4 demonstrates the impact of stor-
age period and infestation levels by Tribolium castaneum on the colour
parameters (L¥ a* and b*) of flour. The L* value, indicating lightness, sig-
nificantly decreased along with increased infestation levels and longer
storage durations. Flour stored for 4 months under non-infested condi-
tions preserved the highest lightness (94.02+0.47), whereas the lowest
L* value (81.59%0.58) was observed after 8 months at the highest infes-
tation level (40 pairs/kg), indicating progressive darkening of the flour
due to insect activity and associated degradation. The a* value, which
reflects redness, showed a gradual increase with infestation and storage
time. For instance, at 0 infestation, a* values remained relatively stable
(3.55-3.64), but under 40 pairs/kg infestation, the value increased signifi-
cantly to 5.01£0.17 after 8 months, indicating increased browning likely
due to enzymatic reactions or insect contamination. Similarly, the b* val-
ues, representing yellowness, followed an increasing trend with storage
time, particularly under high infestation. Notably, the highest b* value
(8.82%0.76) was recorded in non-infested flour after 8 months, while the
infested samples showed inconsistent but generally lower b* values, in-
dicating that infestation may interfere with natural pigment stability or
contribute to pigment loss. Statistical analysis revealed significant differ-
ences (P<0.05) among both storage periods (lowercase letters) and infes-
tation levels (uppercase letters), emphasizing the combined effect of time
and biotic stress on flour color quality. It is important to consider that
the natural color of wheat can vary between the grain varieties, which
may complicate the use of color changes as the sole indicator of quality
degradation due to insect infestation. Therefore, color monitoring should
be combined with other quality parameters — such as odor, moisture con-
tent, microbial load, and nutritional composition — for a more accurate
and comprehensive assessment of flour quality during its storage.

Table 4. Effect of storage periods and infestation levels
with T. castaneum on the colour of flour
Ta6nuua 4. BiMssHue CPOKOB XpaHEeHMs M CTeNeHU 3apaskeHus
XykoM T. castaneum Ha BET MyKU

Storage Infestation levels (pairs/kg)
periods
(month) 0 10 20 40
Colour “L*”
94.02£0.47%4  91.52+0.37°B  91.08+0.44*®  90.05+0.548
93.31+0.96**  89.52+0.43%®  88.52+(.31%B 88.1+0.20"8
91.12+0.772A 87.48+0.68B 84.80+0.17<C 81.59+0.580
Colour “a*”
3.55+0.05%8 4.14+0.06P4 4.28+0.01%4 4.18%0.02%*
6 3.62%+0.15%8 4.61+0.0724 4.71£0.0820A4  4,54%0.092PA
3.64+0.1328 4.76%0.1424 4.87+0.2324 5.01£0.172A
Colour “b*”
4 6.78+0.19b4 5.18+0.14%8 6.23+0.09A 6.11+0.22b4
6 7.21£0.242A 6.04%0.178 6.16=0.20"8  7.05+(0.342bBA
8 8.82+0.76% 7.05+0.332AB 7.02+0.16%8 7.10£0.1234B

Means followed by the different letters are significantly different from each
other at P<0.05 (Tukey HSD test); Capital letters represent differences between
infestation levels and small letters represent differences between storage periods.

3.4. Chemical composition

The chemical composition of wheat flour infested by T. castaneum was
analyzed at varying infestation levels (0, 10, 20, and 40 pairs/kg) across
the various storage durations (4, 6, and 8 months), as summarized in Fig-
ure 1. Results show distinct changes in the chemical composition cor-
related with both infestation levels and storage period. Generally, the
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levels of protein, lipid, and ash increased with infestation and duration,
whereas carbohydrate and fiber content decreased.

Protein content, initially, protein content in control sample (0 pairs/
kg) was 10.84%. After 4 months, protein levels increased to 11.65%,
11.93%, and 12.14% at 10, 20, and 40 pairs/kg, respectively. This trend
continued, reaching 12.29%, 12.65 %, and 12.98 % after 6 months, with
the highest protein content of 15.66% recorded after 8 months at 40
pairs/kg (Figure 1a). Lipid content, lipid levels in healthy, uninfested flour
were 0.92 %. Infested samples showed a gradual lipid increase, with levels
of 1.01%, 1.19%, and 1.32% at 10, 20, and 40 pairs/kg, respectively, af-
ter 4 months. Lipid content further rose up to 1.12%, 1.35%, and 1.52%
in the 8-month samples at the same infestation levels (Figure 1b). Fiber
content, fiber content in control was 0.87 %. Infestation levels of 10, 20,
and 40 pairs/kg showed fiber levels of 0.75 %, 0.65 %, and 0.45 %, respec-
tively, after 4 months. Fiber continued to decline over storage time, with
values of 0.56%, 0.32 %, and 0.27 % at these same infestation levels after
8 months (Figure 1c). Ash content, ash percentage also increased with

Protein content (%) a
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infestation and storage. The control sample’s ash level was 0.48 %, while
at 40 pairs/kg infestation, it rose to 0.55% after 4 months and reached
0.68 % by 8 months (Figure 1d). Carbohydrate content, carbohydrate per-
centages decreased with infestation level and storage duration. Starting
at 86.9% in control sample, carbohydrates fell down to 85.48 %, 84.71%,
and 83.88% after 4 months at 10, 20, and 40 pairs/kg, respectively.
This reduction continued over time, with carbohydrate levels as low as
82.81%,79.54 %, and 77.94 % after 8 months (Figure 1le). Statistical analy-
sis showed that differences in all chemical compositions were significant
across infestation levels and storage durations, though control values re-
mained consistent over time without significant change.

4. Discussion

This study revealed a difference in qualitative and quantitative losses
caused by various infestation levels with Tribolium castaneum during
a long storage period. Generally, the insect population of this species
increased with higher artificial infestation levels and extended storage
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Figure 1. Effect of flour infestation level (pairs/kg) with T. castaneum and storage periods (month) on chemical composition of flour
PucyHok 1. BiusiHue 3apakeHHOCTM MYKHM (T1ap/Kr) 3kykom T. castaneum vi CDOKOB XpaHeHUs (MeCsILIbl) HA XMMUYECKUI COCTaB MYKU

Capital letters represent differences between infestation levels and small letters represent differences between storage periods.
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periods. The number of adult insects reached the highest population
(638.50 insects) at the highest level of infestation (40 pairs/kg) at the
end of the storage period (8 months). Our results agree with Gabarty and
Abou El Nour [11], who found that the population of Tribolium confusum
recorded 865 adults after two months of storage. In a study conducted by
Keskin and Ozkaya [8], it was observed that the number of adult weevils
(Sitophilus granarius) remained almost unchanged during the first two
months, but when the storage period was extended to three months, the
number of insects increased significantly.

In the present study, the weight losses caused by T. castaneum infes-
tation were defined, revealing a positive correlation between the insect
population and the product weight losses. At six months of storage, the
weight losses were 20.76 % at the low level of infestation (10 pairs/ kg)
and reached 33.02 % at level 40 pairs/kg. Also, our results indicate that
the weight losses increased along with increasing storage periods. The
weight loss caused by T. castaneum was 14.4 % after 4 months of storage,
then it reached 34.6 % after 8 months at the same infestation level. These
results agree with those of Musa and Lawal [30] who found the infestation
with T. castaneum caused a 52.67 % weight loss after four months. The
increases in weight losses may be due to the difference in storage condi-
tions or infestation levels. Also, Gabarty and Abou El Nour [11] stated that
T. confusum caused an 11% weight loss after 2 months of storage. Ad-
ditionally, Keskin and Ozkaya [8] found that S. granarius caused 39.25 %
weight loss after six months of storage. Hussain et al. [22] found that Ory-
zaephilus surinamensis caused weight losses of 18.11%. Also, Tadele et
al. [31] found that maize weevil caused a loss of 5.47 % in wheat flour, re-
spectively. Odeyemi et al. [32] reported that the percentage of weight loss
due to T. castaneum infestation in products manufactured from wheat
flour ranged between 0.01-2.24 %.

Moisture content is a critical parameter affecting the quality of
stored products. In our study, we found that the moisture content of
wheat flour increased with higher levels of infestation by T. castane-
um, reaching 13.43% at 40 pairs/kg flour. The increase in moisture of
wheat flour may be due to fragments and insect activity that facilitate
the growth of microorganisms. This result aligns with the findings of
Negi et al. [26], who reported that the moisture content of wheat flour
increased up to 11.7% after infestation by T. castaneum. Additionally,
Babarinde et al. [33] mentioned that the same insect increased moisture
content in plantain chips. We found that moisture content increased
with longer storage periods, from 13.43 % after 4 months to 14.56 % af-
ter 8 months. Our results agree with Mwazha [19] and Yigezu et al. [1],
who mentioned that moisture content increased in correlation with
longer storage periods in barley and wheat.

Colour is a crucial quality parameter of wheat flour, directly influenc-
ing consumers’ preference and acceptability. Flour colour significantly im-
pacts the colour of the end products [24,34]. The parameters L* a* and b*
are used to assess product quality. Our results indicate that lightness (L*)
decreased with increasing storage time in both healthy and T. castaneum
infested flour. This means that the flour colour became pale. While a* and
b*values increased along with longer storage periods. Increasing a* means
that the flour became reddish in colour, and this may be due to increased
benzoquinones secreted by T. castaneum adults. These findings are con-
sistent with those of Anandakumar et al. [35], who observed a decrease in
L* values in turmeric over certain time. Similarly, Fernandes et al. [36] re-
ported significant increases in a* and b* values in chestnut samples during
storage. Hashem et al. [37] recorded that the lightness value of chamomile
flowers decreased to 54.9 degrees after 6 months of storage. Our study
also confirmed that lightness decreased with higher levels of infestation
with T. castaneum. The lightness value was 94.02 degrees in healthy flour,
decreasing to 90.05 degrees at 40 pairs/kg. These results agree with Negi
et al. [26], who recorded that infestation with T. castaneum decreased the
lightness (L¥) of flour. Furthermore, Duarte et al. [16] reported that in-
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festation with T. confusum affected the colour of flour. The presence of
insects, their fragments, excretions, and cast skins can alter the colour of
wheat flour from white to pale white, resulting in slightly darker shade of
the infested flour compared to uninfested flour [26]. The colour change
also reduces the quality of the flour as well as the products made from it,
which leads to its unsuitability to the consumer [9].

The chemical compositions in wheat flour are critical parameters for
evaluating quality [38,39]. In this study, results confirmed that infestation
by T. castaneum altered the chemical composition of wheat flour, with
changes observed according to infestation level and storage period. Spe-
cifically, protein, lipid, and ash contents increased with higher infestation
levels, while carbohydrate and fiber levels decreased. These findings align
with the prior research by Taddese et al. [40], who noted increased protein
and ash levels in wheat grains infested by S. granarius during 6-month
storage. Similarly, Ahmedani et al. [41] found that Trogoderma granarium
larvae infestation raised protein, lipid, and ash content in wheat grains
after six months, while Babarinde et al. [33] observed the increased pro-
tein and fat in plantain chips infested by T. castaneum. Gabarty and Abou
El Nour [11] also recorded increased protein in wheat infested by C. ceph-
alonia, E. kuehniella, and T. confusum. These increases in protein, lipid,
and ash content in infested grains may be attributed to presence of in-
sect body parts, metabolic waste, and insect feeding habits [8]. Duarte et
al. [10] recorded that the percentage of fat in T. castaneum adult reaches
7.24 %, while the percentage of protein reaches 16.97 %. The reduction in
endosperm due to larval and adult feeding on grains can further explain
the rise in protein content [42,43]

In this study, protein content increased progressively with storage,
reaching 14.62 %, 15.36 %, and 15.66 % at infestation levels of 10, 20, and
40 pairs/kg, respectively, after 8 months. Lipid content, which was ini-
tially 0.92 % in the control, increased with infestation and storage period,
reaching 1.12%, 1.35%, and 1.52 % after 8 months of storage for infesta-
tion levels of 10, 20, and 40 pairs/kg, respectively. Mwazha [19] observed
similar patterns in barley grains, and Naguib et al. [44] and Jood et al. [45]
reported the comparable findings in wheat grains. Variations in lipid lev-
els during storage may stem from lipid breakdown through hydrolytic re-
actions when moisture content exceeds 14 % in flour stored in improper
conditions, followed by oxidative rancidity [46].

Carbohydrate and fiber content showed a declining trend in infested
flour compared to control sample. Initially, carbohydrate content in the
control sample was 86.90%, but it decreased to 82.81%, 79.54%, and
77.94% at infestation levels of 10, 20, and 40 pairs/kg, respectively, after
8 months of storage. Similarly, fiber content, initially 0.87 % in the con-
trol sample, dropped to 0.56 %, 0.32 %, and 0.27 % after 8 months at the
same infestation levels. These findings align with those of Ahmedani et
al. [41], who observed carbohydrate reductions in T. granarium infested
wheat from 81.04% to 74.97 % over six months. Gabarty and Abou El
Nour [11] also reported reductions in monosaccharides and disaccharides
due to infestation by C. cephalonia, E. kuehniella, and T. confusum. Babar-
inde et al. [33] noted lower fiber levels in T. castaneum infested plantain
chips compared to control samples, although Ahmedani et al. [41] found
increased fiber content in T. granarium infested wheat grains over six
months.

5. Conclusion

The study concludes that Tribolium castaneum infestation signifi-
cantly deteriorates the quality characteristics of wheat flour. Higher in-
festation levels and longer storage times directly correlate with increased
insect populations, weight loss, and moisture content. Also, even mini-
mal T. castaneum infestations can substantially impact flour quality as
affecting its colour, and chemical composition. This emphasizes the need
for stringent pest management in the stored grain products to maintain
flour quality.
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MUHPOBOE INOTPEBJIEHUE BEJIKA U KAJIOPUI: B3BAUMOCBSA3b
C PAIMOHOM U IMTPOAYKTHBI A4JI1 YCTPAHEHUSA OJEOPUIINUTA
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K/IIOYEBBIE C/IOBA: AHHOTALIUA

numaue, payuoH, 310poBOe MuTaHye o cOaTaHCMPOBAHHBIM PALMOHOM U JOCTATOYHOM KaJIOPUITHOCTBIO CIIOCOGCTBYET AOJITONEeTUIO U 60pboe

Genku, Kanopuu, ¢ HenH(eKIVOHHbIMM 3a60eBaHMsIMYU. OHO TaKKe TOBBIIIAET YCTOMUMBOCTD K CTpeccaM, Harpy3kaM ¥ HeGIaronpusTHHIM

nonesHsle NPOOyKMbol,  BO3IENCTBUSIM OKpYsKaroleii cpembl. Llesb MccieqoBaHus — aHaIu3 JUHAMUKM MUPOBOTO MOTpe6/IeHs 6eIKka 1 KaJopuii U X

numamensHole B3aMMOCBSI3M C PAMOHOM HaceJleHMsI PasIMyYHbIX PETrVIOHOB, a TAKKe OLIEHKA MPOLYKTOB MUTAHMSI, CIIOCOGHBIX BOCIIOMHUTD

seujecmea HeJ0CTaTOK 6esiKa, MUAIIEBbIX BOJOKOH M JPYTMX MUTATEeIbHBIX BellecTB. AHa/MM3 HaHHbIX PocctaTta u IIpomoBOIBCTBEHHOIM
U CeNTbCKOXO3SIMCTBEeHHOIT opranm3anum O6bequHeHHbIX Hanmit mokasas, uto B Adbpuke Ha6IIOIaeTCs cCaMblii HU3KUIA YPO-
BeHb IToTpebeHns 6eska ¥ KaJopuii 110 CPaBHEHMIO C MYPOBBIMY II0Ka3aTeIsIMM. DTO 0OYCIOBIEHO MTPeMMYLIeCTBEHHO pa-
CTUTENbHBIM PAllOHOM. B A3y nokasaTenu norpe6ieHust 6e1ka 1 Kauopuii mpubivKkeHsl K MMPOBBIM 3HaYeHMSIM. B pauyoH
BXOAMT 3HAYMUTEIbHOE KOMMUYECTBO PHIOBI M MOPENPOLYKTOB, PACTUTENbHAS MMILA M LIebHO3ePHOBbIe IPORYKTHL. OmHM 13
CaMbIX BBICOKMX TIOKa3aresneii oOHapyxeHbl B AMepuke, Okeanuu, EBporie u Poccuu: paimoH HacesneHust 6oee c6amaHCupo-
BaHHBII1, OTHAKO OH BKJIIOYAeT 3HaUMTeIbHOE KOJMIMYeCTBO HACBIIIEHHBIX JKMPOB U MPOCTHIX YITIEBOLOB. AHanu3 Habopa JaH-
HBIX, COIePXKaIIMX MHGOPMALIVIO O CTa CAMBIX ITOJIE3HBIX TPOAYKTAX MUTaHMs, B3IThIX ¢ Kaggle n 06paGoTaHHBIX B IporpaMmme
Power BI, cmor BbISIBUTB Hanbosee 6oraTble 6e7KOM, KIeT4aTKoi ¥ BUTaMyuHOM C ITPOAYKTBI, & TAKXKe OIpeeNUTh aHTUOKCH-
JAHTHBII MHJIEKC IPOYKTa, €er0 KAJIOPUITHOCTH ¥ reorpadio MpoucxoxkaeHust. IMeHHO nuTaHye obecrieunBaeT Gpu3ndyecKkyo
M YMCTBEHHYIO aKTMBHOCTD YeJI0OBeKa, ero HaCTPOeHMe ¥ KaYeCcTBO KM3HM, TI03TOMY 10 S9HepreTuueckoi LIeHHOCTY U Habopy
MCTIO/Ib3yeMbIX B CYTOYHOM pallyiOHe IPOLYKTOB IMTaHMe JOKHO COOTBETCTBOBATh BO3PACTY, MOy, TPodecCcOHaNIbHO fest-
TeJIbHOCTHU, O0LI,eMY COCTOSTHMIO 3[J0POBbSI YeJIOBeKa 1 KIMMaToreorpaduieckoii 30He, B KOTOPOJi OH MPOKMBAET.
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ABSTRACT

Healthy nutrition with a balanced diet and sufficient caloric content facilitates longevity and control of non-communicable
diseases. It also increases resistance to stress, pressures and unfavorable effects of the environment. The aim of the research
was to analyze the dynamics of the global consumption of protein and calories and their interrelation with the diets of the
population from various regions, as well as to assess food products that are able to make up for a deficiency in protein, dietary
fiber and other nutrients. Analysis of data from the Rosstat and Food and Agriculture Organization of the United Nations
showed that the lowest level of consumption of protein and calories was observed in Africa compared to world indices. This
is conditioned by mainly plant-based diets. In Asia, indices of protein and calorie consumption are close to the world values.
Diets include a significant amount of fish and seafood, plant-based foods and whole grain products. The highest indices were
found in America, Oceania, Europe and Russia. Diets of their populations are more balanced; however, they include significant
amounts of saturated fats and simple carbohydrates. Analysis of the data array containing information about 100 healthiest
foods taken from Kaggle and processed in the program Power BI was able to reveal products that are most rich in protein, di-
etary fiber and vitamin C, as well as to detect the antioxidant index of products, their caloric content and geographical origin.
It is nutrition that ensures the physical and mental activities of humans, their mood and quality of life. Therefore, by energy
value and sets of products used in daily diets, nutrition should correspond to the age, gender, occupation, general health state
of humans and the climate and geographical zones where they live.

1. BBegenue

Vi3MeHeHMe KIMMAaTa, CBSI3aHHOE C MYPOBBIM CEJIbCKMM X035/ iCTBOM,
poct HaceneHust M HeuHdpeKoHHbIe 3a6oneBanus (HV3) — rno6anbHbie
Mpo6/IeMbI, OTIpeeNsIolye CBsI3b OKPYKAIOIIEei Ccpeabl U 3L0POBbsI Ha-
ceeHysl. 30POBOE MUTAHME PACCMATPMBAETCS KaK JKM3HEHHO HEe00X0-
IIMOE CPEeZICTBO, OKa3bIBalolllee COLEiCTBME B GOPBGE € TPeMS II06Gasb-
HbIMM TTpo6iemamu [1].

MupoBOe cenbcKoe X03s/CTBO CYIECTBEHHO BIMSIET HA OKPY)KAIOLIYIO
cpeny: 3aYacTylo JICIIO/Ib3yeMble arpOXMMMKATBI 3arpsI3HSIOT MaxOTHbIe
3eMJIH, TAaCTOMILA U BOLY, & BLIPYOKA M PACUMCTKA JIeCOB, CABaHH U JIyTOB
Yrpo’kaeT pasHbIM BUIAM KMBOTHBIX BRIMMpPaHMeM. B HacTosee BpeMst

OIS HUTUPOBAHNS: CrenmaHoBa, A. A., Acsikuna JI. K. (2025). MupoBoe 1o-
Tpe6ieHne 6eKa 1 KaJopuii: B3aMOCBSI3b C PAIIOHOM ¥ IPOLYKTHI IS yCTPaHe-
Hus nebuunta. ITuwyessie cucmemot, 8(2), 180-188. https://doi.org/10.21323/2618-
9771-2025-8-2-180-188

Ha CeIbCKOe XO03siCTBO mpuxoauTcst 6omee 30% ot 0611ero o6bema Bbl-
6GpPOCOB MapHMUKOBBIX ra30B, YTO CUMUTAETCSI OCHOBHBIM (aKTOPOM M3Me-
HeHys1 Kiumarta [2]. CoracHO IporHo3y IIpooBO/IbCTBEHHO U CeIbCKO-
xo3siicTBeHHOM opranu3auyy OOH, k 2050 roxy MrpoBoe IMpou3BOLCTBO
TIPOIOBOJILCTBYS YBEMUUUTCS 6Gosiee ueM Ha 60 %, UTO CBSI3aHO C aKTUBHBIM
pPOCTOM HaceneHUsI B MUpe. OTO CO3TaeT CepPbe3HYI0 YTPO3Y 30,0POBBIO JII0-
[leil 1 sKocKucTeMaM IuiaHeTsl [3]. Kpome Toro, Tekyiye TeHaeHIU B -
TaHUM 3HAYUTETbHO YBEIMUMBAIOT 3200/1€BA€MOCTh HEMH(DEKIVIOHHBIMU
3a60/1eBaHVSIMM, KOTOPbIE COCTABJISIIOT A0 72 % MMUPOBOI CMePTHOCTH [4].

XoTs 3[l0pOBO€e NMUTaHMe UIPaeT KJII0UYeBYIO POIb B IPOTUBOAENCTBUN
HEraTMBHBIM TIOCTECTBMSIM BBIIIEYIIOMSIHYTBIX TPEX IIPo6JIeM, peainsa-

FOR CITATION: Stepanova, A. A., Asyakina, L. K. (2025). Global consumption
of protein and calories: Interrelation with the diet and products for elimination of
deficiency. Food Systems, 8(2), 180-188. https://doi.org/10.21323/2618-9771-2025-8-
2-180-188
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LIMsI 300POBOTO MUTAHMS SIBJISIETCS] BeCbMa CIOXKHOI 3ajaveit, eciy yun-
ThIBaTb B3aMMOJAENCTBME YelOBeYeCKUX, COLMaTbHO-3KOHOMUYECKUX,
9KOJIOTMYECKUX Y MTOTUTUYECKUX HAKTOPOB [5].

3anocnenHue JecATWIETHS B CTPaHaX C HU3KMUM U CPeJHUM YPOBHEM
J0X0Ja pacTeT pacIpOCTPAaHEHHOCTb OKMPEHMS U CBSI3aHHBIX C MAUTa-
HMeM HeuHGbeKUMOHHBIX 3a60/1eBaHNi1, TAKMX KaK 11abeT, ITMIIepTOHMS,
uiIeMuyecKkas 601e3Hb CepAlla M HEKOTOPbIe BMIbI paKa [6]. [Io JaHHbIM
BO3, HenHbeKUMOHHbIe 3a6071eBaHMS SIBJISIOTCS MPUYMHONM CMepTeit,
coctaBisomux 70% Bcex ciydyaeB, U3 HuX 6onee 85% — mpexkmeBpe-
MeHHble [7]. sl M3MeHeHMs CIOXKMBLIENCS CUTyaluy Heo6X0oauMo
MEHSITh NMUIIEBYIO KYAbTYPY, CHWKATh IOTpeGieHue BPeIHON MUILH,
COfeiiCTBOBATh 30POBOMY MUTAHMIO KaK C IOMOIIbBIO (BUCKAIbHOMN
MOJIUTUKY, TaK U ITyTeM CTUMYIMPOBAHUS MPOAAK GYHKLMOHAIbHBIX
MIPOJYKTOB. B psifie CTpaH eCTh JIOTOTUITBI, OPMEHTUPOBaHHbIE TOJIBKO Ha
310poBYyIo nuiy, Takue Kak Keyhole B CkanauHaBuu u n3buparenbHast
3e/leHas MapKupoBKa B V3panie [6].

TexHonoruy QyHKIMOHAIBHBIX IPOAYKTOB MUTAHMS Hauboee akTUB-
HO Pa3sBMBAIOTCA B CIEAYIOIIMX OTPAC/ISIX MUILEeBOJ MPOMBILUIEHHOCTH [8]:
0 MosoyHasi MPOMBILIIEHHOCTb — ITPOAYKTHI, COepsKalye mpobuoTm-

K1, IPe6MOTHKY, BUTAMMHBI ¥ MMHepaibl (I0TYPThI, MOJIOKO, Kedup,

TBOpOT 1 1p.) [9];

0 xneborekapHasl ¥ KOHAUTEPCKAsI TPOMBILIUIEHHOCTh — XJ1€600Yy/104-
Hble U3enVs C NUIEeBbIMY BOJIOKHAMM, KJIeTYaTKOM, aHTMOKCHIaH-
TaMy ¥ MUKPOHYTpMEHTaMM, 3epHOBbIe TPOAYKTHI (11eIbHO3epPHOBOI
X716, TeyeHbe, 6aTOHUMKY-MIOC/IN, TPOTEMHOBBIE GATOHUMKY, 3ebUp
nnp.) [9];

U msconepepabaTbiBaioniasi MPOMbIIUIEHHOCTh — (QYHKIIMOHAIbHbIE
MSICHBIe ¥ KOJIGaCHBIe M3eVsl C HU3KUM COIepsKaHMeM Kupa U COMH,
¢ nobaByieHMeM MUILEBbIX BOJIOKOH, BUTAMUHOB M MuHepaos [10];

0 MaciokMpoBasi MPOMBIIUIEHHOCTh — IPOAYKTHI CO COaTaHCUPOBAH-
HBIM JXMPHO-KUCJIOTHBIM COCTAaBOM, 060ralieHHbIe HeHAChIIeHHBIMU
SKMPHBIMM KMUCJIOTaMy, BUTAMVMHAaMM, MMILEBbIMM BOJIOKHaMM (BUTa-
MMHM3MPOBAHHbIE PACTUTEIbHbIE Mac/a ¢ J0OaBIeHMEM HKCTPAKTOB
M3 PaCTUTENBLHOTO ChIPbS, COYCHI, criperpl) [10];

U Impou3BOACTBO HANUTKOB — (YHKLMOHAIbHBIE HAIUTKM C fobGaBie-
HJ/EeM BUTaMMHOB, 3KCTPAKTOB pacTeHuit u Apyrux BAB (sHepretu-
YeCKMit uaii, COK, CIIOPTUBHbBIE HATIUTKM, KOKTEIIN, hepMeHTMPOBaH-
Hble HaUTKM 1 Ap.) [11].

BbIensioT OTHeNbHYI0 KaTeropuioo (YHKUMOHAIbHBIX IPOAYKTOB
MUTAHUS, KOTOPbIE HE TPeOYIOT JOMOMHUTEIbHOr0 OOOTAIleHNs, a U3-
HAyaJbHO COZEpsKaT B CBOEM COCTaBe GONBbIIOe KOMUYECTBO BUTAMMU-
HOB, aHTMOKCUIAHTOB, MMHEPAJIOB, KMPOB, KJIETUATKH, GeJIKa U IPYTrUxX
BAB [12]. DTa KaTeropus BK/IOUaeT CIeAyIOl/ie IPOAYKThI:

O sroppl (UepHMKA, €XKE€BUKA, MalIMHA, TOy6uKa u 1p.) [13];

0 opexu u ceMeHa (MUHAATb, PYHIYK, TPELIKUIT OpeX, ceMeHa JIbHa, YM1a
¥ ropumisl 1 ap.) [13];

O 1enbHO3epHOBbIE MTPOAYKTHI (LI€/IbHO3€PHOBOIT XJ1€6, IPeUuKa, OBCSH-
Ka, KMHOa, MaKapOHbl U CHareTTM M3 LeNbHO3€PHOBON MIIEHUIBI,
L1eJIbHO3€pHOBBIE XJIOMbS ¥ MIOCIN, pUC U Ip.) [14];

U depmeHTHpPOBaHHbBIE MTPOLYKTHI (MOrypT, Kedup, KBalleHas Kalycra,
kuMun u 1p.) [15];

U seseHble OBOLIM (LIMMHAT, GPOKKOIM, KAITyCTa, PyKKOIa, KMH3a, YK,
YecHOK 1 ap.) [15];

0 npstHOCTM M crieuuy (KypKyma, MMOMpPb, Kopuua, neper u ap.) [15].
BkiloueHye B paloH 3J0POBOIA, c6aIaHCMPOBAHHOI MUY, obecrie-

YyeHye HaceJleHMs MOTHOLEHHBIM IPOJOBOIBCTBMEM U (DYHKLUMOHAIIb-

HBIMM NIPOAYKTaMM, a TaKKe Mo gepskaHye ONTYMalbHO KaIOPUITHOCTI

paumoHa — IyTb K 3[J0pPOBOMY IIUTaHMIO B CcTpaHe. IlosTtomy Lenn Ha-

cTosieit paboThl — PacCMOTPeTh IMHAMMKY ITOTpebneHMsl HaceneHemM

OCHOBHBIX IPOLYKTOB IUTaHMsI, Gelka U KaJOpuil; OLeHUTH I10e3HbIe

MPOAYKTHI COITIACHO COZIeP3KaHUIO B HUX 6esIKa, MUIIEeBbIX BOJIOKOH (KJIeT-

4aTKy), BuTaMmuHa C ¥ aHTMOKCUAAHTHOTO MHIEKCa U BbIAEINTb OCHOB-

Hble IUTaTe/lbHbIe CBOJCTBA U MpeMMYyIecTBa MPOLyKTa; pacCCMOTPETh

reorpaduio npoucxoxaeHus: Haubosee MoMe3HbIX NMPOAYKTOB; IIpoaHa-

JIM3MPOBaTh B3aMMOCBSI3b OCHOBHOTI'O paljiOHa Hace/leH)s KOHTMHEHTOB

¢ rotpebieHueM 6esKka 1 KaJopuii.

AHanu3 nepeynciIeHHbIX IEMEHTOB MOXeET CII0CO6CTBOBATh COCTaB-
JIEHMIO 3[I0POBOTO paliOHa COIVIACHO MpeAIoYTeHNsIM HaceleHus U Mo-
HSTh CIOKUBILYIOCSI CUTYAUMIO C TIOTPeGIeHMeM BaXXHBIX MUTATeTbHbIX
BellleCTB Hace/lleHMeM I10 BCceMy MUpY.

2. O6'bEeKTHI M METOIbI

B pa6oTe 1CIoMb3yIOTCST METObI aHa/IM3a CTATUCTMYUECKMX JaHHbIX Poc-
crara 1 [Ipof0BOIbCTBEHHOI M CETbCKOXO03SI/ICTBEHHOIT opranm3any O6b-
enyHeHHbIX Harmii mo nmorpe6nennio 6enka u Kanopuii B Poccun, B Mupe
¥ Ha KOHTMHeHTax. [[pMeHSIIOTCS MeTObI aHaIM3a Habopa JaHHBIX, B3sI-
ThIX M3 ucrouHuka Kaggle [16], o6paboranHbix B mporpamme Power BI.

B HUX cOmepKMUTCS MHGOPMALIUS O CTa CAMBbIX MOJIE3HbIX [TPOLYKTAX [ATA-
Hust. Kpome Toro, B HAGope JaHHbIX [PEICTaBIeHbI CBEIeHNMS O KaJIOPUITHO-
CTH, O TIOJIE3HBIX CBOMCTBAX, 06 AHTMOKCUIAHTHOM MHIEKCE, O COEPKaHUM
Genka, MMILEBBIX BOIOKOH 1 BuTammHa C, 8 Taxoke O PervoHe IPOUCXOKIe-
Hust. Bes mHGbOpManyst 6p11a cucTeMaTM3MpPOBaHa M 060011eHa.

3. PesynbTaTshl M 00CYKAEHUE

[ToTpe6neHne OCHOBHBIX MPOAYKTOB MuUTaHus B PO, Brioyas GpyHK-
L[MOHA/IbHBIE TIPONYKTHI, XapaKTePU3YeTCs CTATUCTUKO, ITpenCcTaBieH-
Hoit B Tabmuue 1 [17].

Ta6muua 1. ITorpeGiieHNe OCHOBHBIX IPOSYKTOB MUTAHVS
B Poccuiickoii @emepanyy Ha Qynry HacejJleHUs B TOJ, KT

Table 1. Consumption of basic food products in the Russian Federation per
capita per year, kg

OCHOBHbIE IIPOAYKTBI IUTAHUSA

2019
2020
2021
2022
2023

-
3
-3
(o)
[©2)
(=]

Msico 1 MSICOIIPOAYKTSHI B IlepecueTe Ha Msico 75 76

B TOM 4MCJIe MSICO ¥ MSICOIIPOLYKTHI 6e3
cy6npoaykToB II kKaTeropuu u kupa-coipua

[eN)
e
~1
o
-
—
]
N
N
N

MOoJI0KO ¥ MOJIOUHbBIE IIPOLYKTHI B IlepecyeTe 232 238 239 241 247
Ha MOJIOKO

Sliiua u STALeTPOAYKTHI (ILT) 283 281 279 288 290
Pp16a 1 pbIGONTPOYKTHI B KMBOM Bece

(Bece CHIPILa) 21,0 19,9 21,0 19,2 22,6
Caxap 39 39 38 39 39
Macso pacTuTenbHoe 13,9 13,8 13,5 13,8 13,8
Kaprodenn 88 8 83 84 86
S;?;.TLISII/IPI]/)IIHpO,ZLOBOJIbCTBeHHbIe 6axueBble 107 106 103 104 105
DpPyKThI U ATOIBI 61 61 62 63 66

Xne6Hble IPOAYKTSI (X716 ¥ MaKapOHHbIe
M3Jes B TlepecyeTe Ha MyKy, MyKa, KpyTia
1 6060BbIE)

115 114 113 113 112

V3 Tabiuup! 1 cinenyert, 4To B TeUeHMe IISITH JIeT OTpebieHre OCHOB-
HBIX ITPOAYKTOB XapaKTepu3yeTcss HeOLHO3HAYHbIMY pe3ynbrataMiu. Tak,
rnorpebieHue Msica U MSICOMPOAYKTOB, MOJIOKA M MOJIOYHBIX TIPOJYKTOB,
(pyKTOB U SATOZ MOCTENeHHO yBennmumBanoch B mepuon 2019-2023 rr.
Iokasaresb MMOTPEGIEHNMS SIUL] €XKETOJHO CHMKAICS BILIOTh A0 2021 r.,
a 3ateMm B 2022 r. mpeBbicui ypoBeHb 2019 1., u B 2023 I. ero pocCT Mpo-
nmosskuiicst. TToxoxkast cuTyanyst Haboaanach ¢ pbi6oii M ppIGOIPOSYKTA-
mu. [Tokaszarenu noTpebneHus caxapa U paCTUTENbHOTO Macia MOYTH He
MEHSIIVICh B TeUEHME BCETO Mepuoa pacCMOTPeHMsI. A BOT OTpebeHne
XJIEOHBIX MTPOLYKTOB CHYKAJIOCH HA TPOTSDKEHUY TISITU JIET, HO He3Hauu-
TenbHO. [TokasaTteny norpebneHust KapTodess 1 OBOIEl UMEIOT CXOXKYI0
JIVMHAMMKy — CHIDKeHYe 00beMoB rnoTpebnenus ¢ 2020 r 1 ux yBennue-
Hue ¢ 2022, ogHaxo ypoBHS 2019 r. focTurHyTh B 2023 I. HE yAaa0Ch.

Toka3arenu morpe6neHust Genka HaceneHuem Poccuiickoit ®ene-
pauuu, mupa u KoHTMHeHTOB ¢ 2010 mo 2022 rr. npefcTaBieHbl Ha Pu-
cyHKe 1. Ha mpoTsiskeHUM Bcero mepuopa 3aMeTeH POCT ITOKasaTess 1o
MMPY, UTO TOBOPUT O BBEAEHUM B PallMOH IOTPeOUTeNIs MUK, 6OoraToin
6enkoM. Ecim paccMaTpuBaTh CUTYalMIO IO KOHTMHEHTAM, TO IOKa3a-
Tenu pasHsTcs. Hanpumep, B A3un, EBpornie 1 Poccuy, Kak 1 1o Bcemy
MMpY, HabIIOgaeTCsl yBelIuueHne mokasaTesst morpebaeHus 6enka, of-
Hako B Adpuke n Oxkeannn (ABctpanus u HoBas 3emaHanust) oTMedaeTcst
TeH/IeHLIMsI K YMeHbIIeHWI0 BKIIOUeHus 6ejika B palyoH. B Amepuke 3a
Bech MePUOJ, 3aMEeTHBI POCT U CHaj U motpebaeHus 6enka [18].

ITo konmuecTBy noTpebnenus 6enka Poccuitckast Penepauyst 61m3sKka
U Aaske IPEBOCXOIUT CpeiHMe oKkasaTesu EBporbl. MeHblire Bcero 6eka
B palyoHe HaceneHus: oTMevaetcst B Adpuke. B A3um nmokasarenu npu-
GVKEHBI K 0011,eMMPOBBIM, HO 3aMETHO HVKe, ueM B AMeprike, OKeaHUM
u EBpore [18].

TIpy 3TOM, COIIACHO METOAMYECKIM peKoMeHaaumsam MP 2.3.1.0253-211,
(busmonornyeckast MOTPeOGHOCTh B GeJIKe ISl B3POCIOrO0 HACeIeHMUs CO-
craBiseT 12—14 9% OT sHepPreTMYecKoit CYyTOYHOI MOTPe6HOCTH: OT 75 10
114 r/cyTku gast My>kauH 1 oT 60 10 90 r/CyTKY 17151 skeHIH. PU3monorn-
yeckue orpebHocT B 6eske fneted a0 1 roma — 2,2—-2,9 r/Kr Macchel Tea,
neTeii crapiie 1 roga (c yBenuuyeHueM Bo3pacra) — oT 39 mgo 87 r/cyTku.
Ha PucyHke 1 BbIBeIeHbI UMCIEHHbIE TTOKA3aTeIM MOTpeGieHus 6enka,
KOTODbIE B 11€JIOM COOTBETCTBYIOT HOpMaM notpebienus B Poccuu.

1 MP 2.3.1.0253-21 <HopMbI (bU31OIOTMYECKIX IOTPEBHOCTE B SHEPIMH U ITH-
LeBBIX BellleCTBax /[JI pa3lIMYHbIX IPyNI HaceneHus: Poccuiickoit degepauym».
Mocksa: HEHTPMAT, 2023. — 80 c.
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PucyHok 1. Ilorpe6ieHue G6enka, I/Ha Aynry HaceJeHusl/B NeHb
Figure 1. Protein consumption, g/capita/day

ViiorpebieHue BbICOKOOENKOBOJ NUIM — 3TO MYyTh K 3[0POBOMY
nuTaHuio. TKaHY ¥ OpraHbl Halllero OpraHu3Ma IOCTPOEeHbI U3 GEeKOB,
COOTBETCTBEHHO, IIPOTEMHBI YUACTBYIOT B POCTE ¥ PA3BUTUM OpPTraHU3Ma.
Benku monnepkMBaloT Hally MMMYHHYIO CUCTEMY, @ TaKKe y4acTBYIOT
B BaKHBIX PeaKIMsX.

Cb6anaHcMpoBaHHOe NUTAaHMe OIpenesieTcs] KaJOPUITHOCTbIO U CO-
CTaBOM pa1yoHa. Pusyonornyeckasi HOTpeGHOCTb B SHEPIMYU CKIA/IbIBA-
eTcsl U3 BeMUMHbBI OCHOBHOTO o6MmeHa (Ta6muia 2, MP 2.3.1.0253-211)
M CYTOYHBIX SHEpProsarpart. BenuuyHa 0OCHOBHOTO O6MeHa — 3TO MUHMU-
MaJIbHOE KOJIMYECTBO SHEPrUM, He06XOAMMOe /ISl OCYLIeCTBIEHMUST KU3-
HEHHO BayKHBIX ITPOLIECCOB OpraHm3ma: pu3mnoaornIeckux, 61oxummye-
CKVX, GYHKLIMOHMPOBAHMS OPTaHoOB U cycTeM. CyTOYHbIe SHEPro3aTpaTsl
pacCUMTHIBAIOTCSI U3 CYMMBI 3aTpaT SHEePTMy Ha KOHKPETHbIe BUABI Je-
SITeNbHOCTYU. [IOTPeGHOCTh B 3HEPIMM — 3TO YPOBEHb IOTpe6IsieMOoit
C TMUIel dHepruy, KOTOPbI obecreumMBaeT SHepreTUUecKuii GasaHC.
Ha noTrpeGHOCTb B 93HEPIUM BAMSIOT pa3Mephl Teja, ero COCTaB, BO3PACT,
a Takke ypoBeHb (P13MYeCKOi aKTUBHOCTM.

Vcxonst U3 DaHHBIX BeMYMHBI OCHOBHOTO O6MeHA Y 9HepreTuYecKux
3aTpaT 3aK/IambIBalOT HOpPMY (DM3MOIOTMUECKOI TTOTPEOGHOCT B IHEP-
MM IJISL B3POC/IBIX: ISl MYKUMH OHa cocrasiser 2150-3800 kkan/cyT,
nuist s)keHIyH — 1700-3000 kkan/cyT. 151 neteii 1o 1 roma HopMa Kajlo-
puitHocTM panyoHa cocrasisier 110-115 kkan/kr maccel Tena u 1300-
2900 kKkaJs/Kr (C yBeIM4YeHMeM BO3pacTa) AJis AeTeii crapile 1 roga mpu
aZleKBaTHOM YPOBHe (HM31UeCcKoii aKTUBHOCTH.

Ta6nuua 2. CpegHmue BeJIMUYMHBI OCHOBHOIO 0O6MeHa
B3pOCJIOro HaceneHus P@

Table 2. Average values of the basal metabolic rate of the adult population
of the Russian Federation

BenmuuHa OCHOBHOIO 0GMeHa, KKaJl/CyT

Bospacr
MY>KXKYUHBI JKeHIIVHBbI
18-29 1692-1746 1337-1392
30-44 1615-1684 1269-1338
45-64 1490-1583 1166-1259
65-74 1405-1449 1091-1136
>75 1362 1 MmeHee 1045 1 meHee

Ha Pucynke 2 npuBeeHbl JaHHbIe TOTpe6neHust Kamopuii ¢ 2010 mo
2022 rT. 10 MUpy, KOHTMHEHTaM 1 OTAe/bHO 1o Poccum [18].

IMo KaJIOpUITHOCTM palMoHa Cpeay BCeX KOHTMHEHTOB Adpuka Io-
Ka3blBaeT HaMMeHblllMe 3HAueHus] — IIOKasaTely He IIPEeBbIIIAIOT
2600 KKaj/cyT Ha OyIly HaceaeHus. 3HAYUTENbHbI POCT MOTpe6aeHus
Kanopmii 3a 13 jieT mpousortien B Asuu — ¢ 2703 go 2944 kkan/cyt. Mu-
poBoe MOTpeGeHMe KaJopuil TaKKe IMOKAa3aJ0 3HAUMTENbHBIN POCT.
OpHako rokasareny B OKeaHMM Ha IIPOTSDKEHMM IOCIENHUX BOCBMU
JIeT CHVDKaAuCh, HO Haxopunuch B rpaHuuax 3100-3200 kkan/cyT Ha
noyiy HaceneHusi. B AMepuke, kak u B EBporie, HaG/mofaeTcst yBennue-

3500
g
3454

> 3400
S 3353 3353 3348 3389
g 397 2 3343 33203338 3311 3325 3367
= 3300
«
g
58 3200
= 0
&
S @ 3100
3w
o
25 3000
5 5
S g 2900
=)
e 2800
3
% 2700
a
o 2600 — — — — — — — — — —

2500

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Poccus —o—Mup —o— Adpuka Awmepuka —o— Asus EBpomna Oxeanus

PucyHoK 2. CpeHsIsI BeIMYMHA ITOTPEeGIeHUs KaJIopuit
Figure 2. Average calorie consumption
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HMe KaJopuitHOCTH paioHa. B EBporte 3aduKkcupoBaHbl MaKCMMaJIbHbIE
3HaueHus1: KajopuitHocTh 3a 2022 1. coctaBmia 3471 kkan/cyt. B Poccun
rorpe6eHne Kauopuit 6IM3UTCS K CpeIHMUM Mokasartensm EBpormsl. 9To
JIOCTaTOYHO BBICOKMeE [TOKa3aTelM OTHOCUTETbHO IPYTUX CTPaH.

C6anaHCcHpoBaTh PALMOH M 060TAaTUTD MATAHME MAaKPO- U MUKPOHYT-
pUEeHTaMM MOTYT ITPOAYKTBI C BHICOKMM COfiepskaHeM 6eka, BUTAMUHOB,
MMUIIEBbIX BOOKOH. Takue MPOAYKThI CUMTAIOTCS TIONE3HBIMU — MEHHO
OHUM 00ecleynBalT OPraHMU3M IHEPTUeil U «CTPOUTETbHBIMM MaTepua-
JIaMI», SIBJISIACh MCTOYHMKAMM aMMHOKMCIOT, KJIeTUaTKM, BUTAMMUHOB,
SKMPHBIX KUCTIOT M MyHepanoB [19]. B Tabnuue 3 npecraBieHbl OGHU U3
CaMBbIX T0JIe3HBIX TPOAYKTOB C OMMCAaHVEeM MUTATeTbHbBIX CBOVICTB U Ipe-
MMYLIECTB IIPY BKJIIOYEHUM B pallKoH [16].

VI3 Tabauibl 3 MOKHO YBUIETh, UTO CajIaThl ¥ OBOILM MTATATETbHBI 3a
CYeT BHICOKOTO COMIeP>KaHMs KJIeTUaTKY 1 BUTAMMHOB. Ppi6a 6orarta skup-
HBIMY KUCTIOTaMU ¥ TIpoTerHaMu. OPyKTHI U STOObI COAEPXKAT GOMbIIOE
KOJIMYECTBO aHTUOKCUAAHTOB ¥ BUTAMMHOB, KpacHbIe (DPYKTHI ¥ OBOIIN
comepkaT KapOTUHOMIHBIE BELIeCTBa, MPUIAIOIIVe MPOAYKTaM COOTBET-
cTByIOIMIT uBeT. Opexu Ioye3Hbl 6arofapsi MPUCYTCTBUIO B COCTaBe
MMHEPAJIOB, JXUPHBIX KUCJIOT U BUTAMUHOB. DepMeHTUPOBAHHbBIE MPO-
IIYKTBI ¥ HAIUTKY 6GOraThl IPOOMOTUKAMMU.

Hanbonee KajopuitHIMM SIBJISIIOTCS Macja, KOTOpble COOepskaT Io-
JIe3Hble XKMPBI. Jlasiee MIYT Opexu, KaIOPUITHOCTb KOTOPBIX 06YC/IOBIeHa
TIPUCYTCTBMEM IIOJIMHEHACBIIIEHHbIX M HACBIIIEHHBIX >XMPHBIX KUCIOT.
CeMeHa JIbHA, YMa U THIKBbI TAK)Ke JOCTAaTOYHO KajopuiiHbl. HaMeHblieit
KaJIOPUITHOCTBIO 06/1a/IaI0T PACTUTENbHbIE IPOIYKThI: 3€JIeHb Y OBOIIM —
Ccenbfiepeit, orypell, peauc, SHAUBIIA, KOMbpabu, 6akiaxkaH, KaIrycTa, pyKo-
J1a, IBETHASI KaITyCTa, IOMUAOPBI, PAIUKKIMO, IIIVHAT, CTIap)Ka, KBalleHast
Karrycra, 60K-4oit, yKKUHM. VIX HM3Kast KaJIOPUITHOCTD OIpe/ieieHa BbICO-
KUM COMlep’KaHMeM IUIIEBbIX BOJIOKOH U BOJbI, & TAKXKE B COCTaB BXOIUT
6OJIbIIIOE KOJTMUECTBO BUTAMUHOB ¥ MMHEPA/IbHBIX BEIIECTB.

@Cymma, Benok (r) @ Cymma, [Tuiessie BosokHa (r)

Ha Pucynke 3 npefcraB/ieHa gyarpaMma cogepskanus 6eyka v mmiie-
BBIX BOJIOKOH B IIPOAYKTax NUTaHus B rpaMmax Ha 100 rpamm [16].

Han6osee 6oraTsiMy 6€IKOM IPOAYKTaMI SIBJISIFOTCST pbiba M MOPEIpo-
IYKTbI: capoyHbl (22,7),10coch (22,1), mommtocku (22,0), TyHer (22,0), ckym-
6pus (20,8), a TakKe pacTUTENIbHbIE TPOAYKTHI: 60061 snamame (18,4), ye-
yesuiia (17,9), remne (17,0), daconb kpacHas (15,3), daconb uepHas (15,0),
HyT (14,5). ['pedeckuit OrypT TaKkKe OTIMYAETCSI BBICOKUM COIEepPsKaHUEM
6enka (17,3).

YeueBu1ia sIB/ISeTCS OGHUM U3 JMAEPOB IO CONEPKAaHMUIO MUILEBBIX
BOJIOKOH (15,6) cpeau oBoiueit u GpykroB. [Janee uaer uepHas $Haconb
(15,0), aBokazo (13,5), myt (12,5), rpanar (11,3), dacons kpacHas (11,3),
cemeHa una (10,6).

HaubGonee c6anaHCHPOBAaHHBIMM MPOLYKTAMM IO 0GEUM IO3ULUSIM
SIBJISIIOTCSI pACTUTENIbHBIe IIPOAYKTHI: YeueBu1ia, uepHas ¢acoib, HyT, da-
CoMb KpacHasi, 606bI smamame.

PaccmaTrpuBaeMble MPOLYKTbI ObLIM ITPOAHAIM3MPOBAHBI HA CO-
nep>xaHue ButammHa C B mr Ha 100 r npoxykTa. IIpogyKTom C caMbIM
BBICOKUM cofepkaHueM BuTaMuHa C SIBJISIETCS KpPAcCHbIA GOMrapckumit
nepen, — B HeM HaxoauTcs 190 mr/100 r. UyTh MeHblle BUTaMMHA COLep-
skuTcst B namnaiie (168 mr) u momesno (115). Buramuua C He 06HapYKeHO
B pbIOe, ceMeHax, Opexax ¥ HEeKOTOPBIX PAaCTUTEeNbHBIX TpoayKTax (Pucy-
HOK 4) [16].

AHTMOKCUIAHTHBIN MHAEKC — MePa aHTMOKCUAHTHBIX CBOJICTB IpO-
IYKTa; YeM Bblllle JaHHbIN [T0Ka3aTelb, TeM GOMbIIe aHTUMOKCUIAHTOB
COZIeP3KUTCSI B TOM MJIM MHOM IpopykTe. Crienyu SIBSIIOTCST ITPOAYKTa-
MM c 6osee BBICOKMM aHTMOKCUMAAHTHBIM MHAEKCOM, YeM OCTaJbHBbIE.
Hanpumep, aHTMOKCUAAHTHBIN MHIEKC KOpUIlbl cocTaBnsieT 131420 en.,
KypkyMbl — 127068, kaiteHckoro mepua — 50314. V apyrux mpeacras-
JIEHHBIX NPOAYKTOB aHTMOKCUAAHTHBIA MHOEKC HaMHOro Huke (Pucy-
HOK 5) [16].
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PucyHox 3. Comepskanye 6e/ika ¥ KIeTYaTKM B MUIIEBBIX MPOSYKTAX
Figure 3. Protein and fiber content in food products
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HaumeHoBaHMe
HPOAYKTA

OnMBKOBOE Macyio
KokocoBoe macio
Bpasuibckue opexu
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Cnankuit kaprodernb
I'panar
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AnanHac
Buing

Tab6nuiia 3. IIpOJYKTHI C OCHOBHBIMM IMUTATEIBHBIMY CBOVICTBAMM U UX KAJIOPUITHOCTH
Table 3. Products with basic nutritional properties and their caloric content

OCHOBHbIE MUTATE/IbHbIE CBOVICTBA
WIM IPEeUMYIIeCTBa MPOAYKTa

BoraTo MOHOHEHACKIIEHHBIMY SKMPaMM
ComepskuT TPUIIULIEPUABI CpefHelt 1enu
Bricokoe comepskaHue ceeHa

Xopo1init UICTOUHUK OMeTa-3

Xopommnit UCTOUHUK KalnbIUs

Bricokoe conepskanue ButamuHa E

Xopoumnit UICTOUHUK BUTamuHa E
Xoporuit 6anaHc omera-3 u omera-6
Xopoumii UICTOYHMK GMOTHHA
Xopolunit UICTOUHUK BUTamMuHa B6
Bricokoe comepkaHue IMTHAaHOB

Bricokoe conmepskaHue omera-3
U KJIeTYaTKU

boraTbl MarHuem

Borar GeTa-IM0KaHOM

BerIcokoe coziepykaHMe 6eska U KIeT4aTKu
BrIcoKOe copiepkaHMe Gesika U KIeTyaTKu
Bricokoe copepskaHMe aHTMOKCHIAHTOB
BbIcOKOe copiepkaHMe MonubaeHa
Xopoumii MUCTOUHMK BUTAMMUHOB I'PYIIIbI B
Conep>kuT Karncauyg

ConepsKUT KypKyMUH

Borata >XMpHBIMM KUCTIOTaMM OMera-3

MosKeT ITOMOYb CHU3UTh YPOBEHD caxapa
B KPOBU

Bricokoe conmepskanue ButamuHa K2
Borat >xupHbIMM KMCTIOTaMy OMera-3
Borart rnpo6uorukamMu

Bbricokoe copiepkaHue Geska
Y IPOGUMOTMUKOB

Borara omera-3 u ButTammaom D

BoraT nonesHbIMM XUpaMu

TToNMHBI UCTOUHMK OeNKka

CopmepskUT a/uIMLH

BricoKoe comepskaHye KIeTuaTKu 1 6eka
BricoKkoe conmepskaHue 6eka u omera-3
Xopouinii UCTOUHMK PACTUTENBHOTO Geska
TToMHBI UCTOUHMK OejiKa

Bbicokoe comepskaHue 6eka U KIeTYaTKI
Xopo1unit ICTOUHUK MapraHua

Borar 6eTa-KapOTMHOM

BoraT aHTMOKCMIaHTaMU
TIpoTuBOBOCHAINTEIbHBIE CBOICTBA
Bricokoe comepskaHme BuTammua B12
Bricokoe copepskaHye KaabLusl
Xopomunit ucTouHMK BuTammuHa K
CopmepskuT pecBepaTpoi

Bricokoe cozepykaHye aHTOLMaHOB
Breicokoe conmepskanue ButamuHa C
Bricokoe comepskaHue BUTaMMHA A

Bbicokoe copepskaHue Geka
U TIPOGMOTUKOB

Bricokoe cozepykaHye 3/1aroBoii KMCIOThI
BoraTo KBepleTMHOM
Conepskut 6pomMenaitH
ComepskUT MeTaTOHUH

CKasl II€eHHOCTb,

DHepreTuye-
KKayi/100 r

884
862
656
607
595
584

576
572
567
562
534
486

446
389
364
357
341
333
325
318
312
262
247

212
205
199
193

166
160
155
149
132
130
122
120
116
111
86
83
80
77
74
73
67
62
61
60
59

53
52
50
50

HaumeHoBaHMe
HPOAYKTA

KyzpsiBas karycra
I pakoHuit GpyKT
AnenbcuH
ApTunioxk

KriokBa
Bopmopocinu Bakame
MyckaTHasi ThIKBa

Bproccenbckas
Kamycra

ExxeBuka

Mopckue Bogopocan
MManaris

Cgexkia

I'peiincpyT

JIyk
Ixukama
ITomeno
[Merpymika
Bpokkonn
I pIHsS

OCHOBHbIE TUTATE/IbHbIE CBOVICTBA
WIA IPEeUMYIIeCTBa MPOAYKTa

Bricokoe copmepykaHue BUTaMUHOB A, C, K
Xopommnit UCTOUHUK aHTUOKCUIAHTOB
Borat Burammuom C

Bricokoe comepskaHMe KIeTIaTKA

Bricokoe copepskaHe MPOaHTOLMAaHUINHOB
Boicokoe comepskaHye GyKOKCAaHTUHA
Bricokoe conepskaHue BUTaMuHa A
Beicokoe conmepskanue BuTamuHa K

Borara aHTHMOKCHIAHTAMU
Borarsl itogom

ComepskuT hepMeHT manauH
Bricokoe comepskaHMe HUTPATOB

HwuskokanopuiiHblii, C BLICOKUM
cofepskaHyuem ButamyuHa C

CopmepskuT KBepLeTUH

Xopoumii UCTOUHMK BuTaMMHa C
Bricokoe cozmepykanye ButamyuHa C
Bricokoe comepskaHme ButammHa K
Bricokoe copepskanme ButammHoB C u K
Beicokoe conmepskaHue BUTaMuHa A

BopnsiHoIi kpecc-canaT Boicokoe comepskaHue ButammHa K

JIucroBas Karrycra
Apb6y3
JIMMOHBI

KpacHblit 6orapckmit

repeij
Pema

Topunia 3eseHas
T'pn6bI KpyMmum
Konbpabu
BaknaxxaH

Kamycra

Pykxkona
LIBeTHas kamycTa
ITomupopbl
Papukkno

Inuuat

Cnapska
KBauieHas kamycra
IIBeiiapckmit

MaHTOJIb],
LykkuHN
DHIOUBUI

Penuc

T'pubbI
Orypery

Bok-uoit
Cenbpepeit

3eseHblii yait

Bricokoe conmepskanue ButamuHa K
Bbicokoe conepskaHue JTMKOMMHA
Boicokoe conmepskanue ButamuHa C

Beicokoe conmepskanue ButamuHa C

Hu3kokanopuitHasi, ¢ BBICOKUM
conmepkaHuem Butamyuna C

Bricokoe conmepskanue ButamuHa K
Xopo1nit UCTOUHUK cejieHa
Xopomunii ucTouHMK ButammuHa C

HuskokanopuitHblii, ¢ BLICOKUM
cofiep>KaHMeM KiIeT4yaTKu

HI/IBKOKaIIODI/II‘/JIHaH, C BBICOKMM
comep)kaHMeM BUTaMMHa K

Xopolnit UICTOUHUK HUTPATOB
HuskokanopuiiHasi, BbICOKONIMTaTE/NIbHAs
Bricokoe comepskaHue IMKOMMHA

Hu3koKkanopuiiHblii, C BLICOKUM
cofep>kaHueM BuTaMumHa K

BoIcokoe comepskaHue xene3a 1 $HonneBoii
KUCTIOTHI

Bricokoe comepskaHue HomeBoit KMCIOTbI
Borara npo6uoTrukammu
Bricokoe copepykanye BUTaMuHOB A 1 K

HwuskokanopuiiHblii, ¢ BLICOKUM
conepskaHnuem ButamuHa C

Hu3kokanopuitHblii, C BLICOKUM
cozepkaHueM BuTammuHa K

HwuskokanopuiiHblii, ¢ BBICOKUM
comepxaHueM ButammHa C

XOopoINii UCTOUHMK CejleHa

Huskoe comep>kaHue Kanopuit, BBICOKOe
cofiep>KaHue BOMbI

Bricokoe comep’)kaHMe BUTAMMHOB AucC

HwuskokanopuiiHblii, ¢ BLICOKUM
conepskaHuemM BuTamuHa K

Boicokoe cofepskaHMe KaTeXMHOB

dHepreTuue-
» A % % ckas meHHOCTD,
KKayi/100 r

46
45
45
43

43
43
43
43
42

40
38

36
34
34
32
32
30
29

28

28

27
27
27
25

25

25
25
24
23

23

20
19
19

17

17

16

15
15

13
13
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Figure 4. Vitamin C content in food products
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Figure 5. Antioxidant index of a product
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Ha PucyHke 6 1306pa’keHbl PETMOHBI, IJie MPOU3BOIST PacCcMaTpUBa-
emble MPONYKTHI [16]. AHaNMM3MPYsl JaHHbIe KapThbl, MOKHO YBUAETH, YTO
[Monbia sB/IsSeTCSsT MMOCTABUIMKOM Kpecc-cajaTa, KalycTbl 1 oBca, bena-
pych TMocTaBisieT Kojabpabu, Utanmss — GPOKKOIM, GPIOCCENTbCKYIO Kaly-
CTY ¥ PaIMKKNO, ['periust — MMCTOBYIO M KyApsIBYIO KamycTy. B BoctouHom
Cpenu3eMHOMOPbe 3apOanUIach crapka. Typiust SIBAsIeTCS MOCTaBUIKOM
60/IBIIOr0 Pa3HOOOpasusi PPYKTOB M OBOILEN: PETMOH [TOCTAB/SET BUII-
HIO, CBEKJTY, CellbJiepeil, SHOMBMUIA, OTMBKOBOE Macjo, PyKOly, MeTPyLIKY,
MAaHTO/Ib, ApTUIIOKM, 3eJleHblil TOpPOLIeK, KpacHbIii BUHOrpax. Mecto
TIPOUCXOXKIEHMS LIBETHOM KanycTbl — Kump. B Vipane TpaguLiMOHHO BbI-
paIIMBAaIOT ABIHIO, LINMHAT U IpeliKue opexu, B M3pamie — yecHOK, u-
CTallIKM, CeMeHa KOHOIUIM, JIYK U s1610Ku. CaymoBckast ApaBust Tpagyiy-
OHHO TIOCTAaBJISIET HYT, MMH/IaJTh, TPAHAT, YEUEBUILY, TAXMHM, CEMEHA JIbHA.
B Adpuke, B pecrrybiike KOHro BbIpaIimBaioT ap6oy3sbl. IHAMS TOCTaBIIVK
6aK/IaskKaHOB, KYPKyMblI, OTypLIOB, 3e/eHoii ropunipl, llIpu-JlaHka — Ko-
putbl 1 MHkMpa. Kutait TpaguiiMoHHO TIPOV3BOAUT MMOVPB, alleIbCHUHBI,
TTIOMEJIO, PeAYC, TMMOHBI, KOKOCOBOE Macjo, K1BU, 60K-UOii, 3e/IeHbIi Yait
M KBAIIeHYIO KarycTy. VIHIoHe3us oCTaBIsieT Temile, SITOHMS — MOPCKUe
BOZIOPOC/IN, MUCO, HAaTTO, Bogopocay Bakame. Kanaia — permos, nocras-
JISTIOIIMIA IVKUI PUC, CEMEHA ThIKBbI, CEMEHA MO COTHEYHMKA, YEPHUKY,
MYCKaTHYIO ThIKBY, KIIIOKBY; CoenvHeHHble llITaTel AMepuKky — ApakoHMi
pyxkT, KpacHbIi GoMTapckuit mepel; U CIagkuii Kaprodenb; Mekcuka —
CIAKYI0 perny Axkukamy. B JJOMMHMKAHCKOM pecITyOiMKe BbIpaIMBaiOT
rpeiindpyt, B Hukaparya — daconb KpacHy10, aBOKaJ0, IYKKMHY, cCeMeHa
Yua, raraio. JJIococh OObIBAIOT B CEBEPHOIT yacTu TUXOro okeaHa.

PauioH KOpeHHOTro HacejleHMsl OTHEe/NbHO B3SITOTO peruoHa yCTpOeH
COIVIAaCHO MCTOPUYECKU CJIOKMBIIMMCS YCIOBUSIM OGUTAHUSI M KiIMMa-
Ty. A Takke PalMOH CIOCOGEH MEHSIThCS MOA BO3JENCTBMEM MHOTUX
coLMaNbHO-3KOHOMMYecKux (akTopos. Hanpumep, Adpuka sBasieTcs
POAMHOJ TMCTOBO 3e/1eHN, KOPHEIIOA0B, KTyGHEeBbIX OBOIEN 1 6060B,
a Takke MHOTMX pa3JIMYHbIX KyJAbTYp pPacTeHMII 110 BCeii ee TepPUTOPUN.
[TosToMy B palMOHe MMpeo6aJaeT pacTUTebHAs MUIA — 3TO JIMCTOBAsI
3eJIeHb, OBOIIM U (PPYKThI, OPEXM Y CEMEHA, LieIbHbIe 3epHa M MaKapOHbI,
acosnb 1 ropox, rmojiesHbie Macia 1 6atat. Msico ¥ Apyryue mpoayKThI sK1-
BOTHOTO MPOUCXOKIEHMST OGBIYHO VICIIONb3YIOTCSI B KAYECTBE MPUITPABbI
WU YIIOTPEOISIOTCS B MUILY B 0COOBIX CTydyasiX. Takoii croco6 muTaHust
M03BO/MMT adPUKAHCKOMY HaceJleHUI0 M36eXaTh XPOHUYECKUX 3a6orie-
BaHMIA, TAKMX KaK AyabeT, 601e3Hu cepaua, 601e3Hy IoYeK 1 Pa3inyHble
BuApl paka. ComtacHO PucyHkam 1 u 2, MOXHO YBUZAETH B3aMMOCBSI3b
MMUIIEBOTO palioHa C KOJMYECTBOM MOTpPe6isseMoro 6eika 1 KaJlopuii-
HOCThIO. VCcK/IIOueHne Msica M3 palyOHa CBUAETENbCTBYET O HU3KUX
rokasarensx NorpebiaeHuss 6enka Ha YUy HaceJeHUs B CPaBHEHUU
C ocTa/ibHbIMM pernoHaMu. OFHAKO KaJTOPUITHOCTD PAIIOHA TAKKe HaXo-

1 2025 |

JIATCSI HA HU3KOM YPOBHE, UTO TOBOPUT O IIpMeMe HU3KOKaJIOpUIHOI pa-
CTUTENbHOM MUIIY Y 0 MUHUMAIbHOM MOTPe6IeHUY KUPOB U MPOCTHIX
yrieBonoB. ParyioH 1 06pa3 sku3Hy ahpyKaHCKOro Hapona 06ycIaBiImBa-
€T X TeJIOCTIOKeHME, CUITY U BBIHOCIMBOCTSD [20].

TpaAMLIVIOHHBIV PaLOH A31M BKIIIOUAeT HelbHO3epPHOBbIE IPOAYKTHI,
JIUCTOBBIE OBOIIIY, COEBbIE 6OOBI, HEMHOTO PbIOBI M MsICa, a TAK)KE Pa3HO-
ob6pa3Hble CIleLMy, TpaBbl, COEBOe ¥ apaxucoBoe Macia. BoiabpuMHCTBO
TPaAMIVIOHHBIX a3MaTCKMX AMET IOAPA3yMeBaloT YIIOTpeOieHe OBOLIeit,
puca, nammu, Tody, sgaMaMe, pa3HOOOPA3HBIX CIHElNii, a TaKkKe PbIObI
¥ MOPEINPOAYKTOB B MPUOGPEXKHBIX paiioHaX. Msco moTpebsieTcs: HeGob-
LIYMY IOPLMSIMY 3@ OAVH IIPMEM UL — POBHO CTOJIBKO, CKOMBbKO HY>)KHO
LIS TIOBBIIIEHMST YPOBHS Genka. PpiGa M MOPeNponyKThl YIOTPEGISIIOTCS
yaiiie, yemM Msico. COryIacHO AaHHBIM O MOTpe6IeHnn 6eka, B A3uu 3TOT
ToKa3aTe/Ib IIOYTY PaBeH CpeIHeMMPOBOMY, OFHAKO ycTynaeT CeBepHOI
Amepuke, EBporie 1 OkeaHun. 9TO MOXKET GbITh CBSI3aHO C MEHBIIUM T10-
TpebeHMeM Msica, YeM Ha IpYyrux KOHTMHeHTaX. CpenHee morpebneHue
KaJIOpUIi HANPSIMYIO 3aBMCUT OT paljMiOHa a31aTCKOro HacesneHus. Huskoe
rotpe6eHye XUPHOM MUILYU U GBICTPIX YIVIEBOLOB MO3BOJISIET IepPKaTh
KaJIOPMITHOCTD a3/aTCKOTO paljiOHa Ha JOCTaTOYHO HU3KMX ITOKa3aTesIx,
B CpeIHEM HIDKe, ueM 110 mupy [21].

B Amepuxke 6osbiasi YacTb NIPOLYKTOB B palyiOHe IeperpyskeHa Ka-
JIOpUSAMM, HACBIII€EHHBIMU KMpaMH, Caxapom, HaTpmUeM " [p., 4YTO SAB-
JISIeTCSI IPUYMHOM Pa3BUTHSI MHOTMX XPOHMUECKMX 3a060/IeBaHMIA, TAaKUX
Kak ayabeT u cepheuHo-cocyamcToie 3a6oneBanus. K coxxaneHmnio, 6051b-
LIMHCTBO aMepMKaHIeB He MPUAEPKMBAIOTCS 34,0pOBOro NuTanus. Tu-
MMYHBIM aMepUKaHCKMIA pallMOH O pasyMeBaeT HeJJoCTaTOYHOe ITOTpe-
61eHye GPYKTOB U OBOILEI, YIOTpe6/IeHMe OUUIIEHHbIX 3ePeH BMEeCTO
LIe/IbHO3ePHOBBIX, JKUPHBIX MICTOYHVMKOB 6ejiKa (}kKapeHast Kypuiia, 6eKoH
u Kobaca), HAIUTKOB C BBICOKMM COZlepskaHMeM caxapa (ra3upoBaHHbIE
HaIUTKM, JIATTe U T. [i.) BMeCTO BoAbI [22]. [IpymepaMy TUIIMUHBIX MPO-
IYKTOB B Dal[iOHE aMepUKAHCKOTO HaceJleHMs SIBJISIIOTCS KapTodenb
¢hpu, rambyprepsol, XOT-AOTH, IUIIA, MOPOXKEHOE, KaPTO(eTbHbIe YNIIChI
u nnoyabpuKaTel, ra3ypoBaHHbIe, KOdeiHble, SHepreTyecKye HalmuT-
K1, GpykroBbie KOKTeimm [23]. OmHAKO palMOH JIATMHOAMEPUKAHIIEB
oTanyaeTcs: oT cpegHero B CIIA: oCHOBHbIMM NPOAYKTaMM NUTaHUS,
HOTpe6HﬂeMbIMI/I €XXeaHEBHO, ABJIAITCSI MPOAYKTBI PACTUTEIbHOIO ITPO-
MUCXOXAEHUS; TI0 Bceit JIaTMHCKO AMepuKe eXeHeBHO YIOTPeOsIoT
B IUIILY CBEXYIO M COJIEHYIO PBIOY; sIiflia MOTPEOISIIOTCS eKeHeIeNbHO,
Kak NTULA ¥ CBUHMHA; pacTUTe/lbHble Macia (KyKypy3HOe, OIMBKOBOE
M apaxycoBOe€) VCIIONb3YIOTCS AJIS TIPUTOTOBIEHMS IUIIM M 3allpaBKNU
6/11071; C/IAOCTH, IPUTOTOBIEHHBIE C JT06aBIeHreM Mefa WIM caxapa,
YIOTPEGISIOTCS eKeHeleNbHO B HeGONBbIINX KOMMYeCTBaX; KpacHoe
MSICO TIPUCYTCTBYET B palMoHe peako [24]. OcHoBbIBasich Ha MHMOpPMa-
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1umu 06 aMepUKaHCKOM palMOHe ¥ OIIMPasiCh Ha TIOKa3aTeNu KOIMIecTBa
roTpebisiemoro 6enka u kasopuit (PrcyHoK 1 u 2), MOXHO OTpeIeNnTh,
YTO YMOTpebIeHMe XUPHOM MUIIM U caxapa MPUBOIUT K YBETMUEHUIO
KaJIOPUITHOCTY palyioHa C BO3MOXKXHBIM IIPMOGPETeHreM XPOHUYECKUX
3a60s1eBaHMIA.

Cpenn3eMHOMOPCKMIA PallMOH — 3TO MOJEeNb MUTAHUS JIOJEN, Ku-
Bymmx BOKpyr CpemyuseMHOro mops. CpeayseMHOMOpbe OObeIuHSIET
B cebe cTpaHbl TPEX KOHTMHEHTOB — EBpoIbl, Asun 1 Adprky, a Takke
MHOTOYMC/IEHHbIe OCTPOBa U apxurienary [25]. OCHOBY cpefu3eMHOMOD-
CKOTO palMOHa COCTaBJISIIOT MPOLYKTHI PACTUTENIBLHOTO MIPOVCXOXKIEHMS :
OBOIIM ¥ 3€JIeHb, 600bI, I[e/IbHbIE 3€pHa, QPYKThI, OPEXU, TPABbI U CIIe-
LMK, & TaKKe IOJIe3HbIe KMPBI, TaKMe KakK OIMBKOBOe macio. U3 Gein-
KOBOJI MUIIY B PALIOH BKJIIOYAIOT PbIOY M MOPEIMPOAYKTSI, IO KpaitHeit
Mepe, IBa pa3a B HEZENI0, a TAKKe HeOOJbIIOe KOMMYECTBO MOIOYHBIX
MPOLYKTOB (B OCHOBHOM JOTYPT M CbIP) U ITUILY, MHOTLA KpaCHOE MSICO.
Taxke B Cpe[/i3eMHOMODPCKOM pallyiOHe B OIpaHMUYEHHBIX KOIMUYeCTBaxX
YIOTPeOISIIOTCST caxapocofiepskalye MPonyKThl [26]. 3a cueT 4acToro
yHoTpe6yieHust pbiobl, MOPEIIPOAYKTOB ¥ MOJIOUHBIX MTPOAYKTOB B Paly-
oHe HacesneHUs1 EBpombl HAGMIONAIOTCSI caMble BbICOKVME OTHOCUTETbHO
JIPYTUX PErMOHOB IOKa3zaTenu mpuema 6eska Ha oyury HaceneHus [27].
CpenHee moTpe6neHue Kajmopuii B EBpome Takke BbIllle OTHOCUTETBHO
JIPYTUX PETMOHOB, YTO 00YC/IOBJIEHO IIMPOKUM pa3HOOGpa3meM pauyoHa.

TakuM 06pa3oM, palMOH HAaCeleHMs MMeeT IMPSIMYI0 B3aXMOCBSI3b
C JaHHBIMMU TIO TOTpPe6eHMI0 Geka ¥ KaJopuii Ha KOHTUMHeHTax. Coa-
JIAHCMPOBAHHBIN PalMOH OOeclieynBaeT HAceleHNe CYTOYHOV HOPMOWt
6enKa M KaJopwuif, a TaKKe OCTAJIbHbIMY MUTATEIbHBIMY BEIEeCTBAMM,
HeOoOXOIMMbBIMMU [1JII OpraHu3Ma.
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4. BeIBOABI

Ha pa1yioH Biusiet psizi pakTopoB, BKIIOYAst SKOHOMMUYECKYIE BO3MOXK-
HOCTM CTPaHbl, KOHKPETHOV CeMb) VI UYelIOBeKa; COIL[MaTbHble — 3TO
MHIMBUAYAJIbHbIE TIPEATIOUTEHNS, YOSXKIEHMS U KY/IbTYPHbIE TPAOUIIAA;
reorpaduueckue 1 3KoIOrnMYecKkye, 06yCI0BIeHHbIE PETYIOHOM OGUTaHMSI
U TIPOUCXOXKIEHMEM HacelleHUs, CJIOKMBLIMMCSI KIMMATOM B PervoHe.
PaiyoH onpezensieT oka3aTeay NoTpediaeHns 6eIKOB, KUPOB, YIJIeBO-
OB U SHEpreTUIecKoii LeHHocTu. CornacHo gaHHbIM PoccraTa u IIpomo-
BOJILCTBEHHOI U CEJIbCKOX03sIiiCTBEHHOM opranusaiuu O6beayHEeHHbIX
Hauwmii 3a mociennme 10 yieT KOMMUecTBo noTpebiseMoro 6enka Hacese-
HreM Adpuku 3aduUKCMpPOBAaHO HA CAMOM HU3KOM YPOBHE [B MMpE], UTO
06YC/IOB/IEHO HEBBICOKMM MOTPeGIeHeM MSICHOM M MOJIOUHOI TPOAYK-
uyn. PauuoH c npeo6iagaHuem 3eieHu, GpyKToB 1 OBolel obecrieunBa-
eT HMU3KYI0 KaJIOpUITHOCTb TUTaHus. B cTpaHax A3um nokasarenm IoTpe-
GreHMsI KaJIopuii 1 6esika HaXOASTCS Ha YPOBHE CPeJHMX O6IIeMMUPOBBIX
rokasaresneii. B AmMepuke, Okeanun 1 EBporie rokasaTtesy notpebieHust
6esKa BbIILIE MMPOBOTO YPOBHSI: PAI[MOH HACEIE€HWUsS NaHHBIX PErMOHOB
BKJTIIOUAeT MPeMMYIeCTBEeHHO HaTypasibHble MTPOAYKThI. B paboTe mpep-
CTaBJIeHbI HauboJIee MoJie3Hble MPOAYKTHI MUTAHUS C BBICOKMM COfiepyKa-
HMeM 6eJika, MUIIEBbIX BOJIOKOH M C aHTMOKCUAAHTHBIM MHAEKCOM. VX
MO>KHO BKJIIOUATh B PAI[MOH, YTOGBI TIOBBICUTH COLEPsKaHMEe B OpraHU3Me
MMUTATETbHBIX BEIIECTB. BAsKHO MOHMMATh, YTO MMEHHO MUTaHMe 0becrie-
YMBAET IIPOIIECCHI POCTA M Pa3BUTHS YeJIOBEKA, €ro GU3NUYECKYIO M YMCT-
BEHHYIO aKTMBHOCTb, HACTPOEHME U KaueCTBO XU3HU. PalnoH yenoBeka
JIOJKEH COOTBETCTBOBATH BO3PACTY, I10JTY, 06pa3y KM3HH, 0611eMy COCTO-
SITHUIO 3J0POBbSI ¥ KIMMAaToreorpadhuyeckum yCIOBYSIM.
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K/IIOYEBBIE CIOBA: AHHOTAL A

Kpaxma, CospmaHue 6MopasiaraeMoii MUIeBOoi YIIaKOBKY Ha OCHOBE BO30OHOBJISIEMOTO IIPUPOAHOTO ChIPbS SIBISIETCSI OMHUM U3 KITIO-
KapOoKkcumemu- YyeBbIX HAIIpaBJIeHMIT COBpeMEHHbBIX MCC/Ie0BaHNIT BO BceM Mupe. Ha 0CHOBe KyKypy3HOTO KpaxMaJia M HaTpMEeBOIi COMu Kap-
Yenon03a, 6OKCYMMETWU/ILE/UTION03bI BO3MOXKHO ITOJTyUYeHMe TUIEHOYHBIX MaTepuasoB AJIsT YIIAKOBKM MUILEBBIX TPOAYKTOB IPY YCIOBUMU

NOJIUBUHUNOBbLLL
cnupm, ynakoeouHole

TIOTIOJTHEH ST TTOJIMMEPHOM KOMITO3UIIY HEGOJBIIMMY KOJIMYECTBAMM MOMMBUHMIOBOTO crivpTa ([IBC), TMMOHHOI KUCIOTHI
(JIK) u rmuniepuna (I1). B paboTe mpencraBieHbl pe3ynbTaThl ONTUMMU3ALNUY COCTaBa TaKOV KOMITO3UIIUY C UCTIOIb30BaHUEM
Mmamepuansl, MEeTOJ0JIOTUM TTOBEPXHOCTHU OTK/IMKA. [IpoBefeHa OlieHKa BAMSHUS He3aBUCUMBIX IlepeMeHHbIX (KoHUeHTpauys [1BC: 7, 10
Mmemodonozust u 15,5; koHuenTtpanys JIK: 5,7 u 9; konuentpauus [n: 20, 25 u 50 % 1o oTHOIIEHMIO K Macce T0NMCcaxapuioB) Ha TlepeMeH-
NnoeéepxHOCMU OMKAUKA Hble OTKIMKA (CTereHb HaGyxaHMsl, LOJIS TeJisl, MPOHMULIA€MOCTD IJis BOASIHOTO Mapa, IPOYHOCTh HA Pa3pbiB, OTHOCUTEIbHOE
yIJIMHEHME TP pa3pbiBe 1 Moay/b IOura). O6pasel; onTuMusupoBaHHOTO coctasa (15,5 mac. % IBC, 7 mac. % JIK, 37,5 mac. %
1) o6/1amaeT BHICOKMMY GapbepHBIMY ¥ IPOYHOCTHBIMY CBOJiCTBaMu. TeopeTuyecKkye pacueTsl, OCHOBAHHbIE HA PErPecCyoH-
HOJ1 MoJieny, IoKa3aly BbICOKYIO KOPPEeJSILMIO C SKCIIepUMeHTalbHbIMM JaHHbIMMU. [Ioka3aHo, UTO BK/IIOUEHMe B ITOIUMED-
HYI0 MaTpULy OOTOJHUTETbHBIX KOMIIOHEHTOB, TAKMX KaK aHTMOKCUAAHTBI M apMUPYIOILMe BelecTBa, MO3BOIUT YIyUIIUTD
9KCIUTyaTaLMOHHBIE XapaKTePUCTKY INIEHOYHBIX MaTepyasIoB M PaCIMPUTh UX GYHKLIMOHAIBHOCTb.

OUVHAHCHPOBAHME: CraThst moarotosieHa B pamkax BoinonHenyst HUP no rocymapcrseHHOMY 3aganuio (mmdp FRES-2024-0001) Munuctepctsa
HayKu ¥ BbIciIero o6pasoBanus Poccuiickoit ®enepanun.
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starch, carboxymethyl ~The development of biodegradable food packaging based on renewable natural raw materials is one of the key trends of
cellulose, polyvinyl modern research worldwide. It is possible to obtain film materials for food packaging on the basis of corn starch and sodium
alcohol, packaging carboxymethyl cellulose provided that small amounts of polyvinyl alcohol (PVA), citric acid (CA) and glycerol (Gl) are added

materials, response
surface methodology

to the polymer composition. The paper presents the results of the composition optimization of such films using the response
surface methodology. The influence of independent variables (PVA concentration: 7, 10 and 15.5; CA concentration: 5, 7 and
9; Gl concentration: 20, 25 and 50 % in relation to the polysaccharides weight) on the response variables (swelling degree, gel
fraction, water vapor transmission rate, tensile strength, elongation at break and Young’s modulus) is evaluated. The sample
of the optimized composition (15.5 wt. % PVA, 7 wt. % CA and 37.5 wt. % GL) has good barrier and strength properties. Theo-
retical calculations based on the regression model demonstrated a high correlation with the experimental data. It is shown
that the inclusion to the polymer matrix of additional components (antioxidants, reinforcing agents) will improve the opera-
tional characteristics of film materials and expand their functionality.
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1. BBegeHue

YnakoBouHble MaTepuaibl (YM) SIBASIOTCSI OCHOBO, U3 KOTOPO# U3-
rOTaB/IMBAETCs YIIAaKOBKA /IS TOBAPOB (ChIPbS ¥ TOTOBOM MPOLYKLIUN).
B Hacrosiiee BpeMs AJi MPOU3BOACTBa YM [/ MUIEBBIX MPOLYKTOB
B OCHOBHOM MCIOJB3YIOTCSI CMHTeTHYeckue Iuactuku [1,2], koTopble
He pas3JjiaraloTcsl ¥ COXPAHSIOTCS B OKpYysKalollieii cpefjle Hecou3MepuMo
[ONbllie CPOKOB MPUMEHEHMsI YIIaKOBKM, IS KOTOPOJ 3TU MaTepuabl
6bUTM pa3paboTansbl [3]. PacTyliee BHMMaHMe K 3KOJIOTMYHOCTY U Y3Ke-

oI HUTUPOBAHNS: Kpiok, T. B., Tiopuna, T. I, IlonoBa, O. C., PomaHeH-
Ko, H. A., Tonuapyk, I. I1., Tpyu, E. H. (2025). OnTuMu3anst CocTaBa KOMITO3UT-
HBIX TJIEHOK Ha OCHOBE TT0JI1CaXapy/0B KaK MOTeHI1aTbHOTO YIIaKOBOYHOTO Ma-
Tepuaa Jjis NUILIEeBbIX MPOAYKTOB. [Tuujessie cucmemsl, 8(2), 189-195. https://doi.
0rg/10.21323/2618-9771-2025-8-2-189-195

CTOYEeHME TIPaBWI OOpalleHuss C TBEPAbIMM ObITOBBIMM OTXOJaMU Ha-
MPaBJISIIOT HAyYHbIEe VICCIEOBAHNSI B CTOPOHY MTOMCKA HOBBIX YITAKOBOY-
HBIX MaTepuaaoB. B KauecTBe ChIpbsl 151 Takux YM paccMaTpuBaroTCs
BO300HOBJISIEMbIe TPUPOIHbIE CTOYHUKY U TIPOAYKTHI X TIepepaboTKu,
B YaCTHOCTHM, monucaxapuabl — Kpaxman (Kp), xuTosaH, kameau, arap,
KapparuHaH, Mpou3BOAHbIE 1eJUTI0N03bI [4]. DTu 61opasiaraemble MMON-
Mepbl 6€30TacHbI, OHM MOTYT HAIMPSIMYI0O KOHTaKTMPOBATD C MUIIEBbIMU
MPOAYKTaMM U Aaske GbITh CbemOOHBIMM [5].

FOR CITATION: Kryuk, T. V., Tyurina, T. G., Popova, O. S., Romanenko, N. A.,
Goncharuk, G. P., Trush, E. N. (2025). Optimization of the composition of poly-
saccharide-based composite films as a potential food packaging material. Food Sys-
tems, 8(2), 189-195. https://doi.org/10.21323/2618-9771-2025-8-2-189-195
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VIIakoOBOYHbIE MaTepMasbl U3 TOMMUCAXAPUAOB AEMOHCTPUPYIOT -
dexTUBHYIO 6apbepHYI0 GYHKLUMIO B OTHOIIEHUM IIPOHUKHOBEHUS KUC-
JIOPOAA M apOMaTMYeCKUX BeIleCTB, OZHAKO B OOJBIIMHCTBE CIyyaeB
OHM TepSIIOT CBOM CBOJCTBA B YCJIOBUSIX BBICOKOH BI&XKHOCTM U 00671a-
[al0T HU3KUM YPOBHEM MeXaHMYeCKuX CBOMCTB [6]. [Io 3Toii nmpuumHe
B HacCTosILIee BpeMsi OCHOBHBIM HaIlpaB/ieHueM IIpy pa3paboTKax HOBBIX
6uopasnaraeMsIx YM SIBJISIeTCS MHTerpaums MOIMMepPOB, 06/1afalomx
pa3nMYHBIMM CBOJCTBAMM, [JIs1 KOMIIEHCALIMM OTpaHMYeHNIt, TPUCYIINX
KaskIIOMY U3 HUX I10 OTZAENIbHOCTY. 3aMeTHO YIy4YIIUTb GU3UKO-XMMMYe-
CKMe CBOJCTBA MONMCAXapUAOB MO3BOJSIET MX KOMOMHALMS C JPYTUMU
61ononMMepamMy /My CUHTETUYECKMMM TIONMMepaMu.

V3 cuHTeTMYECKUX O6MOpa3iaraeMbIX MOIMMEPOB CIeNyeT BbIAETUTD
nionvByHWIOBBIN criupt (ITBC). Biarogapst BbICOKMM 6apbepHBIM CBOVCT-
BaM I10 OTHOILEHMIO K BOJIe M Ta3aM, JIeTKOM JOCTYITHOCTH, HETOKCUYHO-
CTU, UCKITIOUUTENIbHOI TJIEHKOOOpa3yolleil CrioCOGHOCTH, XMMUYECKOM
M MexXaHM4Yeckoit croikoctu, [IBC obragaeT OrpOMHBIM MOTEHIIMAIOM
B COXpPaHEHMM MUIIEBbIX IPOAYKTOB [7,8]. TugpobmibHas npupoga 3to-
ro MonyuMepa MO3BOJMSeT eMy JIeTKO CMeIIMBaThCsl C TMoyucaxapuiaMmu
IO0CPEeCTBOM MEXMOJIEKYJISIDHOV BOLOPOAHON CBS3U [9]. ViydiieHue
XapaKTePUCTUK IJIEHOYHBbIX MaTepuaioB, OMy4eHHbIX Ha ocHoBe [1BC
M pas3sINYHBIX IOJIMCAXapUL0B, OTMEUYaeTCsl B MHOTOUMCICHHBIX MCCIe-
JIoBaHMSIX, Harpumep, [10-13]. Bbuto o6HapyskKeHO, YTO MPOYHOCTh Ha
PaspbIB (),) ¥ OTHOCUTE/IbHOE YIJIMHEHME TIPY PaspPhIBe (,) ITIEHOK Kap-
To(eNpHOro KpaxMaia 3HaUMTeIbHO BO3PACTalOT 10 Mepe YBeIYeHMs
B Komnio3uTe gonu IIBC, B To BpeMst Kak naponponuiaemocts (I11T) cuu-
skaetcst [14]. [Tpy qo6aBieHNY TOMMBUHMUIOBOTO CIIMPTA K KAMEIU Tapbl
YBEeIMUYMBAIOTCSI TPOYHOCTb HA pas3pbiB M KpaeBOi Yrol CMayMBaHMS,
yITy4IIaTcs: 6apbepHbie cBoiicTBa. [Ipu yBenuuyenuu gomu [IBC B kom-
mo3ute Kamenb/IIBC ¢ 90/10 mo 70/30 mac./mac. HabIOmaINCh CIeyo-
1[Me M3MeHeHMsI: IPOYHOCTD Ha pa3pbiB Bo3pocia ¢ 20,71 mo 44,74 Mlla,
Yrol cMauMBaHuUsl yBemmuwics ¢ 55,95 mo 90,0°, mapornpoHUIIaeMOCTh
Y KUCTIOPOOTIPOHMIIAEMOCTb CHU3M/IMCh IIPUMEPHO B 2 pasa [15].

IIpu sTom cBOJICTBa MaTepuasa omnpenessieT He TOIbKO COCTaB IO-
JIMMEPHOJ MaTpULlbl, HO U Hajauyye B Hell BCIIOMOTaTelbHbIX KOMIIO-
HEHTOB (T1acTU(MUKaTOPOB, CIIMBAIOUIMX AreHTOB, aHTMOKCUAAHTOB,
Ip.), a TakKKe uX KonuuectBo. TakuM o6pasom, popmyiia rmieHKoobpa-
3YIOIEr0 PacTBOpa JO/KHA ObITh TIIATEIbHO ONTMMM3MPOBAHA [JISI
IIOCTMKEHMSI JKellaeMbIX CBOJCTB KOHEYHOTro 06pasua. [IpuilTu K 3IToMy
BO3MOXXHO ITyTeM IpMMeHeHMs] XeMOMeTPUYeCKIX MHCTPYMEHTOB, KO-
TOopble GOPMUPYIOT 3alaHHbIE XapaKTepPUCTUKM MaTepuana, OJHOBpe-
MEeHHO COKpaljasi KOIMYecTBO SKCIIEPUMMEHTOB, peareHTOB, BpeMeHU
u 3Heprum [16].

Hamn6Gosnee pacrpocTpaHeHHbIM MTOJXOA0M, OCHOBAaHHBIM Ha UCIIOb-
30BaHMM MaTeMaTUUYeCKMUX M CTaTUCTUUECKMUX MEeTOJOB NPU IPOEKTU-
pOBaHUM HOBBIX MaTepUajIOB, SBJISIETCS METOLOIOTUS [IOBEPXHOCTHU OT-
xmka (Response Surface Methodology, RSM) BciencTB1e ee poCTOTHI
¥ BBICOKOJ TOYHOCTY NpeiCKa3aHMsI HallpaB/IeHUs IBYDKEHUS K ONTUMY-
My [17]. IIpouenypa onTUMMU3aLUM SKCIIEPUMEHTATbHOTO A13aiiHa ¢ UC-
nonb3oBaHueM RSM cocTouT u3 cnepyromux maros [18]:

1. Ompenenenne ¢GpakTopoB (HE3aBUCUMbBIX ITEPEMEHHbIX) U KeJTaeMbIX

OTKJIMKOB.

2. BbIOOp mopxopsiiero AusaiiHa (MOLEN) MPOeKTUPOBAHMS [JIS COOT-

BETCTBMSI IOBEPXHOCTSIM OTKJIMKA.

3. IMonmrBepskaeHMe MOgO6PaHHOrO aM3aitHa.
4. OrmpepeneHye ONTUMAaIbHOTO Habopa GakTOpOB.

Ecmu OTKIMK XOPOLIO BBIPaKEH JIMHEHOV MOJeNbl0 He3aBMCHMBIX
repeMeHHbIX, TO MCIIONb3yeTCsl ypaBHeHMe perpeccun 1-ro mim 2-ro mno-
psiika. XoTs MonMHoMManbHass QYHKLIMS He MOXKET ObITb IOAXOISIIVM
MPUGTVKEHNEM IS BCEX MPOCTPAHCTB (PAKTOPOB, AJISI OTHOCUTETbHO
He6O0/bILO} 06/1aCTY OHA OOBIYHO paboTaeT CPaBHUTENBHO XOpolo [19].
[t TIpOBepKyM IpeicKa3aTelbHOI CIIOCOGHOCTY MMOL0OPaHHOIO AM3aii-
Ha neper (GUHAIBHBIM MPOTHO3MPOBAHMEM Yallle BCErO MUCIIONb3YeTCsI
nucrnepcuonHsbiii aHanu3 (ANOVA). C ero nomoIbio MOATBEPXKIAETCS,
YTO MaTeMaTuyeckasi MoJeslb 06ecreunBaeT aieKBaTHOe IPUOIMKeHMe
(akTMYeCcKOro MoBeieHMsT OTKIMKA.

RSM ceropHst JOCTaTOYHO LIMPOKO IMPUMEHSIETCS] AJIsT pa3paboTKu
IIJIEHOK Ha OCHOBe OJHOTO M/ HEeCKOJbKMX MOMINCaxapugoB C pasand-
HbIMM Jo6aBKaMy. Takoil ITOIXOZ M03BOJSIET IIPOTHO3YPOBATh IIOKa3a-
Tely TUIEHOYHBbIX MaTepuasoB, UX M3MeHeHMsl NIPM BapbUPOBAaHUMU CO-
CTaBa KOMMO3ULIMM U U3y4aTh 3(deKThl B3aMMOAECTBIUS TapaMeTPOB
rpolecca rmoayJeHus: 06pasuoB. st TaKUX TPUIOKEHUI B aBGCOMIOTHOM
GOJIBIIMHCTBE CTyyaeB MCIONb3YIOT Nu3aiiH Bokca-BeHkeHa, cormacHO
KOTOpPOMY Kaxk[iasi He3aByUCHMMasl llepeMeHHasi IpMHMMaeT OJHO U3 Tpex
PaBHOOTCTOSMINX 3HAUEHMUIT, 06BIYHO KOAMPYeMbIX Kak —1, 0, +1. ABTO-
pbI [20] IpMMeHMUAM MOLeNb ONTUMM3ALUU [JIS1 XUTO3aHOBOJ IIJIEHKU
€ 5KCTPAaKTOM BOJIOKHMCTOJ ipeBeCMHbI KallITaHa [ToceBHOT0. Mozenb no-
3BOJIMJIA MYMHMMM3MPOBATh BJIarOCOAepKaHe 1 yIjIiHeHe IIPY Pa3pbl-

Be, a TaKKe MaKCMMM3MPOBATh TPOYHOCTD Ha pacTsKeHMe U cofiepkaHue
nonudenonoB. Matepuarn ¢ conepxanuem mnonucaxapuna (1,93 mac. %),
dutoskcrpakTa (0,97 mac. %) u rnutiepuna (I, 30,0 mac. %) xapakTepu-
3yeTcsl CTabMIbHBIMM (GU3MKO-MeXxaHMYeCKMMM CBOJCTBaMM (comepska-
Hue Bnaru 17,0%, o, 16,7 MITa, g, 10,4%, obiee conepxanue GeHONIOB
19,4 mr/r o6pasua). CTaTucTnyeckasl MpoBepKa KOHLEMUMM IOKa3ana
JOCTaTOYHYIO TOYHOCTb C MaKCMMaIbHOI aGCOMIOTHOM OCTaTOYHOIA I10-
IPeIHOCThIO 10 22,2 %.

C nomouipio RSM onTummsmpoBaiu Takke COCTaB U YCIOBUSI ITOTyYe-
HMS KPaxMaJIbHBIX IIJIEHOYHBIX MaTepuasos, Iie/leBbIM Ha3HaueHMeM KO-
TOPBIX SBJISIETCS YIIAaKOBKA MMUIIEBBIX IPOAYKTOB. PacyeTbl, OCHOBaHHbIE
Ha nu3aiiHe Bokca-beHkeHa, TpoBeneHbl JJ1s1 IJIEHOK aleTWIMPOBAaHHOTO
Kpaxmaia 13 ¢puosneroBoro 6arara [21], kpaxmana MaHKOKH [22], caro [23],
KYKYpy3HOT0 Kpaxmaria [24], BBICOKOaMMUIO3HOTO PUCOBOTO Kpaxmaa [25],
KpaxMaJia 13 KOCTOYeK aBoKafo [26] u np. CienyeT OTMETUTb, UTO B ab-
COJTIOTHOM GOJIBIIMHCTBE CTy4aeB BbIGMPAETCsl COOTHOLIeHe KOMITOHEH-
TOB IJIEHKOOOPA3yIOLIero pacTBopa, KOTOpoe 06ecrieunBaeT iIeHOYHbIM
MaTepuaiaM ONpeneleHHbI Hab0p MOTPEBUTENTBCKUX CBOICTB. Kak mpa-
BUJIO, UCC/IENOBATEMN CTPEMSITCSI OCTUTHYTh GajaHCa MEXLY HU3KUMMU
roKa3aTesIMM PAacTBOPMMOCTY B BOZE ¥ IPOHMULIAEMOCTHM AJISl BOLSHBIX
1apOB, BEICOKMMM ITPOYHOCTBIO, TMOKOCTBIO U PACTSDKEHEM.

Hamu panee roxkasaHo [27], 4TO Ha OCHOBE KOMIIO31Ta, BK/IIOUalollle-
ro KyKypy3HbIli Kpaxmai, HaTpueBylo conb KMII u IIBC, BO3MOXXHO 10-
JIy4eHMe TIEHOYHBIX MaTepuaoB, 06/IafaoyxX IpueMiaeMbIM it YM
HabopoM COPOLIMOHHBIX, 6apbePHBIX ¥ MeXaHMYeCKMX MapaMeTpoB Mpyu
OTIpe/ie/IEeHHOM KOJMYEeCTBEHHOM COCTaBe TIEHKOOGPA3yIoleil KOMITO-
sunun. Tak, mpu cootHomenuu Kp: KMII 80:20 mac./mac. nobaBieHue
10-15,5% IIBC 30-40% ruuepuna (tutactudmraTop) n 5-9 % ammMoH-
Holt kucnoTs! (JIK, ciimBarouyit areHT) OTHOCMTEeIbHO MaccChl 10y caxa-
puUIoB obecrieynBaeT CHIKeHVe HaGyxaHusl, TapOIPOHUIIAeMOCTH, I10-
BBIILIAET JJOMTIO T'eJisl, IPOYHOCTb U YAIVHEeHKe 00pa3LioB.

Lleb0 [AaHHOTO MCC/IENOBAHUS SIBJSUICS BBIGOP ONTMMAIBHOIO CO-
cTaBa KOMIIO3MLIMY, BKIIOYaloLleli KyKypysHbii kpaxmai, KML, I1BC, I't
n JIK, njist monydeHus: IVIeHOYHBIX MaTepuanoB ¢ HAGOPOM 3KCIUTyaTa-
LIVOHHBIX CBOVICTB 33JJaHHOT'O YPOBHS C MCIIOJIb30BaHMEM MeTOZ 00T VN
TTOBEPXHOCTM OTKJIMKA.

2. OG'BEKTHI MU METOABI

[ viccnenoBaHMs UCIIONb30BaIN: KYKypy3HbIi Kpaxman («[I[poMAr-
pollak», Poccust) B coorBerctBum ¢ TOCT 32159-2013!, narpuit kap6oK-
cumeTwnyemnonosy, E466 (USK Chemical, Typuus), MoavMBUHWIOBBIA
cripr, Mmapka 11/2, TOCT 10779-782% («<HeBuHHOMBICCKUIT A30T», Poc-
cust), IMMOHHYIO KUCIIOTY, X. 4. («LIuTpo6esn», Poccus), IULEPUH, Y. [. a.
(«KommoneHT-peakTuB», Poccust). Ha Bcex sTamax sKCIIepMMeEHTOB MC-
10/Ib30BaJIaCh JUCTMUIIIMPOBAHHAS BOJA.

CoorHomeHne kpaxman: KMII 1y Bcex 00pasi[OB COCTaBJISLIO
80:20 mac. %. O6pasipl IMoaydanu CleayliuM obpasom. Kpaxman
(1,2 r) mpegBapMTeNIbHO MOABEPrajN KeJIaTUHMU3AMM B 50 M1 BOZbI IIpH
temieparype 95 °C B TeueHne 40 MUHYT IIPU IIOCTOSTHHOM ITepeMellBa-
avm. PactBoper KMII u IIBC rotoBuiu rmytem pactBoperusi B 50 mu ro-
pstueit Bogbl 0,3 T' ¥ 5 T COOTBETCTBEHHO KaskIOTo nonumMepa. CoennHsm
pactBopsl kpaxmana u KML, BHocwiu mmactugukarop (I71), curmBarommit
arenT (JIK), pactBop IIBC, nmepememnmanu (50 °C, 0,5 u), oxnaskaanu 10
KOMHATHOM TeMIlepaTypbl. 3aTeM IIOJyUYeHHbIi TJIeHKOO6Pas3yIomii
pacTBOp BbIAEPKMBAIN B TeYeHMe CYTOK ISl Jeaspalyy, pasnyuBaiy Ha
MOJIVCTMPO/IbHBIE Yauiky [TeTpu (TOMLIMHA C/10sI pacTBOpa 6 MM) U BBICY-
umBanayu B geruapatope FDW-08 (Libhof, CrnoBakus) npu temrieparype
40 °C B TeueHue 24 u. Konmuectso I'1, JIK u pactBopa I1BC onpenensinioch
MPOLIEHTHBIM COZiep’kaHMeM KOMITIOHEHTa 110 OTHOLIEHMIO K Macce cMe-
cu kpaxmasi/KMLI. [TonyyeHHble ieHKM umenu tonmuny 0,10+0,02 mm,
6bUIM I7IaJKMMM, POBHBIMY U [TPO3PAYHBIMU.

Tlo omycaHHOV MeTOOMKE TAKXKe MOIydaau TIEHKU GOJbIIero oobe-
Ma, MaKCMMaJbHBI pasMep cocTaBisul 25 X 25 ¢cm. O6pasibl 601b1IIOr0
¥ MaJIeHbKOTO pa3Mepa MMely OfAVHAKOBble CBOJCTBA.

I'paBMMeTpPUYECKMM METOLOM OIIpeNeNsiii 3HaUeHUs CTelleHM Haby-
xauust (CH), maccoBoii monu resst (IT) [28], TIIT3. Mexanuueckue xapak-
TEPUCTUKU — Gp, &, MOAYIb FOHra (Ep) 06pasloB (IMpyUHA 3 MM, AJIM-
Ha paboueii yactu 35 Mm) usmepsiu npu 25 °C Ha pa3pbIBHON MallyHe
Autograph AGS-H (Shimadzu, ImoHusI); CKOPOCTb PaCTSSKEHUSI COCTAB-
Jsu1a 5 MM/MUH.

! TOCT 32159-2013 «Kpaxmas KyKypy3Hblit. OBIie TeXHUIECKIE YCTOBUS». —
M.: CranpaptuHdopm, 2019. — 12 c.

2 TOCT 10779-78 «CnupT NONMBUHMIIOBBIN. TexHMYeckue ycnoBusi». — M.: 3-
JIaTeabCTBO CTaHAapToB, 1987. — 24 c.

® ASTM E96/E96M-23 «Standard Test Methods for Gravimetric Determination
of Water Vapor Transmission Rate of Materials» West Conshohocken: ASTM,
2023. — 6 p.
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OnTuMM3aLMIO COCTaBa IIEHKOOOpasymwlleil KOMIO3MUIUY IIPOBO-
JIAIK C TIOMOIIbIO METOJ0/MOTMY MTOBEPXHOCTY OTK/IMKA, Mojesnb Bokca-
BenkeHa. Bce aKkcmepMMeHTa/lbHbIe Pe3ylbTaThl GbUIM agaNTUPOBAHbI
K IIOJIMHOMMAJIbHO¥ MO/ BTOPOTO MOPsIAKa:

k k k
Y=Yy + Y aX; + Y bXX; + Y X7, )
i=1 i,j=1 i=1

rge Y — MporHO3MpPyeMblil pe3ynbTatr (llepeMeHHasi OTK/IMKa); X — He3aBU-
cuMas TepeMeHHas; Yy — KOHCTaHTa; k — KOJMYeCTBO He3aBUCHUMBbIX
nepeMeHHbIX; a;, by, C;; — NuHeliHble, GUNMHEeliHbIE M KBaJpaTUYHbIE KO-
3bduLMeHTb MOJeNM IS KaxkI0i MPOrHO3UpyeMoil mepeMeHHO COOT-
BETCTBEHHO.

[IpurogHOCTh MOZENM OLIeHMBAIM C MOMOIIbI0 pacueta One-Way
ANOVA, xoTOpbIit TIpoBOAWIM Ha YpoBHe sHaummoctu p=0,05. Amek-
BATHOCTb OLIEHKY MPUTOLHOCTYU MOJMHOMMUAIbHOM MOJEeNI OlleHUBaIu
1o 3HaueHusiMm F-kpurtepus @uiepa u ko3bbumeHTa AeTepMUHALIIN
(R?). Ilns maTeMaTMUECKUX M CTATUCTUUECKUX PACYETOB MCIIONb30BA-
M porpaMMHbIi makeT Statgraphics (ver. Centurion 18, Statgraphics
Technologies Inc., CIIIA). B3auMoeiicTBIe MEXAY IT€PEMEHHBIMI TTPO-
Lecca ¥ OTBETAaMM aHAIM3UPOBAIU TaKKe rpadMuecKku ImyTeM MoCcTpoe-
HMSI COOTBETCTBYIOLIMX TPEXMEPHBIX IPa(GyKOB B paMKaX METOLOIOTUNI
TOBEPXHOCTU OTK/IUKA.

3. Pe3ynbTaThl M 00CYKAEHUE

Ilnst mpoBefeHMsT ONTUMM3ALMM COCTABA IVIEHOUHBIX 06pa31[0B HAMU
6bUIa MCIIONb30BaHA MOJENb C TPeMsI He3aBMCUMBIMM IIepeMeHHbIMMU:
X; — 7,10 unu 15,5 mac. % IIBC, X, — 25, 37,5 uiu 50 mac. % I, Xz — 5,
7 umn 9 mac. % JIK; a Takke C 11ecTblo mepeMmeHHbIMM oTKauKa: CH (%),
IT (%), III (r/(M2- cyT)), o, (MITa), ¢, (%), Eg (MI1a).

Vcnonb3yemble YPOBHM He3aBUCUMMBbIX ITIePeMEHHBIX B COOTBETCTBUU
¢ momenbio bokca-BeHkeHa GblIM BhIOpAHbl HA OCHOBE IIPENBapUTETb-
HBIX 9KCIIEPMMEHTOB U TEXHMUYECKUX OTpaHuueHuit uccienoBanusi. Pax-
TOPHBIN IVIaH BKIIOYaA 17 3KCIIepMMEHTOB: ABEHAAATh TOUEK TaHHBIX
(3KCTpeMYMOB) Ha ypOBHSX (—1) u (+1) u TpeTnit HaboOp, COCTOSIMIT U3
ISITY TIOBTOPEHMII TOYEK B Hauyaje KOOPAMHAT (LeHTPaJbHble TOUKM),
3aKoAMpOBaHHbIX Kak (0). Bce aHa/in3bl MPOBOAMINCH B CIy4aitHOM T10-
psake (Tabauua 1). TIopsmoK paHOOMM3ALMM CepUii ObUT MCITOIb30BaH
IS MMHUMM3ALMM BO3JEMCTBIUSI HEKOHTPOIMPYEMbIX (aKTOPOB, aHAIO-
I'MYHO IIpeJIoKeHHOMY aBTopamu [29]. Bce cocTaBsl 6N MTPOBEPEHbI
B TPeX MOBTOpax. JKCII€PUMEHTaIbHbIe JaHHbIE IJIs1 BHIGPAHHOM MOZeu
npeacrasiaeHbl B Tabnuiie 2.

AHanu3 nuTepaTypHBIX AAHHBIX [TOKa3aJl, YTO IJIs MOMMCaXapUIHbIX
MUIIEeBbIX TUIEHOK OTCYTCTBYIOT HOPMbI KOJMUYECTBEHHBIX XapaKTepu-
CTUK (PU3UKO-XMMUUECKUX M MeXaHMUeCKMX CBOMCTB. [Ipy BbhIGOpE CO-
CTaBa MoJIMMEePHOI KOMITO3UITUM UCXOISAT U3 CJIeIYIOIMX MPaKTUIeCKUX
coobpaskeHuii. [nieBas IieHKa He IO/DKHA HabyxaTh U TeM Gosee pac-
TBOPSITBCSI B BOAE, T. €. IJis1 06ecrieueHuss BOLOCTOMKOCTU TIEHOYHOTO
MaTepuasa ero CrereHb HabyxaHUs JOKHA ObITh MMHMMAaIbHOV. [Toka-
3aTenb [1I1 Takke HEOOGXOAMMO MMHMMM3MPOBATH, TOCKOIbKY HaIuuue
BJIaru B YIIaKOBKe MPUBOLUT K OKUCIEHUIO TIPOLYKTOB, IPUUEM B Cydyae
VHTEHCUBHOTO IlepeHoca BOJSHOTO Napa MeXIy OKpYyKallleil cpenoi
¥ IPOOYKTOM CKOPOCTb OKMCIeHMSI 3HAauuTeNbHO Bo3spacraeT [30,31].
3HaveHMe 10/ Teflsl COOTBETCTBYET KOJMMYEeCTBY HepacTBOPUMOIi (pak-
UMM TUIEHKM B pe3ysibTaTe 06pa30BaHMsI MEXKMOJIEKY/ISIPHBIX TOMepey-
HBIX CBsI3ell MeXIy MaKpoMojeKyJlaMi MOIMMEPOB B COCTaBe KOMIIO-
suyu. CrenoBaTenbHO, UeM Bblille BeanumHa [T, TeM MeHblie GymeT
MUTpaLysl PACTBOPUMBIX BellleCTB U3 IMOJIMMEePHOI MaTPUIIbl B MUIEBO
MPOAYKT. BakHOI 0C06€HHOCTbIO YM SIBJISIOTCST €70 MeXaHW4YeCKye CBOi-
ctBa. [I[pouHOCTb Ha pa3pbIB MOKa3bIBAET, HACKOIbKO YCTOMUYMB MaTepuast
K NIPUIOKEHHOMY [aBjeHMIO, YIIMHeHe TPy pa3pbiBe 1 Monayab IOHra
OTPa’KaloT ero YCTOMUMBOCTD K ITPOOTbHON Aedopmanyy mpy pacTsike-
HUM, TIOITOMY MIeaTbHbIM COYeTaHMeM GyfieT BbICOKOe 3HaYeHMe Gy, &,
U HU3KOe 3HaueHue Ej.

[Ipyt 9TOM CTOMT OTMETUTD, UTO TaKMe Mapamerpsl, Kak IIIl, o, u g,
BK/IIOUEHBI B TiepeyeHb (GU3UKO-MeXaHUUECKUX TToKa3aTesell, KOTopbie
pernamenTupytorcss TOCT P 57432-20174. JlaHHbIi CTaHZapT pacIipo-
CTpaHsIeTCs] Ha TUIEHKY, M3TOTOBJIIEHHYIO MEeTOJaMy 3KCTPY3uu, MoInBa
U TepMOpOPMOBaHMSI, B TOM YKC/Ie TONYYEHHYIO CMeIIeHreM 6uopas-
JlaraeMbIX IIOJVMMEDPHBIX MaTepuajaoB M MpeJHa3HAYeHHYIO JI U3ro-
TOBJeHMST ymakoBKkU. COIlaCHO HOPMAaTUMBHOMY [IOKYMEHTY, MapoIpo-
HUILIAeMOCTb [JISI TAKUX IUICHOK LOJIKHA 6bITh He 6osee 300 r/(M2~CyT),
MIPOYHOCTH NPY pacTsbkeHuy — He MeHee 14 MIla, oTHOCUTENIbHOE YIJIN-
HeHMe [IpU pa3pbiBe — He MeHee 5 %.

4 TOCT P 57432-17 «YnakoBka. Ilienku u3 GuopasnaraeMoro matepuana. O6-
1Iye TeXHU4YeCKue ycinoBusi». — M.: Crangaptuudopm, 2019. — 8 c.

Ta6n1/111a 1. HezaBucumbIe IIepeMeHHbIC U X YPOBHU VIS COCTAaBOB

Kp/KMII/TIBC/T1/JIK
Table 1. Independent variables and their levels for the compositions S/CMC/
PVA/GI/CA
N2 onbiTa X (%) X5 (%) Xz (%)
1 0 -1 +1
2 -1 0 -1
3 +1 +1 0
4 +1 -1 0
5 0 +1 -1
6 -1 -1 0
7 -1 0 +1
8 0 +1 +1
9 +1 0 +1
10 0 0 0
11 -1 +1 0
12 0 0 0
13 0 0 0
14 0 0 0
15 0 -1 -1
16 0 0 0
17 +1 0 -1

Ta6nuia 2. IRCIepMMeHTaIbHbIe JaHHbIe
JIJISI CTATUCTUYECKOI 06paboTKM
Table 2. Experimental data for statistical processing

Pg¥ ¥ % x . x5 B, &
<2 B8 FE HE £ o HL %2 0% %
S BEE B BEf O 72 EE& & &
1 10 25 9 346,5 72,5 44,0 20,0 1,1 2163,2
2 7 37,5 5 1346,2 62,0 550 29,3 6,1 1409,2
3 15,5 50 7 295,6 60,2 60,9 25,2 7,9 932,2
4 15,5 25 7 654,0 68,1 46,9 26,9 4,1 2074,3
5 10 50 5 1169,2 584 60,7 252 52 13485
6 7 25 7 782,4 72,2 558 30,7 2,0 1997,9
7 7 37,5 9 5954 69,0 40,1 26,3 49 12957
8 10 50 9 570,35 70,1 48,0 16,7 34 12713
9 15,5 37,5 9 4971 744 37,3 159 1,4 1665,1
10 10 37,5 7 759,0 66,3 46,1 27,0 4,2 1160,3
11 7 50 7 766,6 670 68,7 19,8 8,2 1137,1
12 10 37,5 7 753,4 67,1 448 31,7 4,1 1528,7
13 10 37,5 7 757,2 66,2 470 27,1 4,1 13345
14 10 37,5 7 753,2 65,7 46,0 31,1 4,5 1314,9
15 10 25 5 996,0 60,2 452 38,6 2,0 18739
16 10 37,5 7 755,1 66,1 46,6 28,8 4,3 1452,0
17 15,5 37,5 5 800,4 64,3 456 36,1 6,2 17857

CorocraByieHVe SKCIIEPUMEHTATIbHO TOTyYeHHbIX pe3ynbraToB (Tab-
ymua 2) ¢ Hopmamu TOCT P 57432-20174 mokasbIBaerT, 4TO TONBKO 5 cocTa-
BoB 13 17 (N2 2, 3, 5, 11 u 17) umeror sHauenus I1I1, Gp U €, COOTBETCTBY-
101ie TPeGOBAHMSIM 3TOrO HOPMATMBHOTO JTOKYMEHTa, OGHAKO 4 U3 HUX
XapaKTepU3YIOTCS OueHb BBICOKOJ CITOCOGHOCTHIO K TOMIOIIEHUIO BOIbI.
Tax, CH coctaBoB N2 11, 17 cocraBistet okoo 800 %, N2 2, 5 — Beimie 1000 %,
YTO OTHOCUT 3TM 06pasLipl K KaTeropum cyrnepancopbeHToB [29]. CocraB
Ne 3, prumouarormii 15,5 mac. % INBC, 50 mac. % I'm u 7 mac. % JIK, roka-
3bIBaeT MUHMMAaIbHOe HabyxaHue (295,6%) 1 BBICOKYIO 3MacTMYHOCTD (Ey
932,2 MIIa) Ipy OTHOCUTEIbHO HEBBICOKOJ [Tojie Tesib-pakiym (60,2 %).

IpencraBneHHble B Tabiuie 2 pesylbTaTbl JEMOHCTPUPYIOT, UTO
KOMOMHALMST He3aBUCUMMBIX I€pPEMEHHBIX, TO3BOJSIOIIAs AOCTUTHYThH
IIpueM/ieMble 3HAaYeHMS BCeX IIeCTU IT€PpeMEHHBIX OTK/IMKA, MOXKET 6bITI>
MoJTyyeHa U3 JaHHbIX SKCIIEPUMEHTA TOIbKO MTPU UCTIOIb30BAHUM CTATU-
CTUYecKoit 06paboTku. Ha ocHoBe ypaBHeHus (1) Ij1st paccMaTpyUBaeMbIX
MPEeEIOB 9KCIIePUMEHTATbHBIX OTPAHUYEHMI ObUIM TTOTYYEHbBI CJIEYIO-
Iyie perpeccuoHHbIe 3aBUCYMOCTH:

CH = 2890,1+59,39 X [[1] - 53,24 x [[IBC] - 655,6 X [JIK] +
+0,51 x [I1] x [JIK] - 2,057 x [Tr] % [TIBC] + 13,42 x [TIBC] % [JIK] -

-0,55 x [T]2+25,01 x [JIK]2-0,0067 x [TIBC]?, )

IIT = 52,96+0,43 x [[71] - 1,84 x [[TBC] +2,92x[JIK] -

-6,0% 1073 x [[1] % [JIK] - 0,018 x [[1] x [TIBC] +0,059 x [TIBC] x [JIK] -
~4,90 x 103 x [[1]2- 0,054 x [JIK]2+0,090 X [TIBC]?, 3)
TIIT = 86,51 —2,90 x [[1] - 8,47 x [TIBC] - 18,28 x [JIK] -
-0,12 x [[1] X [JIK] +9,87 x 10-3 x [Tn] % [[IBC] +0,15 x [[IBC] X [JIK] +

+0,054 x [[n]? - 1,28 x [JIK]?+0,28 x [TIBC?, )
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o, = 25,42-0,21 X [[1] +2,63 X [TIBC] +2,89 x [JIK] +
+0,10 X [In]  [JIK] +0,044 x [Tn] x [TIBC] - 0,47 x [TIBC] X [JIK] -
-0,017 x [T1]2-0,35 x [JIK]2- 0,048 X [TIBC]?, )

&, =—15,14+0,41 X [[1] - 1,04 x [TTBC] +4,90 x [JIK] -
~8,90x1073 x [I'] % [JIK] - 8,45x10~3 x [Ir] x [TIBC] - 0,12 x [TIBC] X [JIK] -
~1,36x1073 % [T1]?-0,28 x [JIK]2—0,0944 X [TIBC]?, 6)

Eo = 2081,6- 58,65 x [[n] + 137,2 X [TIBC] +77,0x[JIK] -
-3,67 % [[n] X [JIK] - 5,68 x [[1] % [TIBC] - 2,05 x [TIBC] X [JIK] +
+1,37 % [[]+5,77 % [JIK]2+ 6,23 x [TIBC]?, )

CoracHO CBOIHBIM AaHHBIM pe3ynbTaToB ANOVA (Ta6nuia 3), ypas-
HeHus perpeccuu (2)—(7) UMEIOT 3HAaUMMOCTb U KO3(POUIIMEHT OeTEPMMU-
Haluy, IO3BOJISIIONIME UCIONb30BaTh UX AJIs1 JajabHelIIero mporHo3upo-
BaHMS COCTaBa IJIEHOUHBIX MaTepyuanos. M3 pe3ynbTaToB ONTUMU3ALINAY,
rpezcTaBaeHHbIX B Tabmuiie 4, BULHO, YTO OIHOBPEMEHHOe BapbMpOBa-
HJe KOHLIEHTPalyy He3aBYICUMBIX [IepeMEeHHBIX B 3aJaHHOM Ayalla3oHe
UX 3HaUeHUil NPUBOOUT K M3MEHEHUIO BceX IOKasaTesell IMIeHOUYHBIX
06pa3sioB B JOBOIBHO IIMPOKOM MHTepBasie. M3 9Toro ciegyet, 4yTo pac-
YeT 10 AAaHHBIM YPaBHEHMSIM He TMO3BOJISIET CIe/IaTh OUE€BUIHBIM BbIGOD
HaIpaB/IeHUs] BapbUPOBaHMS NepeMeHHbIX (GakTopoB. [IosToMy mOMOI-
HUTEbHO GbUTU IIOCTPOEHbI TPEXMepPHbIe rpadMKM KOHTYpa MOBEPXHOCTH,
MO3BOJISIIONINE BU3YalIbHO OLIEHUTDH BIMSIHME BCEX HE3aBUCUMBIX Iepe-
MeHHBIX ([1BC, I, JIK) Ha Kaskayio U3 IepeMeHHbIX OTKIMKa (PUCYHOK 1).

Ananu3 gauHbix Tabnuist 4 v PucyHka 1 IpUBOAUT K CJIEAYIOIIMM 3a-
KJIIOUEHMSIM.

1. MuHMMM3auusl CTereHy HaOyxaHWUsl HOCTUTAETCSl TPU yBeaude-
Hum [JIK], [[IBC] 1 [I1]. 3TO MOTHOCTBIO COITIACYeTCs C UMEIOLMMMCS JIN-
TepaTypHbIMU JaHHBIMMU.

Bo-1mepBbIX, MOBBIIIEHYE KOMMYECTBA MOIMKApOOHOBO KUCIOTHI CIIO-
COGCTBYET 3HAUUTENIbHOMY yMeHbIeHMio CH B KOMITO3UTe Ha OCHOBE I10-
nmucaxapupa u [1BC BciecTBMe yBenueHus CTeNeHN CIUIMBKY IOTMMEPHO
CeTK. ITO 06ecrieynBaeTcs 3a CUET MPOTEKAHNsI PpeakLuy sTepuduramm
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Tabnuua 3. CBogHbIe JaHHbIE pe3yabTaTtoB ANOVA
Table 3. Summary of ANOVA results

Ilepe- C CpenHee
MeHHas YMMa  pp gBagpa- F p R?
oTkimka VrOAAEH TUYHOE
CH 1,04E+06 9 1,15E + 05 14,79  0,0009 95,01
ar 264,78 9 29,42 3,46 0,0578 81,66
I1I1 1037,81 9 115,31 30,54  0,0001 97,52
op 582,74 9 64,75 13,95  0,0011 94,72
&p 58,99 9 6,56 6,15 0,0128 88,78
E, 1,66E+06 9 1,84E + 05 3,53 0,0553 81,93

Ta6nuiia 4. ONTUMU3UPOBAHHbIE KOHIIEHTPALMN
IIBC, I'm n JIK o191 MakCMMa/IbHbIX M MMHMMA/IbHbIX 3HAYE€HUI
IepeMeHHbIX OTK/INKa
Table 4. Optimized concentrations of PVA, Gl and CA for maximum
and minimum values of response variables

Hepeme}maﬂ OTKJ/IMKa

[IIBC], mac. % [I1], mac. % [JIK], mac. %

3
o

CH. % CHpax=1370,8 7 43,7 5
CHypin=294,7 15,5 50 8,4

1T % DTy = 73,4 15,5 25 9
ITmin=57,1 13,7 50 5

I, M1, =70,5 7 50 5
/(M CYT) ML, ;= 34,6 12,2 33,8 9
o M p max=38,7 15,5 29,2 5
P Gpmin=11,6 15,5 25 9
- €p max =81 15,5 50 5
P €pmin=1,7 9,7 25 5
Fo Ml Ep max=2943,7 15,5 25 9
Eg min=987,5 13,3 50 9

:

PVA

Eo

. 900,0
I 1060,0
. 1220,0
o 1380,0
 1540,0
8 1700,0
I 1860,0

2020,0

2180,0

2340,0
B 2500,0
o | 2660,0

25
30 35 40 45 50 5 6 CA
Gl

PucyHok 1. 'padyuKku TOBepXHOCTY OTK/IMKA, ITIOKa3bIBaloIVie BIVSIHNE He3aBUCUMMBIX ITepeMeHHbIX IIBC, JIK u I't Ha nepeMeHHbIe
OTK/IMKA KoMIT03uTa KyKypy3Hbiit Kp/KMII: A) crerteHb HaGyxauus; B) mous reis; C) maponpoHuiaeMocTb; D) mpoYyHOCTH
npu pactsbkeHnu; E) oTHocuTe/bHOe yamuHeHNe npu paspseise; F) momyns FOHra
Figure 1. Response surface plots showing the influence of independent variables PVA, CA and Gl on the response variables of the corn S/CMC composite:
A) swelling degree; B) gel fraction; C) water vapor transmission rate; D) tensile strength; E) elongation at break; F) Young’s modulus
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¢ yuactueMm OH rpynn nomumepos 1 COOH kucnotsl [32,33]. B pesynbTa-
Te COPOLMOHHbIE CBOVCTBA TMAPOTe/S YXYAUIAOTCS. B0 TokasaHo, 4yTo
oC/Ie OOCTVSKEHUS] HEKOTOpO# KoHueHTpauuy JIK crereHb HaGyxaHUs
ruaporesnisi He M3MeHsieTcsl [34]. B cryuae BBemeHMsl CIMIIKOM OO/bLIO-
ro konmmuectBa JIK MoskeT Ha6/II0OaThCsT TIPOTMBOIIONOKHBIN 3 deEKT, Kak
6bLJI0 OTMEYEHO aBTOpaM¥ [35], /ISl CYCTeMbl, BRIIOYAIOLeli paCTBOPUMBII
kpaxmai 1 [1BC. [IpyunHOI 3TOTO SBJSIeTCS B3ayMO/IEICTBME TOIBKO O/l -
HOJi Kap6okcmipHOM rpymmsl JIK ¢ rumpokcmicogepskaym MmoauMepoM,
COMpOBOKAAOIIeecs: 06pa3oBaHNeM OOBEMHBIX CITOKHOI(MUPHBIX TPYIIIT
B 6OKOBOI1 11eMM TOTMMepPa, KOTOpbIe JeMCTBYIOT Kak IIacTU(GUKaToOp.

Bo-BTOpBIX, pocT [[71] 1O HEKOTOPOI «KPUTUYECKOJi» KOHLIeHTpaLyn
(40 mac. % B [35]) MoxeT crioco6eTBOBaTh CHIDKeHMI0O CH 3a cyet yBe-
nueHMs: Konmndectsa H-cBsizeit B komnosure. IIpennonaraercs [35], 4To
Hanmuye Tpex OH rpymn B rniiepyHe o6jerdyaet 06pa3oBaHme BOJOPOS-
HBIX CBSI3€ei1 ¢ ruApoKcwIbHbIMY rpynnamy [IBC 1 monmycaxapuioB (XOTS
OHM SIBJISIIOTCSI MeHee MPOYHBIMU, YeM MEKAY KapOOKCUIbHBIMM IPYIITa-
vy JIK u OH rpynnamy nonumepos). Takoe mpefronoxkeHye KOCBEHHO
MOATBEPXAAIOT IIOTyYeHHble HaMM AaHHble [1s1 cocTaBoB N2 3 u 4: mpu
paBHbIX [[IBC] u [JIK] 60ee Hu3kast CH HabmonaeTcs B cryyae MeHbIIei
BennuyHbl [[71]. OgHaKo, M3MeHeHMe KonuuecTBa [71 He oka3bIBaeT TaKko-
ro BaMsiHMS Ha BennuuHy CH npy CHYOKeHUM WM yBeINYeHMM KOHLeH-
Tpaluuu ClIMBamiiero areHra (cocrasbl N2 1, 8 u 5, 15). Takum o6pasom,
TUIIOTETUYECKY MOXKHO CUMTATh, YTO OCHOBHO BKJIaJ, B peryaMpoBaHye
Croco6HOCTY K HabyXaHUIO ISl HammX o6pasuos BHOCUT JIK.

B-tpetbux, IIBC nerko B3auMMozeiicTByeT CO BCeMM KOMIIOHEHTaMM
KOMITO3MIMM: C KpaXMajIOM 3a CueT MeXMOoJeKyasapHbIx H-B3aumoneii-
CTBUII MeXIy QYHKUMOHAJIBHBIMM TPYIIIaMM MoaumepoB [36]; ¢ KMI]
I0CPeACTBOM BOLOPOIHBIX cBs3ell mexxay OH rpynmamu B [1BC m Kap-
60kcuMeTHabHBIMY rpyniamMu B KMI] [37], a Takoke MOCPeCTBOM CIOXK-
HO3(DUPHBIX CBsI3€i, 06Pa3yIOUMXCS IPYU CIIMBKE JIMMOHHOM KUCIOTOI.
Takum o6pasom, cHmkeHue CH B paccMaTpuBaeMoil cucrteMe MpeAro-
JIOXKUTEJIbHO GyJeT MPOUCXOAMUTD MPY YBEIMUEHUM KOHIIEHTPAIU BCeX
He3aBUCUMbIX [TepeMeHHbIX. [Ipy 3TOM HeO6XOAMMO YCTaHOBIEHYE TTpe-
nenbHbIX [JIK] m [[71], BbIlIe KOTOPBIX HAYMHAETCS TpeobiafaHme IIacTm-
unmpyromiero addexTa Haj IPOIECCOM CIIMBKM MaKPOMOJIEKYIT.

2. MakcumMm3sauusi Ao renb-(Qpakuuy SOCTUTAETCS MPU YBelIude-
Huu [JIK], [IIBC] u ymenbuieHun [I71]. AHAIOrM4YHOE BAMSIHME KOIUYECT-
Ba I'1 Ha Il B KpaxmascomepKalmx IIeHKax HabIofamyu aBTopsl [38].
Vmensbmienne [I' ¢ pocToM KOHIIEHTpaiyuu I CBSI3aHO ¢ ero ractudu-
uypyomuMu ceorictBamu. Biusinue I1BC min JIK Ha [T Takske 0ueBUIHO
U aHAJIOTMYHO o6Ccy>kmaeMomy 1yisl ciydaeB B3aumoneiictus IIBC u JIK
MeXXay co60ii 1 ¢ momicaxapuaaMun.

3. [IneHOUYHBbIE MaTepuaibl XapaKTepU3YIOTCS TOCTATOUHO HU3KUMU
3HAYEHUsMY TIaponpoHuIaeMoctu: menee 70 r/(m2-cyr) (Tabnuma 2),
YTO HAMHOT'O MeHblIlle BeIMYMHbI, yKazaHHoi B TOCT P 57432-17 (meHee
300 r/(m2-cyT)). CiegyeT oTMeTUTb, 4To BenmuuHa [T momucaxapup-
HBIX TVIEHOK MOXXET BapbMpPOBAThCS B OCTATOYHO IIMPOKOM JMarna3oHe
B 3aBUCMMOCTY OT COCTaBa 06PasLOB M PEXMMA UX MOTyYeHUS] (BpeMst
¥ TeMIlepaTypa CyIIKY, OTHOCUTeIbHasI BJIaXXHOCTb Bo3Ayxa). Hanpumep,
IUIEHKY U3 MIIEeHNYHOTO KpaxMmasa u copoura (40 mac. %), monydyeHHbIe
yepes 48 u BbIAEepKKM TP 36 °C U BIaKHOCTYU 54 %, XapaKTepU3yIOTCS
npeznenbHO HU3KUM 3HaueHuem 111 (okoso 10 r/(m2-cyT)) [39], a ruieHKku
13 PUCOBOTO KpaxMaJa C TAaKMM Ke CofiepskaHueM cop6uTa, HO C JPYTUM
peskumoM cymku (12 4, 60°C, BraxkHocTb 50 %) MpOITyCKAIOT BOISIHOM
nap B 15 pa3 untencusHee (I okomo 150 r/(m2-cyT)) [40]. CBemeHus
0 TIapOTIPOHUIIAEMOCTH ISl TNIEHOK, BKIouaoumx kpaxmai, KMII, ITIBC,
JIK un I'm, cogepxaTcst Tonbko B uccinepopanum [41]. Ilo manHbiM [41],
IUIeHKH, cofepskaume kpaxmai tannoku, KMLI u I1BC ¢ cooTHOLeHneM
(10-30):(35-45):(35-45) mac. %, cunrbie JIK u muactuguimpoBaHHbie
1 (15 n 10 % 110 OTHOIIEHNIO K MacCe MOIMMEPOB COOTBETCTBEHHO) U BbI-
cyurensbie ipu 60 °C B TeyeHue 12 4, Mpu pasjinyHON KOMOMHAILMM KOH-
LIeHTpaluii IOMMMEPOB IIPOMYCKAIOT BOASIHONM IMap CO CKOPOCTHIO MPU-
6musuTensHo 2500-3400 r/(M2-cyT). Kak BUAHO U3 IPUBEIEHHbIX BbILIe
IIaHHBIX Pa3/IMYHbIX aBTOPOB, apametp I1I1 oueHb Ta6UIBHBIN U CUIIBHO
3aBYMCUT OT KOJIMYECTBA Kpaxmaja B KOMIIO3UTe.

B Hamem ciyuyae cooTtHomeHue Kp, KMIL u IIBC cocraBisieT oKoio
(69-77):(17-19):(7-13) mac. %, T. e. BenmmuyuHa [Kp] JOCTaTOUHO Benuka,
YTO 1 06yC/IaBIMBaeT HeBbICOKYIO ITI1 rieHOK. BO3MOKHO, IO TpUYMHE He-
3HAYUTENIbHON MPOHNIIAEMOCTY BOJSIHOTO Napa o6pa3LaMy BeIpaskeHHOe
Bansinue Ha 111 He3aBUCUMMBIX ITlepeMeHHbIX OTCYTCTBYeT. [Ipu sTom [1BC
u I'n B koHUeHTpauysx 10-16 u 25-40 mac. % cOOTBETCTBEHHO 0becrieun-
BalOT cuHepruyeckuit 3hdekT, cHyKas MaporpoHMULIAeMOCTh, KaK OIuca-
HO J1J151 KOMIIO3MTa KyKypysHoro kpaxmaia/[1BC B uccinenosanvm [24].

4. BeMunMHbBI IIPOYHOCTY TIPU PaACTSIKeHMM Haimmx obpasios (15,9-
38,6 MIla (Tabnuiia 2)) XOpOIIO COTJIACYIOTCSI C MMEIOLIVMMUCSI B Hayu-
HOJ nuTepatype OJisl TUIEHOK Mogo6HOro cocraBa. Tak, B pabore [41]
IyanasoH o, cocrapiser 22-26 MIla; mis kommnosurta Kp/KMI/TIBC
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(30:20:50mac./mac.) — 18,3 MIla [42]; Kp/TIBC (25:75 mac./mac.)
¢ mo6askoit 10 n 20 mac. % KMII, 20 mac. % I'n, 5 mac. % JIK — 36,6
u 27,7 MIla [43]. YBeIuYeHMI0O MPOYHOCTM O6GPa3LOB CIOCOOCTBYET
NIPeUMYIIeCTBEHHO CLIMBAIOLMIA areHT: 4eM MeHblle [JIK], Tem Bbile
3HaYeHUs Gp. BrickasaHo mpeamnonoxkenue [33], uro JIK MOXeT BbI3bI-
BaTh I'MAPONN3 Pa3BeTBJIEHHBIX liereli MaKpOMOJIEKY/Ibl aMUIOTIeKTH-
Ha ¢ 06pa30BaHMeM BBICOKOIMHEHOM CTPYKTYPHI, KOTOPAst II03BOJISIET
co3/aBaTh GOJbllIee KOIMYECTBO BOLOPOAHBIX CBsI3€ii MeXIY LersmMu
ronycaxapuia, B pe3ybTaTe 4ero IOBbIIIAETCS IIPOYHOCTb Ha pa3pbiB
B [TOJIyYE€HHBIX IIJIeHKaX.

[apameTp o, TaKKe yBeIMUMBACTCS C yMeHbleHueM [In]. Muoroumn-
C/IEeHHBIMM MCCIeNOBAaHUSIMM [0Ka3aHo, YTO pofb IacTuduxaTopa 3a-
KJIIOYaeTcsl B CHVDKEHMM MPOYHOI BHYTPMMOJEKYISIPHON BOAOPOIHOIN
CBSI3M MeXIy MakpomosneKkynamu [44,45] v op. Monekynsl I'm Batencreue
UX TUOPODWIBHOCTY YAEPXKUBAIOT MOJIEKY/bl BOAbBI, 9TO YBeIMYMBAET
MPOCTPAHCTBO MEXIY ITOMMEPHBIMY LIeTISIMM M CHM3KAeT IIPOYHOCTb Ha
pa3psiB [42]. TIBC B 3aJaHHOM Ayana3oHe KOHIIEHTPAIuii c1abo BauseT
Ha IIPOYHOCTHBIE IT0Ka3aTenu. B To ke BpeMs 13 NOTy4eHHbIX HAMM JJaH-
HBIX TUIIOTETMYECKU CJIeflyeT, YTO YMEHbIIeH)e ero KOIM4ecTBa MOXKeT
TPUBECTU K CHIDKEHUIO 3HAUEHUI ), BO3SMOXKHO, BCIEACTBME COKpaIle-
HMS BKIaga cunbHbIX H-B3aumopericteuit mexxny OH u COOH rpynnamu
IIBC 1 KMI] B nonuMMepHOi MaTpule.

5. YBenuueHMe KOHLIEHTpAUUM IIACTU(GUKATOPA TPUBOAUT K MAKCK-
MU3AIMU 3HAYEHWIA €. [I1st Mopysist FOHra oTMevaeTcst mpsiMo IPOTHUBO-
TIOJIOKHAsI 3aBUCUMOCTb: 3HaueHus Ey BO3pacTaloT npu cHuskeHun ).
TaxKe IPOCJIEKMBAETCS CBSI3b MEXY CTIOCOGHOCTBIO IUIEHOK K PacTsDKe-
HMIO U CTEIeHbIO CLIMBKY MaKpOMOJIeKy.1: ueM MeHblue [JIK], Tem 60sb1iie
yIOJIVMHEeHMe TIpU pa3pbiBe U HIsKe Monynb IOHra. Bausaue I1BC Ha crio-
COGHOCTB 06Pa3IoB K YIJIMHEHMIO c1a60 BbIpaxkeHOo. Tak, y coctaBoB N2 3
u 11, KOTOpbIe OTAMYAIOTCSI TONbKO BenmuuHoit [[IBC], mpuyem 6oree,
yem B 2 pa3sa (15,5 u 7 mac. %), sHaueHust oueHb 6iusku: 7,9 u 8,2 % mist
€p, 932 1 1137 MIla st E. [Ipy 3TOM JTyulIMMy MEXaHUUECKUMM CBOJA-
cTBaMy 06/1aJAI0T IVIEHOUHbIE MaTepuasbl, B KOTOPBIX cogepxkanue [IBC
MakcumanbHo. Takoe ke BausgHue [1BC Ha yajiMHeHMe MO CPaBHEHUIO
¢ IacTUGUKATOPOM OTMEUaeTCs U B IPYIUX MOMOGHBIX UCCIeTOBAHU-
SIX, HaIIpyMeD, IJ1s1 IJIEHOK Ha OCHOBe KyKypy3HOro kpaxmaina u I[IBC [24]
n i komnosuta Kp/KML/TIBC [46]. YpoBeHb 3HaueHuii mony/st FOHra
ILIST TPOVHOM MonMMepHoit cuctemsl — 1400-1865 MIla [46] — xoporio
cornacyeTcs C IOTyYeHHbIMY HaMy 3HaueHusiMu E.

IIpoBeneHHbII aHaNMM3 I0KA3bIBAET, YTO IOKA3aTeay IMOTyYeHHBIX
HaMM IUIEHOYHbIX MaTepuaoB oTBevuaioT TpeboBanmsm 'OCT P 57432-17
¥ MOJ06HBIM II0 COCTaBY IIEHKaM, OMMCAHHBIM B JIMTepaType, KOTOpble
aBTOPBI MO3ULMOHMPYIOT Kak YM sl muieBbIX MpoAyKToB. Vicxons m3
TOro, 4TO CHYUKeHMe [[IBC] HeraTUBHO B/MsIeT Ha GOIBIIMHCTBO XapaKTe-
PUCTHK 06pa3LoB, B KAYeCTBe ONTMMAIbHOTO €ro KOIMYecTBa MPYHSIIN
15,5 mac. %. ITn u JIK B 11€710M OKa3bIBAIOT aHTMOATHOE AeiicTBIe Ha CBOII-
CTBa TUIEHOK, [T09TOMY B KaueCTBe OINTMMAalbHOJ KOHLIEHTPALMM B3SIU
cpenHee MX CcofiepskaHye B IOMMMEPHOI KoMmos3uimm — 37,5 u 7 mac. %
COOTBETCTBEHHO. BplOpaHHble KOHLIEHTpauyuy Haubosnee IMpuUOIMKEHbI
K coctaBaM N2 3 1 4 (Tabmuiia 2), a uMeHHO coctaB N2 3, Kak 0TMeuajioch
paHee, MaKCMMabHO cOOTBeTCTBYeT Hopmam 'OCT P 57432-17.

[lanHble pacyeTa IO ypaBHeHMSIM (2)—(7) Ol KOHLIEHTpauuu He-
3aBMCUMbIX TlepeMeHHbIX 15,5 mac. % IIBC; 37,5 mac. % Iim; 7 mac. % JIK
npezncrasneHsl B Tabnmuiie 5. Kak BUIHO, 06pa3iibl TAKOIO COCTaBa Xapak-
TepU3YIOTCs BBICOKO J0/eli CIIMTOTO MOMMepPa X MMEIOT XOpolilye Mexa-
HuJeckye 1 6apbepHble cBojicTBa. OIHAKO 110 CPABHEHUIO C JAHHBIMM [41]
st komrosuta Kp/KML/TIBC (30:35:35 mac./mac.), CH mjist ontumMusmpo-
BaHHOTO HaMy cocTaBa Bbille Ha 20 % (380 1 472,5 % COOTBETCTBEHHO) IIPU
PaBHO# KOHIIEHTpAIVM CIIMBAIOLIEro areHTa (7 mMac. %), Ho mpu 60JbIemM
(B 3,75 pa3sa) comepskaHuu riactTudukatopa. CrerneHb HaGyXaHMs — eIMH-
CTBEHHAs lepeMeHHasl OTK/IMKA, KOTOpasl MMeeT 3aBbllIeHHOe 3HaueHue.
BeposiTHO, B HallleM ciTy4yae He GbliIa JOCTUTHYTA «KPUTUIECKAs» BeTUYM-
Ha [['1], o6ecnieunBaroIas 3amMme[ieHue HabyxaHusl.

Tabnuia 5. IKCIepUuMeHTAIbHBIE U IIPOTrHO3VIpyeMble 3HAUEeHUS
IepeMeHHbIX OTK/IMKa AJIf INIEHOK ONITMMU3MPOBAaHHOIO COCTaBa
Table 5. Experimental and predicted values of response variables for
optimized composition films

CocTaB noIMMepHO =
KOMIIO3UIIMM: [y

« «
e S, % 43 2 o= 2
7 % OT Macchl MOIMCAXapUTIOB &) E (= 6 & 4
Pacuer ANOVA 472,5 67,2 46,0 28,0 59 17674
DKCcnepuMeHT (n = 3) 561,7 69,6 48,7 30,4 59 17671
OTHOCUTeIbHAS OIMOKa, % 159 35 55 92 0 0,02



Kryuk T.V.etal. | FOOD SYSTEMS | Volume 8 No 2 | 2025 | pp. 189-195

C y4eTOM BBIGPAHHOTO KOIMYECTBA KOMIIOHEHTOB IJIEHOYHON KOM-
MO3MLMYU (He3aBUCUMBIX IIePeMeHHBIX) ObUIM IOTyYeHbl 06pas3iibl OITH-
MM3MPOBAaHHOIO COCTaBa ¥ OINpefe/eHbl 3HaUeHMsI UX XapaKTepUCTUK.
DKCIIepMMEHTBI 10 OINpefeNeHMI0 MapaMeTPOB IJIeHOK (TlepeMeHHBIX
OTK/IMKa) 6bUIM NTPOBeeHb! TPYKbL. Kak BuaHO 13 Tabnuisl 5, cpenHye
3Ha4YeHMs YeTbIpex MapaMeTpoB U3 IIeCTV — JOJIN TeJis, TapoIpOHNLA-
€MOCTY, OTHOCUTEJIbHOTO YI/IMHEHMs NpU paspbiBe U Monyns lOHra —
MMEIOT He6GOoMbLIYI0 OMMOKY (0 5,5%) MO CpaBHEHMIO C PACYETHbIMU
3HaueHusiMu. TakuM o6pa3om, MPOrHO3UpyeMble 3HAUEHMsI, OCHOBAH-
Hble Ha PerpecCMOHHO} MOZAEeNY, XOPOILIO COIMIACYITCS C 3KCIIepUMeH-
TaJbHbIMM AAHHBIMM.

TeopeTnueckue 1 3KCIEpUMeHTaNbHble 3HAUEHMsI CTelleHM Habyxa-
HMSI CYILLeCTBEHHO pasnnyalorcsl. bonee Toro, Bennunza CH nomydyeHHbIX
06paslLoB SIBJISETCS DOCTATOYHO BBICOKON MAJISI YIAKOBOYHBIX ITTIEHOK
Y MOXXeT IIPUBECTU K IOTepe LeJIOCTHOCTY MIPU IeMiCTBUU BOSHOI Cpelibl.
[IpMUMHOI BBICOKO COPOIIMOHHOII CIIOCOGHOCTHM TUIEHOK SIBJISIETCST, OUe-
BUJHO, I'MAPOGIMIbHAS IPUPOJIA BCeX KOMIIOHEHTOB, BXOJSILIVX B COCTAB
KOMIO3UTOB. 17151 CHVM)KeHUSI CTelleHy HabyXaHus1 He0OX04MO JOTIONHe-
HJe COCTaBa IJIEHKO06pa3yoleif KOMITO3UIMK IAPOGO6H3UPYIONIIMM
coenyiHeHMsMU. Hanipumep, 3HaUMTeIbHOE CHYDKEHME COflepyKaHysI BOJbI
B matpuiie Kp/IIBC oTmMedeHO pu 106aB/IeHUM K HEl CMeCu 3KCTpakTa
MIPOIIOJINCA U aHTOLMAHOB [46], HAHOKOMIUIEKCOB, 3aIrPy>KEHHBIX aHTO-
nyaHamu [47], u3-3a CMJIbHBIX BOLOPOAHBIX CBSI3€il MeXIy IoIMepaMu
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Cyclic oligosaccharides, Cyclodextrins (CDs) are cyclic oligosaccharides formed through the enzymatic transformation of starch into glucose, catalyzed by
production, cyclodextrin glucanotransferase (CGTase). They are composed of six (a-CD), seven (B-CD), or eight (y-CD) glucose molecules, in-
structure, properties,  terconnected by a-1,4 glycosidic bonds. Cyclodextrin glucanotransferase has been declared safe for use in food applications by the
applications European Food Safety Authority (EFSA). CGTase is an extracellular enzyme that is found in nature on a cellular level and is gener-

ated by a variety of microorganisms, such as fungi, bacteria, and archaea. Approximately 90 % of bacteria that generate CGTase be-
long to the genus Bacillus. A number of glucose units joined covalently by oxygen atoms form cyclodextrins. CDs have a truncated
cone shape with a hydrophilic outer wall and a less hydrophilic inner wall. Due to their numerous health benefits, CDs are regarded
as advantageous nutrients and biologically active dietary supplements. CDs and their derivatives have diverse applications across
the food, cosmetics, and pharmaceutical industries, with their use being most prominent in the food sector. Within the food in-
dustry, CDs serve primarily as auxiliary agents, acting as technological enhancers to improve the physicochemical properties of
various food components. For example, they can be used to stabilize aroma and flavor compounds, polyunsaturated fatty acids
(PUFASs), and poorly water-soluble vitamins and nutrients, as well as to improve medication solubility and bioavailability. Stud-
ies on their toxicity have also revealed that CDs are safe to use orally. Many studies have examined the insertion of conventional
medications or naturally occurring bioactive substances into CDs cavities in an effort to better understand their effects on various
cancer cell lines in vitro. CDs are used in cosmetics products to extend their shelf life, stabilize volatile chemical ingredients, lessen
offensive tastes or smells, and prevent or lessen topical irritation. Cyclodextrins remain a focal point of research due to their ability
to encapsulate molecules and function as catalysts and carriers for a wide range of chemical compounds.
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K/IIOYEBBIE C/IOBA: AHHOTAL A

Yukauyeckue LinknogercTpuubl (L) — 9TO IUKIMYECKME OMTOcaxapubl, 06pasyoliyecs B pesy/brate (hepMeHTaTMBHOTO TpeodpasoBaHyst
oauzocaxapuobl, KpaxmMaJia B [IJIIOK03Y, KaTaM31PyeMOro IMKIoAeKCTpUHImoKaHoTpancdepasoit (L' Ta3oi1). Oy coctosT U3 mectu (o-1II), cemu
npou3eo0cmeo, (B-L1I0) v Bocbmu (y-1IJT) MOIEKY/ IIIOKO3bI, COEAVHEHHBIX MEXAY C00071 - 1,4-TMMKO3UIHBIMMU CBSA3sIMU. EBpoOIIEiickoe areHT-
cmpykmypa, céoticmed, cTBO T0 6e30MacHOCTY MuIEeBbIX MPoayKToB (EFSA) cunTaeT HMKIOAEKCTPUHIIIOKAHOTpaHChepasy 6e30MacHoi JIsh MCIIOMb30-
npumeHexue BaHMs B IMIIEBBIX MTpoayKTax. LIl Tasa — 3TO BHEK/IETOUHBI ()epMEHT, KOTOPbIif BCTPEUAETCs: B MPUPO/IE HA KIETOYHOM YPOB-

He U BbIpabaThIBAETCS Pa3IMUHBIMU MUKPOOPTraHM3MaMM, TaKMMM Kak Ipubku, 6akrepun u apxen. [Ipumepro 90% Gakrepuii,
BbIpabaThiBatolux 1[I'Tasy, mpuHamiexaT K poay Bacillus. LIukiogekcTpyHbI 06pa3yroTCs] HECKOIbKMMM MOJIEKY/IAMY [TIOKO3bI,
KOBQJIEHTHO COeMHEHHBIMM aTOMaMu Kuciopoaa. OHU UMeIoT (opMy YCeUeHHOTO KOHYCA C TMAPO(GWIHLHON BHEIIHE YacThIo
1 MeHee rMAPOdMIbHON BHYTPEHHEl YacTbio. biaromapsi MHOrOYMCIEHHBIM MTpeumytiecTBaM L] CYMTAIOTCS TTOIe3HBIMM /ISt
3[I0POBbsI MUTATETLHBIMY BEIIECTBAMM U GMONTOTMUECKY aKTUBHBIMU MUILEBbIMM No6aBKamu. L[] M UX MPOU3BOAHbIE HAXOIST
pasHOOOpasHOe MPYMEHEHE B MUILEBOi, KOCMETUUYECKOH 1 (hapMalLieBTUYEeCKOH IPOMBIIIIEHHOCTH, TIPMUeM Haubomee pacipo-
CTpaHEeHO UX MCIOIb30BaHMe B MUIIEBBIX MPOAYKTax. B muieBoit mpomMbinuieHHOCTH 1I]] B TIepBYIO OUepeb CTy>KaT B KAUuecTBe
BCIIOMOTaTeTbHbIX MHTPEAVMEHTOB, TAKMX KaK AOGABKY AJIS1 YITyUIIeHYSI (PM3MKO-XMMUUECKMX CBOVCTB Pa3IMUHbIX ITUILEBBIX KOM-
IIOHEHTOB. Hanpmvxep, X MOXXHO MCITO/Ib30BaTh OJIs1 CT&6I/IJI]/I3<’:1LU/[]/I apOMaTUYECKMX M BKYCOBBIX COQ,EU/IHEHI/If/'I, IIOJIMHEHAaChIIIeH-
HbIX KUPHBIX KUIOT ([THXXK) 1 110X0 pacTBOPMMBIX B BOZIe BUTAMMHOB WJIU MIUTATENbHBIX BEIIECTB, a TAKKe JIJIsl YyYIIeHST
PacTBOPMMOCTH M GMOLOCTYITHOCTM JIEKAPCTBEHHBIX CPeICTB. TOKCUKOIOTMYECKME UCCTER0BAHMS ToKa3ay, 4to LI]] 6e30macHbI
7SI TIEPOPATIbHOTO NIPUMEHEHMST. Bo MHOTMX MCCIeOBaHMSX U3y4YaoCh BBEIEHME OObIUYHBIX JIEKAPCTBEHHBIX CPEJICTB MU TIPU-
POIHBIX GMOJIOTMYECKM aKTYBHBIX BEILeCTB B MOMOCTH LIJT C 1Ie/TbI0 JIyUIlero MOHMMAaHMSI X BO3JE/CTBMS Ha pasIMUHbIe IMHUN
PaKOBBIX KJIETOK in vitro. IIJ] MCIOMb3YIOTCSI B KOCMETUYECKUX TIPOAYKTAX JIJIsl TPOJJIEHNMST CPOKA MX TOIHOCTH, CTaOUIM3aIUU
JIETYYMX XMUMUIECKMX MHTPEAVIEHTOB, YMEeHbIIEHVSI HeIIPUSITHOTO BKYCa MM 3ar1axa ¥ MpeJoTBpalleHys U yMeHbIIeHMST MeCT-
HOTO pasapaxkeHus. LIMKIOAEeKCTPUHBI OCTAIOTCS B LIEHTPE BHUMAaHMSI MCCIEIOBaHMIT 6/1arofapsi CBOe CrtocCOGHOCTM MHKATICYJIN-
POBAaTh MOJIEKYJIBI M BBITIOMHSTE QYHKIMY KaTAIM3aTOPOB M HOCUTEJIEN [/l IIMPOKOTO CIIEKTPA XUMUYECKUX COeTUHEHNIA.

1. Introduction dextrin glucanotransferase (CGTase; EC2.4.1.19) is an endoenzyme that

Cyclodextrins (CDs) are cyclic oligosaccharides synthesized through catalyzes the breakdown of starch derived from sources such as potatoes,
the enzymatic conversion of starch into glucose by cyclodextrin glucano-  corn, and rice, facilitating CD production. [3]. Cyclodextrin glucanotrans-
transferase (CGTase). They are composed of six (a-CD), seven (8-CD), or  ferase has been declared safe for use in food applications by the European
eight (y-CD) glucose units linked by a-1,4 glycosidic bonds [1,2]. Cyclo-  Food Safety Authority (EFSA) [4]. Regarding starch, the US Food and Drug
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Administration (FDA) also declared its products, which are represented
by the cyclodextrins a, v, and B, to be safe (GRAS) [2]. This enzyme is pro-
duced by bacteria, fungi and archaea. CDs may be kept for several years
at room temperature without experiencing any discernible deteriora-
tion [5,6].

Cyclodextrins, specifically a and B types, were first discovered in 1891
as byproducts of potato starch digestion by the bacterium Bacillus amylo-
bacter, according to a report by a French chemist. Later, Franz Scharding-
er, an Austrian microbiologist considered the “founding father” of cyclo-
dextrin chemistry, successfully isolated these compounds from various
starch sources after digestion by Bacillus macerans. Due to their ability
to encapsulate molecules and their qualities as catalysts and carriers of
various chemicals, cyclodextrins remain a subject of interest for many
researchers. These attributes make them excellent candidates for both
basic and advanced applications in a variety of industries. This has led
to significant theoretical and experimental research into their physico-
chemical behavior and applications [7]. Over 44,000 articles have been
reported according to Scopus and Web of Science. Some great CD evalu-
ations of food science have emerged in tandem with the rapid growth
of CD research [2,8]. CDs have been employed for a range of purposes
because of their biocompatibility, biodegradability, and very inexpensive
manufacture [9]. Given their adaptability, they may be used as excipients
in a variety of industries, including biotechnology, agriculture, chemicals,
cosmetics, and the food sector. Additionally, CDs have been used as an-
tigen vectors, vaccination adjuvants, antibody stabilizers, and antiviral
activity enhancers, as well as to improve medication solubility and bio-
availability [10]. Studies on their toxicity have also revealed that CDs are
safe to use orally [11]. For B-CD, the acceptable daily consumption has
been established to be between 0 and 0.5 mg per kg of body weight, how-
ever the acceptable daily intake for a- and y-CD is not indicated [12,13].
Both a-CD and B-CD function as dietary fibers that contribute to regulat-
ing blood lipids and body weight. While y-CD is easily broken down, a-CD
and B-CD are largely resistant to digestion by human amylase enzymes
in the digestive system [14]. Furthermore, more than 10,000 metric tons
of cyclodextrins are annually produced, with B-cyclodextrin accounting
for 70 %, a-cyclodextrin 15 %, y-cyclodextrin 5 %, and various cyclodextrin
derivatives 10% [15]. The increasing applications of CDs across various
industries are driving market demand, which is projected to reach ap-
proximately $390 million by 2027 [6)].

2. Materials and methods

The search for literature in the Web of Science database was conduct-
ed using the keywords “B- cyclodextrin” or “cyclodextrin”. In the Web of
Science and Scopus, 51,085 research, review articles, book chapters, let-
ters and conferences were identified for this review (Figure 1). The main
goal of the present study is to have a detailed overview of the knowl-
edge gained over the years regarding cyclodextrin. The structure, source,
manufacture, and features of cyclodextrin were thoroughly covered. Ad-

ditionally, possible applications of cyclodextrin in various food industries
as well as its advantages for improving health were covered.

3. Production of cyclodextrins

When starch is broken down by the enzyme cyclodextrin glucanotrans-
ferase (CGTase), cyclodextrins (CDs) are produced as a result of the initia-
tion of the intramolecular glucose conversion pathway [16]. Nevertheless, a
mixture of cyclodextrins with bigger rings and higher proportions of -, a-,
and y-CDs is produced by all known CGTase enzymes [17]. Various enzymes,
such as CGTase, dextranase, pullulanase, B-galactosidase, and isomaltase,
can catalyze transglycosylation reactions. However, CGTase is preferred due
to its advantages over alternative enzymes, which often suffer from lower
yields, partial hydrolysis of glycosidic compounds, poor regioselectivity,
and the formation of undesirable byproducts. In contrast, CGTase provides
higher conversion yields of glycosylated products, exhibits minimal hydro-
lytic activity, demonstrates enhanced transglycosylation efficiency with
specific acceptors and maintains high regioselectivity, specifically catalyz-
ing a-(1—4)-glycosyl transfer reactions [6,18]. Currently, only two com-
mercially available cyclodextrin glycosyltransferases (CGTases) exist. The
first, Toruzyme, originates from Thermoanaerobacter sp. ATCC53627 and
produces a mixture of cyclodextrins (CDs); it is marketed by Novozyme in
Denmark. The second, Amano, is derived from Paenibacillus macerans, also
yielding a CD mixture, and is distributed by Amano Enzyme Europe Ltd. in
Milton, UK. This highlights the need for developing large-scale production
processes for CGTases to meet increasing demand [6].

Cyclodextrin glucanotransferase is an extracellular enzyme that oc-
curs in nature at the cellular level and is produced by a variety of micro-
organisms, including fungi, bacteria, and archaea. CGTases are a unique
member of the a-amylase family, which have been isolated from a major-
ity of Bacillus, Paenibacillus, Klebsiella, Thermoanaerobacterium, Geobacil-
lus, Gracibacillus, and Actinomycetes species [6,18]. Approximately 90 %
of bacteria that produce CGTase belong to the genus Bacillus. Different
fermentation techniques, including solid-state, submerged, and surface
culture, as well as different modes of fermentor operations such as batch,
fed-batch, and continuous fermentation, have been developed and uti-
lized for the production and enhancement of various fermentation pro-
cesses [19] as shown in Table 1.

The characteristics of the enzyme are mainly determined by the micro-
organism that produces it. Its mechanism is influenced by the production
conditions. CGTases have been identified with a molecular mass rang-
ing from 33 to 110 kDa. Additionally, based on their product specificity,
CGTases are divided into three main classes: a-, -, and y-CGTases. The
type and amount of cyclodextrin produced generally depends on several
factors, including the source of cyclodextrin glucanotransferase, the sub-
strate utilized, the incubation or reaction time, as well as temperature,
pH, and the presence of complexing agents. As a result, researchers seek
out or enhance CGTase enzymes to improve production yield and speci-
ficity [6,19] as shown in Table 2.

Search criteria of
web of Science

and Scopus

Articles
(n=44127)
1.Search
Keywords: B-cyclodextrin, cyclodextrin
2.Year: Reviews
from 2001 to 2025 (n=4211)
3. Type of documents:
Articles or Reviews, chapters, Letter,
Conference Book chapters
1 (n=796)
Letter
(n=303)
Research [
found (n=51388) Coriference
(n=1951)

Figure 1. Total of 51,388 research, review articles, book chapters, letters and conferences referred in paper by searching keywords
“B-cyclodextrin” or “cyclodextrin” in the Web of Science and Scopus
Pucynok 1. B Web of Science u Scopus HaiigeHo 51388 ucciegoBaHmii, 0630pHBIX CTaTeli, [NIaB KHUT, I1ceM U KOHGepeHIINii ¢ yHIOMMHaHWEeM
K/II0YEeBBIX CJIOB «B-LUKIOAEKCTPUH» VI «IIUMKIOJEeKCTPUH»
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Table 1. CGTase production by Bacillus spp. and other microorganism
Ta6muua 1. IIpogykums LIT'Ta3sl 6akTepusavu poaa Bacillus vi spyrumMu MUKpOOpraHusMamu

Optimal fermentation conditions

Microorganism 5 CD produced References
Substrate pH Temp. (°C) Time (h)

Bacillus circulans DF 9R Cassava starch 8.3 37 48 B [20]
Bacillus licheniformis Soluble starch 8 37 24 [21]
B. pseudalcaliphilus 20RF? Raw starch 9.8 40 24 BrY [22]
B. lehensis Rice starch 10.5 37 24 B [23]
Bacillus circulans Cassava starch 7.6 37 48 B [24]
Bacillus megaterium Amaranth starch 8 50 36 B [25]
Bacillus sp. NR5 UPM® — - 37 24 B/Y,a [26]
B. circulans ATCC21783? Soluble starch 9.8-10 40 24 B [18]
B. macerans 15* Potato starch 7 37 48 [18]
B. sphaericus 41* Soluble starch 10.3 37 48 [18]
B. pseudalcaliphilus 8SB? Soluble starch 9.8-10 40 24 B/Y [18]
B. halodurans? Soluble starch 10.5 37 72 B [18]
B. agaradhaerens LS-3C? Soluble starch 9 37 30 a/p [18]
B. halophilus BIO-12H? Potato starch 7-7.2 37 24-30 BrY [18]
Bacillus sp. T18 Soluble starch — 37 72 o/ [27]
Evansella caseinilytica®  Soluble potato starch 9 37 48 Y [6]

Table 2. Optimal reaction parameters for maximizing CD production using cyclodextrin glucanotransferase
Ta6muua 2. OnTMMaabHbIe IapaMeTPbl PeaKuyu A1 MakcuMusanuy npoaykuum LI mocpeacTBOM IMKIOAEKCTPMHIIIOKaHOTpaHchepassl

Source of enzyme Type of substrate Temperature
Bacillus circulans DF 9R Cassava starch 56
Bacillus agaradhaerens KSU-A11 Potato starch 55
Bacillus sp. Starch of corn 50
Microbacterium terrae KNR9 Potato starch 60
Bacillus licheniformis Potato starch 40
Bacillus lincheniformis Potato starch 45.2

4. Structure and properties of cyclodextrins

Cyclodextrins are formed by several glucose units joined together by
oxygen atoms. These molecules have a hollow, truncated cone shape, with
hydrogen bonds forming between secondary hydroxyl groups on adjacent
units at the broad edge of the cavity [33]. The primary hydroxyl groups,
composed of six glucose units, are located at the narrow end, while the
secondary hydroxyl groups, made up of two and three glucose units, are
positioned at the wide end. Due to their unique structure, cyclodextrins
are highly soluble in water and contain hydrophobic cavities. This allows
them to encapsulate hydrophobic compounds and form inclusion com-
plexes without changing their structure or chemical makeup [2]. Cyclo-
dextrins have a truncated cone shape with a hydrophilic outer wall and
a less hydrophilic inner wall. The inner wall forms a more apolar inter-
nal cavity, which enables cyclodextrins to simultaneously host lipophilic
guest molecules and make them soluble in water. This unique design al-
lows for increased water solubility of lipophilic compounds when incor-
porated into cyclodextrins (Figures 2 and 3). Cyclodextrins have several
benefits, including greater resistance to hydrolysis and enzymatic de-
struction, better complexing capabilities, and larger solubilizing poten-
tial compared to linear dextrins [34,38]. According to [35], a study was
conducted on the structure of original CDs, and they found that although
the outer part of CDs takes the shape of a truncated cone, the inner cavity
takes the shape of a conical hourglass. The shape of cyclodextrins results
from the inward emission of glycosidic oxygen. The hydrophobic inner
cavity facilitates the formation of inclusion complexes with host mol-
ecules, primarily through van der Waals forces, hydrogen bonds, and hy-
drophobic interactions. These host-guest complexes are highly dynamic,
with their stability depending on the size, polarity, and structure of the
guest molecule in relation to the cavity. Cyclodextrins can accommo-
date hydrophobic molecules or portions of larger molecules, stabilizing
them by isolating the encapsulated guest from the aqueous environment,
which improves solubility, bioavailability, and resistance to degrada-
tion [36]. The flexibility and encapsulation ability of cyclodextrins en-
able for host-guest interactions, which alter the chemical, biological, and
physical characteristics of the guest molecules [37]. According to [38], the
three most common CDs are a, B, and y, which are composed of six, seven,
and eight glucose subunits with widths of 0.5, 0.6, and 0.8 nm, respec-
tively. As seen in Table 3, the differences in their structures account for

Time of reaction % of conversion

pH (h) or quantity Ref.
6.4 4 66% [20]
10 1 66.4% [28]
7 3 4.1gL [29]

1 13.46 gm/L [30]

6 4 12.41 mg/ml [31]

5.6 24 5.65 mg/ml [32]

their disparate physical and chemical characteristics. Additionally, the
chemical properties of cyclodextrins can be modified through functional-
ization of the hydroxyl groups to form derivatives (e. g., hydroxypropyl-
B-cyclodextrin, methylated cyclodextrins), allowing for tailored proper-
ties such as enhanced solubility, complexation efficiency, and targeted
applications. Cyclodextrins are relatively thermally stable, with decom-
position occurring at temperatures above 250 °C. This stability is linked
to the glycosidic bonds in their glucose units. Due to their low toxicity,
biocompatibility, and capacity to form stable complexes with a variety
of organic, inorganic, and biological molecules, cyclodextrins have been
studied extensively for their use as solubilizing agents, molecular encap-
sulants, and drug delivery systems [27].

Table 3. The three natural CDs’ physical and chemical

characteristics

Tabmyua 3. PusudecKne ¥ XMMMJecKkye CBOCTBa Tpex NpuposHseIx LI
Physical and ghemical a-CD B-CD Y-CD Refe-
properties rences

Glucose units 6 7 8 [33]

Molecular weight (kDa) 972.84 1134.98 1297.12 [19]

Chemical formula Cs¢HgoOz9 CyyH70035 CugHgoO4o  [8]

Diameter of central cavity (nm) 0.57 0.78 0.95 [2]

Outer diameter (nm) 1.4-1.5 1.5-1.6 1.7-1.8 [8]

Melting point (°C) 275 280 275 [8]

pKa at 25°C 12.3 12.2 12.1 [8]

Internal water molecules 6-8 11-12 13-17 [8]

a-CDs have smaller cavities, restricting their capacity to host a large
number of molecules. They primarily accommodate smaller molecules
compared to y-CDs. Additionally, the payloads within hydrophobic CDs
struggle to interact effectively, which complicates complex formation.
The cavity of B-CDs, however, is more suitable for molecules like vita-
mins, hormones, and other substances typically used in tissue and cell
culture applications. Because of these characteristics, B-CDs are often the
preferred choice for complexing agents [39]. The structure of cyclodex-
trins has key features:
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Cyclodextrin overall shape

2».. Hydrophobic
/— cavily

Secondary face

u-cyclodextrin

Y-cyclodextrin

B-cyclodextrin

Figure 2. Structure of cyclodextrins. Monomeric units of sugar molecules organized in rings are called cyclodextrins. The amount
of sugar molecules (6, 7, or 8) determines the classification of the cyclodextrins as a, B, or Y, respectively
PVICYHOK 2. CprKTYpa IUKJIOOJEeKCTPUHOB. MOHOMEPHLIE €IVMHUIbI MOJIEKYJI caxapa, OpraHM30BaHHbI€ B KOJIbIIAd, HA3bIBAKOTCA HUKIOJEKCTPMHaAMMU.
KonmuecTBo MoseKys caxapa (6, 7 uiau 8) onpeesnser KiaccuduKanyiio NVUKIOJEKCTPUHOB Kak d, f MM Y COOTBETCTBEHHO

drug

Cyclodextrin
£ complexe

Figure 3. Formation of cyclodextrin inclusion complexes
PVICYHOK 3. 06pa30BaHI/Ie KOMIIVIEKCa C BKVIIDUEHMEM B ITOJIOCTh
IMKIOAEeKCTPpHUHA

1. Hydrophilic surface: The outer surface of cyclodextrin is composed
of hydroxyl groups (-OH) attached to glucose units. The primary hydrox-
yl groups are positioned at the narrow end of the cone, particularly on
carbon 6 of the glucose molecules, while the secondary hydroxyl groups
are located on carbons 2 and 3 at the broad edge. This hydrophilic sur-
face enables cyclodextrins to interact effectively with water, making them
soluble in aqueous solutions [40].

2. Creation of a hydrophobic cavity: Within the ring structure, the
hydrogen atoms and ether-like oxygen atoms in the glucose units con-
tribute to forming a relatively nonpolar, hydrophobic cavity. This inner
space can accommodate various hydrophobic guest molecules, making
cyclodextrins excellent for encapsulation. The cavity’s hydrophobic na-
ture allows the inclusion of nonpolar substances while keeping the polar
exterior exposed to the surrounding water [41,42] (Figure 4).

5. Characterization of CD inclusion complex
Encapsulation induces several notable changes in both host and guest
molecules. The solubility of the guest molecules significantly increases,

Hydrophopic interior

a_CDs : ~5—6 A
B-CDs : ~7—8 A
Y-CDs :~9—10 A

Hydrophilic exterior

Figure 4. Cyclodextrin schematic representations
PucyHOK 4. CXeMaTU4ecKye M300pakeHNsI BUKIOJeKCTPUHOB

whereas the concentration of dissolved cyclodextrins (CDs) may remain
unchanged or decrease depending on the solvent used. Additionally,
the spectral properties of the encapsulated molecule, including UV ab-
sorption bands, fluorescence, and NMR spectra, undergo modifications.
Encapsulation also reduces the reactivity and volatility of the guest
molecule. Furthermore, hydrophobic guest molecules acquire hydro-
philic characteristics, altering their mobility in chromatographic analy-
ses [2,36].

Due to the importance of cyclodextrins complexes, different meth-
ods have been used to diagnose and study the properties of these com-
plexes, such as spectroscopic (ultraviolet/visible, fluorescence, nuclear
magnetic resonance, electrons spin resonance, Fourier-transform infra-
red), electroanalytical (polarography, voltammetry, conductimetry, po-
tentiometry), separative (high-performance liquid chromatography, gas
chromatography, thermal, differential scanning calorimetry (DSC), ther-
mal gravimetric analysis, X-ray, single crystal X-ray diffraction, powder
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X-ray diffraction, polarimetry [8,40]. These methods rely on variations
in physical or chemical properties of the guest molecule useful for track-
ing complex formation [40]. A comprehensive set of advanced analytical
techniques is employed to study and characterize inclusion complexes,
providing a precise understanding of their structural and physicochemi-
cal properties. Fourier-transform infrared spectroscopy (FTIR) is a funda-
mental tool for analyzing these complexes by examining molecular vibra-
tional energy level transitions, which reveal structural modifications and
molecular interactions occurring during complex formation. In addition,
nuclear magnetic resonance (NMR) spectroscopy serves as an effective
method for determining the molecular structure of inclusion complexes.
This technique is based on the absorption of radiofrequency radiation by
atomic nuclei in the presence of a strong magnetic field. The formation of
an inclusion complex is confirmed by shifts in the chemical environment
of nuclei, reflected in the NMR spectrum as changes in chemical shift val-
ues, which indicate interactions between the host and guest molecules.
Furthermore, X-ray diffraction (XRD) is a crucial technique for detecting
structural modifications associated with the formation of inclusion com-
plexes. This method relies on analyzing diffraction patterns generated
by the crystalline lattice of materials when exposed to X-rays. The pres-
ence of distinct diffraction peaks, which differ significantly from those
of the original functional ingredient, serves as strong evidence of com-
plex formation, confirming changes in the crystalline structure result-
ing from molecular encapsulation. Beyond spectroscopic and structural
analyses, thermal analysis techniques provide critical insights into the
thermodynamic properties of inclusion complexes. Thermal analysis is
used to investigate the relationship between a substance’s physicochemi-
cal properties and its thermal-induced transformations, such as phase
transitions, melting, decomposition, and oxidation. These changes are
monitored by measuring variations in mass or energy under controlled
temperature conditions. The most commonly employed thermal analysis
techniques include differential thermal analysis (DTA), thermogravimet-
ric analysis (TGA), and differential scanning calorimetry (DSC). These
methods allow for qualitative and quantitative assessments of the crys-
tallinity of substances during the melting process, offering valuable in-
formation about the thermal stability and phase behavior of inclusion
complexes with high precision [8].

6. Types of cyclodextrins

Cyclodextrin glucanotransferase catalyzes four reactions: hydrolysis,
cyclization, coupling, and disproportionation. This is achieved by break-
ing a-1,4-glycosidic bonds found within the inner part of a polysaccha-
ride chain. Among these reactions, cyclization is the specific enzymatic
process that produces three types of cyclodextrins (CDs) from starch and
its derivatives [18,19], including:

6.1. Alpha-cyclodextrin (a-CD)
a-Cyclodextrin is composed of six glucose units, with a molecular
weight of 972.84 Da and a chemical formula Cz4Hg,03,. Due to its nar-
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Figure 5. CDs and their derivatives’ applications
PucyHok 5. [Ipumenenne LI X NpOU3BOIHbBIX

row cavity and strong resistance to enzymatic hydrolysis, a-cyclodextrin
is utilized in various industries, especially in the food sector. At 25°C,
a-cyclodextrin exhibits moderate water solubility, approximately 1.6
times lower than y-CD but several times higher than B-CD. Its limited
digestibility and lower risk of causing indigestion make it suitable for use
in large quantities. Several chemical derivatives of a-CD have been devel-
oped through modifications of its hydroxyl groups. For example, cyclo-
dextrin glycosyltransferase catalyzes the enzymatic conversion of starch
or its derivatives into a-CD. However, a-CD holds a smaller market share
compared to B-CD, largely due to its higher cost and lower yield [43,44].

6.2. Beta-cyclodextrin (B-CD)

B-Cyclodextrin is a chemical compound with the formula C4,H7¢Os5
and a molecular weight of 1135 Da. Its cavity size is ideal for accommo-
dating many drugs with molecular weights ranging from 200 to 800 Da,
and its melting point can exceed 280 °C [45]. Composed of seven glucose
units, B-CD has a stable average cavity size, enabling it to form complex-
es with a variety of guest molecules efficiently and at a reasonable cost.
Among the three types of cyclodextrins, -CD has the lowest solubility
and the strongest hydrogen bond strength, owing to the flexible hydroxyl
groups located on its narrow edges, which facilitate hydrogen bond for-
mation [36,44].

6.3. Gamma-cyclodextrin (y-CD)

v-CD has a molecular weight of 1297 Da and the chemical formula
C4gHgoOy4- It consists of eight glucose subunits connected end-to-end by
a-1,4 bonds, forming a tapered cylinder with 8 primary alcohol groups on
one side and 16 secondary alcohol groups on the other side [36,46]. Cy-
clodextrin’s inner core is hydrophobic, while its outside surface is mod-
erately hydrophilic. y-CD has the largest cavity, making it well-suited to
accommodate larger biomolecules and other guests, with maximum solu-
bility and the best level of safety among the three CDs. However, the high
expense associated with the manufacture and purification of enzymes
restricts the large-scale production of y-CD [44].

7. Application of CDs

There are a variety of applications for CDs and their derivatives in the
food, cosmetics, and pharmaceutical industries (Figures 5 and 6), though
they are more prevalent in the food industries [11].

In the food industry, CDs are usually used as an adjuvant, a technologi-
cal tool that improves the physical and chemical characteristics of food
components. For instance, they can be used to stabilize aroma and fla-
vor compounds, polyunsaturated fatty acids (PUFAs), and poorly water-
soluble vitamins and nutrients. This allows the complex food components
made of cyclodextrin to be incorporated into automated food processing
systems on an industrial scale. Additional examples include taste mask-
ing and the elimination of undesirable ingredients like cholesterol from
dairy products and eggs [9,40,46]. Cholesterol and CDs can combine to
create inclusion complexes, which trap the cholesterol molecule inside
the CD cavity. This complexation makes cholesterol more soluble, which
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Figure 6. Applications of cyclodextrins
PucyHok 6. IIpyMmeHeHMe BUK/IOAEKCTPUHOB
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may make it easier for the body to eliminate it. A cross-linked cyclodex-
trin made with adipic acid was employed to reduce the cholesterol content
in butter. The treatment, which involved 10% cross-linked cyclodextrin,
achieved a 90 % reduction in cholesterol levels. Additionally, no significant
adverse effects on the chemical, rheological, or sensory properties of the
butter or cheese were observed [47]. Cyclodextrin has also been used in
various hydrocolloids such as carrageen or starch, which has shown sig-
nificant improvement in the properties and characteristics of the hydro-
colloids. When combined with xanthan or guar gum, CDs can improve the
viscosity of both hydrocolloids [40]. Additionally, microbial contamination
can be removed using cyclodextrins [27]. Cyclodextrins are used in active
packaging to improve food preservation by controlling the release of ac-
tive substances like antioxidants, antimicrobials, and flavor compounds.
They can encapsulate antioxidants such as ascorbic acid or tocopherols
to prevent oxidation and spoilage of packaged food products. This type of
packaging allows for a controlled release of compounds, allowing them to
be released slowly over time, thus prolonging the shelf life of foods such as
meat, oils and dairy products. Additionally, cyclodextrins can trap natural
antimicrobial agents like essential oils (e. g., thyme, oregano) or bioactive
compounds (e. g., nisin, lysozyme) in their hydrophobic cavity, helping to
gradually release them. This gradual release inhibits microbial growth,
thereby preventing foodborne illness and spoilage [48].

According to reports, bitter gourd (Momordica charantia L.) is useful
for diabetes. The addition of B-CD to bitter gourd juice enhances its palat-
ability, which suggests that it might be used as an additional treatment
for diabetes. Momordicoside K and momordicoside L, two triterpene gly-
cosides, are the active components of bitter gourd that give it its bitter
flavor. It has been demonstrated that B-CD improves antioxidant activity
and lessens bitterness, which increases consumer acceptability [9].

Through binding certain pigment compounds, such as anthocyanin,
or the substrate of an enzymatic reaction, like phenolic compounds in
the case of enzymatic browning, CDs have been used to either improve
the stability of natural colorants in food during food processing and stor-
age, or to prevent the formation of browning reactions [49]. Food-related
activities that can be stopped using CDs include oxidation, light-induced
reactions, heat-promoted breakdown, self-decomposition, and loss
caused by volatility or sublimation [11].

CDs can be used to lower off-flavors. According to [50], authors in-
vestigated the impact of B-CD at concentrations of 0.05% — 0.25% on
watermelon juice heat treatment in combination with other polymers. Of
all the polymers analyzed, B-CD was found to be the most effective in
reducing off-flavors after heat treatment. They also noted that the timing
of B-CD addition had a significant effect, with addition after heat treat-
ment being more effective in reducing off-flavors than addition before
treatment [49].

Cyclodextrins improve the water absorption capacity of flour due to
their numerous hydroxyl groups, which can form hydrogen bonds with
water molecules. This reduces the availability of water, which in turn af-
fects the formation of the gluten network. Consequently, changes in the
dough’s mixing and extensibility properties may occur. Additionally, CD
can increase the proportion of a-helix in gluten protein and reduce the
proportion of B-sheet, indicating that the secondary structure of gluten
protein was affected by CD [51].

In the cosmetics industry, CDs are used in cosmetics products to ex-
tend their shelf life, stabilize volatile chemical ingredients, lessen of-
fensive tastes or smells, and prevent or lessen topical irritation. CDs are
widely used in treatments for dermatitis, psoriasis, acne, sun protection,
and wound healing, as well as in deodorants and shampoos [49]. The cos-
metics industry uses bioactive chemicals derived from natural sources
because they often have a higher safety profile than synthetic ones. Even
though their biological actions have been scientifically shown, they are
difficult to handle, which limits their usage and activity. The bioavail-
ability, solubility, and stability are among the problems that are resolved
by using the CDs [39].

CDs are used in medicine as either therapeutic substances or excip-
ients that improve the solubility and stability of drugs [5,52]. CDs and
their derivatives provide advantages including enhancing the bioavail-
ability and efficacy of current medications, which leads to a variety of
applications in the pharmaceutical industry. Beta-cyclodextrin is a fun-
damental component in many pharmaceutical formulations, primarily
used to enhance the solubility and bioavailability of drugs with poor wa-
ter solubility. This compound forms inclusion complexes with pharma-
ceutical molecules, thereby facilitating increased drug absorption in the
body. Additionally, it is employed to reduce irritation caused by certain
drugs when applied topically or administered orally. Furthermore, beta-
cyclodextrin plays a role in stabilizing drugs sensitive to environmental
factors such as light and heat, prolonging their shelf life and maintaining
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their efficacy [41,53,54]. There are already more than 50 medicinal items
on the market that include CDs [55].

The most important cyclodextrin in the pharmaceutical and medi-
cal industries is the B-CD, which is also the most often utilized. The
popularity of cavity can be attributed to its ideal size for many com-
mon pharmaceutical drugs with molecular weights ranging from 200 to
800 g/mol, its straightforward production process, availability in pure
form, efficient drug complexation capabilities, relatively low cost, and
its ability to both enhance drug efficacy and reduce toxicity. Though it
has some drawbacks over a-CD and y-CD, such as reduced solubility in
water, the B-CD makes up over 90% of all cyclodextrins that are made
and ingested [40]. According to biosafety studies, CDs are useful for de-
livering lipophilic pharmaceuticals since they have helped to lessen the
harmful side effects of numerous medications that arise from their poor
solubility. CDs assist in controlled drug release, which can be regulated
by solubility, osmotic pressure, or pH control [41,56]. CDs may help re-
duce the side effects of drugs that cause irritation or have a bitter taste
or unpleasant smell [57].

The compressed tablets provide effective protection that enhances the
stability of antioxidants and UV filters when exposed to sunlight and oxy-
gen. In addition, studies have shown that these tablets can significantly
increase the water solubility of poorly soluble antioxidants, enhancing
their biological efficacy, particularly in the field of anti-cancer [53].

Since cyclodextrin may combine with drugs to create inclusion com-
plexes, it is a useful tool in the development of more potent anti-cancer
chemotherapy regimens. Many studies have examined the insertion of
conventional medications or naturally occurring bioactive substances in-
to CDs’ cavities in an effort to better understand their effects on various
cancer cell lines in vitro or as in vivo therapeutic possibilities in animal
models [53,58].

Cyclodextrins (CDs) and their derivatives are widely used in various
applications in analytical chemistry, particularly in analytical separa-
tions, due to their ability to distinguish between positional isomers,
functional groups, homologues, and enantiomers. They are utilized in a
range of applications, including chromatography, wastewater treatment,
and other separation techniques [11]. A recent study has highlighted the
potential of CD derivatives as vehicles for siRNA delivery. While a few
of these derivatives have been approved for human use, others, such as
TRIMEB (heptakis-2,3,6-tris-O-methyl B-CD) and SBE-B-CD (sulfobutyl-
ether B-CD), remain in the experimental phase [59].

Cyclodextrins have received wide attention due to their environmen-
tal applications, as they have the ability to form entrapment complexes
with a variety of hydrophobic organic pollutants. These compounds have
a unique structure, including a hydrophilic outer surface and a hydropho-
bic interior, which enables cyclodextrins to trap and remove pollutants
from water, soil, and air. This makes them of great interest in the fields
of environmental remediation and green chemistry [60]. Environmental
scientists use CDs in several areas, such as enhancing the solubiliza-
tion of organic pollutants and removing contaminants from wastewater,
soil, and air. Since CDs are inexpensive and biodegradable, their usage
in this industry is favored [6]. Through the use of chemistry with stimu-
lating chemicals, such as functional golden nanotechnologies coupled
with B-cyclodextrin, B-CD has been effectively used to eliminate organic
contaminants, such as aromatic nitrogen. These nanoparticles produced
with B-cyclodextrin may pave the way for the removal of pollutants from
aquatic settings [61]. CDs are also useful for delaying seed germination.
Grain treated with B-CD has a 20 % to 45 % higher harvest percentage be-
cause a part of the amylases that break down the starch storage in the
seeds is inhibited [57].

In recent years, there have been a lot of research on the use of -CD
to encapsulate volatile materials with unstable chemical and physical
characteristics, like essential oils [62]. Moreover, B-CD has been shown to
be highly effective in improving the delivery characteristics of processed
composite components in food systems, as well as in altering the density
and texture of food products to enhance their mouthfeel.

The unique structural properties of cyclodextrins enable them to form
inclusion complexes with a variety of guest molecules, including organic
pollutants, pesticides, dyes, pharmaceuticals, and hydrocarbons. Cyclo-
dextrins act as molecular sponges in water treatment, effectively trap-
ping pollutants within their cavities. This process occurs through non-
covalent interactions, such as hydrogen bonding, van der Waals forces,
and hydrophobic interactions. When cyclodextrins are introduced to pol-
luted water, they encapsulate contaminants within their cavities, forming
stable inclusion complexes. This mechanism reduces the concentration
of pollutants in the surrounding water, making cyclodextrins a powerful
tool for decontamination. One notable advantage of using cyclodextrins
in these applications is their reusability. These molecules can often be
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regenerated and used multiple times, enhancing their cost-effectiveness
in water treatment processes. Recent advancements have highlighted
their potential across various scenarios of contaminant adsorption,
showcasing their versatility and practicality [63].

8. Conclusion, prospective future, and suggestions

for more research

The use of cyclodextrins (CDs) and their derivatives has expanded sig-
nificantly in recent years, due to their diverse applications in food, cos-
metics, and pharmaceuticals. The main reason behind their widespread
use is their ability to form host-guest complexes with various chemicals.
These complexes are formed as a result of the unique structural proper-
ties of cyclodextrins, such as their hydrophobic cavities. Moreover, the
CDs can contribute to improved water solubility, as well as enhanced
physical and chemical properties and the capacity to introduce various
compounds. Molecular encapsulation with cyclodextrins can extend the
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advantageous nutrients and biologically active dietary supplements. Due
to their low toxicity, these tablets may be utilized without endangering
human health, leading to healthier products that are less likely to dete-
riorate.

The current uses of CDs emphasize the increasing demand for
CD-based products in the future. The global CD market is expected to
expand due to the substantial number of patents related to CD tech-
niques and applications. Projections indicate that the market will grow
from $180 million in 2019 to $210 million by 2024, eventually reaching
approximately $390 million by 2027. The continued dominance of CDs in
the market relies on the availability of robust CGTase enzymes with high
product specificity.
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ABSTRACT

The review presents the results of information research on the application of wheat bran, a by-product of wheat grain pro-
cessing. The relevance of this topic is due to the difficulties of rationally using large-scale waste and its disposal without
increasing the load on the ecosystem.The chemical composition of wheat bran is characterised, including the carbohydrate
composition and the content of non-starch carbohydrates and proteins; a qualitative analysis of the components is provided.
Special attention is given to the use of wheat bran in industry and as a substrate for the biosynthesis of useful metabolites.
Wheat bran has significant biotechnological properties and is a valuable raw material for the development of new products
and technologies. The review provides a comparative analysis of methods for the destruction of wheat bran, highlighting
their advantages and disadvantages. Microbial destruction by enzyme preparations and microorganisms is relevant due to
the promise of obtaining metabolites in demand as microingredients for feed and food purposes. The use of wheat bran in the
production of functional foods is known; in animal husbandry, they are used as a feed additive. In biotechnology, wheat bran
can serve as a substrate for the growth of various microorganisms used in the production of biotechnological preparations
and enzymes, such as beneficial bacteria — probiotics. In the field of ecology, microbial communities using wheat bran are
able to effectively degrade organic pollutants. Thus, the use of wheat bran in biotechnology opens up new horizons for the
development of sustainable technological processes and improvement of product quality. Their biotechnological destruction
is of interest as a method of converting waste into secondary raw material.
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BUOTEXHOJIOTUUYECKOE IPUMEHEHUE MNIIEHUYHBIX OTPYBE. OB30P
Kyp6anos I. ®@., [Ipuuena A. O., Hemomustimii A. I1., iBaHnosa E. 10., Illaposa H. 10.*

Bcepoccuiickuit HayYHO-MCCI@JOBATEIbCKUI MHCTUTYT NMUIIEBbIX 106aBOK, CaHKT-IleTep6ypr, Poccus

K/IFOYEBBIE CJ/IOBA: AHHOTALIUA

nweHuyHsle ompyéu, B 0630pe MpeACcTaBIeHbl pe3y/bTaThl MH(GOPMALMOHHBIX MCCIeN0BaHNIi 10 HAIIPaBIeHMIO TIPMMEHEeHMS 0TX0/a IepepaboT-

2udponu3, 6uocuHmes, Kiu 3epHa IMIIEHUI[b — MIEHNYHbBIX OTPY6eii. AKTYaJbHOCTh PACCMOTPEHMS JAHHOM TeMbI 06YC/IOB/IeHA TPYIHOCTSIMM PaLy-

epmenmayus, OHAJIbHOT'O MCII0/Ib30BaHMsT KPYITHOMACIITAOHOTO OTXO/a M €r0 peanusannuu 6e3 yBeauueHus: Harpys3ku Ha sKocuctemy. [laHa

8MOpUUHOE CbIpbe, XapaKTepUCTUKA XMMUYECKOTO COCTaBa MIIEHNYHBIX OTPy6eii, BKIOUasl YIJIEBOAHbBIN COCTaB, COAepKaHyue HeKpaxMaabHbIX

0mxo0bl, GUONONUMED  YITIEBOZOB, 6EJIKOB, TPOBEIeH KaueCTBEHHbI aHaM3 KOMIIOHEHTOB; YAEIEHO OTAe/IbHOe BHUMAHUE UCIIONb30BAHMIO ITIIe-
HUYHBIX OTPY6eEit B TPOMBIIIJIEHHOCTH 1 B KauecTBe cyOCTpaTa AJ1si 6MOCHHTEe3a MOJe3HbIX MeTabonuToB. [TieHnYHbIe OTPY-
611 06/1a210T 3HAYNTETHHBIMYM 6MOTEXHOTOTMUECKMMM CBOVICTBAMMU U SIBJISIIOTCS LIEHHBIM VICXOZHBIM MaTepuajaoM AJIsl paspa-
60TKM HOBBIX IIPOAYKTOB ¥ TEXHOIOTMIL. B 0630pe aH CpaBHUTEIbHbIN aHaIN3 CII0COO0B AeCTPYKLUMM TIIEeHNYHBIX OTpYy6eit,
OTPaKeHbI MX MPEUMYILECTBA M HEeLOCTATKU. MUKPOGMOIOTMUecKas AeCTPYKLMS Mof, feiicTBueM HepMeHTHbIX IpernapaToB
¥ MUKPOOPTaHU3MOB aKTya/ibHa B CBSI3M C IMEPCIIEKTUBHOCTHIO TIOYUEHMs MeTaboIUTOB, BOCTPE6OBAHHBIX B KAUeCTBe MMU-
KPOVHI'PEAVEHTOB KOPMOBOIO M MUIEBOrO Ha3HaueHusl. MI3BECTHO NMpPMMEHEHMe IIIEHUYHBIX OTPy6eii B MPOM3BOACTBE
(DYHKIMOHAIBHBIX TPOAYKTOB MUTaHUS; B chepe KMBOTHOBOACTBA OHM MCIIONB3YIOTCS B KauecTBe J06aBKM B KOpM. B 61o-
TEXHOJIOTUY: TIIEHNYHbIE OTPYOM MOTYT CIYKUTb CYOCTPATOM /IS POCTa Pa3IMIHBIX MUKPOOPTaHM3MOB, KOTOPbIE UCITONb-
3YIOTCSI B TPOM3BOICTBE OMOTEXHOIOTMYECKMX MTPernapaToB U GepMeHTOB, HalIpuMep, oNe3HbIX 6aKTepuii — MPOOUOTUKOB.
B 06acTyt 9KOIOTMM: MUKPOOHbIE COOBIIECTBA, MCIIOb3YIOIIMeE IIeHNYHbIe 0TPYyOU, CrIOCOOHDI 3¢ (EKTUBHO pasiaraTb Op-
raHMYecKue 3arpsasHsonMe BemecTBa. Takum 06pa3oM, UCIOIb30BaHMeE MIIEHUYHBIX OTPYOeii B 61I0TEXHOMOTSIX OTKPbIBAET
HOBBI€ TOPU30HTHI IJIS1 pa3pabOTKY YCTOMUMBBIX TEXHOTOTMUECKMXK MTPOLIECCOB M Y/IyUIIeHMsT KauecTBa IPOAYKTOB, a UX O1-
OTEXHOJIOTMYecKast JeCTPyKIVsI TIPeACTAaBIIsIeT MHTepeC B KaUecTBe Crocoba rmepeBosa oTxoma B GopMy BTOPUUHOTO ChIPbSL.

OVHAHCHPOBAHUE: O630p noAroTosieH B paMKaXxX BbITIOTHEHMS MCCIeN0BaHMI 0 rocygapcTBeHHOMY 3agaHuio FGUS-2022-0003 ®I'BHY «DHI
MUIIEBBIX cucTeM uM. B. M. Top6aTtoBa» PAH.

1. Introduction

The majority of industrial products and energy carriers in the world
are produced using fossil fuels. However, the reserves of such resources as
oil and gas are gradually depleting, which necessitates the transition of
the global economy to a new model based on renewable resources. In the
new technological system, biorefineries will play a key role, providing en-

FOR CITATION: Kurbanov, G.F., Prichepa, A.O., Nepomnyashchy, A.P., Iva-
nova, E. Yu., Sharova, N. Yu. (2025). Biotechnology applications of wheat bran.
Review. Food Systems, 8(2), 204-212. https://doi.org/10.21323/2618-9771-2025-8-
2-204-212

vironmentally sustainable conversion of biomass into various commer-
cial products and energy [1].

Wheat bran (WB) represents one of the key by-products of the flour
milling industry and is the most prevalent type of bran among cereal
crops. The growth of the world’s population leads to an increase in flour
milling production volumes, which in turn increases the amount of WB.
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The high costs of WB transportation and their limited economic efficiency
stimulate researchers to search for innovative and profitable methods of
their utilization. According to various sources, WB is among the most com-
mon cereal crop residues (approximately 90 million tons per year [2]) due
to the large market share obtained from wheat flour-based food products.

Wheat bran, like many other types of organic biomass obtained in the
agricultural industry (such as stems, roots, sawdust, and wood waste), is
increasingly being considered as a promising resource for further pro-
cessing and utilization. This approach allows for the unlocking of their
beneficial properties while simultaneously reducing the volumes of WB
directed to landfilling or incineration.

Currently, WB primarily serves as animal feed (~90 % of the total pro-
cessed amount), while only a small portion (~10% of the total processed
amount) is sold for culinary purposes or as dietary supplements [3]).
However, WB contains a significant amount of carbohydrates and other
macro- and microelements. In their natural state, they exhibit low bio-
logical availability, but additional processing procedures enable their
consideration as a substrate for microbial cultivation [4]. Utilizing WB in
this direction opens up a broad horizon for the production of numerous
other compounds that can be applied both in the food industry and in
other fields.

2. Objects and methods

The literature analysis was conducted using scientific search systems,
namely PubMed and ScienceDirect. The literature search was performed
using the following keywords: wheat bran, application of wheat bran, bio-
conversion of wheat bran.

Within the framework of this work, 107 scientific sources in English
and Russian were analyzed.
Inclusion criteria:
Published scientific articles.
Publication period: 1985-2025.
Publications from Scopus and WOS databases.
Articles from official websites of specialized institutions: WHO (World
Health Organization).
Exclusion criteria:
Publications issued before 1985.
Publications not included in the Scopus and WOS databases.
The article’s focus is on the use of wheat bran in industry, as well
as the use of wheat bran as the main substrate source in microbial
fermentation processes.
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3. Wheat bran

Wheat (Triticum aestivum L.) is one of the most important cereal crops
cultures, and refined wheat flour is widely used for cooking in almost ev-
ery household. Wheat bran represents a by-product of the flour milling
industry. The term “bran” denotes a complex fibrous structure that in-
cludes insoluble compounds such as xylans, lignin, cellulose, and hemi-
cellulose, as well as soluble polysaccharides like galactans and fructans.
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Additionally, bran is rich in essential minerals such as iron, zinc, manga-
nese, magnesium, and phosphorus [5]. Wheat bran contains both water-
soluble (1.5-4 %) and water-insoluble (35-48.4 %) dietary fibers [6].

In the food industry, cereal crops are typically processed into flour,
yielding a product output within the range of 70-80 % of the initial grain
weight, which depends on the crop variety, growing conditions, and the
specifics of the milling process [7]. In this process, approximately 25 %
of the grain weight constitutes bran, the main by-product resulting from
hulling and milling. Wheat bran represents the outer layers of wheat
grain and consists of various tissues, including pericarp (fruit coat), testa
(seed coat), hyaline layer, and aleurone layer, the latter belonging to the
endosperm. Bran is characterized by histological and chemical heteroge-
neity, and the choice of methods for their processing to extract valuable
components depends on the specific target tissue [8].

According to WHO report [9], the amount of wheat produced as of
2024 was projected to be approximately 780 million tons, accounting for
slightly more than 27% of the total cereal production. If all the wheat
were to be ground into flour, it would result in approximately 190 million
tons of wheat bran alone. Such quantities of wheat bran require atten-
tion, as although they are a by-product, they represent a resource that
can be utilized in production chains. The structure of a wheat grain is
shown in Figure 1.

4. Chemical composition of wheat bran
The data on the composition of wheat bran, expressed as a percentage
of dry matter, are presented in Table 1 [3].

Table 1. Chemical composition of wheat bran
(Dry matter basis, mass%) [3]
Tabnuua 1. XuMu4yeckuii cocTas MIIEHNYHBIX OTPyOeit
B IIepecyeTe Ha Cyxoe BelllecTBO (Macca,%) [3]

. Carbo- Total dietary Crude
Proteins Fat hydrates Ash fibres fibres
14.4 2.3 64.0 1.9 12.1 2.9

Chemical composition of wheat bran is influenced by various factors,
including the region of production and the type of wheat [10]. The sec-
ond, equally important factor, includes the conditions and depth of grain
processing. As a result, the content of various components may vary. This
is due to the fact that different processing methods can remove different
layers of bran, which will change the final composition [11]. At the same
time, wheat bran can undergo further processing in various ways, which
leads to an increase in the extracted substances [12].

When describing the chemical composition of wheat bran, it is pos-
sible to identify major components, the presence of which is mandatory,
but may vary depending on various factors.

4.1. Carbohydrates in wheat bran
The carbohydrates in wheat bran include cellulose (30-50%), hemi-
cellulose (15-35 %), and lignin (10-25 %) [13].
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Figure 1. Schematic representation of wheat grain. The prototype of the image was an article [3]
PucyHok 1. CxemaTuyeckoe n306paskeHye MIEeHNIHOro 3epHa. IIpoToTunom n3o6paskeHns CIy>Kuia cTaTos [3]
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Starch is a branched polysaccharide composed of amylose and amylo-
pectin. The difference between these two components lies in the chemi-
cal bonds between glucose monomers. Amylose predominantly contains
a-(1—4) bonds, resulting in a linear structure, while amylopectin has more
frequent a-(1—6) bonds, leading to a more branched structure. Starch
extracted from wheat bran shows a higher amylose content compared to
starch from wheat grain [14]. This chemical characteristic of wheat bran
is of interest because the addition of starch with a high amylose content
improves the properties of food products. For example, such products have
a reduced glycemic response due to lower starch digestibility [15].

Mature wheat grains contain two types of starch granules: Type A (di-
ameter > 9.9 pm) and Type B (diameter < 9.9 pm) [16]. In general, wheat
grain starch contains 70-80% Type A granules and no more than 30 %
Type B granules by weight [17]. In one study, when comparing starch ex-
tracted from wheat bran with starch obtained from regular wheat, it was
noted that the former has an increased content of Type B granules [14].

The size of starch granules is significant during enzyme processing,
particularly with alpha-amylase. Smaller particles exhibit a higher hy-
drolysis rate due to their larger surface area and greater enzyme acces-
sibility [18].

4.2. Non-starch carbohydrates in wheat bran

The main components of wheat bran are non-starch polysaccharides,
such as heteroxylans, mixed-linked B-glucans, and cellulose. These com-
ponents account for approximately 46 % of the total volume of industrial
wheat bran [19].

Cellulose is undeniably considered the most abundant organic sub-
stance on the planet. Its annual growth is equal to 1,5 x 10'2 tons, which
allows it to be considered an inexhaustible source of raw materials [20].
Its molecular structure consists of numerous glucose residues linked by
B-(1—4) glycosidic bonds. Cellulose forms long chains that are tightly
packed together. This is ensured by intramolecular and intermolecular
interactions of the molecule’s atoms [21]. The interaction between the
surface of crystalline cellulose molecules occurs through: hydrogen
bonds, electrostatic attraction between layers, dispersion forces [22]. This
multilayer structure is crucial for biotechnology. On the one hand, the
complex, highly ordered, and densely packed fibrillar architecture of cel-
lulose complicates its hydrolysis [23]. On the other hand, it has found
application in various fields of nanotechnology, such as the production
of functional membranes.

Hemi-cellulose is a widely distributed polysaccharide that can occupy
up to one-third of the dry plant biomass. It represents a collective term
for heterogeneous polysaccharides, whose monomers most often have a
B-(1—4) linkage. These polysaccharides have a common feature: they are
embedded between cellulose microfibrils and bind it through adhesion
mechanisms [24]. In general, hemi-cellulose consists of pentoses (xylose,
arabinose) and hexoses (glucose, galactose, mannose), as well as uronic
acids. The composition may vary depending on the plant species [25].
Arabinoxylan is a key structural component of wheat bran cell walls, ac-
counting for 10.9% to 26.0% of their total content on a dry matter ba-
sis [1]. It consists of a backbone of B-(1-4)-linked D-xylose pyranosyl
units, to which a-L-arabinofuranose substituents are attached at posi-
tions (0)-2 and/or (O)-3 of xylose residues. Some arabinose residues are
further linked by an ether bond at position (0)-5 to ferulic acid [26]. Feru-
lic acid-substituted residues play a significant role in gel properties due
to their ability to interact with each other through the formation of feru-
lic acid dimers [27]. This polymer exhibits several structural forms: linear,
branched, and H-shaped [28]. Substituents in the arabinoxylan structure
play an important role in cellulose binding within the cell wall. Low-sub-
stituted arabinoxylan binds more easily to cellulose, thereby promoting
fiber bonding. Conversely, under-substituted arabinoxylan binds less ef-
fectively to cellulose fibrils and is more readily extractable by water [29].

Ligninis predominantly deposited in the cell walls of secondarily thick-
ened cells, rendering them rigid and impermeable. This compound pro-
vides protection to cell wall polysaccharides against microbial attack [30].
Lignin exhibits a complex and variable molecular structure, composed of
three covalently linked subunits: guaiacyl, syringyl, and p-hydroxyphe-
nyl [31]. The application of lignin in food products presents multiple
areas of interest. Primarily, it demonstrates potent free radical scaveng-
ing capacity [32,33]. Additionally, lignin provides protection against UV
radiation and inhibits foodborne pathogens [34]. Notably, a study has
confirmed that lignin effectively suppresses the growth of Staphylococcus
aureus ATCC25923 and Salmonella enterica ATCC13076 [35].

4.3. Wheat bran proteins

From the perspective of the food industry, wheat bran is of significant
interest as a source of vegetable protein. Overall, the total protein con-
tent is considerably higher compared to wheat grain. This is due to the
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uneven distribution of protein within the grain, with the highest concen-
tration found in the subaleurone and aleurone layers [36,37]. It is evident
that wheat bran possesses high potential as raw material for the produc-
tion of various protein products and preparations. These substances can
find extensive application in agriculture for feed fortification. Similarly,
they can be considered as inexpensive raw material for the preparation
of food products with elevated protein content. For instance, one study
involved the production of protein concentrate using alkaline extraction,
followed by enrichment of bread and pasta [38]. Another research yielded
protein isolates obtained through the treatment of wheat bran with lactic
acid bacteria [39].

4.4. Qualitative analysis of wheat bran proteins

One of the key components of wheat bran is the aleurone layer. Pro-
teomic analysis of this layer has been conducted by several researchers.
To date, it is known that the qualitative composition of proteins is influ-
enced by numerous factors. The aleurone layer contains a large amount
of storage proteins belonging to the globular type. Their quantity varies
significantly depending on the wheat variety. For example, in tetraploid
wheat variety Mexicali, their content was about 35 %, while in soft wheat
variety Babbler it was approximately 74.9 % [40]. In one experiment, us-
ing the Osborne protein extraction method, the following data were ob-
tained: total protein content 12.086 %, water-soluble albumins (2.43 %),
salt-soluble globulins (1.93 %), alcohol-soluble prolamins (2.47 %), and
acid-soluble glutelins (5.25 %) [41].

Wheat bran contains a wide variety of proteins, with the functions of
some still unknown at present. Among the identified proteins, those per-
forming protective functions can be distinguished. These include inhibi-
tors of a-amylase and proteases, which are capable of protecting the en-
dosperm from enzymatic degradation. At the same time, B-amylase was
found, capable of hydrolyzing starch to maltose [42]. Its activity is likely
limited by its existence in a bound state. Experiments conducted with
barley grains show that B-amylase becomes active when the grain is ex-
posed to proteases, which release it and restore its activity [43]. The pres-
ence of B-amylase inhibitors in the endosperm and aleurone layer is also
noted [44]. Currently, it is known that amylase and trypsin inhibitor pro-
teins are among the allergens, which are also thermostable [45]. Among
the proteins, three more storage globulins were discovered: globulin-1,
globulin-3A, and Gsp-1 [42]. An investigation of the amino acid composi-
tion of wheat bran revealed a high content of asparagine [46]. Proteomic
analysis of proteins revealed that most proteins are involved in metabolic
pathways and stress protection [42].

5. The use of wheat bran in industry

Summary information on the examples of bran application in various
forms in industrial fields is presented in Table 2. The main areas of wheat
bran usage in industrial applications are also shown in Figure 2.

Currently, wheat bran is primarily used as a feed additive, while its
application in the food industry remains limited. Only a small portion
of wheat bran is used in food products on a commercial scale. Given the
significant volumes of accumulated bran biomass and the low cost of
products made from them, the flour milling industry is actively seeking
new directions for their high-value application. Bran serves as a valuable
ingredient, especially in the diet of ruminants, contributing to balanced
nutrition and providing several benefits for the health of the animals’ di-
gestive system, carbohydrate absorption, and mineral requirements [3].
Additionally, bran can be used in combination with other waste products
for feed purposes. For example, in combination with sugar beet waste [47].
Such feed combinations have a positive impact on protein content and
transform human-edible products obtained from cows, increasing energy
and protein content by 6.8 and 5.3 times, respectively.

In the food industry, bran is added to bakery products to increase fi-
ber content and alter the texture of the products. In this case, bran can be
added to dough to modify its properties. Their addition affects the bak-
ing process and bread quality, including structural, functional, and sensory
characteristics [48]. Furthermore, wheat bran can be presented in the form
of powder or capsules, serving as a food additive to increase fiber intake [3].

Wheat bran can serve as a valuable source of various biologically ac-
tive components, including carbohydrates [14] proteins and amino ac-
ids [49], and oils [50]. Additionally, wheat bran is rich in other compounds
such as phenolic substances, B vitamins, and minerals, which opens up
opportunities for their use in the production of nutraceuticals and func-
tional food products [1].

Enzyme-treated wheat bran serves as a source of starch. Furthermore,
starch extracted from wheat bran can be hydrolyzed into glucose, which
then serves as raw material for fermentation processes that allow the pro-
duction of lactic acid, succinic acid, ethanol, and/or butanol [51].
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Figure 2. Schematic representation of the main areas of wheat bran application
PucyHOK 2. CxeMaTHM4ecKoe U300paskeHyie OCHOBHBIX 06/1acTeli IpUMeHeHMsI MIIeHNIHbIX 0Tpy6eit

Table 2. Overview of wheat bran applications
Ta6muiia 2. 0630p o61acTeit MPUMeHeHUsI MIIEHUYHBIX OTPYoeit

Area
Feed industry

Content \ form of wheat bran
Wheat bran and beet pulp mixture
Wheat bran powder/flour
Wheat bran powder, tablets and capsules
Wheat bran subjected to hydrolysis and extraction
Wheat bran subjected to hydrolysis and extraction
Wheat bran subjected to protein extraction

Food industry and

nutraceuticals Wheat bran

Wheat bran subjected to alcohol extraction and Ba(OH),

extraction

Wheat bran subjected to ethanol precipitation and
enzymatic treatment

Wheat bran subjected to pressure-assisted alkaline

extraction
Chemical industry

Agricultural industry Organic waste from cereal bran

Sorbents Organic waste from cereal bran

Chemical industry
Agricultural industry

Energy storage
& & Sorbents

Unprocessed wheat bran

Construction and

buildings Organic waste from cereal bran

Molecule derived from wheat bran
Medicine and

cosmetology Molecules derived from wheat bran

Wheat bran extract

Textile industry Processed wheat bran

Wheat bran, containing 13-18% protein, represents a promising
source for protein extraction. The main components of bran proteins are
albumins and globulins, characterized by a more balanced amino acid
composition. Compared to endosperm proteins, bran proteins feature
higher contents of lysine, arginine, alanine, asparagine, and glycine, as
well as lower levels of glutamine, proline, phenylalanine, and sulfur-
containing amino acids. Due to these characteristics, bran proteins have
higher biological and nutritional value [52,53]. Autolysis of wheat bran
using proteolytic enzymes can be utilized to produce a mixture of amino
acids, which can subsequently be incorporated into other products [49].

Wheat oil is another product that can be obtained through extraction
from wheat bran. Wheat oil contains high amounts of fatty acids in the
form of oleic and linoleic acids, as well as carotenoids. This product can
be used in cosmetology [54].

Arabinoxylans are the main structural component of wheat bran cell
walls and can be extracted using various methods, although their com-
mercial application is challenging [55,56]. More interestingly, arabinox-

Wheat bran subjected to autolysis by proteolytic enzymes

Acid degradation of xylose or glucose from wheat bran

Application \ product Source
Feed for dairy cows [47]
High-fiber bakery products [48]
Dietary supplement to increase fiber intake [3]
Wheat bran starch [14]
Acetone, butanol, ethanol [51,85]
Proteins [53]
Branched amino acids [49]
Wheat oil [50]
Arabinoxylan [55,56]
Beta-glucans [57]
Ferulic acid for vanillin production [59]
Furfural production [1]
Improve soil structure and water retention due
to high N, P, and K content [68,86]
Dye absorbent [60-62]
Absorbent for organic chlorine compounds and benzene
aqueous solutions [63]
Removal of Cr(VI), Pb(Il), and Cd(II) from wastewater [64-67]
Removal of Pt(IV) from wastewater [69,70]
Supercapacitors and energy storage devices [71]
Strain sensors [72,73]
Biogas production [74-78]
Reinforcement, insulating filler, lightweight and
sustainable buildings. Cement binder (79
Antimicrobial peptide [80]
Antioxidant peptides [81]
Wound healing extracts [82]
Tanning agents [83,84]

ylan can be decomposed into arabinose and xylose, followed by xylitol
production. Xylitol is a sweetener that can be used by diabetics and is also
utilized in toothpaste formulations [1].

Beta-glucans present in wheat bran can be obtained through extrac-
tion using 70 % ethanol, followed by treatment with alpha-amylase under
high temperature conditions. Beta-glucans can be used as dietary supple-
ments for individuals with diabetes or heart diseases [57].

Ferulic acid is the main phenolic compound that can be extracted from
wheat bran. It is claimed that ferulic acid possesses antioxidant, antimi-
crobial, and anti-inflammatory activities, thus having high potential for
application in the food, medical, and cosmetic industries. The simplest
method for extracting ferulic acid from wheat bran involves extraction
with anhydrous ethanol followed by centrifugation [58,59].

Furfural and 5-HMF are by-products and toxic products of wheat bran
processing, but they can also be produced through the acidic degrada-
tion of xylitol or glucose and subsequently used as solvents in various
applications [1]
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Although cereal bran is primarily processed in the feed and food in-
dustries, economic development opens up new technical and engineering
possibilities for their broader use.

Wheat bran, due to its relatively high content of proteins, potassium,
and phosphorus, can be used as a fertilizer for growing cultivated plants.
There is also evidence that wheat bran can be used as a sorbent, par-
ticularly absorbing malachite green and methylene blue [60-62]. Addi-
tionally, wheat bran can act as a sorbent for certain chlorine-containing
compounds [63] and for ions of heavy metals such as platinum, lead, chro-
mium, and cadmium [64-87]. Furthermore, it is possible to produce char-
coal from wheat bran, which can also adsorb various air pollutants [68].

The carbon from wheat bran can also be utilized in green energy, par-
ticularly for creating components used in electronics, such as capacitors
or carbon anodes [69,70] and even sensors [71].

Due to its high content of fermentable carbohydrates, such as starch and
cellulose, bran is potentially excellent raw material for biorefineries, where
biogas and valuable chemical compounds can be produced from it [72,73].

Another interesting area of application for wheat bran is construction.
Wheat bran is a cheap, porous, and lightweight material that can also be
disposed of through biodegradation. Currently, heat-insulating panels,
biocomposites, and other building elements are being developed. When
combined with other natural materials such as clay, it is possible to de-
velop a cheap option for temporary housing or structures required during
construction [74-78].

In addition to research on obtaining already known molecules, more
fundamental developments are being carried out, including the search for
unique proteins and peptides. It has been shown that wheat bran contains
compounds that potentially have antibacterial effects. For example, the
peptide WBp-1 has demonstrated antibacterial properties against Listeria
monocytogenes by damaging the bacterial cell wall [79]. In another study,
bioactive peptides obtained from wheat bran were investigated. A total
of 91 bioactive peptides were found, with some exhibiting antioxidant
activity against H,0,-induced oxidative stress in HepG2 cells. Two pep-
tides (DLDW and DLGL) may be the most promising antioxidant peptides
due to their higher binding affinity to Keap1 [80]. All described molecules
have potential applications in medical or cosmetic purposes. Wheat bran
extracts are also being developed for medical purposes. For example, cold
aqueous and methanolic extracts of wheat bran are potentially beneficial
for promoting the healing of burn wounds. This development requires
further research but shows promise in cases where traditional measures
are not effective enough or formulations with one or more active sub-
stances are too expensive [81].

Another interesting application of wheat bran is the production of
carbon material (CM), which can be used in the leather industry. CM from
bran is an interesting inexpensive and environmentally friendly tanning
agent. CM potentially represents a step forward in the further use of
wheat bran waste in sustainable leather manufacturing [82].

Wheat bran contains a large amount of polysaccharides that have po-
tentially significant applications. For example, it has been shown that
wheat bran contains antifreeze polysaccharides. Such polysaccharides can
be used both for producing dough more resistant to crystallization and for
preserving other food products, or even applied in other industries [83,84].

Wheat bran undoubtedly deserves attention as it is economically af-
fordable raw material that may contain solutions to many non-trivial
issues. Apart from the already described applications requiring pure or
chemically treated wheat bran, it is worth considering wheat bran as a
substrate for microbial cultivation.

6. The use of wheat bran as a substrate for biosynthesis

Wheat bran is a complex multicomponent system. Due to its composi-
tion, wheat bran can be used in fermentation to produce various prod-
ucts, but often require preliminary treatment with enzyme preparations,
certain chemical compounds, temperature exposure with or without wa-
ter, or step-by-step processing with the addition of different microorgan-
isms. The goal of hydrolysis in this multicomponent system is most often
polysaccharides, dietary fibers, and proteins, although lipids can also be
a target. Depending on the objectives, thermal hydrolysis, hydrothermal
hydrolysis, enzymatic hydrolysis, chemical hydrolysis, and microbiologi-
cal hydrolysis methods can be used.

Thermal hydrolysis is represented by prolonged temperature expo-
sure and is primarily associated with the degradation of insoluble dietary
fibers and proteins, while also leading to an increase in the amount of
water-soluble dietary components [87]. Most often, thermal hydrolysis is
used as a preliminary treatment.

Hydrothermal hydrolysis is a prolonged temperature exposure of
wheat bran in a solvent. The processes of thermal hydrolysis are valid
for it, and there are also known particular cases: hydrothermal hydrolysis

reduces the amount of hydrocarbon molecules such as phytane and, due
to temperature exposure, leads to the degradation of proteins and certain
peptides such as glutathione, which results in an increase in the number
of disulfide bonds [88].

Chemical methods make it possible to extract many components, but
chemical hydrolysis methods for biosynthesis are a preliminary stage,
most often quite specific. Wheat bran can be treated with compounds
such as sulfuric acid, iron (III) chloride.

Different strains of microorganisms have varying effects on the nu-
tritional and functional properties of fermented wheat bran, which pri-
marily depends on the microorganism itself and fermentation conditions.

Treatment with microbial starters or enzyme preparations leads to
the degradation of the wheat bran structure, destruction of the cell wall,
and protein breakdown, while biologically active and bioavailable com-
ponents of primary interest, such as peptides, amino acids, and other
nitrogenous compounds with physiological functions, are formed during
fermentation by the main fermentation culture.

The scheme of the main methods of wheat bran treatment is present-
ed in Figure 3.

Mycelial fungi (Aspergillus, Trichoderma, Mucor and Rhizopus), yeasts
(Saccharomyces and Candida) and bacteria (Lactobacillus and Bacillus) are
commonly used in the biotransformation of wheat bran to degrade cell
wall fibers, thereby improving the availability and digestibility of nutrients.
Yeast and lactic acid bacteria are well-established starters frequently used
to enhance the nutritional and structural characteristics of wheat bran [4].

One of the simplest examples of using food bran as a substrate is the
saccharification of wheat bran for bioethanol production. This process
can be carried out by numerous microorganisms or microbial consortia,
including those of the genera Aspergillus, Penicillium, Rhizopus, Mucor and
Trichoderma. The highest content of soluble carbohydrates (198.8 mg/g)
was obtained by the strain P. chrysogenum F.00814 after 3-5 days of
pretreatment. Subsequently, ethanol biosynthesis was conducted using
strains S. cerevisiae Levuline Fb and K. marxianus NCAIM Y.00959 and
Z. mobilis subsp. mobilis B.01327T. The maximum ethanol content was
7.6% (v/v), obtained after 7 days of fermentation with wort containing
20% (w/v) initial reducing sugar, initiated by mixed cultures (S. cerevisiae
and K. marxianus), with the addition of Z. mobilis subsp. mobilis B.01327T
after two days [89].

For vitamin B12 production, wheat bran was pre-fermented using
Levilactobacillus brevis and Lactiplantibacillus plantarum, along with a
strain of Saccharomyces cerevisiae yeast, followed by the addition of Pro-
pionibacterium freudenreichii. Through 24 hours of treatment with the
starter culture, a vitamin B12 yield of 55+ 3.4 ng/mL was achieved, which
is approximately 6 times higher than that obtained in the fermentation
process without pre-fermentation [90,91].

@

Hydroglsis by chemical

etergents

.

Enzyme
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Hydrolysis by microbial
cultures

Hydrothermal hydrolysis

Figure 3. Schematic representation of the methods of hydrolysis
of wheat bran
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Table 3. Application of wheat bran for cultivation
Tabmmua 3. [I[pyMeHeHNe MIIeHNYHbBIX OTPy6eit A1 KyIbTUBUPOBAHMS

Producer

Strains of Aspergillus, Trichoderma, Mucor, Rhizopus, Saccharomyces, Candida,
Lactobacillus, Bacillus

Strains of Aspergillus, Penicillium, Rhizopus, Mucor and Trichoderma
Propionibacterium freudenreichii

E. coli BL21

P, acidilactici ZPA026

Pichia stipitis (NCIM 3497)

Fusarium graminearum Ec220

T. reesei NCIM 1186 N. crassa

Aspergillus sojae

Aspergillus niger NRRL 3112

Aspergillus flavus

P, pastoris GS115

Aspergillus niger / Lactobacillus fermentum JN248
Clostridium beijerinckii ATCC55025

Aspergillus terreus CICC40205

S. diastaticus ATCC13007

Rhodosporidium toruloides DSM 4444

The use of recombinant strains for product generation using wheat
bran is also known. A complex approach was used for acetic acid produc-
tion with Escherichia coli. Acetylxylan esterase from Phingobacterium soil-
silvae Em02 was integrated into E. coli. Before recombinant E. coli cultiva-
tion, wheat bran was treated with amylase and papain. Combined with
acetylxylan esterase catalysis, this pathway yielded 0.39 g of acetic acid
per 1 g of wheat bran, equivalent to a conversion rate of 39 % [92].

An additional example of recombinant strain utilization involves the
production of xylanase A from Bacillus amyloliquefaciens, which was ex-
pressed in Pichia pastoris GS115 under the AOX1 promoter. The resulting
endo-active xylanase exhibited transglycosylase activity and was capable
of hydrolyzing insoluble xylan from wheat bran, as well as beech and
birch xylan. Wheat bran was processed using this xylanase to obtain xy-
looligosaccharides and xylans from wheat bran [93].

An interesting approach also involves the use of fermented wheat
bran as a nutritional feed. Lactobacillus was utilized for the preliminary
treatment of wheat bran, followed by the addition of Pediococcus acidi-
lactici ZPA026 culture. The processed bran was subsequently used as pig
feed. Feeding pigs with fermented wheat bran reduced the concentration
of heavy metals in pig feces, thus revealing fermented wheat bran as a
feed with sorbent properties [94].

Another notable method is the production of xylitol through fermen-
tation using Pichia stipitis, achieving a yield of 6.134 g/L, whereas chemi-
cal treatment with sulfuric acid resulted in a yield of 1.42 g/L [95].

Furthermore, wheat bran can be utilized as raw material for enzyme
production from microorganisms. Cultivation of T. reesei NCIM 1186 and
N. crassa NCIM 1021, without preliminary treatment with enzymes or
other cultures, was employed for cellulase production [96].

Partial replacement of the carbon source with wheat bran can also in-
crease the yield of produced enzymes. For instance, when using wheat
bran for B-glucosidase production, substituting the carbon source with
wheat bran and additionally adding glycerol allowed obtaining an en-
zyme activity of 9.3 U/mL of medium through the cultivation of Asper-
gillus niger NRRL 3112, compared to 5.6 U/mL in the medium without
co-substrate [97]. The use of wheat bran as a co-substrate also led to an
increase in the expression of thermostable carboxymethyl cellulase dur-
ing Aspergillus flavus cultivation, which can be used for the production of
commercial carboxymethyl cellulase [98].

Wheat bran can be used as a nutrient medium for selecting enzyme
producers. For example, Fusarium graminearum Ec220 was used in the
presence of carboxymethyl cellulase to produce xylanase with low cel-
lulase activity [99]. Aspergillus sojae ATCC20235, which was cultivated in
the presence of wheat bran, was used to produce polygalacturonase with
increased activity [100,101].

Using Aspergillus niger, it is possible to produce ferulic acid without
the use of other microorganisms or enzyme preparations. The efficiency

| 2025 |

Product Source
Bioconversion before obtaining other products [4]
Bioconversion before ethanol production [89]
Vitamin B12 [90,91]
Acetic acid [92]
Feed with adsorbent [94]
Xylitol [95]
Xylanases [99]
Cellulases [96]
Polygalacturonase [100,101]
B-glucosidase [97]
Carboxymethyl cellulase [98]
Xylans and xylooligosaccharides [93]
Ferulic acid [102,103]
Acetone, butanol, ethanol [104]
Itaconic acid [105]
Ethanol [106]
Carotenoids [107]

of ferulic acid synthesis was 358.72 ug per 1 g of decarboxylated wheat
bran [102]. Similarly, the bacterium Lactobacillus fermentum JN248 was
used to produce ferulic acid, yielding 10.24 mg per 1 g of decarboxylated
wheat bran [103].

Sulfuric acid-treated wheat bran hydrolysate can be used to produce
acetone, butanol, and ethanol. When cultivating Clostridium beijerinckii
ATCC55025, the yields of acetone, butanol, and ethanol were 2.2, 8.8, and
0.8 g/L, respectively [104]. Also, on a medium with wheat bran hydroly-
sate obtained by sulfuric acid treatment, Aspergillus terreus CICC40205
can be cultivated to produce itaconic acid. The itaconic acid titer using
this mutant strain was 49.65 g/L [105].

Another method for ethanol production is the cultivation of S. dia-
staticus ATCC13007 on wheat bran hydrolysate obtained in the presence
of alpha-amylase, cellulase, beta-glucosidase, cellobiase, hemicellulase,
and xylanase. The yield ranged from 8.9 to 11.4 g/L of the nutrient me-
dium[106].

Equally interesting is the production of carotenoids through fermen-
tation using Rhodosporidium toruloides DSM 4444. Through chemical hy-
drolysis in the presence of FeCl; and microwave exposure, followed by
enzymatic hydrolysis, it is possible to achieve carotenoid yields of up to
14.8 mg/g, as well as lipid yields of up to 5.2 g/L [107].

7. Conclusion

Based on the results of conducted information research, analysis of
scientific publications, and comparison of experimental data obtained by
researchers from different scientific groups, it has been concluded that
the search for applications of wheat bran is relevant both in established
industries and in more innovative fields. The chemical composition of
wheat bran has been described, and various industries and forms of pro-
cessing wheat bran for their application have been considered. In addi-
tion to the known use as feed additives, the processing of wheat bran
potentially allows their use as a cheap building material or adsorbent,
while chemical treatment enables the extraction of various individual
components. One of the promising solutions for the processing of wheat
bran is the production of various products through bioconversion. Wheat
bran represents a cheap substrate, although it is limited by the presence
of a large number of complex and insoluble compounds. Pre-hydrolyzed
wheat bran becomes a more accessible source of carbon and energy, which
allows it to be used for the cultivation of various microorganisms or their
consortia, thus revealing its potential as a substrate for the production of
a wide range of biologically active molecules. Thus, the combination of
various hydrolysis methods opens up opportunities for the biosynthesis
of certain hard-to-access enzymes, sugars, vitamins, and simple organic
acids. This approach significantly expands the potential practical appli-
cations of wheat bran in modern industry, highlighting its versatility and
economic feasibility in various technological processes.
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1. Introduction

Restrictions imposed at the legislative level on application of trans
and saturated fats [1,2], the growing concern of the scientific community
and the food consumers about the negative impact of such types of fats
on their health [3,4] urge the food industry to develop new technologies
that contribute to the reformulation and modification of fat-containing
food products composition. A wide range of well-studied fatty acids en-
sures that fat-based structuring is fairly versatile. Careful selection of
the triglyceride composition in combination with proper processing will
make it possible to create fat-containing food systems with a various
range of hardness and melting points [5]. The production of food oleogels
(oleogelation) is currently one of the safest technological methods to re-
duce the content or completely replace saturated and trans fats in food
products [6,7]. In addition, the regulation of properties by adjusting the
composition and combinations of gel systems by various combinations
of hydrogels and oleogels leads to the formation of so-called hybrid gels
(or bigels) with both hydrophilic and lipophilic properties [8,9].

Edible oleogels and hybrid gels are developed in many methods and
are used in the food industry in the production of various food prod-
ucts: spreads [10-13], pastry [14,15] and confectionery products [16,17],
cheese [18,19] and meat products [20-24]. As a result of the research, the
developers have obtained acceptable reformulated food products with
similar technological and rheological properties as the traditional food
products or even food products with improved technical functionality. By
their nature, oleogels are a variety of soft materials, that range from vis-
coelastic liquid to solid matter, consisting of an organic liquid (vegetable
oil) and a gelling component, an organogelator capable of producing the
formation of an ordered supramolecular structure and structuring of
vegetable oil [25]. In most cases, low molecular weight amphiphilic mol-
ecules are responsible for gelation [26], which provide thermoregulative
properties to the gel [27,28]. However, some biomacromolecules attract
special attention, such as natural waxes, gums and biopolymers with gell-
ing properties in oily media, [29,30].

Currently, recommendations for an optimal fatty acid intake profile
often focus on limiting saturated fat intake to less than 10 % of the caloric
content, thus maintaining trans fatty acid intake at the lowest possible
level, and replacing saturated fats with the foods rich in mono- and poly-
unsaturated fatty acids [1]. However, this is a definite challenge for the
food industry, since saturated fats, unlike unsaturated liquid oils, feature
a solid consistency and provide the appropriate texture and stability to
the finished food. Their exclusion may lead to a decrease in the consumer
properties of the food products [6]. The solution to this problem can be
found in oleogels and hybrid gels, which are healthy substitutes for solid
fats obtained by converting liquid unsaturated oil into an elastic solid
product with the help of organogelators and without changing the chem-
ical characteristics of the liquid oil [7,9].

As can be seen, the process of obtaining and applying the various
forms of oleogels and hybrid gels has been well studied in recent decades
by the foreign scientists and domestic researchers at the scientific school
of A. A. Kochetkova [4,13,15]. However, relatively few clinical evaluations
of the volunteers who consumed the hybdrid gels, and biomedical stud-
ies of impact of oleogels and hybrid gels on the health status of labora-
tory animals have been conducted. For example, clinical trials of oleogels
were organized in 2008 by the scientists from the University of Guelph
(Canada) under the leadership of the professor Marangoni [31], who pos-
sesses extensive experience in the creation and application of oleogels
in food industry. They conducted studies of the lipid composition of the
relevant blood fraction in the volunteers after consuming the developed
monoglyceride gels. Studies have shown that the blood lipid composition
was lower in the group of the volunteers who consumed the developed
monoglyceride gel than in the volunteers who consumed a composition-
ally equivalent oil-water mixture [31].

Later studies conducted by this group of the scientists have shown
that coconut oil in the form of oleogel, compared with coconut oil in lig-
uid form, featured better effect on triglycerides, glucose, insulin levels in
the blood and appetite when consumed simultaneously with foods rich in
carbohydrates [32].

Korean researchers conducted studies to determine the effect of ed-
ible oleogel on lipid metabolism in rats fed with a high-fat diet, and
found that the use of oleogel based on rapeseed oil and beeswax in the
diet effectively reduces adipogenesis and improves angiogenesis in obese
rats [33]. Similar studies were conducted earlier by another group of sci-
entists [34], who showed that the use of oleogel reduced the level of tri-
glycerides by about 30 % in blood serum and liver, and increased the level
of triglycerides excreted in the faeces by about 30 % compared with rats
fed with separate components (rice bran wax and rice bran oil).
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In this regard, conducting biomedical research of new forms of edible
hybrid gels on laboratory animals remains relevant.

This study is aimed to develop and evaluate the safety and tolerability
of edible hybrid gel in an in vivo experiment conducted on Wistar rats.

2. Materials and methods

2.1. Materials

The following prescription ingredients were used as material for the
preparation of gels: sodium alginate (Parsian Gum Tam Co., Iran), bees-
wax (Zanburkala Co., Iran), grape seed oil (Monini Co., Italy), drinking
water.

2.2. Oleogels and hybrid gels preparation

Oleogel samples were prepared by mixing 60 ml of grape seed oil with
10, 15, and 20 % beeswax according to the procedure presented in the ar-
ticle [29]. To produce a hybrid gel, 10 ml of 2% sodium alginate in the
form of a hydrogel [28] was mixed with oleogel, which contained 20 %
beeswayx, at four different ratios of hydrogel: oleogel (0:100, 1:99, 5:95,
10:90) [17] by mixing using a mechanical stirrer RZR2102 control (Heido-
Iph, Germany) at 600 rpm for 45 minutes [28].

2.3. Microstructure of oleogels and hybrid gels

For analyze the shape and size of the crystals in oleogels and hybrid
gels, transient polarized light microscopy (model BX60, Olympus Opti-
cal Co. Ltd, Japan) was used in dark and light fields at magnification of
100 times for oleogels and 400 times for hybrid gels.

2.4. Textural characteristics of oleogels and hybrid gels

The textural characteristics of oleogels and hybrid gels were studied
using a texture analyzer (TA.XTplusC, Stable micro system, England).
To assess the hardness of each oleogel sample, a penetration test was
performed using a 2 mm penetrating probe 50 kg. The texture test was
performed at least three times with a pre-penetration rate, a rate dur-
ing penetration, and a post-penetration rate of 1, 2, and 10 mm/s, re-
spectively, and a penetration depth of 5 mm at a temperature of 25 °C.
Exponent software of version 6.1.1.0 was used to analyze the texture
tests values.

2.5. Thermal properties of oleogels and hybrid gels

The thermal properties (initial and final melting points) of the sam-
ples were evaluated by differential scanning calorimetry (DSC-600 model,
Wuhan Bonnin Technology Ltd., China) using SPICO software (DSC1.0.0,
China). To conduct the experiment, a sample weighing 18 mg was placed
in an aluminum container, hermetically sealed, and heated from 25°C
(T, is the initial melting point) to 100 °C, (T, is the maximum melting
point) at a heat rising rate of 5 °C/min [28].

2.6. Animal experiments

The experiment with laboratory animals was conducted in the vi-
varium of the Saratov State University of Genetics, Biotechnology and
Engineering named after N. I. Vavilov in accordance with the “Rules for
work using experimental animals” (dated 12. Aug. 1977 No. 755), “Inter-
national principles of the Helsinki Declaration on Humane Treatment of
Animals”, GOST ISO 10993-1-20111. These studies were conducted ac-
cording to the approved protocol and in accordance with the research-
er’s Standard Operating Procedures. The format of the study is defined
by the “Rules for conducting a preclinical study of a medicinal product
for veterinary use, a clinical study of a medicinal product for veterinary
use, a bioequivalence study of a medicinal product for veterinary use”
(No. 101 dated 06.Mar. 2018) and the “Guidelines for conducting Pre-
clinical Studies of medicinal Products. Part One (2012). The zoohygienic
conditions of all experimental animals were identical, regulated by the
recommendations for the maintenance and feeding of laboratory animals
(GOST 33215-2014)2. According to the study protocol, white Wistar rats
with an initial body weight of 180-185 g participated in the experiment.
The rats were split into three groups for the study with 12 animals each.
The first group of rats (n=12) was individually and orally fed with the test
hybrid gel at a dose of 1 g/ kg, once a day, for 30 days, the second group
of rats (n=12) received the hybrid gel orally at a three-fold increased dose
of 3 g / kg, according to the same scheme. The third (control) group of
rats (n=12) was fed with a standard diet and did not receive a hybrid gel.

! GOST ISO 10993-1-2011. «Medical devices. Biological evaluation of medical
devices. Part 1. Evaluation and testing». Retrieved from https://docs.cntd.ru/docu-
ment/1200100813 Accessed October 12, 2024

% GOST 33215-2014 «Guidelines for accommodation and care of animals. En-
vironment, housing and management» Retrieved from https://docs.cntd.ru/docu-
ment/1200127789 Accessed October 14, 2024
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Daily observations of experimental animals were carried out through-
out the experiment. At the same time, attention was focused on the ap-
pearance and behavior of rats, their consumption of feed and water. The
body weight of the animals was determined one day before the start of
the experiment and kept being measured weekly until the end of the
experiment. Body temperature was measured using a 153-IRB infrared
thermometer (Bioseb SAS, France). At the beginning of the experiment,
individual body weight values did not deviate from the average value in
the group by more than 10%. The animals were weighed on a PA2102C
scale (Ohaus, USA).

To assess the effect of the hybrid gel on the hematological and bio-
chemical parameters of animal blood, it was aspirated before the start
of the experiment and on the 30™ day after the last feeding with the
hybrid gel.

Blood was taken from the left ventricle of the heart using an inhala-
tion anesthetic (isoflurane); the skin at the aspiration site was previously
disinfected with a 95 % solution of ethyl alcohol.

Clinical blood analysis was performed on a MicroCC-20Vet hematol-
ogy analyzer (High Technology Inc., USA).

Biochemical studies of blood serum (determination of total protein,
albumin, globulin, creatinine, urea, glucose, and the activity of major en-
zymes) were performed on a StatFax 3300 analyzer (Awareness Technol-
ogy Inc., USA) using diagnostic systems from Deacon DS (Russia).

Histological sections of 5-7 microns thick were cut off using a Microm
HM 525 freezing microtome (Microm International GmbH, Germany) and
a Microm HM 450 sledging microtome (Microm International GmbH, Ger-
many). For an overview, the prepared histological sections were stained
with hematoxylin and eosin. Histological studies were performed using a
Biomed C-1 biological microscope (Micromed, Russia) and an LF — 302
fluorescence microscope (Leader Precision Instrument Co. Ltd, China) at
a magnification of 100 times. Morphometric data — the radius from the
central veins to the wall of the liver lobules — were examined using a
biological microscope with an eyepiece ruler of 60 notch divisions and a
screw eyepiece micrometer MOB-1-15x (Micromed, Russia).

2.7. Statistical analysis

All studies of oleogels and hybrid gels were carried out three times.
The SPSS software (version 16, USA) was used to create a fully random-
ized complete factor analysis to compare samples with a significance
level series at 5%. The version 2010 multiple Duncan test was used to
compare averages, and Microsoft Excel was used to plot graphs.

The results of studies on laboratory animals are presented as average
values with a significance level of P=0.05 compared with the parameters
of intact animals. Statistical data processing was carried out on the basis
of Fischer and Student criteria.

3. Results and discussions

3.1. Microstructure, textural characteristics and thermal properties
of oleogels

The microstructure of oleogels was examined under a polarized light
microscope for better understanding the impact of beeswax concentra-
tion (10%, 15 %, and 20 %) on crystal formation (Figure 1).

As can be seen from Figure 1, the crystal network undergoes signifi-
cant changes along with an increase in the concentration of beeswax in
the system. Large number of crystals are observed as the beeswax con-
centration increases. The smallest crystals were found in an oleogel
sample with a beeswax concentration of 10 %. Since the oleogel mixture
undergoes a cooling process and becomes solid, the increased presence

of beeswax molecules in the gel matrix gives the crystals more oppor-
tunities to orderly arrange themselves in close proximity to each other.
Consequently, this leads to the formation of larger crystal structures [28].

The textural parameters of oleogels from grape seed oil and beeswax
were studied at concentrations of 10%, 15 % and 20 %, as they are shown
in Table 1. The results of this study are consistent with the results pub-
lished by Ogiitcii and Yilmaz [10], as well as Hwang et al. [35], which prove
that an increase in wax concentration in oil leads to an increase in the
hardness and adhesiveness of oleogels.

Table 1. Textural characteristics of oleogels
Ta6nuia 1. TeRCTypHbIE XapaKTePUCTUKU OJieoreneit

Beeswax concentration

Texture in the oleogel composition
characteristics
20% 15% 10%
Hardness, N 23.09+0.95? 5.74%0.12b 1.92+0.07¢
Adhesiveness, N.s~! -14.45+0.67% -14.44+0.81% -3.74%0.10°

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).

As can be seen from the data, there was a significant difference in the
hardness of oleogel samples with concentrations of 20, 15, and 10 %. This
increase may be due to the higher content of beeswax molecules available
in the gel matrix. As more and more of the liquid phase (oil) enters the
crystal mesh of the beeswax, the structure of the oleogel solidifies [36].

In a study conducted by Ogiitcii and Yilmaz [10], the textural proper-
ties of walnut oil oleogels with the addition of beeswax were evaluated,
which showed that an increase in the concentration of oleogel in the
composition leads to an increase of hardness and adhesiveness. Similarly,
another study using soybean oil oleogels with sunflower wax showed sim-
ilar results, especially with respect to the strength parameter, along with
an increase in wax concentration [37, 38].

For further analysis of the characteristics of crystals formed in oleo-
gels, the method of differential scanning calorimetry was applied. The
thermal properties of oleogels (initial (T,) and maximum (T,,) melting
points are shown in Table 2.

Table 2. Thermal properties of oleogels
Ta6nuua 2. TepMuyeckue CBOJCTBa oJieoresieit

Beeswax concentration

Thermal properties in the oleogel composition

20% 15% 10%
T,, °C 56.7+0.46% 55.1%0.61° 52.0£0.53¢
Ty, °C 59.8+0.70? 58.2+0.49° 56.0+0.38¢

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).

In a study conducted by Jana and Martini [39], it was found that cer-
tain processing conditions can influence on phase separation in wax/oil
systems. The wax concentration and the type of oil are important factors
influencing the wax crystallization process. An increase in the beeswax
concentration in the oleogel leads to an increase in the number of bees-
wax molecules in the system, which leads to a more uniform appearance
of the final product. This is consistent with the conclusions of the oth-
er researchers [10]. The initial and maximum melting points increased
along with an increase in the percentage of beeswax in the oleogels.

A

B

C

Figure 1. Microstructure of oleogels (A - oleogel with 10 % beeswax, B — oleogel with 15 % beeswax, C — oleogel with 20 % beeswax)
PucyHok 1. MMKpOCTpYKTypa oneoresneii (A — oneoreinb ¢ 10 % myennHoOro Bocka, B — oneorens ¢ 15 % muennHoro Bocka,
C — oneorensp ¢ 20 % mUeIMHOrO BOCKA)
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This phenomenon can be explained by an increase in the number of
crystals formed due to an increase in the surface area of beeswax mol-
ecules in the mixture. As the number of crystals increases, the tempera-
ture of the crystallization beginning and the melting point also increase.

In their study, the scientists [27] used a combination of walnut oil with
beeswax and monoglycerides. The results showed that the melting point
and enthalpy of oleogel were generally similar in the samples of commer-
cial shortening. Thus, these oleogels can be considered suitable alterna-
tives for similar applications and do not create problems with the thermal
regime of food products processing. In addition, an increase in the con-
centration of oleogel led to an increase in the melting point and enthalpy
values in the samples. This discovery points to an important technological
aspect in which the appropriate level of oleogel addition can be determined
based on thermal parameters and other measurements, taking into account
specific end-use requirements (for example, food texture, taste, etc.).

Thus, based on the research conducted, an oleogel sample with a bees-
wax concentration of 20 % was selected for the production of hybrid gels,
as it demonstrated the best textural characteristics and thermal properties.
The developed sample possessed the taste and smell of beeswax, but this
effect can be masked with flavoring agents when developing food products.

3.2. Microstructure, textural characteristics and thermal properties
of hybrid gels

The microstructure of hybrid gels was studied using a polarized light
microscope. The data obtained show that as the hydrogel ratio in the
hybrid gel increased, the average particle size also increased slightly, as
shown in Figure 2.

However, no significant differences were found (P>0.05), possibly due
to the fact that all hybrid gel samples were produced using the same mix-
ing process (mixing speed), resulting in particles of approximately iden-
tical size. This conclusion is consistent with the research conducted by
Martins and co-authors [8].

When making hybrid gels, it is important to take into account the ratio
of the gel-forming phases (hydrogel and oleogel) in the overall gel com-
position. Table 3 shows the hardness and adhesiveness data for various
hybrid gel samples.

Table 3. Textural characteristics of hybrid gels
Tab6nuiia 3. TeKCTYpHbIE XapaKTePUCTUKU TMOPUIHBIX rejieit
Hydrogel: oleogel ratio in hybrid gels
0:100 1:99 5:95 10:90
Hardness, gf 321.47%3.60¢ 323.37+4.22° 396.13+4.58> 472.27+3.67
Adhesiveness, gf.s! 154.40%4.21¢ 143.07+3.869 187.23+4.32 242.23+4.322

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).

Texture
characteristics

It can be seen from the data in Table 3 that the textural characteristics
of hybrid gels increase along with an increase in the hydrogel ratio in
the hybrid gel, which is most likely due to an increase in the number of
hydrogen bonds. The greater the number of hydrogen bonds, the stronger
the sample becomes. The hardness data did not show a significant differ-
ence between the 1:99 sample and the control sample, as the ratio was
not high enough to set sufficient hydrogen bonds. However, significant
differences were already observed in the hydrogel: oleogel ratio of 5:95
and 10:90, respectively [38].
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Figure 2. Particle size of hybrid gels
(a — measurement error according to the statistical analysis data)
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Figure 3 shows data on the thermal properties of the hybrid gels under
study.

As can be seen from the data in Figure 3, the initial and maximum
temperatures of the hybrid gel samples melting increased along with an
increase in the amount of hydrogel in the hybrid gel, which can also be
explained by the high moisture content in the hybrid gel system, lead-
ing to the formation of more hydrogen bonds. Their destruction requires
more energy, which leads to an increase in the system melting point tem-
perature along with increasing the share of hydrogel in the hybrid gel.

Previous researchers [39] reported that hydrocolloidal molecules in
the form of intramolecular and/or intermolecular bonds contribute to the
formation of denser layers in oleogels. It takes more energy to overcome
these bonds. In addition, the beeswax in the hybrid gel system forms a
gel-like mesh that traps oil droplets and potentially binds to hydrocolloid
molecules. This mesh creates a dense environment and is able to trap wa-
ter molecules. The peak values for hybrid gels of 10:90 and 5:95 showed
no significant difference (P>0.05). This indicates that in the 5:95 sample,
almost all vegetable oil molecules formed bonds with trapped water mol-
ecules, while in the 10:90 sample the number of bonds did not increase.
This fact is also confirmed by the research of Kwon and Chang, demon-
strating that the excessive water in the gel system was retained inside the
oil droplets by beeswax, without increasing the number of intermolecular
bonds between water and vegetable oil [40].

One sample of a hybrid gel in a hydrogel: oleogel ratio of 5:95 was
selected as the best one to study safety and tolerability.

3.3. Assessment of safety and tolerability of edible hybrid gel oral

administration in an experiment on Wistar rats

In the course of the conducted studies, it has been reliably established
that prolonged oral administration of the hybrid gel for 30 days does
not adversely affect the basic physiological parameters of the rats. The
experimental animals were active throughout the experiment, reacted
adequately to external stimuli, and actively consumed food and water.
The appearance of the animals corresponded to the species criteria, no
grooming violations were noted. No side effects, adverse reactions, or
serious adverse reactions were detected in laboratory animals during
and after the use of the hybrid gel preparation in the recommended and
three-fold increased dose. Table 4 shows data on the rats body tempera-
ture dynamics in the course of their consuming hybrid gel. As can be seen
throughout the experiment, the parameters remained within the limits of
normal physiological values in all groups.

Table 4. Dynamics of body temperature in rats after oral
administration of hybrid gel
Tabmuia 4. JMHaAMMKa TeMIlepaTypbl Tela KpbIC IpU NPUMeHeHUn
TUOPUIHOTIO rest

Body temperature in rats during

Name of the group the experiment, °C

15t day 30t day
First group (experimental group) 40.9+0.52 40.9%0.42
Second group (experimental group) 41.0+0.32 40.6*0.42
Third group (control group) 40.8+0.52 40.6+0.3?

@ — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).
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Figure 3. Thermal properties of hybrid gels
(a, b, c — measurement errors according to statistical analysis data)
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Table 5 shows the hematological parameters of rat blood after oral
administration of the hybrid gel, which proves that before the start of the
experiment hematological parameters of peripheral blood in all groups
of rats were within the normal physiological values. In animals of the
first and second experimental groups, on the first day after the last oral
administration of the hybrid gel, no significant differences were found
between the final and initial values. From the results obtained, it can be
concluded that the use of the developed hybrid gel in the diet of Wistar
rats in a single and three-fold increased dose for 30 days does not provide
a toxic effect on the hematological parameters of animal blood.

Table 5. Hematological parameters of rat blood after oral
administration of hybrid gel

Ta6mua 5. TemaToornyeckye mMokasaresy KpOBU KPbIC IOC/Ie IepopaIbHOTro
BBeJeHUsI TMOPUIHOTO resist

Name of the group
— — I~
[ (= =
-] ‘E = ‘a Qe
Parameter S g %‘ g a E 2 & Norm
5% &Ea Eia EE
<) - =
ge BR2  gE3 £ 5
A EE& AEH 2
0 7.25+0.7*  7.29+0.4* 7.14%0.52
Erythrocytes, x10'%/L 4.6-10
30 7.38+#0.7*  7.68*0.7*  7.29%*0.6*
. 0 117.9%6.22 120.4%5.7° 115.7+8.3?
Hemoglobin, g/L 93-153
30 125.3%6.4% 119.3+6.4> 126.5%5.4
0 10.8%2.6° 12.7%3.4> 11.9%4.9°
Leukocytes, x10° /L 5.5-19.5
30 4.8+3.92 8.9+1.5>  12.4%3.6°
Neutrophils, % 26.2+1.8% 27.6%*2.7* 26.2%*3.22  18-30
Eosinophils, % 5.6+0.77  6.2%0.6"° 5.2%1.6 1-8
Monocytes, % 0 3.8+1.00  4.0+12b 42=1.0° 0-10
Basophils, % 0.0+0.02  0.4%0.7°  0.6£0.7 0-3
Lymphocytes, % 24.3+1.9% 23.6%£3.92 24.8+3.228 12-45
Neutrophils, % 26.0£3.4% 25.2%3.2%8 26.6%¥2.6° 18-30
Eosinophils, % 48+1.4% 4.8+%1.4% 52%1.6b 1-8
Monocytes, % 30 3.8%1.0° 3.6£1.12  4.6%0.7° 1-10
Basophils, % 0.2+0.6*  0.4%0.7°  0.5%0.7 0-3
Lymphocytes, % 22.8+3.0° 66.2£3.0° 63.6+3.4°> 12-45

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).

When analyzing the biochemical parameters of the blood serum of the
rats (Table 6), which were orally injected with an edible hybrid gel daily
for 30 days, it was reliably established that there was no negative effect on
the hepatocellular and urinary systems. Given the fact that the liver is the
central organ of metabolism and it plays a major role in the detoxification
of nutrients supplied with the feed, the negative impact of enteral food
products will primarily affect liver’s functional activity. During the experi-
ment on the oral administration of the hybrid gel, no violations of the func-
tional activity of hepatocytes were detected. Along with this, the kidneys
are responsible for removing metabolic products from the animal’s body.
Thus, it can be stated that the metabolites of the edible gel do not adversely
affect the functional activity of the urinary system. These statements are
confirmed by the absence of changes in biochemical parameters in all ex-
perimental groups of the rats throughout the experiment.

Another parameter that highlights the physiological development of
the rats is body weight increase. The results of the dynamics of the rats
body weight increase against the background of edible hybrid gel con-
sumption for 30 days are shown in Table 7.

Analyzing the data, it was found that the weight growth rates of the
rats that consumed the edible hybrid gel and the rats in the control group
had no significant differences, and all of them corresponded to the nor-
mal weight criteria for this rat breed. The weight increase in 30 days was
39+2 g for the first experimental group, 38+2 g for the second experi-
mental group, and 41 %1 g for the third control group.

The results of the conducted studies allow concluding that after a
course of oral administration of the edible hybrid gel, no external signs of
intoxication were observed in the rats throughout the experiment. All the
rats in both the experimental and control groups were active. The reac-
tion to external stimuli was preserved, appetite and water consumption
were not impaired. The dynamics of body weight gain in the rats of the
experimental groups had no significant differences between the control
group, and corresponded to the breed criteria.

Table 6. Biochemical parameters of rat blood serum after oral
administration of hybrid gel

Ta6nuiia 6. BuoxuMmyeckue MoKasaTelIn CbIBOPOTKY KPOBY KPBIC ITOCIe
epopanabHOro BBeAeHUs TUGPUIHOTO rejist

Name of the group
25 gig 52 £
Parameter 5 g ag 8 = E g B3 Norm
28 <-9%& £5%p TEZ
FS gR~ $8B>Y HEB
A E&88 SRIE ESH
AST, IU/L 0 206.8%2.2% 208.3+1.9¢ 207.9 3.2° 60223
’ 30 138.9%2.3% 173.7+2.7° 209.9 % 2.7¢
ALT. UL 0 59.9+3.3% 63.7£2.3Y 64.9+1.3¢ 5476
’ 30 38.5+1.3% 61.1%3.4> 655+ 1.5¢
. 0 65.8%25 67.3+4.7 63.4%50b
Creatinine, mmol/L o) g7y 1 5c 744310 ep1tenr TrO
Urea, mmol/L 0 57+318 69%2.1° 59=%1.1b 578
’ 30 69%1.1° 63%23> 54%1.3
Glucose, mmol/L 0 122%1.6° 12.8+2.2¢ 124%2.1b 513
’ 30 13.1£1.9° 12.8+1.2° 12.4+1.8%
Albumin, g/L 0 248+19° 253+28° 241+1.7 -
’ 30 25.8*1.5° 26.1%2.8 23.7%1.8%
Total protein, gL 0 53.8+%3.6° 54.1%3.2¢ 51.6+1.23 so-82
’ 30 54.6*4.3" 549%33¢ 521%288
. 0 29.0+32° 28.8+3.1> 27.5+18
Globulin, g/L 30 2894420 288+420 2844220 0 02
Alkaline 0 26*0.7 3.1%16° 29%0.6 -
phosphatase, mmol/L. 30 32+0.9® 26+08 27%1.12

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).

Table 7. Dynamics of body weight gain in the rats after oral
administration of hybrid gel
Ta6nuua 7. JMHaMMKa MPUPOCTA MACCHI Te/Ia Y KPBIC MOC/IEe MePOPaTbHOTO
BBeaeHUS [‘]/IGIJI/IZ[HOI‘O reys

Weight of rats after oral hybrid gel administration, g

Days
of t¥1e First group Second group Third group
experiment (experime)ntal (experime)ntal (control group)
group group
15t day 18072 181+ 52 185 + 62
30t day 219+ 42 219+ 32 226 £ 3b

a, b — average data of repetitions with the same superscripts do not differ sig-
nificantly (P>0.05).

The biochemical parameters of blood corresponded to physiological
norms, while there were no significant changes in those values in the ex-
perimental and control groups during the experiment. The data obtained
proves the absence of violations of the functional state of the kidneys and
liver in experimental laboratory animals.

On the 30t day of the experiment, one animal was selected from each
group, and euthanasia was performed with subsequent liver extraction
for histological studies (Figure 4).

Analyzing the data in Figure 4, it can be seen that a clear, multifaceted
lobular liver parenchyma is visualized on histological sections, delimited
by loose connective tissue. Inside the lobules, hepatocyte cells are quite
expressed in the form of a hexagon, the nuclei of the latter are sufficiently
visualized in the amount of 2-3 pieces. Between the lobules, the liver
triads are clearly visible, represented by the interlobular veins and ar-
teries, as well as the bile duct. In the liver of laboratory animals of all
experimental groups, the walls of the central vessels of the lobules are
sufficiently structured, their layers are well expressed, a small number of
them were blood-filled, which indicates a more intensive blood circula-
tion in the largest wall-mounted digestive gland.

The morphometric parameters of the liver (radius from the lobule wall
to the central vein) of all experimental groups of rats are shown in Table 8.

Table 8. Morphometric parameters of the liver
Ta6nuua 8. MopdomMmeTpuueckme moKasaTesy edeHmn

Radius of liver lobules, microns

First group Second group Third group
(experimental group) (experimental group) (control group)
11.21%0.53° 13.42£0.52¢ 08.10+0.41°

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).
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Figure 4. Histological studies of rats liver after oral administration of hybrid gel (A — first experimental group, B — second experimental
group, C — control group). Staining with hematoxylin and eosin, at magnification X100
PMCYHOK 4, T'ncromornyeckue HCCIeJOBAHUA IeUYeHM KPBIC IT0CJIe IIePOoPaAJIbHOTO BBeAeHU FMGDM,JIHOI‘O reas (A — IepBasd SKCIIepMMeHTaJIbHas I'pyIina,
B — BTOpas skcnepumeHTanbHas rpymnmna, C — KOHTpoJbHas rpyrna). OKpacka reMaTOKCWINH U 503MHOM, ITpK yBenudeHun x 100

Table 8 shows that the radius from the central vein to the lobule wall
in the rats of the control group averaged 08.10+0.41 microns, in the
first experimental group — 11.21#0.53 microns, and in the second —
13.42+0.52 microns.

Data analyses from histological and morphometric studies of the liver
of the rats from the control group and experimental group demonstrated
that no significant differences were detected, which proves the safety of
using the hybrid gel in the diet of the animals.

4. Conclusions

Analysis of the microstructural, textural and thermal properties of
oleogels and hybrid gels has shown that beeswax improves textural and
thermal characteristics, while the hydrogel portion affects the adhe-
sion and hardness of gel matrices. During the research it was reliably

established that prolonged oral administration of the hybrid gel did not
cause clinical signs of intoxication, the rats of all experimental groups
adequately reacted to external irritating factors throughout the study
period, the rats were active, their appetite and water consumption were
relevant to their natural physiological form. During the experiment,
a positive increase in body weight was observed, which corresponded
to the age and physiological norm of the laboratory rats. Based on the
results obtained, the safety and tolerability of hybrid gel oral admin-
istration in Wistar rats was proved. The prospects for creating edible
hybrid gels seem promising, as they solve current dietary and health
issues while providing functional and sensory benefits in food formu-
lations. Continuous research and progress in this area will be crucial
to unlock the entire potential of these innovative ingredients in the
food industry.
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KOMIIVIEKCHASI MOAN®UKANMSA BEJIKOBOT'O ITPODWNJIS
MOJIOYHOM CBIBOPOTKM KAK ITOAXO0J K CO3JAHUIO
OBOTAIIEHHBIX BEJIKOBbIX NHTPEJUEHTOB

bapkoBckas 1. A.*, Pa6oBa A. E., Poxkkosa U. B.
Bcepoccuiickuit HayyHO-UCCAeA0BATENbCKMII MHCTUTYT MOJIOYHO NPOMBIIIIJIEHHOCTH, MockBa, Poccus

Hayunas cTaTbs
Open access

K/IIOYEBBIE C/IOBA: AHHOTAL A

tiododepuyum, B yoI0BUSIX COXpaHSIIONIEeiics po6ieMbl AedUImTa CCEHIMATbHBIX MUMKPOJIEMEHTOB, TAKMX Kak iiof, (fiomomeduunT Gukcupy-
nepepabomka ercst y 68 % HacesleHMs TIaHeThl), aKTyaIbHOM 3a/1aueit SBiseTcs: pa3paboTka 3(hGheKTMBHBIX MOAXOM0B K CO3[aHMIO MUIIEBbIX
CbIBOPOMKLU, MHTPEIMEHTOB M MTPOAYKTOB C 6MOAOCTYITHBIMM (POPMaMy MUKPO3JIEMEHTOB. B CBSI3U € 3TMM B paboTe MCC/iefoBaHa KOMITIEKCHAsT
xXenamuposaHue MomyduKaims 6eJKOBOro Mpoduist MOJIOUHOM ChIBOPOTKM C LE/IbI0 CO3aHust 6eJIKOBOTO MHTPeIMEeHTa, 000ralleHHOrO 0I0M
YUHKA, HanpaeJieHHslli v UMHKOM. 1o pe3ysbTaTam psiia MpoBeAeHHbIX MCCIeNOBaHMIi ONpeeieHbl ONTUMaIbHbIe ITapaMeTpbl MoAMdUKaLMM GEITKOBO-
2udponus, ro rmpodmiist MoCpencTBOM TePMOCEIEKTMBHOTO (hpaKkIMOHMPOBAaHMS B TpucyTcTBUM xenatopa (58 °C; pH 3,0; maccoBast fosst xena-

ces3bl8aHuUe ioda Topa 0,2 %; 120 MuHyT). YCTaHOB/IEHBI PaLMOHA/IbHbIE YCIIOBMS XeIaTUPOBAHMSI LIMHKA CbIBOPOTOUHbIMM Gesikamu (40 °C; pH 8,0;
60 MUHYT), 06ecrieunBaIIe MaKCMMaIbHYI0 KOHIIEHTPAIIMIO OpraHNyYeCKy CBSI3aHHOTO MUKpoasieMeHTa: 169,8+27,3 mrHa 100
6eska. B pesynbraTe IMpoTeasHOro CKPMHMHIA BbISIBJIEHO, UTO TPUIICUMH OOecIieuyBaeT yBelyueHye KoauyecTBa QyHKUMOHAIIb-
HBIX YYaCTKOB, CIIOCOGHBIX CBSI3bIBATD JOJ, IIPY YCIIOBIMY COXPAHEHMS] HAYaIbHOI KOHIIEHTPALMY IMHKa, CBSI3aHHOTO C Ge/IKaMiu.
IpuBeeHb! ONTMMAaJIbHbIE TIApAMEeTPbI TUIPOIM3a 6eKoB TpuricuHoM (44 °C; pH 8,0; 180 munyT). YeraHoBIeHbI 3 deKTMBHbIE
PEXMMBI ITPeBAPUTENIBHOIO IMAPOIM3a CHIBOPOTOUHBIX GEIKOB, 060TalIeHHBIX IITHKOM ((bepMeHT-Cy6CcTpaTHOe COOTHOLIEHNE
1/100 CPROT 1/t; 44 °C; pH 8,0; 165 MmunyT), 1 fiogupoBauus cyoctpata (20 °C; pH 8,0; 12 u). DT peskuMbl 06€CIIeunBaoT KOHIIEH-
TPALMIO OpraHMYeCcKM CBSI3aHHOTO itoxa 2,5+0,4 r Ha 100 r 6esika 1 coxpaHeHe HayaabHOI KOHIEHTPAL[MY OPraHMYeCKy CBSI3aH-
HOTO IVHKA. 1151 KayKIOro STara MMMOOMIM3aLy MUKPOTIEMEHTOB OIperieieHbl pallIOHaIbHbIE ITapaMeTpbl 6apoMeMOpaHHO
OUMCTKYM 6€JIKOBOJ MaTpULIbI OT HeopraHnyeckux Gpopm ifofa v YHKa: TpexKpaTHast YIbTpaauabuIbTpalys A1 9Tara XenaTnpo-
BaHMS LIVIHKA ¥ HAHOOVabWIbTpalysl AJIsI 9Tama iiofupoBaHysl. I1omydeHHbIe pe3y/IbTaTbl MOTYT GbITh MCIIONB30BAHBI IIPY paspa-
60TKe HOBBIX (DYHKLIMOHAIBHBIX MUILEBBIX IIPOLYKTOB ¥ TEXHOJIOI Ui [IyGOKOI ITepepaboTKy MOJIOYHOM CbIBOPOTKMU.
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ABSTRACT

In the context of the persistent problem of deficiency of essential trace elements such as iodine (iodine deficiency is recorded
in 68 % of the world’s population), an urgent task is the development of effective approaches to the creation of food ingredi-
ents and products with bioavailable forms of trace elements. In this regard, the work investigated the complex modification
of protein profile of milk whey in order to create a protein ingredient enriched with iodine and zinc. Based on the results of
a number of studies, the optimal parameters of protein profile modification by thermoselective fractionation in the presence
of chelator (58°C; pH 3.0; mass fraction of chelator 0.2 %; 120 minutes) were determined. The rational conditions of zinc
chelation by whey proteins (40 °C; pH 8.0; 60 minutes) were established, providing the maximum concentration of organically
bound trace element: 169.8+27.3 mg per 100 g of protein. The protease screening revealed that trypsin provides an increase
in the number of functional sites capable of binding iodine, provided that the initial concentration of zinc bound to proteins
is maintained. Optimal parameters of protein hydrolysis by trypsin (44 °C; pH 8.0; 180 min) are given. Effective modes of pre-
liminary hydrolysis of zinc-enriched whey proteins (enzyme-substrate ratio 1/100 CPROT g/g; 44 °C; pH 8.0; 165 minutes) and
substrate iodization (20 °C; pH 8.0; 12 h) were established, providing the concentration of organically bound iodine 2.5+0.4 g
per 100 g of protein and preserving the initial concentration of organically bound zinc. Rational parameters of baromembrane
purification of protein matrix from inorganic forms of iodine and zinc were determined for each stage of trace elements im-
mobilization: 3-fold ultradiafiltration for the stage of zinc chelation and nanodiafiltration for the stage of iodination. The ob-
tained results can be used in the development of new functional food products and technologies for deep processing of whey.

FUNDING: This work was performed under the Russian Science Foundation grant No. 24-26-00220.

1. BBegeHue

OnHOIt 113 OCHOBHbIX II06AJIbHBIX ITPOGIEM ITPOAOBOILCTBEHHOTO CeK-
TOpa SIBJIIeTCS HEeNOCTATOUHAs 06eCIeYeHHOCTh HaceIeHMs POLYKTaMu
MATaHKs U TIOTpeb/ieHre HM3KOKaueCTBEeHHO MUILM, BbI3bIBalollee He-
MHGbEKUVOHHbBIE alMMeHTapHble 3a6oneBanus [1,2]. U3-3a moTpebneHust

IOJid UUTVUPOBAHVS: BapkoBckas, U. A., Pa6osa, A. E., Poxkkosa, U. B.
(2025). KomruiekcHast Mogydukanysi 6e1KOBOro npoduist MOIOYHOI CbIBOPOTKU
Kak ITOAXO0[, K CO3aHMI0 060TallleHHbIX 6eTKOBbIX MHIPeNEeHTOB. [Tuujessle cucme-
Mmbl, 8(2), 221-230. https://doi.org/10.21323/2618-9771-2025-8-2-221-230

MPOYKTOB MAacCOBOTO CIPOCa C HU3KOJ NMMIINEBO IIEHHOCThbIO y Gosee
2 MJIpT, YestoBeK cHOPMMUPOBAJICS «CKPBITBIV TOJIO», XapaKTePU3YIOLIMIACS
nebUIMTOM Makpo- M MUKPOJIEMEHTOB [3,4]. B 3TOM KOHTEKCTe OLHO
13 OCHOBHBIX IPOGJIEM, C KOTOPO# CTATIKMBAETCSI COBPEMEHHOE O6IIeCT-
BO, SIBJISIETCS AedUUUT Ge/iKa U 3CCeHIMATbHBIX MUKPO3JIEMEHTOB, TAKUX

FOR CITATION: Barkovskaya, I. A., Ryabova, A. E., Rozhkova, I. V. (2025).
Complex modification of whey protein profile as an approach to the cre-
ation of enriched protein ingredients. Food Systems, 8(2), 221-230. https://doi.
org/10.21323/2618-9771-2025-8-2-221-230
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Kak jion [5,6]. OueHka pacrpocTpaHeHHOCTH Jebuiura 15 OCHOBHBIX

MMKPO3JIEMEHTOB /151 34 BO3pacTHBIX rpyrnn u3 185 crpaH, ocHOBaHHASI

Ha BO3PACTHBIX U I€HOEPHBIX HOTp66HOCT9{X B IINTATE/IbHbIX BelleCTBaX,

BBISIBUJIA HEOCTATOUHOE ITOTpebieHte iiofa y 5 MiIpy, uestoBek (68 % Hace-

nenus mupa) [7]. Kpome Toro, mpobsiema ycyry6isieTcsi pPOCTOM HacCeleHus:

cortacHo nporHozam OOH, k 2050 romy MupoBoe HaceleHye JOCTUTHET

OTMeTKU B 9,7 MJIpH, YesloBeK, YTO IPUBEJET K YCUIEHNIO KOHKYPEeHIIN

3a MUILEeBble PeCcypchbl U K YCIOKHEHMIO 3aJauy 110 YI0B/I€TBOPEHMIO TT0-

TpeGHOCTel B Makpo- ¥ MMUKpodneMeHTax [8,9]. ABTopsl [10] ocBemaior

MOC/Ie[CTBYS NlepeHaceneHysl IJIaHeTbl, yKa3biBasl Ha [TOBBILIEHME CIIPO-

ca Ha MHUIIeBble TPOAYKTHI BABOE. B 3TOI CBSI3M aKTyalIn3MpyeTcsl BOIPOC

pa3paboTky 3HeKTUBHBIX CTpaTernit obecrieyeHmst el MOMTHOIEeH-

HBbIM IMUTAHMEM U TITYOOKOI ITepepaboTKM MUIIEBOTO ChIPbSI.

B mouckax pelieHMit JaHHOV IPOGIEMbl y4eHbIe PacCMaTPUBAIOT
BO3MOKHOCTb Pa3paboTKM aJVMEHTapHBIX CPeCTB JOCTaBKM MMUKPOIJIe-
MEHTOB, TaKMX Kak 10, AJ1s1 TPOMMIaKTUKY ¥ HUBETVPOBAHUS IIMPOKOI
pacrpocTpaHeHHOCTH AebuuuToB [11]. OOHOM M3 M3BECTHBIX CTPATETMit
sBiisieTcst 6uodopTrdmKaIms — crroco6 60pbObl ¢ MMKPOHYTPUEHTHO He-
JIOCTAaTOYHOCTBIO, [TOJpa3yMeBalolINii TOBbILIeH)e MaCcCOBO IO/ BUTA-
MWHOB I MMHEPAJIOB B OCHOBHOM CITEKTPE CEJIbCKOXO035/iICTBEHHBIX KYJb-
TYp MyTeM NpUMEHEHUs] YO0O0peHuii Py BbIPAIVIBAHUMA WIIM CETEKLN
/Wy TeHHOVI nkeHepuu [12,13]. Dipti Rai ¢ coaBTopamu [12] u Grzegorz
Izydorczyk ¢ coaBTopamu [14] oTMeuaroT, 4To 06oralieHme CebCKOX03sIi-
CTBEHHBIX KY/JIbTYD YHMBepcanbHee U 3ddekTuBHee oboraiieHus muiie-
BBIX ITPOLYKTOB. DTOT MOAXOA, OXBAaThIBAET OCHOBHBIE KYJIbTYPBI, IIOTpe-
6r1sieMble GOJBIIMHCTBOM HaceleHus, U He TpeOyeT M3MeHeHMs palyoHa.

Cy1ecTByeT Takke «KOHKypupywolas» crparterust 6unodopruduxa-
uuyu — auBepcudmKalvs IUTaHMs, ToapasyMeBaromias 61mopasHoobpa-
3ue paiyoHa. OgHaKo, Kak CooOLAIoT yueHsle [5], 06a nmogxoma rnogsep-
rarTCsl KPUTUKE:

0 6uodoptuduKkanysi He YUUTHIBAET MOTpebIeHre MIMPOKOro CIIeKTpa
MMKPO3JIEMEHTOB, ¥ PaHIOMM3UPOBAHHbIE KIMHNYECKUE UCCIeN0Ba-
HUS SIBJISIIOTCSL CIIOPHBIMY, ITOCKOJIbKY IPEIOCTaB/ISIIOT HELOCTaTOUHO
IIOCTOBEPHBIX JJAHHBIX O BO3JeicTBUM 61odopTuduKaLuy Ha pa3Hble
IPYIIbl HaceleHusT (CKeHIIVHBI, AeTy, oXuible moan). Kpome toro,
npu o6oraiieHny arpoKy/IbTyp OIOM BbISIBJIEHBI CJIEAYIOLIE HeIO-
CTaTKM: BbICOKAsI COPOLIMS #0a MOYBOI 13-3a B3aMMOZEICTBUS C Ty-
MMHOBBIMM KMCJIOTaMM, METMIMPOBAHME 710[1a, Bedyllee K BbICBOOO-
sknenuio (CH;I) B atMocdepy, ¥ HeyCTOYMBOCTh HEKOTOPBIX PACTeHMIA
K BBICOKMM KOHIIEHTPALMSIM ii07a. ITU (HaKTOPbI CHYKAIOT 3¢ HeKTHB-
HOCTb 6MOGOpTUGMKAIIM M VHOTAA YMEHbLIAIOT YPOsKaiiHOCTD [14].

O wuccrenoBaHus AuBepcuUKALIMY TUTAHUS (OCOOEHHO B CTpaHax
C HU3KUM ¥ CPeJHMM yYPOBHEM [I0XOZA) [ajy CIIOPHbIE Pe3yNbTaThl,
OTpa’kasi HeOHO3HaYHble JAHHbIe O CHMKEHUM PUCKA HeUHpeKIy-
OHHBIX AJIMMEHTAPHBIX 3a00/IeBaHNII U CBSI3U PA3HOOOpa3Ns MUTaAHMS
C Maccoii Tesa y IO POCTKOB U B3POCTIbIX.

IToMuMo obGoraimieHust paCTUTEIbHOTO ChIPbsi HAa CTafyM BbIPAIIMBA-
HMS, CTIelaMCcTaMy arpoceKTopa IpoBeNeH PSILL MCCIeN0BaHMA, TOCBS-
LIIeHHbIX TOBBIIIEHNIO MACCOBOi NOJM 0fa U IPYTMX MUKPO3JIEMEHTOB
B ChIpbe KMBOTHOTO IPOMCXOXIeHMs. Tak, aBTOpBI uccaenoBaHus [15]
NpeCTaBWIM MPUHLMIIBI KOPPEKLMM paliiOHa MUTaHMs MOJIOYHOTO CTafa
TIOCPeLCTBOM BBeZleHus ceneHa (opraHmyeckoro — 0,23 Mr 1 HeOpraHmu-
yeckoro — 0,34 Mr Ha KT CyXOro BellleCTBa) U iiofa (HeopraHuueckoro —
5,68 Mr Ha KT CyXOro BelllecTBa). B pe3yibraTe MpoBeneHHO OLeHKM Mac-
COBas OIS 110[]a B MOJIOKE OIBITHBIX YXMBOTHBIX yBenmMumiaach ¢ 19,69 no
110,06 mxr Ha 100 r Mmosoka. [Tpu 3TOM mocsie epepaboTKy MOJIOKa-ChIPbsI
Ha CBIP, MOT'ypT ¥ CyX0€e MOJIOKO B IIPOAYKTHI Iepenuio 269,70+ 20,66 MKT,
176,30%3,18 u 1568,65+ 100,42 mkr Ha 100 T TPOAYKTa COOTBETCTBEHHO.

Hapsimy c¢ o6oraiieHueM CbIpbsl OJIS1 TIPOU3BOACTBA ITPOAYKTOB JKU-
BOTHOTO ¥ PaCTUTETBHOTO IMPOUCKOXKIEHMSI, pa3paboTKa OAMPOBAHHBIX
MUIIEBBIX MPOAYKTOB exkefmHeBHOro momb3oBanus (FMCG) u 106aBok
SIB/ISIeTCSl IIMPOKMM HallpaBlIeHMeM Hay4yHbIX MCCIeNOBaHMII BO BCEM
mupe [11,16]. CylLiecTBYIOT TeXHOJIOIMM OboralieHust pasnuIHbIMu Gop-
Mamm iofa (opraHmyeckasi ¥ HeopraHmMveckas) MUIIEBBIX IPONYKTOB:
X/1e600y/IOUHBIX, MOJIOYHBIX, MMUIIEBOJ comu. IIpoBoguTcst oborauieHue
X/1e600y/IOUHBIX M3Iennii pasHbIMyu GopMamu iofa: MOAMPOBAHHONM CO-
1610, «MofIKa3eMHOM», <AMUTOHOM». ABTODBI MCCIeJOBAHMUS [17] coobura-
0T 0 comepskaumu 78-97,5 Mkm itoga B 200—-250 r xsie6a, uTo obecreyrBaeTt
CYTOYHYIO TIOTPeGHOCTh B MUKPO3/IEMEHTEe Ha 52-65 %. HakorjieH OmbIT
B yacTu oboraimieHus MOJIOYHbIX ITPOLYKTOB oAcomepkaumMu 106aBKa-
mu. Tak, B uccnenoBanuy [11] mpyBeneHb! pe3ynbTaThl IPOM3BOLCTBA TBO-
pora ¢ BHeceH1eM MuILeBbIX 106aBoK «Vomkasent» 1 «Buoitof» B Komude-
cTBe 7 MTI' M 25 MTI Ha KT MOJIOKA COOTBETCTBEHHO. B TBOpore, 060raieHHOM
Ka3euHOM, cofiep>kaHMe iiofa cocTasiseT ot (46,2+1,1) no (46,4+0,9) mr
Ha 100 t, a py o6oraiieHn CbIBOPOTOYHbIMY Genkamu — ot (48,5+0,9) mo
(48,2%1,1) mr Ha 100 T. 3TO COOTBETCTBYET COXPAHEHMIO /i0[a HA YPOBHE
94-97 % [14]. KoneKkTuBbI aBTOPOB Pa3paboTasii TEXHOIOIMIO oborale-
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HUSI CTEPWIM30BAHHOTO M TIACTEPU30BaHHOrO Mosoka [18-20], kedupa
uTBOpora [19] iiopkasenHoOM ¢ cofepskaHMeM jiofja B opraHnyeckoii popme
B KomuectBe oT 5 1o 50 Mkr Ha 100 r npoxykra [21]. HecmoTps Ha mmpo-
KM CIIEKTp pa3paboTaHHbIX CTpaTernii NpodIakTVKY M HUBEIMPOBaHNS
nebunyta fioza, npobiemMa HeOCTATOYHOTO OTPe6IeHUSI MUKPOdTIeMeH-
Ta BCe ellle COXpaHseTcs. ITO 06YCIOBIEHO HefOCTaTKaMM CpefcTB 060-
raieHus 10ooM, TaKMMM Kak HM3Kas CTaGMIIBHOCTD OOVPOBAHHOM COMM
MIPY TPAHCIIOPTUPOBKE, XPAaHEHMU Y TEPMUUECKOi1 06paboTke [22], rioxast
PacTBOPMMOCTb HEKOTOPBIX (opM iioza, a TakKe OTCYTCTBYE B ITPOIYK-
Tax ¥ fo6aBKax MMKPO3/IEMEHTOB, CIIOCOOCTBYIOLIMX MeTabonm3my itoza,
HampuMep UMHKA [23-25]. OMHUM U3 MepCreKTUBHbIX 06BEKTOB JIs Ta-
KMX MUCCIIeJOBAHMI SIBJISIETCSI MOJIOYHAs CHIBOPOTKA (KaK IOJCBIPHAs, TaK
¥ TBOPOYKHAST), TOCKOJIBKY COEPsKUT ChIBOPOTOUHBIe Geky, obramalonye
CHOCOGHOCTBIO K CBSI3BIBAHMIO M0AA M LIMHKA Grarogapsi 0CO6eHHOCTSIM
CTPOEHNSI ¥ aMVHOKMCIIOTHOTO coctaBa. Kpome Toro, Bompoc nepepaboTku
BTOPUYHOTO ChIPbSI MOJIOYHOJ OTPACIY TaKKe SIBJISETCS K/IIOYEeBbIM, Tpe-
GYIOIMM pacIIMpeHusT BO3MOKHOCTEl Ty6GOKOi mepepaboTKy MOIOYHOM
cbIBOPOTKY. TakyM 06pa3oM, LeNbl0 JaHHOTO MCCIEeNOBaHMS SIBISIIOCH
M3yyeHye MeXaHU3MOB CBSI3bIBaHMS I0[1a ¥ LIMHKA ¢ 6elKaMM MOJIOYHOM
CBIBOPOTKYL. IT0/TyueHHBIEe JTaHHbIE MOTYT CIIOCOGCTBOBATh pa3paboTKe HO-
BbIX MMIIEBbIX VMHIPEIVEHTOB ¥ CIIeLaai3MPOBAaHHbIX POAYKTOB, Ha-
MPaBJIeHHBIX HA TPOPUIAKTUKY AeDULMTHBIX COCTOSIHMIA Y HA yITyqlLIeHue
HYTPUTUBHOIO CTAaTyca HaceleHusl.

2. OG'BEKTHI MU METOABI

O6GbeKkTaMy Ha Da3HBIX JTalax MCCIENOBAaHMUI SIBJISINCH ITOLCHIP-
Hasl ChIBOPOTKA, IOJyYeHHas IIPY IIPOM3BOIACTBE IIOMYTBEPAOro ChbIpa
«Kauorta» Ha OO0 «HMranbsHckue Tpaguuum» (Poccusi); cbIBOPOTOY-
Hble 6e/KM, 06oTalleHHbIe [[MHKOM; IMIPOIM3aThl CBIBOPOTOYHBIX Ger-
KOB, oboralleHHble JIOMOM M LMHKOM; MHGOpMauus o Cy6CTpaTHOM
cnenyduunocty nerncuHa (EC3.4.23.1), mporennas P1 (KO 3.4.21.96)
u K (K® 3.4.21.64), xumorpuncua A (KO 3.4.21.1), maHKpeaTH4ueCcKoi
anacrasbl (K@ 3.4.21.36), ¢uuyuna (KO 3.4.22.3), ctum OGpomenaitHa
(KD 3.4.22.32), TepmonusuHa (KP 3.4.24.27), nanauHa (K 3.4.22.2),
cybrwmsuna (K@ 3.4.21.62), koxommsuHa (KO 3.4.24.30), xumasbl
(KD 3.4.21.39), tpurncuna (K@ 3.4.21.4); xoMmMepueckuit hepMeHTHBI
mnpernapar rnaHkpeatuyeckoro TpuricuHa («<Hososaiimc», anus). Bce pe-
aKTMBBI, UCIIONb3yeMble B MCCIeOBAaHIY, ObIIM He HMsKe MapKy «4. JI. a»
CO CTeIleHbIO UMCTOTHI He MeHee 99 %.

YacTh MCCIENOBAaHMII BBIIOHEHA C JCIIONb30BaHMEM O06OpYIOBa-
Hys LleHTpa KOJUIEKTMBHOTO MOJb30BaHMS Bcepoccmitickoro HaydHO-
JICC/Ie[0BaTeNIbCKOIO0 MHCTUTYTAa MOJIOYHOM IpombiieHHOCTH (LIKII
BHUMMU). OkcrepuMeHTHI MPOBOOMIN B CTEK/ISIHHBIX OMOpeakTopax
¢ py6amkoit (OO0 «Anxurex», Poccust) BMecTumoctbio 1000 (JIC-0132)
1 5000 mi (JIC-0118), ocHameHHBIX TepMocTaToM Mozenn MLW U (MLW,
TepmaHus) Aj1s1 TOAAep)KaHKs TeMIiepatypsl. Lientpudyruposanne 6en-
KOBOJI cMecy IpOBOAMIN Ha jiabopaTopHoit 1eHTpudyre OITH-8 (OAO
«THK «[larectan», Poccus). CTaHgapTu3aumuo CbIBOPOTKU IO MaCCOBO
none GeNika, OUMCTKY O6OralleHHOro GelKOBOro Cy6eTpara OT Heopra-
HUUYECKMX TNIpUMeceli MUKPO3/IeMEHTOB NMPOBOAMIN C MCIIONb30BaHMEM
MeToja 6apoMeM6paHHO GUIbTPALMM HAa IMIOTHOM ycTaHOBKe AJI 362
(000 «Anbranp», Poccust) ¢ 6;10KOM MeEMOPaHHbIX JIEMEHTOB U3 TTOJN-
a¢upcynbhoHa ¢ 0TCEUKOI 1o MoeRyIsspHoit Macce 5,0 u 0,6 k/Ia (yib-
tpa- (UF) u nHanodwnprpauyst (NF) coorBeTcTBEeHHO). YpoBeHb pH Kop-
peKTMpOBaIM BHeCeHMeM KOHLeHTPMPOBAHHOI COsIHOM KucaoTel (000
«Curma Tex», Poccust) wim 5M pactBopa ruapokceuaa Kaamst (000 «Kom-
noHeHT-PeakTuB», Poccust). 3HaueHne pH aHanmu3upoBaiu € MOMOUIBIO
nabopatopHoro pH-metpa inoLab pH Level 1 (WTW, T'epmanust). st
o6orameHns: CbIBOPOTOYHBIX GEMKOB LIMHKOM M 7OJOM JICIIOIb30BaIN
pactBop ZnSO,4 ¢ KoHIeHTpauueii noHoB Zn%* 80 r/n (000 «Anbgocar,
Poccust) B mepBoM ciyuyae u pactBop I, B 50% pactBope KI ¢ KOHIIEHT-
paumeri MoHOB MosnekynsspHoro iioga 200 r/1 (000 «Anbgoca», Poccust).

MaccoBylo 10110 06LIero azora B Ha/I0CaZIOYHOM JKUAKOCTU OIpee-
nsaau metogom Kvenbgans mo TOCT 34454-2018! ¢ npuMeHeHueM aBToO-
maTtudeckoro aHanusatopa Kjeltec2400 (Foss Electric, Tanus).

@OpaKIMOHHBI COCTaB OEJIKOB BBISBJISUIMA B JIEKTPOGOpE3HOI KaMe-
pe MiniPROTEAN Tetra (Bio-Rad, CIIIA) B 12,5% moauakpmiaaMumgHOM
rene c gogeuwicynbdarom HaTpus (SDS-PAGE) no metonuke [26]. 3aTem
TIPpOBOAMIN JE€HCUTOMETPUIO MHTEHCUMBHOCTU OKpAIIMBAHMUS OOPOXKEK
(Kymaccy 6pM/UTMAHTOBBIN cuMHU R-250) ¢ KOMMYECTBEHHBIM aHAJIM-
30M B nporpamMme Image] cormacHo MeToay4eckuM pekoMeHAanysIM 1o
aHaNMM3y pe3ylbTaTOB OJHO- M IBYMepHbIX anekrpodoperpamm «DHI]
nuieBbIx cucreM uM. B. M. Topb6aTtoBa» PAH [27]. B kauecTBe 3TasoHa
MOJIEKY/ISIpHO# Macchl 6enka (10-200 k/la) MCIONb30BaIM CTaHAAPThI
Prestained Protein Marker IV (Servicebio, Kuraii).

' TOCT 34454-2018 «IIpopmyKiusi MosouHasi. Onpe/ieneHne MaccoBOi LOMA
6enka metronom Keenpans» M.: Crangaptundopm, 2018. — 14 c.
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MaccoByIo JO/MI0 IIMHKA OTpeJesisiii MeTOLOM MacC-CIeKTPOMEeTpUN
C MHIYKTMBHO CBSI3aHHOJ T1a3moii o TOCT 34633-2020% Ha mpubope
Agilent 5110 ICP-OES (Agilent Technologies, Manaiizusi).

BronndopmaTuyeckoe MomenMpoBaHyue BBITOTHSUIM C MCIIONb30Ba-
Huem 6a3 ganubix NCBI (https://www.ncbi.nlm.nih.gov/), BIOPEP-UWM
(https://biochemia.uwm.edu.pl/biopep-uwm/), Uniprot (https:/www.
uniprot.org/), ToxinPred (https://webs.iiitd.edu.in/raghava/toxinpred/).

Cremntenp rugponusa (DH) onpenensiu ciekTpodoToMeTpuyecku 1o
peaxiyy MepBUYHbIX AMUHOTPYIIII C 2,4,6-TPUHUTPOGEH30CY1b(HOHOBO
KUCJIOTO C IeTeKTVPOBaHMeM ITPOAYKTOB peakuyy npyu 340 HM Ha CIlek-
tpodoromeTtpe-diyopumetpe Feyond-A400 (Allsheng, Kuraii) [28,29].

MaccoBylo 010 710#a PacCUMTHIBAIM CIEKTPOMETPUUECKUM METO-
nom o TOCT 26185-843.

O611ee comepkaHue CBOGOIHBIX aMUHOKUCIIOT ONIPEIENSIINA CIIEKTPO-
dboTomeTpmyecKH 1Mo peakuyy aMUHOTPYIIIT o.-aMUHOKUCIOT C 2,4-AVHU-
TpohTOP6EH30/I0M C ITOC/IEAYIONIEel AeTeKIe IPOAYKTOB peaKLuu pyu
420 1m [30].

Topeub 6eJTKOBBIX (PparMeHTOB BbISIBIISIM OPTaHOTENTUYECKM B IKBU-
BaJIeHTe LIKaJIbl pa3BeleHus craHaapTa kodenHa [31].

IMenTuaHbI TPOGUIb IUIPONN3ATA CBIBOPOTOUHBIX OEKOB U IeTEK-
TUPOBaHME NENTUIOB C KOBAJIEHTHO CBSI3aHHBIM JOZOM MCCIEIOBaIN
¢ ucrionb3oanmeM BIXKX, coennHeHHOIT ¢ MacC-CIIEKTPOMETPOM.

VneHTHOMKAIMIO MENTHUAOB MPOBOAWIIM IIPU MOMOIIM MPOrpamMm-
Horo obecrmeuenus MaxQuant v. 2.0.3.0 C ITOMCKOBBIM aJrOPUTMOM
Andromeda (cpaBHeHMe JOAMPOBAHHBIX AMMHOKUCIOT ¥ AMUHOKUCIOT
6e3 itofa 1o MOJIEKYJISIPHO Macce).

[InaHMpoBaHMe IKCIIEPUMEHTOB, ONITUMU3ALNIO0, BU3YaIU3aIIO TaH-
HBIX, CTATUCTUYECKUI aHAIM3 OCYILECTBIISUIM C MCIIOMb30BAHMEM MaKeTa
rnporpamm Statistica 2010 (Statsoft, CIIIA) u Microsoft Excel (Microsoft,
CIIA) umHTepakTMBHOI cpenbl paspabotku RStudio (Posit Software,
CIIIA). Bce u3aMepeHMst M UCCI€N0BAHMUS IPOBOIMIN B 3—5 IOBTOPHOCTSIX
C TIOC/IeAYIONMM OTIpeie/IeHMeM CTaHJAPTHOTO OTKIOHEeHus. st yoo6-
CTBa BU3YaJIbHOTO CPAaBHEHMS M MHTEPIIPETAlMM SAHHBIX CTAHAAPTHOE
OTKJIOHEHME TPeJCTaBIeHo Ha rpadyuKax B BUIE OTHOCUTENIbHBIX BeJ-
YMH, BBIPAKEHHBIX B IIPOL[EHTAX OT CPEeTHETO 3HaUeHMUs. 3a YPOBEHbD CTa-
TUCTUYECKOI 3HAaUMMOCTH IpuHMManm p < 0,05.

2 TOCT 34633-2020 «[Tpomyxkuus nuieBasi. OnpezeneHne MacCoOBOM JOIU XPO-
Ma, XXeJjiesa, HUKeJisgd, Meau, IMHKa MeTOA0M MaCC-CIIEKTPOMETPUM C UHAYKTUBHO
CBsI3aHHOI I1a3Moii» M.: Poccmiickuit MHCTUTYT cTaHzapTusanuy, 2024. — 23 c.

3

TOCT 26185-84 «Bomopoc/iu MOpCKMe, TpaBbl MOPCKME U TIPOAYKTHI UX Tepe-
pa6botku. MeTozb! aHanu3a» M.: Crangapturdopm, 2018. — 33 c.

3. Pe3ynbTaThl ¥ OGCYKAECHUE

3.1. Hccnedosarue npoyecca mepmocesieKmugHo20 ocaxcoeHus o-JIA
8 npucymcmauu coJieti-xeJiamopos

Il TIOBBIILIEHMST KOHLIEHTpALMM LIMHKA, XeJaTupyeMoro Genkamu,
B paboTe MPOBOOMIM MCCIENOBaHME TIPOIecca TEPMOCEIEKTUBHOTO OCa-
skmenust a-JIA 13 MOJIOYHO# ChIBOPOTKM. [Tomo6Has MmoayvdbuKarms 6e1Ko-
BOJ MaTpuIIbl 060CHOBAaHA HAIMYMEM CaiTOB CBSI3bIBAHMS IBYXBaJIEHTHBIX
meTaioB B a-JIA u BCA (KFLDDDLTDD n ECCHGDLLECADDRA cooTBeT-
CTBEHHO) [32,33]. PaHee uccienoBaHHbIE DEXMMbBI TEPMOCEIEKTUBHOIO
OCaKIEHMS OTPAXKAIOT HEJOCTATOUHYIO 3((HEKTUBHOCTD MPOLECCA B YACTU
TepMuueckoro Bo3aeiictus (85 °C; 120 MMHYT) Ha GEJIKM, YTO MOKET Hera-
TMBHO CKa3aTbCs HAa UX AATbHENIIMX (QyHKIMOHAIbHBIX CBOMCTBAX, a TaK-
5Ke B YaCTM KOMTMYECTBA BBIAETEHHOTO 6esKa (CHMKeHMe KOHIEHTpaLun
06111eT0 a30Ta OTHOCUTEIBHO HAUaJIbHOM — 29 %) [34]. B CBsI3U C 3TUM pOJIb
coneit-xenatopoB (rekcameradocdara Hatpuss — I'M®) B mporecce Tep-
MOCETIEKTUBHOTO OCaKAeHUs o-JIA 13 MOJTOYHON ChIBOPOTKM C MaCCOBOW
Ioseit o61ero azora 3,56 % msydanu Jjist SOCTVKEHUS CIeAYIOMIMX 1eeit:
JIEKATbIIMHUPOBAHME ChIBOPOTOUYHBIX OETKOB, 3aMelleH)e MOHA KaJbLUsT
MOHOM LIMHKA, CHIDKEHMEe TeMIlepaTyphl AeHaTypauun o-JIA, yBenudeHue
BbIXOJa a-JIA 1 ymeHbiieHye coocakaenust B-JII. [l onTuMusaluy npo-
1ecca CMOJEMPOBAH ¥ MPOBEIEH MOMHO(DAKTOPHBI SKCIIEPUMEHT C Ye-
TBIPbMSI ITApaMeTpaMu, BapbMpyeMbIMU Ha Tpex ypoBHsIX (Tadmuua 1).

Ta6nuua 1. YpoBHM Bapuanuy He3aBUCUMBIX IapaMeTPOB IPu
MHOro(aKTOPHBIX 3KCIIEPMMEHTAaX M0 ONTMMMU3ALNY YCIOBUIL
TepMmoaeHaTypauuu o-JIA B npucyrcrBuu 'Md®
Table 1. Levels of variation of independent parameters in multifactorial
experiments on optimization of conditions of a-LA thermodenaturation
in the presence of SHMP

Tapamerp Mr‘[;[&,gﬂ E’i)OBEHb Baghnposa}mlﬂ
Maccosast goinst ITM®, % X, 0,050 0,175 0,300
Temrmepatypa, °C X, 45 65 85
AKTUBHAsI KUCIOTHOCTD, pH Xz 3 6 9
TIponomKUTENIBHOCTD, MUH Xy 30 75 120

@OYHKIMS KeNIaTebHOCTY ONTUMMU3alumMu chopMmupoBaHa MCXOAS U3
MMUHMMAaAbHOTO 3HAaueHMsl COOep>KaHusl B cymepHaTaHTe o-JIA u mak-
cuManbHOro copep>kanus B-JII. [IoBepxXHOCTM OTK/IMKA BAMSHUS Bapb-
MUpYyeMbIX TTapaMeTpOB 3KCIIepMMEHTa Ha TepMOJeHaTypaluio CbIBOPO-
TOYHBIX GEJIKOB IpeZcTaBieHa Ha PucyHke 1. AHanM3 DaHHbBIX ITOKa3asl

o (S
o %
A LR
e

Pucynok 1. OnTuMu3anus ycaoBUii ceIeKTUBHOM TepMoAeHaTypauyuy B mpucyTcTeum xenaropa (I - a-JIA, II-p-JIT)
Figure 1. Optimization of the conditions of selective thermodenaturation in the presence of chelator (I - a-LA, II-p-LG)
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cratucTnyecku 3Hauumoe (p < 0,05) BausiHMe (axkTopa KUCIOTHOCTU
(X3), a Takke COBOKYITHOE BiusiHMe GaKkTOpoB MaccoBoit momu MO (X;)
U TemnepaTtypsl (X;), maccoBoit gonu 'M® (X;) 1 KUCIOTHOCTU (X3) Ha
MaKkCHMalbHOe CHYDKeHMe cofepkanus o-JIA B cyliepHaTaHTe.
ITomy4yeHs!l ypaBHeHMsI 1-2, onuchiBaloliye 3aBMCUMOCTYM IIpoLiecca
TepMopeHaTypauuu a-JIA u B-JII' oT BapbupyeMbIX TapaMeTpPOB:

Y,.na=-0,246 - 3,297X; - 0,004X, + 0,475X;3 - 0,032X5? - M
- 0,001X, + 0,022X,X, + 0,256X,X5-0,001X,X5

Ypur=— 1,211 +0,106X; - 0,001X,2 + 0,056 X, X )

B pesynbraTe NpoBefeHHBIX MCCIENOBAHMI YCTAHOBIEHbI ONTUMAJIb-
Hble TapaMeTphl Ipoiiecca: Temnepatypa — 58 °C, pH — 3,0, m. 1. TM® —
0,2% " TPOAODKUTENBbHOCTD 120 MUHYT, CHVWKAIOIMe cofepskaHue 06-
1Iero asoTa B CyllepHaTaHTe OTHOCUTENbHO HayvaJbHOM KOHLIEHTpalyyu
Ha 42 %, a Haua/bHOe copepskaHue o-JIA — npumepHo Ha 83 %. OyHKUMS
KeJIaTebHOCTY ITPY 3aJaHHBIX YCJIOBUSIX coCTaBuia 67 %. IIpy aTom cooT-
Homtenue B-JII' k a-JIA B pesynbTare mnpoijecca MU3sMeHWIOoch ¢ 2,2 K 1 (ayst
cy6erpara) 1o 0,7 K 1 (PUCYHOK 2). BbIsIBJIEHHbIE TTApaMETPhI OCAsKAEHUS
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Figure 2. Electropherogram of products of whey protein thermodenaturation
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KOPPeIMpPYIOT C IMTepaTypHbIMM JAHHBIMM O TeMIlepaType JeHaTypalun
a-JIA (mpubmmsutensHo 60 °C). Kpome Toro, BhIsiBIeHHDIH 3 deKkT uacTmy-
Horo ocaxknenus B-JIT, cornacio McGuffey M. K. C coaBTopamu [35], MokeT
ObITb CBSI3aH C YCUIEHMEM €ro arperaiyuy B MaTpuiie CbIBOPOTOUHBIX GeJI-
KOB IO, Ie/ICTBUEM M3MeHeHMsI KoHurypaimm aucynbOUIHBIX CBSI3eit
a-JIA.TIo pe3ynbTaTam MpoBeeHHbIX UCCIeN0BaHMIA TOATBEPKIEHA TUTIO-
Te3a 06 yBeJIMUeHMM BbIX0Aa o-JIA Py UCITOIb30BaHUY COJIEli-XeIaTOpOB
U YCTAHOBJIEHBI ONTMMAaJIbHbIE TTapaMeTphl BbieneHus a-JIA U3 cucTeMbl
MOJIOUHOVI ChIBOPOTKM C MCIIONb30BaHeM IM®, neKkanblMHUpYyIoLIero 6e-
JIOK U TIPEeMNSITCTBYIOLIETO ero peHaTypaluu.

Kpome Toro, momyueHHble B XO[e 3KCIIepMMeHTa AaHHble (paKLu-
OHMPOBaHMS GETKOB ITO3BOJISIIOT CAENaTh BbIBOJ, O TOM, UTO JJIST MOIM-
ukauyuy 6eKOBOM MAaTPUIIbI, [IAHUPYEMOM K MCIIOIb30BAHUIO TMPU
o6oramieHn 3CCeHIMaIbHBIMU MUKPO3JIEMEHTAMM, MOKHO ITPUMEHSITh
TBOPOXKHYIO CIBOPOTKY, TOCKOJIbKY HM3KO€e 3HaueHMe HauaabHOI akKTUB-
HOJ KMCIOTHOCTY CBIPBSI CHIKAeT 3aTPAThI Ha ero AOMOMHUTETbHOE ITOJI-
kuciaenue no pH 3,0. JaHHbIii GaKT OTKPHIBAET HOBbIE BO3MOXKHOCTH JJIsI
repepaboTKY TBOPOSKHO ChIBOPOTKM, TIOJIb3YIOLIEicsl MEeHbIIIelt BOCTpe-
60BaHHOCTHIO B MOJIOUHOJ ITPOMBIIUIEHHOCTH, YeM TOAChIPHAS, BBULY
ocob6eHHOCTel PU3UKO-XUMUUECKUX [TOKa3aTeleit.

3.2. HccnedosaHue KuHemuKuU xeldmupo8aHus YUHKa

ModupuyuposanHoti mampuuyeti col80pOMoUHbLX OeK08

CornacHO 3MOMPUYECKMM JAaHHBIM, MOCIENI0BATEIbHOCTh oboraiie-
HMsI GEIKOB TI0 CXeMe LIMHK—I0[ SBJIseTcsl Hauboiee ONMTHMMAIbHOI,
MOCKOJIbKY B IMPOTMBHOM CiTyyae HaGMIONAeTCs CHIUDKEeHVE KOHLIeHTpa-
UMY LVHKA, 0O0CHOBAHHOE BEJIMYMHON JHEPIUM aKTUMBALMM pPeaKuyuyn
KOOpIMHAIMM MUKpOdieMeHTa [36]. B cBs3u ¢ 3TMM pmajee B pabore
MUCCIeIOBaHbl 3aKOHOMEPHOCTY CBSI3bIBAHMSI LIMHKA HA MOZEJIbHbBIX KOH-
LIEHTPUPOBAHHBIX CHCTEMAX C MaCCOBOI moselt 6enka 3% ¥ MHTaKTHbIM
pacripeneneHueM 6enkoB (WPC), a Takke Ha cucreMax C IIpeBaJupylo-
MM a-TakTaab6ymuHom (WPC-q), TONTy4eHHbIX Ha MPeIbIAYIEM Tare
uccienoBanmsl. isyyaeMpiMy BapuabebHbIMM ITapaMeTpaMMu SIBJISUTUCH:
pH cpensi (4,0; 6, 0; 8,0 en. pH), Temnepatypa (2; 10; 20; 30; 40 °C), KOH-
LeHTpauust MoHOB uyHKa (1,5; 9 u 15 MM). Pe3ynbraThl mccienoBaHus
KMHETUKY XeJIATUPOBAHUSI IMHKA GeJIkamMu MpeficTaBaeHbl Ha PucyHke 3.
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PucyHoKk 3. KuHeTHKa Xe/laTUpOBaHusI IIMHKA GeJIKaMy MOJIOYHO cbIBOPOTKY (WPC-0 — TepMoeHaTypUpPOBaHHbI Ge/IKOBbIi
KOHIIEHTPAT ¢ npeobiaganmem a-JIA (uepubie auHuUM); WPC — KOHTPOJIbHBIN KOHIIEHTPAT C HATUBHBIM paclipeje/ieHueM 6eIKOB
(kpacusblie muHUN); A — pH 4,0; B — pH 6,0; B — pH 8,0; I'- 3aBMCHMMOCTb OT KOHLIEHTpaly MOHOB LITHKA)

Figure 3. Kinetics of zinc chelation by whey proteins (WPC-a — thermodenaturated whey concentrate with prevalence of a-LA (black lines); WPC — control
concentrate with native distribution of proteins (red lines); A — pH 4.0; B — pH 6.0; B — pH 8.0; I'- dependence on concentration of zinc ions)
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Mo pe3ynbTaTam MCCIeNOBaHUSI ONpeeieH Haubosnee 3¢GhdEKTUBHBIN
peskuM oboralleHus, COOTBeTCTBYIoNMi TemmepaType 40 °C, pH 8 u ripo-
JIOJKUTETbHOCTY XeJaTUpoBaHus 60 MUHYT, UTO 06ecreunBaeT HanboJb-
LIYI0 KOHLIEHTPaLyI0 OPraHnYecky CBSI3aHHOTO LUMHKa — 169,8+27,3 mr
Ha 100 r 6esika. BbISIB/IeHO, UTO MaTpMila C MMOBBIIIEHHBIM COMEPsKaHM-
eM o-JIA cBsizasia B 1,6 pa3a 60siblile MUKPO3JIEMEHTa, UeM ChIBOPOTKA
C HATMBHBIM pacrpeneneHueM O6enkoB. [laHHAas OCOGEHHOCTb MOXKET
6bITh 00YC/IOB/IEHA KaK HaIM4YMeM OTAEbHbIX CAliTOB, COmepKaluX ac-
[MaparvHOBYI0 M MIYTaAMWHOBYIO KUC/IOTHI, IIVICTEMH, METUOHUH U TIP.,
CIOCOGHBIX KOOPAMHMPOBATh MOH LMHKA [37-39], TaK ¥ HaIUMUMEM CIIe-
UM(PUIECKUX CATOB CBSI3bIBAHNS ABYXBAJIEHTHBIX MeTa/UI0B a-JIA 1 BCA
(KFLDDDLTDD 1 ECCHGDLLECADDRA COOTBETCTBEHHO), AeKaTbLIMHU-
pPOBaHHBIX B IIpoIiecce TepMozeHaTypanyy 6enkos [32,33]. YcraHOBIEHO
OTCYTCTBME BIMSHNS KOHLIEHTPALIMY BHOCKMBIX B CMCTEMY MOHOB I[MHKa
(B MCCIeyeMbIX Mpeienax) Ha KOHIeHTPAMIO XeJIaTMPOBAaHHOrO 6eka-
Mu 1yHKa. CoiepskaHyie OpraHMYecKy CBSI3aHHOTO ¢ 6elKaMy MOJIOYHOM
ChIBOPOTKM IIMHKA COTJIaCyeTcs C pe3yjabTaTaMiu SKCIIepMMEHTa II0 xe-
JIATMPOBAHMIO IIMHKA o-JIA: 1,58 Mr MukposnemeHTa Ha 1 r Genka [40].
OnHako aBTOPBI MPUBEINEHHOrO MCCIeN0BaHMUs YTBEPXKAAIOT, UTO paliu-
OHAJIbHBIMM TTApaMeTpamu Ijist oboraiieHusi 6eJKOB IMHKOM SIBJISTIOTCSI
temmneparypa 20 °C, pH 4,5 1 Ipofo/DKUTeNbHOCTD XeIaTUPOBAHMUS 2 MU-
HYTBI. BeposiTHO, pa3unua B 3GGeKTUBHOCTY PEXKMMOB XeIaTUPOBAHMS
LMHKA B HAllleM MCCIefoBaHuy 1 uccaenoBanuu [40] o60cHOBaHa pas-
HBIMM MexaHM3MaMM XelaTUpoBaHus. IIpenBapuTenbHOe INpoBeleHME
TepMoJeHaTypaluuu U gekaabuyHupoBanus o-JIA u BCA B mpucyTcTBUn
I'M® MOIJIO TIOBJIMSTh Ha CTPYKTYPY GEIKOBBIX MOJIEKY/I, a TAKKe Ha (hop-
MMUPOBaHME MEXKMOJIEKYISIPHBIX B3aMMOIENCTBUII OTKOB B MaTpulle,
B CBSI3Y C YeM XeJaTMPOBAaHME LIMHKA GeKaMu MOJIOUYHOM ChIBOPOTKU
ripu pH 4 6bu10 HauMeHee 3¢ deKkTUBHBIM, yeM 1pu pH 8 [41-43]. Mexa-
HM3M (hopMMUpOBaHMSI KOMIUIEKCA IMHK-6eI0K B ucciemoBanuu [40], mo-
BUJMMOMY, CBSI3aH C OTCYTCTBMEM M3MeHeHMsI BTOPUUHOI CTPYKTYPbI
6enka mipu pH 4,5 1 20 °C 1 ¢ yaCTUYHBIM M3MEHeHneM ruapodo6HOCTH:
BbICBOOOXKIEHMEM aMUHOKCMUIIOTHBIX TPYIII, CIIOCOGHBIX XeIaTUPOBATh
LMHK [44]. MOXXHO cAenaTh BbIBOJ, O TOM, UTO IIpY OIpefeeHny palu-
OHA/IbHBIX YCJIOBMII XeIaTMPOBAaHUSI MOHOB MeTaUIOB ChIBOPOTOYHBIMU
6e/kaMy BaXKHO O6pallaTh BHMMAaHME Ha €ro HavyajbHble CTPYKTYPHbIE
XapaKTePUCTUKMN.

3.3. [lod6op pepmenmHo20 npenapama, Modeauposanue u OnMuMu3ayus
2udpoau3a MooupuyuposaHHsix 6€JIK08 MOJIOUHOLI CbI8BOPOMKU
PaHee MpOBOAMIM MCCIEOOBAHMS, OTPaKalOUIMe MOBBINIEHNE KO-
JIMUECTBA CBSI3aHHOTO C GEIKOBBIMM (hparMeHTaMu iofma B pesyibTare
YaCTUYHOTO I'MIPOIM3a TMOMUIENITUIHONM LIeru, YTO MOKeT GbITh acco-
[MMPOBAHO C YBEJIMUEHEM KOJIMUECTBA MOHOTE€HHBIX TPYIII 1 C COPOIIM-

OHHOJ aKTMBHOCTHIO [45]. B CBSA3M ¢ 3TMM Ha CJIeAyloleM JTare yuccie-
IIOBaHMSI MPOBEIeHbl IIPOTea3Hblil CKPUHUHT U 6MoMHGbOpMaTIUecKoe
MOJIeMPOBaHMe I'UIPOIM3a 6eIKOB MOJIOYHO CHIBOPOTKM [46] € yueToM
MOTeHIMaTbHbIX aMMHOKMCIOTHBIX CaiiTOB CBSI3bIBaHMS 1i0[la U XelaTu-
pOBaHUSI LIMHKA, MHTEIPUPOBAHHBIX B JECKPUIITOPHYI0 Mogmenb. Kiro-
YeBbIM KpUTEpUEM IPOTea3HOr0 CKPUHMHIA ObUT BHIGOP epMEeHTHOro
mpenapara (uau komriuiekca OII), obGecneuyyBalolero MaKCUMaabHOe
BBICBOOOSKIEHMeE MENTUAOB, CIIOCOOHBIX CBSI3bIBATS ji0f. [Ipy 3TOM Tpe-
60BaIOCh COXPAaHUTbh MaKCUMAaIbHYI0 KOHLIEHTPALIMIO IIHKA, XeIaTUPO-
BaHHOTO GeJIKaMU (CaiAThI CBSI3bIBAHMS IBYXBaJEHTHBIX METAJUIOB B a-JIA
(KFLDDDLTDD) 1 BCA (ECCHGDLLECADDRA)), 1 MMHUMM3MPOBATh 00-
pasoBaHye rOPbKYX MNENTUI0B U aMUHOKUCIOT. [0 pe3ynbraTaM GMOVH-
dbopmaTnyeckoro MoLenMpoBaHys YCTAHOBIEHO, UTO TPUIICUH SIBJISIET-
Cs1 eAVHCTBEHHOJI MPOTeasoi, MPaKTM4eCKy He 3aTParuMBalolieil caiThbl
KFLDDDLTDD 1 ECCHGDLLECADDRA u oTBeyvarolileii mepeuncieHHbIM
kputepusm (Tabnuia 2).

Ilyist omTMMM3aIMy TapaMeTpoB TUAPONM3a TPUIICMHOM (in Vitro)
MPOBOMIM TMOTHOGMAKTOPHBIN IKCIIEPUMEHT C TpeMsl IapaMeTpaMMu,
BapbMpPyeMbIMM Ha TPeX YPOBHSX: TemMIlepaTypa (X;), akTMBHAsI KICIOT-
HOCTb, pH (X;), TPOOO/KUTENBHOCTD THUApOu3a (X3) (Tabauua 3). DKc-
MepUMEHT NPOBOAWIM NIPU depMeHT-cy6cTpaTHOM cooTHoUteHuu (E/S)
1/100 CPROT r/r.

Ta6nuiia 3. YpoBHM BapManuy He3aBUCUMMBbIX IlapaMeTpPOB
py MHOTO()aKTOPHBIX IKCIIEPUMEHTAX IO ONTUMM3ALNU
ycnoBuii ruaponsa WPC-a TpUIicMHom

Table 3. Levels of variation of independent parameters in multifactorial
experiments on optimization of the conditions of WPC-a hydrolysis

by trypsin
Napamerp Mré f_[l:_le;g YpoBeHb BapbUpPOBaHUSA
-1 0 1
AKTUBHAsI KUCIOTHOCTD, pH X, 7 8 9
Temmnepatypa, °C X, 30 40 50
[TpomomskKUTeNbHOCTD, MUH X3 30 105 180

@DYHKUIMS KelaTeJbHOCTM COOTBETCTBOBA/A MaKCMMaJIbHOM cTerne-
HU TMAPOIM3a cy6eTpaTa TPUIICMHOM, YTO 6bIJIO acCOLMMPOBAHO C JO-
CTYIHOCTBIO aMMHOKMCIOTHBIX CaiiTOB JIJIs1 CBsI3bIBaHMs jtona. [loBepx-
HOCTM OTKJIMKA BJMSIHMS BapbMpyeMbIX [1apaMeTpOB 9KCIIepMMeHTa Ha
cTerieHb TMAponu3a 6enKoBOro cy6eTpara TPUIICMHOM IpeNCTaBlIeHbl
Ha PucyHke 4.

Ta6nuua 2. MogenupoBaHue TMAPOIN3a CBIBOPOTOUYHBIX OETKOB TPUIICMHOM
Table 2. Modeling of hydrolysis of whey proteins by trypsin

KonnuectBo KommnuectBo
KommnuectBo
TeopeTrnueckas NenTuaos, MenTuaoB, KonnuectBo
HaumeHoBaHUe ¢parmeHTOB,
CTeneHb MOTE€HIIUATBHO MOTEeHIMATbHO CBOGOITHBIX
depmenTa o 06yCIaBIMBAIOLINX
rugponusa, % XeJIaTUPYIOLIUX CBAI3bIBAIOLIUX AMMHOKMUCJIOT, ef. ropedn, e
MOHBI UMHKA, eI, MIOHBI 11014, ef. PEUD, ENL.
Q-JIaKTaaboyMMUH
Tpuncun (KO 3.4.21.4) 10,3 6 12 2 2

EQLTK - CEVFR - ELK - DLK - GYGGVSLPEWVCTTFHTSGYDTQAIVQNNDSTEYGLFQINNK - IWCK - DDQNPHSSNICNISCDK - FLDDDLTDDIMCVK - K -

ILDK - VGINYWLAHK - ALCSEK - LDQWLCEK - L

B-JIaKTOIIOGYIMH

Tpuncun (K® 3.4.21.4) 10,9

11 15 2 2

LIVTQTMK - GLDIQK - VAGTWYSLAMAASDISLLDAQSAPLR - VYVEELK - PTPEGDLEILLOK - WENGECAQK - K - ITAEK - TK - IPAVFK - IDALNENK -
VLVLDTDYK - K - YLLFCMENSAEPEQSLACQCLVR - TPEVDDEALEK - FDK - ALK - ALPMHIR - LSFNPTQLEEQCHI

BCA

Tpuncun (KO 3.4.21.4) 13,7

46 68 7 4

R - GVFR - R - DTHK - SEIAHR - FK - DLGEEHFK - GLVLIAFSQYLQQCPFDEHVK - LVNELTEFAK - TCVADESHAGCEK - SLHTLFGDELCK - VASLR -
ETYGDMADCCEK - QEPER - NECFLSHK - DDSPDLPK - LK - PDPNTLCDEFK - ADEK - K - FWGK - YLYEIAR - R - HPYFYAPELLYYANK -
YNGVFQECCQAEDK - GACLLPK - IETMR - EK - VLASSAR - QR - LR - CASIQK - FGER - ALK - AWSVAR - LSQK - FPK - AEFVEVTK - LVTDLTK - VHK -
ECCHGDLLECADDR - ADLAK - YICDNQDTISSK - LK - ECCDK - PLLEK - SHCIAEVEK - DAIPENLPPLTADFAEDK - DVCK - NYQEAK - DAFLGSFLYEYSR - R
- HPEYAVSVLLR - LAK - EYEATLEECCAK - DDPHACYSTVFDK - LK - HLVDEPQNLIK - QNCDQFEK - LGEYGFQNALIVR - YTR - K - VPQVSTPTLVEVSR -
SLGK - VGTR - CCTK - PESER - MPCTEDYLSLILNR - LCVLHEK - TPVSEK - VTK - CCTESLVNR - R - PCFSALTPDETYVPK - AFDEK - LFTFHADICTLPDTEK -
QIK - K - QTALVELLK - HK - PK - ATEEQLK - TVMENFVAFVDK - CCAADDK - EACFAVEGPK - LVVSTQTALA

KPACHBIE - AK, ogHOBpeMeHHO KoopauHupyome Zn u cesidsiBaonyue I (E; R; D; F)

I'OJIVBEBIE — AK, koopayuaupytomye Zn (C; H; M)
3EJIEHBIN - AK, casbiaromye I (G; Y; P; W; A)

KFLDDDLTDD - caiiT cBsI3bIBaHMS JByXBaJleHTHbIX MeTa/lioB a-JIA; ECCHGDLLECADDRA - caiiT cBSI3bIBaHMSI IBYXBaJ€HTHBIX MeTa/uioB bCA
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PucyHoK 4. OnTMM3anus yCJI0BUii mpouecca ruaponnsa WPC-o TpuiicmHoMm
Figure 4. Optimization of the conditions of the process of WPC-a hydrolysis by trypsin

VYcraHoBNEHO cratucTudecku 3Hauumoe (p < 0,05) BausiHMe JIMHen-
HbIX (aKTOPOB TemmepaTypbl (X;) U NPOAODKUTENBHOCTY TUIpONM3a
(X3), a Taxoke UX COBOKYITHOTO BO3AelicTBMs Ha yBennueHue DH. Kpome
TOrO, [TOKA3aHO 3HAUYMMOE BJIMSIHME KBaJpaTUYHBIX (PaKTOPOB KUCIOT-
HOCTU (X)) U TeMmIepaTyphl (X;), YTO TOBOPUT O CYLIECTBOBAHUU JIO-
KaJIbHbIX ONTMMYMOB [JaHHBIX IIapameTpoB mpouecca. KsagparuuHoe
BJ/IMSIHYE TeMIlepaTyphbl Ha CTelleHb TMPONN3a Y CHYKEeHMEe /3y4aeMOoro
rapamMeTpa NPy OTKJIOHEHMM OT ONTMMyMa Takke OTMeYeHbl B APYIUX
MCCIIe0BATENBCKUX paboTax [47].

ITo pesyinbraTam IpPOBeNEeHHONM ONTUMM3ALUM IIOYYEHO ypaBHe-
Hye 3, BKIovamuiee GHakTopbl, OKa3bIBalOIIMe 3HAUMMOE BIMSHME Ha
crenieHb ruaponusa WPC-o TpUIICMHOM.

Ypr=—40,816 + 6,846X, — 0,428X,2 + 0,749X, — 0,009X,? + )
+0,003X; + 0,002X,X5

Ilo pesympTaTaM ONTMMM3aLMM IapaMeTPOB Ipolecca TMAPOIN3a
WPC-o TpUIICMHOM OTIIpeZe/ieHbl ONTMMasabHble PEXMMBbI, COOTBETCT-
syromye pH 8,0, Temneparype 44 °C, Npofo/DKUTENbHOCTY TUAPOAU3a
180 MuHyT, uTO OGecreuMBaeT CTeneHb TMAponusa cyberpata 4,35%
¥ YPOBEHb kejiaTenbHOCTH 95,4 % (11pu mcciepyemom E/S).

3.4. HccnedosaHue KuHemMuKu 8:3b18aHUS Lioda MooupuyuposarHoti

Mampuyeti cbl80pOMOUHbIX 6IK08

HanpHemmit 3Tan MCCIeNOBaHMS 3aK/IIOUaCs B ONpeneseHuy 3a-
BUCUMMOCTHU CTereHu cBs3biBaHMs ioga ¢ WPC u ruaponusatamu WPC-a
(HWPC-a) ot TemniepaTypHoro (2; 10; 20; 30; 40 °C) u kucnorHoro (6,0; 7,0;
8,0 en. pH) dakTopoB, MPOAODKUTENBHOCTH Tpoliecca (6; 12; 18; 24 u) u
KOHIIeHTPaLMUM MOHOB MoseKyssipHoro ioga (0,8; 1,6; 2,4 M). ITo pe3yinb-
TaTaM UCC/IeN0BaHMIA, POBEJEHHBIX C HATMBHBIMM OeTKaMM, YCTAHOBJIe-

A)
33 | #2°CHWPCw)  ©10°CHWPC-a) |
» | ©-20°C (HWPC-0) %30 °C (HWPC-)
3,0 | ©40°C (HWPC-u) ®20°C(WPC) |

2,7
2,4
2,1
1,8
L5
1,2
0,9
0,6
0,3
0,0

KoHIieHTpaIus CBsI3aHHOTO iio71a,
1/100 r Genka

0 6 12 18 24
IIpomomKHUTEeNbHOCTS, U

HO, yto npu 3HaueHusix pH 6,0 u pH 7,0 iion He cBsI3bIBAICS C GerkaMu,
YTO, COIVIACHO JIMTEPATYPHbIM AAHHBIM, MOXKET ObIThb OGYCIIOBJIEHO CIie-
undukoit GopMMUPOBaHMS KOBAJIEHTHOI CBSI3M ofia C apOMaTUYECKMMU
aMMHOKMCJIOTaMM B LIEJIOYHO Cpefie BBUAY HaINUMsI B MOJIEKYJIe TUIPOK-
CWJIBHOI TPYIIIbI, KOTOPAsI SIBJISIETCS] CUTbHBIM OPTO-TIapa-O0pUEHTAHTOM,
CIOCOGCTBYIOIIMM IPOTEKAHMIO Ipolecca 3MeKTPodMIBHOTO 3amelle-
Hus [16]. Pe3ynbTaThl MCCIeqOBaHMS KUHETUKY CBSI3bIBaHMS jiofa ¢ Ger-
KaM¥ MOJIOYHO¥ CbIBOPOTKM ITpeficTaB/IeHbl Ha PucyHke 5.

YcraHosinieHo, uto npu 20 °C, pH 8,0 u mpomomKkuTenbHOCTH MOOUPO-
BaHMS 24 yaca HATUBHbIE CBIBOPOTOYHBIE GEJTKYM CBSI3bIBAIM HAUOOJIbIIIEe
KOJIMYECTBO MMKpO3jaeMeHTa, paBHoe 1,3+0,3 r itoma Ha 100 r Genka.
AHanmM3 [aHHBIX IOKa3al, YTO ONTHMMalbHble IapaMeTpbl OgMpoBa-
Husl — temmeparypa 20 °C, pH 8,0 1 npomo/mkuTenbHOCTh 12 4acoB, Ipu
KOTOPBIX KOHIIEHTPAIMsI OPTraHNYECKOro /10/1a B TUAPOIM3ATE COCTABMIIA
2,5+0,5 r va 100 r 6Genka. [IjiT HATUBHBIX GENKOB KOHIIEHTpalLMs iofa
3a 12 yacoB cocrasmia 0,7+0,1 r va 100 r 6enka. Takum 06pasom, oz -
TBEPKIEHO, UTO (hepMeHTATUBHDIN TMAPOIN3 IIOBBILIAET CTEIIEHD CBSI3bI-
BaHMs Gesika C 0oM, KOTOpOe, BEpOSITHO, 00YC/IOBIEHO YBeIMueHuem
KOJIMYECTBA HOCTYIMHBIX (PYHKIMOHAIbHBIX TPYII, CIIOCOOHBIX CBSI3aTh
MMKpO371eMeHT [45]. Kpome TOro, moiyyeHHbI pe3yslbTaT COMIACYeTCsI
C coepskaHyeM OpraHMYecKy CBSI3aHHOTO i10/ja B paHee pa3paboTaHHOM
nuIeBoi nobaske «buoitoay, monyyaemoii mpu epMeHTaTUBHOM Hoau-
pOBaHMM CbIBOPOTOUHBIX GEJIKOB [48].

Ha BTOpOJ cTagum uccieqoBaHusl KUHETUKY CBSI3bIBAHMS 104 C MOIM-
bMIMpPOBaHHOI MaTpULIEit CLIBOPOTOUHBIX GEJTKOB ITPOBEAEHbBI MCCIeN0Ba-
HMSI, HAIIPaB/IeHHbIE HA OLIEHKY M3MEeHEeHMS YUaCTKOB CBSI3bIBAHMSI IIVTHKA
U CAiiTOB CBSA3bIBaHMS 110[ja B 3aBUCUMOCTU OT MPOJOKUTEIbHOCTY M-
nponm3sa cy6erpara (15; 30; 45; 60; 90; 120; 150 1 180 MunHyT) 1 dbepmeHT-

B)

1,6 M
16M

~0,8M
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©24M
*24M
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1,2
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KoHneHTpanus cBsi3aHHOTO Hoza,
r/100 r Genka

0 6 12 18 24
IIponomxuTeIbHOCTB, 4

PucyHOK 5. KuHeTHKa cBSI3bIBaHMS 1102 C TMAPOIM3AaTaMM G€/IKOB MOIOYHOI cbIBOPOTKM (HWPC-0 — rugponmusar 6eIKOBOro
TUAPOMOJYJIS C MOBBINIEHHBIM COAep)KaHUEM ¢.-JIA) M KOHIKEEHTPATOM 0€JIKOB MOJIOYHOI CbIBOPOTKY (WPC — KOHTPOJIBHBII
KOHILIEHTPAT C MHTAKTHBIM pacipejaeaeHneM 6eIKOBbIX PpaKimit); A — 3aBUCUMOCTb OT TEMIIEPATYPhI ¥ IMPOAO/DKUTETBHOCTI
mnmpounecca, B — 3aBUCMMOCTB OT KOHI€HTpauumn ﬁona U NIPOJO/DKUTE/IBHOCTU npouecca)

Figure 5. Kinetics of the iodine binding with whey protein hydrolyzates (HWPC-a — hydrolysate of protein hydromodule with increased content of a-LA)
and whey protein concentrate (WPC — control concentrate with intact distribution of protein fractions); A — dependence on process temperature and
duration, B — dependence on iodine concentration and process duration)
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cyberpatHoro coorHourenus (1/75; 1/100; 1/500 CPROT r/r). B kauecTBe
KOHTPOJIMPYEMbIX ITAPAMETPOB TAKKe UCCIENOBAIU CIeAyIOIIye TToKa3aTe-
JIY: CTereHb TMAPOIN3a, KOHLIEHTPALMIO CBOGOAHBIX aMUHOKUCIIOT M MH-
TEHCUBHOCTb ropeunt. Pe3ynbTaThl pefcTaBaeHbl Ha PucyHkax 6 u 7.
YcTaHOBJIEHO, UTO palMOHa/IbHBIM ciaenyeT cuutaTh E/S1/100 CPROT
/T, Tak Kak npu rugponnse WPC-q, o60rameHHOro IMHKOM, KOHIIEH-
Tpanus MMKpPO3JIEMEHTa CTAaTUCTUMYEeCKM 3HAauMMO He WM3MeHsUIach
(161,7+26,7 mr/100 r 6Genka) Ha MPOTSKEHMM 165 MUHYT TUIPOIU3A
(DH =4,4%0,3 %), a KOHILIeHTpalLus CBSI3aHHOTO 110/la IPY TaKoii CTeNeHU
rugponmusa 6eska gocturaaa Makcumyma (2,5+0,4 1/100 r 6enka). I'napo-
JIM3aThl CBIBOPOTOUHBIX GEJIKOB XapaKTePU30BaIUCh OTCYTCTBUEM TOpe-
un u KoHueHTpauueit CAK 1,8£0,2 Mr 9KB. IyTaMUHOBOM KUCIOTHI/MJI.

3.5. ITod6op pauuoHaNbHbIX PEXUMOS OUUCMKU MAMPUy
MUKPO32JIeMeHM-0e/10K 0M HeopeaHu4eckux npumeceti
TI71s1 OUMCTKY GEKOBOTO Cy6CTpaTa ¢ OpraHmMvyecKi CBsi3saHHbIMM (Hop-
MaMM MMUKDPO3/IEMEHTOB OT HEOPraHMYecKoro Mofa M IMHKA MCCIeNO-
BaHa 3¢ (HeKTMBHOCTb 6apoMeMOpPaHHBIX MTPOLIECCOB HAa KaskIOM CTaauu

MMMOOMIN3ALUY MUKPOIIEMEHTOB, C MCIOIb30BaHMEM MeMOPaHHbIX
3/71eMeHTOB 13 nonuagupcynbdoHa. DKCIIepUMeHThI TPOBOIMUIN C TIPU-
MeHeHMeM MeMOpaH ¢ moporom 3agepskku 5,0 u 0,6 k[la (y1bTpa- 1 Ha-
HOGMIBTpALIMS COOTBETCTBEHHO). maduabTpanuio (DF) mpoBommin
rnyteM pa36aBiieHus] I'MIPOIU3AaTOB CONOCTaBUMbBIM 06beMOM 06PaTHO-
OCMOTUYECKOIi BOJBI C TOCIEAYIOIMM KOHIIEHTPUPOBAHMEM IIPU TEMITe-
patype (10+2)°C. Onpenenenue 3pPpeKTMBHOCTU OYUCTKU AETEKTUPO-
BaJIM 10 MaccorepeHocy 6eNKOBbIX BEIeCTB, IIHKA U ii0[ja B peTeHTaTe
u nepMeare. Pe3ysbTaThl CpaBHEHUSI OUMUCTKU TUAPOIU3ATOB METOLOM
YIbTpa- M HAaHODWIbTpaLVY MpeacTaBaeHbl Ha PrucyHke 8.
VeraHoBIeHbI 3G GeKTUBHbIE ITAPAMETPbI OUMCTKM, COOTBETCTBYIOLIVE
TPeXKpaTHOI AuauabTpanyy ¢ IpUMeHeHMeM YIbTPabuIbTPalMOH-
HOIT MeM6paHbI (C Toporom 3anepxku 5 k/la) ayis WPC-a, o6oraiieHHO-
ro UMHKOM, ¥ JuaduibTpanyy ¢ IpyuMeHeHeM HaHOMUIbTPAIMOHHOM
MeMOpaHbI (¢ moporom 3agepskku 0,6 k1a) nyist HWPC-a, o6oraiieHHOro
iogom U UMHKOM. KoHeuHasi KOHIIEHTpalusi OpraHnvYecku CBSI3aHHBIX
MMKpPO3/7eMeHTOB coctaBuia 168,0£26,3 mr/100 r 6enkan 2,5+0,31r/100T
IIST IYHKA U Jioga cooTBeTCTBeHHO. HecMOTpsI Ha TO, UTO paHee st

+E/S 1/75 4-E/S1/100 --E/S 1/500 I

Crenens rujiponnsza (DH), %

30 45 60 75 90

105

/mi1 (CAK)
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PucyHOK 6. [IMHAMMKa U3MEHEHUS CTEIIeHN TMAPOJIN3a ¥ HAKOIUIEHUSI CBOOOHBIX aMMHOKHUCIOT B 3aBUCHMMOCTH
ot hepMeHT-CyGCTPaTHOrO COOTHOLIEHMS B ITpouecce rugponnsa WPC-o TPUIICMHOM
Figure 6. Dynamics of the change in the degree of hydrolysis and accumulation of free amino acids depending on the enzyme-substrate ratio
in the process of WPC-¢ hydrolysis by trypsin
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M IIPOJODKUTENbHOCTH ruapoansa WPC-a Tpuncuuom (A - E/S1/75; B — E/S1/100; B — E/S1/500)
Figure 7. Dependence of the change in the concentration of bound zinc and iodine on the enzyme-substrate ratio and duration of WPC-a hydrolysis
by trypsin (A - E/S1/75; B — E/S1/100; B — E/S1/500)
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PucyHok 8. UccnegoBaHme poieccoB 6apoMeMOpaHHOM OUMCTKY HECBSI3AaHHOTO ¢ 6eIKoM IMHKa (A) u itona (B) u3 6e1KoBOro
cyocrpara WPC-o 1 HWPC-o MeToAOM yIbTpa — M HaHOGMIbTPALuy ¢ IPpMMEHEeHeM 5-KpaTHo ayadwibTpanumu
Figure 8. Investigation of processes of baromembrane purification of zinc unbound to protein (A) and iodine (B) from protein substrate of WPC-a
and HWPC-¢ by the method of ultra- and nanofiltration using 5-fold diafiltration

OYMCTKU TMAPOIN3aTa CbIBOPOTOUHBIX 6en1<013 C KOBaJIEHTHO CBsI3aHHbIM
JI0IOM OT HEeOpraHMYeCKMX MpuMeceii MUKPOIIEeMEHTOB NPUMEHSIIN
yabTpadmIbTpauuio [49], B HACTOSIILEM UCCIeN0BAHMUM NTPU YIbTPAbUIIb-
Tpanuu HabJTI0IAJICS TIEPEXOJ] yepe3 MEMOPaHy YaCTy TUAPOTIM30BaHHBIX
6eTKOBBIX BEI[eCTB, COOTBETCTBEHHO, IIPOUCXOAMUIA TIOTEPST CBS3aHHOTO
itona. IMomo6HbI 3h(HEKT MOKET ObITH OOYCIOBIEH BBICBOOOXKIEHUEM
MEeNTHIOB C MOJIEKY/ISIPHOM Maccoil MeHee 5 KJla mpu 3a/1laHHBIX YCIOBU-
SIX TUIPOIN3A, KOTOPbIE, TT0 JaHHBIM [50], MOTYT COCTaB/ISITh OKOIO 15 %
OT 06I1Iero KoMmMyecTBa MenTua0B ¢ Pa3HO MOEKY/ISIPHO Maccoii.

4. BpIiBOJBI

ITo pesynbTaTaM NpoBefeHMs] KOMIIJIEKCA UCCIeN0BaHMIt YCTaHOBIIe-
HBI OIITMMAJIbHbIE YCIOBYSI TEPMOCEIEKTUBHOTO ocaxkaeHust a-JIA (58 °C;
pH 3,0; 0,2% I'M®; 120 MmuH), o6ecrieunBaoIIie MONTydeHre MaTPULIbI
C U3MeHeHHbIM cooTHomeHueM B-JIT' K o-JIA ¢ 2,2 K 1 (mns cyberpara)
1o 0,7 k 1. [ToryueHHbIe HaHHbIe 06 YCIOBUSAX QPaKIMOHMPOBAHMUS 110~
3BOJISIIOT MCIIONIb30BaTh B KAueCTBE ChIPbSI JISI MOyUeHUs] GeITKOBOrO
KOHIIEHTpaTa TBOPOXHYIO CBIBOPOTKY. OrmpeneneHbl palOHaIbHbIE
rapaMeTpsl XenaTUPOBaHMS IVHKA MOIVI(GUIMPOBAHHBIMYU CbIBOPOTOY-
HbIMM Genkamu: Temriepatypa 40 °C, pH 8,0, mpopo/mkuTenbHOCTb 60 Mu-
HYT, IIPY 9TOM COZiep>KaHye OpraHMyecky CBSI3aHHOTO L[HKA JOCTUTaeT
169,8+27,3 mr B 100 r 6enka. B pe3ynbTaTe NpoTea3sHOro CKPMHUHTA B Ka-
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yecTBe GepMeHTa, 06eCreuyBaIoLIero COXpaHHOCTDb K/IIOUeBBIX YUaCTKOB
CBSI3BIBAHMSI LITHKA Y YBeIMUYeHMsI TIOTeHLMANbHbIX CaliTOB CBSI3bIBAaHMS
iofa, BbIGpaH TpuricuH. Ilog60p ONTHMMAaNbHBIX TApaMeTPOB IUIPONM3a
WPC-o TpUIICMHOM IO3BOMMJI BBISIBUTb HawIyyllye MapameTpbl Mpo-
1ecca: temmneparypa 44°C, pH 8,0 u npogomkutenbHocTh 180 MMUHYT,
yTo obecreumsio crerneHb rupponusa 4,35%. Takke ycTaHOBIEHBI 3¢-
(beKTMBHbIE PEXMMBI MPOTEOIM3a ChIBOPOTOUHBIX OENKOB, OGOralieH-
HbBIX IIVMHKOM ((epMeHT-cybcTpaTHoe cootHomeHue 1/100 CPROT r1/r;
44°C; pH 8,0; 165 munyt), u itiogupoBanus ruapomusara (20 °C; pH 8,0;
12 ), obecneunBaroye KOHIIEHTPALMIO OPraHMYeCKM CBSI3aHHOTIO iiofa
2,5%0,4 r 5a 100 r 6e/1ka 1 coXpaHeHMe HauaabHOI KOHI[EHTPALM opra-
HMYECKM CBSI3aHHOTO LIMHKA. [IJIs1 KaXKA0ro 3Tarna oborameHus: 6e;IKoBo
MaTpUIbl MMKPO3JIeMeHTaMM OIlpesieNieHbl palyOHa/IbHble TTapaMeTpbl
6apoMeMOPaHHO OYMCTKY GENKOBOM MaTpUIbl OT HeopraHMyecKux
dopm 7oma M LMHKA: TpexKpaTHas yiapTpaauaduabTpauys mjas srana
XeNaTVPOBaHMS LIMHKA ¥ HaHOOMAQWIbTPaIysl IJIS STara CBS3bIBaHNS
jiopa. IlomydyeHHbIe pe3ynbTaTbhl MOTYT ObITh MCIIOAb30BaHbI IPU pas-
paboTKe HOBBIX (PYHKIVOHAIBHBIX NNIIEBbIX IPOLYKTOB M TEXHOIOTUIA
r1y6oKOoi mepepaboTKM MOJIOYHOM ChIBOPOTKM. IlomyuyeHHbIe DaHHbIE
MO TBEPXKIAIOT NePCIeKTUBHOCTb TEXHOIOTUM I1OC/Ie0BaTEIbHOIO Xe-
JIATVPOBAHMSI LIMHKA U OAMPOBAHMSI 6ETKOB MOJIOYHO CBIBOPOTKM JAJISI
CO3[IaHMSI NMUILEBbIX MHTPEeIVEeHTOB NPOGIIAKTMUYeCKOr0 Ha3HaUYeHMs.
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DATE (PHOENIX DACTYLIFERA L.) FRUITS
AND SEEDS NANOTECHNOLOGY: A MINI REVIEW

Abdalla S. M. Ammar
Food Science and Technology Department, Faculty of Agriculture, Cairo University, Giza, Egypt
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ABSTRACT

Nanotechnology is widely used in various sectors, and the increased interest in using nanoparticles in food technology is very
clear. In this article, the history of dates and date production in Egypt was described. The anatomy of date fruit, classification
of dates according to the moisture content, maturity stages, quality indices, and chemical composition, bioactive components
and nutrients of dates, and the glycemic index and glycemic load of different varieties of dates worldwide were reviewed. The
most recent date fruit nanoparticles (DFNPs) products and their applications for human health, such as anticancer, antimi-
crobial, and anti-fibrotic activities, were presented. The nutritional value of date kernels and their uses is of great interest
in producing functional foods. Therefore, special emphasis has also been given to the novel date seed nanoparticles (DSNPs)
products and their utilization. The role of these nanoparticles in nonfood sectors, such as yielding biodiesel, good thermal in-
sulation in buildings, nanofillers as reinforcement materials in plastic, and as bio-adsorbent of pigments, was also considered.
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HAHOTEXHOJIOTUU HA OCHOBE IIJIOZJOB
U CEMSIH ®UHUKA (PHOENIX DACTYLIFERA L.): MUHU-OB30P
Ammap A. C. M.

@aKyIbTeT NUIEBOI HAYKYM U TEXHOJIOTUM, CeJIbCKOXO03SIICTBEHHBII haKkynbTeT, Kaupckuii yauBepcutet, ['u3a, Eruner

K/IIOYEBBIE C/IOBA: AHHOTAILIUN A

HaHouacmuypl, HaHOTeXHOIOrMM LIMPOKO MUCIIONB3YIOTCS B Pa3IMUHBIX 06/IaCTSX, M OUEBUEH BO3POCIIMIT MHTEPeC K MCIIOIb30BaHMUIO Ha-

XUMUUECKULl cCOCMae,  HOYACTUI] B MMIIEBBIX TEXHOJIOTUSIX. B 9T0Ii cTaThe omuchiBaeTcss UCTOpUsT GMHUKOB M MPOM3BOACTBO GUHMKOB B Erunre.

2nukemuueckuil uHoekc, PaccMOTpeHO cTpoeHne GUHMKA 1 KiaaccuduKanms Mo ComepsKaHMIo BJaru, CTafisiM 3peIoCTH, TOKa3aTeIsIM KauecTBa U Xu-

(uHuKu, cemeHa MMUYECKOMY COCTaBY, 6MOAKTVBHBIM KOMIIOHEHTAM Vi IATATENIbHBIM BEIlleCTBAM, & TAKKe [TMKEMUUECKUIT MHIEKC U [TUKEMU-

(kocmouku) puHuxa Yeckasi Harpy3Ka pas3jIMyHbIX COPTOB (GMHMKOB 110 BceMy Mupy. [IpeficTaBiieHbl HOBeJIIINe ITPOAYKTHI HA OCHOBE HAHOYACTHI],
dunmkoB (DFNP), 1 onycaHbl UX I0/1e€3HbIE 711 3I0POBbSI UeI0BeKa CBOMCTBA, TaKye KaK MPOTUBOPAKOBasi, IPOTUBOMMUKPOO-
Has ¥ aHTUGNGPO3HAs aKTUBHOCTB. [IueBast IeHHOCTh (GMHMKOBBIX KOCTOUEK U UX IPYMeHeH)e NPeCTaB/sIoT 60BN
MHTEepeC AJIs1 TPOU3BOACTBA (GYHKIVOHATbHBIX IIPOAYKTOB MUTaHMs. [I03TOMY 0c060€ BHMMAHME Y/1eIeHO HOBbIM IPOAYKTAM
Ha OCHOBe HaHoYacTuL, GpMHUKOBBIX KocTouek (DSNP) 1 ux ucronb3oBaHuio. Takke pacCMOTPeHa POJIb ITUX HAHOUACTMI]
B HEIUILEBbIX OTPAC/ISIX, TAKMX KaK IOJTyYeHMe 6MOA3ers, TeTUIOM30/SILMS /IS 3AaHWI, HAHOHATIOJIHUTEU B KauecTBe ap-
MMPYIOLIIX 106aBOK AJIsI IUIACTUKA Y 6M0aACcOPOEHThI MUTMEHTOB.

1. Introduction

The ancient Egyptians used the fruits to make date wine, and ate
them at the harvesting. Dried dates either pitted or unpitted, can be
consumed directly as a complete healthy, and tasty meal rich in nutri-
ents and they are very suitable for a variety of recipes in food processing
and bakeries.

Egypt is the largest date-producing country in the world, and the
world annual production in 2023 was estimated at 9.661.174 tons [1].
The production of dates (Phoenix dactylifera L.) in Egypt was estimated
at 1.867.064 tons in 2023 [1] and nearly all of the produced dates are
consumed by Egyptians. Egypt is famous for planting dry dates and has
various types of most preferred dates. According to the moisture con-
tent in fruits there are three types of dates: dry dates (<18 % moisture),
semi-dry dates (more than 18 to less than 30 % moisture) and soft dates
(rutab) (>30% moisture). There are more than 200 varieties of dates
with different shapes and flavors, however, all of them are the same in
composition. Date fruits are composed of epicarp (skin), fleshy meso-
carp (pulp), endocarp and a seed called a kernel or pit or pyrene (Fig-
ure 1). Date seeds are non-edible parts (wastes) of date fruit processing
which are normally being disposed [2]. Based on the nutritional value
of date kernels, various publications have proposed their use as an an-
tioxidant and dietary fiber ingredient in noodles [3], as a fat replacer
in meat balls [4], as a caffeine-free coffee alternative and animal feed
component [5].

FOR CITATION: Ammar, A. S. M. (2025). Date (Phoenix dactylifera L.) fruits and
seeds nanotechnology: A mini review. Food Systems, 8(2), 231-234. https://doi.
org/10.21323/2618-9771-2025-8-2-231-234

Alghazal et al. [6] produced fortified date paste with free and calci-
um alginate microencapsulated Bifidobacterium lactis Bb-12. Date paste
showed a protective effect for encapsulated bacteria. Also, El-Kholy [7]
produced yoghurt fortified with date seed powder as a natural prebiotic
stabilizer.

Epicarp

Calyx

(Cap)

Mesocarp

(Flesh)

' Flesh (pulp)

Figure 1. The different fruiting components of the date palm fruit
PucyHOK 1. Pa3inyHble KOMIIOHEHTHI IU101a (MHUKOBOI MaaIbMbI

This article reviews using nanotechnology to produce various
nanoparticles of date fruits and seeds and its utilization as well as quality
indices, nutritional value and chemical composition of fruits.
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2. Objects and methods

The sources of information were the following scientific databases:
Scopus, PubMed, Research Gate, Science Direct, and Google Scholar.
The search strategy included the following keywords: nanoparticles,
chemical composition, glycemic index, date fruits, date seeds. The fol-
lowing acceptance criteria for research characterization were consid-
ered: classification of dates according to the moisture content, maturity
stages, quality indices, chemical composition, bioactive components
and nutrients of dates, and the glycemic index and glycemic load of dif-
ferent varieties of dates worldwide. The most recent date fruit nanopar-
ticles (DFNPs) and date seed nanoparticles (DSNPs) products and their
applications.

The parameters of the publications were as follows: publications from
1982 until 2024 (40 references were selected for this review); language:
English. Exclusion criteria: no access to the full-text articles. Based on
the review, the author compiled information on the discussion of date
(Phoenix dactylifera L.) fruits and seeds nanotechnology.

3. Nutritional value and chemical composition of dates

Dates have a high nutritional value. Dates contain minerals (i. e., K,
Na, Mg, Ca and P). Fruits are a very good source of potassium. Further-
more, dates have trace elements including boron, cobalt, copper, fluorine,
iron, manganese, selenium, and zinc. Also, fruits have vitamins B1, B2,
B6, folic acid and ascorbic acid, proteins, fats, sugars. The sugar content
of ripe dates represents about 80 % mainly in the form of sucrose, glucose
and fructose [8]. Also, date fruits are rich in natural fibers. Always, dried
dates contain double the level of nutrients especially carbohydrates, have
lower water activity and consequently more shelf life in comparison to
fresh dates. Also, bioactive ingredients are naturally present in dates es-
pecially phenolic acids, carotenoids, flavonoids, polyphenols, phytoster-
ols, and a-tocopherols. Quality (degree of excellence of fresh date fruits)
indicators include fruit size, chewiness, color, shape, cleanness and de-
fects (i. e., sunburns, discoloration, insect infestation, skin separation,
sugar crystallization, unpollinated fruits, fermented and spoiled dates).
Growth stages and high-quality characteristics of date fruits are tabu-
lated in Table 1.

The glycemic index (GI) is a scale that ranks food or drink by how
much it increases blood sugar levels after it is consumed in comparison
with pure glucose. Glycemic load (GL) = GI X dietary carbohydrate con-
tent (in grams) /100 [9,10]. Table 2 shows the glycemic index and glycemic
load of different varieties of dates worldwide. Data in Table 2 exhibited
that Sellaj date fruits had the highest GI value (74.6) followed by Mak-
toomi date fruits (71). While Zaghloul date fruits contained the lowest
GI (30.3) followed by Boma’an date fruits (30.5).

4. Nanoparticles of date fruits and seeds

Nano-sized components are particles ranging from 1 to 100 nm in
diameter with a high surface-to-volume ratio, which makes them more
active and dispersed than larger one [16]. Food is considered nanofood
if cultivated, produced, processed or packaged using nano techniques as
well as with added nanoparticles [17,18].

Abdel Baky et al. [19] extended the date fruit shelf life and improved
fruit quality using edible nanofilms for 2 months at 0°C.

Ghani and Hussain [20] used the resultant extract either from date
fruits or seeds as reducing and stabilizing agents for green synthesis
of metal nanoparticles. Also, Khatami and Pourseyedi [21] performed
green synthesis of silver nanoparticles (AgNPs) using date palm ker-
nel aqueous extract. The synthesized silver nanoparticles (AgNPs)
showed an antimicrobial effect. Khalil et al. [22] formulated date palm
extract nanoemulsion. The nanoemulsion exhibited an anticancer ef-
fect. Likewise, Abdel-Alim et al. [23] biosynthesized AgNPs using the
aqueous extracts of Egyptian date palm kernels. The AgNPs exhibited
an antimicrobial effect. Also, Ma’abreh et al. [24] produced gel from
nanoparticles of date palm syrup. Charti et al. [25] green synthesized
zinc oxide nanoparticles using aqueous date palm wood extract. Has-
son et al. [26] produced date palm silver nanoparticles that exhibited
high antibacterial activity against gram-negative bacteria. Ali et al. [27]
prepared a nanocatalyst consisting of CaO and Fe;0, accompanied by
CaFe,0, which was used for catalytic transesterification of palm seed oil
for yielding biodiesel. Nasabi et al. [28] used titanium dioxide nanopar-
ticles as a decolorant for decolorizing date syrup. Tables 3 and 4 pres-
ent a summary of novel date fruit nanoparticles (DFNPs) and date seed
nanoparticles (DSNPs) and their utilization, respectively. Also, Figure 2
shows various functional foods and nonfood products generated from
date seed nanoparticles (DSNPs).

Table 1. Maturity stages and high-quality properties
of date fruits [11]

Ta6muua 1. Cragum 3pesIocTH U MOKa3aTeIu BBICOKOTO KauyecTBa
¢unukos [11]

Maturity stages Quality criteria Description
Flesh Thick

Hababouk, Seed Small

Kimri, .

Khalal, Size Adequate

Rutab, Brightness Glossy

and -

Tamr Skin Smooth
Foreign materials Free

Table 2. The glycemic index and glycemic load of different
varieties of dates worldwide
Tabmmua 2. [NMukeMuyecKuii MHAEKC M MIMKeMuJecKasi Harpyska
PasIMYHBIX COPTOB (HMHMKOB IO BCEMY MUPY

Dates variety GI GL References
Khalas 35.5 n/a
Barhi 49.7 n/a [12]
Boma’an 30.5 n/a
Fara’d 54.0 n/a
Lulu 53.5 n/a
Boma’an 46.3 n/a [13]
Dabbas 49.1 n/a
Khalas 55.1 n/a
Sellaj 74.6 24.0
Maktoomi 71.0 16.1
Shaqra 42.8 9.2
Sukkary 434 11.7
Sag’ai 44.6 15.6
Ajwah 55.9 8.5 [14]
Ruthana 52.5 11.7
Khudri 61.7 14.2
Nabtat-ali 59.9 16.3
Medjool 55.3 17.2
Rashodia 50.9 12.4
Partamoda 65.9 32.9
Malakabi 69.0 34.5
Saadi 674 33.7 [15]
Zaghloul 30.3 15.1
Samani 34.6 17.3

Producing functional
foods (i.e. antioxidant,
antimicrobial, anti-
fibrotic, anticancer
activities....etc. )

Producing functional
nonfood products (i.e.
biodiesel, thermal

insulation, nanofiller,
bio-adsorbent....etc.)

Figure 2. Various functional foods and nonfood products
generated from date seed nanoparticles (DSNPs)
PucyHOK 2. PasnuuHble GyHKIMOHAIbHbIE IPOAYKTHI IUTAHVS
¥ HenuueBbl€ IIPOAYKTHI, IIOJIYY€HHbIE€ V13 HAHOYACTUL] Cl)MHMKOBbIX
Kocrouek (DSNP)
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Table 3. Novel date fruit nanoparticles (DFNPs) products and their applications
Tabnuua 3. HoBble NPOAYKTHI Ha ocHOBe HaHouyacTul ¢puHukoB (DFNP) 1 nx npuMeHeHue

DFNPs products
Producing gel from nanoparticles.

Date palm parts
Date fruit syrup

Ajwa date fruit Ajwa nanopreparation

Date fruits or

seeds extracts of date fruits or seeds

Date palm extract nanoemulsion.

Green synthesis of silver nanoparticles (AgNPs) using the

Novel nano-extract of fresh fruit of “Hayany” [Egyptian date]

was synthesized using a ball-milling technique.

Using the powder form of date palm extract of Khalas cultivar
and incorporating it into a nanolipid formulation such as a
nanostructured lipid carrier prepared with palm oil.

Using nano date press cake particles (waste generated from date

Date fruits

juice extraction)

A date fruit extract loaded onto chitosan nanoparticles

Table 4. Novel date seed nanoparticles (DSNPs) products and their utilization
Ta6muua 4. HoBble MPOAYKTHI HA OCHOBEe HaHOYacTuL, GMHMUKOBBIX KocToueK (DSNP) u ux npuMeHeHue

Date palm parts DSNPs products

Synthesis of carbon nanotubes from Iraqi date palm seeds

Preparing a nanocatalyst consisting of CaO and Fe;O,
accompanied by CaFe,0,

Nanoemulsion of methanolic extract of date seeds

Date seeds Nanoparticles of date pits

Nano date seed

Synthesizing nanoparticles from date seeds
(water and methanol extracts)

Fe;04 nanoparticles in date seeds powder

5. Conclusion

Currently, nanotechnology plays an important role in food technol-

ogy. This study reviewed the most recent nanoparticles of date fruit prod-
ucts and their applications for human health, such as anticancer, antimi-
crobial, and anti-fibrotic activities. Likewise, the novel nanoparticles of
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1HoBocubupcKmii HAyYHO-MCCIef0BaTebCKUI MHCTUTYT TUrueHbl ®esiepanbHoii c1ysK6bl 0 HAZ30DY
B cdepe 3aUIMUThI IPaB MOTpebUTE el U 61arononyunst uesoBeka, HoBocubupck, Poccust
2HoBocubupCKMii roCyaapCcTBeHHbIN TeXHMUeCcKuit yauBepcuTet, Hoocubupck, Poccns
SVHCTUTYT XMMUM TBEPAOLO Tela U MeXaHOXMMMUM CUBUPCKOro oTaenenus Poccuiickoit Akagemun Hayk, HoBocubupcek, Poccus
4YpanbCcKkuii rocyapcTBEHHbI i SKOHOMMUYECKMI yHMUBepcuTeT, Ekarepun6bypr, Poccus

K/IIOYEBBIE C/IOBA: AHHOTALIA

60608bte, 60008ble CemeHa 6060BBIX SBJISIOTCS TPAAUIIMOHHOI TIUIIEBOIi TPYIIOi, MMeIoIeii BBICOKYIO HYTPUEHTHYIO IIOTHOCTD M CEHCOPHBIE
usonsimel, 60608ble xapakTepucTuky. OCO6eHHOCTHI0 60GOBBIX SIBJISIETCS] MX CITOCOOHOCTD BBICTYIIATb B POJIY KAK OCHOBHOTO MUIIIEBOTO IHTPeAM-
KOHYeHmpamoi, €HTa, TaK Y BBIMOMHATH QYHKIMM MAIIEeBO H006aBKy. B TOske BpeMst B MCCIeIOBaHMSIX OTCYTCTBYET €AMHCTBO ITOAX0J0B B MC-
6enokcodepxcaujue MOJIb30BAHMIM METOMK IT0 OIpeaeeHNnI0 QYHKIIMOHATbHO — TEXHOIOrMueckux cBoitcTB (PTC) 6060BbIX MHTPEIVMEHTOB, UYTO
npoodykmel, He MO03BOJIsIeT KOPPEKTHO CPABHMBATH UX Pe3ynbTaThl. Llenbio paboThl — 06001IMUTh UMEIOIMXCS aHATUTUYECKMe TPAKTUKYI
yHKYUOHANBHO- o mccnepoBanmio ®TC GeokcogepsKalmx MPOAYKTOB MmepepaboTku 6060Boro cbipbst (BCIIIIBC), TeopeTnuecku 060CHOBATh
mexHonozuueckue Habop rokasaresneit A1s1 YHUDUIMPOBAHHOM KOMILJIEKCHOM CUCTEMbI OLIEHKM MX KayecTBa U cBO¥cTB. [Ton yHudUIMpoBaH-
ceoticmea, HOJ1 CHCTeMOJi TOHMMAaeTCs] KOMIUIEKC METOMK, 06/IafaioliMX BEICOKMM ITOTEHI[MATIOM 15 TIOC/IeAyIoNel CTaHaapTU3aIun
aHanumuueckue M BO3MOXKHOCTBIO NMPUMEHEHMS B IIMPOKOM KpyTe 3ahau Io onpeneneHuto dpusuko-xummdeckux u ®TC BCIIIIBC. Ins pe-
Memodst LIeHus 3aJa4v MCCIeq0BaHMsl OCYIIECTBIEH TIOMCK M 0630p JIMTepaTypbl, KOTOPbIe ITPOBEIEHBI C UCIOIb30BaHeM PubMed,

Research Gate, Google Scholar 1 Mendeley Web. Bpiia BbIITO/THEHA TIOIHOTEKCTOBASI MPOBepKa 143 cTaThy, B pe3y/ibTaTe Yero
chopMuUpoBaHa OKOHUYATeTbHAsl BbIGOpKa 13 60 cTaTeii, MOABEPTHYTHIX THIATENbHOMY U3yueHUt0. Cucrematusanus 6a3u-
poBajiach Ha HaMboJee JOCTOBEPHBIX M aKTYAJIbHBIX CTAThSIX MOCAEIHUX 5 JIET, ETATbHO OMUCHIBAIONIMX OCOOEHHOCTH MC-
TOJIb3yeMbIX METOIMK MCC/IeN0BaHMSsI. Pe3yibTaTOM paboThI SIBSIETCS ITEPEUEHb [T0Ka3aTelei KauecTBa ¥ METOAVK aHaM30B,
OIpeAeSIoUX OyalbHOCTh B Mcronb3oBauus BCIIIBC. Boiienen HaGop M UCIOIb3yeMble AMara30Hbl KPUTUYECKMX TTapa-
METPOB, TPEOYIOMMX YHUDUKALIMY IJIst TIOJTyYEHMsT COMTOCTaBUMbIX JaHHBIX: TEMIIEpATypa, faBjaeHue, pH, BpeMs 1 CKOpOCTb
B36MBaHus 1 ueHTpudyruposanus. Mcronb3oBaHue yHUGUUIMPOBAHHBIX MeTOAUK omnpenenedns ®TC Mo3BOMUT MIPOBOIUTD
apekBaTHoe cpaBHeHMe BCIIIIBC 1 MOMHOCTHIO UCII0/Ib30BATh MMEIOIIMIICS B HUX ITOTEHLMA.

Received 19.01.2025 Available online at https://www.fsjour.com/jour
Accepted in revised 05.05.2025 Review article
Accepted for publication 12.05.2025 o

pen access

© Rozhdestvenskaya L. N., Lomovsky O. I., Chugunova O. V., 2025

UNIFICATION OF APPROACHES TO ASSESSING THE QUALITY AND
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pulses, legume isolates, Legume seeds are a traditional food group with high nutrient density and sensory characteristics. A distinctive feature of le-
legume concentrates, gumes is their ability both to act as the main food ingredient and to perform the functions of a food additive. At the same time,

protein-containing there is no unity of approaches in the use of methods for determining the functional and technological properties (FTP) of
products, functional legume ingredients in studies, which does not allow for a correct comparison of their results. The aim of the work is to summa-
and technological rize the existing analytical practices for studying the FTP of protein-containing products of processing legume raw materials
properties, analytical ~ (PCPPLRM), to theoretically substantiate a set of indicators for a unified comprehensive system for assessing their quality and
methods properties. A unified system is understood as a set of methods with high potential for subsequent standardization and the pos-

sibility of application in a wide range of tasks for determining the physicochemical properties and FTP of PCPPLRM. To solve
the research tasks, a literature search and review were carried out using PubMed, Research Gate, Google Scholar and Mendeley
Web. A full-text check of 143 articles was performed, resulting in a final selection of 60 articles that were subjected to care-
ful study. The systematization was based on the most reliable and relevant articles of the last five years, which described in
detail the features of the research methods used. The result of the work is a list of quality indicators and analysis methods
that determine the duality in the use of PCPPLRM. A set and used ranges of critical parameters that require unification to
obtain comparable data were identified: temperature, pressure, pH, time and speed of whipping and centrifugation. The use
of unified methods for determining FTP will allow for an adequate comparison of PCPPLRM and the full use of their potential.
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1. BBegeHue
PBIHOK NUILEBOJ MPOAYKLMYM IOCTOSIHHO ITOJBepraeTcsl KayeCTBeH-

HO1 TpaHchopmayy. IIpo6reMbl HeAOCTATKA MUIIEBbIX PECYPCOB B Iie-

soM [1], 6esrkoBoro feduumta [2], feduunTta scCeHIMANbHBIX JJIs Opra-

HM3Ma 4YeOBeKa OTAETbHbIX aMUHOKMCIOT WIM TOMMHEHACBIIIeHHbIX

SKMPHBIX KUCJIOT [3] M Op. IPUBOJST K HEOOXOAMMOCTM MOMCKA HOBBIX

BOCTPe6OBaHHBIX MUIIEBBIX UCTOUYHMKOB C 3aJaHHBIM COCTaBOM U YIIPaB-

JISIeMBIM TEXHOJIOTMYECKUM MoBeneHueM. CIOKMBLIENCST ¥ XOPOLIO M3-

YUYEHHOJI IIPaKTMUKOI B OTHOLIEHNMY GONBIIOTO KOMMYECTBA ITOIMKOMIIO-

HEHTHBIX NMNIIEBBIX MaTPUL] SBJSIETCS BBeleHMe B COCTAB Pa3IMYHbIX

M30JISATOB M TUIPOIMU3ATOB PACTUTENIbHBIX 6€IKOB [4-7].

Hambonee u3yuyeHHbIM IpENCTaBUTENEM cCeMeicTBa GOOOBBIX SIB-
JISIeTCSI COSI M TIPOAYKTHI €€ TepepaboTKu, B TOM 4MC/Ie KOHIEHTPATHI
" U30/s1Thl 6eskoB. OfHAKO, B OTHOLIEHUM APYTMX 6060BBIX PacTeHMIt,
HaKOIUIEHHBI/ OIBIT, 0COGEHHO OTeYeCTBEeHHBIN, ropasfo 6onee CKPOM-
Hbl [8]. B HacTosI1ee BpeMsI UIET aKTMBHBINM ITOMCK METOAVK IOTyYeHUST
KOHILIEHTPATOB 6e/1K0BOI dhpakiinm, MoaubuKaim Kak 6060BOro pacTiu-
TEJILHOTO CBhIPbSI B LIEJIOM, TaK ¥ IMOTyYaeMbIX KOHLIEHTPATOB U MU30JIs-
TOB [9], a Takke MoAKMDUKALVM VHBIX TPOAYKTOB, TOTy4a€MbIX B KaYeCT-
Be TI0OOYHBIX IIPU OCHOBHOVJ IlepepaboTke 6060BbIX pacTeHuit [10].

B oTHomeHuMu mpob6aeMaTMKU B 00JaCTM MCCIeNoBaHUS 6060BbBIX,
MO3KHO BBII€TIUTD CJIeyIolIMe HallpaBIeHNs:

U uccnenoBaHys pa3aNyHbIX BULOB GOGOBOTO CHIPBS C YUETOM Pa3HO-
06pasusi 3epHOGOGOBBIX KY/IbTYp: TOPOX (IIOCEBHOI M TMONEBOI (Ie-
mouka) (nar. Lathyrus oleraceus); kopmoBbie 6065l (nat. Vicia Faba
L. vnu Faba vulgaris), BuKka roceBHasi/spoBas (nart. Vicia sativa), da-
conb OObIKHOBeHHas1 (y1aT. Phaséolus vulgdris), monuH (6enblii (1ar.
Lupinus albus), monvH >xenTsiit (1aT. Lupinus luteus), TIOTIMH MHOTO-
JleTHUI (naT. Lupinus perennis), MIONMH Y3KOAUCTHBIN (J1aT. Lupinus
angustifolius), cos (naT. Glycine), ueueBuua (nat. Lens), unHa oceBHast
(nmat. Lathyrus sativus), vyt (naT. Cicer) ¢ y46TOM 0COGEHHOCTE COp-
TOBBIX OT/INUMI, 0COGEHHOCTE PETMOHOB U TEXHOJIOTMIT BO3/Ie/IbIBa-
Hus! ¥ APYIUX OTAMUMii, 06YCIOB/IEHHbIX, HATIPUMED, TPUMEHEeHUeM
MeTOJ0B reHeTHYeckoi moauduxaumy;

U uccnenoBaHuMsl, HallpaB/lIeHHble HA Pa3pabOTKy TEXHOJIOTMIt U mapa-
MeTpOB IPOLIECCOB MOMyYeHMsI: MYKM, SKCTPAKTOB, KOHLIEHTPATOB,
MU30/IATOB, IMIPONN3ATOB, TEKCTYPMPOBAHHBIX NPOAYKTOB, CYXO0 aK-
Baabbl (ITPOLYKT, MOMyYaeMblii CyGIMMAaLMOHHOM CYIIKOM OTBapa
ceMstH 6060BbIX);

U TexHONOrMIt pasmeneHusi KOMIIOHEHTOB, BKIIOYAsI ITy60Koe (pakim-
OHMPOBaHMe MaKPOHYTPUEHTOB ChIPbSI C LIe/IbI0 YBEIMUEHMS BbIX0OA
BCeX KOMITOHEHT, BKJIIouast 6e/IK1, C UX OUMCTKO, KOHIIEHTPMPOBAHN -
eM 1 mMoxpmbuKanyeil GYHKUMOHANBHBIX Y MeIOVKO-GUOIOrMYecKuX
XapaKTepUCTUK;

0 momck MeTomoB (GpakIMOHMPOBAHMS MaKpO- M MUKPOHYTPUMEHTOB
CBIPBSI C ITOTyYeHMeM 6eIKOBO-TUIIMIHBIX ¥ 6E/TKOBO-YI/IEBOTHBIX CO-
CTaBOB C MaKCMMaJIbHBIM COXpaHEHMEM «Q)I/ITOXI/IMI/I‘IECKOI‘O IIOTeH-
LMasa CONMyTCTBYIOLIMX MUKPOHYTPUEHTOB» [9,11];

U uccnenoBaHus, HallpaB/ieHHbIe HA BO3MOKHOCTD MCITOb30BAHMSI MH-
CTPYMEHTOB LM(POBOI HYTPULIVONIOTUY Y MOZIETTMPOBAHMS PELIeNTYD
npu o6ocHoBauuy BrioueHust BCIITIBC mpu paspaboTke HOBBIX BM-
JIOB MTPOAYKIIVIMN.

B xone uccienoBaHuii BO3HMKAeT MpobieMa CpaBHEHMS NMPOAYKTOB
pa3Hoil cTerneHu nepepaboTKY IO 1eJIOMY PSITy TIOKa3aTeseil, B TOM 4K-
C1e MX KayeCTBEHHbIE XapaKTePUCTUKU U GYHKIMOHATbHO-TEXHOIOIU-
yeckye CBOCTBA. B pa3HbIX MccIe0BaHMSX, TIOCBSIILIEHHBIX pa3paboTke
IIPOAYKTOB Ha OCHOBE MCITOIb30BaHMSI U30JSITOB U TMAPOIN3ATOB 6060-
BBIX Ky/IBTYp M akBadabbl, JOCTATOYHO YaCTO Pa3IMYaeTcs Kak caM repe-
YeHb UCCTeyeMbIX [T0Ka3aTesiell KauecTsa, 6e301MacHOCTI U CBOJCTB, TaK
M VICTIONb3yeMblil aHAIUTUUYECKUI MHCTpyMeHTapuii [12—-15]. Heompere-
JIEHHOCTb JAHHOTO POZA He T03BOJISIET CBECTU B eVHYI0 6a3y momyua-
eMble Pe3y/IbTaThl MCCIeOBaHMIA, TOCKOIbKY BbIGOP U pa3paboTKa Me-
TOIOVIK aHaIM3a B OTHENbHBIX HAYUHBIX PabOTax 3ayacTylo 06yc/IoBIeHa
CKOpee aHATUTUYECKMMU Y SKOHOMUYECKMMIU BO3MOKHOCTSIMU U 3a7a-
yaMy UCCIefoBaTeNs], YeM OpMeHTalMelt Ha NoCIeNyIoIyI0 BaIuAaLuio
M CTaH[apTU3aLMIO UCIIO0b3YeMbIX METOIOVK.

@daxkTHYecky HU OIMH M3 KOMMepUYEeCKyM peanyusyeMblxX Ha pbIHKe PO
BCIIIBC, HecMOTpS Ha yKa3aHMe B TEXHUUECKUX CIIeIMbUKALINASIX, HATIPU-
Mep, 3HAUeHUi XMPO- WM BIAroyAepsKM1Baloleil criocoGHOCTY, He pac-
KpBIBAeT 0CO6@HHOCTE! METOAMK OIpeeNeHNsI TUX CBOMCTB (CChUIKA HA

! T'ocynapCTBEHHBI peecTp CeneKIMOHHbIX NOCTVDKeHUA, JOMYIIEeHHbIX K UC-
nonb3oBanuio. Tom 1. Copra pactrenmii. l'ocymapcrBenHass Komuccust Poccuiickoit
Depepanyy 1o UCTIBITAHMIO U OXpaHe CeJIeKLMOHHbIX focTykeHuit (PIBY «T'occop-
TROMMccusi») https://gossortrf.ru/registry/gosudarstvennyy-reestr-selektsionnykh-
dostizheniy-dopushchennykh-k-ispolzovaniyu-tom-1-sorta-rasteni/
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KOMMEPUECKYI0 TaifHy), UTO He MO3BOJISIeT 06eCIIeunTh COMIOCTaBMMOCTh
9TUX 3HAUEHMIT y pasHbIX IpousBopuTeneil. Hanbonee pacrpocTpaHéH-
HbIM U 3QQPEKTUBHBIM METOIOM YCTPAHEHMSI U3JIUIIIHETO MHOT006pasust
SIBJISIETCST YHU(MKALMS, KOTOpasi OXBaThIBAeT Kak caM HaGop IMokasare-
JIeii, TaK ¥ MEeTOAMKM, UCIIONb3yeMble TP MX onpeneneHyn. Yaudukranms
B JaHHOM KOHTEKCTe pacCMaTpUBAEeTCsl HAMM, KaK MHCTPYMEHT IIpuBefe-
HUSI K eOMHO06pasuio KauecTBeHHbIX xapakTepuctuk BCIIIBC, ycTaHOB-
JIeHMe eoyHOO06Pa3ysl MapaMeTpoB M PEKMMOB OIHOTUITHBIX UCCIeN0Ba-
TeJIbCKUX TPOLIEAYP U BbIOOP ONTMMAIBHOTO KOJMYECTBA IOKa3aTelneit,
XapaKTepU3yIIIMX 3HaUMMble JJ1S1 X JalbHeIero Npou3BOACTBEHHOTO
ucnonb3oBaHust OTC. [TepcreKTUBHOI LIeNbI0 TPOBeeHMs YHUDUKAU
SIBJISIETCST TIOC/IeNYIONIasl CTaHAapTU3alusl 3TUX MEeTOHOB, Iopuanveckoe
3aKpervieHye MPOBeNeHHOM YHUPUKALMM U YPOBHS ee 06s13aTeTbHOCTI.
B cBOM ouepesnb CTaHZAPTU3ALMS [TO3BOIUT B Ja/TbHellieM 00eCreYnTh
enHoo6pasue U TOCTOBEPHOCTH TOyYaeMbIX JAHHbBIX: TPOBECTU aKKpe-
IUTALMIO JTAGOPaTOPUiA, ayAUT CUCTEMbBI BHYTPEHHMX MTPOLIENYDP KOHTPOJIST
KayecTBa, aTTECTALMIO M OLeHKY KBasudukaumy nepcoHana [16]. 9to 06-
YCJIOBJIEHO TEM, UTO BCe OhUIMaTbHbIe METOAbI aHAIN3a 6a3UPYIOTCS Ha
IIPOTECTMPOBAHHBIX U ITPOBEPEHHBIX B X0/Ie Psfa BeprUKAIVIOHHBIX UC-
MBITAHYI B IUII[EBOM CEKTOPe METOOVMKAX, UTO 0OeCIeunBaeT MoryyeHme
IOCTOBEPHBIX MPELVI3MOHHbBIX TaHHBIX.

Ha ocHOBaHMM BBIIIEN3IOKEHHOTO, HaMM 6blIa chOPMYIMpPOBA-
Ha 1enb paboThl: 0600IIeHNe MMEIOIUXCS aHATUTUYECKUX TMPAKTUK
10 MCCAeN0BaHMI0 (YHKIVOHAIbHO-TEXHOIOTMYECKUX CBOiCTB (DTC)
BCIIIBC, ¢ uenbio MpegiokuTh TeopeTuueckoe 060CHOBaHME YHUDK-
LIPOBAHHOV CUCTEMBI OLIeHKM ITOKa3aTeseil KauecTBa. B cooTBeTCTBUM
C MOCTaBJIEHHOA 11eJTbI0, B pab0Te peliaanuch CJeayoouye 3aqaun:

U BBIIeIUTh HAa OCHOBE MMEIOUIVXCS MCCAeA0BaTeNbCKUX aHaIUTHYe-

CKMX IIPAKTMK OCHOBHbIe KauecTBeHHbIe napameTtpsl 1 ®TC BCIIIIBC;
U cucrematusupoBaTh ucnonbsyemsle s onpepenenuss ®TC BCITBC

METO[BI ¥ BBIENUTD [IepeueHb KOHTPONMPYEMBbIX ITapaMeTPOB U3Me-

peHus.

2. O6'BEKTHI ¥ METOABI

Touck nuTepaTypsl sl pellieHys] YKa3aHHBIX 3a1ay MPOBOIUICS
¢ ucnonb3zoBannem PubMed, Research Gate, Google Scholar u Mendeley
Web. Brina mpoBesieHa MOTHOTEKCTOBASI TpoBepKa 143 crareit, B pe3yib-
TaTe 4yero 6piia chopMupoBaHa OKOHUATeNbHAs BbIGOpKa U3 60 cra-
Teil, MOIBEePTHYTHIX TIIATENbHOMY M3YYeHMIO, B OCOOEHHOCTU CaMble
JIOCTOBEpHbIe (OMMparouyecss Ha MaKCMMaIbHYI0 apryMeHTalOHHYIO
6a3y) u craTby nociaegHux 5 jet. [Ton MakCMManabHOM apryMeHTalMOH-
HOJ1 6a30¥i TOHMMAeTCsI He TOJIbKO MOAPOGHOe OIucaHye B MCTOYHUKE
MIPUMEHSIEMO MEeTOAMKM MCCIeNOBAaHUSI CBOVCTB M OCOGEHHOCTM eé
MonMdUKaLMM 1O, KOHKPETHYIO MCCIELOBATENbCKYIO 3a1a4y, HO TaKKe
omnycaHue MexaHu3Ma BO3SHMKOHOBEHUS 3TUX CBOVCTB C IIPUMepamMu Ux
MPaKTMYeCKOro MpYMeHeHMs B MULIEeBbIX MaTpyULax.

Inst GOpMUPOBaHUST ONPEAEeHHOM CUCTEMbl METOOUK MCCIenoBa-
Husi cBoiicTB BCIIIIBC 1 BhisSIBI€HMSI KOHKPETHBIX ITapaMeTpPOB OCYIeCT-
BJIEHUSI IPOLIeAyDP, HaMM GbUIO ITPOBELEHO TeopeTyeckoe 060CHOBaHMe,
BKJIIOUAIOIlee aHaIu3, CMHTe3, 06061IeHe, cpaBHeHMe MHopMaumu,
MpeJCcTaBIeHHO B OTOGPaHHBIX B XOfie JIMTEPaTypHOro 0630pa UCTOY-
HMKax. B xome aHamu3a auTepaTypHBIX MICTOYHMKOB pacCMaTpPUBAIUCh
nccinemyembie o6bekThl (BCIIBC), mokasaTenu KayecTBa M METOOMKU
uX orpeneneHus. VI3 MmarepuasaoB 6bu1a BblfeneHa, CUCTeMAaTU3MPOBaHa
M CTPYNINMPOBAHA IIOBTOPSIIOIASICS MM OFHOTUITHAS MHGOpMAaLVs B OT-
HOILIEHWM: ITAIOB BBIITOTHEHMSI METOIMK; TIapaMeTPOB OCYILeCTBIEHMS
9KCIIePMMEHTOB; KOHIEHTpaluu OelKOBOJ KOMIIOHEHTHI B 00paslax;
JICTIO/Ib30BAaHHBIX PACUETHBIX GOpPMYIL.

3. Pe3ynbTaThl ¥ 06CyXKIEeHUE

3.1. O6wue csoticmesa u xapakmepucmuxu BCIITIEC

ITpu McroNb30BaHMYM TPOAYKTOB IepepaboTku 6060BOT0 ChIPhS IIPU
MPOEKTUPOBAHMM HOBOJ MUIEBOM MPOAYKIMM HEOGXONVMO YUMUTBI-
BaThb UX Cneumquecm{e d)yHKLU/IOHaJIbHO-TEXHOIIOI‘I/I‘leCKI/Ie, AHTUOK-
CUIAHTHbIE, aHTUMUKPOOHbIE CBOICTBA, MMOKAa3aTeNu MUILEeBOi u 6u-
onoruyeckoit meHHocty [17,18]. OTHenbHO BBIAESIOTCSA B psife pabor
crioco6HocTy oTrBeyaTh BCIINIBC Tpe6OBaHMSIM K MHTPEAMEHTAM MpPU
co3gaHuy 6e3rTIOTeHOBOI U 6e371aKTO3HOM mpoayKuyuyu. OCHOBHBIMU
MaKpOKOMIIOHEHTaMM CeMSH O00O0BBIX SBJSIETCS 6GeJIOK M KiIeTdat-
Ka [19], uTo ompepnensieT BO3MOXHOCTb UX JaJIbHeNIlIero Ipou3BoACT-
BEHHOT'0 MCIIO0Mb30BaHMsI. MoauduKaims BXOASAIINX B COCTaB 6EITKOBBIX
Y YIJIEBOLHBIX CTPYKTYD OCYLIECTBJSIETCS HA OCHOBE eIVHUYHOTO MU
KOMIUIEKCHOTO BIMSIHMUSI TakKux (aKTOpPOB, Kak: JaBjeHMe, TeMIiepa-
Typa, BO3JENCTBME YAbTPAa3BYyKa, (PepMEHTOB, KUC/IOT, LIeJ0Ueil Mian
coneii [9].
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Bnaromapsi CBoeii TeXHOJOTMYECKO) MHOrOGYHKIMOHATbHOCTU
(3MyIBIUPYIOIIMM, Tesleo6pasyrouM 1 MeHOGOPMUPYIOIIM CBOMCT-
BaM, a TaKKe SKMPO M BJIArOyAepPKMBAIOIIeil ClIOCOGHOCTM) HAPSIAY C CY-
xumn BCIITIBC ¢ pasHOit KOHIEHTpalyei 6eKa, Cpeay IIPOM3BOTHbBIX
repepaboTky 6060BBIX OCOGYIO MOMYISPHOCTb IOAYYaeT CyOoIMMUPO-
BaHHas (cyxas) akBadaba. [5-7]. s momyueHus: akBadaObl UCIIONb-
3YIOT pas3iMyHble MeTOZbl, OCHOBAaHHble Ha M3MEeHEHMM BaskHeMIINX
rapaMeTpOB MPOILECca: COOTHOIIEHNS BOAbI M 6060BBIX, TEMITEPATYPHI,
pH u faBneHus Ipy KOTOPOM OCYIIECTBIISIETCS Tpoliecc Bapku. [Ipu mo-
JIYYEeHUU SMYIbCUIT U TIeH Ha OCHOBe akBahabbl 0CO6EHHO BaXKHO KO-
YeCcTBO A06aBISIEMBIX K CMECU TUAPOKOUIOUAHBIX KaMeneil, TUIPOKCH-
NPONMIMETU/ILEIUIION03bl M caxapa [6]. AHa/IM3 HayuyHbIX MICTOYHMUKOB
[0Ka3bIBAeT, HET €IMHOTO0 MHEHUSI OTHOCUTENIbHO COOTHOLIeHUS 6060-
BBIX U BOJIbI, PEXKMMOB ITPUTOTOBJIEHMS, a cocTaB U OTC akBadabbl C1IIb-
HO pasmmyaioTcs. OgHaKo, MPU U3yYeHUM CBOWCTB CYOIMMMPOBAHHON
akBadabbl UMeeTCst 3HAUUTETbHOE CXOACTBO METOIMK C UCIIOb3yeMbIMU
TSI aHAJIM3a KOHIIEHTPATOB U M30JISITOB 13 6060BOTO ChIPHSI.

Ha ocHOBe aHa/M3a IUTepaTypHbIX MaTepUaIoB HaMu GbLIM BbIele-
HbI HanboJIee 3HaYMMble HaIIPaB/IeHMsI MCCIeJOBAHMS KaueCTBEHHBIX Xa-
pakrepuctuk BCIIIIBC, koTopblie GopMuUpyIOT 060CHOBaHMe IOTEHIIaIa
U VX JalbHelero nepcrueKTUBHOTO UCIIOb30BaHMs :

0 wuccnenoBaHue cocTaBa 6eKOBOTO, YIJIEBOAHOTO M SKMPHO-KMUCIOTHO-
r'0 COCTaBa, COEeP>KaHMsI BOJBI U 30JIbI;

ompefiesieHNe CONepsKaHus BUTAMMHOB, GUONIOTMYECKM aAKTUBHBIX
Y MUHepaIbHbIX BEIll[eCTB;

OLleHKa COIep>KaHUsI aHTUTIUTATe/bHbIX BEIllleCTB;

omnpezeneHye 001ero KOMMYeCTBa M aMUHOKMCIOTHOTO COCTaBa 6enka;
u3ydeHue GpaKkiMOHHOTO COCTaBa 6eska, pacrpesielieH e OCHOBHbBIX
6eIKOBBIX (hpaKiyii: anbOyMyuHa, II06y/IMHA, TIPOoJaMyHa U TTI0TeNN -
Ha; aHaiM3 6GeIKOBOro MPOoG WIS Ha OCHOBE MOJIEKY/ISIPHO-MAacCOBOTO
pacmpefeneHus,

ornpeeneHye ConepskaHusi CBOOOIHBIX aMUHOKUCIIOT;

MCCIeIOBaHMEe TeMITepaTypbl JeHaTypaluu OCHOBHBIX 6GEIKOBBIX
KOMITOHeHTOB [20,21].

IMockonpky BCIIIIBEC BBIMOMHSIOT POJIb CHIPEEBOTO MHIPeIMEHTa VI
TeXHOJIOTMYECKOi JOOGaBKM IMPU MPOM3BOACTBE MUILEBBIX ITPOSYKTOB,
IIJIST HUX BBIIIENIPUBENEHHbIV MepeueHb KaueCTBeHHbIX XapaKTepPUCTUK
OGyZeT UMEeTh Hepa3pbIBHYIO CBSI3b C HOMEHK/IATYPOI MOTPEeOUTENbCKUX
CBOJICTB U ITOKa3aTesiell KauecTBa ToBapoB. VneHTnuKauOHHbIE U OP-
raHoOMeNnTUYeCKMe XapaKTePUCTUKY, IToKasaTeny (GU3NIeckoro COCTOsI-
Hus BCIITIBC 06beauHSIOTCS B MX TOBAPOBEIHYIO OLIEHKY ¥ OCYIIECTB-
JISIIOTCSI HA OCHOBAHMM perylaMeHTOB, [loKa3aTey XMMMUUeCKOro cocTaBa
BCIIIBC, onpenensiioT UX NUIEBYIO0 IIeHHOCTb ¥ BO3MOXXHOCTb MUCIIO/b-
30BaHUS B KaueCcTBe (QYHKIIVMOHAIbHBIX MUIEBbIX MHTPEUEHTOB.
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3.2. Csa3b benkosoli cmpykmypet u cgoticme BCIITIEC

Ipu uccnenoBanuy GeIOKCOAEPKALMX MUILEBBIX MMPOAYKTOB Hau-
60Jiee pacrpoCTpaHeHbl METOAMKY aHAIN3a, MO3BOJISIIOLIMM He TOJNbKO
ompenennTh 061lee ConepskaHme, HO M aMUHOKUCIIOTHBII COCTaB U YCBO-
sieMocCTb Gesika. Ha OCHOBe moyyaeMbIX JaHHBIX CTAHOBUTCS BO3MOX-
HBIM He TOJIbKO PaHXMPOBATh GETKOBbIE IIPOAYKTHI, HO M OLEHUBATD UX
(b1U3MOMTOTMUECKYIO TTOTHOIIEHHOCTD, 8 TaKsKe 060CHOBBIBATh HEOOXOIM-
Mbl€ TTapaMeTpbl ¥ BUIbI 00pabOTKM, BIMSONIE Ha MoauduKauio 6e-
KOB I, KaK CJIeZICTBUE, YCBOSIEMOCTh aMUHOKUCIOT. Kpome TOro, Genku
60060BbIX TpeCcTaBIeHbl HA60poM (pakiuit ¢ pa3HOVl MOJIEKYISIPHOI
Maccoii, pasnuyalouyxcs Mo GU3nKO-XMMUIECKUM U QYHKIVOHATbHBIM
cBojicTBaM. JJaHHbIE O COOTHOLIEHUY OTHENbHBIX GEeTKOBBIX (QpaKIuii
MIO3BOJISIIOT IIPOTHO3MPOBATh TEXHOJIOTMYECKVE M CEHCOPHBIE XapaKTe-
PUCTMKM TIPOLYKTOB M MHIPEIMEHTOB (BKYC, IIBET, 3amax M TIp.), TOy-
YyaeMbIX B Ipolecce nepepaboTky 6060BbIX (HAIpUMep, PACTBOPUMOCTH,
CTaGMIIbHOCTY TTE€HBI WU SMY/IbCUMN).

HecMoTpst Ha TO, YTO OCHOBHOJ METOZ, UCCIIENOBAHMS CTPYKTYPBI Gel-
Ka — PEHTIeHOCTPYKTYPHBI/ aHaau3 ero KPUCTaIOB, M3BECTeH J0CTa-
TOYHO JaBHO, JaHHbIe ITPOCTPAHCTBEHHO} OpraHu3auuy 6egKkoB 6Oomb-
IIMHCTBA MCIIOJIb3YEMBIX B NMUTAHUN 6e.TIKOB OO0 CUX IIOp He M3YYEeHBbI.
Ha ocHOBe KaJIOpMETPUM ¥ MHBIX METOLOB M3MePEHMS TEPMOLUHAMMU-
YeCKMX CBOICTB BO3MOXKHO OMpENENATh TaKue ITapaMeTphl, KaK: Terio-
€MKOCTb JIJIsI HATUBHOM U JeHaTypMUPOBaHHOI (hopM Gesika, SHTaIbITUIO
M TeMIepaTypy IeHaTypauuy Oenka, MHTerpaabHyl InapodoGHOCTH
¥ KOH(OPMALMOHHYIO CTaOMIBHOCTb GenKkoB [22-24]. B 3aBucMMOCTU
OT TIOC/IEI0BATEIBHOCTY aMUHOKMCIOTHBIX OCTATKOB B MOMUIIENTULHOM
ueny GopMupyeTcsl onpeesieHHast CTabMIbHAs TPEXMepHas CTPYKTypa
6esika, OMpeNeIoNIas ero CTPYKTypHble U (GYHKLUMOHANbHBIE CBOMCT-
Ba. VIMEHHO CTPYKTYpa GEIKOB ¥ COOTHOLIEHME UX MOJIEKY/ISIPHBIX Macc,
UTPAIOT BAKHYIO POJb IIPY MOTyYeHMU Y NIPOBENEHMUM CPAaBHUTEIBHBIX
MCC/IeNOBaHNi TaKMX MapaMeTpoB, Kak TepMoauMHamuueckue U (QyHK-
IIMOHAJIbHO-TEXHOJIOTUYECKME XaPAKTEPUCTUKUA 6EJIKOB])IX MIPOAYKTOB.
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AHanmu3 u cucremMaTtusanyss MeTOLOB UCCIeNOBaHUSI U U3MePEeHUs Tep-
MOAVHAMMUYECKUX CBOICTB GEJIKOBbIX MPOAYKTOB (MeTonmbl Audde-
peHLMaabHOlM CcKaHupylouleii kanopumerpun, KII — crnekTpockonmuu,
MOHOTIAPHOM  BBICOKO3(hdEKTUBHONM KUIKOCTHON Xpomarorpaduu,
KOMITBIOTEDHBIV METOJ, «MOJIEKYJISIDHOV AMHAMUKIW» U AD.), HE SIBJISIICS
1Ie/IbI0 JaHHOTO 0630pa. DTU METOAbl HECOMHEHHO OTMPEeNeNsioT Iep-
CIIeKTMBBI TexXHoMornveckoro wucnonb3oBanusi BCIIIBC, MOCKOMbKY
MPUMEHSIIOTCSI B T.U [ MOJeIMPOBaHMS M MPOTHO3MPOBAHUS UX Tep-
MOCTaOMIIbHOCTH, HO OHM 00Pa3yIOT CBOIO IPYIIITY METOLOB, MCIIONb3YIO-
11X 0co60€e MHCTPYMEeHTalIbHOe o6ecrieueHne, M HarpaBieHbl CKopee Ha
060CHOBaHM€e BHECEHVSI TOYEYHBIX M/ KJIACTEPHBIX 3aMeH B aMUHOKMC-
JIOTHYIO TIOCJIeIOBATE/IbHOCTD /ISl TOBBIIIEHNS] MU CHYDKEHUS TeMIIepa-
TYPHOTO ONITMMYyMa MCC/IeAyeMOro Oeika My MenTuaa, YeM Ha 060CHO-
BaHMe 11eJIeBOro MpUMeHeHMs IPonyKTa [22,25].

3.3. OcobenHocmu onpedenieHus
(QYHKYUOHANLHO-MEXHOI02U1eCKUX C80Licm8

Crnenylomjasi rpynmna orpefeniseMbIX apaMeTpOB, BCTPeYaloIiasics
B OOJBIIMHCTBE MCCIENOBaHMI NAHHOM TeMaTuku — mokasareny OTC.
Ba)kHO OTMETUTb, UTO B GOJBLIMHCTBE AHIVIOSI3bIUHBIX PabOT IOHSITUS
(yHKIMOHAMBHBIX ¥ (PYHKIMOHAJIBHO — TEXHOJIOTMYECKUX CBOJCTB He
paspaensiorTcsl U, IO CYyTH, SIBJISIIOTCSI CMHOHMMaMM. B oTeyeCcTBEHHBIX MC-
C/1eq0BaHMSIX MO, (PYHKUMOHATBHBIMU CBOMCTBAMM Yallle MOHMMAIOT CII0-
COGHOCTD MUIEBBIX BEIECTB OKa3bIBaTh (HM31OI0TMUeCKoe BO3IeiCTBIE
Ha OpraHu3M yesioBeka. B Hameit pabore nop GyHKIMOHAIBHO-TEXHOIO-
rmyeckuMyu cBovictBamMy BCIITIBC mOHMMAIOTCSI CBOVICTBA, OIpPeLensio-
IIMe UX UCIIONb30BaHVe B MULIEBOM IIPOM3BOACTBE U 0GecrieunBaolye
orpefeyieHHble CTPYKTYpHbIe, peoyiornyeckye, TeXHOMIOIMYeckue ¥ Io-
TpeOGUTENbCKME CBOIMCTBA MOTYyYaeMbIX Ha MX OCHOBE MPOAYyKTOB [12,20].
@TC 6a3MpylOTCsI HA OCHOBE MEXaHM3MOB, OMpeeNSIONIX UX eICTBUE,
BKJIIOYAsl «CBOJCTBA, CBSI3aHHBIE C TMApaTauyeit (pPacTBOPUMOCTb, BOIO-
Y KMPOYAEPKUBAIOIIASI CIIOCOGHOCTD), MOJIEKY/ISIPHOI CTPYKTYPOIi Genka,
CTeIeHbI0 JleHaTypaLuy ¥ PeoslorMueckyMM XapaKTepucTukamu (reeo-
6pas3oBaHMe U BSI3KOCTB), @ TAKKe IIOBEPXHOCTHBIMM XapaKTePVCTUKAMM
(meHOOGpa30BaHMe, IMYIBTUPYIOLIVE CBOVCTBA) [26].

JlaHHbIe CUCTEMHOTO aHanu3a ocobeHHocTelt onpeneneHust ®TC Ge-
JIOKCOZiepKaIUX MPOAYKTOB IepepaboTKyu 6000BBIX KYJIbTYP, UCIIONb-
3yeMble B MCCIe[JOBaHMSIX TI0Ka3aTeau M MeTOAMYECKUX MOAXOM0B K UX
oIpeJieNIeHUIO TIpeficTaBieHbl B Tabmuie 1.

Emé onHOV M3 aKTMBHO M3y4YyaeMbIX TeM, MMEIOIMX BBICOKYIO I10-
MTyJISIPHOCTBIO Cpeny IPOU3BOAMTENEN, SIBISeTCS IIPUMEeHEeHMe pacTu-
TeJIbHBIX GEIKOB B 3KCTPYAMPOBAHHBIX NMPOAYKTax [59]. C TOUKM 3peHmst
rnorpebuTesneit, Cripoc Ha MPOLYKTbl UM VHTPEAVEHTbI PACTUTEIbHOIO
MIPOMCXOKAEHVSI 0GYC/IOB/IEH MX MCIIONb30BaHMEM il GOPMUPOBAHMS
CTPYKTYPbl KOHEYHOTO IPOAYKTa (MMMUTALMs BOJIOKOH WM TOPUCTON
Macchbl) ¥ BO3MOXKHOCTBIO CO3JJaHUSI alIbTePHATUB HEXXMBOTHOTO IPONC-
XOXKI€HMSI BO MHOTHMX IPYIINIax MUIIEBIX IPOLYKTOB, B T. Y. IJ/ISI 3aMeHbI
MsICa, SIULL Y MOJIOUHBIX ITPoAyKTOB [60]. 1151 BBIGOpA M afjanTalyy cocTa-
Ba ChIPbsI K TPe6OBaHMSIM IIPOU3BOJCTBA I10JTy4aeMOT0 B Pe3yJIbTaTe 9KC-
TPY3UM MUIEBOTO MPOAYKTA, Heobxoauma nHbopMauus 0 KOHKPETHBIX
peosIornyeckux XapakTepucTuKkax ¥ Ux M3MeHeHUM OT TeMIlepaTypHO-
BJIQKHOCTHBIX ITapaMeTpoB M JaBjeHMs. B mccienoBaHmsIX AeMOHCTPU-
pYIOTCSI CyllleCTBeHHbIe pas3/Muisl B PEOJOTMUYECKUX CBOICTBaX KOHEY-
HOTO NPOAYKTA, AaXe ecay HauMeHOBaHME M IPOUCXOXKIeHMe CceMSH
60060BbIX, 1 00I1ee comepskaHue 6eika B HUX UAEHTUYHBI. B oTHOIIeHNM
I'UIPONN3aTOB, KOHLIEHTPATOB U U30JISITOB, IIOMTyYeHHbIX HAa OCHOBE Ce-
MsTH 6060BbIX, HEOOXOIMMO 00eCTIeUnTh M3MEePEHNE U aHAINU3 CBOMCTB,
XapaKTePHBIX 151 BSI3KOYIPYIUX MPOAYKTOB: IPOUYHOCTb, 37TACTUYHOCTD,
YIIPYTOCTb, BI3KOCTb, TIOJI3YUECTh, IVITACTUYHOCTD, Tesle06pasyroiiast Crio-
COOHOCTB, TUKCOTPOIIMSI, MAKCMMaIbHOE HampsikeHue casura. Kom6uHa-
LM TPYTIIT METOMOB /1JIS KOHKPETHOT'O ChIPhS JAeT OOLIMPHYIO U LIeHHYIO
MHGOpMaLIMIO O PeosIoTMYeckoM IOBeJeHUM MCCaefyeMbIX 06pa3loB.
OnHako, U3y4yeHye peoorM4ecKmX XapakTepPUCTUK OCYILeCTBIISIETCS y3Ke
He CTONbKO Ha ypoBHe oThenbHbIX BCIIIIBC, cKoMbKO Ha ypOBHE MuIle-
BbIX MaTpul] C 106aBJI€HMEM 3TOTO MHIPEIMEHTA. B CBS3M ¢ 3TUM Me-
TOIMKY OIpefiesieHNs] OTHe/NbHbIX NToKa3aTeslell KauecTBa ONMUPAIOTCS Ha
CTaHJAPTU3MPOBAHHbIE ITOLXOIbI COOTBETCTBYIOLIEH MPOIOBOIbCTBEH-
HOJi rpynIbl (HanpuMmep, dhaplim, Coychl, TECTO ¥ Ip.).

IIpn ompeneneHuMy KadecTBa y IomydaeMbIx Ha ocHOBe BCIIIIBC
CYCIIeH3MI1 OIPeeNISIoT TaKye creldyyecKkyie MOKa3aTeny, Kak: CTelleHb
HabyxaHMsl YacTUL, COHEepKaHWe PAaCTBOPEHHOro Oesika, aAre3vOHHbIE
M KOTe3JOHHble CBOJCTBA YaCTMULI, UX CPeJHMe pa3Mepbl U paclpepere-
Hue 110 pasMepam, 6ycdepHass eMKOCTb cycrieH3mit. [Ipu ucronb3oBaHuUmu
BCIITBC B nuieBbIX MaTPULIAX B KAYECTBE CTPYKTYpPOOOpa3oBareseit, He-
06xoMMa KOMILIEKCHAs olleHKa Takux OTC, Kak: pacTBOPUMOCTD B BOJI-
HBIX Cpefjax, BO3MOKHOCTb 06pa30BbIBATh CYCIIEH3UM U TeJi, CTabIn3K-
pOBaTh SMY/IbCUY U TIEHBI, TIPOSIB/STD a[iIT€3MOHHbIE CBOJCTBA U AP.
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06001IeHNe aHATUTUYECKUX MPAKTUK MO3BOJSIET CUCTEMAaTU3UPO-
BaTh MeTObI OlLleHKM Mokasateneit ®TC, ucrnonb3yeMblie B pa3pO3HEH-
HBIX UCCIeOBaHMSIX, C Pa3HBIMYM 3HAUEHUSIMU TMIPOMOZYIS, IPUMEHSI-
€MBIX CKOPOCTeji eHTpUYTPOBaHNSI I B36MBAHMUS, TEMIIEPATyPHbIX
Y BpeMeHHBIX JMana30HOB, UCIONb3yeMbIX IIPM MIPOBEEeHMUN UCCIeNO-
BaHUII OTIENbHBIX CBOJCTB (HAIpyMep, pacTBOPUMOCTD, CTAGMIIBHOCTD
neHbl uian sMmynabcun), pH cpensl (B ucciegosanusix I'C). Kpome Toro,
Bce ykaszaHHble ®TC cBsi3aHbI C pacnpeseseHreM MOJEKYISPHBIX Macc
6enkoB B o6pasuax BCIIIIBC, HO 3Ta MHpOpMAaLMs TTOKa HEe MOXKeT ObITh
MO BEPrHyTa CUCTEMHOMY aHA/IM3y HAa OCHOBe MaTeMaTU4yecKoi obpa-
60TKM, MOCKOIbKY YHUDUIVPOBAHHbIE METOAbI OLIEHKM 3TUX TOKa3aTe-
JIeil OTCYTCTBYIOT.

3.4. YHugurayus oyenku kauecmea u ®TC BCIIIEC

Bropas 3apgaya wucciaenoBaHMsS TIpeAycMaTpuBala TeOpeTM4ecKu
060CcHOBaTh HA6OP IoKa3areneil ¥ KOHTPOIMPYEMBIX ITapaMeTPOB OCY-
LIeCTBJIEHNS VX U3MEPEHMUS IS CO3AaHMsl YHUDUIMPOBAHHOM CUCTEMbI
oneHku kauectBa u ®TC BCIITIBC. [TomuMo BbIfeneHUsI cCaMuX TToKa3a-
Teseit 0ocoboe BHUMaHMeE GbUIO yIeIeHO 0COGEHHOCTSIM peanu3aliun Me-
TopuK onpeneneHust ®TC, MOCKONbKY, HAaNIpMMeD, 3HaueHus: pH mnyu rem-
repaTypsl IIPU OCYIIECTBIEHUN OL€HKM MOTYT He TOJIbKO CYIeCTBEHHO
M3MEHUTH [ToTy4aeMble 3HAUeHUSI, HO U MICKa3UTh B 1[eJIOM BbISIBIISIEMbIE
IJIST DAJIbHEMIIero TeXHOJIOTMYECKOTO VMCIIOMb30BaHUsI TOTO WJIM WHOTO
Buza npoxykra BCIIIBC.

Ipenyaraemast Hamy YHUGULIMPOBAHHAS CUCTEMA OLIeHKY KaueCTBeH-
HbIx nokasareseit v ®TC BCIIIBC B epcrekTrBe 6ygeT 060611eHa B KOM-
IIJIeKC MeTOIMYECKMX yKa3aHMil OroBapMBaIOUIMX IMOPSAOK UCIIOTHEHUS
UOEHTUGUKAIVOHHBIX IPOLIEAYD, Peaan3alyio CYeCTBYIOIMX METOLOB
OLIEHKM XMMMWYECKOTO COCTaBa, Pu3MUeCcKMX ¥ OPraHOMENTUIECKUX ITOKa-
3aTesiei 1 paspaboTaHHbIX COGCTBEHHBIX MeTOmOB oieHKu OTC (Tabmuiia
1), onmparomuxcsi Ha HOPMUPOBaHMe 3HAUEHUI OIpenesnsommx GHakTo-
poB (BBUIY OTCYTCTBMSI OOLIENIPUHSATOIO WJIM HOPMMUPYEMOTO BapMaHTa
onieHkM). I'padmyeckn ormyeckass paMKa CBSI3M 3JIEMEHTOB TaKOW YHU-
uumpoBaHHOIt cucTeMbl TipefcTaBieHa Ha Pucynke 1. Upentudukanm-
OHHbIe U KauecTBeHHble ToKasaTenu BCIIIBC, Bbife/eHHbIE HA OCHOBE
MPOaHaIM3MPOBAHHBIX MCTOYHMKOB (TIepBbIe 2 6710Ka prC. 1) He MMenu Cy-
1IeCTBEHHBIX pPa3HOIIacuil B BOIIPOCE METOAMK OIpeJieNeHNs], TIOCKOIbKY
ONMPAIOTCS Ha YCTOSIBIIMECS CTaHapTU3MPOBAaHHbIe TIOAXO/bI.

Jlornueckasi paMka OTOOpaskaeT CBSI3b MeXIY BXOLHBIMU UAEHTM-
(bMKALMOHHBIMM TTapaMeTpaMy MPOAYKTOB IepepaboTKy 6060BBIX, UX
roKasaTenssMy KauecTBa M 6e30MacHOCTM M MTOKA3aTeNsSIMM ITPOSIBJIEHMSI
neneBbix @TC. B oTHomeHUN KauecTBeHHbIX Xapakrepuctuk BCIITIBC:
UOeHTU(PUKAIMOHHBIX MTapaMeTPOB, MoKa3aTeeil XMMUYEeCKOro CoCcTa-
Ba, (PM3MUYECKOTO COCTOSIHUSI U OPTaHOJIENITUYECKUX, MOKHO OTMETHUTb,
YTO OHM OIPEJeJSIIOTCS B COOTBETCTBUM C MEAMKO-OMONOrMYECKMMU
Tpe6OBaHMSIMM, CAHUTAPHBIMM HOPMaMM Y TPeOOBAHMSIMU TEXHUYUECKUX
periaMeHTOB K KaueCTBY IIPOOBOJILCTBEHHOTO ChIPbsI ¥ MUILEBbIX MTPO-
IYKTOB Ha OCHOBE YCTaHOBJIEHHBIX B 3TOV HOPMATUBHOI 6a3e METOLOB
aHanu3a. [Tokasarenu ®TC BCIITIBC (610K 4 PucyHok 1) 6ynyT onpene-
JISIThCSL HA OCHOBaHMM pa3pabOTaHHOI COOGCTBEHHOM IPYIIIbI METOIOVK
ouenky OTC, gBsIONIeiicsS pe3y/lIbTaTOM paHee IIPOBeleHHOM cucTeMa-
Tusauyu (Tab.1). Pe3ynbraThl Ipoxoasiieit anpodannn, pa3paboTaHHOM
aBTOpaMM TPYIIIbl MeTOAVK Ha pa3nnyHbix BCIIIIBC, 6ynyT mpencrasie-
HBbI B MTOC/IENYIOMINX MyOIMKALIUSIX.

VuuduumpoBaHHas cucreMa OLIEHKM KaueCTBEHHBIX IIOKa3aTeleii
u ©TC BCIIIIBC MO3BOMMUT Ha OCHOBE CTATUCTUYECKOI 06pabOTKY Py
MOJTyYeHHBbIX 3HaueHMi BBIIBUTb B3aMMOCBS3M MEXIY OTIeTbHbIMU
10Ka3aTelsIMy, a Takke ITOCTPOUTh Ha OCHOBE MX KOPPEeIsLiUM CIeLn-
dbryeckne «rpagyupoBouHble rpadvku», o6oOUIaOLIVe HalgeHHbIe
(yHKUMOHATbHBIE 3aBUCUMOCTY MEXKIY OTNpeae/isieMbIMY BEeTMUMHAMM.
Jlornueckasi paMKa IT03BOJISIET MPOTHO3MPOBATh, HAlpMMep, Hannudue
CBsI3€ii TPY B3aMMOZENCTBUY LIeJIEBOTO M3y4aeMOro ITPOAYKTA C BOSHOI
U KUPOBON (pakuMsIMM MPU YIIPaBISIEMOM BO3LENCTBUYM MapaMeTpPOB
TEXHOJIOTMYECKOTO0 Tpoliecca. BbIsiBieHHbIe B X0[i€ TIPOBOAVIMBIX UCCIIe-

1. Goncharova, N. A., Merzlyakova, N. V. (2022). Food shortages and hunger as a
global problem. Food Science and Technology, 42, Article e70621. https://doi.
org/10.1590/fst.70621

2. Safdar, L. B., Foulkes, M. ]., Kleiner, F. H., Searle, I. R., Bhosale, R. A., Fisk, I. D. et al.
(2023). Challenges facing sustainable protein production: Opportunities for cere-
als. Plant Commun, 4(6), Article 100716. https://doi.org/10.1016/j.xplc.2023.100716

3. Kiani, A. K., Dhuli, K., Donato, K., Aquilanti, B., Velluti, V., Matera, G. et al. (2022).
Main nutritional deficiencies. Journal of Preventive Medicine and Hygiene, 63(2
Suppl 3), E93-E101. https://doi.org/10.15167/2421-4248/jpmh2022.63.253.2752

4. Singh, N. (2022). Proteins isolates and hydrolysates: Structure-function rela-

1 2025 |

IOBaHMIi MOJOGHOTO pofia CBSI3M, B AaJbHEIIEeM ITPY HaKOTIEHUU [10-
CTAaTOYHOTO KOIMYECTBA SMIIMPUUECKUX JAHHBIX, TI03BOJISIT HA OCHOBE
MOCTPOEeHMsT MaTeMaTUUeCKUX Mofeseit omnpenensiTh Auara3oHbl mapa-
METPOB U PEXVMOB OCYLIECTBJIEHMS] TEXHOJIOTMYECKUX OIepaluii mpu
HaIM4YUM KOHKYPUPYIOLIMX 3a/ad:, HarpuMmep, MomobpaTh ONTHMAallb-
HYI0 TeMIlepaTypy rejaeobpasoBanus ajis KoHKpetHoro BIITBC, mo3so-
JISIOILYI0 He TObKO JOCTUTHYTh SKeJaeMbIX PeoIOTMUeCcKMX CBOMCTB, HO
7 06eCIeunTh COXPaHHOCTh BUTAMMHOB.

Hanuune 6a3bl JaHHBIX COMOCTABMMbBIX KaueCTBEHHBIX IOKasaTeseit
u cBovictB BCIITIBC (momyyeHHbIX HA OCHOBe YHUMUIMPOBAHHO CUCTe-
MbI OLIEHKM), & Talkoke CUJIbI BbISIBJIEHHBIX CBSI3€it MeXIy 3TUMMU JTaHHbI-
MM, B CBOIO OUepeib, [I03BOJISIT ONpee/IUTh IOTeHLIMAI MCTIONb30BaHMSI
KoHkpeTHoro BCIIIIBC B u3yuaeMbIX MUILEBBIX MaTpuiiax. [ paspaba-
ThIBa€MbIX NUILEBBIX TPOAYKTOB Ha ocHOBe BCIITIBC 3HaueHus okasa-
teneit ux OTC GynyT onpenesioLMy IIPU TOCTYDKEeHUM 3a1a4 obecrie-
yeHMs] QYHKIMOHAIBHOCTH, COOTBETCTBUSI Ha3HAUEHMUIO, CTPYKTYPHBIX,
TEeKCTYPHBIX, BKYCOBBIX U MHBIX CBOVICTB.

4. 3aknoueHne
Ilpy usyyeHnn OGHEKTOB, B OTHOLIEHMM KOTOPBIX BO3MOXKHO pac-

MPOCTPAHUTh YHUGUIMPOBAHHBIE MOAXOAbI K OlleHKe KauecTBa u O®TC

BCIITIBC MOKHO BBIIE/NNUTh:

0 Myky 13 6060BbIX, TUAPOIN3AT MYKHU,

0 06e3kMpPeHHYI0 MYKY, TUAPOIN3AT 00e3KMPEHHOM MYKM,

U 6enkoBbIe KOHIIEHTPATHI (Pa3HOJi CTEeNeHY CcoepskaHmsl 6eKa M KOH-

LIeHTPATBI, TOJTyYeHHbIe B Pe3y/bTaTe Pa3HbIX MeTOLOB (PaKIVOHMU-

poBaHus),

MU30ISThI 6e1ka 6060BbIX KYIbTYD,

IUAPONM3aThl KOHIIEHTPATOB M U30/STOB,

3KCTPYLATHI,

cyonuMupoBaHHast akBadaba.

Taxcke chopMynMpoBaHHBIE METOOMKY OLleHKM KauecTBa u ®TC mpu-

MEHMMBI [IJIS1 psifia TIPOAYKTOB Gojiee TTyOOKON mepepaboTKy, Harpas-

JIEHHOJ Ha ToTyyeHue ornpeneneHHbIX Gpakiyit 6enka ¢ 3aJaHHOI MO-

JIeKYJISIpHO¥ Maccoit u onpeneneHHbiMU OTC.

B orHomenuu BCIIIIBC HaMu BbIeneHbl IPyIna UaeHTUhUKAIOH-
HBIX IIAPAMETPOB ¥ TPYIIa KaueCTBEHHBIX [T0Ka3aTeseil, 06beVHSIIoast
OopraHoJenTuYeckye u GU3NKOo- XMMUUYeCKMe TIoKa3aTean. B oTHomeHnmn
OTC, Tpebyomyx YHUGUKALMY U OIIPeAeTeHNs TOUHBIX TapaMeTpOoB yC-
JIOBUI peann3anyy MeTOAVK OLIeHKY BbIJeJIeHbl:

O runpodwmiabHble CBOJCTBA, BKIIOYAsi PACTBOPUMOCTb, CIIOCOGHOCTD
K HabyXaHMIO, IIePEXOAy B PacTBOp GENKOB ¥ BOAOYAEPKUBAKOIIYIO
CITOCOGHOCTb;

O smynbrupyloume, meHoo6pasyolye, rejie/skeeoopasyolye CBOi-
CTBa;

0O skupoyaepsKuBaiouas CioCOGHOCTb.

Ipu panpHeei peanu3auyy rpymnbl METOOUK YHUDUIVPOBAHHOM
cucrembl oteHku OTC BCIIBC 6GyayT MCIIOAb30BaThCSI KOHKPETHbBIE
3HAUEHUs] ompeensomux (GpakTopos, MomyyeHHbIe HA OCHOBE CHUCTe-
MaTU3aluyM JUTEPATYPHBIX VICTOYHMKOB: TeMIlepaTypa, nasieHue, pH,
BpeMsI M CKOpOCTb B36uBaHuUSI u ueHTpudyrupoBanus. OTC otmensb-
Hbix BCIIIIBC Takske MOTYT GbITh M3yUYeHbI AJIS1 Pa3HbIX AMarla30HOB Ta-
KMX Ompenensionux $Hakropos, Kak TemrepaTypa, pH u rugpoMonynb
C Y4ETOM HEOBXOAMMOCTM COOG/IOZEHNS YCJOBMIA TIPU OTGOpe JTYYIINX
[epCIeKTUB JIJIs1 BBeJeHMsI B KOHKPETHYIO MMIIeBYI0 MaTPUILy.

OleHKa OIbITa BK/IIOUEHYsSI 6060BbIX B HOBbIE MPOMYKTHI, ITOKa3bIBa-
eT, uTo opraHosnenTtuyeckue cBoiictsa u ®TC BCIITIBC SBsIIOTCS 0CHOBOI
YHUBEPCATbHOCTYU UX IIPUMEHEeHUS B MUTAaHUH, & CUCTEMATHU3ALMS Y YHU-
dukanys gaHHbix 0 nokasarensx OTC BCIIIIBC M mpogyKToB, MomyJae-
MBbIX Ha ¥X OCHOBE, TO3BOJIUT 3TOM MHGbOPMAaLUM 3HAUYUTETHHO O6IerYATh
pOoLiecchl IPOEKTMPOBAHMS HOBBIX BUIOB MTPOAYKIIMY HAa OCHOBE PacTU-
TeJILHOTO 6eJiKa, pacIiMpuUTh pa3pabaTbiBaeMblii aCCOPTUMEHT, TIOBBICUTh
YPOBEHb 3HAYMMBIX [/l TIOTPEGUTEIST KaUueCTBEHHbIX XapaKTePUCTHK.
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PA3PABOTKA ITOPOIIKOOBPA3HOI'O KOHIOEHTPATA
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K/IIOYEBBIE CIOBA: AHHOTAL A
UepHUKA, NOPOWKoebIll  TlepcrieKTMBHBIM HAITpaBJIeHMeM Pa3BUTHSI PbIHKA 6e3aTKOTO/bHBIX HAIIUTKOB SIBJISIETCS] IPOM3BOACTBO CYyXMX GBICTPO BOC-
HANUMOK, XUMU4eCKUli CTaHaBIMBAEMbIX CMeceii, TIOTyYeHHbIX Ha OCHOBE JICIIONb30BaHMsI TOPOLIKOBBIX KOHIIEHTPMPOBAHHBIX (HOPM IPOAYKTOB

cocmas, XxpaHeHue, repepaboTKY IJIOAOB U Srof. Takue MPOAYKTbI MMEIOT AJIUTEIbHBIA CPOK TOJHOCTH, JIETKO TPAHCIIOPTUPYIOTCS, XPAHSITCS
opeaHosienmuuecKkue U COfepKaT pa3HOO6Pa3HbI i KOMITIEKC MTOJI€3HBIX IJIs 3T0POBbS TPUPOIHBIX KOMITOHEHTOB. 1]€/Ibi0 HACTOSIIMX UCCIeN0Ba-
nokasamenu, HMIT IBUJIAch pa3paboTKa peLenTypbl Cyxoro moaydabpukara 6e3aJKOroIbHOTO HAMTUTKA U3 TMOGMIN3MPOBAHHOIO COKA SITOT,
usuxo-xumuueckue YEPHMKHA, TOJTYYEHHOTO ITyTeM hepMeHTaTUBHOI 06paboTKM Me3TH, U OTIpeJie/IeHIe eT0 CBOICTB. B Xo/ie ncciemoBaHms mpu-
nokasamentu, MEeHSUTMCh KaK TPaAMIVIOHHbIE XMMUYeCKe MeTObl aHa/IN3a (TUTPUMETPUS], TPAaBUMETPUSI), TAK U COBPeMeHHbIe (GU3UKO-
Mukpobuonioeuueckue  xummueckue Metoauky (B3)KX, aToMHO0-a6CcoOpOLIMOHHbIN CTIEKTPaIbHbIN aHaIN3, TOTEHLMOMEeTPUS, CIIeKTPOGOTOMETPUS).
noxkasamenu B pe3ynbTaTe MpoBeEHHBIX UCCIEIOBAaHMIT pPa3pabOTaHbl PELENTypa M TEXHOJIOTUYECKME PELIeHNS M0 MOMyYEHUIO CyXOit

cMecy 6e3aJIKOTObHOTO HAIIMTKA Ha OCHOBE CyGIMMMPOBAHHOTO COKA YepHUKH. [laHa XapaKTepuCTMKA MO0 OPraHOJIeNnTnye-
CKUM, GUZUKO-XUMUYECKMUM, MUKPOOMOTOTMYECKIUM TTOKA3aTeIIM U XMMUYECKOMY COCTaBY. YCTaHOBJIEHO, UTO MOTpeGIeHe
OIHOJi OPIMY HAMTUTKA 06eCcTieyrBaeT yaoBIeTBOPEHYE CYyTOUHOI (B13MOM0rMYecKoi MoTpe6HOCTY B BuTaMuHax B5 u C Ha
78% m 11,7 % cOOTBETCTBEHHO, MMUKpO3/IeMeHTa Meay —Ha 30 %, MMUHepaTbHOTO aHTMOKCHUIAHTA cejieHa — Ha 12,3-15,6%,
aJIeKBAaTHOTO YPOBHS ynoTpebieHus ¢pyiaBoH-3-0/10B (3nuKaTexuHa) — Ha 22,5 %. CogepskaHue aHTOLMAHOB B Pa30BO¥i MOP-
LM/ HalIMTKA He TPEeBbILIaeT BePXHUI JOMYCTUMbIIi yPOBEHb ITOTpebieHus. IIpeaiokeHbl yIIaKOBOYHbIE PeLIeHMsI ISl CyXO0i1
CMecCH HalmMTKa — MaKeTUKU TUIIA «Callle» B OPUEHTAI[MM Ha Pa30BYIO MOPIMIO, 06eCTIeuBaOLIMe P HOPMAaTbHBIX YCIOBU-
sIX XpaHeHusI (Temmeparypa (22+5) °C; BnaxkHocTs (40-50)%; atmocdepHoe nasnenue (730—750) MM. pT. CT.) B TeueHue 9 me-
CsILIeB CTaGMWIBHOCTh OPTaHOMENTUYECKIUX, PUBUKO-XUMUUYECKUX U MUKPOOMOIOTMUECKMX Mokasarteseil. [lokazaHa BbICOKast
CTereHb COXPaHHOCTY OPraHMYECKUX KUCIOT, 6MOaKTUBHBIX MOMMGEHONMbHBIX COeAVHEHMIA, B TOM YMC/Ie aHTOoI[MaHoB. Hau-
6oJIbILIMe TOTEPY YCTAHOBJIEHBI 1151 1a6MIbHOTO BUuTaMuHa C: K KOHLLy ITepuoja xpaHeHust — 32 %. Pe3y/bTaThl IPOBeAEHHbIX
MCCIeNOBaHMit y6eaUTeNbHO MPOAEMOHCTPUPOBA/IN, UTO CYBIMMMUPOBAHHBI COK YEPHUKY SIBJISIETCS TEPCIIEKTUBHOM TeX-
HOJIOTMYHOI OCHOBOJ /IS TIOMyUEHMsI CYXUX 0y(habpMnKaTOB 6€3aIKOT0IbHbIX HAIIUTKOB ¢ 60TaThIM HA60POM TTPUPOTHBIX
KOMITOHEHTOB U SIPKO BBIPAXKEHHBIM BKYCOM, ¥ aDOMAaTOM CBEKUX SITO[I.
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DEVELOPMENT OF THE POWDERED CONCENTRATE
FOR SOFT DRINK BASED ON FREEZE-DRIED BLUEBERRY JUICE
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blueberry, powdered A promising direction for the development of the soft drinks market is the production of dry quickly reconstituted mixtures
drink, chemical derived from the use of powdered concentrated forms of fruit and berry processing products. Such products have a long shelf
composition, life, are easily transported, stored and contain a diverse complex of healthy natural components. The aim of the present re-
storage, organoleptic  search was to develop a formulation of dry semi-finished soft drink from lyophilized blueberry juice obtained by enzymatic
indicators, processing of the pulp, and to determine its properties. During the research, both traditional chemical methods of analysis
physicochemical (titrimetry, gravimetry) and modern physicochemical techniques (HPLC, atomic absorption spectral analysis, potentiometry,
indicators, spectrophotometry) were used. As a result of the conducted research, the formulation and technological solutions for obtain-
microbiological ing a dry mixture of soft drink based on freeze-dried blueberry juice were developed. Characterization by organoleptic, physi-
indicators co-chemical, microbiological indicators and chemical composition is presented. It has been established that consumption

of one portion of the drink provides satisfaction of daily physiological requirement in vitamins B5 and C by 78 % and 11.7 %
respectively, microelement copper by 30 %, mineral antioxidant selenium by 12.3-15.6 %, adequate level of flavon-3-ols (epi-
catechin) by 22.5%. The content of anthocyanins in a single serving of the beverage does not exceed the upper acceptable
intake level. Packaging solutions have been proposed for the dry drink mix — packets of the “sachet” type intended for a single
serving that ensure stability of organoleptic, physicochemical and microbiological parameters for nine months under normal
storage conditions (temperature (22+5) °C; humidity (40-50)%; atmospheric pressure (730-750) mm Hg). A high degree of
preservation of organic acids, bioactive polyphenolic compounds, including anthocyanins, was shown. The greatest losses
were found for labile vitamin C: 32 % by the end of the storage period. The results of the research convincingly demonstrated
that freeze-dried blueberry juice is a promising technological basis for obtaining dry semi-finished soft drinks with a rich set
of natural components and a pronounced taste and aroma of fresh berries.
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MMTKa Ha OCHOBe CyOIMMMPOBAaHHOTO COKa 4YepHMKM. [Tuujesvie cucmemsl, 8(2),  blueberry juice. Food Systems, 8(2), 244-251. https://doi.org/10.21323/2618-9771-
244-251. https://doi.org/10.21323/2618-9771-2025-8-2-244-251 2025-8-2-244-251
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1. Beegenue

CoBpeMeHHble TEHIEHIMM B MHAYCTPUM GEe3a/IKOTONbHBIX HAIUTKOB
OPMEHTMPOBAHbI Ha Pa3pabOTKy MPOLYKTOB HOBOTO ITOKOIEHMS ¢ obora-
LIeHHBIM MY Y/Iy4IlIeHHbIM COCTaBOM, C MMHMMAaJIbHbIM KOIMYEeCTBOM JI0-
6aBJIEHHOTO caxapa (M1y 6e3 Hero), ComepyKalyxX HaTypaabHble MHIPeIy-
€HTBI, CTIOCOOCTBYIONIVE 6/1ar0TBOPHOMY (DYHKIIMOHMPOBAHUIO OpraHU3Ma
yesioBeKa 1 MpoGuIaKkTyKe pa3BUTHSI al¥MeHTapHO 3aBUCHMMBIX 3a60/1eBa-
Hmii. Becomast posib B 3TOM KOHTEKCTe MPUHAJJIEKNT IVI0T0BO-STOTHOMY
CBIPBIO M TIPOAYKTAM €ro repepaboTKy (COKM, IKCTPAKTbI, IIOPOLIKK U Ip.)
6raromapsi Ha/IMYMIO 6OraToro ¥ pasHOOOPa3HOTO KOMILIEKCa IOe3HbIX
IUIST 3[0POBBsSI YeJIOBeKa GMONIOTMUYECKY! aKTUBHBIX M MMHOPHBIX KOMIIO-
HEHTOB, a TaKXke NPUPOJHBIX KpacuTenelf, apoMaTu3aTOPOB, aHTUOKCH-
JIAHTOB, YTO JaeT BO3MOKHOCTb KOHCTPYMPOBATh MHOTOOGPAa3HbIit (accop-
TUMEHTHBII) BKyCOapOMaTUUeCKuii MPoduIb HaUTKa 6e3 MpUMeHeHVsI
MUILEBBIX NOGABOK, PETyIMPOBATh MUILEBYIO LIEHHOCTb, GMOIOTMYECKYI0
aKTMBHOCTb, (DYHKIMOHAJbHbBIE CBOJVCTBA M CPOKM TONHOCTM HAaIUTKa.
CoBpeMeHHbIe TEXHOIOTMM TOMyYyeHUs! IUIONOBO-STONHBIX MHTPenVieH-
TOB, METOIbl 06PAaGOTKM ¥ KOHCEPBUPOBAHMUS IIOLOBO-STOTHOTO ChIPbS,
TaKMe KaK CyIIKa, KOHLEHTPMPOBaHMe U IIOKOBAasi 3aMOpO3Ka, JaloT BO3-
MOKHOCTb 3(h(HeKTMBHO M3BIEKATh U COXPAHATH OMONIOTMYECKU AKTUBHbBIE
COeIMHeHMs] IPUPOLHBIX MHTPeNVIEHTOB. DTU TEXHOJIOTMM HaXOAST MpU-
MeHeHJe B CO3[aHMM HAIMTKOB C LieJIeBBIM (M3MONIOTMUECKUM BO3/efi-
crBueM. OnpesiesieHHbIe NOCTVKeHNS TPOIeMOHCTPVPOBAHbl Ha IIpMMepe
MIPUMeHEeHMST JOCTATOYHO GOJBIIOrO pPasHOO6pa3sysl IVIOKOB U SITOf, (ILM-
MOBHUK, 06Jenuxa, psi6yHa 06bIKHOBEHHAsI, aKTUHUIUST KOJIOMMKTA, Yep-
Hast CMOpOJVHa, 6y3uHa, 6pyCHMKA, KIIIOKBA, KJIMHA, KpacHas CMOPOIMHA,
6a371b 1 p.) B Pa3/IMUHBIX TEXHOMIOTMYHBIX GOpMax (HaTUBHBIE, CyLIeHbIe,
MOPOIIKY, IKCTPAKTBI, COKY, CUPOIIBI U Ap.) [TokasaHo, 4YTO pa3paboTaHHbIE
KOMITO3UIIMM 06/1aJal0T afanToOreHHbIMM CBOJCTBaMM, MPOSIBIISIST aHTU-
CENTUYECKOe M TOHM3MpYIollee AeicTBus [1]; 061aAaloT BbIpaskeHHBIMU
AHTUOKCUIAHTHBIMU CBOVICTBaMM [2,3], XapaKTepU3yIOTCs IOBBILLIEHHOM
MUILEeBOJ LIEHHOCTBIO [4,5,6], TpK 3TOM MOTYT ObITb UCIIONIb30BaHbI COBpe-
MEeHHbIe TeXHOIOTMY KOHLIeHTPMPOBaHMs, KOTOPbIe IIO3BOJISIOT COXPaHTh
He TOJIbKO BeChb CIIeKTp MPUPOAHBIX JOCTOMHCTB IUIOAOB U SIr0f, HO U IO-
JIy4aTh HaIIUTKY MaJIo OTIMYAIOLIMecs] OT HaTypaabHbIX [7]. s yeuneHust
T10JIe3HBIX CBOJCTB HAIIUTKOB M (DOPMMPOBAHMS MTOTPEOUTENBCKUX XapaK-
TePUCTUK IIJIOf0BO-ATOHbIe MHTPeOVIEHTbI MOTYT IPUMEHSThCS B coueTa-
HUY C TIPSIHO-apOMaTU4YeCKVM CbIpbeM [8] ¥ MHTpefyieHTaMy, MMeIoIy MU
60/bLION HyTpuLeBTHUYeCcKuit noreHuman [9,10,11]. ABTOpbI OTMeYaloT
OpUTMHAJIbHBIE CEHCOPHbIE XapaKTepUCTMUKM U QYHKIMOHAIBHYIO HallpaB-
JIEHHOCTb I'OTOBBIX HAIIMTKOB, UTO MO3BOJISIET MX MCIIONb30BaTh JJIs YIyd-
LIeHMs KauecTBa M CTPYKTYPbl MUTAHMSI pa3MUHbIX KaTeropuii HaceleHus.

[lepCrIeKTMBHBIM HATIPaBIE€HMEM DPa3BUTMSI PbIHKA Ge3aKOTONbHBIX
HATIUTKOB SIBJISIETCS TIPOM3BOACTBO CyXMX GBICTPOBOCCTAHABIMBAEMbIX T10-
POIIKOBBIX cMeceil. CTpeMuTeNbHOe yBelnuyeHue pUTMa KU3HU MPUBENIO
K HeoGXOAMMOCTM Pa3paboToK B cdepe MpoM3BOIACTBA MOMy(haGpUKaTOB,
KOTOpble MOYKHO OBICTPO M JIETKO MPUTOTOBUTH ITIepen, yIoTpebaeHueM.
He MeHee BakHa M TeXHOJIOTMYeCKasl COCTAaBJSIIOLIAS: Takye IPOAYKTHI
MMEIOT JJINTE/IbHBIN CPOK FOLHOCTY, JIETKO TPAHCTIOPTUPYIOTCSI M XPaHST-
cs1. HayuHble mccieioBaHust, TPOBOAMMBIE B 3TOM HallpPaBJIeHMY, TIOKa3aan
MepCIeKTUBHOCTb U 11e1eco06pasHOCTb MOMyYeHMsT MOPOIIKOBBIX ITOMTY-
(abpukaTos. [IpyueM, BEKTOp Ha «HATypPaIbHOCTb» SIBJISETCS JOMUHUDY-
IOIYM IIpY CO3IaHUM TONOOHBIX MPOAYKTOB M IPEAIoNaraeT LIMPOKOe
JMCIIONb30BaHye ITOPOIIKOBBIX KOHLIEHTPVPOBAHHBIX (GOPM ITPOAYKTOB Ie-
pepaGoTKM TUIOROB U SArof. Pa3paboTaHbl pelenTypsl M TEXHOIOTUM MONY-
YeHMsI CyXMX HAIIMTKOB U3 IIJIOOB YePHOIUIOAHO PSIGUHBIL, SIrof, 06/Ienmxy,
MasnHbl [12], 4epHOit CMOPOAMHBI, XKUMOIOCTH, YePHUKM, KITIOKBBI, GPYCHI-
KM, 9KCTPAKTa IIo0B 6urHe [13,14]. TeM He MeHee, Ha PbIHKe 6e3aJIKOT0JTb-
HOVI TIPOIYKIVM CIIEKTP CYyXUX MomyhabpuKaToB HAITMTKOB BCe ellle JOCTa-
TOYHO OIpaHNYeH, ¥ VX 10N B 00IeM CerMeHTe 6e3aIKOrOJIbHBIX HAITMTKOB
BecbMa HesHauuTeabHa. [109TOMy pa3paboTKy B 3TOM HampaB/ieHuu, 6e3-
YCJIOBHO, aKTyasIbHbI ¥ MTPeACTAB/ISIIOT HAyYHbIN M IPaKTUYEeCKNii MHTepec.

sIronpl YepHMUKM 0671aJal0T YHUKAIBHBIM GMOT€HHBIM IIOTEeHIVAIoM:
neyebHbIt ¥ podumakTryeckuit 3¢ deKT arox LoKa3aH MHOTOYMCIIEH-
HBIMM MCC/IeSOBaHMSIMY U IIPOSIBIISIETCS 3a CUeT Ha/IM4uysl MHOTOTPaHHO-
IO CIIEKTPa 6MONIOTMYECKM aKTYBHBIX BEI|eCTB aHTMOKCUIAHTHOTO Psifia,
BUTaMMHHOTO ¥ MMHEpPaJbHOrO KoMIulekca [15], mpenoTBpamjaronix
pa3BUTMe MHOIMX IATOJOTMYECKMUX COCTOSIHMI B OpraHM3Me 4YeloBeKa
TaKUX Kak SI3BEHHBIl KOMUT JIETKOM U cpemHelt cTerneHy TsokecTu [16],
cepieqHO-cocynycTole 3a6oneBanus [17,18], pak, 60ne3Hp Anbureiime-
pa [17]. [ToaTOMY MCITOb30BaHMe SITOM, Y TIPOAYKTOB UX IIepepaboTKy st
CO3JIaHUsI TMOJIe3HBIX 6e3alKOTOMbHBIX HAIIUTKOB IMPEJCTaBsIeTcs mep-
CIIEeKTUBHBIM U BIIOTTHE 0G0CHOBAHHBIM.

Llenbi0 HACTOSIIMX MCCIENOBAHMUI SIBUIACh Pa3paboTKa pelenTypbl
cyxoro nonygabpukara 6e3aJKOTOIbHOTO HAMUTKA U3 JTMOGUIU3UPO-
BaHHOTO COKa SIroJ], YepHMKM, IOTyIeHHOTO ITyTeM dhepMeHTaTMBHOI 00-
paboTKM Me3IH, ¥ OTpeesieHye ero CBOMCTB.
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2. OG'BEKTHI M METOABI

O6beKkTaMU UCCIeOBAHUS CIYKWIN CyXUe CMEeCHU JJIS IPUTOTOBJIEe-
HMS HANUTKa. B pa6oTre 1CIIOIb30BaIM CyGIMMMUPOBAHHBI COK Y€PHMU-
KM, TIOyYeHHbI 13 hepMEeHTaTUBHO 00pabOTaHHBIX SITOA, Y€PHUKMY, 110
TEeXHOJIOTMM, U3JIOKEHHOM B [19], sKCTpakT 110808 MoOHK @pyKT (cep-
tudukar MFL211216), manbTomekctpuu DE18-20, Boma nutheBas CaH-
IIuH 2.1.4.1074-01' u TH 2.1.5.1315-032.

Ilnst co3maHusl pelenTypbl HalMTKa BapbMpPOBaayM KOHIEHTpalyei
CYXUX MHTPEIVEeHTOB, KOTOPbIe PACTBOPSIM B BOZE U 3aTEM IIPOBOAWIN
OpraHoOJeNTUYECKYIO OLIEHKY MOMyYeHHbIX 00pa3oB. OnucaHue o6pas-
1IOB, YYaCTBYIOIMX B SKCIIEpMMEHTAX, peficTaBieHbl B Tabmuie 1.

Ta6nuia 1. XapakTepucTUKa 3KCIIEPUMEHTATIBHBIX 00Pa3IioB
CYXUX cMeceli HAMUTKOB [0 COCTaBY
Table 1. Characteristics of the experimental samples of dry drink mixes
by composition

O3UPOBKUA (KOHIIEHTpALN) MHIpeaeHTOB %
Hosup ( P ) P (

OGpasis Cy6IMMpOBaHHBIN MoHK dpyKT MasnsTo-

COK YePHUKU IEeKCTPUH
O6paser 1 1,5 — —
O6paserj 2 2,6 — —
O6pasers 3 3,5 — —
O6paser 4 2,6 0,1 -
O6paserr 5 2,6 0,25 —
O6pasers 6 2,6 0.4 -
O6paserr 7 2,6 0,5 -
O6pasers 8 2,6 0,25 2,4
O6paser; 9 2,6 0,25 3,5
O6paszer 10 2,6 0,25 4,5

AHanu3 6MOXMMMUYECKUX XapAKTEPUCTUK CYXOrO HAIMUTKA MPOU3BO-
AU C IPUMEHEHMEM XMMUYECKUX U PUBUKO-XUMUUECKUX METOJOB.

ConepkaHMe BJIaru OIPENEsIM C TOMOIIbI0 TPAaBUMETPUUYECKOTO
MeTOoJa, KOTOPbIi BKIIOUaeT BHICYLIBaHe 06pasiia 10 JOCTVKEHMS 10-
CTOSTHHOJI Macchl ipu Temriepatype 105°C B cymmibHOM 1Kady Mapku
LOIP LF-120/300-VS1, mpousBegenHom 3A0 JIOull (Poccust). [iis usme-
pEeHMs MacCOBOJi AOMM 30JIbI UCIIOIb30BAIM TPABUMETPUUECKUIT METOZ,
¢ npuMmeHeHneM MmydenbHOI eun moxen CHOJI 3/11, npemocTasiieH-
Hoit TOO «Texnorepm» (Poccusi).

O6iiee copmepkaHue Oefika M3MepSUIM C MCIIONb30BAHMEM METO-
na Keenbgans Ha azorHom aHanusatope UDK 159 VELP Scientifica SRL
(UTanust), KOTOPbI i OCHOBAH Ha OMpeaeeHn 001Iero cofepkaHust a3o-
Ta C MOCJIEAYIOMMM [TepecueToM Ha 6eoK. YUMThIBast HEGObIIOe KO-
YeCTBO JIMITMIOB B U3y4aeMbIX 06pasiax, Ajsl epecyera a30Ta Ha 6eoK
MCToNb30Bamy K03 duumeHT, paBHblit 5,7.

KaJ1opuitHOCTD OIpeIeIsiyiv [10 MeTOAMYECKIM YKa3aHMAM >, IpYMeHsIs
nabopaTopHble MCCIeNOBaHMS TTOKa3aTeseii Baru, 30/bl, 6eKka M sKupa.

Tokasartens pH ompepmensim mo TOCT 26188-2016* na moHOMepe
pX-150MU (00O «M3mepuTenbHas TeXHUKa», Poccust)

CriekTpodOoTOMETpUUECKMM  METOAOM Ha  crHekTpodoTomeTpe
UNICO 2800, mpoussoautensb CIIA “United Products & Instruments, Inc”
o TOCT 32709-2014° onpeeisiy MaccoByIO 10J1I0 aHTOLMAHOB; B COOT-
BeTcTBuM ¢ P 4.1.1672-03° — obLiee KommMuecTBO MoaubeHOoN0B [0 MeTO-
ny ®onnnHa-Yokanbrey.

! CanlInH 2.1.4.1074-01. TutbeBas Boja. IuruenHndeckue TpeGOBaHMS K Ka-
YeCTBY BOAbI HEHTPAJIM30BAHHBIX CUCTEM IMUTHEBOTO BO,E[OCHaﬁ)KeHI/IH. KOHTpO]’lb
kauecTBa. CaHUTAPHO-3MUAEMUOIIOTMYECKIE TIpaBUIa MU HOpMaTMBbl. M.: Dene-
panbHbIii EHTP roccaHanuaHaa3opa Munsgpasa Poceun, 2002. —103 c.

2 TH 2.1.5.1315-03. TpemensHo gomycTumbie KoHieHTpaumyu (IIK) xumu-
YeCKUX BelleCTB B BOAe BOIOHBIX 06'I>EKTOB XO03S/ICTBEHHO-TIUThEBOTO U KYJIbTYP-
HO-GBITOBOTO BOIOTOIb30BaHMS. [MrMeHnuyeckre HOpMaTuBbl. M.: Poccuitckuit
PerucTp nmoTeHIMaJbHO OIMACHBIX XMMUYECKNX U 6]/[0]'IOI‘I/I‘IQCKI/IX BellecTB Munn-
cTepcTBa 3apaBooxpaHenust Poccuiickoit ®eneparmu, 2003. — 154 c.

* MY 4237-86 «MeToideckie YKa3aHMA 110 IUTMEHNYeCKOMY KOHTPOJIIO 3a K-
TaHMEM B OPraHM30BaHHBIX KOJIJIEKTUBAX». M.: MI/IHV[CTepCTBO 3ApaBOOXpaHeHUs,
1986. — 21 c.

4 TOCT 26188-2016 «ITpofyKThI epepaboTKit GPYKTOB ¥ OBOIIE, KOHCEPBHI
MsICHbIe 1 MsicopacTuTenbHble. Meton onpepenenust pH». M.: CrangaptuHbopMm,
2016. — 7 c.

S TOCT 32709-2014 «MeXXrocyiapCTBeHHbI CTaHAPT MPOAYKLMSI COKOBasl.
MeToppbl onpeenieHus aHToIMaHHOB». M.: Crangaptuudopm, 2014. — 20 c.

° P 4.1.1672-03 «PYKOBOJICTBO 110 METOZIaM KOHTPOJISI KauecTBa M 6e30MacHOCTH
61MOIOTMYECKM aKTUBHBIX A06ABOK K MMINe». YTBEPKIEHO M BBEIEHO B JIENCTBUE
I'maBHBIM rocyaapCcTBeHHbIM CAaHUTAPHBIM BpauoM Poccuiickoit @epepauyy, [lepspim
3amecturenieM MuHuctpa 3gpaBooxpaHenust Poccuiickoit @enepaumm I. T. OHu-
meHko 30 uionst 2003 1. https://docs.cntd. ru/document/1200034795. [lata moctyma
03.12.2024.
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ITo TOCT ISO 750-20137 ¢ mpuMeHeHueM aBTOMATUUECKOTO IIOTeH-
unomeTtpuueckoro tutpatopa ATII-02 OO0 «HITIO AxBwmioH» (Poccust)
HaxOAWIU 3HaueHMe TUTPYeMOIt KMCIOTHOCTH.

Ananu3 npoduist aHTOLMAHOB U NOMUGEHOIOB, KOMYECTBEHHOE CO-
nmepskaHue nonudeHosnos, BuTammua C, Butamuba PP (HMKOTMHAMMIA),
BUTaMMHA B5 (IaHTOTEHOBOW KUCJIOTHI) MTPOBOAWIM METOIOM BbICOKO-
3¢ dexTUBHOI KMIKOCTHOM XpoMaTorpaduu Ha aHaIUTUUYECKOI KOJIOH-
Ke Zorbax ODS ¢ TeXHMYECKMMM XapaKTepUCTUKaMMU: JyiHa — 250 MM,
BHYTPEeHHU ayaMeTtp — 4,6 MM, pa3Mep 4acTUI — 5 MKM.

VneHTUOUKAIMIO aHTOLMAHOB OCYLIECTB/IS/IM C TIOMOIIBIO CIIeKT-
podoTOMETPUUECKOTO IeTeKTopa Mpu JjiHe BOJMHBI 518 HM Ha xpoma-
torpade Agilent 1260 Infinity II LC (CILIA). Mcnonb3oBanu caegyonye
YCI0BMS XpoMaTorpadmyeckoro aHaamsa: remmneparypa Koaouku 40 °C,
06bEM BBOIMMOI1 TPOOBI 5 MKJI, S/I0EHT 1 (PacTBOP € Comep>KaHMEM MY-
paBbMHOI kKucaoTel 10 %), samtoeHT 2 (pacTBoOp copepxkamuit 10 % MmypaBb-
uHOM KMIoTHI, 50% aneronntpuia u 40 % IUCTUTMPOBAHHOW BOJBI).
[lpyMeHsinM rpafueHTHBIN peskuMm smoupoBaHms: 0 MuH — 88% Ol
n 12% 92; 26 muH — 70% 91 n 30% 32; 35 muH — 0% 31 u 100% 32;
43 muH — 88 % O1 1 12 % 3I2.

VneHTUGUKALUIO Ta/UTOBOM KUC/IOTHI, ITMKATEXMHA, KOPUUHOM KUC-
JIOTBI OCYIECTBJISUIM C TOMOIIBIO CIIEKTPO(HOTOMETPUYECKOTO AETEKTOPA
ripu JyiuHe BonHbI 280 HM; pecBepartpona — 303 HM; KodeliHoii, Xopore-
HOBOI1 1 (hepynoBo KMCIOTH — 330 HM; pyTMHA U KBepLeTnHa — 360 HM
Vcrionb3oBanyu ciaegyouye ycaoBUS XpoMaTorpaduueckoro aHaamsa:
Temiepatypa kKomoHku 20 °C, 06bEM BBOAMMOI MPOOGBI 5 MKII, 3TI0€HT 1
(AMCTUILIMPOBAaHHAS BOZA), SMIOEHT 2 (a6COMIOTHBIN I METAHOJT), S7IF0EHT 3
(cMech 10 06BEMY IUCTWTMPOBAHHON BOAbI/JIeAsTHAS YKCYCHASI KUCIO-
Ta 96:4), CKOPOCTb romaun smoenTa rmpu 0 mud — 0,5 Ma/mMuH; ot 15 10
70 muH — 0,8 mu/MuH. [IpMMeHsIM TpaiMieHTHbIV PeXXMUM TI0MPOBAHM
OmuH — 15% 921 85% 23; 15 MmuH — 75% 21 m 25% 32; 20 muu — 15%
91 m 85% 32; 40 muu — 40% D1 1 60% 32; 45 muu — 5% D1 1 95% 32;
55mMuH — 5% 31 1 95% 92; 60 muu — 85% 91 u 15% 32; 70 mua — 85 %
21u15% 32.

[Ipu onpepenenun Butammuua C MCIONb30BaIN CIeKTpodoTomMeTpu-
YeCKUil AeTeKTOp ¥ CIefyloliye YCIOBUSI XpoMaTorpaduueckoro aHa-
ym3a: Temmeparypa KonoHKu 25°C, 06béM BBOAMMOI Mmpo6bsl 10 MK,
3/MI0eHT pacTBop auruapodocdara vatpus 0,1 mons/1, pH=2,5, ckopocTsb
nogaun saoenTta 0,65 MI/MUH, IJIMHA BOTHBI 243 HM.

Unentudukanyio HukotnHamuzga (PP) ocymecTBiasuin ¢ momouisio
CIeKTpOPOTOMETPUUECKOTO NETEKTOpPA MPY AJAuHE BOAHbI 261 HM. Vc-
MOJIb30BA/IM  CIeyIolIyie YCIOBUSI XpOMAaTorpaduueckoro aHammsa:
TeMIieparypa KoaoHKu 25 °C, 066éM BBOAMMOIH TPo6bI 20 MKJI, 7I0EHT
pactBop puruapodocdara kanus 0,05 monb/n pH=3,0, ckopocTb ogaun
9II0eHTa NMpu 1 MJI/MUH.

Ilnst onipepesieHst TAHTOTEHOBOI KUCIOTHI (B5) IpUMeEHSIIN Cllenyio-
e yoIoBus XpoMaTorpadmyeckoro aHanmsa: CrieKTpodoToMeTpuye-
CKUI1 BeTeKTOp, TeMIiepaTypa KonoHKu (20 £5) °C, 06béM BBOAMMOI ITPO-
651 20 MKJI, 2TI0EHT PACTBOP B COOTHOIIEHNY METAHO: BOGHBIN PacTBOP
docdara Hatpus (1:9) ¢ pH=2,5, ckopocTb nogauu smoenTa 0,5 mi/MuH,
IjIHaA BOJIHBI 220 HM.

AHanm3s copepkaHysl MMHEPAIbHbIX BELeCTB ITPOBOAVIIN C IOMOILBIO
aTOMHO-a6COPOIVIOHHO CIIEKTPOMETPUM, IIPUMEHSISI CIIEKTPOMETp A-2
ot komnauny 000 «HITO AKBMIOH» ¢ IpadMTOBOI U IJIAMEHHOI Harpe-
BaTe/lbHOI meyamu. IlogroroBka 06paslioB OCYLIECTBISIACh B COCYHAaX
CUCTeMbI MUKPOBOJTHOBOTO pasyiokeHus Speedwave MWS-2 (Tepmanmst).
ITporpaMMma pasyiokkeHMs MPOBOOMIACH CJeNYIOIMM 00pa3oM: Harpes
no nasnenust 150 xIla co ckopoctsio 20 kIla/mMuH, nanee — HarpeB IO
800 kIIa co ckopoctbio 80 kI1a/MuH, BeIepKKa B TeueHNe 1 MUHYTBI IIpU
800 kIla, mocnemytonuii Harpes mo 1500 kI1a co ckopocThio 80 KIla/MuH,
BBIZIEpKKa 10 MUHYT IPM 3TOM JIaBJIEHMUHM U ITOC/IeAYOlIee OXIakIeHe.

Mukpobuonornyeckue IoKa3aTeNu OINpeJeNsii B COOTBETCT-
Bun ¢ TOCT 10444.15-948 TOCT 31747-2012°. TOCT 10444.12-201310
1 MYK 4.2.2884-1111,

" TOCT ISO 750-2013 «IIpoayKThl IepepaboTky GPYKTOB 1 0BoLIeit. Ompe/ere-
HIM€ TUTPYyeMO¥ KuciIoTHOCTM» M.: Cranmaptundopm, 2019. — 8 c.

8 TOCT 10444.15-94 «[IpomykTsl IuILEeBble. MeTOABI OIIpeie/ieHNs KOJu4yecTBa
Me30(pUIbHBIX a9POOHBIX U (haKy/IbTaTHBHO-aHA9POOHBIX MMKPOOPTaHM3MOBY. M.:
Cranpaptutdopm, 2010. — 6 c.

° TOCT 31747-2012 «[IpopyxThl nuiieBble. MeTONbI BISIBIIEHUS U OIpefene-
HUST KOJIMYeCTBa GaKTepuii IPYIMIIbI KUIIEUHBIX MaNOYeK (KomubOPMHBIX Gakre-
puﬁP», M.: Cranpaptuadopm, 2013. — 15 c.

°TOCT 10444.12-2013 «MMKPOGHOJIOTHSI TUILEBBIX IPOAYKTOB ¥ KOPMOB JIIsI
JKMBOTHBIX. MeTO,E[bI BbISIBJIEHUS U HO,E[C‘{éTa KoJInyecTBa upomeﬁ " TIJIECHEBBIX
rpu6os». M.: Cranzaptuadopm, 2014. — 10 c.

"1 MVYK 4.2.2884—11 «MeTO/IbI MUKPOBHOIOIMYECKOTO KOHTPOJISI 06BEKTOB OKPY-
SKAIOIEei Cpefibl M MUIIEBIX MMPOAYKTOB C MCIOIb30BaHMEM METPUGUIBMOB». M.:
@enmepabHbIii IEHTP IUTUEHbI U druaeMuonorun Pocrorpebuaasopa, 2011. — 24 c.
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OpraHo/IenTMYeCcKMil aHaIMU3 OMbITHBIX 0OPA3LOB MPOBOAWIN IPU
KOMHATHOJ Temneparype Npo@uabHO-AeCKPUIITOPHBIM METOAOM I10
BM3YaJIbHBIM M BKYCOBBIM geckpunropam (Tabnuua 2). B merycrainyu
MIPUHSUIU y4acTue 15 pecrioHIeHTOB B Bo3pacTe 19-60 yieT (COTpyaHUKNA
VIHXVMHVPUHTOBOTO IeHTpa IlepenoBble MuIneBble TEXHONIOIMM U 6Ge3-
OMacHOCTh NMpoAyKToB muTaHus» ®IBOY BO «POCBUOTEX»).

Tabnuiia 2. [IeCKpUIITOPSI /11 OPraHOJIENTUIECKOI OLeHKN
HamMTKa Ha OCHOBE CYyO/IMMMPOBAHHOIO COKa YePHUKM

Table 2. Descriptors for organoleptic assessment of the drink based on the
freeze-dried blueberry juice

N2n/m  BusyajabHble JeCKPUIITOPBI BxkycoBble 1eCKpUIITOPbI
1 HachlieHHOCTb 1IBeTa Apomart
2 ITpo3payHOCTH YepHUYHBIN BKYC
3 ®uoneToBblIit Kucnbiit
4 — Crnagkuit
5 — TepnKuit, BSOKYLIUIA BKYC
6 — Msrkuii (JI€rkuif) BKycC
7 — O61ast IpeATrIoYTUTETBHOCTD

I[JIH OL€HKM CTeIeHM BBIPAXKEHHOCTU XapPaKTEePUCTUK, YKa3aHHBIX
B JIeCKPUIITOpAX, 6pUIa BeIOpaHa HerpepbIBHAS LIKaja C MSITU6AIIbHOMN
CMCTEMOIZ, roe 1-— IIpU3HaK OTCYTCTBYET, a 5— IIPU3HAK ITPOABJISAETCA
apko o 'OCT UCO 6658-2016'2 u TOCT UCO 4121-2016'3.

Bce M3MepeHMsT IIPOBOAM/IVCHE B TPeX IMapa/lIe/IbHbIX; NAHHbIE ITpe-
CTaBJICHBI B B/ CPEAHEro 3Ha4YeHMs C yY4€TOM CTaHJAPTHOTO OTKIOHEeHM .

3. PesynbTaThl M 06CYKAEHME

[IprHKUMasl BO BHMMaHMe OpraHojenTuyeckye, pexe BCero BKyco-
Bble, XapaKTePUCTUKHM CYOIMMMPOBAHHOTO COKA YEPHYUKY Y 3HAUUTENb-
HOe coiepykKaHue OPraHMYecKMX KUCIOT, IPeICTaB/sIOCh Lenecoobpas-
HBIM IIPOBECTM MCC/IeOBAHMS MOZEIbHBIX PAaCTBOPOB, COCTOSIIIMX M3
CyOIMMMPOBAHHOTO COKA YEPHUKY U MTUTbeBOI Bombl — O6pasiibl 1,2 1 3.

Pe3ynbTaThl OpraHONENTUYECKOV OLIeHKM, MpefcTaBieHHble Ha Pu-
cyHKe 1, BIIBWIM TpefmnodyTeHus K O6pasiy 2, KOTOPbIA MMeN LBET
M apoMar, IPUCYIIMIL SiIrofaM YepHMKY, BO BKyCe OLIyIllajach He3Hauu-
Te/bHast TEPIIKOCTD ¥ JOMVHMPOBaHMe KVCIbIX TOHOB.

st cMsITYeHMs BBIPAKEHHOTO KUCIOTO BKyca Ipu pa3paboTke pe-
LIeNTYpbl MCIONb30BaIM 3KCTPAaKT MOHK @DpyKT (HayyHOe HasBaHMe
Siraitia grosvenorii (Swingle) — HeKpYITHbBIX 3€JI€HBIX IIJIOZIOB BbIOIIETO-
Cs1 pacTeHMs ceMelicTBa ThIKBEHHBIX, Ha3biBaeMoro ®@pykr MoHaxa, JIyo
Xanb I'yo miin ApxaT. MOHK OPYKT M €ro 9KCTPaKThbl MUMEIOT JONTYIO UCTO-
puio puMeHeHus B SIMoHMM U cunTaroTcs 6e3omacHbiMK. B Kurae miiozabt
JIyo XaHb ['yo MIpUMEHSIIOT B TPaOVIMOHHO KUTaliCKOIi MeAMLIMHE 61a-
rozapsi ero TeparneBTUYECKMM CBOMCTBAM, 0COOEHHO MPK JIeUEHUY TAKUX
COCTOSIHUA, KaK 3aCTOi B JIETKMX, MpocTyma u 60ib B ropie [20]. B mo-
cnegHue rogbl MoHK @pyKT IpyUBJIeKaeT BHMMaHMe KaK HATypalbHBIN
MOAC/IACTUTENb U 3aMeHuTeNb caxapa. ClagKye KOMIOHEHTbI 3TOTO pa-
CTeHMs] Ha3bIBalOT MOTPO3MaMM, KOTOPbIE SIBJISIIOTCS] TPUTEPIIEHOBBIMU
[IMKO3UJIaMM, CPeAY KOTOPbIX MOrpo3us V siisieTcst Haubosee pacrpo-
cTpaHeHHbIM. [TokasaH HIMPOKMUIA CITEKTP GMOMOTMYECKOi aKTUBHOCTU
MOTPO3UJIOB, B TOM Y¥C/Ie aHTMOKCUAAHTHOM, aHTUMUKPOOHO, TPOTH-
BOPaKoBOI [21], UTO 0GYCIOBIMBAET HEIOAAETbHbI MHTEPEC K MOHAXY
KaK K [TIOTEeHLMAJIbHO MEePCIEKTUBHOMY IJISI MCITO/Ib30BaHUS IIPU I10Ty4Ye-
HMM QYHKIVOHANBHBIX Y CHeLMaa3/POBaHHbIX TPOLYKTOB.

YuuTbIBasi YCIELIHBbIM OIBIT NpPMMEHeHUsl 3KCTpakTa MoHK PpykT
py pa3paboTKe NPOSYKTOB NMUTaHMS [22] U ero cr1agocTb, MOHK PpyKT
BHOCMJIM B MOAEJbHBIN PacTBOp CyOIMMMPOBAHHOTO coKa (2,6 %) B KO-
muectBax 0,10-0,50% (Tabnuua 1). Pe3ynbraTbl OpraHoienTUyeckoin
OLIeHKM IpeficTaBjieHbl Ha PucyHke 2.

OTMeuYeHO, UTO 10 OMUChIBaeMbIM AecKkpuntopam O6paser 5 Bbirs-
Ien Gonee mpuBeKaTenbHbIM. [IpyMeHeHe MOHK DPYKT He MOBIUSIIO
Ha apoMar, He3HAauuTeJbHO INPUMIYIINIO BbIPAKEHHbIV YePHUYHBIN
BKYC, HO TIO3BOJIV/IO KOMITEHCMPOBATD M3/IUIIHIO KUCIOTHOCTD, COaIaH-
CMPOBaB KUCIO-CIALKNUI BKYC; B TOCIEBKYCUM IPUCYTCTBOBAIM HEHa-
BSI3UMBbI€ TEPIIKOCTb M BSDKyIIMe olnyileHus. [lomyuyeHHbIe pe3ynbTaThl
OpPraHOJIeNITMYECKONM OLIEHKM COITIaCyIOTCSI C paHee IpelCcTaBIeHHbIMMI
BJIATEpAType JAaHHBIMM IO PUMEHEHNIO TPOLYKTOB ITepepaboTky MOHK
DPYKT B pelLieNType FOTOBBIX K YIOTPeOIeHNI0 HAIUTKOB, COLePXKALIIX
KOHIIEHTPAThl HATYPAJIbHBIX (PYKTOBBIX COKOB [22]. ABTOPbI OTMeYaan
YIIyYLIEHHBI/I BKYCOBOI OTTEHOK HAIUTKOB 6e3 3aMEeTHOrO M3MeHEeHUs]

2TOCT UCO 6658-2016 «OpraHonentuueckuit aHanms. Meromosnorus. O6iiee
pykoBoacTBo». M.: Cranpapturdopm, 2016. — 21 c.

BTOCT MCO 4121-2016 «OpraHonenTiyeckuii aHam3. PykoBopsiiyue yKasa-
HMS TI0 IPUMMEHEeHMIO LIKaJI KOIMYeCTBEHHbIX XapakTepucTuk». M.: CTaHAapTUH-
dbopm, 2019. — 8 c.
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Hacsmmenrocts ugera

Obmas
NIPEATIOYTHTEIEHO!

Teprkuit, BOKYIHI BKyC

—o—Q6pasey, 1
(1,5%)
-8-(Q6pasey, 2
(2,6%)
~a—Q06pasey, 3
(3,5%)

PucyHok 1. IIpodumorpaMma MogeIbHbIX PACTBOPOB CYGIMMAaTa YEPHUYHOTO COKa
Figure 1. Profilogram of the model solutions of the sublimate of blueberry juice

==Obpazen 7
0,5 %)

PucyHok 2. Ilpodmrorpamma o6pasmoB HAMMUTKA C Pa3HBIM
copepKaHueM 3KCTpakTa MOHK @pyKT
Figure 2. Profilogram of the drink samples with different contents
of the Monk Fruit extract

BKYyca, TPV 3TOM IIPMUBKYC HAIIUTKOB ObUI MaKCHMAaJIbHO PUOIMIKEH K ec-
TeCTBEHHOMY B CPaBHEHMM C HAIIMTKaMM, KOTOPbIe He COZepsKasu KOH-
neHTpart coka Jlo-XaHb-I'o (MOHK @pyKT).

Ins mpupaHusl TUIOTHOCTM HAIMMUTKY MCIIONb30BAIM MasIbTOHEKC-
TPUH, YCIeIIHOoe NpMMeHeH)e KOTOPOTo MPOWUTIOCTPUPOBAHO B psifie
crareit [23,24,25]. ABTOpBI OTMeYalOT, YTO MaJbTOLEKCTPUH OKa3blBaeT
CyLIeCTBEHHOe BJIMSIHMEe Ha KaueCTBeHHbIe ITOKa3aTely HaluTka [26].
CopepskaHye MaJbTOLEKCTPUHA B OMBITHBIX 00pasiax coctaBuio 2,4, 3,5
1 4,5 % coorBercTBeHHO (Tabmuua 1).

MaJibTOIeKCTPMH BHOCU/IM B BOIHBIN PacTBOp CybaumaTa coka dyep-
HUKM (2,6 %) ¢ arcTpakToM MoHK ®pykT B KoHUeHTpauuu 0,25 %. JaH-
Hble OPraHOJIENITUYECKUX UCC/IeJOBaHUI MpeAcTaBieHbl Ha PucyHke 3.

OTMeY€eHO, YTO OTKIOHEHMSI Y Pas3Inuus 1Mo GObIIMHCTBY JeCKPUII-
TOPOB MeXAy obpasliamy HeGosblMe, 32 VICKII0OYeHVEeM 1eCKPUIITOPOB
«006IIast MPeAIOYTUTENbHOCTb» U «MSITKUIT (JIETKUi1) BKyc». [lo maH-
HBbIM Jeckpuntopam O6pasel] 8 cylecTBEHHO MPeBOCXOANUI OCTaIbHbIE
o6pasupl. Bo BKyce HammMTKa AOMMHMPOBAIA SITOLHAS COCTABJISIOIIAS.
BKyc AOCTaTOYHO IJIOTHBINM, 60raThlit, C6aNIaHCPOBAHHDIA KUCIO-CIIa-
KMﬁ, B MOC/IEBKYCUM OIIyIIa/IacCh JierKass KUCIMHKA M He3HaUMTEe/JIbHast
TePIKOCTb. ADOMAaT — y3HAaBaeMblii, XapaKTePHBI AJIS SITOJI, YePHUKMU.

TakuM 06pa3oM, C y4EeTOM [JaHHBIX OPraHOJENTUYECKOTO aHaau3a
MpeAJIokKeHa peLenTypa Cyxoil CMecu HalmuTKa Ha OCHOBE CYOIMMMUPO-
BaHHOTO coka uepHuku (Tabnuia 3).

IIpuHMMas BO BHMMaHMe pasjiuyHble BKYCOBbIe MpPeANIOUTeHUSs MO-
Tpe6uTesneit, MpeiokeHHass pelLenTypa OpMEeHTMPOBaHA Ha Pa30BYIO
MOPLMIO, TPeAHA3HAYEHHYIO JISI pACTBOPEHMSI B Boe 06beMoM 170 mit.
[Ipy 3TOM MMeeTCst BO3MOKHOCTD (TIpY HEOGXOAMMOCTH) YBETUUUTD 06b-
em 10 200 miI, CKOPPEKTUPOBAB BKYCOBbI€ XapaKTePUCTUKN VHAVBUAY-
aJIbHO, MPUAB GOJIBINYIO JIETKOCTh HATIUTKY.

OpraHonentuyeckue u GU3UKO-XMMUIECKME TIOKA3aTeNn CyXoii cMme-
CY HaIlMTKa NpeJcTasiaeHsl B Tabnuie 4.

=o—QObpazer 8
(2,4 %)

=8-(QO6pazern 9
(3.5%)

£~ Qbpazeq 10
4.5 %)

YepHAIHEIT
BKYyC

PucyHok 3. Ilpodmorpamma o6pasmoB HANMUTKA, COAEPsKAIMX
CyOIMMUPOBAHHBIN COK YepHUKH (2,6 %), MoHK ®pyKT (0,25 %)
¥ pa3sJINyHoOe KOJINUYECTBO MajIbTOOEKCTPUHA
Figure 3. Profilogram of the drink samples containing freeze-dried blueber-
ry juice (2.6 %), Monk Fruit (0.25 %) and different amounts of maltodextrin

Tab6nuiia 3. PenenTtypa Cyxoii CMeC HallMTKa Ha OCHOBE
CyOIMMUPOBAHHOIO COKA YePHUKYU (Pa30Basi OPIINS)
Table 3. Recipe of the dry drink mix based on the freeze-dried blueberry
juice (single serving)

Ne ConepskaHue
HauMmeHoOBaHMe MHTpeOVEHTA
n/m % r
1 Cy6nuMMPOBaHHbI COK YEPHUKHU 50,0 4,5
2 ManbTomeKCTpUH 45,0 4,1
3 3kcTpakT MOHK ®pyKT 5,0 0,4
WUTOTO 100,0 9,0

Ta6111/1ua 4. OpraHonenTuqecme u (1)M3I/IKO-XI/IMM‘IQCKM8 ToKasaTean
CYXOﬁ CMeCH HallUTKa Ha OCHOBe Cyﬁﬂl/anpoBaHHOI‘O COKa YepHUKU

Table 4. Organoloptic and physico-chemical indicators of the dry drink mix
based on freeze-dried blueberry juice

Ne HaumeHoBaHue

XapaKkTepucTuka
n/n II0Ka3aTeJs p p

OnOHOPOAHBIN CHIITY4Mii IOPOLIOK, AOITYC-

1 Bremrmwit sun KaloTCsI TPaHyJIbl, HEGOMbIIIe KOMOYKM

2 lBer BopmoBbliit ¢ G1OIEeTOBHIM OTTEHKOM
3 3amax CBOJICTBEHHBI SITOIaM YepHUKU
4 MaccoBast 10Jis Bjaru, % 4,5+0,3

5 BopmoponHblIit MokasaTesb, pH 3,0+0,2

IpumeuaHue: moka3artenu NPeICTaBISIOT OG0 CpefHMe NaHHble * CTaHapT-
HOE OTK/IOHEHVE OT CPe/IHel BEIMUMHBI ISt BHIGOPKYU N=3, C MICIIOIb30BaHM-
eMm KoapduimenTa gsosepus Crbiomenta 0,95.
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JlaHa XapaKTepUCTMKA CYX0ii CMecH HaIlUTKa 10 XMMUYeCKOMY COCTa-
BY, KOTOpasi npefcrasieHa B Tabimuiie 5.

Tabnuua 5. XMMuUIecKuit COCTaB CyX0i CMecU HallUTKa U CTeeHb
YAOBIETBOPEHMSI CYTOYHO (DM3MOI0rMIecKoii MoTPeGHOCT
(aZeKBaTHOIO YPOBHS MOTPe6IeHNs) B BeleCTBaxX, COaeP:KalXCs
B HAIIMTKE HA OCHOBE CYOJIMMMPOBAaHHOTO COKA YePHUKH,
pu yrnoTpeGaeHny pa3oBoii IOPLUYU B COOTBETCTBUU
¢ MP 2.3.1.0253-2114
Table 5. Chemical composition of the dry drink mix and a degree of satisfaction
of the daily physiological requirement (adequate level of consumption)
in substances contained in the drink based on freeze-dried blueberry juice
when consuming a single serving (according to MR2.3.1.0253-211%)

L8 uxk
 S85 &8s
So%o 29T R
Eo0BAas Ex©
5] cE8aml &E9 8y
3] = o
e = Sg5EE FEERG
Tokasarennb OB Sax3% o8008
n/n =9 BEEEm HSEER
=Y SOFdg ~SEEOQ
S H SEEEY 200 EH
¥ PEEACE - R RG]
2 sggga vBzgg
e ggas gTzLa
§= £guss gEeus
Om TYHES SEoRE
Benku, T 0,72+0,23 65-114 0,05-0,1
VYrieBomsl, 76,6+5,8  238,0-551,0 1,2-2,
Bnara, T 4,5+0,3 — —
3ona, r 1,83%0,1 — —
OpraHnyeckue KICIOTHI,
B IIepecyéTe Ha JIMMOHHYIO 6,75%0,3 — —
KUCTIOTY, T
TomdeHonbHbIE . . .
BelllecTBa, MT 1980+210
AHTOLIVIAHBI, MT 1070,4+101,0 50,0 192
DIMUKATEXUH N
(TaBan-3-omsi), M 489,930 200,0 22,0
KanopuitHOCTb, KKan 374,7+38 — —

Tpumeuarue: IoKasaTeIM MPEACTABISAIOT CO60Ii CpeHMe TaHHbIE * CTaHAapT-
HOE OTKJIOHEHME OT CPeIqHEN BEIMUMHBI ISl BBIOOPKY N=13, C UCIIOb30BaHM-
eM KoaduimenTa nosepus Crbiomenta 0,95.

Kak BMIHO 13 NpeACTaBIeHHbIX JaHHbIX, COCTAaB CYXOJ CMeCy HalluT-
Ka IPEeACTaB/IeH BAKHEMIIMMY B MUIIEBOM U GMOIOTMYECKOM OTHOLIe-
HUU BelleCTB, Cpeiy KOTOPbIX 0c060e MeCcTO 3aHMMAIOT IIPeACTaBUTeNN
TIPUPOIHBIX COENVHEHN, 00/1aAaTeNsIMV KOTOPBIX SIBJISIFOTCS SITOIBI Uep-
HMKM: OpraHMYecKue KUCIOThI, BUTAMUHBI, MUHEPAJIbI U 6MOAKTUBHbBIE
riosdeHobl, BKII0YAst aHTOLMaHbI U ¢u1aBaH-30/1bl. B KomuecTBeHHOM
9KBMBAJIEHTe HauGOMbLIYIO HOMI0 3aHMMAIOT yrieBonsl (76,6+5,8 r Ha
100 r), B TOM 4MCiIe IpMpPOAHbIe caxapa, a TAK)Ke OpraHUYecKye KUCIOThI
(6,75+0,3 r Ha 100 1), coueTaHye KOTOPBIX O6YCIOBIMBAET rapMOHUYHBII
BKyC HammuTKa. [IpucyTcTBMEe B COCTaBe HalMTKa MOLIHBIX aHTMOKCHU-
JAHTOB — TOMM(}EHONTbHBIX COeIUHEHNI, B TOM YMCIe MpeJcTaBuTenei
(1aBOHOMIOB — aHTOLVAHOB M 3MMKATEXVHA, MPUIAIT €My 0CcoOble
rosie3Hble CBOJICTBA JJi1 opraHu3Ma 4vesjoBeka. Cyxasi cMech HallMTKa
XapaKTepu3yeTcsl BBICOKMM MX COLepskaHMeM: yIoTpebieHyue pa3oBoit
MOPIMY HAaNUTKA [T03BOJISIET TIOKPBITh a/IeKBAaTHbI YPOBEHb IOTpebite-
Hus (rnaBoH-3-0/10B (9MMKaTeXMHa) Ha 22,5 %, aHTOLMaHOB — Ha 192 %,
NIpY 3TOM He MPEBBICUTD BEPXHMI JOMYCTUMbIii ypoBeHb MoTpe6neHns 5,
VYCTaHOBJIEHO, YTO B COCTaBe€ aHTOLMAHOB HAIMTKa MPUCYTCTBYIOT BCe
MpefCTaBUTENN AHTOLMAHOBBIX COEeNMHEHM, BBISIBIEHHBIX B SIrofax
yepHUKY [27] (Tabnuua 6).

JInpupyromye no3uumy (Mr/100T) mpyHagIeXXaTaHTOLMaHaM Ha OCHO-
Be uuanuavHa (Unauuann-3-rmokosus (205,5+ 18,9), [luanuauu-3-apa-
6unosun (138,0+12,3), menbduaumnHa (deabGMHUIMH-3-TTIOKO3UT,
(191,8+18,9), LinauuanH-3-ranakTo3ua+enbGuHnanH-3- apabuHO3UL,
(102,6%8,2) u mneouuauna (IleoHuanH-3-apadbunosun (164,6+17,0).
CnemyeT OTMETUTD, UTO Ha JOJII0 aHTOLMAHOB, IOCTPOCHHBIX Ha OCHOBE
AHTOLVAHUIVIHOB, IIPOSIBJISIIOMX (II0 IMTePAaTYPHBIM JaHHbIM [28]) Ha-
u6oree BBIPAKEHHYI0 aHTUPAOVKAIbHYIO aKTMBHOCTb — IeNbOUHUAK-

M MP 2.3.1.0253-21 HopMbl pU3MONOrMYECKIX IOTPGHOCTE A B SHEPIMM ¥ TIH-
LIEeBbIX BellleCTBax [JIs1 pa3/IMYHbIX IPYIIN HaceaeHus Poccuiickoii @epepauyum. Me-
TofMUyecKkue pekoMeHgauum. M.: @efepaibHbli LEHTP ITUTMEHBI Y STUAEMUOIOTUN
Pocmorpe6Hansopa, 2021. — 72 c.

! E,ElV[HbIe CAHUTAPHO-3MNAEMUOJIOTUYECKME U TUTMEHUUYECKUEe Tpe6OBaHI/[ﬂ
K IMIPOAYKLUMY (TOBapaM), MoJJjIexKalleil CaHMTapHO-3MMIeMIOIOTMUYeCKOMY Ha/l30-
py (KoHTpo0). M.: PefepanbHblii LIEHTP IUIMEHBI 1 AnuAeMuonoruu Pocnorpe6-
Han3opa, 2010. — 707 c.

Ha U IMaHUOMHA, IPUXOOUTCS Topsiaka 63 % (Tabnuia 5). Kpome Toro,
MMEHHO aHTOI[MaHOBbIM NUTMEHTaM IMPUHAIJIEXKUT KIII0UeBas pOJib
B (hOPMMPOBaHNY LIBETOBOJ raMMBbl HATIMTKA.

Tabnuua 6. CogepskaHue aHTOIMAHOBBIX COEIVMHEHUI
B CyXOJi CMecy HalluTKa
Table 6. Content of anthocyanin compounds in the dry drink mix

0
“N/H HaummeHoBaHMe aHTOLIMaHa Copepskanue, mr/100 r

IenbGUHUINH-3-TaTaKTO3U, 38,6*3,5

2 NenbGUHUIMH-3-TITIOKO3M], 191,8%£18,9
IvaHuaMH-3-TaakTo3uUm, + N

3 IenbGuHUANH 3-apabuHO3U 102,6+8,2

4 UmaHuguH-3-apabuHO3UL, 138,0+12,3

5  InaHuOuH-3-ITI0KO3MUI, 205,5+18,9

6  IleTyHMUOMH-3-TIIOKO3UT, 23,5%2,1

7  TleTyHMOUH-3-apaGUHO3NUL, 35,2+3.3
TTeoHUAMH-3-TTIOKO3UTT, + n

8 ManbBUANH 3-TaJakTO3U/I, 91,0+8,8

9  TleoHMOMH-3-apabUHO3NUL, 164,6+17,0

10 ManbBUAVH-3-TITIOKO3MU], 47,2+39

11 ManbBuanH-3-apabuHO3M] 342+28

Tpumeuanue: TIOKa3aTeNu MPEACTABISIOT CO60Ii CpeiHMe TaHHbIe  cTaHAApT-
HOE OTKJIOHEHME OT CpeIHei BeIMUMHBI ISt BBIOOPKY N=3, C UCIIOIb30BaHM-
eM KosduimenTa nosepus Crbiopenta 0,95.

IlaHa xapaKTepUCTUKA CyXOil CMecu HamuTKa [0 BUTAMUHHOMY CO-
CTaBY, KOTOPbIit ipeficTaBieH B Tabmuiie 7.

Ta6nuiia 7. BUTaMMHHBII COCTaB CYyX0il CMeCU HallUTKa ¥ CTEeNeHb
YAOBIETBOPEHMSI CYTOYHOI (PM3MOI0rMUecKOoii MOTPeGHOCT
B BUTAMMHAaX IpU MIPUEMeE OJTHO MOPIUU B COOTBETCTBUU
¢ MP 2.3.1.0253-2114
Table 7. Vitamin composition of the dry drink mix and a degree
of satisfaction of the daily physiological requirement in vitamins when
consuming a single serving (according to MR2.3.1.0253-2114)

Comen- Hopma CremneHn
Ne )Kal:{plt)e ¢dusuono- ymosieTBOpeHMS
W ITokasaTenn 5100 1 rudeckoit  (uU3noIornuecKkoit
IPOIVKTA noTpe6-  CYTOYHOI MOTPes-
POAyK HOCTH HoCTH, %
1 Buramuu C, Mmr 130,4+6,1 100,0 11,7
2 Huxkormunamup, PP, mr 0,62+0,12 20,0 0,3
3 Buramuu B5, mr 43,6+3,8 5,0 78

Tpumeuanue: mokasaTenu MPeACTaBISIOT CO60 CpefHIe JaHHbIe + CTaHAapT-
HOE OTKJIOHEHME OT CpefHei BeJIMUMHBI [Jisk BHIGOPKM N=3, C UCIIOb30BaHM-
eM ko3 duimenTa gosepust Crbiogenta 0,95.

V3 BUTAaMMHOB 3HAUMMble KOJMYECTBA BBISBJIEHBI JIJII BUTAMUHOB
C u B5. YrioTpe6eHue pa30Boii MOPLY HAITUTKA YOOBIETBOPSIET CYyTOY-
HYI0 (QM3MONIOTMUECKYIO TOTPeGHOCTD B BuTaMuHe B5 Ha 78 %, BUTaMuHe
C—Hall,7%

MuHepanpHbIii COCTaB MOPOIIKOBOTO HAITMTKA BKITIOYAeT KaK MaKpO3-
JIEMEHTBbI (KaJInit, HaTpuii, MarHuii, KaabLuii, hocdop), Tak ¥ MUKpPO3JIe-
MEeHTHI ()KeJie30, IIMHK, Me[b, Mapranelr) (Tabnuiia 8).

HecmoTps Ha TO, UTO GOJBIIMHCTBO BBISIBIEHHBIX MUHEPAIbHBIX Be-
1IeCTB OGHApYKeHbI B KpajiHe He3HAUMTENbHBIX KOMMUECTBaxX (B Iepe-
cyeTe Ha pa30BYIO MOPINIO) UX PUCYTCTBYE B COCTaBe HAIMTKA YCUIN-
BaeT ero IojiesHble CBOJCTBa. VIcK/Il04eHe COCTaBsieT MUKPOSTeMEeHT
Me[Ib: yIoTpebyieHre pa30Boii MOPIMY HAIIUTKA MOKPhIBAeT (HU3MOIIO-
IMYECKYI0 MOTpeOGHOCTh B HeM Ha 30 %. U3 uaeHTUGULIMPOBAaHHBIX MU-
HepaJIbHBIX BEIeCTB 0C060 CIefyeT OTMETUTh Haauuue celeHa — MMU-
Kpoa7eMeHTa- aHTMOKCMIaHTa. Pa3oBasi mopuusi HamuTKa COZEPKUT
12,3-15,6% OT cyTOYHOTO (hM3MOTOTMUECKOTO YPOBHS €ro MoTpedIeHus.

OpHO U3 BaXXHBIX XapaKTEPUCTUK MPOLYKTA SIBSIETCSI CTOCOOHOCTh
COXpaHATb CBOM CBOJICTBa B Ipoliecce xpaHeHwus. [IpoBeneHbl uccie-
TIOBaHMSI TI0 XapaKTEPUCTUKE CyXOil CMeCU HalMTKa Ha OCHOBe CyOiu-
MMPOBaHHOTO COKa YEepPHUKU IO OPraHOJNIEeNTUYECKUM, DU3UKO-XUMMU-
YeCKUM M MUKPOOMOIOIMYECKMM IT0KA3aTeNsIM B IPOLeCcce XpaHEHUs
B TeueHMe 9 MecsilieB C MHTepBaJOM IIPOBeleHMs UCIIBITaHUS 3 Mecsila.
CyXy10 CMech TepMETUYHO YIaKOBBIBIM B (DOTBIMPOBAHHbIE MTAKETUKU
TUIIA callle ¥ 3aK/IabIBalay Ha XpaHeHMe IPU HOPMAIbHBIX YCIOBUSIXK:
teMmreparypa (22+5) °C; BnaxkHocts (40-50)%; atmocdepHoe naBieHue
(730-750) MM pT.CT.
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Tabnuia 8. MMHEpaJIbHBI COCTAB CyXOii CMeCH HAaIMTKa
U CTeNeHb YIOBJIETBOPEHMS CYTOUHOI (PU3MOIOrMIecKoit
MOTPeGHOCTM B MMHEpa/Iax Py YIIOTpeGIeHnM Pa3oBOii MOPIUA
B coorBeTcTBUM ¢ MP 2.3.1.0253-2114
Table 8. Mineral composition of the dry drink mix and a degree of
satisfaction of the daily physiological requirement in minerals when
consuming a single serving (according to MR2.3.1.0253-2114)

Hopma CreneHb
Ne CopeprkaHue clmsnono: YAOB/IETBOPEHUST
wn Iloka3zatenr B 100 r mpo- TUYeCKOn dmsuonournqecxon
IYKTa MOTPEGHOCTU CYTOYHOI MOTPeG-
B CYTKU HOoCTH, %
Harpwuit, mr 14,8+1,7 1300,0 0,1
Kanbumii, mr 32,0£3,0 1000,0 0,3
Marumit, Mr 23,624 420,0 0,5
Kanwit, mr 202,8%£12,5 3500,0 0,5
®docdop, Mr 33,6%3,1 700,0 0,4
JKeneso, mr 1,9£0,2 10,0-18,0 1,1-2,0
Mapraseri, Mr 0,68+0,08 2,0 3,0
1uHK, M 0,33+0,05 12,0 0,3
Menb, Mr 3,4+0,4 1,0 30
CeneH, MKT 96,0+9,6 55,0-70,0 12,3-15,6

Tpumeuanue: TIOKa3aTeNN MPEACTABISIIOT cO60Ii CpeiHMe JaHHbIE * CTaHAapT-
HOE OTKJIOHEHME OT CpPeIqHEN BETMUMHBI ISl BBIOOPKY N=13, C UCIIOIb30BaHM-
eM Koapduumenra gosepus CrbiogenTa 0,95.

VYcTaHOBJIEHO, UTO HA IIPOTSDKEHMM BCETO Mepyoja XpaHeH!sI OpraHo-
nenTuyeckye 1 GU3UKO-XMMMUeCcKye IoKa3aTey MPoLyKTa OCTaBaIuCh
Ha ypOBHE, COOTBETCTBYIOLIEM IIepBOHAaUaIbHOI 3akaanke (Tabmuia 9).

OTMeuyeHO, YTO MMKPOOMOJOTMYECKMEe II0Ka3aTenyu HaXOAWINCh
B HOpPMe U He IpeBbIIaly YCTAaHOBJIEHHbIe Ipefesibl Ha NPOTSDKEHUU
Bcero cpoka xpaHenus (Ta6nuua 10). B cyxom nmonydabprkare HanmuTKa

He HajiieHo 6aKkTepuii rpymIbl KuieuHsIx nanouek (BI'KIT), a mokasarensb
KMA®AHV, copepskaHue IpOsOKeil U MieceHM HaxOAsITCS B JOITYCTUMBbIX
npezenax. K mogo6HbIM 3aKII0UeHNSIM IPUXOAST aBTOPBI APYTUX MCCITe-
nosanuii [29,30]. ITo Bcelt BUAMMOCTY, HU3KUI I0Ka3aTelb aKTMBHOCTHU
BOJbI U TepMETUYHAsI YIIaKOBKA 06EeCIeunBaloT TpebyeMble TT0Ka3aTenn
6e30IaCHOCTH CyXOJi CMecH HaIluTKa.

Vicnionb3oBaHye repMeTMYHOM YIIAaKOBKY, 3alyIaloNIeli IPo0BOJIb-
CTBEHHBI/1 TOBap OT BO3JeCTBMS CBeTa ¥ KMCJIOPOAA, & TaKKe CII0co6CT-
BYyIOLIEN TIOAAeP)KaHNI0 HU3KOM BIaKHOCTH, 3aMefJIsieT, HO He YCTpaHs-
eT IpoTeKaHye HeGIaronpysITHBIX XMMUIECKVX IIPOLIECCOB, YTO B CBOIO
ouepenb HeM30EXKHO NMPUBENET K yTpaTe 6MOIOrMYECKM aKTUBHBIX KOM-
TTOHEHTOB. YUUTBIBAsI 3TO, IPOBOAVIN MUCCIef0BaHMs 110 M3MEHEeHMIO CO-
Jlep>KaHMs HeKOTOPBIX IPUPOSHBIX KOMIIOHEHTOB B CyXOJ CMeCU HaIlUT-
Ka IIpU ero XpaHeHuy, pe3y/bTaThl peacTasieHs! B Tabnuie 11.

Kak cremyeT U3 NpeAcTaBlIeHHbIX AaHHbBIX, aHaIMU3MPyeMble KOMIIO-
HEHTBI JOCTAaTOYHO CTaOGM/IbHBI B IIPOIIeCCce XpaHeHUs], 38 VICKII0YeHeM
ButamyHa C: ero rnorepyu NpoONOPLMOHAIbHBI JJINTEILHOCTA XpaHEeHMs
M K KOHIy JeBSITOTO Mecsilla XpaHeHusl cocTaBuiau 32 %. V3BecTHO, 4TO
ButaMuH C sIBiIsieTcsl Hamuboree YSI3BUMBIM C TIO3ULIMM COXPAHHOCTY BU-
TaMMHOM, TI03TOMY CTeIleHb €r0 pa3pylleHus SBJISIeTCS CBOero poja MH-
JIMKATOPOM, I1I0 KOTOPOMY CYISIT 06 3 deKTUMBHOCTM pa3paboTaHHbIX TeX-
HOJIOTMYEeCKMX pellleHMii omyyeHNs IPOAYKTa M ero XpaHeHus1. Borpockl
coxpaHHOCTY BuTaMyHa C B IIPOZAYKTaX IIepepaboTKY ITIONOBO-SITOHOTO
ChIpbsI (TIOPOIIKOB, KOHIIEHTPATOB COKOB, SITOAHBIX CUPOIIax) Py XpaHe-
HUY OCBellleHbI B padorax [31,32]. IIpy 3TOM, aBTOPbI OTMEYAIOT BHICOKYIO
Bap1abeNnbHOCTb TOMYUYEHHBIX Pe3ynbTaToB (7% — 63%.), KoTopas, I0
BCeii BUAMMOCTY, OOBSICHSIETCST YCIOBUSIMM Y TIPOO/KUTENIBHOCTBIO Xpa-
HeHM$, Ipe/iJIOKeHHbIMY YIIaKOBOYHBIMM PellleHMSIMY, a TAaKKe YHUKAb-
HOV KoMOMHauyedt u adpdexTamy B3auMoIeiCTBUS MUIIEBIX U G1OIOIN-
YeCKM aKTMBHBIX BeIeCTB Ha MeXKMOJIEKY/ISIPHOM ypoBHe. K cokaieHu1o,
CBefleHMii [0 COXpaHHOCTM BuUTaMMHA C B CyXMX CMeCSX HallUTKOB, MTOMy-
YeHHBIX C IPMMeHeHMeM MOPOIMIKOBBIX IVI0L0BO-TOAHbIX MUHTPEI/EeHTOB,
NP UX XPAaHEHUH B JINTepaType He IPUBOIUTCS.

Ta6nuia 9. IMHaMMKa M3MEHEHUSI OPraHOMENTUYECKUX U (PU3UKO-XMMMUUYECKUX ITOKa3aTelIei CyxXoil CMecy HallMTKa Ha OCHOBE
CyGIMMUPOBAHHOIO COKA YEPHMUKY IIPU XPaHEHUU
Table 9. Dynamics of changes in organoleptic and physico-chemical indicators of the dry drink mix based on freeze-dried blueberry juice

HaumeHoBaHue

XapaKTepuUcTHKa HA MOMEHT 3aK/JIaJgKu
mnmokKasarejisa P P a

OIHOPOIHBIN ChIITY4Mit MOPOILOK, AOITYCKAIOTCS

BHemHmii By,
A rpaHyJIbl, He6OIbIIIVIE KOMOYKM

IIBer Bopnosblii ¢ proneToBbIM OTTEHKOM
3amax CBOJICTBEHHBII SITOAM YePHUKI
MaccoBasg mons Biaru, % 4,5+0,2

pH 3,0£0,3

Ilepuon xpaHeHMs

3 mec 6 mec 9 mec
COOTBETCTBYET COOTBETCTBYET COOTBETCTBYET
COOTBETCTBYeT COOTBETCTBYeT COOTBETCTBYeT
COOTBETCTBYeT COOTBETCTBYeT COOTBETCTBYeT

4,5+0,2 4,6+0,2 4,6%0,2
3,0£0,3 3,0£0,3 3,1%£0,3

Ipumeuanue: oKasaTenu MPeACTABISIIOT 000 CpefHMe AaHHbIe = CTaHAAPTHOEe OTKJIOHEHVe OT CpefHeli BeIMUMHBI IJIs1 BBIOGOPKM N=3, C UCIIONb30BaHIEM

Koadduumenta qosepus CroiogenTa 0,95.

Ta6nuia 10. MuKkpoGHoIornyeckue mokasaTe/M Cyxoil CMec HalMTKa Ha OCHOBE CyG/IMMMPOBAHHOIO COKa YePHUKMU
Mpu ero xpaHeHuu B coorsercreum ¢ TP TC 021/201116
Table 10. Microbiological indicators of the dry drink mix based on freeze-dried blueberry juice during its storage (according to TR CU021/2011'¢)

HanmeHoBaHue nokasaresst

KonnuecTBo Me30(bmIbHBIX a9pO6HBIX U (PaKyIbTaTUBHO-

4
aHa’pO6GHBIX MUKpooprannsmos, KOE/100 cm3 He Gonee 5x10
BakTepuy IpyIIbl KULIeuHbIX najgodek (BIKIT), r/cm3

Iposxokn u riecenu (cymma), KOE/r He Gonee 10

XapaKTepucTuKa

He ponyckalorcst

KoHTponbHast Ilepuopn, xpaHeHUsE
npo6a 3 mec 6 mec 9 mec
2x10! 8x10! 2x10? 7x10%
He o6HapykeHo He o6HapykeHo He o6HapyskeHo He o6GHapykeHO
Mesnee 10 Mesnee 10 Menee 10 Megree 10

Tpumeuarue: ToKa3aTeny MPeNCTABISIOT CO60 cpegHMe NaHHbIE ¥ CTAHAAPTHOE OTKIOHEHME OT CpeiHell BeMUYMHbI [l BBIGOPKM h=3, C UCIONb30BaHNEM

KoadbdumenTta qosepus CroiogenTa 0,95.

Ta6muua 11. IMHaMMKa M3MEeHEeHUS COEPKaHNsI HEKOTOPBIX MPUPOIHBIX KOMIIOHEHTOB B CYyXOil CMeCU HallUTKa Ha OCHOBe
CyGIMMUPOBAHHOIO COKA Y€PHMKY IIPY XPAHEHUN
Table 11. Dynamics of changes in the content of several natural components in the dry drink mix based on freeze-dried blueberry juice during storage

HaumeHoBaHMe noka3saTesst

IMonudeHoMbHBIE COEAVHEHNS B [TePeCYETe Ha ra/UIOBYIO KMCIOTY, Mr/100 T
OpraHuyecKkue KUCIOThI, B TIepecyéTe Ha TMMOHHYI0 Kuciory, r/100 r
Buramuu C, mr/100r

AnTtoumansl, mr/100 r

3HaueHUsA HA MOMEHT

Ilepuon, xpaneHus

3aK/JIaJKM Ha XpaHeHue 3 Mec 6 Mec 9 mec
1980210 1950150 1960+ 144 1939+ 144
6,75%0,2 6,72%0,2 6,68+0,2 6,70+0,2
130,4%24,5 1163147  105,6+11,6 88,79,6
1070,4+128,2 10652£127,5 1042,3+124,8 1054,3+126,2

Tpumeuarue: TIoKa3aTeny MPeACTABIISIOT CO60I CpeHMe NaHHbIE ¥ CTAHAAPTHOE OTKIOHEHME OT CPeIHel BeIMYMHBI s BBIGOPKM h=3, C UCIONb30BaHNEM

KoabdumenTta qosepus CrorogenTa 0,95.

16 TP TC 2021/2011 Texuuueckuit perinameHT TaMoskeHHOTO coio3a «O 6e30macHOCTY MMILIEBOI MPOSYKIMK» (C M3MeHeHusiMK Ha 22 anpenst 2024 rozia). YTB. Pemenn-

em Komunccenn TamoskeHHOTO coto3a oT 9 mekabps 2011 roga N2 880.
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TMonudeHonbHbIE COEUHEHNS, B TOM UMC/IE, aHTOLMAHOBbBIE MUTMEH-
ThbI, JEMOHCTPUPYIOT BBICOKYIO COXPAaHHOCTh B IPOLIECCe XPaHEHMS: UX
comepskaHusl OCTaBaIMCh HA YPOBHE, COOTBETCTBYIOLEM ITepPBOHAYaIb-
Hoit 3aknazake (Ta6bnuua 11). [To Bceit BUAMMOCTY, 3HAUUTETBHOE KOJM-
YeCcTBO OpPTaHUYECKUX KUCIOT U, KaK CleIcCTBUe, HU3KMIT IToKa3aTelb pH
CIOCOGCTBYIOT CTAOMIM3ALMM aHTOLMAHOBBIX COeiMHeHMit. TeM He Me-
Hee, aHaJIM3 JIUTePaTYPHBIX ICTOUHMKOB I10Ka3bIBaeT, UTO COXPAHHOCTh
roneHONbHBIX COEIMHEHN 1 aHTOLIMAaHOB OTIPENENIeTCs BUIOM yIia-
KOBOYHOTO MaTepuana, yCUIOBUSIMY XpaHeHMs], a Takke (DeHONbHbBIM CO-
CTaBOM ¥ XapaKTepUCTMKaMMU ChIpbsI [32,33].

4. 3akjI4YeHue

B pesysbraTe MpOBEAEHHBIX MCCIENOBAHMI pa3paGoTaHbl peLenTypa
U TEXHOJOTUYEeCKMe pellleHNs TI0 TOMTyYeHUI0 CyX0it CMecu — IOpPOIIKO-
06pa3HOro KOHIIEHTpATa it 6e3a7IKOr0IbHOTO HAITUTKA Ha OCHOBE CyO/m-
MMPOBAHHOTO COKA Y€PHUKM, KOTOPbIN 06eCriedBaeT JOCTOMHbIE OPTaHoO-
JIETITUYECKIEe TTOKA3aTeIM FOTOBOTO HAMMTKa, a YHUKAIbHAST KOMOMHAIVS
(B KQUECTBEHHOM ¥ KOIMYECTBEHHOM OTHOILEHVM) TIPUPOIHBIX OMOJIOTMYE-
CKY aKTMBHBIX BEIECTB SIrof, 00yC/IOBIMBAET BBICOKYIO MUILEBYIO IIEHHOCTh
¥ GYHKIMOHAJIbHBIE CBOMCTBA. YCTAHOBJIEHO, UTO IOTpe6/IeHMe OTHOM
TOPIMY HATTUTKA 00eCTIeUrBaeT YIOBJIETBOPEHME CYTOUHOI u3momornye-
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PROFILING OF VOLATILE COMPOUNDS
IN FOUR EGYPTIAN DATE CULTIVARS
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KEY WORDS: ABSTRACT
Volatile compounds, Volatile compound plays an important role in consumers’ satisfaction and influences further consumption of the date fruit.
date cultivars, SPME,  Thus, the study analyzed the volatile compounds of three date fruit cultivars: Barhy, Samani, Zaghloul at khalal stage of ripe-

GC-MS analysis ness (complete color) and Siwi at tamr stage of ripeness using solid-phase microextraction (SPME) in conjunction with gas
chromatography-mass spectrometry (GC-MS). A total of 69 compounds were identified, including aldehydes, alcohols, esters,
terpenoids, ketones, hydrocarbons, alkanes, and ethers. Barhy dates featured high levels of aldehydes, saturated hydrocar-
bons, volatiles, ethers, ketones, and esters. Zaghloul dates predominantly contained aldehydes, ethers, and ketones, while
Samani dates were rich in ketones, aldehydes, esters, and ethers. Key compounds such as -(Z)-2-butenal and f-methyl ionone
were identified as significant contributors to the distinctive peculiar aromas of these date varieties. Notably, the Siwi variety
exhibited a distinctive profile with prominent ethers, aldehydes, ketones, and esters. The Siwi variety contained the highest
number of flavour compounds (48), followed by Zaghloul (25), Barhy (20), and Samani (19). This comprehensive analysis re-
veals a complex and varied aromatic compounds profile among the date cultivars, with each variety having its unique sensory
characteristics. The results provide valuable insights into the volatile profiles of Egyptian date varieties, potentially guiding
the production of date-derived products and thus enhancing their application in food processing industries.
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K/IFOYEBBIE CJIOBA: AHHOTAILIN A

Jlemyuue coeduHenus,  JleTyume COEOVHEHWs UTPAIOT BAKHYIO POJib B YIOBJIETBOPEHHOCTH MOTPEGUTENEN M BIMSIOT Ha JajbHeliliee norpebieHne

copma uHuxos, (unMKoB. TakuM 06pa3oM, B JaHHOM UCC/IeOBaHNM GbIIV IIPOAHATM3MPOBAHBI JIETyYMe COeJUHEHNS TPeX COPTOB (DMHUKOB:

TdM3, I'’X-MC ananus Barhy, Samani, Zaghloul Ha ctagyuy xasas (OMHBIA LBeT) 1 Siwi Ha cTagyy TaMp (IIOJHOCTBIO CIIeJI0e TOACYIIeHHOe COCTO-
sIHYE) C UCTIONb30BaHMeM TBeppodasHoi Mukposkerpakiyy (TOMD) B coueTaHuu ¢ ra3oBoit xpomatorpadueii-macc-crex-
tpometpueit ([X-MC). Bcero 6bu10 MaeHTUGUIMPOBAHO 69 COemMHEHMI, BKIOYAs albIeruibl, CIMPThI, CJIOXKHbIE 3QUPBI,
TepIIeHONM IbI, KETOHBI, YITIEBOLOPO/bI, aIKaHbI 1 3Gupsl. ®uHMKY copra Barhy xapakrepn3oBanmuch BHICOKMM COLepsKaHUEM
aJbIerMI0B, HACBILIEHHbIX YIVIEBOLOPOZOB, TETyYNX BellecTB, 3G1poB, KeTOHOB U 3¢upos. PuHMKY copra Zaghloul B ocHOB-
HOM COZepsKaM aabIeryusl, IpocTbie 3GMpPhl 1 KeTOHBI, B TO BpeMsl Kak GuHMKY copra Samani 6p11m 60raThl KeTOHAMM,
anbpIernaaMu, CI0KHbIMK 3dmpamu u a¢upamu. KintoueBblie coeiMHeHMs, Takye Kak B-(Z)-2-6yTeHan 1 -MeTUIMOHOH, 6bLIN
VUOEeHTUGNIMPOBAHbI KaK BakHbIE (AKTODBI, CIOCOGCTBYIOIME (GOPMUPOBAHMIO XapaKTepHbIX apDOMAaTOB 3TUX COPTOB Gu-
HMKOB. B uacTHOCTH, COPT PMHMKOB Siwi IPOJEMOHCTPMPOBA XapaKTePHbIA MPOGIIIb C BIPAKEHHBIMU 3bUpaMMu, aibie-
rugaMu, KeTOHaMM U CIOKHbIMM 3¢dupamu. CopT GMHUKOB Siwi comepskan Hauboblilee KOIMYECTBO BKYCOBBIX COeIHEeHM
(48), 3a HuM cnepoBanu copta Zaghloul (25), Barhy (20) u Samani (19). 3TOT BceCTOPOHHMIT aHAMN3 BBISIBAT CJIOKHBIN U pa3-
HOOOpAa3HbIil apoMaTryeckuit mpoduib cpeay cOpToB GUHMUKOB, IPUUYEM KaXKIblit COPT BHOCUT CBOI BKJIAJ B YHUKAIbHbIE
OpraHoOJIeNTNYeCKye XapaKTePYICTUKA. Pe3ybTaThl JAl0T IeHHYI0 MH(OpManmio o Ipoduiisx 1eTyunx coegyHeHni B copTax
erurneTckux GMHMKOB, OIpezessisi IOTeHLMaTbHbIe YTV IPOU3BOCTBA IIPOLYKTOB, MOTyYeHHbIX 13 QVMHUKOB, U ONITUMU3K-
Py ¥IX IPMMeHeH)e B IlepepabaThIBalollell IPOMBIIUIEHHOCTI.

1. Introduction agriculture, which is critical under current and projected climate change

The date palm (Phoenix dactylifera L.) is one of the most important
fruit crops cultivated in arid and semi-arid regions, particularly in the
Middle East and North Africa. Egypt ranks among the world’s top produc-
ers, contributing approximately 1.7 million tons annually, making date
palm cultivation a cornerstone of the country’s agricultural sector and
rural economy [1]. The fruit’s resilience to high temperatures, low hu-
midity, and limited water availability renders it highly suitable for desert

FOR CITATION: Abedelmaksoud, T. G., Hassan, M.A., Assous, M. T. M.,
Khalaf-Allah, A. E. R. M. (2025). Profiling of volatile compounds in four Egyptian
date cultivars. Food Systems, 8(2), 252-259. https://doi.org/10.21323/2618-9771-
2025-8-2-252-259

scenarios. Dates are nutritionally substantial, offering a rich matrix of
macronutrients and micronutrients. They contain 40-80% sugars —
mainly glucose, fructose, and sucrose — depending on cultivar, ripen-
ing stage, and environmental factors [2]. In addition to their high sugar
content, dates provide significant amounts of dietary fiber, proteins, fats,
vitamins, minerals (particularly potassium, magnesium, and calcium),
and bioactive compounds including phenolic acids and carotenoids,

OIS UUTUPOBAHUN: A6egensmakcyp, T.I., Xaccan, M. A., Accoyc, M. T. M.,
Xamag-Amnax, A. E. P. M. (2025). [IpodunnpoBaHue IeTyunx BELIECTB YEThI-
pex erumneTcKux coptoB GMHUKOB. [Tuwessie cucmemet, 8(2), 252-259. https://doi.
org/10.21323/2618-9771-2025-8-2-252-259
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which contribute to their antioxidant and health-maintaining proper-
ties [3]. These attributes make dates a functional food with potential
roles in glycemic regulation, cardiovascular health, and anti-inflam-
matory activity. In Egypt, soft varieties such as Barhi, Samani, and Za-
ghloul prevail in production (52 %), followed by semi-dry cultivars like
Siwi (20 %), with smaller contributions from dry (3 %) and seed (25 %)
dates [2]. The fruit is harvested at different ripeness stages: khalal (full
size, full color, but still firm), rutab (soft and ripe), and tamr (fully ripe
and dried). These stages significantly influence the chemical composi-
tion, sensory characteristics, and postharvest dynamics of the fruit con-
dition [3]. Aroma is one of the most critical sensory attributes affecting
consumers’ preference, marketability, and product value. The peculiar
aroma of dates arises from a complex mixture of volatile organic com-
pounds (VOCs), including alcohols, aldehydes, esters, ketones, acids,
hydrocarbons, and terpenoids [4,5]. These volatiles are biosynthesized
during ripening and are further influenced by postharvest handling and
processing. Reducing sugars such as glucose and fructose serve as pre-
cursors in Maillard reaction and enzymatic reactions, contributing to
the generation of aroma-active compounds during thermal treatments
and natural maturation. Despite their importance, the volatile profiles
of Egyptian date varieties remain underexplored. Most available stud-
ies have focused on the cultivars from Tunisia, Saudi Arabia, or Alge-
ria [3,4], with limited application of advanced analytical techniques to
Egyptian varieties. Conventional extraction techniques, such as steam
distillation or solvent extraction, often compromise the volatile integ-
rity due to thermal degradation or solvent interference [6]. In contrast,
solid-phase microextraction (SPME) has emerged as a preferred, sol-
vent-free method that offers high sensitivity and selectivity in the ex-
traction of the VOCs. When combined with gas chromatography-mass
spectrometry (GC-MS), SPME allows comprehensive qualitative and
quantitative profiling of complex volatile mixtures in fruits [7]. Recent
studies that have used the combined SPME-GC-MS method have re-
ported significant differences in the volatile composition of date fruits
based on their cultivar and ripening stage. For instance, Bouguedoura
et al. [8] identified 69 volatile compounds across three Tunisian date
cultivars at different ripeness levels, observing dynamic shifts in vola-
tile abundance: alcohols and aldehydes predominated at the besser
(early) stage, while esters and ketones increased at the rutab and tamr
stages. Similarly, Saafi et al. [3] reported that alcohols, aldehydes, and
hydrocarbons constituted the major chemical classes in Tunisian vari-
eties, while others, such as terpenoids, contributed to floral and fruity
notes. Furthermore, few studies have explored VOC changes in date-
derived processed food products. For example, Saafi et al. [3] analyzed
the date bars enriched with cereals and legumes and identified 32 aroma
compounds that included alcohols, aldehydes, terpenoids, and esters,
suggesting that processing can significantly alter the volatile com-
pounds composition. This underlines the importance of understanding
how thermal and mechanical processing influences the aroma profile,
particularly in the context of value-added products like syrups, bars,
powders, and vinegars. Nowadays there remains a clear knowledge gap
concerning the aroma chemistry and volatile compounds profiles of
Egyptian date cultivars, especially at critical ripening stages. Under-
standing these profiles is essential not only for ensuring high product
quality and consumers’ satisfaction but also for cultivar authentication,
breeding programs, and postharvest management. Therefore, the pres-
ent study aims to comprehensively identify and compare the volatile
compounds profiles of selected Egyptian date fruits — specifically soft
varieties (Barhi, Samani, and Zaghloul) at the khalal stage and the semi-
dry variety (Siwi) at the tamr stage-using SPME combined with GC-MS.
This research will contribute to filling in the existing gap in the special-
ised literature regarding Egyptian dates’ flavor chemistry and provide
valuable insights for the development of premium date products and
aroma-focused programs of selection and breeding.

<. 1

Chr tograms

2. Objects and methods

2.1. Date fruits

Egyptian date varieties Barhy, Samani, and Zaghloul at the khalal
stage of ripeness (complete colour) were obtained from a private farm in
Giza governorate, Egypt. Siwi dates at the tamr stage of ripeness were ob-
tained from a private farm, Dakhla Oasis, New Valley Governorate, Egypt.
Date fruits were obtained during the 2022 and 2023 seasons.

2.2. Date samples preparation

The date samples were cut and finely ground. A 50 g portion of the
sample was then placed into a 100 ml glass vial, and sodium chloride
(150 g/kg of the sample) was added to promote the release of volatiles in
the headspace and inhibit enzymatic degradation [9]. The vial was subse-
quently incubated (Labnet Mini Incubator I5110Aocated in: Union Point,
GA, United States) at 50 °C for 30 minutes to facilitate the extraction of
volatile compounds [10].

2.3. Extraction of volatile components by solid-phase micro extraction
(SPME)

Headspace sampling was performed using Solid Phase Microextraction
(SPME) devices (Supelco, Bellefonte, PA, USA) equipped with a 100 pym
polydimethylsiloxane (PDMS) coating. A single process, with new fibre —
preconditioned according to the manufacturer’s instructions — was im-
plemented throughout all analyses to ensure consistency. The sampling
process was carried out in a temperature-controlled environment main-
tained at 22+ 1 °C to provide uniform experimental conditions. Following
sample equilibration, the SPME fibre was exposed to the headspace for
50 minutes. Upon completion, the fibre was retracted into its needle and
immediately introduced into the injection port of the GC-MS system. All
SPME sampling and desorption conditions were maintained consistently
across all samples. Blank runs were performed prior to the first extraction
and were randomly repeated within each experimental series. Relative
peak areas of identical compounds were quantitatively compared with
different samples [10,11].

Analysis of volatile compounds

After extraction, the desorption of volatile compounds from the fiber
was performed in the injection port of a gas chromatography-mass spec-
trometry (GC-MS) system (Agilent 8890 GC System), combined with a
mass spectrometer (Agilent 5977B GC/MSD). The system was equipped
with an HP-5MS fused silica capillary column (30 m length, 0.25 mm
internal diameter, and 0.25 pm film thickness). The injection tempera-
ture was set to 240 °C. Mass spectra were recorded in electron impact
(EI) mode at 70 eV, scanning a mass-to-charge (m/z) range from 39 to
500 amu. The isolated peaks were identified by comparing them to refer-
ence data obtained from the National Institute of Standards and Technol-
ogy (NIST) (USA) mass spectral library [12].

3. Results and discussion

3.1. Volatile compounds profile of Barhy date

The chromatogram for Barhi dates, presented in the Figure 1 and de-
tailed in the Table 1, highlights 20 key volatile compounds that contrib-
ute to the distinctive aroma profile of this date variety. The data provides
insights into retention times (RT), area percentages, and relative reten-
tion times (RRT), each reflecting the prominence and characteristics of
the identified compounds. These volatile compounds collectively shape
the complex sensory attributes of Barhi variety dates. (Z)-2-Butenal
emerged as the dominant compound with an area summation of 46.46 %,
detected at an RT of 2.772 minutes (RRT=1.000). This aldehyde, known
for its pungent and suffocating odor, is commonly used in the produc-
tion of pharmaceuticals, perfumes, and plastics. Other aldehydes, such
as nonanal (RT=21.666 minutes, RRT=7.814, area=7.22%) and decanal
(RT=26.639 minutes, RRT=9.612, area=6.13 %), impart fatty, citrus-like,
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Figure 1. Chromatogram of Barhy date sample obtained by Counts vs. Acquisition time (min)
Pucynok 1. XpomaTorpamma o6pasua ¢puumnka copra Barhy, mosyuyeHHass MeTOAOM IOACYETA YACTUIL B 3aBUCUMOCTH OT BpeMEHU UX OGHaApyKeHus (MUH)



Abedelmaksoud T. G. et al. | FOOD SYSTEMS | Volume 8 No 2 | 2025 | pp. 252-259

Table 1. Volatile compounds in Barhy Date

Tabnmuua 1. JIeryume coenyiHeHMs B cocTaBe ¢puHMKa Barhy

Peak

RT

Area sum-

ute to the aroma profile of these dates. The analysis identifies 25 com-
pounds, each playing a distinct role in shaping the scent of Zaghloul
dates. Below is a breakdown of the primary compounds, including their

No. Component name (min) mation (%) RRT retention times (RT) and associated aromatic characteristics, diethyl
phthalate: detected at 43.255 minutes with an area sum of 14.28 %, this
1 @b uten.al . 2.772 46.46 1.000 ether features slight aromatic odor. It is commonly found in personal care
2 5,7-dodecadiyn-1,12-diol 5.135 0.61 1.852 products such as perfumes and hair sprays, where it helps dissolve and
3 Hexanal 6.417 1.62 2.315 stabilize other ingredients. Nonanal: appearing at 21.649 minutes with
4  (E)-2-hexenal 8.792 3.09 3172 a presence of 12.77 %, nonanal i_s an aldehyde with a 'fatty, citrus-like,
and somewhat floral aroma, providing a strong waxy, citrus scent to the
5  Heptanal 11.126 0.78 4.015 dates. (Z)-2-butenal: detected at 2.594 minutes with an area percentage
6  Oktamethylcyklotetrasiloxan 15.841 5.15 5.715 of 10.6 %, this aldehyde is commonly used as an intermediate in the pro-
7  Octanal 16.448 1.48 5.93% duction of pharmaceuticals, perfumes, and plastics. B-methyl ionone: ap-
. - : o - )
§  p-Terpinyl acetate 17581 0.91 6.342 pearing at 45.733 minutes yvlth a 10.31 % presence, th}s ketone has.a flo
ral, violet-like fragrance with woody undertones, adding a sophisticated
9  Nonanal 21.666 7.22 7.814 floral note to the date’s aroma. 2-(2-hydroxypropoxy)-1-propanol: found
10  p-Menthan-3-one 24.035 3.02 8.673 at 18.834 minutes, this ether, accounting for 6.7 % of the area, may be
11 Isomenthone 24.567 0.75 8.859 used in formulations requiring both solvent and moisturizing properties.
12 Decanal 26.639 6.13 9.612 Table 2. Volatile Compounds Profile of Zaghloul Date
13 Pulegone 28.189 1.45 10.173% Tab6nuiia 2. Ipodwis meTyunx coemmuennit B puamkax copra Zaghloul
14  Diethyl phthalate 43.261 6.04 15.603 Peak RT Area sum-
Component name . . o RRT
15 Patchouli alcohol 45.487 183 16.408 No. (min) _mation (%)
16  B-methylionone 45.733 5.26 16.492 1 Methyl formate 2.526 1.39 1.000
~(1,3-dimethylbuta-1,3- 2 (Z)-2-butenal 2.594 10.6 1.027
17 dienyl)-1,6,6-trimethyl-3,8- 45.933 0.96 16.563 3 Benzyl isopentyl ether 4.952 0.57 1.960
dloxatrlcyclo[s.1.0.0(2,4)] octane 4  Hexanal 6.257 1.66 2477
18 a—hexyl.cmnamaldehyde 48.783 1.95 17.603 5 (E)-2-hexenal 3.694 0.85 3449
19 Galaxo.llde - 52.382 2.38 18.899 6 Heptanal 11.040 1.82 4.370
20 . Pht.hahc acid, 1so§uty1 octyl.esterh 52.937 2.90 19.092 7 Octanal 16.396 2.10 6.492
Retention Time (RT); Relative Retention Time (RRT) .
8  p-terpinyl acetate 17.546 2.20 6.947
and waxy scents that enhance the aroma profile. Ketones also play a sig- 9  p-hydroxybenzaldehyde 18.342 1.47 7.263
nificant role, with p-methylionone (RT=45.733 minutes, RRT=16.492)
. . A . > 10  2-(2-hyd -1- 1 18.834 6.70 7.456
contributing 5.26 % to the area. Its violet-like floral fragrance adds a so- (2-hy roxyprf)poxy). propano
phisticated floral note to the sensory profile. Additionally, compounds 11 1-propanol, 2,2"-oxybis- 19.114 5.58 7.568
such as octamethylcyclotetrasiloxane (RT=15.841 minutes, RRT=5.715, 12  Citronellol hydrate 20.092 1.38 7.956
ia.iea(;?.;S};%) subitl(;lr{ ;nl;a;l;; thg atromfa{l lglleth3 t1h7ezir volatiéi'gg $;dehyq§s 13 Nonanal 21.649 12.77 8.570
ike (E)-2-hexena =8.792 minutes, =3.172, area=3.09 %) provide .
fresh, green, and fruity notes that remind of freshly cut grass, while hexanal 14 Cycloheptatrienone 23.806 1.21 9.426
(RT=6.417 minutes, RRT=2.315, area=1.62%) adds a distinct grassy 15 p-menthan-3-one 24.023 3.35 9.511
scent. Spicy and warm notes were identified in a-hexylcinnamaldehyde 16 Decanal 26.633 4.32 10.546
(RT=48.783 minutes, RRT=17.603, area=1.95%), contributing to the 17 Ppul 28.195 0.95 11.164
aromatic complexity. Esters such as diethyl phthalate (RT=43.261 min- lilegone : : :
utes, RRT=15.603, area=6.04%) and phthalic acid, isobutyl octyl ester 18  Diethyl phthalate 43.255 14.28 17.119
(RT=52.937 minutes, RRT =19.092, area=2.90 %) were also detected, add- 19  B-acorenol 44.045 0.87 17.433
1r;§[ }fubtle aromatgz %lelmentst.h The floral, frglity:[ir'ld wiaiylcharaﬁclterils.tics 20  Patchouli alcohol 45.493 3.60 18.020
of these compounds balance the aroma profile. This volatile profile aligns .
with findings by Narain [13], who identified a variety of esters (23 %), al- 21 p-methylionone 45.733 10.31 18.108
cohols (17 %), aldehydes (15 %), lactones (8 %), and ketones (3.5 %) in date 2-(4a,8-dimethyl-6-oxo-
palm fruit pulp. The inclusion of RRT values in the current study further 22 é’2’3"}}]’?}?{76’%3‘(’“3}13"?0' 45.939 1.69 18.191
strengthens the reliability of compound identification and ensures con- -nap 'a enyl)propana
sistency in comparing chromatographic data across different studie. 23 o-hexylcinnamaldehyde 48.7717 5.36 19.321
3.2. Volatile compounds profile of Zaghloul date 24 ISOpl‘Op}Il myristate >1.529 0.95 20.391
The chromatogram for Zaghloul dates, as shown in the Figure 2 and 25  Galaxolide 52.393 4.03 20.747
detailed in the Table 2, reveals the key volatile compounds that contrib-  Retention Time (RT); Relative Retention Time (RRT)
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Figure 2. Chromatogram of Zaghloul date sample obtained by Counts vs. Acquisition time (min)
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AbepenbMakeyn T. . v gp. | MALLEBDBIE CUCTEMDbI | Tor 8 No 2 | 2025 | C. 252-259

1-propanol, 2,2’-oxybis: detected at 19.114 minutes with a 5.58% area
sum, this ether is used in industrial applications such as the production of
plasticizers and hydraulic fluids. It also serves as a moisturizer in cosmet-
ics, helping to retain moisture.

a-hexylcinnamaldehyde: detected at 48.777 minutes with a presence
of 5.36 %, this aldehyde has a sweet, floral, and slightly spicy aroma remi-
niscent of jasmine. It is used in the flavor industry to impart a mild, spicy,
and floral taste. Decanal, detected at 26.633 minutes with a presence of
4.32 %, this aldehyde also contributes a waxy, citrus scent, enhancing the
overall aromatic complexity. Galaxolide: observed at 52.393 minutes with
a 4.03 % presence, Galaxolide is used in various cosmetic products for its
long-lasting musky fragrance, often used in perfumes, body sprays, and
deodorants. p-menthan-3-one: observed at 24.023 minutes withan area
sum of 3.35%, this ketone has a minty odor similar to menthol, though
less intense.

Heptanal: observed at 11.040 minutes, heptanal is an aldehyde with a
fatty, slightly pungent, and fruity aroma, contributing 1.82 % to the sen-
sory profile. It is utilized in the flavor and fragrance industries to enhance
the overall aroma of the dates. Hexanal: appearing at 6.257 minutes,
hexanal is an aldehyde with a pungent, grassy odor. It is often used as a
flavoring agent in the food industry due to its fresh aroma, contributing
1.66 % to the aroma profile with a distinctive green, grassy note.

(E)-2-hexenal: detected at 8.694 minutes with an area sum of 0.85%,
this aldehyde has a strong, fresh, and slightly fruity odor reminiscent of
freshly cut grass. It is used in perfumes, colognes, and cosmetic products,
adding a fresh, green note to the dates’ scent. It is widely used in the fla-
vor and fragrance industry, making it suitable for products like perfumes,
soaps, and oral care items. This chromatogram provides a comprehensive
overview of the volatile compounds that contribute to the distinctive aro-
ma of Zaghloul dates. Each compound adds a unique element, creating a
complex and multifaceted sensory experience associated with these dates.

3.3 Volatile compounds profile of Samani date

The chromatogram for Samani dates, as depicted in the Figure 3 and
detailed in the Table 3, reveals the key volatile compounds that contribute
to the aroma profile of these dates. It shows the results of the presence
of 19 compounds responsible for the distinctive odour of the Samani. The
analysis focuses on the retention times (RT) and specific aromatic char-
acteristics of each compound. (Z)-2-butenal detected at 69.571 minutes
with an area percentage of 38.64 %, this aldehyde is commonly used as an
intermediate in the production of pharmaceuticals, perfumes, and plas-
tics. It covers the highest percentage in this date variety. It is also used as
an excipient in pharmaceutical preparations, contributing to the formu-
lation of various medications. Found at 56.141 minutes, -Methylionone
is a ketone belonging to the ionone family. There is 23.67 %, it has a flo-
ral, violet-like fragrance with woody undertones, adding a sophisticated
and aromatic note to the Samani dates. B-terpinyl acetate, observed at
65.239 minutes, is an ether with a slightly aromatic odor. It plays a crucial
role in diluting and stabilizing other compounds in cosmetics, such as
hair sprays, perfumes, it features a pleasant, fruity, sweet, and floral scent,
often similar to lavender or lilac. This compound is used as a flavouring
agent in food and beverages, imparting a fruity and floral taste which is
7.08 %.1-propanol, 2,2’-oxybis-observed at 66.813, it is esters 5.58 %. Fla-
voring agent, due to its fruity smell, it is occasionally used as a flavoring
agent in some food products. Methyl formate, detected at 68.673 minutes
with 4.97 %, is responsible for the distinctive smell, this aldehyde also
contributes a waxyj, citrus scent, enhancing the overall aromatic complex-
ity. Detected at 49.441 minutes, a-hexylcinnamaldehyde is an aldehyde
with a sweet, floral, and slightly spicy aroma reminiscent of jasmine or

Sample Chromatograms

Table 3. Volatile compounds profile of Samani date
Ta6nuua 3. Ipoduiab neTyunx BemecTB B ¢mHMKax copra Samani

Pl\?g?( Component name ( IE;I;I) ﬁ;er:t?oiluz;—) RRT
1 p-Menthan-3-one 26.461 0.78 1.000
2 Decanal 26.633 0.62 1.006
3 a-hexylcinnamaldehyde 49.441 4.74 1.868
4 Isopropyl myristate 51.924 0.68 1.962
5  Galaxolide 52.777 1.63 1.995
6  Phthalic acid, isobutyl octyl ester ~ 52.926 3.33 2.000
7  Diethyl phthalate 53.921 0.48 2.038
8  Patchouli alcohol 54.82 1.57 2.072
9  Nonanal 55.369 2.53 2.092
10  p-methylionone 56.141 23.67 2.122
11 Pulegone 57.126 1.05 2.159
12 Octanal 60.233 0.87 2.276
13 Hexanal 62.396 0.69 2.358
14 (E)-2-hexenal 64.101 0.62 2.422
15 Heptanal 64.702 0.49 2.445
16  B-terpinyl acetate 65.239 7.08 2.465
17 1-propanol, 2,2’-oxybis- 66.813 5.58 2.525
18  Methyl formate 68.673 4.97 2.595
19  (Z)-2-butenal 69.571 38.64 2.629

Retention Time (RT); Relative Retention Time (RRT)

other white flowers. In the taste sector, it is used to add a subtle, peppery,
and floral flavor to food and beverages, enhancing the sensory experience
of Samani variety dates with 4.74 %. Phthalic acid, isobutyl octyl ester is
observed at 52.926 minutes, this is an ester with a faint, distinctive odor.
It is used in industrial applications to improve the flexibility and durabil-
ity of coatings, adhesives, and sealants. This compound also contributes
to the overall aroma profile of Samani variety dates. p-menthan-3-one,
detected at 26.461 minutes, is a ketone with a pleasant minty odour.
It is widely used in the flavor and fragrance industries for its refreshing
scent, similar to menthol but less intense. With a presence of 0.78 %, this
compound is used in the production of cosmetics, soaps, and fragrances,
and also serves as a flavouring additive in food products, beverages, and
oral care products such as mouthwash and toothpaste. Additionally, it is
found in essential oils and is utilized in aromatherapy for its calming and
soothing properties. The chromatogram analysis of Samani variety dates
illustrates a diverse range of volatile compounds, each uniquely contrib-
uting to the overall aromatic profile. From minty and floral notes to faint
esters and ethers, these compounds collectively enhance the sensory ap-
peal of Samani variety date.

3.4. Volatile compounds profile of Siwi date

The chromatogram of the Siwi date sample, presented in the Table 4
and illustrated in the Figure 4, reveals the key compounds responsible for
the distinct aroma of Siwi dates and their respective retention times (RT)
and area summation%. The graph depicts the prominence and timing of
these volatile compounds acquisition, each uniquely contributing to the
date’s aromatic profile. Methyl formate appeared first on the chromato-
gram with a retention time of 3.167 minutes and a substantial area per-
centage of 9.84 %. This compound, categorized among pleasant-smelling
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Figure 3. Chromatogram of Samani date sample obtained by Counts vs. Acquisition time (min)
PucyHok 3. XpomaTorpamma o6pasua ¢puHMuKa copra Samani, mosryueHHasi METOZOM MOJCYeTa YaCTHULL, B 3aBUCHMMOCTH OT BpeMeHM UX OOHapy>KeHus1 (MUH)
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Table 4. Volatile compounds profile of Siwi Date
Ta6mua 4. IlIpodnas geTyunx BeniecTs GMHUKOB copTa Siwi

P;I!g?( Component name ( n‘Iflll‘l) 11;;?0;“?’2) RRT P;;g?( Component name ( nlm{;l;l) ngi?o;ug) RRT
1  Benzene 2.675 4.24 1.000 26  3-carene 16.013 0.46 5.986
2 Methyl formate 3.167 9.84 1.184 27  Isophorone 16.081 1.75 6.011
3 Benzyl carbazate 4.466 2.05 1.670 28  Acetophenone 16.408 1.56 6.135
4 3-hexanone 4.895 0.64 1.831 29 cis-4-tridecene 16791  1.88 6.277
5 2-hexanone 5.004 1.42 1.871 30  Di-n-decylsulfone 18.044  0.49 6.745
6 Hexanal 261 405 1967 31 Nonanal 18307 68  6.846
7  Hexamethylcyclotrisiloxane 6.36 2.88 2.378 32 Phenylethyl alcohol 18.817 1.38 7034
8  p-xylene 7.533 0.91 2.816 . .

Ethyl [(trimethylsilyl)oxy]

9  2-Methyl-1-nonene 7.67 1.41 2.868 33 (4-[(trimethylsilyl)oxy]phenyl)acetate 1°-20° 0.66 7.182
10 3-heptanone 8.277 3.86 3.095 34  Acetoxyacetic acid, nonyl ester 21.592 0.74 8.073
11 5-methyl-2-hexanone 8.454 141 3.162 35 Decanal 23.125 3.93 8.650
12 5-methyl-3-hexanol 8.683 1.26 3.247 36  p-cyclocitral 23.755 1.83 8.884
13 Heptanal 8.86 0.66 3.313 37  2-undecanone 27171 073 10.161
14 II\\I/I—e}'gflzllloxybenzenecarboximidoate 9.7147 16.76 3.643 38  Carvacrol 27.646 0.52 10.333
15  1-ethyl-3-methylbenzene 11.418 1.07 4.270 39  Geranyl acetone 33.98 0.95 12.707
16  Vanillin, tert-butyldimethylsilyl ether 11.601 1.93 4.336 40  trans--ionone 35.33 1.03 13.209
17 1-Benzoylcyclohexanol 12.253 0.94 4.579 41 Diethyl phthalate 39.559 0.87 14.793
18  3-octenol 12.385 1.61 4.630 42 Hexadecane 39.651 0.92 14.828
19  (+)-pinanediol 12.728 1.87 4.759 43  Heptadecane 42.746 0.98 15.984
20  3-cyclohexene-1-propanal 12.86 2.43 4.808 44  Farnesane 42.912 0.6 16.045
21 Decane 13.232 0.68 4.946 - - - i
22 p-cymene 14353 0.63 5.367 4 fO(aSC%IOZ(126§)ancel}ercal;eetr}11g e de.dez 0.7 17.264
23 Limonene 14.53%6 3.43% 5.435 46  Phthalic acid, isobutyl octadecyl ester 47.032 0.52 17.585
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esters, provides a light, ether-like aroma that is typically perceived as
sweet and agreeable. The second significant compound, hexanal, was
detected at 5.261 minutes with an area percentage of 4.05%. As an alde-
hyde, hexanal contributes a robust herbal scent, often associated with the
fresh, green aroma of floral material. Following hexanal, 3-heptanone was
identified at 8.277 minutes, contributing 3.86 % to the total area. This ke-
tone compound is known for its role in flavor and fragrance formulations,
adding a subtle, fruity, and somewhat musty note to the aroma profile.
Methyl N-hydroxybenzene carboximidoate appeared at 9.747 minutes
with a significant area of 16.76 %. This ester compound is noted for its
ester-like properties, which contribute to the overall aromatic complex-
ity of Siwi dates. Nonanal, detected at 18.307 minutes, represented 6.8 %
of the area. This aldehyde contributes a citrus-like scent with a strong
waxy undertone, reminiscent of orange peel. Similarly, decanal, observed
at 23.125 minutes with an area percentage of 3.93%, added to the citrus
and floral notes, enhancing the aromatic profile with its distinctive waxy
and somewhat sweet aroma. Benzene was detected at 2.675 minutes, rep-
resenting 4.24 of the area, but did not appear in the chromatogram of the
Siwi variety date, it is an aromatic hydrocarbon. Comparison with previ-
ous studies by Jado et al. [14] and Reynes et al. [15] revealed that some
similarities were observed with our history samples. Results are demon-

strated when determining volatile compounds in the semi-dry date of Si-
wi cultivar using solid phase microextraction (SPME) and showed that the
presence of 48 compounds by gas chromatography-mass spectrometry
(GC-MS). Each compound, from the ether-like aroma of methyl formate
to the citrusy notes of nonanal and decanal, plays a critical role in defin-
ing the sensory characteristics of this date variety. It was [16] found that
the ripening stages were a genetically regulated process in molecular and
biochemical changes, that lead to change of physical characterize such as
colour, softening and maturation of a characteristic aroma and flavour.

3.5. The comparison analysis of volatile compounds from four

Egyptian date varieties

A total of 69 specific compounds were identified across these soft vari-
eties (Barhi, Samani and Zaghloul) at khalal stage and semi-dry (Siwi) at
tamr stage (Table 5). These volatile substances were classified into eight
chemical classes: alcohols, esters, aldehydes, terpenoids, ketones, satu-
rated hydrocarbons and unsaturated hydrocarbons, alkanes, and ethers.
These compounds are often associated with date flavor profiles [17].
Identified alcohols: patchouli alcohol, found in all varieties, peaked in
Zaghloul (3.6 %) and Samani (1.57 %). This compound imparts earthy and
woody notes to the aroma [18]. Identified esters methyl formate is pre-
sent in all varieties, and peaked in Siwi (9.84 %) and Samani (4.97 %) in
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Table 5. Volatile compounds in date varieties
Tab6muia 5. CogepykaHye JIETyYMX BellecTB B copTax pmuHUKOB

Barhy Zaghloul Samani Siwi

Chemical classes Volatile compound Area summation (%)

Alcohol Patchouli alcohol 1.83 3.6 1.57 1.38
Citronellol hydrate 0.00 1.38 0.00 0.00

B- acorenol 0.00 0.87 0.00 0.00

Benzyl carbazate 0.00 0.00 0.00 2.05

5,7-dodecadiyn-1,12-diol 0.61 0.00 0.00 0.00

5-methyl-3-hexanol 0.00 0.00 0.00 1.26

Esters Isopropyl myristate 0.00 0.95 0.68 0.00
Methyl formate 0.00 1.39 4.97 9.84
Methyl N-hydroxybenzenecarboximidoate 0.00 0.00 0.00 16.76

Ethyl [(trimethylsilyl)oxy](4-[(trimethylsilyl)oxy]phenyl)acetate 0.00 0.00 0.00 0.66

Acetoxyacetic acid, nonyl ester 0.00 0.00 0.00 0.74

Hexadecanoic acid, methyl ester 0.00 0.00 0.00 0.41

Phthalic acid, isobutyl octyl ester 2.9 00 3.33 0.52

Aldehyde B-cyclocitral 0.00 0.00 0.00 1.83
3-Cyclohexene-1-propanal 0.00 0.00 0.00 2.43

(Z)-2-butenal 46.46 10.6 38.64 0.00

Hexanal 1.62 1.66 0.69 4.05

(E)-2-hexenal 3.09 0.85 0.62 0.00

Heptanal 0.78 1.82 0.49 0.66

Octanal 1.48 2.1 0.87 1.61

Nonanal 7.22 12.77 2.53 6.8

Decanal 6.13 4.32 0.62 3.93

p-hydroxybenzaldehyde 0.00 1.47 0.00 0.00

a-hexylcinnamaldehyde 1.95 5.36 4.74 0.00
2-(4a,8-dimethyl-6-ox0-1,2,3,4,4a,5,6,8a-octahydro-2-naphthalenyl)propanal 0.00 1.69 0.00 0.00

Terpenoids 3-carene 0.00 0.00 0.00 0.46
Ketones Pulegone 1.45 0.95 1.05 0.00
B-methyl ionone 5.26 10.31 23.67 0.00

Cycloheptatrienone 0.00 1.21 0.00 0.00

-(1,3-dimethylbuta-1,3-dienyl)-1,6,6-trimethyl-3,8 dioxatricyclo[5.1.0.0(2,4)]octane 0.96 0.00 0.00 0.00

Isomenthone 0.75 0.00 0.00 0.00

3-hexanone 0.00 0.00 0.00 0.64

2-hexanone 0.00 0.00 0.00 1.42

3-heptanone 0.00 0.00 0.00 3.86

5-methyl-2-hexanone 0.00 0.00 0.00 1.41

Isophorone 0.00 0.00 0.00 1.75

Acetophenone 0.00 0.00 0.00 1.56

2-undecanone 0.00 0.00 0.00 0.73

Geranyl acetone 0.00 0.00 0.00 0.95

trans-fB-ionone 0.00 0.00 0.00 1.03

p-menthan-3-one 3.02 3.35 0.78 0.00

Hydrocarbon Hexadecane 0.00 0.00 0.00 0.92
Benzene 0.00 0.00 0.00 4.24

p-xylene 0.00 0.00 0.00 0.91

p-cymene 0.00 0.00 0.00 0.63

Limonene 0.00 0.00 0.00 3.43

Okta methylcyklotetrasiloxan 5.15 0.00 0.00 0.00

1-Ethyl-3-methylbenzene 0.00 0.00 0.00 1.07

Farnesane 0.00 0.00 0.00 0.6

Hydroxyl Hexamethylcyclotrisiloxane 0.00 0.00 0.00 2.88
Vanillin, tert-butyldimethylsilyl ether 0.00 0.00 0.00 1.93

1-Benzoylcyclohexanol 0.00 0.00 0.00 0.94

(+)-pinanediol 0.00 0.00 0.00 1.87

3-ethyl-3-heptanol 0.00 0.00 0.00 0.74

Carvacrol 0.00 0.00 0.00 0.52

Alkene 4-acetyl-2,2,3,7-tetramethyltricyclo(5.2.2.0(1,6))undec-3-ene 0.00 0.00 0.00 0.71
Alkane Decane 0.00 0.00 0.00 0.68
cis-4-tridecene 0.00 0.00 0.00 1.88

2-Methyl-1-nonene 0.00 0.00 0.00 1.41

Sraight-chain alkane Heptadecane 0.00 0.00 0.00 0.98
Ether 1-propanol, 2,2’-oxybis- 0.00 5.58 5.58 0.00
2-(2-Hydroxypropoxy)-1-propanol 0.00 6.7 0.00 0.00

Diethyl phthalate 6.04 14.28 0.48 0.87

B-terpinyl acetate 0.91 2.2 7.08 0.00

Benzyl isopentyl ether 0.00 0.57 0.00 0.00

Saturated fatty acid Hexadecanoic acid 0.00 0.00 0.00 1.61
Ethyl 2-ethyl-1-hexanol 0.00 0.00 0.00 1.96
Sulfone Di-n-decyl sulfone 0.00 0.00 0.00 0.49

Other compounds Galaxolide 2.38 4.03 1.63 0.00
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Zaghloul 1.39. No results were shown in Barhi variety. The table shows
that Barhi does not contain a single ester compound, which is phthalic
acid, isobutyl octyl ester, representing 2.9 %.

Identified aldehydes: (Z)-2-butenal, an aldehyde, was not detected
in Siwi dates but had a notable presence in Barhy (46.46 %) and Samani
(38.64 %) dates, with a moderate amount in Zaghloul (10.6 %). Hexanal is
another aldehyde observed in Siwi (4.05 %), but is present in much small-
er quantities in the other varieties. Hexanal contributes to the grassy and
green aroma typical of many fruits [19]. Nonanal, a prominent aldehyde,
showed the highest peak in Siwi (6.8 %) and Barhy (7.22 %) is associated
with citrusy and floral aromas [20]. Zaghloul had a higher concentration
(12.77 %) than Samani (2.53 %), thus suggesting a more pronounced cit-
rus note in this variety.

Identified terpenoids group, it appears only in the Siwi variety through
the 3-carene compound and represents a small amount, not exceeding
0.46 %. Identified ketones: (E)-2-hexenal and heptanal, both aldehydes,
were detected at lower levels across varieties, except for heptanal in
Zaghloul variety (1.82%). Heptanal adds a fatty and waxy character to
the aroma [21]. B-methyl ionone, a ketone, was notably higher in Samani
(23.67 %) compared to other varieties. This compound is known for its
floral and woody notes and is often used in perfumery [22]. Pulegone,
another ketone, was present in moderate amounts in Barhy (1.45 %) and
Samani (1.05 %). It contributes minty and refreshing notes [22,23].

Identified hydrocarbons: benzene and limonene, both hydrocarbons,
were detected in Siwi (4.24% and 3.43%, respectively). Limonene, in
particular, is known for its citrus aroma and is commonly used in clean-
ing products and perfumes [24,25]. Vanillin, an aromatic compound, ap-
peared in Siwi (1.93 %) and it adds a sweet vanilla aroma, which is often
valued in the flavour and fragrance industries [26].

Identified hydroxyl: hexamethylcyclotrisiloxane, vanillin, tert-bu-
tyldimethylsilyl ether 1 benzoylcyclohexanol Identified (+)-pinanediol,
3-ethyl-3-heptanol, carvacrol. It appears only in the Siwi variety, and its

Ju—

. Food and Agriculture Organization of the United Nations (FAO). (2024). Cli-
mate-smart policies to enhance Egypt’s agrifood system. FAO. Retrieved from
https://openknowledge.fao.org/server/api/core/bitstreams/eec90055-7494-440e-
ad53-1bc3663dc71b/content Accessed January 16, 2025.

. Abedelmaksoud, T. G., Hassan, M. A., Assous, M., Khalaf-Allah, A. E. R. M.
(2024). Overall quality characteristics of nectar produced by some date culti-
vars. Egyptian Journal of Chemistry, 67(11), 479-489. https://doi.org/10.21608/
ejchem.2024.260427.9140

. Saafi, E.B., Amira, E.A., Chahdoura, H., Flamini, G., Lachheb, B., Ferchichi, A. et
al. (2022). Nutritional properties, aromatic compounds and in vitro antioxidant
activity of ten date palm fruit (Phoenix dactylifera L.) varieties grown in Tuni-
sia. Brazilian Journal of Pharmaceutical Sciences, 58, Article e18871. https://doi.
org/10.1590/s2175-97902020000318871

4. Amira, E.A., Saafi, E. B., Flamini, G., Issaoui, M., Ferchichi, A., Hammami, M.
et al. (2012). Volatile and nonvolatile chemical composition of some date fruits
(Phoenix dactylifera L.) harvested at different stages of maturity. International
Journal of Food Science and Technology, 47(3), 549-555. https://doi.org/10.1111/
j.1365-2621.2011.02876.x

. Ismail, W. M., Zayed, A., Ramadan, N. S., Sakna, S. T., Farag, M. A. (2025). GC-MS
based nutritional and aroma profiling of date palm seeds collected from differ-
ent Egyptian cultivars for valorization purposes. Scientific Reports, 15(1), Arti-
cle 16531. https://doi.org/10.1038/s41598-025-00171-7

. Kapadia, P., Newell, A. S., Cunningham, J., Roberts, M. R., Hardy, J. G. (2022).

Extraction of high-value chemicals from plants for technical and medical ap-

plications. International Journal of Molecular Sciences, 23(18), Article 10334.

https://doi.org/10.3390/ijms231810334

Agatonovic-Kustrin, S., Gegechkori, V., Kobakhidze, T., Morton, D. (2023).

Solid-phase microextraction techniques and application in food and horti-

cultural crops. Molecules, 28(19), Article 6880. https://doi.org/10.3390/mol-

ecules28196880

. Bouguedoura, N., Bennaceur, M., Babahani, S., Benziouche, S. E. (2015). Date
palm status and perspective in Algeria. Chapter in a book: Date Palm Genet-
ic Resources and Utilization: Volume 1: Africa and the Americas, 125-168.
https://doi.org/10.1007/978-94-017-9694-1 4

. Caleb, O.]., Opara, U. L., Mahajan, P. V., Manley, M., Mokwena, L., Tredoux, A.G.].
(2013). Effect of modified atmosphere packaging and storage temperature on
volatile composition and postharvest life of minimally-processed pomegranate
arils (cvs. ‘Acco’ and ‘Herskawitz’). Postharvest Biology and Technology, 79, 54-61.
https://doi.org/10.1016/j.postharvbio.2013.01.006

10. Mezroua E, Y., Agli, A., Flamini, G., Boudalia, S., Oulamara, H. (2017). Aroma
characterization of ripe date fruits (Phoemix dactylifera L.) from Algeria. Af-
rican Journal of Biotechnology, 16(42), 2054-2061. https://doi.org/10.5897/
AJB2017.16222

. Pawliszyn, J. (2023). Evolution of the Fundamentals of Solid-phase Microextrac-
tion. Chapter in a book: Evolution of Solid Phase Microextraction Technology.
Elsevier Science, 2023. https://doi.org/10.6028/NIST.IR.8369

12. Turan, M. S., McKay, K., Chang, D., Calik, C., Bassham, L., Kang, J. et al. (2021).

Status report on the second round of the NIST lightweight cryptography stan-

»o

w

w

o

~

o]

Nel

1

—

percentage does not exceed 3%. Identified diethyl phthalate, an ether,
was prominent in Zaghloul (14.28 %) and Barhy (6.04 %), and it is known
for its use as a plasticizer and its sweet, floral aroma [27,28]. Esters: me-
thyl formate, found predominantly in Siwi (9.84 %), it contributes a fruity
aroma and is often used as a flavoring agent [29]. Identified phthalic acid,
isobutyl octyl ester was notably present in Zaghloul (14.28 %) but it is
absent in other varieties. This ester typically has a sweet, fruity scent [30].

The data indicate distinct aroma profiles across the date varieties,
while Siwi dates features higher concentrations of certain aldehydes
and esters, contributing to their unique flavor profile. Barhy dates show
a diverse range of compounds, including prominent aldehydes and
ethers, while Samani dates are characterized by higher levels of ketones
and alcohols. Zaghloul dates stand out with higher concentrations of
certain esters and aldehydes, potentially offering a more complex aro-
ma [30]. Identified profiling in 4 Egyptian date palm fruit varieties via
SPME GC-MS showed that Siwi varieties exhibited the most distinct
aroma among the studied date varieties. Understanding these volatile
profiles is crucial for both flavor development and quality control in
date production and processing, as they contribute significantly to the
sensory attributes of the fruit.

4. Conclusion

A total of 69 compounds were identified, that included aldehydes, al-
cohols, esters, terpenoids, ketones, hydrocarbons, alkanes, and ethers in
four Egyptian date fruit cultivars. The Siwi variety contained the high-
est number of flavor compounds (48), followed by Zaghloul (25), Barhy
(20) and Samani (19). Notable compounds such as B-(Z)-2-butenal and
B-methyl ionone were the significant contributors to the unique aroma
of each date variety. The varied volatile profiles reveal complex aromatic
characteristics that could facilitate the development of date-derived food
products, improve quality control and optimize marketing strategies in
the date industry.
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BUOXNMUNYECKAS XAPAKTEPUCTHUKA YAA N3 INMCTBEB AMAPAHTA
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KJIIOYEBBIE CJIOBA: AHHOTAIIN A

amapaum, Yait 1 pasnuuHble YajiHbie cOOPbI BCETA SIBISUIMUCH TIOMY/ISIPHBIMM TPOAYKTAMM, 60TaThIMV aHTUOKCUAAHTAMI. AMapaHT CM-
Guoxumuueckuii TAeTCsI «CYMePHIPOSYKTOM» GIarogapst CooepkaHmnio BhICOKOKAUECTBEHHOTO 6e3MTI0TeHOBOro 6e/ka, HeHACHIEHHBIX JKMPHBIX
cocmas, KVCJIOT, BUTAMMHOB ¥ MMHEPasIoB. BoraTble aMapaHTMHOM JIMCTbsI KpaCHOOKPAILIeHHbIX COPTOB Amaranthus cruentus L. siBISiioTCs
anmuokcudaHmuas MIPEKPACHBIM ChIPbEM ISl TPOM3BOLCTBA YAHBIX HAMMUTKOB. LIe/IbI0 HACTOSIIEl PaBGOThI SIBUIOCh CPDABHUTENBHOE M3yUeHue G1Oo-
akmueHocmo, XMMMYECKOTO COCTaBa ¥ aHTMOKCUAHTHOM aKTMBHOCTH Yasi U3 JIMCThEB aMapaHTa copTa «OpaHT», IPUTOTOBIEHHOTO C [IOMOLIbIO
ackopbuHosas epmenTaiyn. Briepsbie yCTaHOBIEHO COEPKAHME [IEHHBIX GMOXMMUYECKYX BEILECTB B YaifHOM HaIlMTKE 13 aMapaHTa — ackop-
Kucnoma, 10MmeuH, GMHOBO KMUCIOTBI, XITIOPOGIIOB, KAPOTMHOM/IOB 1 TIOTEMHA, SIB/ISIIOLIMXCST CUTBHBIMY aHTHOKCUAAHTAMM, HEOOXOAMMbIMU JJIst
yenegoovt 30pOBbsI uesioBeka. OnpeeneHo conepkanye xnopodmmuios (540,14-567,65 mr/100 r), kapornHoMaos (116,62-127,64 mr/100 ),

aMapaHTuHa (44,61-54,18 mr/100 r). B mporiecce hepMeHTaIMM MTPOUCXOOMIIO JOCTOBEPHOE YBEIMUEHe aCKOPOGMHOBOM KMUCIIO-
ThI, JTFOTEMHA ¥ OOIIEH KMCIOTHOCTI. AHA/IM3 COEePsKaHMS HU3KOMOJIEKY/ISIPHBIX KOMITOHEHTOB YIJIEBOIHOTO MPOQWIS TIOKa3asl
IOCTOBEPHOE CHYKEHMe caxapo3bl, padMHO3bI ¥ MOHOCAXapyia aJbTPO3bl, a TAKKe YBeIMUeHye II0K03bl ¥ pub03bl. B cocra-
Be KMUCJIOT OTpeneieHo 28 coenMHeHMit, Cpey KOTOPBIX MPeobIafaloT Heopraunveckast pochopHast KMCI0Ta M OpraHnyecKue
KUCJIOTBI: SIHTApPHAs U IIMLIEPUHOBAs. YCTAaHOBJIEHO, UTO B TIpoliecce hepMeHTaLVM, COITPOBOKIAIONIEMCS TTOBbIILIEHEM 0611t
KMCJIOTHOCTM, CHVKAETCSI COMlepyKaHye YIIEBOOB, UTO CIIOCOOCTBYET YMEHBIIEHMIO CIaIOCTH BKyca Yasi. BbIsBiaeHb! HaKkTophbI,
COTIpsiKeHHbIe C AHTUMOKCUIAHTHONM aKTUMBHOCTHIO aMapaHTOBOro yasl. [1o/1b3y uaitHOTro MPOAyKTa M3 amMapaHTa MOATBepPKAaeT
BBICOKOE COiepyKaHNe KBepIeTHHa, hepyioBoii 1 3/UIaroBOi KUCIOT. BeIsIBIIEHHBIE KOPPEISIIMM MMEIOT TEOPeTUIECKYI0 U Ipa-
KTMYECKYI0 3HAUMMOCTb /IS TOHMMAaHMsI IIPOLIECCOB, TPOMUCXOSIIMX TPy (hepMeHTaIM JIMCTHEB aMapaHTa.
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3¢ deKTMBHBIE ITYTY PACKPBITHS SKOIOTO-TeHEeTHUECKUX 3aKOHOMepHOcCTeli GopMMUpoBaHMs Pa3HOO6Pas3ysl U MCIIOAb30BaHNUS CeNeKIMOHHOrO II0-
TeHIManar.
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amaranth, biochemical Tea and various tea beverages have always been popular products rich in antioxidants. Amaranth is considered a “super prod-
composition, uct” due to the content of high-quality gluten-free protein, unsaturated fatty acids, vitamins and minerals. The leaves of
antioxidant activity, the red-colored varieties of Amaranthus cruentus L., rich in amaranthine, are an excellent raw material for the production
ascorbic acid, lutein, of tea beverages. The purpose of this study was comparative investigation of the biochemical composition and antioxidant
carbohydrates activity of tea from amaranth leaves of the ‘Frant’ variety prepared both with and without fermentation. For the first time,

the content of valuable biochemical substances in a tea drink made from amaranth has been established: ascorbic acid, chlo-
rophylls, carotenoids and lutein, which are strong antioxidants and necessary for human health. The composition of tea has
a high content of chlorophylls (540.14-567.65 mg/100g), carotenoids (116.62-127.64 mg/100g), and amaranthine (44.61-
54.18 mg/100g). During fermentation, there was a significant increase in ascorbic acid, lutein and total acidity. Analysis of the
content of low-molecular-weight components of the carbohydrate profile showed a significant decrease of sucrose, raffinose
and monosaccharide altrose and an increase in glucose and ribose. The composition of the acids included 28 compounds with
a predominance of inorganic phosphoric acid and organic acids: succinic and glyceric. It has been established that during the
fermentation process accompanied by an increase in total acidity, the carbohydrate content decreases, which leads to a de-
crease in the sweet taste of tea. Factors associated with the antioxidant activity of amaranth tea were identified. The benefit of
amaranth tea is confirmed by the significant presence of quercetin, ferulic and ellagic acids. The identified correlations are of
theoretical and practical importance for understanding the processes occurring during the fermentation of amaranth leaves.

FUNDING: The study was carried out within the framework of the research work FGEM-2022-0003 “World resources of vegetable and melon crops of
the VIR collection: effective ways to identify ecological and genetic patterns of diversity formation and use of breeding potential”.

1. BBegeHue BpegHOCTbI0. OTHOCUTENIBHO HOBasl HJIs1 CEJIbCKOTO X03s1iicTBa B PO

Cpeny HayyHOTO COOOIIECTBA BO3pacTaeT MHTEPEC K JIeUueGHO-TIPO-  Ky/IbTypa amapaHTa (Amaranthus L.) mpencTaBisieT 0OcOObIiI MHTepec
buIaKTMYECKUM CpefCcTBaM PacTUTENbHOTO MPOMCXOKAEHUS, YTO 06b- B CBSI3M C COOEpPKaHMEM IOTHOLEHHOTro Gesika B ceMeHaX U JIMCTOBO
SICHSIETCSI IIMPOKMM CIIEKTPOM MX OMOJIOTMUYECKOI aKTMBHOCTU U 6e3-  Guomacce, a Takke 61aropaps YHUKaJIbHOMY aMUHOKMCIOTHOMY COCTa-
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BY [1,2]. BbicoKasl muiieBasi eHHOCTb 06YC/I0BIeHa cO6aIaHCUPOBAHHBIM
coziepskaHyeM GeJIKOB, KMPOB U YITIeBOLOB, MMKPO3JIEeMEHTOB U MM Hepa-
JIOB, TaKMX Kak 6eTa-KapoTuH, ese30, Kaabluii, Butamut C, ponmenast
KUCI0Ta U Ap. [3,4]. Ilo croco6y MCIIonb30BaHMs KYJIbTUBUPYEMbIe BULIBI
aMapaHTa MoApa3feNsioT Ha MuiieBble (OBOIHbIE Y 3eDHOBBIE) U KOP-
MoBble. Takke M3BECTHO NpUMeHeHMe Ky/IbTypbl B MeAMLMHE, B JaH-
niadTHOM o3esieHeHuM [5,6]. YIIOMMHaeTCss HOBATOPCKUIT METOA, CO31a-
HUSI CTPOMUTEBbHBIX MaHeselt 13 crebieit amapaHTa [7]. MeHee M3BeCTHO
M3TOTOBJIEHME Yasl U3 IMCTbeB aMapaHTa. boraTbie amapaHTVHOM JIMCTbSI
KpacHOOKpaIIeHHbIX COPTOB Amaranthus cruentus L. SBJSIIOTCS TIpeKpac-
HBIM ChIPbEM [IJIsl IPOU3BOACTBA YaifHBIX HAIIMTKOB, 06/IaAI0LINX Tepa-
MEeBTUYECKMM Y MPOGMIAKTUIECKUM IPPeKTOM.

Conepskalumiicss B aMapaHTe MUTMeHT 60pIoBOro BeTa aMapaHTUH
OTHOCHUTCSI K IpyIiIe 6eTaiatHoOB — BOAOPACTBOPMMBIX, a30TCOAEPKAIIX
TUPO3UH-TIPDOU3BOAHBIX MMTMEHTOB, XapaKTE€PHbIX IJIS1 paCTEHV[IZ TOJIBKO
onHoro nopsiaka Caryophyllales, koTopslit HMKOTIA He UAeHTUDULIMPYETCS
B OHOM pacTeHuy ¢ aHToumaHaMmu [8]. beTamanHpl IPUCYTCTBYIOT I71aB-
HbIM 06pa30M B TaKMX MPOAYKTaX, KaK CBeK/Ia, aMapaHT, IVIOAbI OITyHIIVIN.
MHOro4Mc/IeHHbIMM MeIVLIMHCKMMM UCCIeN,0BaHMSIMY IOATBEPKAEHO UX
OJIOXKMTETbHOE BJIMSIHME Ha 30,0POBbe YesloBeKa [9]. ABTopaMy OTMeueHbl
[IPOTMBOBOCIIATMTEIbHbIE, aHTMKAHLIEPOTeHHbIE ¥ aHTMOKCHIAHTHBIE CBOJ-
crBa [10,11]. Brarogapst comepskaHuIO B JIMCTBSIX KPACHOOKPAIIEHHBIX COPTOB
amapaHTa aMapaHTVHa ¥ 60raTomMy 610X1MMIYEeCKOMY COCTaBY, Yail 13 IUCTheB
9TOJ KY/IBTYPBI OKa3bIBaeT 6/1ar0TBOPHOE BIMSIHME Ha 3J0POBbe HaCe/eH s,

Yait 1 pa3nuuHble yaiiHble COOPbI BCErna SIBJSUIACH MOMYISPHBIMU
cpeny HaceneHus B PO mpoaykTaMu, 60raTbIMy aHTMOKCUAAHTAMM. XOTS
1esie6HbIe CBOMCTBA uast U3 vaitHoro Kycta (Camellia sinensis L.) u3BecT-
HBI C IIYGOKOI JPEBHOCTH, VICCIeLOBaHME GMOXMMUUECKUX XapaKTePU-
CTUK IOSIBJISIIOIIETOCST HOBOTO MPOAYKTA M3 JMCTbeB aMapaHTa MMeeT
TEOPeTUYECKYIO0 U IPAaKTUYECKYI0 3HAYMMOCTb. TpaguIIMOHHO IIPOU3BO-
IuTeny yasi GUKCUPYIOT M3MEeHeHNs B [IBETe Y apoMare vasi ¢ IOMOLIbIO
CYOBEKTMBHBIX Y OMIIMPUUECKMX MeTOH0B. O1jeHKa BKyCa Yasi YeJI0BeKOM
B 3HAUMTENBHOJ CTelleHM 3aBUCUT OT JIMYHBIX IpeanouteHuit. Conep-
JKaHMEe KauyeCTBEHHBIX KOMIIOHEHTOB, OIIpenesisseMbIX 6]/[0X]/[MI/I‘I€CKI/IM
aHaIM30M, sIBJIsIeTCs 60jee TOUHBIM U MTOKa3aTeabHbIM [12,13].

VI3BeCTHO, UTO IIPOU3BOACTBO (hepMEHTUPOBAHHOTO Yast TPOXOAMT 3a
cyeT cOGCTBEHHBIX (PePMEHTOB ChIPbSl ¥ MUKPOOHO MeTabonmnyeckoin
aKTMBHOCTY. DTOT IIPOLIECC CYMTAETCS KII0UeBbIM METO/IOM, OTBETCTBEH-
HBIM 32 pa3MyYHble 6M0XMMUYECKMe U3MEHEeHMSI Y IPUBOISLIVIM K YITyd-
LIEHMIO CEeHCOPHBIX CBOJCTB 4as [14]. B mocnemHue ronbl MOSIBUIOCH
60JIbILIOe KOJIMUYECTBO MOJTBEPKIEHNI TOro, YTO BO BpeMs dhepmeHTa-
LMY Yasi IPOVICXOOUT Psifi 61oTpanchopManyii, TaKUX Kak Jerpaganms,
OKMCIIeHMeE, TTONIMMePU3aLysl, KOHAEHCAIVS Y CTPYKTYpHbIe Moauduka-
umm [15,16]. @epmeHTaLMS SIBSIETCS KIIIOYEBBIM ITPOLIECCOM IIPU ITPUTO-
TOBJIEHMY YEPHOTO Yasi 1 yIyHa u3 yaitHoro kycra (Camellia sinensis L.).
B npouiecce hepmeHTaLMM IPUCYTCTBYIOIIME B JIMCTBSIX SH3MMBI BCTYTIA-
10T B KOHTaKT ¢ aTMOC(epHbIM KUCI0POLOM. YMepeHHas! pepmeHTaLMSI
CIOCOGCTBYET cepuu GMOXMMMYECKMX DeaKLMii, CBSI3aHHBIX C OKMUCIIe-
HyeM nonudeHosnasbl, YTO MOKeT IOBAMSTD Ha COlep>KaHye HEKOTOPbIX
6MOXMMUYECKMUX KOMIIOHEHTOB 1 CHOPMMPOBATH YHUKAIBHBIN BKYC Yasl.
KoHeuyHbIM pe3ynbTaTOM IIpoliecca SIBJSIETCS YIy4YllleHMe BKYCOBBIX,

apoMaTMYecKMX M LIBETOBBIX XapakTepucTMK. Yaii U3 mucTbeB amapaHTa
A. cruentus L. c 60pi0OBO#1 OKpPaCKOJi JINCTa — HOBbII MPOAYKT, Ha6Mparo-
LMt TomysipHOCTh B Poccuu (PycyHok 1). OmHaKko ero 6Moxummudeckme
XapaKTepUCTUKY, B OTVINYME OT YaiHOTO KyCTa, paHee He U3Y4alNCh.

B cBsI3M C 3TUM LieNIbI0 HACTOSIILEH PabOThI SIBJISIOCH CPABHUTEIbHOE
M3yJeHye 6MOXVMIIECKOTO COCTaBa M aHTMOKCUAAHTHOM aKTUBHOCTY Yast
13 TUCTbEB aMapaHTa, MPUrOTOBIEHHOTO KaK C IIOMOIIbI0 hepMeHTaIVHN,
Tak ¥ 6e3. [lTaHHOe yICcCIeNOBaHMe OCBeIaeT BOIPOC COREPsKaHMS U Pasin-
yyst Mexy hepMeHTMPOBaHHBIM ¥ HehepMEeHTHMPOBAHHBIM YaeM 13 aMa-
paHTa 1o Haubosee LeHHbIM GMOXMMIYECKUM KOMIOHEHTaM.

2. Marepuaabl U METOAbI

PacreHust amapaHTa copta «®panT» [17] 66111 BbIpalueHsl B 2023 romy
B OTKPBITOM IPYHTe B ycaoBMsX IlymkuHckux u ITaBaoBckux nabopa-
TOpuii Bcepoccuiickoro MHCTUTYTa TeHEeTUYECKMX PecypcoB pacTeHMit
uMm. H. . BaBuiosa (BUP) (lat 59°7111275' N, long 30°43032647' E;
r. [Tyniku, r. Caukt-IleTep6ypr, P®). [Ipurotosiene hepMeHTUPOBAH-
HOTO 4Yasi BHIIIOJIHEHO 110 METO/Y, OMCcaHHOMY B [TaTeHTe Ha M300peTe-
Hue N2 2793627 «Criocob mpousBonacTBa (HepMEHTUPOBAHHOTO Yasl U3
KPaCHOOKpAIlIeHHbIX COPTOB amapaHTa» [18].

Broxumuueckue uccaefoBaHMS BBIIIOTHEHbI B OTHAene OMOXUMUU
¥ MOJIEKY/ISIpHO# 6uonoruu BUP 1o meTonuke mox, pepakuueit A. Y. Ep-
makoBa [19]. ComepykaHue acKOp6MHOBOI KMCIOTHI ONPe/eIeHO MPSIMbIM
u3Bneduenrem u3 pacrenuit (1% HCl) ¢ mocnenyomum TUTpOBaHMEM
C MoMoInplo peakTuBa TwibmaHca (2,6-muxmopuHmodunon). Caxapa
ompepensyiv MetTofoM bepTpaHa; 0611yI0 KUCIOTHOCTh — TUTPOBaHMEM
akcrpakra 0,1 H 1Ie0Ybl0, C IIepecyeToM Ha SIGMOYHYI0 KMCIOTY. IIur-
MEeHTbI KaPOTMHOUABI U XI0pOodGIIIbL 9KcTparupoBanu 100 % aneToHOM.
AB6COPOIINMIO M3MEPSIIN TIPYU Pa3IUYHbIX IJIMHAX BOJIH (HM): 645, 662 mst
xJ10pobUIIIOB a u b, 440 mast KapOTUMHOMUIOB, 454 [T KapOTUHOB, 454
7S B-KapoTuHa, 447 s moTenHa, 440 07151 BUONIOKCaHTUHA U 443 ns
kcantobmia. ComepskaHue OeTaJaMHOB OTMPENENsIM CIeKTpodoTo-
MeTpuuecku Ha cnekrpodorometpe Ultrospec II (LKB Vertriebs GmbH,
Asctpusi). Cyxme JUCTbS aMapaHTa IOABEpPTaaM SKCTpakuum 2 %-HbIM
pPacTBOpOM MYpaBbMHOI KUCIOTHI IO 06eCIBEUMBAHMS UCXOLHOTO Ma-
Tepuana, GuUIbTPOBAIM Yepe3 BGYMaxKHbII GUILTP U co6Mpanu B Mep-
HYIO KOOy, 3aIMChIBAIN TTOMYUYEeHHBII 06beM. ONITUYECKYIO0 [UIOTHOCTh
MTOJTYYEHHBIX SKCTPAKTOB M3MEPSIM IIpu A = 535 HM 11 GeTalMaHHOB
(amapaHTVH) ¥ Ipu A = 469 HM 7151 GETAKCAHTUHOB (BYJIbrakcaHTUH) [20].
CopepkaHne (HeHONbHbBIX COEUHEHMIT YCTAaHABIMBAIU CIIEKTPOGOTOMeE-
TPUYECKM C MUCIOIb30BaHMeM peakTyBa PomyuHa-YokanTey Ha CIIUPTO-
BBIX 3KcTpakTax (70% sranoin, 80°C, 1 vac) [21]. CraHzapTOM CIy>XMiIa
rajyIoBast KUCI0Ta. Pe3ynbTaThl BbIpaXkaay B MI-3KB ajlJIOBOM KUCIOTBI/T
(mr-3kxB I'K/t). Copepskanue GhaBOHOMIOB OIIPeeNsIv MO BeJIMUMHE I10-
I7IoLIeHNsT KoMIuieKca GIaBOHOMAOB Mpu 415 HM € XJIOPUCTBIM QJIIOMMU-

HMEM Ha CIMPTOBBIX IKCTPAKTAX, PE3Yy/JIbTAaThl BbIPpa’Ka/IM B MPOLEHTAX.
Jjis1 OLleHKM aHTUMOKCUIAHTHON aKTUBHOCTU MCIIONb30BAICS METOJ KO-
JIOpUMETpUM CBOGOOHBIX pafiKajaoB, OCHOBaHHbIN Ha peakiuyu DPPH
(2,2-pudeHnn- 1 -mMKpUITMApasuI), pACTBOPEHHOTO B 3TAHOJE, C 00pas-
LIOM aHTMOKCUAAHTA. Pe3y/bTaT BhIpaskaay B 9KBMBAJIEHTAX aCKOPOMHO-
BOJ KMCJIOTBI (MKI-3KB AK/100r) [22].

PucyHok 1. AmapauT Amaranthus cruentus L. copta «®paHT». MoJiogpie pacTenus (c/ieBa), B3pociable LBETYIMe pacTeHus (Crpasa)
(dboto aBTOpPOB)
Figure 1. Amaranth Amaranthus cruentus L. cultivar ‘Frant’. Young plants (left), adult flowering plants (right) (photo by the authors)
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MeTtabonuTHblii poduiab UIEHTUDUIMPOBAIU C UCIIONb30BaHUEM
raso-KMIKOCTHOM XpomMaTrorpaduy ¢ Macc-ClieKTpoMeTpueil Ha Xpoma-
torpacde Agilent 6850 (CIIIA) cornacHo JIockyToBY U ap. [23]. He meHee
40 Mr u3MenbYeHHOro o6pasla CMeIBaIu ¢ MeTaHOJIOM B COOTHOILe-
Hum 1:10 (w: v), mpo6y HacTauBaayu He MeHee 30 CyTOK ITpu TeMIlepaType
5-6°C. Janee 100 MK/ 9KCTpaKTa BbICYIIMBaIM Ha ycraHoBKe CentriVap
Concentrator (Labconco, CIIIA). B kauecTBe BHYTPEHHEro CTaHZApTa
B Ipo6y no6asisuiv 50 MKJI pacTBOpa TPMKO3aHa B MUPUIMHE B KOHIIEH-
Tpauuy 1 MKI/MKI ¥ CMIIMJIMPOBAJIN C IIOMOIIBIO0 GVC(TPUMETHUIICUIINIL)
tpudropaueramuaa 40 muHyT npu temmneparype 100°C. PasgeneHue
po6sl 06beMOM 1,2 MKJI IPOBOIVI/IN C TOMOIIBI0 KaNV/UISIPHOI KOJIOH-
ku HP-5MS (5% dennn 95 % metunnonucunokcat, 30,0 m, 250,00 Mxm,
0,25 MKM) Ha rasoBoM xpomarorpacde ¢ KBaJpyloJbHbIM Macc-cesek-
TUBHBIM AeTekTopoM Agilent 5975B VL MSD (Agilent Technologi, CILIA).
CoenuHeHUs] UAEHTUOULUMPOBAIM IO MX MAaCC-CIIEKTPY U MHIEKCY
yIepskuBaHMS C IPMMeHeHMeM NporpaMmMbl Automated Mass Spectral
Deconvolution and Identification System (AMDIS, National Institute of
Standards and Technology, CIIIA). Macc-CrieKTp CUMTaIu OIpefeeH-
HBIM IIPpU COBIIAZI€HUU C 6V[6HI/IOT€‘IH]>IM BapMaHTOM IIpU MHIEKCE COOT-
BeTcTBMsI He MeHee 80. Mcnonb3oBanu 6ubmmorexu NIST2010 (National
Institute of Standards and Technology, CIIIA), a Tak’ke KO/UIEKLIMM MacC-
CIEeKTPOB CTaHJApTHbIX coenyHeHuit CaHKT-IleTepOyprckoro yHuBep-
cutera u Borannueckoro MHctutyta PAH. PesynbraThl 06pabaThiBaan
¢ ucronb3oBanueM rporpamm UniChrom (OO0 «HoBble AHaIUTUUECKIE
Cucrembl», Benapycb), AMDIS u 6u6nmnoTeku macc-criektpoB NIST 2010
Hay4YHO-MCCIeqoBaTebckoro mapka CaHKT-IleTepOyprckoro yHMBED-
cuteta ¥ GOTAaHMYECKOTO MHCTUTYTAa Poccuiickoit akajeMuy HayK MM.
B. JI. Komaposa [24,25]. IH[ieKChI yaep>kuBaHUs ONpeessi C VCIIONb-
30BaHMeM KaJMOPOBKM I10 CTAaHIAPTHBIM IpeeNbHbIM YIJIEBOLOPOLAM.
KonnuectBeHHas MHTepIIpeTaIyisi METaG0IMTHOTO ITPOGWIISI BBIITOTHEHA
0 IUIOIIAASIM MUKOB TOJHOTO VMIOHHOT'O TOKa METOLOM BHYTPEHHEro
craHzapra 6e3 yueta K03 OUIMEHTOB YyBCTBUTENIbHOCTY. [IaHHBIE ITPU-
BeJleHbI B IlepecyeTe Ha CyXoe BelllecTBO.

Cratucruyeckasi 06paboTKka JaHHbIX TPOBOAMIACH C UCIIONb30BAHM-
em niporpamm MS Excel 2007, Statistica 10.0 1 B mporpamMHOM obecrieue-
uum R (Bepcus R-4.2.1), makeTsl ‘metan’. [Ijist Bcex mapaMeTpOB pacCuu-
TBHIBAJIUCDh OIMCATENIbHbIE CTATUCTUKYU (CpefHee, CTaHAAPTHAS OUIMOKa
cpenHero, k0adduumeHT Bapuanum). OLeHKY M3MEeHYMBOCTU CTPYKTYPbI
cBsI3ell Mexy Npu3HaKaMy aHaJIM3UPOBAIM C MOMOIBI0 (HAaKTOPHOTrO
aHa/M3a METOOM IJIaBHbIX KOMIIOHEHT. 3HaueHus Ko3pduimeHTa Kop-
pensuyu Iupcona nipu r < 0,3 cunranuck cnabeimu, 0,3 > r > 0,5 — yme-
penHbimMu, 0,5 > r > 0,7 — 3ametHbimu, 0,7 > r > 0,9 — cunbHbIMHK, 1> 0,9 —
OuYeHb CUJIbHBIMU.

3. Pe3ynbTaThl M 00CYKAEHUE

ITo cyOBeKTMBHOI OLieHKe, GBUIM OTMeUeHbl M3MeHEHVs B LiBeTe
u apomare HepMeHTMPOBAHHOTO yasi 13 amapanTta (PucyHok 2 A, B, C).
B BapmaHTe ¢ epMeHTaLMel! JIMCTA HATUTOK XapaKTepU30BasICs Goee

®®

WEPEPMENTH  QEPMEHTHPOH

C D

PucyHOK 2. BeicylIeHHBIV IMCT aMapaHTa (A), BbICYIIEeHHbI
¢epmeHTHPOBaHHBI JIMCT aMapaHTa (B), 3aBapeHHbIii ropsiueit
BOJOJ B TeYeHue 5 MUHYT daii u3 amapanTa (C), 3aanThIit
XOJIOZHOJ BOJIOV B TeueHue 2 MMHYT 4aii u3 amapanra (D)
Figure 2. Dried amaranth leaf (A), dried fermented amaranth leaf (B),
amaranth tea brewed in hot water for 5 minutes (C), amaranth tea brewed
in cold water for 2 minutes (D)

WEPEPMENTH? QEPMEHTHY

HAaCBIIEHHbIM GOPIOBBIM I[BETOM M TEPIIKUM IPUSITHBIM BKycOM. Tak-
3Ke OTMeueHa BbICOKas CKOPOCTh 3aBapuBaHuUsl (1-2 MUHYTBHI) U BO3-
MOKHOCTb MCITOJIb30BaTh XOJONHYIO BOLY IJISI TIOTyYeHMsI JIETHErO OC-
BEXaIoIero HamMTKa, YTO SIBJSIETCS] 3HAUMTEIbHBIM IPEUMYIeCTBOM
(Pucynok 2 D). Yait u3 BbIcynieHHOro HedepMeHTMPOBAHHOTO JIVCTA
OT/INYAJICA «TPAaBAHBIM» IIPUBKYCOM M M€H€€ HACBIIIE€HHbIM 60p,ILOBI)IM
LIBETOM, [JIs1 3aBapMBaHus Heo6xoanmo 10-15 MUHYT.

KonmuecTBeHHbII M KavyeCTBEHHbII COCTAaB KOMIIOHEHTOB, OIlpe-
[eJIIeMbIX OGUMOXMMMUYECKMMM IapaMeTpamMy, — OOBeKTUMBHbBINA ITOKa-
3aTesb, OTPAKAIUIMI pasInuMs WIM CXOACTBO MEXAY BapMaHTaMM
ombiTa. 10 GOMBUIMHCTBY MapaMeTPOB OMOXMMMUYECKMX TIOKa3aTeneit
cymeHoro U (epMeHTHPOBAaHHOTO JIMCTA aMapaHTa JOCTOBEPHBIX pa3-
mmumit He BbisBieHO (Ta6nuua 1). B 1eoM, OTMeYeHO BbICOKOE COofiep-
skaHue xnopodusuios (540,14-567,65 mr/100 r), kaporuHONIOB (116,62—
127,64 mr/100 ), amapanTuHa (44,61-54,18 mr/100 r). CylecTBeHHbIE
pasnuuus (p < 0,05) MeXay BapyaHTaMM OTIbITA BbISIBJIEHBI IO COfepyKa-
HMIO CYXOT'O BelecTBa, aCKOPGMHOBO KMCIOThI, CYMMBbI CaxapoB, MOHO-
caxapoB, TUTPYEMOI KUCJIOTHOCTH, o-KapoOTUHA U JoTenHa. KomuecTso
sutamuHa C mocie dhepMeHTanyy Bo3powio Ha 46,7 %, cymMMa caxapoB
cHM3MIach Ha 53,3 %, KUCIOTHOCTb MopHsiach Ha 80,7 %, comepkaHue
JIIOTeVHA YBeJIMYWIOCH B 2 pasa.

Ta6bnmuia 1. CpaBHUTEIbHASI XapPaKTEPUCTUKA OGMOXUMUIECKUX
ToKas3areJieii CyIIeHOTo JIMCTa aMapaHTa ¢ epMeHTUPOBaHHBIM

Table 1. Comparative characteristics of the biochemical parameters of dried
amaranth leaf and fermented one

Buoxummueckue CymeHplit CT i):}:x;r;rg&- p (0,05)
roxasaremt Mean SD Mean SD
Cyxoe BellecTso, % 92,47 0,15 93,47 0,29 0,006*
ﬁi‘;fgg‘f“"‘*a” xucrora, 71,25 0,01 104,50 12,10  0,009*
MoHocaxapa, % 3,16 0,06 1,74 0,65 0,02*
Caxaposa, % 1,08 0,58 0,23 0,21 0,07
CymMma caxapos, % 4,24 0,54 1,98 0,54 0,007*
Turpyemast KUCIOTHOCTb, % 2,13 0,22 3,85 0,75 0,02*
Xnopodwmmn?, mr/100 T 405,64 194,95 423,71 34,20 0,88
Xnopodunn®, mr/100 162,01 42,78 116,43 10,77 0,15
Xnopodusmisr, Mr/100 r 567,65 192,71 540,14 24,63 0,82
Kaporunoungpi, Mmr/100 © 127,64 31,88 116,62 9,20 0,59
a-Kkaporus, mr/100 r 17,33 4,67 8,19 2,95 0,04*
B-xaporus, mr/100 r 25,66 5,86 23,07 1,04 0,49
Jlrorens, mr/100 r 12,12 1,72 24,37 0,07 0,002%*
Buonokcantus, mr/100 r 43,14 10,33 31,82 2,73 0,14
Kcantodwmibl, mr/100 r 31,61 9,07 32,84 1,91 0,83
AmapaHTtyuH, mr/100 r 54,18 21,43 44,61 3,29 0,49
Bynbrakcantms, mr/100 9,82 1,53 7,71 0,70 0,10
ﬁfg‘;gbgg‘jgg‘;ﬂ”“““"’ 820 1,25 895 064 0,40
dnaBoHOUARI, % 0,36 0,11 0,30 0,05 0,46
AOA?, Mkr-3kB AK/100 T 410,99 87,05 401,00 29,63 0,86
DPPHP, % 65,47 13,78 64,56 4,54 0,92

Tpumeuanue: *pasnuuus cyiecTBeHHbI (p < 0,05),? aHTMOKCUIAHTHAS aKTUB-
HOCTb; ® aHTUpaAMKaTbHAs AKTUBHOCTb.
* the differences are significant (p < 0.05), 2 antioxidant activity; ® antiradical activity.

Ackop6uHoBast kuciaora (AK) sBisieTcss BaKHbIM IOKasaTeneM, I0-
CKOJIbKY 3TO COeAVIHEHMeE SIB/ISIeTCS] akKTUBHBIM aHTMOKCUIAHTOM. B mpo-
Lecce 12-yacoBoii epMeHTaLIMM IPOUCXOAMIIO €€ TOCTOBEpHOe YBeu-
yeHue ¢ 71,2 o 104,5 mr/100 r. CunaTe3 AK M3y4eH JOCTaTOYHO XOPOIIO
Ha MpuMepe BereTUPYIOUIMX PacTeHMit U TIOAOB rocie yoopku [26,27].
OmucaHbl BO3MOXKHbBIE abTepHATVBHbIe IyTH 6uocuHTesa [28]. Ha-
nbonee KOPOTKUM SIBJISIETCSI D-TayJaKTypOHOBBIN IyTh, IIPU KOTOPOM
HavyaJbHBIMM CyOCTpaTaMy CIY>KaT IPONYKThI pa3pyllieHusl Ionucaxa-
PUIOB KJIETOYHONM CTeHKM [29]. B Hamem mccieqoBaHuy, COTJIACHO Me-
TOIVIKE PUTOTOBIeHMs GepPMEHTMPOBAHHOTO Yasi U3 aMapaHTa, Ha Iep-
BOM 3Tarle JMUCThsI IOABEPraloTcsl 3aMOPO3Ke, UTO NMPUBOIAUT K Pa3pbIBY
KIETOYHBIX CTEeHOK. IIpesronaraeM, YTO BbICBOGOAMBINASICS caxapo3a
rojBepraeTcst ruaponu3y Bo Bpemsi depmeHTauuu. [IponyKkTsl ee pac-
raja BKIIOYAOTCS B cuHTe3 AK 1 OpraHuyecKkux KUCIOT, YTO IPUBOOUT
K MX TIOBBIIIEHMIO B KOHEYHOM ITPOZYKTe M K CHIDKEHMIO COZepsKaHMsI
caxapoB. JlaHHble KOPPEISLMOHHOIO aHaau3a IOATBEPXKAAIOT Hally
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MpeATIONOKEeHNMS: BbIIB/IeHa CUIbHAsl OTpuijaTesnbHass Koppensuus AK
¢ caxapamu (r = -0,82, p < 0,05) ¥ MONOKUTENbHAS C CYyXUM Bel[eCTBOM
(r=0,95,p <0,01) u mrorennom (r = 0,91, p < 0,05) (PucyHok 3). [Ipumeua-
TeJbHO, YTO B UEPHOM U 3€JIeHOM Yae U3 YaifHOro KycTta 3apuKCpoBaHbI
6mi3kue 3HayeHus AK [30].

Cymma caxapoB mocie GepMEeHTUPOBAHUS JIUCTA aMapaHTa CHU3U-
nach Ha 53,3% u B cpenHeM coctaBuia 1,98%. Hy>kHO OTMETUTh, UTO
y KJIacCMYecKOro YepHOro yasi 3TOT IOoKasaTeldb BapbupyeT or 0,5 mo
1,5% [31], y 3eeHOro yasi MOXeT gqocturaTh 5,13% [32]. Cpeoyt HU3KO-
MOJIEKYJ/IIPDHBIX KOMIIOHEHTOB YIJIEBOOHOTO l'IpOCl)I/[I[H BBISIBJIECHO [0-
CTOBEpHOE CHIKEHMEe COZlep>KaHMsl AycaxapoB (caxapo3bl M paduHO3bI)
M MOHOCAXapuja alabTPO3bl, & TAKXKe yBeIMueHue MIIOKO3bl U PUOO3bI
(Tabmuua 2). Pazmuuusi MeXOy MeTabolIuTaMy YIJIEBOTHOTO MpPOdu-
sl GbUTM TIOATBEPKIEHBI PE3yIbTaTaMM aHAIM3a IVIABHBIX KOMITIOHEHT
(PCA), xotopble 06bsicHSUIM 56,2% U 26,2% OT 06LIeit Aucnepcum co-
oTrBeTCTBeHHO (PucyHOK 4). TakuM 06pa3oM, MOXKHO CAenaTh BbIBOZ, 06
yYMeHbLUIEHUM CIafoCTM BKyCa yasi M3 aMapaHTa I1ocie GepMeHTalun.
AHanormuHble pe3yabTaThl ObLIM TOKa3aHbl B paboTe KUTAMCKUX MC-
c/ieoBaTerieii, KOTOpble aHaIM3MPoBaMy (HepPMEHTHPOBAHHBIN YaiiHbIA
sct Ginkgo biloba L. v Tax>ke OTMeTW/IM CHUKEHYE YPOBHSI caXxapos [33].

Cpeny opraHMYeCKMX KMUCJIOT B Yae U3 aMapaHTa Obuto MaeHTudu-
uupoBaHo 28 coenuuennii, (PUCyHOK 5) mpeob6iafany HeopraHuueckast
docdhopnast (20-22 %) u opranmnueckue ssHTapHas (11-17 %) u mmepu-
HoBas (10-23 %) kucnoTsl. JocToBepHbIe pa3anyus MeXy BapMaHTaMu
ombITa GbUTM YCTAHOBJIEHBI JJis (DepyIoBOii, Ta/UIOBOI, BaHUIMHOBOI,
[JIUIIEPUHOBOI U THTAPHOI KMCTOT. [Tocie hepMeHTalUy INIIEPUHOBASI
Kuciaora noBeicuaack Ha 107,3%, depynoBass — Ha 134,4%; stHTapHasd,
BaHM/IMHOBAS ¥ Ta/UIOBast KUCJIOThI CHU3WINCh Ha 42,7 %, 45,8 u 34,2%
COOTBETCTBEHHO. B paboTe oTeueCcTBEeHHbIX MCCIeL0BaTeNel py aHau-
3e MeTaboUTOB B BEreTMPYIOIIMX JUCThSIX aMapaHTa Buga Amaranthus
tricolor L. 6b1710 06Hapy>kKeHO 22 opraHuyeckue KUCIOTHI [34]. OTnnuus
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Tab6nuiia 2. YIiieBOgHbIi MPodmiib CYyIIEHOTO
¥ (epMEeHTHUPOBAHHOTO JucTa amapaHnTa (Mr/100 r)
Table 2. Carbohydrate profile of dried and fermented amaranth leaves (mg/100 g)

Buoxummnueckue Cymiebiit micT f:gxﬁyﬁg p HCP,

ToKasaTesn (0,05) 05
Mean SD Mean SD
MoHocaxapa

Ribose 15,552 1,85 36,090 1,24 0,001 4,10
Arabinose 27,36 10,17 27,25 7,22 0,98 15,33

Lyxose 2,49 1,17 3,20 0,81 0,43 2,61
Rhamnose 24,15 2,26 29,35 2,95 0,07 6,79
Fructose 704,08 143,12 539,81 17,75 0,10 103,07
Sorbose 77,14 53,41 88,34 12,85 0,36 29,30
Galactose 142,01 43,45 287,39 133,75 0,24 284,65
Rutinose 36,91 13,23 23,07 7,41 0,09 15,8
Mannose 155,47 314,66 290,97 146,17 0,30 310,27
Altrose 275,562 139,34 131,39 8,51 0,001 34,11
Xylose 33,00 18,13 32,46 12,99 0,96 27,77
Glucose 403,30° 374,95 506,20 41,18 0,04 87,42

Iucaxapa

Sucrose 983,83 199,90 78,49® 20,15 0,001 369,32

Maltose 1,67 0,44 1,46 0,56 0,65 1,31
Raffinose 51,14 13,73  5,53b 1,23 0,004 25,32

Tpumeuanue: ® pasnuuHble GYKBbI B OJHOJ CTPOKE 03HAYAIOT, UTO JAHHbIE
pasIMYaoTCs CylecTBeHHo (p < 0,05).
ab b different letters in one line mean that the data differ significantly (p < 0.05).
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PucyHok 3. KoppensinyoHHass MaTpuiia 6MOXMMHUYECKMX ITIOKa3aTesIeil ¥ aHTMOKCUIAHTHO aKTUBHOCTH CYIIEHOTO
¥ ¢epMEeHTHPOBAHHOIO JTUCTA aMapaHTa
Figure 3. Correlation matrix of biochemical indicators and antioxidant activity of dried and fermented amaranth leaves
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PUCYHOK 4. AHa/IM3 IIIABHBIX KOMIIOHEHT YII€BOJHOT0 mpoduis
Jasi M3 aMapaHTa
Figure 4. Principal component analysis of the carbohydrate profile
of amaranth tea

B COCTaBe HEKOTOPBIX KOMIIOHEHTOB, BEPOSITHO, OOYC/IOBIEHbI BULOBbI-
MM 0CO6€HHOCTSIMY JAHHOM Ky/IbTYPBbI.

MaxkcuManpHblit pocT 3abuMKCUpoBaH it (eHOTBHOTO COelMHe-
HUs1 — (epynoBoit KMCIOTHI, coflepkaHyue KOTOpoii B hepMeHTPOBAaHHOM
4yae yBeIMumIoch B 2,3 pasa (mo 21,61 mr/100 r). B uccnenoBanmsx ['muc
C COoaBTOpaMM [4] B CBEKEBBICYIIEHHBIX JMCTbSIX OBOIIHOIO amMapaHTa
Amaranthus tricolor L. Takke 6b1a MaeHTUGUIMPOBaHA hepyIoBast KUCIO-
Ta Ha yposHe 0,01 Mxr/100 Mi1. 1I3BeCTHO, YTO 3Ta KMUC/IOTA SIBISIETCS CUMb-
HBIM AHTMOKCMAAHTOM M OO/NafaeT PSOOM TepareBTUYEeCKUX CBOMCTB:
MIPOTMBOBOCIIA/INTENIBHBIM, aHTUAMAGETNYECKUM, aHTMKAHIePOTeHHBIM,
renaTonpoTEeKTOPHBIM, aHTUATEPOCKIEPOTHYECKYM [35-38]. Takum o6pa-
30M, (hepMEeHTUPOBAHHBII Yaii 13 aMapaHTa SIBJISIeTCS] UCTOUHUKOM LeH-
HOIJA JJ151 3[0pOBbsI UesioBeKa (HepyoBoil KUCIOTBI.
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Gluconic acid

Gallic acid
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Shikimic acid

Protocatechuic acid
Ribonic acid

.

OTnnuMTeNnbHO 4YepToil Yasg M3 aMapaHTa SIBJSIeTCS] BBICOKOE CO-
nepkaHue miotenHa (12,12-24,37 mr/100 T), 4TO COOTBETCTBYET WMJIU
MpeBbIIIaeT KOHIEHTPAIMIO 3TOTO BEIleCTBa B IIMMHATE, TPAAULIMOHHO
MPU3HAHHOTO OJHUM W3 JIN[EPOB IO COAEPKaHMIO MoTenHa [39]. Han-
6osTbIlIee KOJIMYECTBO JAHHOTO BELIECTBA COAEPKUT JIMCTOBAS KAaIyCcTa —
39,55 mr/100 . Jliotenn (CyHs60,) SIBASIETCS KUCIOPOAOCOAEPSKAIIMM
MMUTMEHTOM Kjlacca KapOTMHOMIOB M HIMPOKO BCTPeYaeTcsl B OBOILAX,
dpykrax, uBetax u Apyrux pacrennsx. OH COIEPXKUTCS B MaKyJle CeTyaT-
KM I7Ia3a ¥ He CMHTe3MpyeTcsl B opranusMe yenoseka [40]. [Tostomy no-
Tpe6iieHye MPOAYKTOB MUTaHMsI, BK/IIOUAIOIIVMX JIIOTEMH, KpajiHe KpajiHe
BaKHO [JISI TPEIOTBPAIIEHNUST Pa3IMUHbIX AUCTpodhUUeckux 3aboseBa-
HU m1a3 [41,42]. B pse uccieqoBaHuii yCTaHOBJIEHO, YTO IIPEKYPCOPOM
B GMOCHHTe3e JII0TeNHA SIBJISIeTCS o-KapoTuH [43,44]. [Ipegnonaraem, 4To
JIOCTOBEPHOE CHIDKEHME KOMYECTBA 0-KapOTUHA B (hepMEHTUPOBAHHOM
yae ¥ MOBBILIEHVE COAEePKaHNS TIOTEHA MOTYT MUMETh KOCBEHHYIO CBSI3b
(Tabnmuua 1).

VI3BeCTHO, YTO GMOIOCTYITHOCTD JIIOTEVHA TIOBBILIAETCS TPU Pa3Mesib-
YeHUU ChIpbs [45]. MeToayKa npurotToBieHust pepMeHTMPOBAHHOTO Yast
U3 aMapaHTa IpefycMaTpyBaeT 3aMOpaXkUBaHMe JIMCTbEB U IOCIEeAY-
IOIIYI0 €r0 Hape3Ky, YTO CIIOCOOCTBYET BbICBOOOKAEHUIO CONEPKUMOTO
KJIETOK ¥ GoJibIlelt 6MOJOCTYITHOCTH JIIOTeMHA, KOTOPbIi He Jerpaaupy-
eT IIpM HU3KUX TeMIlepaTypax, YTO OTMeJaloch paHee [46]. Kuralickue
MCCemoBaTeNN U3ydaau JTI0TEeMH, Bbifie/IeHHbI 13 Bomopocin Chlorella
protothecoides, i yCTaHOBWIM yYMEHbIIIEHME €r0 COAEpKaHMUS TPU Ha-
rpeBaHuy [47]. Takum o6pasom, Graromapsi BICOKOMY COLEepPKaHUIO
U COXPAaHHOCTMU JIFOTEMHA, XONOAHbIN (DepMEHTUPOBAHHBIN HATUTOK U3
aMapaHTa 06/1aJaeT 60Jblilelt T0b30¥ AJIs1 3T0POBbs. KoppesioHHbI
a"Hamm3 (PMCyHOK 3) MOKa3al CUIbHYIO INOJIOKUTENbHYIO B3aMMOCBSI3b
JIIOTEeMHA ¢ 0611t KucaoTHocThio (1= 0,87, p < 0,05), AK (r=0,91, p < 0,05)
¥ OTpUIATeNbHYI0 — C caxapamu (r=-0,93, p < 0,01).

AHTHMOKCMIAHTHasg akKTMBHOCTb (AOA) 4yas 1o BapMaHTaM OIIbITA He
MMeJia CYIIeCTBEHHbIX pas3nuuuit u B cpegHeM cocraBuia 405,99 Mkr-
9kB AK/100r. OT™MeueHa cuIbHas ITOJOKUTEIbHAs B3aMMOCBsI3b AOA
¢ cymmoii GeHOMbHBIX coemuHenmii (r = 0,84, p < 0,05), ¢ xmopodwui-
nom a (r = 0,82, p < 0,05) u ¢ cymmoii dnaBononnos (r = 0,94, p < 0,01)
(Pucynok 3). Wojciechowski ¢ coaBTopamu [48] B OIbITax C 9KCTpaKTa-
MM 3€/IeHOTO ¥ YepHOro 4asi Takoke OTMeYaM CUJIbHYI0 KOppensLyio
AOA c deHonmpHBIMU BellecTBaMu. U3 13 uaeHTUGOULIMPOBAHHBIX HAMU
(eHOMbHBIX COeNMHEHMIT HaMOOJMBIIYIO [OMI0 COCTABMIM IIMKMMOBASI
(36,0%) u snmnarosas (19,8 %) kucmorel. Cpeny raBOHOMIOB TIpeobia-
nan keepueTuH (117,04 mr/100 r). YcTaHOB/IEHO, YTO 3/1JIaroBasi KUCI0Ta
¥ KBEpLETUH 06/1aaloT MOATBEPKIAEHHBIM ITPOTMBOBOCIIAIUTEIbHBIM,
KapAMOIPOTEKTOPHBIM, TUIIOTEH3UBHBIM 3G (dEKTOM, CIIOCOOCTBYIOT I10-
BBIIIEHNIO XM3HECIIOCOOHOCTY HEIIPOHOB M CMSITYAIOT ITOBPEKAEHNS ITPU
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PucyHok 5. UpeHTHdUIMpoBaHHbIe OpraHNMYecKye KIUCIO0ThI B ONBITHBIX BapMaHTax yas u3 amapaHra (mr/100r).
Figure 5. Identified organic acids of experimental variants of amaranth tea (mg/100g)
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HeliposiereHepaTUBHbIX 3a60/€BaHMSAX, TAKUX KaK 60/le3Hb Anblreiime-
pa u [TapkuHcoHa [49,50]. BelteckazaHHOe NOATBEPKAAET BbIpaskeHHOe
037,0paB/IMBalolL e AejicTBye Yasi U3 aMapaHTa.
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ABSTRACT

Microalgae represent a promising feedstock for sustainable biofuel production and high-value lipid-based bioproducts due to
their high lipid productivity and rapid growth rates. Accurate and reproducible lipid quantification is essential for strain selec-
tion, process optimization, and industrial scaling. This review presents a comprehensive and critical evaluation of contempo-
rary lipid quantification methods applied to microalgae. The methodologies are categorized into screening, quantitative, and
profiling approaches, encompassing techniques such as solvent extraction, in situ and direct transesterification, colorimetric
assays, spectroscopic tools (NIR, FTIR), and chromatographic techniques (GC, LC-MS/MS). Each method is evaluated across
multiple performance axes, including analytical accuracy, throughput, requirement to the sample, technical complexity, and
standardization potential. Results are synthesized using the comparative tables. While high-throughput screening tools (e. g.,
Nile Red, SPV) offer speed and easiness of using, they exhibit limitations in accuracy and reproducibility. Quantitative meth-
ods such as acid-catalyzed in situ transesterification coupled with gas chromatography demonstrate a strong balance between
precision and scalability. Profiling methods, including LC-MS/MS, provide the highest molecular resolution but are cost- and
labor-intensive. The review highlights the need for methodological harmonization and discusses the trade-offs associated
with analytical choices in research and industry. Practical recommendations are proposed for selecting the appropriate tech-
niques depending on application context — from early-stage screening to advanced lipidomic profiling.
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K/IIOYEBBIE CJIOBA: AHHOTAL A

MUKposodopocu, MUKpOBOIOPOC/IN MPELCTABISIOT CO60I MepCreKTUBHOE ChIPBE AJIS1 YCTONUYMBOTO MPOU3BOACTBA GMOTOIUIMBA U LIeHHbIX O1-
JUnuosL, OIIPOZYKTOB G1arofapsi BHICOKOM TMITMAHOI MPOSYKTUBHOCTH U GBICTPOMY TEMITY pOcTa MUKpoBojopocieii. TouHoe 1 Boc-
KOJlUYecmeeHHoe IIPOM3BOAMMOE KOIMYECTBEHHOE OIpesieieHNe IMIMI0B MMeeT pelllaolee 3HadeHue IJIst 0T60pa LITaMMOB, ONITMMM3aIN
onpedenerue MUNUdos, MPOLECCOB M MACIITAGMPOBaHMSI IPOU3BOACTBA. HacTosimmit 0630p mpencrasiseT co60ii BCECTOPOHHIOW U KPUTUIECKYIO
npou3seoocmeo OLIEHKY COBPEMEHHBIX METOZIOB KOJIMUYECTBEHHOTO aHaIM3a JUIMAOB, IPUMEHSIeMbIX K MUKPOBOLOPOCISIM. PaccmoTpeH-
6uodusensHoz0 Hble METOAMKM KIACCUDULUPYIOTCS MO TUIY IPUMEHEHMUsSI: CKPMHMHTOBbIE, KOMMUYECTBEHHbIE U MPOGUIUPYIOIINE TOAXO0-

monnuea, 6uomacca IIbl, BKJTIOYAsI TaKye TeXHOIOTUM, KaK 3KCTPAaKLUMsI PAaCTBOPUTENSIMY, in situ v nipsiMast arepudukanysi, KoaopumeTpuieckme
TecThl, criekTpockonuueckue metonsl (NIR, FTIR), a Taxke xpomarorpaduueckue texunku (I'X, BO)KX-MC/MC). Kaxzablit
MeTOZ, OLIEHVBAETCS [0 HECKOIBbKMM KPUTEPUSIM, BKIIOUas! aHATUTUYECKYI0 TOUHOCTD, TPOITYyCKHYIO CIIOCOGHOCTH, TpeGoBa-
HUSI K 06pa3iam, TeXHMYECKYIO CJIOKHOCTD M IIOTEHIIMAJ CTaHgapTM3auyn. Pe3ynbTaTbl 06001IaI0TCS B BUE CPABHUTEIbHBIX
Tabmui. HecMoTpst Ha BBICOKYIO CKOPOCTb M IIPOCTOTY ITPUMEHEHMsI, CKpUHMHTOBbIE MHCTPYMeHThI (Hanpumep, Nile Red, SPV)
HeJJOCTaTOYHO TOYHBI 1 BOCIpou3BoAyuMbl. KonmyecTBeHHbIe MEeTOAbI, TaKye KaK KMCJIOTHO-KaTalu3upyemasl in situ atepu-
dbukaums B couetaHuy ¢ ra3oBoit xpomaTorpadueii, JeMOHCTPUPYIOT ONTUMAaIbHOE COOTHOLIEHNe TOYHOCTM ¥ MacUITabu-
pyemMocTy mpuMeHeHust. MeTtoapl ipoduimpoBanusi, Bkiouasi BOYKX-MC/MC, o6ecrieunBalOT HaMBbICIIEE MOJIEKY/ISIPHOE
paspeleHye, HO TPeGYIOT 3HAUMUTENIbHBIX 9KOHOMMUYECKUX M TPYAOBbIX 3aTpaT. 0630p NoAUEpKUBaeT HeO6XOAMMOCTb rapMO-
HU3aLUY METOLVK U 06CYKIaeT KOMIIPOMMCCHI, CBSI3aHHBIE C BHIGOPOM aHAIUTUIECKOTO ITOAX0/a B HAYUHBIX M IPUK/IAJHBIX
uensx. [IpenaraloTcs mpakTuyeckye peKoMeHIaluu Mo BeI60py Hambosee MOAXOASIIMX METOOB B 3aBUCUMOCTY OT KOHTEK-
CTa IPMMeHeHMs] — OT paHHero CKpMHYHTA [0 MPOABMHYTOrO JIMIMAOMHOTO poduanpoBaHmsl.

1. Introduction

Microalgae are a diverse group of photosynthetic microorganisms
with immense biotechnological potential due to their rapid growth
rates, high photosynthetic efficiency, and ability to accumulate sub-
stantial amounts of lipids under specific environmental conditions.
These unicellular organisms can synthesize a wide variety of lipids, in-
cluding triacylglycerols (TAGs), phospholipids, glycolipids, and free fat-
ty acids, thus making them a valuable raw material for biofuel produc-
tion, nutraceuticals, cosmetics, and pharmaceuticals [1]. The increasing
demand for sustainable energy sources and environmentally friendly
industrial raw materials has spurred significant interest in the develop-
ment of efficient methods for analysis of lipid content in microalgae,
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which is critical for optimizing cultivation strategies and lipid extrac-
tion protocols [2].

Lipid content and composition in microalgae can vary significantly de-
pending on species, cultivation conditions, and the physiological state of
the cells [3]. Hence, accurate, reliable, and reproducible analytical meth-
ods are essential for the qualitative and quantitative characterization of
lipid fractions. Over the past decades, a broad range of methodologies
has been developed and refined to analyze lipids in microalgae. These
methods differ in terms of sensitivity, specificity, throughput, complexity,
and suitability for different types of samples or analytical purposes. The
choice of an appropriate method is often guided by the goals of the study,
available equipment, and the desired accuracy [4].
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Traditional gravimetric methods, such as those proposed by Folch or
Bligh and Dyer, remain widely used due to their simplicity and applicabil-
ity for total lipid quantification [5]. However, these methods often lack
specificity and may underestimate or overestimate lipid content due to
co-extraction of non-lipid components or incomplete extraction. More
advanced techniques, including chromatographic and spectroscopic
methods, provide detailed compositional data and improved sensitivity
but may require sophisticated tools, instrumentation and technical ex-
pertise [6].

In recent years, the development of fluorescence-based and spec-
trophotometric assays has provided faster and more accessible alter-
natives for high-throughput screening of lipid content, especially in
strain selection and metabolic engineering studies [7]. Furthermore,
non-destructive techniques such as nuclear magnetic resonance (NMR),
Fourier-transform infrared (FTIR), and Raman spectroscopy have been
explored as tools for real-time monitoring of lipid accumulation in vivo
conditions [8].

Despite the availability of numerous analytical methods, there is still
a lack of consensus regarding standardized protocols for lipid quantifica-
tion in microalgae. Variations in extraction procedures, calibration stan-
dards, and sample pretreatment can lead to inconsistent results across
the studies, thus hindering the comparison and interpretation of data.
Therefore, a comprehensive review of the existing methodologies, their
principles, advantages, limitations, and applications is essential for guid-
ing the researchers in selecting the appropriate analytical strategies tai-
lored to the specific research goals [9].

This review aims to provide an in-depth overview of the current state-
of-the-art methods used for lipid analysis in microalgae, categorized into
gravimetric, spectrophotometric/fluorometric, chromatographic, and
spectroscopic techniques. Special emphasis is placed on methodological
considerations, accuracy, reproducibility, and practical applicability in
the context of microalgal biotechnology. By summarizing the strengths
and weaknesses of each approach, we intend to support the informed
decision-making in the design of experimental workflows for lipid profil-
ing and quantification.

2. Objects and methods

2.1. Study objective

The primary objective of this review was to conduct a compara-
tive analysis of the most prevalent quantitative methods used for lipid
analysis in microalgae. This involved evaluating the accuracy, technical
requirements, and methodological performance of various extraction,
transesterification, spectroscopic, colorimetric, and chromatographic ap-
proaches. A total of ten studies meeting specific inclusion criteria were
selected for in-depth analysis, with the goal of elucidating methodologi-
cal trade-offs and supporting the development of the best practices for
lipid quantification in algal cultivation biotechnology.

2.2. Literature search strategy

To conduct a comprehensive review of analytical methods for lipid
quantification in microalgae, a systematic literature research was per-
formed using two primary scientific databases: Scopus and Web of Sci-
ence. These databases were selected due to their extensive coverage of
peer-reviewed scientific literature and their relevance to the fields of bio-
technology and analytical chemistry.

The search strategy involved the use of specific keywords and Boolean
operators to identify relevant publications. The keywords included “mi-
croalgae,” “lipid analysis,” “lipid quantification,” “gravimetric,” “spectro-
photometric,” “chromatographic,” and “spectroscopic.” The search was
conducted within the titles, abstracts, and keywords of the articles to en-
sure a specifically focused and relevant selection of studies.

The initial search yielded a total of 1,339 articles published between
1990 and November 2025 in the Scopus database. A similar search in the
Web of Science database provided a comparable number of publications,
indicating a substantial body of research in this area. To refine the selec-
tion, the following inclusion criteria were applied:

Publications must be peer-reviewed articles written in English.

Studies must focus on methods for lipid quantification in microalgae.

Articles must provide experimental data or comprehensive reviews of
analytical techniques.

2.3. Exclusion and screening criteria
To ensure the methodological relevance and scientific rigor of the in-
cluded publications, a set of predefined screening criteria was applied.
Each candidate paper was assessed for the following:
0 Study Subject — Inclusion was limited to studies analyzing lipid
content specifically in microalgae species.

0 Quantitative Analytical Method — Only the studies that described
and implemented at least one quantitative analytical method for lipid
measurement were considered.

U Comparative Analysis — Studies were required to compare at least
two different methods for lipid quantification, allowing for relative
performance assessment.

O Validation Data — Only studies that included validation data or
reported performance metrics (e. g., precision, R? values, standard
deviations) were chosen.

0 Methodological Detail — Sufficient methodological descriptions were
necessary to permit replication or technical assessment.

O Quantitative Outcomes — Studies needed to report quantitative lipid
measurements (e. g., mg/g biomass, percentage content).

O Study Type — The analysis was restricted to primary research articles and
systematic reviews explicitly focused on analytical method evaluation.
Papers, that did not simultaneously meet all criteria, were excluded

after a holistic assessment.

2.4. Data extraction procedure
Following screening, a structured data extraction protocol was used

using a large language model to ensure consistency and accuracy in data

collection. The following key data fields were extracted from each includ-
ed publication:

O Lipid Quantification Method: Identification of the primary analytical
technique(s), including standard methods (e. g., Bligh and Dyer, Folch),
their modifications, and associated tooling and instrumentation (e. g.,
GC-MS, LC-MS/MS).

0 Microalgae Species and Sample Characteristics: Information regarding
species identity, number of strains examined, sample type (e. g.,
fresh, freeze-dried), and cell preparation procedures (e. g., disruption
methods).

0 Analytical Techniques and Instruments: Detailed listing of analytical
platforms (e. g., chromatography, spectrophotometry), catalysts used
(e. g., HCI, methanolic KOH), and specific quantification protocols.

O Key Results: Quantitative outcomes such as lipid yield, accuracy (e. g.,
correlation coefficients), relative standard deviation, and method
comparison outcomes (e. g., method A yielded 15 % higher lipid values
than method B).

O Limitations and Challenges: Method-specific critiques, reported
analytical difficulties, limitations in sensitivity or specificity, and any
author-recommended improvements.

Where specific values or techniques were not fully described in the
text, “Partial information available” or “Not reported” annotations were
included for transparency.

For data synthesis, methods were thematically grouped and quan-
titatively compared based on shared criteria such as lipid recovery effi-
ciency, sample requirements, instrumentation, and validation protocols.
Categorization enabled structured comparisons across the techniques —
the ranging from traditional extraction to advanced LC-MS/MS and NIR
spectroscopy. These efforts provided a reliable basis for evaluating ana-
lytical trade-offs in lipid quantification strategies.

3. Results and discussion

Lipid quantification in microalgae is a multifactorial analytical chal-
lenge due to cellular diversity, lipid heterogeneity, and environmental
influences on biosynthesis. Among the peer-reviewed studies analyzed in
this review, nine unique method categories were identified, each aligned
with certain technical principles, ranging from gravimetric solvent ex-
traction to real-time spectroscopic assessment. These methods were
classified in the Table 1 based on technical approach, degree of quantifi-
cation, and methodological complexity.

Gravimetric methods, particularly the classical Bligh and Dyer method,
and Folch method of extraction, remain popular due to their simplicity and
ability to provide total lipid content measuring. However, these methods
lack specificity, require toxic solvents, and are labor-intensive [5,10].

Spectrophotometric methods such as the sulfo-phospho-vanillin
(SPV) assay are used for their simplicity and relative cost-effectiveness.
However, the presence of interfering compounds such as pigments and
carbohydrates can influence the accuracy of measurements [11].

Fluorimetric methods using dyes like Nile Red and BODIPY505/515 are
increasingly favored for high-throughput and in vivo applications usabil-
ity. These dyes bind selectively to neutral lipids and fluoresce, allowing
rapid quantification. However, their efficiency depends on algal cell wall
composition, thus leading to inconsistencies among the species [12,13].

Chromatographic methods-such as gas chromatography with flame
ionization detection (GC-FID) or high-performance liquid chromatogra-
phy (HPLC)-are considered the gold standards for lipid profiling due to
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Table 1. Summary of analytical methods for lipid quantification in microalgae
Ta6nuua 1. 06061eHHOe U3J/I0KeHVe Pe3y/IbTATOB AHAIUTUYECKUX MeTOJ0B KOJIMYEeCTBEHHOM OLeHKM 00'beMa JIMIUI0B B MUKPOBOJOPOCIISIX

Method category Specific techniques Sensitivity Specificity Throughput Major advantages Limitations Reference
. . . . Time-consuming;
Gravimetric %%%glharslg)gﬁg’ Moderate Low Low Slmlf)llie,igrcc;\;ll;i:gttotal low selectivity; use of [5,10]
’ p hazardous solvents
. Sulfo-phospho- Inexpensive; relatively Interference from
Spectrophotometric vanillin (SPV) Moderate Low Moderate quick pigments and proteins [11]
Nile Red Non-destructive; Variability in dye uptake;
Fluorimetric ) High Moderate High rapid; high-throughput affected by cell wall [12,13]
BODIPY505/515 . o
screening permeability
Hieh accuracy: allows Requires derivatization;
Chromatographic GC-FID, HPLC, TLC High High Low-Medium g iracy; a\ expensive; complex [14,15]
fatty acid profiling -
sample preparation
Minimal sample prep; Requires calibration;
Spectroscopic FTIR, Raman, NMR, Moderate Moderate Moderate potential for real-time lower accuracy in absolute  [16,17]

Near-IR

their high sensitivity and ability to distinguish between lipid classes and
fatty acid chains. However, they require complex instrumentation and de-
rivatization procedures [14,15].

Spectroscopic techniques such as Fourier-transform infrared (FTIR)
technique, nuclear magnetic resonance (NMR) method, and Raman spec-
troscopy are gaining dominance for non-destructive analysis. Though
less accurate for absolute lipid quantification, they are useful for moni-
toring trends in lipid accumulation and require minimal sample prepara-
tion [16,17].

Figure 1 provides a comprehensive comparative overview of the prin-
cipal lipid quantification methods applied in microalgae research. The
figure categorizes these techniques into four main groups: extraction
methods, fluorometric/colorimetric methods, spectroscopic methods,
and chromatographic methods. Under extraction methods, both solvent
extraction and direct transesterification are presented, highlighting their
operational peculiar characteristics such as efficiency, accuracy, and sus-
ceptibility to the sample composition. Fluorometric and colorimetric ap-
proaches, including Nile Red fluorescence and the sulfo-phospho-vanil-
lin (SPV) assay, are noted for their rapidity and high accuracy, although
limitations like cell wall permeability can affect performance. Spectro-
scopic techniques, such as Fourier-transform infrared (FTIR) spectros-
copy and near-infrared (NIR) spectroscopy, offer non-destructive, rapid
analysis, with NIR achieving superior accuracy across the species. Chro-
matographic techniques, encompassing supercritical COq extraction and
liquid chromatography-mass spectrometry (LC-MS/MS), demonstrate
high resolution in lipid profiling but require expensive tooling, instru-
mentation and longer processing times. This integrative visual summary
(Figure 1) facilitates an at-a-glance understanding of the methodological
landscape, thus enabling researchers to evaluate trade-offs between pre-
cision, throughput, and resource demands when selecting the appropri-
ate lipid analysis techniques for microalgae.

monitoring quantification

3.1. Extraction methods

Lipid extraction remains a foundational step in the quantitative and
qualitative analysis of lipid content in microalgal biomass. Among the
various approaches, solvent-based extraction and direct transesterifica-
tion are the most widely utilized due to their relatively high reliability,
albeit with certain limitations that have prompted continuous method-
ological refinements.

3.1.1. Solvent-based extraction methods

The most commonly cited classical methods include the Bligh and
Dyer method and the Folch method. These are based on the partitioning
of lipids into a mixture of polar and nonpolar solvents, typically chloro-
form-methanol-water systems [5].

The Bligh and Dyer Method (1959) is one of the most extensively ap-
plied protocols, particularly suited for the wet samples. This method uti-
lizes a chloroform-methanol (1:2, v/v) solution followed by water addi-
tion to induce phase separation. However, while efficient for samples with
lower lipid content, it often underestimates lipid yield in dry biomass and
can be limited due to emulsification issues [18].

The Folch Method (1957), which uses a higher solvent-to-sample ra-
tio (chloroform-methanol 2:1, v/v), is better suited for lipid-rich samples
and tends to extract more total lipids than Bligh and Dyer’s method [10].
Despite this, its high volume of toxic solvents raises environmental and
safety concerns.

Soxhlet Extraction is another classical method, which continuously
washes dried biomass with organic solvents (e. g., hexane, petroleum
ether) under reflux. Although this method provides relatively exhaustive
extraction, it is time-consuming (typically 6—8 hours), energy-intensive,
and its application is limited to dried biomass only [19].

These solvent-based methods, though widely used, present sev-
eral challenges such as the requirement for toxic solvents, incomplete
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Figure 1. Comparison of lipid quantification methods in microalgae
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extraction of bound lipids, and time-intensive procedures, which hinder
high-throughput applications.

3.1.2. Direct transesterification

Direct transesterification bypasses the need for prior lipid extraction
by directly converting fatty acids into fatty acid methyl esters (FAMEs)
using an acid or base catalyst in the presence of methanol [20]. This tech-
nique has gained popularity due to its ability to more comprehensively
convert both free and bound fatty acids in microalgae, especially for bio-
diesel-production oriented researches.

The primary advantages of this method include a shorter analysis
time and higher total lipid yields compared to solvent extraction tech-
niques. Nevertheless, the presence of water in the biomass can lead to sa-
ponification reactions and reduced FAME yields, requiring careful sample
pretreatment and drying [21].

From the Table 2, it is evident that though the Soxhlet method fea-
tures the highest extraction efficiency, it is impractical for large-scale
or time-sensitive analyses. Bligh and Dyer’s and Folch’s methods offer a
good balance between yield and time but are hindered by solvent toxicity
and handling complexity. Direct transesterification, though sensitive to
moisture, presents a more rapid and yield-efficient alternative, especially
for biomass destined for transesterification-based downstream applica-
tions such as biodiesel production. Overall, method selection must bal-
ance extraction efficiency, safety, environmental impact, and suitability
for the sample’s type.

Table 2. Comparison of extraction methods for lipid analysis
in microalgae

Ta6nuiia 2. CpaBHeHMe METOAOB dKCTPAKIMM IJISl aHAIN3a JIUNNAOB
B MMKPOBOZOPOCIISIX
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3.2. Spectrophotometric and fluorometric methods

Spectrophotometric and fluorometric techniques represent the valu-
able tools in quantification of lipids extracted from microalgal biomass
due to their relative simplicity, speed, and cost-effectiveness. These
methods are typically applied when a rapid estimation of total lipid con-
tent is required, particularly in large-scale screening of strains or growth
conditions. Although less detailed than chromatographic or spectroscop-
ic analyses, they serve as instruments in initial assessments.

3.2.1. Sulfo-phospho-vanillin (SPV) colorimetric method

The SPV assay is based on the reaction between unsaturated lipid
chains and a sulfuric acid-vanillin-phosphoric acid complex, producing
a pink color that can be quantified at 520 nm using a spectrophotometer.
This method is relatively sensitive and provides good linearity between
lipid concentration and light absorbance (R? = 0.99) [22]. One major limi-
tation, however, is its dependency on the degree of unsaturation in lipid
samples, potentially leading to under- or overestimation based on lipid
composition. Moreover, this method is destructive and involves the injec-
tion of corrosive reagents, such as concentrated sulfuric acid, which poses
safety concerns and disposal challenges for environment [23].

3.2.2. Nile red fluorescence staining

Nile Red is a lipophilic dye that fluoresces strongly in non-polar en-
vironments such as lipid droplets, emitting at 575-600 nm when excited
with blue light. This method is widely used for high-throughput lipid
screening due to its rapidity and compatibility with flow cytometry and
fluorescence microscopy. It provides high accuracy (R* up to 0.998) in
species with permeable cell walls [12]. However, the method suffers from
several drawbacks: cell wall impermeability in certain microalgal species
can hinder dye penetration, leading to an underestimation of lipid con-
tent [24]; moreover, Nile Red fluorescence can be quenched or influenced
by other cellular components, such as pigments, and it cannot distinguish
between neutral and polar lipids [13].

3.2.3. BODIPY staining

BODIPY (boron-dipyrromethene) dyes are another class of fluores-
cent probes used for lipid detection in microalgae. Compared to Nile Red,
BODIPY505/515 exhibits more consistent staining, reduced background
fluorescence, and a greater specificity for neutral lipids [25]. Furthermore,
it demonstrates improved performance in strains with thicker cell walls
and is less susceptible to interference caused by autofluorescent pig-
ments. However, the method is more expensive and requires advanced
fluorescence imaging or plate-reader systems. The quantification accura-
cy is also slightly lower than Nile Red in some cases (R* = 0.97-0.98) [26)].

Comparative analysis of the methods is presented in Table 2. These
methods are optimal for comparative lipid estimation in microalgae and
are often used in early-stage bio-prospecting studies. While colorimet-
ric approaches such as SPV provide reliable quantification at low cost,
fluorescence-based techniques, particularly Nile Red and BODIPY, offer
superior speed and automation potential for large-scale screening. How-
ever, the variability in cell wall composition across microalgal taxa and
the influence of interfering compounds demand cautious interpretation
and, where possible, method of validation against gravimetric or chro-
matographic benchmarks.

3.3. Chromatographic methods

Chromatographic techniques have been widely adopted as key analyt-
ical tools for the qualitative and quantitative assessment of lipid content
and composition in microalgae. Among the most prevalent are gas chro-
matography (GC), high-performance liquid chromatography (HPLC), and
thin-layer chromatography (TLC). Each of these methods offers unique
advantages depending on the type of lipids being analyzed, the relevant
resolution, and the sample complexity.

Gas Chromatography (GC) is considered as the gold standard for fatty
acid methyl ester (FAME) analysis, providing high sensitivity, reproduc-
ibility, and resolution for volatile and thermally stable compounds. The
process typically involves derivatization of lipids into FAMEs, followed by
separation on capillary columns with flame ionization detection (FID) or
mass spectrometry (MS) detection [27]. GC-FID is commonly used due to
its simplicity and cost-efficiency, whereas GC—-MS enables more precise
structural representation of results [28]. However, the derivatization step
can introduce variability and is not suitable for intact lipid class analysis.

High-Performance Liquid Chromatography (HPLC) allows for the di-
rect analysis of intact lipid classes without the need for derivatization.
HPLC coupled with evaporative light scattering detection (ELSD), diode-
array detection (DAD), or tandem mass spectrometry (MS/MS) is particu-
larly effective for profiling neutral lipids, glycolipids, and phospholip-
ids [29]. Reversed-phase HPLC is typically applied for the separation of
lipid classes based on chain length and saturation, while normal-phase
HPLC is more suited for class-based lipid separation [30]. The method,
however, is less efficient in resolving isomeric species compared to GC—
MS, and often requires longer analysis times.

Thin-Layer Chromatography (TLC) is a low-cost, rapid screening
method used for semi-quantitative lipid profiling. It is particularly use-
ful for preliminary assessments of lipid class distribution. TLC can sepa-
rate major lipid categories such as triacylglycerols (TAGs), free fatty ac-
ids (FFAs), and phospholipids by using specific solvent systems on silica
gel plates. Detection can be performed using iodine vapor, charring, or

Table 3. Comparison of spectrophotometric and fluorometric methods for lipid analysis in microalgae
Ta6muua 3. CpaBHeHHMe crieKTpodoToMeTpuyecKux U GIyopeceHTHbIX METOHOB IS aHaIU3a TUNUI0B B MUKPOBOLOPOCISX
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densitometry after plate development [31]. Although TLC offers simplic-
ity, it suffers from limited resolution, poor reproducibility, and lacks sen-
sitivity compared to GC and HPLC.

A comparison of these chromatographic methods is summarized in
the Table 4.

Among chromatographic techniques, GC offers the highest precision
for fatty acid profiling but is limited with its requirement for derivatiza-
tion and its inability to assess intact lipid structures. HPLC stands out as
a powerful method for intact lipid profiling and identification of bioactive
lipids, especially when coupled with mass spectrometry. Its limitations
lie in the cost and analytical complexity. TLC, on the other hand, provides
a cost-effective and fast solution for general lipid class assessment but
lacks the precision and reproducibility required for detailed quantitative
analysis. Therefore, the choice of method is highly context-dependent:
GC is preferred for detailed fatty acid profiling, HPLC for comprehensive
class-based lipidomics, and TLC for preliminary process or high-through-
put screening purposes.

3.4. Spectroscopic methods

Spectroscopic techniques have emerged as powerful tools in the field
of lipid quantification and characterization due to their non-destructive
nature, high specificity, and potential for rapid analysis. These methods are
based on the interaction of electromagnetic radiation with lipid molecules,
which allows for the elucidation of molecular structures, functional groups,
and even quantitative assessment of lipid content in microalgae. Compared
to traditional extraction-based techniques, spectroscopy offers the advan-
tage of minimal sample preparation and is increasingly being integrated
into real-time and high-throughput lipid analysis pipelines [32].

The development and refinement of spectroscopic methods have en-
abled researchers to overcome some of the major drawbacks associated
with classical lipid extraction and quantification techniques, such as sol-
vent usage, long processing times, and poor reproducibility. In particular,
spectroscopic techniques such as Nuclear Magnetic Resonance (NMR),
Fourier Transform Infrared (FTIR) spectroscopy, Raman spectroscopy,
and Near-Infrared (NIR) spectroscopy have been extensively explored due
to their potential to provide qualitative and quantitative insights into the
lipidome array of various microalgal species [33,34].

Each of these methods offers unique advantages: for example, FTIR
and NIR are highly amenable to high-throughput screening due to their
speed and minimal sample processing requirements, while Raman spec-
troscopy provides molecular-specific fingerprints without the need for
dyes or labels. NMR, despite its high cost, is unmatched in its ability to
elucidate detailed molecular structures and quantify lipid classes directly
in crude extracts or even intact cells [35]. However, no single spectroscop-
ic method offers a universal solution, and its selection depends on ana-
lytical objectives, sample’s complexity, and instrumentation availability.

This section focuses on a detailed review of spectroscopic methods
applied in the analysis of lipids in microalgae.

3.4.1. Nuclear magnetic resonance (NMR) spectroscopy

NMR spectroscopy is a highly reliable analytical technique that pro-
vides both qualitative and quantitative information about lipids in bio-
logical matrices. It operates based on the magnetic properties of atomic
nuclei, typically “1H and *13C, and their response to external magnetic
fields. When applied to lipid analysis, NMR enables the identification of
different lipid classes, degrees of unsaturation, and positional isomerism
with high accuracy and reproducibility [36].

One of the most significant advantages of NMR over chromatographic
and colorimetric methods is its capacity for direct analysis of lipid ex-
tracts without the need for derivatization. This makes NMR perfect for
structural elucidation and comprehensive lipid profiling. Moreover, NMR
can be used quantitatively due to its linear response to concentration
changes, providing reliable data on total lipid content and composi-
tion [37]. For instance, the integration of specific chemical shifts corre-
sponding to methylene, methyl, or olefinic protons can be used to esti-
mate saturation levels and fatty acid profiles in lipid extracts.
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In the context of microalgae, several studies have demonstrated the
efficacy of NMR in characterizing complex lipid mixtures. For example,
Fan et al. used "1H NMR to quantify neutral and polar lipids in Chlo-
rella vulgaris and Nannochloropsis oceanica, showing that NMR can yield
comparable or superior results to conventional gas chromatography (GC)
methods, especially in terms of reproducibility and speed [38]. Another
study by Yunus et al. applied *13C NMR to analyze lipid accumulation
under nitrogen starvation in Scenedesmus species, revealing significant
shifts in carbon skeleton composition that correlated with triacylglycerol
production [39].

High-resolution NMR techniques such as two-dimensional (2D) cor-
relation spectroscopy (COSY), heteronuclear single quantum coherence
(HSQC), and total correlation spectroscopy (TOCSY) further expand the
capabilities of NMR, allowing for detailed assignment of overlapping sig-
nals and identification of minor lipid species. These advanced techniques
are particularly useful for resolving complex lipidomes in microalgae,
where the diversity of lipid classes and structural isomers poses analyti-
cal challenges [40].

Despite its analytical power, NMR spectroscopy features limitations
that restrict its widespread application in routine lipid analysis. The
primary challenges include the high cost of instrumentation and main-
tenance, the requirement for skilled personnel, and lower sensitivity
compared to mass spectrometry-based methods. Additionally, the inter-
pretation of complex spectra can be time-consuming, particularly when
dealing with heterogeneous samples or unknown compounds [41].

Nevertheless, NMR remains an indispensable tool for comprehensive
lipid analysis in research settings, especially when detailed structural
information is required. Recent advancements in cryogenically cooled
probes, automation, and pulse sequence optimization are gradually im-
proving sensitivity and throughput, making NMR more accessible for lipi-
domics applications [41].

3.4.2. Fourier-transform infrared (FTIR) spectroscopy

Fourier-transform infrared (FTIR) spectroscopy has emerged as a reli-
able, non-destructive analytical technique in the field of lipid quantifi-
cation due to its capacity to provide detailed molecular fingerprints of
complex biological samples. FTIR measures the absorption of infrared
radiation by molecular bonds, which results in characteristic vibrational
spectra which correspond to specific functional groups. In lipid analysis,
the most informative regions are those related to CH2 and CH3 stretch-
ing vibrations, typically found between 2800 and 3000 cm™!, and ester
carbonyl that stretches around 1740 cm™ [42].

One of the primary advantages of FTIR is its rapid sample processing,
with minimal preparation. Samples, whether in solid or liquid form, can
be directly analyzed or immobilized on attenuated total reflectance (ATR)
crystals, enhancing throughput and reproducibility. FTIR has been ap-
plied for monitoring lipid accumulation in microalgae such as Chlorella
vulgaris and Nannochloropsis oculata, with strong correlations to tradi-
tional gravimetric and chromatographic techniques [43].

However, the limitations of FTIR should not be overlooked. The tech-
nique is semi-quantitative unless calibrated against reference methods
like gas chromatography (GC). Moreover, overlapping spectral bands
in complex biological matrices can complicate spectral interpretation.
Despite these limitations, recent studies have shown that multivariate
calibration techniques such as partial least squares regression (PLSR) can
significantly improve the accuracy of lipid quantification via FTIR [44].

3.4.3. Raman spectroscopy

Raman spectroscopy, based on inelastic scattering of monochromatic
light (typically from a laser), has also gained significant attention in mi-
croalgal lipid analysis. The technique provides complementary informa-
tion to FTIR, especially valuable in aqueous environments where water
exhibits strong IR absorption but minimal Raman scattering [45]. Char-
acteristic Raman bands for lipids include those at 1440 cm~! (CH2 scis-
soring), 1655 cm™! (C=C stretching), and 1300 cm™* (CH2 twisting), thus
enabling the assessment of lipid saturation and unsaturation [46].

Table 4. Comparison of chromatographic methods for lipid analysis in microalgae
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Raman spectroscopy offers exceptional spatial resolution, making it
suitable for single-cell lipid profiling. This is particularly advantageous
in studies of microalgal heterogeneity, where the lipid content can vary
significantly between cells even under the same cultivation conditions.
Confocal Raman microscopy allows for subcellular imaging of lipid bod-
ies, thereby providing both qualitative and semi-quantitative insights
into lipid accumulation [47].

Nevertheless, the Raman technique also has its drawbacks. The weak
Raman signal often necessitates long acquisition times or signal enhance-
ment strategies, such as surface-enhanced Raman spectroscopy (SERS),
which can increase complexity and cost. Additionally, fluorescence inter-
ference caused from pigments such as chlorophyll can mask Raman sig-
nals, particularly in photosynthetic organisms like microalgae [48].

3.4.4. Near-infrared (NIR) spectroscopy

Near-infrared (NIR) spectroscopy is another vibrational spectroscopic
technique increasingly used in lipid quantification. NIR operates within
the 780-2500 nm range and detects overtones and combinations of mo-
lecular vibrations primarily involving CH, OH, and NH bonds. In microal-
gae, NIR spectroscopy has been applied for rapid extimation of total lipid
content, with minimal sample preparation [49].

Compared to mid-IR methods like FTIR, NIR offers deeper penetration
and faster result acquisition times, making it suitable for high-through-
put screening. Furthermore, NIR instruments can be integrated into pro-
cess monitoring systems, facilitating real-time observation of lipid pro-
duction during microalgal cultivation [50].

Despite these advantages, NIR is inherently less specific than FTIR
or Raman spectroscopy due to the broad and overlapping nature of over-
tone bands. This necessitates the application of advanced chemometric
tools for data interpretation. The calibration of NIR models also requires
a large and diverse dataset covering a broad range of lipid concentrations
and species-specific variability [4].

The comparative analysis presented in the Table 5 of the spectro-
scopic techniques highlights the diversity of the available tools for lipid
quantification in microalgae, each suited for specific contexts. FTIR offers
a rapid, non-destructive option with reasonable accuracy, but it suffers
from signal overlap with other macromolecules, necessitating thorough
calibration. Raman spectroscopy, particularly in its confocal variant,
stands out for its high specificity and spatial resolution, enabling lipid
visualization at the single-cell level. However, this comes at the cost of
more sophisticated equipment and lower throughput.

Near-infrared (NIR) spectroscopy is notable for its portability and
throughput, making it an excellent candidate for real-time and in-line
industrial monitoring, although its specificity is more limited than mid-
infrared or Raman techniques.

In terms of quantitative reliability, all methods demonstrate relatively
high correlation coefficients (R? > 0.85), while confocal Raman and fluo-
rescence methods typically achieve the highest values. Ultimately, the
choice of method depends on the analytical goal — be it process moni-
toring, cellular imaging, or rapid screening. Combining complementary
techniques may often yield the most reliable analytical outcomes.

3.5. Comparative analysis of lipid quantification methods
Quantification of lipids in microalgae is a cornerstone in evaluating
their potential for biofuel production and bioproduct applications. Mul-
tiple analytical techniques — gravimetric, colorimetric, chromatographic,
spectroscopic, and fluorimetric — have been developed and applied in

this context, each featuring certain advantages and limitations. A holistic
comparison is essential for selecting an appropriate methodology tai-
lored to the specific research or industrial goals, especially considering
the parameters such as accuracy, specificity, required instrumentation,
sample throughput, and environmental sustainability.

Gravimetric methods, particularly those based on solvent extraction
(e. g., Bligh and Dyer or Folch methods), are traditionally employed due
to their simplicity and directness in quantifying total lipid content [5].
These methods are cost-effective and relatively easy to perform but lack
specificity and can overestimate lipid content due to co-extraction of
non-lipid materials such as pigments and carbohydrates [18].

Colorimetric methods, including the sulfo-phospho-vanillin (SPV)
and Nile Red assays, offer rapid assessment of lipid content and are suit-
able for high-throughput screening [11,51]. SPV is advantageous for esti-
mating total lipids with relatively high sensitivity, while Nile Red is used
for intracellular lipid localization and semi-quantitative analysis [13].
However, colorimetric techniques can be influenced by interfering sub-
stances, and the reproducibility may vary based on species and cellular
conditions.

Chromatographic methods, especially gas chromatography (GC) and
high-performance liquid chromatography (HPLC), provide high-resolu-
tion lipid profiling, enabling both qualitative and quantitative analysis
of fatty acid methyl esters (FAMEs) and complex lipid species [27,52]. GC
coupled with flame ionization detection (GC-FID) or mass spectrometry
(GC-MS) is widely regarded as the gold standard for fatty acid quantifica-
tion. These methods, however, require derivatization steps and advanced
instrumentation, thus limiting their accessibility in resource-limited
laboratories [14].

Spectroscopic methods, such as nuclear magnetic resonance (NMR)
and Fourier-transform infrared (FTIR) spectroscopy, enable non-destruc-
tive analysis of lipid components and structural information without
chemical derivatization [53]. NMR provides detailed insights into lipid
classes and chain composition with high reproducibility, albeit with sig-
nificant instrument costs and lower sensitivity compared to chromato-
graphic approaches [54]. FTIR and Raman spectroscopy are advantageous
for rapid screening and potential in-line monitoring applications but
generally provide semi-quantitative data and are susceptible to spectral
overlap [55].

Fluorimetric methods, such as those using BODIPY and Nile Red fluo-
rescent dyes, allow real-time, in vivo imaging of lipid accumulation with
high spatial resolution, and are widely used in strain screening and meta-
bolic studies [25]. These techniques are fast and relatively simple but can
be affected by dye penetration issues and autofluorescence emitted from
algal pigments, which complicates data interpretation [12].

From the comparative assessment, it is evident that no single tech-
nique is universally optimal for all research or industrial scenarios.
Gravimetric and colorimetric methods remain suitable for preliminary
estimations and low-resource settings due to their cost-effectiveness and
simplicity. Chromatographic techniques provide unequalled specificity
and accuracy in lipid profiling but require specialized infrastructure and
expertise. Spectroscopic and fluorimetric methods offer promising non-
destructive and high-throughput capabilities, making them perfect for
rapid screening, particularly in biotechnology and bioengineering con-
texts. Ultimately, the selection of a quantification method should con-
sider the balance between analytical rigor, resource availability, and the
specific research objectives.

Table 5. Comparison of spectroscopic methods for lipid analysis in microalgae
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3.5.1. Selection of the method for specific applications

The appropriate selection of a lipid quantification method in mi-
croalgae depends on several interrelated factors, including the biologi-
cal material, desired data resolution, available instrumentation, cost,
and required throughput. For example, when absolute quantification is
required for biofuel yield estimation, gravimetric methods or GC-based
fatty acid methyl ester (FAME) analysis are typically used due to their
robustness and reproducibility [56]. In contrast, rapid screening of high-
lipid-producing strains under variable environmental conditions is better
served by high-throughput techniques such as Nile Red fluorescence or
NIR spectroscopy [11,13].

Industrial-scale applications benefit from methods that offer real-time
monitoring, such as FTIR or NIR, which can be integrated into process
analytical technology (PAT) frameworks [55]. These methods, while often
less precise than chromatographic analyses, enable fast decision-making
for harvesting and processing steps.

Research requiring structural elucidation — e. g., lipid biosynthesis
pathway elucidation or representation of membrane lipid composition
under stress — typically uses NMR, HPLC-MS, or GC-MS techniques due
to their high specificity and structural insight [52,53]. Fluorescence mi-
croscopy with dyes such as BODIPY is also commonly used in metabolic
engineering studies, where spatial localization of lipid droplets provides
critical information [25].

3.5.2. Combined and sequential approaches

No single method comprehensively meets all analytical needs. There-
fore, sequential or complementary approaches are often applied to bal-
ance speed, resolution, and quantification accuracy. For instance, SPV
or Nile Red staining may be used for preliminary screening of multiple
strains or treatments, followed by gravimetric or chromatographic quan-
tification for the selected samples [27,27]. This two-tiered strategy is par-
ticularly efficient in bioprospecting and mutagenesis-based lipid produc-
tivity enhancement programs.

Another example involves combining FTIR or NIR with GC-FID. FTIR/
NIR models can be calibrated using a representative sample set analyzed
via GC, allowing subsequent FTIR/NIR predictions to provide rapid, non-
destructive lipid estimates [54]. Such hybrid workflows are also applicable
to machine learning-based prediction models, which increasingly use
spectral data to predict biochemical parameters with high accuracy [53].

3.5.3. Emerging trends and future trends directions

The field of lipid analysis is witnessing a shift toward automation,
miniaturization, and integrative omics. Microfluidic platforms combined
with Raman or fluorescence microscopy now enable real-time, single-cell
lipid analysis, thus making them powerful tools for evolutionary screen-
ing or synthetic biology applications [13]. Likewise, biosensor-based
technologies that couple selective lipid binding proteins with optical or
electrochemical readouts are under active development [12].

Moreover, advanced data analytics, including chemometrics and ma-
chine learning, are enhancing the interpretability of complex spectral da-
tasets, especially those obtained from FTIR and NIR platforms [54]. This
is paving the way for deployment of intelligent lipid monitoring systems
in algal biorefineries.

Finally, sustainability concerns are encouraging the development of
greener methods, reducing solvent use and hazardous chemicals. Tech-
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niques such as supercritical CO, extraction, green solvents, and direct-in
situ lipid estimation methods are gaining prominence [14].

4. Conclusion

A critical assessment of the methodologies used for lipid quantifi-
cation in microalgae highlights the analytical complexity and multidi-
mensional character of this task. As microalgae increasingly emerge as
viable platforms for sustainable production of biofuels, nutraceuticals,
and lipid-derived compounds, the need for accurate, reproducible, and
context-adapted quantification strategies becomes essential — both in
basic research and in the process scale-up.

The examined techniques — ranging from classical gravimetric ap-
proaches to advanced spectroscopic, chromatographic, and fluoro-
metric systems — each offer distinctive benefits and pose particular
limitations, often dictated by their specificity, sensitivity, required in-
frastructure, and throughput potential. While solvent-based extraction
methods remain widely used for estimating total lipid content, they are
limited in selectivity and may overestimate due to co-extraction of non-
lipid substances. Chromatographic techniques, although highly infor-
mative in terms of lipid class composition and fatty acid distribution,
are labor-intensive and often require complex instrumentation and de-
rivatization steps. Spectroscopic approaches provide a non-destructive
and relatively fast alternative, but they frequently require calibration
models and may not deliver adequate resolution when used alone. Fluo-
rescent staining techniques, particularly those compatible with live-cell
analysis, have become indispensable for high-throughput screening ap-
plications but are often affected by variability in cell permeability and
pigment background.

In practice, no single method meets all analytical needs. A combined
approach -wherein rapid screening is followed by targeted, high-resolu-
tion analysis — often represents the most efficient and reliable strategy.
The integration of multiple techniques allows for both qualitative and
quantitative lipid insights, enhancing data reliability and enabling more
informed decision-making process in experimental workflows.

Ultimately, method selection must be guided by the specific goals of
the research — whether focused on rapid strain screening, absolute lipid
quantification, or detailed lipidomic profiling. Considerations such as
scalability, reproducibility, time efficiency, and operational cost should
further inform this choice. At the same time, the lack of standardized
protocols keep being a barrier to cross-study comparability and broader
industrial implementation.

Looking forward it is obvious, that methodological innovation will
likely involve increased automation, the use of integrated lab-on-chip
platforms, and the application of Al-driven analytics to handle complex
datasets and support real-time decision-making. In parallel, collabora-
tive efforts aimed toward harmonizing the protocols and validating tech-
niques across laboratories will be the key to ensuring data consistency
and accelerating development across the algal biotechnology sector.

In conclusion, the reliable and standardized lipid quantification is a
cornerstone of successful microalgal bioprocess development. The fu-
ture of this field will rely not only on refining individual techniques but
also on strategically integrating them into cohesive analytical pipelines
that match the scale and complexity of emerging biotechnological chal-
lenges.
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Makposodopociu, B KauecTBe MCTOYHMKOB 6GMOMACCHI IJIsI KOMIUIEKCHOI 1epepaboTKy MOTYT ObITh MCIIOIb30BaHbI TAKME TUITbI PECYPCOB, KaK
npubpexcHo-800Hble BOAOPOC/IN, BOOHBIE pacTeHMsT (MAaKpPOPUTHI) U UX MeTa60MUThI. Llesbi0 HACTOSIIIEro UCCAeIOBaHMS SIBISIETCS aHAIU3 BUIO-
pacmenus, poecm, BOTO MHOTr0o006pasusi, 0CO6eHHOCTel MPOM3pacTaHus M MOTEHLMaIa IPOM3BOICTBA GMOMOIMYECKM aKTUBHBIX BEIIEeCTB Ma-
pACKa, mejnopes, KpO(dUTOB 3KOCKCTEMbI BaaTuiiCKOro MOps 11 MCITO/Ib30BAHMSI B IIMIIEBOI, KOPMOBOM ¥ HYTPULIEBTMYECKOM ITPOMBIIIIIEH-
ouonozutecKu HOCTSIX. MakpoBOmOpOC/IM BaaTuitckoro Mopsi SIBJSIIOTCSI TIEPCIIEKTUBHBIM ChIPhEM /IS TIOTYUeHMUsT [IEHHbIX GMOIOTYYeCKY
aKkmueHbvle aKTMBHBIX COeIVIHEHU1, TOCKOIbKY OHM ObICTPO PACTYT, IETKO PasMHOXKAIOTCS U He TPeOYIOT CrielabHbIX IUIOIaAet 1in
cgoticmea, nuwjesas pecypcoB [jIsl HaKOIUIeHMsT 61oMacchl. 3HaUMTeIbHbIE 06beMbI BOZOPOCIIE MOTYT GbITh OGHaPYKEHbI Ha 6epery (IITOPMOBbIE
NpOMblUAEHHOCMb BBIOPOCHI), TO €CTh IMOTyYeHbI 6€3 3aTpaT Ha UX N06bIUY. BbieneHne KOMIUIEKCa 6MOTOTMYECKY aKTUBHBIX BELIECTB SIBISIETCS

HauboJsIee MOAXOSIIMM CIIOCO60M MCIIONIb30BaHMS UX TIOTEHIIMAJIa B KAUeCTBe aHTUOAKTepUATbHbIX, AHTUOKCUIAHTHBIX, aH-
TMUKAHLIEPOT€HHBIX, TPOTUBOBOCIIATIMTENbHBIX M IelaTONPOTEKTOPHBIX areHTOB. MHOTHME U3 MPUOPEKHO-BOJHBIX PACTEHM
IOCTYITHBI, MHTEHCMBHO Pa3MHOKAIOTCS, 06pa3ysl 3HAUMTENbHOE KOMMYECTBO 6MOMAcChl, KOTOpasi He MMeeT JOCTaTOUHOTO
MPUMEHEeHMS B pa3JIMUHbIX 06/1aCTSIX MPOMBILIIEHHOCTH, CETbCKOM Y JIECHOM XO03sIi1CTBe, pbI60BOACTBE, MeauIIMHe 1 ap. Ma-
KpOQUTHI MMEIOT BBICOKYIO MUIIEBYIO LIEHHOCTD U SIBJISIIOTCS IIePCIIeKTUBHBIM ChIPbEM /IS BbIIeJIeHMsI KaK HyTPUIEBTUKOB,
TaK U napadapmaneBTMKOB. AKTYaJIbHO M3y4YeHMe TOTeHIaaa PSICKY ISl OYMCTKM CTOYHBIX BOJ, IIPM 3TOM BO3MOXKHA ee
nepepaboTKa B LIEHHYIO 6MoMaccy IJis KOpMa JKMBOTHBIX Y IIPOU3BOJCTBA OMOMIOTMYECKY aKTUBHBIX BellecTB. IIpubpeskHo-
BOJIHOE pacTeHMe paecT 06/1aiaeT aHTMOKCUAAHTHOM aKTUBHOCTBIO M aHTMOAKTEPUATbHBIM JI€MICTBMEM B OTHOIIEHUY KaK
IrpaMOTPUIIATENbHOM, TaK U IPAMITONIOKUTETbHON MUKPODIOpbl. MakpoduT Tesope3 MIMPOKO pacpoCTpaHeH Ha TEPPUTO-
puu KanvHMHTpaAcKoii o6aacTy. Beicokoe comepskaHme TaKMX MaKpo3JieMeHTOB, Kak Maruuit, KanbLuit u gpocdop B Tenopese
CII0COGCTBYET IMOBBIIIEHNIO KauecTBa KOPMOB U 3(p(PeKTUBHOCTM MPOM3BOACTBA KMBOTHOBOLUYECKOH MPOAYKIMMU. B majb-
HejileM Heo6XOVMbI ITy60KMe MCCIeS0BaHMs TIepCIIeKTUBHBIX HAMpaBIeHni mepepaboTky 61oMacchl BOGHBIX pacTeHuUi
C 11eJIbIO MOTyYEeHMsT 6MOIOTMYEeCKM aKTUBHBIX BELIECTB JIs MMIIEeBOi, KOPMOBOJi M HYTPULIEBTUYECKOI TPOMBIIUIEHHOCTA.
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KEY WORDS: ABSTRACT

macroalgae, coastal Such types of resources as algae, aquatic plants (macrophytes) and their metabolites can be used as sources of biomass for
aquatic plant, complex processing. The purpose of this study is to study the diversity, peculiarities of growth and production of biologically
asbestos, duckweed, active substances of macrophytes of the Baltic Sea ecosystem for the food, feed and nutraceutical industries. The macroalgae

theloresis, biologically  of the Baltic Sea are promising raw materials for the production of valuable biologically active compounds, as they are easily
active property, food reproducible, do not require areas and special resources for accumulation. Significant amounts of algae can be found on the
industry shore (storm emissions), that is, obtained without the cost of their extraction. Isolation of a complex of biologically active
substances is the most suitable way to use their potential as antibacterial, antioxidant, anticarcinogenic, anti-inflammatory
and hepatoprotective agents. Many of the coastal aquatic plants are available and multiply intensively, forming a significant
amount of biomass, which currently has insufficient use in various fields of industry, agriculture, forestry, fish farming, medi-
cine, etc. Macrophytes have high nutritional value and are promising raw materials for the isolation of both nutraceuticals
and parapharmaceuticals. It is important to study the potential of duckweed for wastewater treatment, while it can be pro-
cessed into valuable biomass for animal feed and the production of biologically active substances. The coastal aquatic plant
radest has antioxidant activity and antibacterial action against both gram-negative and gram-positive microflora. Macro-
phyte teloresis is widespread in the Kaliningrad region. The high content of macronutrients such as magnesium, calcium and
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phosphorus in telorez improves the quality of feed and the efficiency of livestock production. In the future, in-depth research
is needed into promising areas of processing biomass of aquatic plants in order to obtain biologically active substances for the

food, feed and nutraceutical industries.
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1. BBegeHue

ComiacHO TMPOrHO3aM, YMCJIEHHOCTb MMPOBOTO HaceleHUs COCTaBUT
10,9 muippn, yenosek B 2100 rony. bosnpias 4acTe MPOrHO3MPYyeMOro pocTa
MIPUXOAMUTCS Ha CTPaHbl C HU3KUM YPOBHEM A0xoAa. PocT HaceneHus Ia-
HETbI SIBJISIETCS] OCHOBHBIM (PaKTOPOM BBIGPOCOB YIVIEKMCIOTO ra3a, a TAKKe
MCTOLEHVS IIPUPOAHBIX pecypcoB [1]. McTomieHne NpUPOIHBIX PeCypcoB
¥ TIOJIe3HBIX MICKOIIaeMbIX, B CBOIO OYepelb, IPUBOIUT K 3aMeJJIEHUIO 9KO-
HOMMYECKOTO pOCTa BO MHOIMX CTpaHax [2]. Il yCTOMUMBOIO pasBUTHS
He0o6XOAMMO palMOHATbHOE O6palleHNe ¢ pecypcaMu, a Takke MUHUMM-
3alMsl OTXOJ OB, IIOCKOJIbKY MX 3aXOPOHEHME MM CKUTaHye COITPOBOXKAA-
eTcsl 3arpsi3HeHMeM IUIONOPOIHbIX I10YB, aTMOChEepPhI ¥ BOOHBIX 0GBEKTOB.

BopHble pacTeHMSs SIBJISIIOTCSI BBICOKO MHBA3MBHBIMY, IIJIaBAIOIIVIMU
pacTeHMSIMM, M aKTUBHBIN POCT UX KOJIMYECTBA B [IPMPOAE MOKET IIPUBO-
IUTb K KpUTUIECKMUM 3KOJIOTMYECKMUM U 5KOHOMMUUECKUM MOCTeACTBUSIM.
K HMM OTHOCSITCSI: HapyllleHus B IIpolieccax OPOIIeHMs], BbIPallBaHMS
pBIOBI, TeHepauyuy TUAPOIHEPIUM U PeKPealMOHHBIX MEepOTPUSITUSIX,
a TakkKe 3arpsi3HEHMS] MUCTOUHMKOB NUTbeBOI BOzbl. C yueTOM BBIIIEN3-
JIOKEHHOTO, BO3HMKAeT MOTPEOHOCTh B YIAJEHUM TaKUX PACTEHMIT U3
BOZ0EMOB, YTO MOXXET COIIPOBOKAATHCSI BBICOKMMM pacxopaMy. OfHaKko
MPYU UCIIOMb30BaHMM O6MOMACChl BOIHBIX PacTeHMiI B KauecTBe 6MOTO-
IUIMBA, TIMIIEBBIX M KOPMOBBIX J00aBOK, (papMaleBTMUeCKUX U KOCMe-
TUYECKMX TIperapaToB, MpefroaaraeMble 3aTpaTbl MOXXHO MpeBpPaTUTh
B MHBECTULIMU. BooHbIe pacTeHMs MOTYT NMPOU3BOAUTH 3HAUUTETbHOE
KOJIMYECTBO GMOIOTMYECKM aKTUBHBIX BEIIECTB, a MO CBOEI aKTUBHOCTYU
3a4acTylo IPeBOCXOISAT Ha3eMHbIe BUIbI.

B nocnenHyue rogpl pa3BuTye IPOMBIIIJIEHHOCTY BO MHOTMX CTpaHaX
UIeT B HaIpaBleHUM MaKCHMaJbHOTO BHeJpeHUSl «3eJIeHbIX» TeXHO-
JIOTMIt B paMKaX TOCTPOeHus1 6MosKoHOMMKM [3]. B EBporie mjst paim-
OHA/MM3aLUMM MCIONb30BaHMs 6MOMAacChl BCe Yalle pPacCMaTPUBAETCS
KOoHLenuusl 61nosKoHOMUKM 3aMkHyToro umkia (B3LD). B3I kak upmest
LMPKY/SIPHOJ 3KOHOMMKM ITIpeZIiosaraeT JOCTMKeHNEe S5KOHOMMUYeCKO
U 9KOJIOTMYECKO} YCTOMUYMBOCTU 3a CUET MaKCUMAasabHOI IieieHarnpaB-
JIEHHOJ peLlMPKY/SIUY TIOTOKOB peCcypcoB, a Takke ITyTeM MMUHMMM3a-
My 06pa30BaHMS OTXOLOB U UX YTWIIM3ALMM B KOHLE CPOKA CITYXKOBI [4].
CuyTaeTcs, 4YTO MCIOMb30BaHMe Guomaccel B B3Il B TakMxX OTpacisx,
Kak IuIeBasi, KOpMOBasi U HyTpuUleBTUYecKasi, 6ymeT crnoco6CcTBOBaTh
CHVDKEHMIO BBIGPOCOB YIVIEKMC/IOTO rasa M COKpAIIEeHMIO MapHUKOBO-
ro saddexra. Poccus 3aHMMaeT OHY U3 JIUIMPYIOLIMX TO3ULNI B MUpe
110 c60py BOLHBIX pacTeHuit [5]. B kauecTBe MCTOUHMKOB 6MOMAacCChI st
KOMIUIEKCHOV T1epepaboTKy MOTYT ObITh MCIIOJNIb30BaHbl BOZOPOCIH,
BOJIHbIe pacTeHMs (MaKpOoUThI) 1 UX METABOINTSI [6].

OmHMM M3 TIepCIIeKTMBHBIX HAIpaBIeHMil mepepaboTKu 61OMAacChl
BOJHBIX PACTEHMIT I MaKPOBOLOPOC/IENt SIB/ISIETCS OoyyeHue 6uonornye-
CKM aKTMBHBIX BeleCTB [Jsl MULIEBOM, KOPMOBOM U HYTPULEBTUYECKOM
MPOMBIILIZIEHHOCTE. B HayyHOI1 iMTepaType HeLOCTaTOYHO OCBEIlEeH I10-
TEHIMaNn MakKpo(UTOB IKOCUCTEMBI BanTuitckoro Mopsi AJisi BblIeIeHUst
13 HUX KOMITIEKCOB GMOJIOTMYECKY aKTMBHBIX BEILECTB, UTO OIpPEAENsIeT
aKTyaJIbHOCTh JAHHOTO HallpaBjieHus ucciaenoBanuit. Lienbio HacTosiero
MCC/IENOBAHMS SIBJISIETCST M3YUeHNe BUAOBOrO MHOrO06pasusi, 0COGeHHO-
CTeit MpoM3pacTaHus U MOTeHLMaNa MPOU3BOJCTBA OMOIOTMYECKY aKTUB-
HBIX BellecTB MakpO(pUTOB 3KOCKCTEMBI BaaTuiickoro Mopsi Ijist ipumMe-
HeHMS B INILEBOJ, KOPMOBOI 1 HYTPULIEBTUUECKOJ IIPOMBIILITIEHHOCTSIX.

2. O6'beKTHI ¥ METOABI

Hacrosiiiee mccnenoBaHue INpencTaBisieT co60ii CuUCTeMaTU4eCcKuit
0630p HAy4HOM JUTepaTyphl, MOCBSIEHHON M3yYyeHUI0 MakpopuToB
5KOCUCTeMBI BanTuMiickoro Mopsi ¥ MX MHOTeHLuaaa Ajsl TIpUMeHeHUs
B NUINEBOI MpoMbIUIeHHOCTHM. OCHOBHOE BHMMAaHMe YHeleHO BOZO-
pocism (Rhodophyta, Chlorophyta, Ochrophyta) v mipu6peskHO-BOIHBIM
pacteHusiM (pAECT, psicka, Tejope3s), mpouspacTaioium B KaruHuHrpa-
CKOJ1 06/1aCTH ¥ B IIPWIEraloLIMX aKBaTOPUSIX Bantuitckoro Mops.

CucrteMaTUUeCKuii MOMCK HAYYHOI JIMTepaTypbl ObUI MPOU3BEIEH
C MCIIONIb30BAHMEM CJIEAYIOIIMX ITOVICKOBBIX CUCTEM: ISl MeXIyHa-
pPOOHBIX My6aMKanuit npumeHsumich Scopus, Web of Science, PubMed,
IIST PyCCKOsI3bIUHBbIX McTOUYHMKOB — eLIBRARY.RU, CyberLeninka, must
JIOTIONTHUTENBHOTO moyucka — Google Scholar. C60p maHHBIX OCYLIECTB-
JISICSI Ha PYCCKOM M aHIVIMIICKOM $I3bIKaX IO KTIOYEBBIM (ppasam: «Ma-

KpoduThl/macrophytes», «Bomopocin/algae», «bantuiickoe mope/Baltic

Sea», «IIpMOPEXKHO-BOIHbIE pacTeHumsi/coastal aquatic plants», «pmect/

asbestos», «psicka/duckweed», «testopes/theloresis», «61o0rnuecKn aK-

TUBHBIe cBoiicTBa/biologically active properties», «muieBasi MpOMBILI-

nexHoctb/food industry».

B xopme paboTbl O6bUIM MMPOAHANIM3MPOBAHBI ITOJTHBIE TEKCThI CTATe,
COOTBETCTBYIOIIMX KPUTEPUIM Moycka. CTaTby, He OTHOCSIIIMECS K TEMe
MCC/IeOBAHMST, OTKIIOHSUIUCH TTOC/IE M3YUeHUsT HA3BaHUS ¥ aHHOTAIVN.

Kpurepun BKIIOUEHMS :

1) cratby, Ory6GIMKOBAaHHbBIE B PELIEH3MPYEMBIX KYPHasax;

2) myonMKaLmMM, coepskallye SKCIIepMMEeHTalbHble MIM aHaIuThde-
CKM€ OaHHbIe O XMMMUYECKOM COCTaBe, 6MONOTMYeCcKOli aKTMBHOCTHU
¥ METOJIax rmepepaboTKu MakpouTos;

3) TeMaTuKa HayYHOI IUTEepaTypbl — MAaKPOUTHI 3KOCUCTeMbI BamTuii-
CKOr'o MOpPS U UX MOTEHLMAJ AJ11 IIPYMMMEHEHNS B HMHIeBOﬁ TIPOMBIIII-
JIEHHOCTH;

4) paboThl, comepsKaliiie JaHHbIe O MeTOAax IepepaboTKu U MpUMeHe-

HUM MaKpoGhUTOB B MUIIEBOI, KOPMOBO Wi (apmalieBTUUeCKOi

MTPOMBIIIIEHHOCTSIX.

Kpurepun uckimoueHus::

JCCIEIOBAHMS, HE COOTBETCTBYIOLIYE TeMaTHKe HACTOSIEro 0630-

pa/He OTHOCSIMECS K M3y4aeMOMY IpeIMeTy

2) CTaThby C HEAOCTOBEPHBIMM MV HEITPOBEPEHHBIMMU JAHHBIMM.
OCHOBHBIMM MCTOYHMKAMMU JAHHBIX CTaJIM: HAYYHbI€ CTATbU U3 MEX-

IYHAPOIHBIX M POCCUIICKMX SKYPHAJIOB; MTATEHThl HAa TEXHOJIOTUU TIepe-

paboTky MakpopuUTOB; MOHOrpaduM ¥ OUCCEPTALUM, TOCBSIIEHHbIE

BOIHBIM DacTeHMsIM; OTYeThl U 6a3bl JaHHBIX, Takue Kak FAO Fishery

Y PErMOHAIbHbIE IKOJIOTMYECKME UCCTIeJOBAHMS.

Teorpaduueckuit Hoxyc uccieqoBaHus COCpefOTOYeH Ha Bamtuii-
CKOM Mope ¥ BopoeMax KaamHMHIpaacKkoit 06/1acTi.

1

~

3. PesyabTaThl M 06CYKAEHME

3.1. Makposodopocnu Banmutickozo mops

MaxkpoBozopocin BanTuitckoro Mopsi SIBISIFOTCSI TIepCIIeKTUBHBIM ChbI-
pbeM IS [TOTyYeHMs] LIeHHBIX 6M0/IOTMYeCcKM aKTUBHBIX COeNVHEHWIA, 11o-
CKOJIBbKY OHY GBICTPO PACTYT, IETKO PAa3MHOKAIOTCS M He TPeGYIOT CIielaib-
HBIX TUIOIIA/IEl WM PECypCOB /IJIs1 HAKOIUIEHMST 6110MacChl. 3HAUUTETbHbIE
06beMbI BOLOPOC/IEi MOTYT ObITh O6HAPYsKEeHbI Ha 6epery (IITOPMOBbIE BbI-
6pOChI), TO €CTb TOMYUYEHbI 6€3 3aTpaT Ha ux JA06bIuy. B BanTuiickom Mmope
MaKkpo(UThI IpefiCcTaBaeHbl TpeMst otaenamu — Rhodophyta (kpacHbie Bo-
nmopocin), Chlorophyta (3enenbie Bogopocin) u Ochrophyta (oxpoduToBbie
Bomopociy). B Tabnuiie 1 npencraBieHbl BUABI BOZOPOC/Ieli, 06HapyKBa-
€MBIX JICCIef0BaTeNsIMY Ha Iobepeskbe BanTuiickoro Mopst.

Ta6muua 1. Bomopocin, oGHapy>kuBaeMblie Ha moGepeskbe
BanTtuiickoro mops [7-11]
Table 1. Algae found on the Baltic Sea coast [7-11]

OTnen Pop, Bup
Bangia Bangia atropurpurea
. Ceramium virgatum
Ceramium . R
Ceramium tenuicorne
Rhodophyta
Coccotylus Coccotylus truncatus
Furcellaria Furcellaria lumbricalis
Polysiphonia Polysiphonia fucoides
Cladophora glomerata
Cladophora Cladophora rupestris
Cladophora sericea
Chlorophyta Ulva intestinalis
Ulva Ulva lactuca
Ulva prolifera
Urospora Urospora penicilliformis
Fucus Fucus vesiculosus
Ochrophyta : . . .
Pilayella Pilayella littoralis
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BBuAy BBICOKOI CTereHM 3arpsisHeHUsT balTuiiCKOro MoOpst TsIKesbl-
MM MeTa/ulaMM, BOLOPOCIM He PEeKOMEHAYEeTCS YIOTPeOIsITh B MUILY
B IIpMPOAHOM Buze. IToaToOMy nosyyeHue pasInyHbIX IIPOAYKTOB Ha UX
OCHOBE, CBSI3aHHBIX C IVTYGOKO MepepaboTKOi ChIpbs, KaK, Halpumep,
9KCTPAKLMSI HEIOCPEICTBEHHO KOMIUIEKCOB GMOMIOTMYECKU aKTMBHbIX
BEILIECTB, SIBJISIETCSI HauboJiee MOAXOASAIIMM CIIOCO60M UCIIONb30BaHMS
¥X noteHuuana [7].

3eseHble, KpacHble ¥ 0XPOGUTOBbIE BOAOPOCIY 06/1a0aI0T IPOTUBOT-
PUOKOBBIMM, aHTMOAKTEPUATBHBIMM, IIUTOCTATUUECKUMMU, TPOTUBOBU-
PYCHBIMM, IIMCTOTOHHBIMU CBOJCTBamMU [7,8], X 3KCTPaKTbl MOTYT I10-
IABJISITh POCT GaKkTepuit, Iposkokeit u rpubos [12,13].

OCHOBHBIMM KOMIIOHEHTaMM XMMMUECKOTO COCTaBa BOAOpOCIIet
SIBJISIIOTCSL YIVIeBOAbI. HEKOTOpbIe BelecTBa YIIeBOGHO MPUPOABI YHU-
KaJIbHbI, COTEPIKATCS TOJIBKO B BOLOPOCISIX M OOYCJIOBIMBAIOT UX BBICO-
KMii 6MOMOTEHIMA, YaCTO 3TO OTHOCUTCS K Ioiyucaxapumam. JInnmabl
MOPCKMX BOZOPOC/IEN OTAUYAIOTCS GIarONpPUATHBIM SKMPHOKUCIOTHBIM
rnpoduieM 3a CUeT cofepskaHust OMera-3 MoJIMHEeHAChIIEHHbIX JKUPHBIX
KUCTOT ayb(ha-TMHOIeHOBO, 31IKO3alleHTaeHOBOM U JI0KO3areKcaeHo-
BOIJ1, OHAKO 0611[ee HEBBICOKOE COMlepsKaHe K1pa He MO3BOJISIET UCITIONb-
30BaTh BOLOPOCIM KaK ChIpbe IJ1g BbloeneHus unuiHbix BAB [10,14].

HanGonee pacnpoCTpaHeHHBIMM YIJIEBOLAMM 3€JIeHbIX BOXOPOCIE
SIBJISIIOTCS 1IeJUTI07I03a, KpaxMaJl, MaHHaH, reTepOIMIMKaH, yIbBaH, KCWIaH;
LTSI KPACHBIX BOZOPOCIIEli XapaKTepHBI I1eJUTI0N03a, QIOPUACKNIA Kpaxmal,
arap, KappareHaH, KCuiaH, rajakrad. Ob1iee KOIMUecTBO MOIMCcaXapuioB
MOJKET BapbMPOBAThCs 0T 4 10 76 % cyxoro Beca 6uoMaccsl Bogopocieit [15].

B nocseHee BpeMsi 0CO6bIN MHTEPEC BbI3bIBAET Y/IbBAH — YHUKAJIb-
HbI CynbGaTUPOBAHHbIN MOMMCAXapU, COAEPsKAIUIA OCTATKU PaMHO-
3Bl ¥ [IIOKYPOHOBOM KUCIOTHI, BBIAEISIEMBI U3 Bogopocieit popa Ulva
¥ 06/IaJal0IINIi LIeJIIM PSILOM 6GMOIOTMYeCKM aKTUBHBIX CBOMCTB. CO00-
maeTcsi 06 aHTMOKCUIAHTHBIX, TPOTYUBOBUPYCHBIX, aHTUTUIIEPIUITULE-
MMYECKMX, aHTUKAHLEPOTeHHBIX, MMMYHOMOAYIUPYIOUMX CBOMCTBAX
yabBaHa [16-20]. VibpBaH o61afaeT MOIHOV aHTUMUKPOOHOM aKTUBHO-
ctbio ipoTuB Klebsiella pneumonia vi Candida albicans npy MUHUMaIbHO
MHIUOUPYIOLei KOHLeHTpaLuu 8 MKT / M. MiccienoBaHMs Ha JKMBOTHBIX
M0Ka3ajy, YTO yAbBaH 06JieryaeTr TeueHue apTpuTa U BOCIIAIUTETbHbBIX
3abosieBaHuUi KuieyHuKa. VcciemoBaHus Ha JXKMBOTHBIX ITOKa3ajiy, UTO
yAbBaH O6JIeryaeT TeUueHue apTpuTa M BOCIAIUTETbHBIX 3a60IeBaHMI
KMLIEYHVKA, CHIDKAsI TSDKECTh CMMIITOMOB, IPefOTBpallas CMOpIINBa-
HJe TOJICTOM KUIIKY U IOBPeKAeHMe TKaHe [21-23]. imeloTcs cBegeHMst
0 MIPOTMBOBMPYCHBIX CBOJCTBAX yabBaHa s gedueHust SARS-CoV2 [24].

IMonyueHHble M3 6GMOMacchl Bomopocieit poma Ulva momucaxapuibl
061aatoT npebuoTnueckumMu cBovictBamu. B uccinenosannm Krangkratok
W. 1 Komster cooburaeTcst 0 MOyYeHUu U3 yiabBaHa Bogopocieit Ulva yib-
Ba"onurocaxapunos (YOC). [Tokasan npe6uormueckuit apdext YOC mpu
UX BIAVSIHUM Ha POCT MOJIOYHOKUCIBIX 6akTepuii Lactobacillus acidophilus
u Lactobacillus plantarum. YOC crioco6cTBOBaIM POCTY 3TUX MUKpPOOpra-
HM3MOB aKTMBHEE, YeM KOMMepYeCcKuii MpeGMOTHUK raJakTOOIUrocaxa-
PUA, TIPY 3TOM MOJABJISUIM POCT ATOT€HHBIX MUKPOOPraHU3MoB Bacillus
cereus v Escherichia coli. iccnemoBaHne MpoaeMOHCTpUpOBasio, uto YOC
MOTYT GBbITh MCIIONIb30BAHbI B KAYECTBE MTPeOMOTUUECKO A0OaBKM, KOTO-
past UMeeT 3HAUUTe/IbHbIN MMOTeHI[Ma IS MUILEBOI M KOMOMKOPMOBOIL
npombinuieHHocTH [25]. B uccnenosanum Liu Zh. u coaBTopos [26] m0-
Ka3aHO TIOJIOXUTEeNIbHOEe BIMSIHME ITOMCAaXapuioB, SKCTPATMPOBAHHBIX
n3 6uomaccsl U. lactuca, Ha MeTa60113M (eKaabHbIX MUKPOOPTaHU3MOB
uenoBeka: Bacteroides vulgatus vi Bacteroides thetaiotaomicron.

Sun Y. u coaBropamu [27] coobiiaeTcsi 06 IKCTparMpoBaHmy GyOak-
TUBHOTO y/IbBaHa M3 6uomMacchl Bogopocneit Ulva prolifera. BoicyieHHbIe
¥ M3MeJIbYeHHbIe B TOPOIIOK 06pasibl norpykanu B 0,2 M HCl Ha 24 u st
MpeBapuUTeIbHOI 06pabOTKM € TOC/IeAYOLIel GUIbTpaluei 1 aBTOK/IaB-
HOJ 3KCTpaKiyeil pacTBopomM Kapbonara HaTpus. [locie OumMcTRY U Jin-
odummsanyy uccnenoBany GpaKkUMOHHBIA COCTaB IKCTPAKTA, B KOTOPOM
ObUTM OOHApPY)KEHbI CIeAYIONe YITIeBOIbI: rajmakrosa (9,43 %), mokosa
(73,17 %), xemnosa (9,63 %) 1 MaHHO3a. AHTMOKCUIAHTHBIE CBOJCTBA U GU-
OCOBMECTMMOCTD ITOJTyU€HHOTO SKCTPAKTa MpY MPUMEHEHUHM ero B Kaye-
CTBe GMOAKTMBHOIO MHIPEIMEHTa B 3D-Ky/IbType KIeTOK GbUTM OLI€HEHbI
U TIOATBEPKIEHBI C MOMOILIbI0 KOH(MOKAIBHOI JIa3epHOI CKaHUPYIOLIEi
MMKPOCKOIIUY Y BU3YaJU3alUy C IpUMeHeHreM (yopecLieHTHOTO M-
Kkpockona. Takum 06pa3oMm, SKCTPaKT, IOMTYYeHHbIH 13 6110Macchl BOZOPO-
cneit Ulva prolifera, o6nmamaeT 60/bLIIMM ITOTEHIIMATIOM /IS MCTIONIb30BaHMsI
B OmMomenmiHe. AHTMOKCUMIAHTHbIE CBOVicTBa aKcTpakta Ulva prolifera
onucaHbl Takke Feng Y. u coaBTopamu [28]. ITo MHeHMIO uccienoBareneit,
BOZIOPOC/IM MMEIOT CYLeCTBEHHBIN MOTeHIMal AJIsl MCIIONb30BaHMs B Ka-
YyeCcTBe TePareBTUYECKOTO CPENCTBA IJIs MPODUIAKTUKM U JIEUEHUST KU-
IIIEYHBIX 3a60/I€BaHM1, BbI3BAHHBIX OKMCIUTENIbHBIM CTPECCOM.

AKTyanbHBIM BOIIPOCOM JJISI MMIIEBOM ¥ (dapMaleBTUYecKoi Mpo-
MBIIIJIEHHOCTEH SIBJISIETCSI TONyYeHUe TIIMKOMUIUIOB. [JTMKOMUIIMIIBI
06p830BaHbI OOHMM WM HECKOJbBKMMM OCTaTKaMM MOHOCaxXapuaos,

CBSI3AHHBIMU TIMKO3UIHBIMU CBSI3SIMU C IUITUIHBIMU TPYIIITaMM, MOHO-
aAUMIbHBIMY WIM AMAJUTMILIMLIEpUHAMU. [IMKOMUIIMIBI, BbIAEIEHHbIE
13 MOPCKMX 06BHEKTOB, 00/1aJal0T pa3sHOHAIPaBIeHHOM 6MOIOrMUEeCcKOit
aKTMBHOCTHIO, HAIIPMMeEp, TPOTUBOBUPYCHO, TPOTUBOOITYXO0/IEBOIA, aH-
TUMMKPOOGHOI] [29].

B cratbe Sun Y. u coaBTropoB [30] coobinaercss 06 MCCIeLOBaHMMY,
B XOJle¢ KOTOPOTO C MOMOIIbIO YIbTPA3BYKOBOI METaHOIbHOM 3KCTPaK-
LM, TIOCTIEeAYIOLIero pasaeaeHus M xpomaTorpahuueckoit OUMCTKA U3
BoIOpoCIIelt poga Bangia 6pUtM BbeNeHbI ABA IMKOIUIUAA. VIX aKTUB-
HOCTb B OTHOIIIEHUU CBOGOAHBIX paaukanoB DPPH cocraBuiia okoso 60 %
pu 1600 MKr/mJ1, a 0611ast aHTUMOKCHAAHTHAST CTIOCOOHOCTH OblyIa BhIIIIE,
yeM Yy Trolox. OnMH 13 BbII€NIeHHBIX IIMKOIUITMIOB 0018 a1 YBIAKHSIIO-
11eif aKTUBHOCTBIO U ObUT 6JIM30K K COPOUTY U alnbIruHaTy HaTpus. [NInMKo-
JIMTINAbI MOTYT HaTU IIpYMEHEeHMEe B KaueCTBe anan(HMTeneﬁ M aHTU-
OKCMIAHTOB B MUIIEBbIX TPOAYKTAX.

Kulikova Y. ¢ konneramu [10] ucciemoBany XMMMUIECKUIA COCTAB ¥ aH-
TUOKCUJAHTHYIO aKTMBHOCTb CIIMPTOBBIX IKCTPAKTOB BOLOPOC/IEN POLOB
Cladophora, Polysiphonia, Ulva n Furcellaria, cobpaHHbIX Ha TI06epeXbe
Bantuiickoro Mopsi. ABTOpbI OTMEYAIOT BBICOKOE COLepsKaHMe B YIIeBOJ -
HOM COCTaBe BOJOPOCIei TAKMX caXapoB, Kak (ykosa u ranakrosa. Comep-
skaHMe GyKo3bl cocTaBmio 6,49,4,13,2,71 u 2,32 % B 61omacce Bogopocsieit
Furcellaria, Polysiphonia, Cladophora v Ulva cOOTBETCTBEHHO, a COfepKa-
Hue rajgakTossl — 2,51, 1,18, 1,185 u 1,66 % coorBercTBeHHO. Han60/b-
1rasi aHTMOKCUIAHTHAsI aKTMBHOCTb, ycTaHOBJeHHast mo DPPH-metomy
(90,38 mr/mu1), 6bl1a OTMEUeHa /IS SKCTpakTa 6momacchl Furcellaria, aH-
TUOKCUJAHTHAsI aKTUBHOCTb 3KCTpakToB Cladophora, Ulva u Polysiphonia
cocraBuia 136,61, 314,74 u 1069,21 Mr/mi COOTBETCTBEHHO.

@dyko3a M rajakrosa O006JafalOT PSIOM BaKHBIX OGMOIOTMYECKUX
cBoiicTB. OmMCcaHbl aHTMKAHLIEPOT€HHbIE, TMPOTUBOBOCIIAIUTEIbHbBIE
M TeraToIpPOTEKTOPHbIE CBOMCTBA (DYKO3bI, a TaKKe ee pereHepupylo-
1iMe, 3aKUBIISIONINE, YBIAKHSIONIME ¥ OMOJIAKMBAIOIIe CBOMCTBA ISt
Koy [31]. lokaszaHo, uTo JobasieHue GyKO3bl B JETCKUE CMECH CITOCO0-
CTByeT 6oJiee MOTHOLEHHOMY TICUXMYECKOMY PasBUTUIO M (GOpMUPOBa-
HMIO UMMYHMTETA Y MiIafeHIeB [32]. Tasakro3a o61amaeT JOKa3aHHbIM
MMMYHOMOZYIUPYIOIMM, aHTMOKCUIAHTHBIM M TPOTUBOBUPYCHBIM
nerictBuem [10,33].

AHTUMOKCHUIAHTHBIE ¥ aHTMMMKPOOGHBIE CBOICTBAa BOZOPOCIEN TaK-
5Ke CBsI3aHbl C Pa3HOOOPA3HBIMM IMUTMEHTAMM, COAEPKAIMMUCS B 61-
omacce. Bogopociu SIBASIOTCS (GOTOCMHTE3UPYIOIIMMM OPraHu3MaMMu,
[MATMEHTBI [TO3BOJISIIOT MOPCKMM BOAOPOC/ISIM TIOMIOLIATh CBET, HEOO-
XOIMMBIi1 jist GOTOCHMHTE3a HA IYOMHAX C Pa3IMYHON CTENEHbIO OCBe-
LIEHHOCTY. TV NUTMEHTbI MOXKHO Pa3[elUTh Ha TPY OCHOBHBIE TPYIIIIBI,
KOTOpbIe BK/IIOUAIOT XI0POGWLIbI, GUKOGMIUIIPOTENHDBI ¥ KapOTUHOM-
bl ¥ 06/IafAIOT PAa3IMYHONM TONb30¥ IJist 3M0POBbs. JJOMUHUPYIOIVMU
MATMEHTaMM 3eJIeHbIX BOAOPOCIeit SIBJSIOTCS Xopodusisl a, b, a-, B-,
y-KapoTyuH, KCAHTOMMIIIBI, KPACHBIX — XJIOPODUIIT a8, KCAHTODWIUIBI, 0.-,
B-KapoTuH, GUKOIPUTPUH, PuUKOLMaHUH [34-37].

B mccnegoBanmy Punampalam R. u coaBTopoB [38] coobuiaeTcs 06
MU3BJIEUEHMM OUMIEHHBIX (UKOOGWIMIIPOTEMHOB U3 BOJOPOCIU Bangia
atropurpurea. R-duKo3puTpuH ¥ R-puKOUMaHMH 6bIIM BbIAETEHDI
M OYMIIEHBI METOLOM reib-Guabrpauum ¢ nomoiubio Sephadex G-200.
Copepskanme R-pukospuTpuna coctaBuiio 54,8 % ot o611ero KoamuecTsa
9KCTparMpoBaHHOro 6eska, R-puxonmanmHa — 16 %. YcraHOB/IeHA BbI-
COKast aHTMOKCUIAHTHAST aKTUBHOCTb R-(bMKOIpUTPMHA, TTPEBbIIIAIONIAs
aKTMBHOCTb CMHTETUYECKOTO aHTMOKCHUIAHTA MOHOJIA.

VccnenoBarensmu [8] usydyeHo obliee cofmepskaHMe KapOTMHOWUIOB,
xyopodusyIoB a U b, aHTMOKCUAAHTHAS, AaHTUMMUKPOGHAST aKTUBHOCTD
9KCTPAKTOB Boxmopocneit BunoB Ulva intestinalis, Furcellaria lumbricalis,
Cladophora rupestris, cobpaHHbIX Ha IOOepexbe BanTuiickoro mops.
VCTaHOBJIEHO, UTO CyMMapHOe cofiepykaHue KapOTMHOWUIOB B 9KCTPAKTaX
C. rupestris, F. lumbricalis n U. intestinalis cocTaByisieT COOTBETCTBEHHO
1,26; 0,2 1 0,81 mr/t. Comepskanne xiaopodwmmuia a — 5,65; 1,5 u 5,87 mr/T,
xynopodwumna b — 5,14; 0,55 u 2,63 Mr/r cOOTBETCTBEHHO. ViccnenoBaHme
AHTMOKCUIAHTHOM aKTMBHOCTM 3KCTpakTOoB MeToaoM DPPH mnoka3sa-
JI0, YTO ee 3HAUeHMe CoCTaBsieT ajs skcrpakra C. rupestris 5,82 %, nis
F. lumbricalis — 2,42 %, nna U. intestinalis — 3,32 %. [Ipu OlleHKe aHTU-
MUKPOOHOI aKTMBHOCTYU 3KCTPAKTOB MeTOAOM Aubys3uu B arapoByio
JIYHKY ObUIa YCTaHOBJIEHA aKTMBHOCTb BCEX IKCTPAKTOB B OTHOIIEHUMU
Bacillus subtilis. AHanu3 comep>KaHus TSIKEIbIX METa/IOB IMOKasal MX
6e30racHble YPOBHM B HKCTPAKTax BOAOPOC/eH B CpaBHEHMM C MCXOILHOM
Maccoii. Bomopociy peKoMeHA0BaHbl K UCIIOMb30BaHUIO B POU3BOACT-
Be MUILIEBBIX TPOAYKTOB, KOPMOB, HYTPULIEBTUKOB, (hapMalieBTUYeCcKuX
MpernaparoB ¥ T. II.

B crarbe Keramane B. 1 coaBTopoB [39] coobiaeTcst 06 3KCTparmpoBa-
HUM CMEChIO 3TaHOJIa ¥ BOMAbI 6MOIOTMYECKM aKTUBHBIX BELIECTB U3 O1-
omacchl Bogopocieit Ulva lactuca, Ulva intestinalis u Ceramium virgatum.
VcraHOB/IEHO oOliee cofepkaHue (DeHOJOB B HKCTpPAKTax Ha YpOBHE
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15,95, 16,51 u 14,64 Mr sKBMBaJI€HTa Ta/JIOBOI KMUCIOTHI/T COOTBETCT-
BEeHHO. AHTMOKCUIAHTHAsT aKTMBHOCTh 3KCTPAKTOB o metomy Trolox
cocrasumia 0,28, 0,27 u 0,25 MMOJIb SKBMBaJIEHTa TPOJTIOKCA/T SKCTPaKTa
COOTBETCTBeHHO. Mi3MepeHHas 1o metony ¢ DPPH aHTMOKCcHIaHTHas ak-
TUBHOCTH 3KCTpakToB U. lactuca, U. intestinalis v C. virgatum coctaBuia
271,3, 248,9 u 123,5 mr/mi1 (KOTMYECTBO aHTUOKCUIAHTA, HEOOXOAMOe
IJIsT cCHYsKeHust KoHieHTpaty DPPH Ha 50 %) cooTBeTcTBeHHO. Takum
06pa3oM, ycTaHOBJIEHA BbICOKAst aHTMOKCUIAHTHAS aKTUBHOCTb 9KCTPaK-
ta C. virgatum. AHTM6AKTePUATIbHYIO aKTUBHOCTb IKCTPAKTOB B OTHOIIIE-
uuu Escherichia coli, Salmonella typhi, Vibrio cholerae u Candida albicans
MPOSIBUIM BCE WMCCIeOBAaHHbIE 3KCTPAaKThl. HaMbOMBLIYI0 aKTUBHOCTH
MPOAEMOHCTPUPOBaJ 3KCTpakT C. virgatum — ero MUHMMAaJIbHAsI UHIU-
6upyoIIasl KOHIIEHTPAIusl cocTaBwia 2,5 Mr/MJj, HauOOIbIIasi aKTUB-
HOCTb YCTaHOBJIEHA B OTHOIIEHUU S. typhi MUHUMAIbHOM MHIUOUPYIO-
el KoH1eHTpauueit 1,16 mr/mi. [lo MHEHMIO aBTOPOB, 3Ta aKTMBHOCTD
MOKeT ObITh 06YCIOB/IeHa (GUKOIPUTPUHOM, KOTOPDI SIB/IsIeTCST Haubo-
Jiee pacpoCTpaHEHHBIM 6€IKOBO-TUTMEHTHBIM KOMIIEKCOM B KPaCHbIX
BOZOPOWISAX. DKCTPAKT 3eeHoii Bogopociu U. lactuca mpomeMOHCTpH-
poBast 60jiee BBHICOKYI0 aHTMOAKTepMaabHYI0 aKTMBHOCTb, YeM SKCTPAaKT
U. Intestinalis, 4TO MOXeT ObITh CBSI3aHO C 60Jiee BLICOKUM COEPKaHUEM
B U. lactuca cynbdaTupoBaHHbIX MONMCAaXapuiaoB. Bonee akTvBeH GbLI
akcrpakT U. lactuca B otHoweHuu S. typhi u E. coli (2,08 u 5,16 mr/mn
COOTBETCTBEHHO).

AHTUMUKpPOGHBbIE CBOJCTBA BBISIBJIEHBI Y psifia GMOMOTMYECKU aK-
TUBHBIX BeIeCTB, BbIIETeHHBbIX U3 OXPOGUTOBBIX Bopmopocwteit Fucus
vesiculosus. TIOMUTMAPOKCUIMPOBAHHBIA (ByKOdIOpeTOsN, BbIOEIEeHHBIN

13 HopBexkckoro F. vesiculosus, mokasan uHrubupoBaHue Escherichia
coli u Staphylococcus aureus, B TO BpeMsl KaK KapOTMHOW[, (yKOKCaH-
TUH TOJABJSUT Pa3MHOXKEHVe YeThIpeX MOPCKUX GaKTepuii B ero ecre-
CTBEHHbBIX KOHIeHTpauusax oT 0,3 mo 10 mr/cM? Ha TIOBEPXHOCTY BOLO-
pocineit [40]. TlokazaHa aHTMMMKPOGHASI aKTMBHOCTb TaJaKTOIUIIUIOB
” GIOPOTAaHHMHOB, BXOASIIMX B COCTaB MeMOPaH U KJIETOYHBIX CTEHOK
F. vesiculosus [41]. B uccnegosanmm Heavisides E. u coaBTOopoB 1okasa-
Ha MHTMOMPYIOLIASl aKTUBHOCTb 3KCTpakTa F. vesiculosus B OTHOIIEHUY
ITaMMa MeTULMWIIVMHPE3UCTEHTHOTO 30JI0TUCTOrO cTabIOKOKKa [42].
Coob1aeTcsi 0 MPOTUBOOITYXOJIEBBIX CBOMCTBAX IKCTPAKTA OGaITUIi-
ckoro F. vesiculosus B OTHOLIEHMM KJIETOK paka MOAKEeTYIOYHOI JKeje-
3bl [42,43]. DKCTpaKT GbUI M3rOTOBIEH U3 ciaoeBuin F. vesiculosus, co-
OGpaHHOTO B MPUOPEXKHBIX paiioHax 3amangHoi yacTu Bantuiickoro Mops.
AneToHOBOE V3B/I€U€EHYIe BBICYIIVMBAIM M 3aTe€M Pa3[essuli C OMOLIBIO
skupKodasHoil xpomarorpabuu 1 BbigeneHus: Qpakumit, obaamao-
MMX HauGONbIIei aHTUIIPOMU(EpaTUBHON aKTUBHOCTbIO. Ppakiym
¢ HauboblIell aKTUBHOCTBIO CIIOCOOCTBOBAIM CUIBHOMY IOJABIEHUIO
SKM3HECTIOCOGHOCTY DPA3IMYHbIX JMHUI KIETOK paKa IMOIKeTyIOYyHOMI
>KeJe3bl 3a CYET MHIMOGMPOBAHYS KIIETOYHOTO LMKIIA MPponndepupyomnmx
KJIETOK. BaXXHBIM SIBJISIETCSI TO, UTO IKCTPAKT HE MPOSIB/ISUT LIUTOTOKCU-
YeCKyI0 aKTMBHOCTb B OTHOIIEHMM He3JI0KaueCTBEHHBIX KIeTOK. Takas
MIPOTUBOOITYX0JIEBAsI aKTMBHOCTb 3KCTPAKTA MOKET ITPOSIBIISITHCS 3@ CUeT
¢dmopoTaHHMHOB, hyKouzaHa ¥ GyKOKCAHTMHA, IPU ITOM HEKOTOPbIE MC-
cefoBaTeny 0COGEHHO BBIAEISIOT Poib (ropoTaHHMHOB [42]. TaHHbBIE
CBUIETENbCTBYIOT O TOM, 3KCTPaKT F. vesiculosus mpencrasisieT co6oii
MHOT006eIaoIii HOBBII POTMBOOITYXOIEBbIi IIpenapar.

Tabnuua 2. OCHOBHBIE BUABI IPUOPEKHO-BOAHBIX pacTennii KanuHuHrpaackoi oomacru [7]
Table 2. Main species of coastal aquatic plants of the Kaliningrad region [7]

w/n HaumeHoBaHMe BUJOB pacTeHUI

Hau6osee yacTbie MecTa OOMTaHUS

1 CemeiicTBo prectoBble (Potamogetonaceae), poz paect (Potamogeton) — OGVH 13 CAMbIX MHOTOUMCIEHHBIX TUIPOGUTOB B BOZOEMAax
KanuuuHrpazgckoit o6nactu, mpencrasieH 17 Bugamu 1 oByMsl 'MOpUIaMM; MOTYT MCIIONIb30BaThCS B BU/ie YIOOPEHNIt 1 [/ KOPMOBBIX Liefeit

1.1 Pmecrt Kypuasblit (P. crispus L.)

1.2 PrecT MpOH3eHHOMMCTHBIN WU CTe6/1e06be MITIOLIMIT
(P perfoliatus L.)

1.3 Pmecr rpe6enyuarsiii (P, pectinatus L.)

1.4 Ppmect pymuHesimmii (P. praelongus L.)

1.5 Pmect miaBaroumuii (P, natans L.)
1.6 Pmecrt 6nectsimmii (P. lucens L.)

Crostune BoJoeMbl (03epa, CTapuilbl, MeIMOpaTVMBHbIe KaHABBI, IIPY/IbI), paitOHbI
KanMHMHrpaacKoro 3aamBa ¢ COMeHOCTbIO 4,3-4,9 %o

Crosture 1 MeJiTIeHHO TEKYIIie BOLOEMbI (IIPY/bl, 03epa, Kapbepbl, MeAJIEHHO TEeKyII e
pexu), paitoHbl KalMHMHTPaICKOTO 3a/I1Ba C CONEHOCTbIO 4,3-5,3 %o

PaznuyHble BOZOEMBI: OT MEIKMX MPYAOB 10 KPYITHbIX PEK U 03ep, paiioHbl
KalmMHMHTpaZCcKoro 3a/1MBa C COEHOCThIO 4,3—-5,3 %o

Pas/inuHble BOLOEMbI: OT MEJIKUX MPYAOB [0 KPYITHBIX PEK U 03€D; BCTPEUALTCS PEXKE
precra rpe6eHYaTOrO

Crostuye BOLOEMbI MM BOJOEMBI C Me/IJIEeHHbIM TeUeHVeM

Pajtonbl KaMHMHTPagCKOTO 3a/IMBa C CONIEHOCTBIO 4,3—5,3 %o

2 CemericTBO psickoBble (Lemnaceae), pof, psicka (Lemna)

2.1 Pscka manas (L. minor L.)
2.2 Packa tpexponbHas (L. trisulca L.)
2.3 Pscka rop6aras (L. gibba L.)

Paiionbl KaimHMHTPaACKOTO 3a/14Ba C COIEHOCTbIO 4,3—4,9 %o
Pajionbl KaimHMHTpaACKOTO 3a/11MBa C COJIEHOCTbhIO 4,3-4,9 %o

Pajionb! KaIMHMHTPagCKOTO 3a/I1Ba C CONMEHOCTHIO 4,3—-5,3 %o

3 CeMeiicTBO psICKOBbIe (Lemnaceae), poi, MHOTOKOPeHHUK (Spirodela)

3.1 MHOroKOpeHHVMK OGBIKHOBEeHHbII! (S. polyrrhiza (L.) Schleid.)

Pajtons! KaamHMHTpaACKOTO 3a/IMBa € COEHOCTDIO 4,3 %o

4 CemeiicTBO psickoBble (Lemnaceae), pon Bonbdus (Wolffia)

4.1 Bonbdus 6eckopenikosas (W. arrhiza (L.) Horkel ex Wimm.)

Pajionsl KaimHMHIpagCcKoOTOo 3a/11Ba € CONIEHOCTbIO 4,3—-4,9 %o

5 CemeiicTBo poronuctHuKoBbie (Ceratophyllaceae), pon poromuctauk (Ceratophyllum) — B KanMHUMHTPaLCKO 06IaCTH YCTAHOBIEHO MTPOU3PACTaHMe
IIBYX BUJIOB, 06pa3yIOT YacTO «HEIIPOXOAMMbIe» 3apOC/IN, CO3/alolyie IIPeIsITCTBIE /IS IBVMYKeHVsI BOGHOTO TPaHCIIOpTa

51 PoronmcTHUK MOTrpy>KeHHbI MY TeMHO-3e/eHbIi
> (C.demersum L.)

MepieHHO TeKy1Me BOIbI IPYL0B, 03€p, MeTMOPaTUBHBIX KAHAJIOB U PEK,
a Takke paiioHbl KaJyMHMHIPaACKOTO 3a/1MBa C COIEHOCTbIO 4,3-5,3 %o

CemeiicTBo 0THKOBBIE (Ranunculaceae), pox, kamyxuuiia (Caltha) — camoe pacrpocTpaHeHHoe pacTeHne KaamHuHrpaackoit 06macTu;
6 3eJIeHble YacTy PaCTeHNs], B TOM uyiciie GyTOHBI; SIOBUTHI, HO IIPY COOTBETCTBYIOLIE)l 06paboTKe MOTYT ObITh MCIIOJIb30BAHbI B ITUIILY
Y C JIEKapCTBEHHbIMMU LIeISIMU

6.1 Kamyxuuua 6onotHas (C. palustris L.)

B IIPpeCHOBOOHBIX BOAOEMaXx BCeX TUIIOB, BCTpeUaeTCs Ha 6OJIOTUCTHIX HU3UHHBIX Jiyrax

7 CemMmeiicTBO JIOTUKOBbIE (Ranunculaceae), pox, BOASIHOM JTIOTUK, IeTKOBHUK (Batrachium) —
B Bogoemax KalMHMHIpaicKoit 06/1aCcTy BCTPEYaeTCsl CeMb BUIOB M HECKOJIBKO IMOPU/IOB LIETKOBHUKOB

71 [llenkoBHMUK BoMOCKCTHIN (R. trichophyllum (Chaix.) van den
. Bos.)

7.2 lllenkoBHMK BoAsiHO! (Batrachium aquatile)

73 [lIeTKOBHMK 0OMIbHOLBETYLIVII MV IIUTKOBUIHBII
(B floribundum)

7.4 lenkoBHUK uiaBawimii (B. fluitans)

Partons! KanyHMHIpaACKOTo 3a1MBa C CONeHOCTbIO 4,3-4,8 %o
Crosture 1 Me[JIEHHO TeKYIIMe BOIbI PEK, 03€ep, IPYLOB, a TaKKe HeGobIIe 6010Ta
C 3aCTOVTHOI BOO Ot

Crosiume ¥ MeZIJIEHHO TEeKYIIMe BOAbI PEK, 03€p, TIPYAOB, a TAKXKe HeGobIIe 6010Ta
C 3aCTOIHOI BO#OI

B ycTpe Hemana 1 KannHuHIpagckoro 3annsa

8 CemMeiicTBO caHosironHMKOBbIe (Haloragaceae), pon, ypyTb (Myriophyllum)

8.1 VYpyrb konocuctas (M. spicatum L.)

8.2  Vpytb myroBuaras (M. verticcillatum L.)

Pajtonbl KaMHMHTPagCKOTO 3a/IMBa C COJIEHOCTHIO 4,3—5,3 %o

PajtoHb! KaMHMHIPagCKOTO 3a/IMBa C COJIEHOCTHIO 4,8—5,3 %o
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Takum 06pa3oM, KpacHble, 3elleHble M OXPO(UTOBbIE BOAOPOCIH,
B 0COGEHHOCTU pofoB Bangia, Furcellaria, Polysiphonia, Cladophora, Ulva,
Fucus, SBSIIOTCST 60raThIMM MICTOUHMKAMY GMOIOTMYECKM aKTVBHBIX Be-
IeCTB aHTMOKCUAAHTHOM, aHTUMMUKPOOHOH, IIPOTUBOBUPYCHOM, aHTU-
KaHIepOreHHOM, MMYHOMOIY/IMPYIOLIe/l HalpaBIeHHOCTH.

3.2. I[IpubpexcHo-800Hble pacmeHust KanuHuHepadckoti obnacmu

Beicuie BogHble pacTeHus, peobafamnme B BogoemMax KaayamH-
IPajiCKO 0671aCTy, MpeCTaBaeHbl MPeUMYyLIeCTBEHHO OIHOJOTbHBIMU
Bugamu [7]. Cpenm Hux 6omnee 80 % NpUXOOUTCS HA TUAPOGUTDI (MCTUH-
HO-BOZAHbIE pacTeHMsI), KOTOpbIe )11 HOPMaJbHOTO MIPOXOKAEHMS SKU3-
HEHHOTO IIMK/Ia TPeGYIOT MOCTOSIHHOTO KOHTaKTa CBOEr0 BereTaTMBHO-
ro Teja C BOAHOM cpemoit. B Tabauiie 2 mpeacraBieHbl Haubosee 4acTo
BCTpevaeMble BUbI I'MIPOGUTOB, OOHAPYKMBAeMbIe MCCIe0BATEISIMU
B BogoeMax KanMHuHrpaackoit o6mactu.

MHorye 13 NpyUBeAEeHHBIX BbIlIe IPUGPEKHO-BOAHBIX PAaCTeHMI 10-
CTYIIHBI 7151 c60pa B MPUPOSHBIX YCIOBUSIX, MHTEHCUMBHO PAa3MHOKAIKOT-
cs1, 06pasysl 3HAUUTENbHOE KOMMYECTBO GMOMACChI, KOTOpast He MMeeT
JOCTaTOYHOTO IPMMEHEHNSI B Pa3/IMYHBIX 00/IaCTsIX IPOMBILIJIEHHOCTH,
B CeJIbCKOM ¥ JIECHOM XO3SI/ICTBE, PbIOOBOJCTBe, MeAULIVHe U Ap. I'n-
IpodUTHI MMEIOT BBICOKYIO MMIIEBYIO LIEHHOCTb M SIBJISIIOTCSI MepCIieK-
TUBHBIM ChIpbeM [JIsl BbIeJIeHMs KaK HyTPUILIEBTMKOB, TaK 1 napadap-
MaleBTMKOB. B Tabnuue 3 mpencraBiaeH oOIMii XMMMWYECKUI COCTAaB
HEKOTODPBIX BUAOB NMPUOPEKHO-BOLHBIX PACTEHMIT, KOTOPBIE BCTPEYAOT-
cs1 B KanuHMHTpaacKoit o6macTiu.

Tabnuia 3. XMMMUYECKNI COCTaB HEKOTOPBIX BUAOB IIPUOPEKHO-
BOJHBIX pacTeHMit, % OT aGCOMIOTHO CyXOro Beca [44-49]

Table 3. Chemical composition of some species of coastal aquatic plants, %
of absolutely dry weight [44-49]

g
Y 2
o
o 58
Pacrenue = E E £ §
«
E B o 288 o
e 5 g 2% g 3
= § AmEa M
Prect xypuasbslit (P, crispus L.) 22 13 2 49 14
Pnect npoH3eHHOMMUCTHBIN
(P. perfoliatus L.) 12 17 1 60 10
Pnect miaBatommii (P. natans L.) 14 22 4 50 10
Prect 6nectsuiuii (P. lucens L.) 14 18 2 55 12
Packa manast (L. minor L.) 26 25 5 27 18
Psicka TpexgonbHas (L. trisulca L.) 30 21 3 24 22
Bonbdus 6eckopelkoBast 509 313 61 . 117

(W. arrhiza (L.) Horkel ex Wimm.)

PoronmcTHUK TeMHO-3€e/IeHbli
(C. demersum L.) 18 11 1 46 23

AHanu3 IUTepaTypHbIX AAHHBIX 110 XMMUYECKOMY COCTaBy PIECTOB,
POTONUCTHUKA, PSICKY M IPYTUX MPUOPEKHO-BOOHBIX PAaCTeHMIT IMOKa-
3bIBAET, YTO GONBLUIMHCTBO M3 HUX comepkaTt 12—-51% cbIporo mpoTenHa,
12-31% xneruatku, 1-6% xxupa, 24-60% 6e3a30TUCTBIX IKCTPAKTUB-
HbIX BemiecTB 1 12-23% MuHepaabHbIX BEIECTB. B maHHBIX ruapodu-
Tax obHapyxeHbl O6MonorMyecku akTuBHbIe BeliectBa (BAB), koTOpbIe
MPOSIBJISIIOT AHTMOKCUAAHTHBIE, aHTUOAKTepuaabHble, AIbIUIVAHBIE,
dbyHrMUMOHBIE Y VHCEKTULMHbIE CBOVCTBA, UTO MPEACTABISIET LIUPO-
KU MHTEpeC ISl TIoMyueHusl 6MOoMpenapaToB ¢ 3aJaHHbIMU CBOVICTBA-
Mu. B cocraBe apupHOro Macia paecta BbISIBIEHO OKoso 160, a B Macie
pOronMCTHUKA — 270 HU3KOMOJIEKY/ISIPHBIX JIETYUMX OPraHUYeCcKux coe-
nuHennit [50]. Cpeny HUX HauboIee LIeHHBIM BBICTYIIA€T MaHOOI, 06/1a-
AN IPOTUBOBMUPYCHOV aKTMBHOCTBIO U MPECTaBIISIOINIT MHTepeC
IUIST MeOUIIMHCKOM 1 napdromMepHoii mpomsiiieHHocredt [50]. Ilo cro-
COOHOCTY K GMOCMHTE3y MaHOOJIa PAECT MOXET GbITh OTHECEH K IpyIIe
pacTeHMit-KOHLIEHTPAaTOPOB.

VuenbIMu ActpaxaHckoro 'Y pa3paboTaHa TeXHOIOT S BbIe/IeH)s BOJI-
HO-CITMPTOBBIX 3KCTPAKTOB U3 pAecTa MpoH3eHHOMMUCTHOTO (P. perfoliatus
L.), npencrasisiionyx kKomouHanyio BAB [51]. YeraHOB/IEHO, UTO PAECT TY-
TIOJTCTHBIN ¥ POTOIMCTHUK TEMHO-3€JIEHBII 06/1aa0T aHTMOKCUIAHTHOM
AKTMBHOCTBIO ¥ aHTMOAKTEPUATbHBIM E/ICTBMEM B OTHOILIEHMM KaK rpa-
moTpuuatenbHoit (Escherichia coli, Pseudomonas aeruginosa), Tak u rpam-
ronoxkutenbHoit Mukpodnopsl (Bacillus subtilis) [50,51]. IlomyuyeHHbIE
pacTuTesnbHble SKCTPaKThl U3 P. perfoliatus L. MOTYT GBITh MCIIONb30BaHbI
B KauecTBe CaMOCTOSITE/IbHbIX aHTUOAKTEPUATbHBIX KOMIIOHEHTOB, M KaK
UCTOYHMKY BAB € pasiMyHbIMM CBOVCTBAMY IIPY U3TOTOBIEHNM JIe4eOHO-
MPOGWIAKTUYECKMX HAMMUTKOB CIEeNMaTbHOIO HA3HAYEHMS], a TaKKe TPy
IIPOM3BOLCTBE MOOIIVX CPeACTB [51].

MykatoBoit M. [I. ¢ coaBTOpaMu 3aMaTeHTOBAH CII0CO0 KOMIIEKCHO
repepaboTKY pAAecTa MPOH3eHHOMMCTHOTO AJISI TOTyYeHNs] B 3aBUCUMO-
CTY OT Ha3HaueHus pIeCTUHA, pIecTaTa aMMOHMS WIK pHecTaTa HaTpUs
¥ KOPMOBOJ IPOAYKLMM Ha OCHOBE TPaBSIHOTO ocraTka [52]. [lyist aToi
LI/ TIPECHOBOAHYIO TpaBy 06pabaThiBaioT 1%-HbIM PacTBOPOM COJISI-
HOI1 KucaoThl Tpu Temiiepatype 70 °C B TeueHMe 3 U, IIOC/Ie Yero MPOMbI-
BAIOT BOIOJ 10 mocTvkeHus 3HadueHus pH 7. 3atem puibTpoBaHMeM OT-
[LeJISIIOT TPaBSIHYI0 Maccy ¥ IMIPOBOAST SKCTPAKINIO TEKTVHOBBIX BEILleCTB
B 3 cramum 1%-HbIM pacTBOPOM OKcajaTa aMMOHMS IIPU TEMIIepaType
50°C u ruppomonyne 1:6 B TedeHue 8 4. DKCTPAKT B IIEPBOM BapuaHTe
OCaskAA0T CIIMPTOM JJIsI TOyYeHMsI piecTaTa aMMOHMSI, BO BTOPOM Oca-
skgatoT 10 9%-HbIM pacTBOPOM COJISTHOM KUCJIOTBI IO OOCTVKEHMS 3Haue-
Hus pH 2,5, monydast paectuH. B TpeTbeM BapuaHTe 3KCTPAKT ITOCIe Oca-
SKIEHUST COMSTHOM KMCIOTO 06pabaThiBaloT 10 %-HbIM PacTBOPOM COZbI
C momyyeHuMeM paectata HaTpus. IlomydeHHble mocie GUIBTPOBaHMS
B TpeX BapMaHTax pAecTaT aMMOHMSI, pPAECTMH U pAecTaT HaTpys IPOMBI-
BalOT BOZIO¥, IOABEPraloT CyIIKe IIpy TeMiepartype 45 °C.

JI71s TIO/TyYeHMsT HaTypasIbHOM MUILEBO# J06aBKM — KOHIIEHTPATa XJI0po-
¢wmnna — Mykarosa M. [I. ¢ coaBropamu [53] rpeAiaraeT u3mMenbuaThb U Cy-
LIUTh PIAECT MPOH3eHHOMMCTHBII (P, perfoliatus L.), mocie uero mpoBOAUTh
JIBOVHYIO SKCTPAKIMIO ITPOIO/DKUTEIBHOCTBIO 110 8 YacOB KaXKAAsI, MCIIONb-
3ys1 CMeCh rekcaHa C STU/I0BBIM CIIMPTOM B COOTHOLIeHMM 9:1 npu TemIiepa-
Type 25-40°C. 3aTteM cMech CieyeT (GUIbTPOBATh, OTTOHSTh PACTBOPUTEIb,
U TIONTy4YeHHbIN XJI0podM/II CMeIBaTh ¢ MacJioM min pactBopom NaOH
B 3TaHoOsMe. X1I0podWsIT OKa3bIBaeT BO3eiiCTBIE Ha KPOBb, CXOLHOE C IeiiCT-
BM€M reMOoIIo6MHa. ENyHCTBeHHOE pasinyye B CTPOEHMY MOJIEKYJT 3aKITi0-
YaeTcst B TOM, UTO B LIEHTPE XeJIATHOTO KOMIUIEKCA XJIOPOQUIIa HaXOAUTCST
aToM MarHus, a B TeMOIIO6MHe — aToM keJe3a. XJI0pouT CTUMYUPYET
VIMMYHHYIO CYICTEMY, YCKOPSIET OGMeH BEILeCTB 1 00pa3oBaHme IPaHyJIsLmun
SMIUTENIVS TIPK SI3BaX M paHax, 06/1alaeT TUIIOTEH3MBHBIM, 3aI[UTHBIM Jeii-
CTBMEM IPY NOPAKEHUSIX MOHU3UPYIOIIUM U3TydeHueM [53].

B moctenHee mecsiTmieTye psiCKa pacCMaTpPUBAETCS B HAYYHOI cpeze
KaK O[[MH 13 HauboJiee epcreKTUBHBIX I'MAPoGUTOB 6r1arogapst IMUPOKUM
BO3MOYKHOCTSIM ee TpuMeHeHus. Haubomnee mepcrieKTMBHbIE U3 HUX —
MPOM3BOACTBO GmoToruMBa (6morasa, 61Momaciia, 61M03TaHoMa, 6MOBOIO-
pona u [p.), 6eNKOB M XMMMUKATOB [54,55]. Psicka Bce yalie Npu3HaeTCst
BbICOKOKAUECTBEHHbIM MICTOUHMKOM 0O€fika, a Takue BUAbI, Kak L. minor
u W. arrhiza, comepskatiye no 40% 6Gesika B repecyeTe Ha CyXOii BeC, CO-
MOCTaBMMBbI TI0 3TOMY TIOKa3aTeI0 C TPAAULIMOHHBIMU PACTUTENTbHBIMU
MCTOYHMKAMM (HalpyMep, ¢ COeBbIMM 606amu) [46,56]. AKTyabHO M3yue-
HMe ee TIOTeHIMana JAJs1 OYMCTKM CTOYHBIX BOJ, CETbCKOXO3SI/ICTBEHHBIX
U TIPOMBIIIUIEHHBIX CTOKOB, IIPY 3TOM OJHOBPEMEHHO BO3MOXKHA ee Tepe-
pa6oTKa B IIeHHYI0 610Maccy Jjisi KOpMa JKMBOTHBIX,  TAKXKe MOTyYeHue
61oyno6pennit mnm 6uororumaa [55]. [IpuMeHeHe TPUGPEXKHO-BOTHBIX
pacTeHuit B MUIIEBBIX WIX KOPMOBBIX II€JISIX MTPeJIIoIaraeT MOTeHIUab-
HbIe PUCKU ISl YeTIOBeKa M )KMBOTHBIX, CBSI3aHHbIE CO CITOCOGHOCTDIO TU-
IpodUTOB MOMIOUIATh M KOHLIEHTPUPOBATh 3arpsI3HSIONINe BellecTBa U3
OKpY’KAIoIIei Cpefbl, YTO 3aBUCUT OT MeCTa UX MPOMU3PACTaHMSI U KayecT-
Ba Boxbl. [ToaToMy nepeq, BKIIOUeHMEM yKa3aHHBIX PAaCTeHMI B MUILIEBbIe
MPOAYKTHI TPeOGyeTcst UX MpeqBapuTeIbHas 06paboTKa.

CemericTBO Lemnaceae, BKIIOYAIOIee pa3NnyHble BUABI PSICKA, B BO-
noemax KanuHMHIpagCcKoil 0671acTy IpeCTaBIeHo He MeHee YeM ISIThIo
BUIAaMU U3 POZIOB psicka (Lemna), MHOTOKOPeHHUK (Spirodela) v Bonbhust
(Wolffia) [7]. Kaxkmblit BUA psicKu 06/1a1aeT YHUKATbHBIMY XapaKTePUCTH -
KaM#, KOTOpble [eNaloT MX IPUTOAHBIMMU JJIs1 pa3/IMYHbIX HallpaBlIeHU
ucronb3oBaHusl. Hampumep, Lemna mokaspiBaeT 3¢GGeKTUBHOCTb MPU
OUMCTKE CTOYHBIX BOJ, [57]. Spirodela, imeroiast 60iee KpyIHbIE JIACTbS,
MUIeaNbHO TOAXONUT AJISl IPOM3BOACTBA GMOMAcCChl UM GMOIHEepreTmye-
CKOTO ChIpbsi. HarpoTtus, Gosee menkue BuAbI, Takue kak Wolffia, cun-
TaloTCs1 60JIee MepCreKTUBHBIMMY IJIS1 MCIIONIb30BaHMs B hapMalleBTm1ye-
CKOJ1 U UIIEBO TPOMBIIITIEHHOCTSIX 671aro/iapsi BBICOKOMY COZEP3KAHUIO
6eska 1 6picTpoMy pocTy [49,55,58,59]. PazHOOGpasue CBOMCTB MpeAcTa-
BUTeJIeli ceMeiiCcTBa PSICKOBBIX TpeGyeT 0CO3HAHHOIO BhIOOpa BMAA B 3a-
BUCMMOCTH OT 1ieJieii M GMOIOrMYeCKUX XapaKTePUCTUK.

Psicka M3BeCTHa CBOMM OBICTPBIM POCTOM, BBICOKOI CIIOCOGHOCTHIO
yCBaMBaTh MUTATeNbHbIe BEIIECTBA M CIIOCOOHOCTBIO aJanTHPOBATHCS
K pa3JIMyHBIM CpeaM, BKIoUasl CTOYHbIe BOIBI U Mpyabl. Takue BUIBI,
Kkak Wolffia u Lemna, MOTYT yaBauBaTbCS B TEUEHME HECKONbKUX THEH
npy GIaroNpUATHBIX YCIOBUSIX, UTO J€/IaeT PSCKY SKOHOMUYECKU lie-
necoo6pasHoit st mpousBoacTBa 6uomacchl [60]. Cpenoit ojist ee KyJib-
TUBMPOBAHMSI MOXKET BBICTYIIATb CBMHOI U KOpOBMII HaBO3, pa36aB-
JIEHHBI/I KYpUHBIV TIOMET, MUIIEeBbIe OTXObI, aHAIPOOHO COPOKEHHbBIE
CTOYHBIE BOZIbI MOJIOUHOTO MTPOM3BOACTBA [55]. JlaHHOE ChIpbe B GOBIINX
KOJIMYECTBAX IMPUCYTCTBYeT Ha Tepputopmm KanumHuHrpanckoi obmactyu
6rarofapsi akKTUBHOMY DPa3sBUTHUIO CETbCKOTO XO3sIfiCTBA 3a TOCIegHMUE
10 n1eT, 4TO AesaeT aKTyaJbHbIM UCCIENOBAHMS T10 BbIPAIIMBAHWIO 3TOM
BOJIHOJ1 TpaBbl [60,61].
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Vcrionb3oBaHMe PSICKY B KAYeCTBE KOPMOBOJ JO6ABKY JJIsT SKUBOTHBIX
aKTyaJbHO 13-3a BHICOKOT'O COIepsKaHMsI 6ellka M MUHePaIbHbIX BeLleCTB
¥ BBUZY MaJIOTO COZiepskaHMsI rpy6bIx BOIOKOH. [0 cpaBHEHMIO C Ha3eM-
HBIMM DaCTEHUSIMU, PSICKa COOEPKUT MeHbllee KOMMUYeCTBO LeNIJ0-
3bl, IOTOMY JIYYIlIe YCBAMBAETCS JXMBOTHBIMM U OCOGEHHO IT0/Ie3HA IS
MosofHsKa [62]. Kpome Toro, sTo pacTeHue He IPOAYLMPYeT SIOBUTBIX
aJIKaJoONJOB, CONEPKUT GOJBIIOe KOMMYECTBO MUTMEHTOB, K KOTODBIM
OTHOCSITCS B-KapOTMH, KCAHTODWIUI, XITOPODIILI.

TpaBa sIB/sSIeTCS LIeHHBIM pecypcoM st ¢depMeHTaTMBHOTO ITPOM3-
BOZICTBA SIHTApHO} M MOJOYHO} KUCIOT [55]. TlocienHsis sSIBiseTcss yHU-
BepcaJbHbIM COeIVIHeHMeM, KOTOpoe MOKeT ObITh Ipeo6pa3oBaHo B IN-
POBMHOTPAAHYIO KMUCIOTY, 3GUPbl MOJIOYHOI KUCIOTHI, 1,2-MPONaHamon
M aKPWIOBYIO KMUCIOTY [63]. TIo cpaBHEHUIO € IPYyrMMU UCTOUHMKAMM GU-
OMacChl, TAKMMM KaK KyKypy3Hasl COJIOMA, KOM CaXapHOTO TPOCTHMKa
M TUILEBbIE OTXOAbI, PSICKA [TOKA3bIBAET COMOCTaBUMYIO 3(hHEKTUBHOCTh
B MPOU3BOICTBE MOJIOYHOI KUCIOTHI [55]. Kpome Toro, psicka o6namaer
JIOTIO/THUTEIbHBIM TPEMMYIIeCTBOM: OHA PACTeT Ha CTOUHBIX BOJAX, 06ec-
re4nBas ABOMHYIO BBITOAY — OUMCTKY CTOYHBIX BOA, U OFHOBPEMEHHOe
MIPOU3BOACTBO GMOMAcChl. DTa XapaKTepPUCTHKa JenaeT PsiIcKy Gosee mep-
CTEeKTMBHBIM Y 9KOJIOrMYecKy 6e30MacHbIM BapuMaHTOM, YeM TPaJUIVIOH-
HbIe KYJIbTYPBbI, MCTIO/Ib3yeMble [JIs IPOU3BOICTBA OPraHNYeCKOV KMCIOTBI.

Psicka CTy>KUT LIeHHBIM MICTOYHMKOM 6eJka, B TOM Yyc/ie He3aMeHU-
MBIX aMMHOKUCJIOT JJIsSi IUTaHUS denoBeka [55,64]. Cpemy rocinemHux
B psicke Manoit (Lemna minor L.) o6Hapy>keHbl B GOJbIIEM KOIUYECTBE
He3aMeHMMble MOHOAMMHOMOHOKApOOHOBbIe (39,71 mr/T) U 3aMeHHU-
Mbl€ MOHOaMMHOAMKAp6OHOBbIE (32,43 MI/T), Iajiee — 3aMeHMMbIe MO-
HOAaMMHOMOHOKap6oHOBbIe (25,34 MI/T) U AMaMMHOMOHOKapOOHOBbIE
(11,60 Mr/T) ¥ Apyrue aMMHOKUCIOTHI. VIX OTHEeNbHbBIX NpelCcTaBuUTeNeN
B 06ueit cymme MOeHTUDUIMPOBAHHBIX aMMHOKUCIOT IMpeobranaior
acraparMHOBas M IMIOTaMMHOBAsI KUCJIOTbI, apTMHNH, JIeMLVH, ajlaHVH,
BaJIMH U M3UH [64]. laHHbIe, monyyeHHble HukndoposeiM A. A. ¢ coaB-
TOpaMy [64], TO3BOJISIIOT XapaKTepU30BaTh PSICKY MaTylo KaK IOJHOLeH-
HBI/f MICTOYHMK KOMILJIEKCA TPOTEMHOTeHHBbIX aMMHOKUCIOT. benku u3
PSICKM MOXKHO M3BJIeKaTh C MCIOAb30BaHMEM KaK TPaAVLMOHHBIX (Ille-
JIOYHbBIE U KMCJIOTHBIE ITPOLIeCChl SIKCTPAKLIVM), TAK ¥ HOBBIX TEXHOIOTMIA.
K HOBBIM TEXHOJIOTMSIM OTHOCUTCSI, B YACTHOCTH, Y/IbTPa3ByKoBas obpa-
60TKa, MoBbILIAoIAsT 3P PeKTUBHOCTb IKCTPAKLMH [55,65,66].

Bromacca psicku 6orata Takke CJIOXKHBIMM YIJeBOAaMM. YUeHBIMU
TMIpe/IOKEeHBI CIIOCOODI M3B/IeUeHNS [TIEKTVHOB U3 PSICKY Lemna minor, Ko-
TOpble TOTHOCTBbIO COOTBETCTBYIOT XapaKTePUCTMKaM, ITPeAbsIBISeMbIM
K CTyZHEo6pa30BaTeNsM, M MOTYT GBITh MCIIONb30BaHbI B IIUIIEBO IIPO-
MBILIEHHOCTH [67]. TexHOMOTMS IIpefyCcMaTpUBaeT U3BJIedyeHye MeKTy-
Ha 13 3aMOPOKEHHOI1 ITpy TemIiepaType Mmunyc 25 °C psicku Lemna minor.
Ipouecc BKIOYAET BbIAEPKKY ChIPbsI B IOAKMUCAEeHHOV Boge (pH 1-2) Ha
BOJsIHOI 6aHe ripu TemiiepaTtype 80-100 °C B TeueHue 1-3 yacos, mocie-
IyIOIYI0 GWIBTPALMIO M OCaXKAeHMe IEeKTMHOBBIX BellecTB 96 %-HbIM
pacTBOPOM 3TUJIOBOTO CIIMPTA B cOOTHOIIeHMM 1:2—-4. [lanee cMecCh BbI-
IepXuBaloT npu Temmepartype 2-4°C B TeueHue 12 4acoB, 3aTeM IOIy-
YEHHBI pacTBOP OTMWIBTPOBBLIBAIOT Uepe3 GYMaskHbIN GUIBTP U MOTY-
YeHHBIJI 0CafiOK BBICYIIMBAIOT HA BO3/yXe IIPY KOMHATHOJ TeMIlepaType.

V3BeCcTHBI CTyyay HEIOCPeACTBEHHOIO YIOTpeGIeHNs B IMILY psi-
cku ropbatoit (Lemna gibba) n Bonbdum maposunnoit (Wolffia globosa)
sxkutensimu Mekcuku, Tamnanga, Bupmel, Jlaoca u I'BaTemarnsl, Tae oHa
MCIIONb3yeTCsl B KauecTBe OBOLa U Npuipasbl. B Poccun, HecmoTpst Ha
3HAYMTENbHOEe paclpoCTpaHeHMe DSCKM B OTHEeNbHBIX BOLOEMax, ee
MpaKTUYECKY He YIOTPeO/SIoT B MuIly. B mpakTuke o611iecTBEHHOTO
MUTaHusl 3aUKCUPOBAHO MUCIONb30BAHME DPSICKM IJIS NIPUTOTOBIEHMS
cajiaToB, CYIIOB, [TACT U «3€JIeHOro» macia. Tem He MeHee, psicka CcTaja
MHOT006eIaoIM MHIPeIMeHTOM 61arofapsi CBoeii BbICOKOI MUILLeBO
LIEHHOCTH, a Takke comepskannio BAB. Kak 1ieHHbI MCTOYHMK 6eJiKa, psi-
CKa BBICTYMAeT OTeHIMaabHbIM MCTOUHMUKOM JIJIs1 3aMeHbI SIMYHOTO JKeJl-
TKa Ha PacTUTENIbHOI OCHOBE, [TOKa3bIBasl XOPOLIYIO YCBOSIEMOCTD ¥ OM-
OZIOCTYITHOCTb, [PV 3TOM MMUTUPYS BHEIHWI BU, SMYHOTO XKeJlTKa [68].
[obasyeHue 2% Mopouika psICKM B MOPOXKEHOe yBeIMuuBaeT comepska-
HMe B HeM 6esika ¥ KeT4aTku Ha 8 % 1 13 % cooTBeTCTBEHHO [69]. AHAIO-
I'MYHBIM 06pa30M, ObLJI0 [TOKA3aHO, UTO BK/IIOUEHMe ITOPOIIKA PSICKY B 3a-
KyCKV ¥ X71e0 y/IydIlaeT UX MUIIEeBYI0 IIeHHOCTD, ITOBBILIAs COlepyKaHye
6esika Ha 51 %, He3aMeHMMbIX aMUHOKMUCIOT — Ha 147 % ¥ OuIeBbIX BO-
JIOKOH — Ha 83 % [55,70]. [IpeoskeHbl CIIOCOOBI BhIAETEHMSI XA0POhMII-
J1a U3 PSICKYU U MIPUMEHEHMSI er0 SKCTPAKTA JIsl IIPUTOTOBIEHUST 3edupa
dbyHKUMOHaMIBPHOTO Ha3HaueHus. [loTpe6HOCTD YenoBeka B xymopoduiie
cocrasisier 100 Mr/cyT. BHeceHMe TIOTy4eHHbIX J06aBOK U3 PSICKU obec-
reunBaet 6osee 30% OT CyTOYHOI HOPMBI IOTpebIeHUsT Xaopoduia.

bnaromapst BICOKOMY COiepKaHMI0 BUTaMyHa By, psicka moskeT pac-
CMaTPUBATbCsl KaK pacTUTeNbHAasl ajabTepHaTUBa KpacHOMy Mscy [71].
AHTHMOKCUAAHTHBIE CBOJCTBA 3TOI TPaBbI elle GOJblle MO3ULMOHUDY-
10T ee KCTPaKThl KaK HaTypajbHble YAJMHUTENIN CPOKa FOAHOCTU MSIC-
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HBIX NPOAYKTOB [72]. OfHaKO 3eyleHblll LIBET, BO3MOXHbIE M3MEeHeHMS
B KOHCMCTeHLUM, pH roTOBOro NMpoAyKTa M3-3a BBENEHMS B MPOAYKT
PSICKM MOTYT BJIMSITh HA BOCIIPUSITHE TIOTPEOUTENSIMM BKyCa M KauecTBa.
Ho, HecMOTpsI Ha 9TU OCOGEHHOCTH, MMUTATEbHbIE ¥ 03I0POBUTETbHbBIE
MPeUMYIIECTBa PSICKM 3HAYMTETbHbI. AKTYaJbHOM IpeICTaB/IsSIeTCsT 3a-
Javya coCpegoTOYUTh Gymyllue MCCaeqoBaHMs Ha COBEpPUIEHCTBOBAHUMU
peLenTyp ¥ pacliMpeHUy IPUMEHEeHMsI PSICKU U IIPOAYKTOB Ha ee OCHOBE
B MUILEBOI MTPOMBIIIJIEHHOCTH C 1I€JTbIO0 TIOBbIIIEHMS] TIOTPEOUTENTBCKOTO
TIPUHSITUS Y IPUBJIEKATEIBHOCTY TaKVX IPOAYKTOB.

VIHTEpec K Ipu6pPesKHO-BOAHBIM PACTEHMSIM, B TOM UMC/IE B KOHTEKCTE
MX VICTIONIb30BaHMS B MMIIY, HEYKIIOHHO pacTteT. [MapoduTsl, B 0co6eH-
HOCTM pofoB paect (Potamogeton) u psicka (Lemna), IB/SIIOTCST 60TraThIMU
MCTOYHMKAMU GeJIKa, CIOKHBIX YITIEBOJOB M GMONOTMYECKU aKTUBHBIX
BeIeCTB aHTMOKCUIAHTHO 1 aHTMMMUKPOOHOI HallpaBIeHHOCTEI.

3.3. Xapakmepucmuka Stratiotes aloides L.

MoOHOTHUIIHBIN pop, Stratiotes BKIOUAaeT B Ce6S eOVMHCTBEHHBIN
ocrapumiicst Bun S. aloides L. u siBisieTcsl TpecTaBUTeNeM CeMeicTBa
Hydrocharitaceae, KoTopoe pUHAaIJIEKUT K oTpsay Alismatales. B PO Ho-
CUT Ha3BaHMe Telope3 aI03BUAHBIN WM TeIOpe3 OObIKHOBEHHbIN. PaHee
HaCYMTHIBAJIOCh IO ABAAIATM Pa3IMYHBIX BUIOB popa Stratiotes [73,74].

CBO6OAHO MJIaBAIOIINIT B BOJOEMAX CO CJIaObIM TEUEHMEM BOJHBIN Ma-
KPOGUT SIBJISIETCSI MHOTOJIETHUM PACTE€HMEM C PO3eTKO MHOTOYMCIIEH-
HBIX, IIMPOKOIMHEIHBIX, KECTKMUX, MO KpasM IIUIIOBATO-UTOJbUAThIX
JIUCTbEB IIMHOM 10 40 M M IIMPUHOI 0 4 CM, BepXYILIKOJi BHICOBBIBAIO-
IIMXCS M3 BOABI [75]. JIUCThSI CIIOCOGHBI CUIBHO TIOPAaHUTD KYIIAIOLEerocs
yeJIoBeKa, 3TO ¥ 1aJI0 Ha3BaHMe PpacTeHMI0. B 3aBMCMMOCTY OT ce30Ha pa-
CTEeHMSI TOSIBIISIIOTCSI HA TIOBEPXHOCTY BOZLOEMa MM ITOTPY’KAOTCSI B TOJ-
ury Bompl. S. aloides L. 6bUT OmpeieNieH Kak BereTaTMBHO-MaJIONeTHUIA,
TTOJIMKAPIINYECKUIA, YKOPEHSIOMINIICS, PO3eTOYHBIN, CTOTOHHO-TYpPUO-
HOBbI/1, BETeTaTUBHO-TIOABMKHBIN, HaZIBOJHOI[BETYIINI, ME30TPO(HbIIL,
YCIIOBHO-TIPECHOBOHBIN, AeTPUTO-TIenoGUIbHbI rupatobur [75-78].

Bup S. aloides L. mmpoko pacrpocTpaHeH B Bogoemax EBpasun. Ero
MTOTY/ISILMY B 11€JI0M TOBOJIHO CTaOM/IbHBI Ha GOJIbIIIElt YaCTH X COBpe-
MEHHOTrO apeasa [73], B TOM uucie U Ha Tepputopuyn KanmHmHrpanckomn
obmactu. B pervoHe HacuuMThiBaeTcs 339 OCHOBHBIX BOJOTOKOB OO6IIeit
MPOTSDKEHHOCThIO 5180,8 KM, 945 OCYHIIUTENTbHBIX MEXKXO0351/ICTBEHHbBIX
MPOBOJSIIMX KAHAJIOB O6IIeil MPOTssKeHHOCThI0 3384 kM, 150 o3ep
" TIpyzoB wiowanso 61,0 km? [75]. OCHOBY pacTUTEIbHOCTY MHOTOYM-
CJIeHHBIX KaHaoB, 06pasyIouX IYCTYI0 CeTh, COCTABJISIOT OBGIIMPHbBIE
3apOC/IM 9710J€eN KaHAACKOM, PAecToB, KyOBIIKMA KEITO! Y KYBIIMHKMU,
mieiixuepum, menopesa 00bIKHOBEHH020, BOAOKpaca OOGBIKHOBEHHOTO,
€XKEeroJIoBHUKA, GOMOTHMIIBI. BOgHbIE M Ha3eMHbIe pacTeHUs] C Y3KOi
9KOJIOTMYECKOII BaJIEHTHOCTBIO CTPAJalOT M3-3a OBICTPHIX M3MEHEHMIt
YCIIOBUI OKpYIKaIOIei Cpeibl, B TO BpeMsl Kak pacTeHust ¢ aMmbuouitHbIM
XapaKTepPOM MMEIOT MPEUMYIIECTBO, IOCKOIbKY OHM CIIOCOOHBI pa3BU-
BaThCS U afANTUPOBATHCS K TEKYIIVIM YCJIOBUSIM IIPU POCTE Kak B BOJE,
Tak ¥ Ha cyue [79]. Bce aTo mo3BosnsieT paccMatpuBath S. aloides L. kak
MepCIeKTUBHBI MaJIOUCIIONb3yeMblii ChIpbeBOI MCTOYHMK. B cBSI3U
C 3TUM TIPEeACTaBIISIeT MHTEPeC M3YIUTh XMMUIECKII COCTaB 3TOro pa-
CTEeHUSsI, BK/IIOYAs €er0 610/IOTMYEeCKY aKTYBHbIE BEIIECTBA.

B uccepoBanusix A. H. Edbpemosa B coaBTopcerse [80,81] ycraHOBIIEHO
B butomacce S. aloides L. (Bomoembl 6acceitia CpemHero MpTsiiiia) Bbi-
COKOe cofiepskaHue KJIeTYaTKu, KUPOB, ChIPOTO MPpOTenHa U 30Jbl. Mac-
coBast IO/ aMMHOKUCIOT cocTaBumia 5,0%, B MX cOCTaBe MpeobiamanT
[JTyTAMMHOBAas KUCIOTA, U30MeiuH, GeHWIanaHuH, JeWuuH, BaauH
(Tabmuiibl 4 1 5).

VYcTaHOBJIEHO COLlepXKaHMe BUTAMMUHOB B huTomacce S. aloides L. (Tab-
nmiua 6).

KonmnuecTBO  >KMpPOPacTBOPMMBIX  BUTAaMMHOB  YCTAaHOBJIEHO:
E (5,9+0,9 mxkr/r), A (1,3 £ 0,2 MKr/r). [laHHbIE MOXKHO MCIIOJIb30BATh
s 060CHOBaHMS MCIIONIb30BaHMSI pacCMaTPUBAEMOTO OOBEKTa Kak
MCTOYHUKA /IS TTOJTyYeHUsT BUTAMMHU3UPOBAHHBIX IMPEMUKCOB K KOP-
MOBBIM [106aBKaM. BbISB/IEHO, UTO IMOKAa3aTeJM KauyecTBa Kpaxmasa
S. aloides L. cOOTBETCTBYIOT TPe6OBAHMSIM HOPMATUBHBIX JOKYMEHTOB,

Tabnuua 4. OGLIMIA XMMUYECKUIL COCTaB BO3AYNUIHO-CyXOT0
BewyectBa S. aloides L. [80]

Table 4. Total chemical composition of the air-dry substance
S. aloides L. [80]

KomiioHeHT CopepskaHue, %
6es1oK 12,8 0,4
CBIPOJI MPOTEUH 14£0,4
SKUD 0,9+0,4
KJIeTyaTka 182
3071a 132
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Ta6nuiia 5. AMMHOKMCIOTHBIN cocTas S. aloides L.
Table 5. Amino acid composition of S. aloides L.

CopepskaHue CopepkaHue
KoMnoHeHT B BO3AYyIIHO-CyXOM KOMIIOHEHT B BO3AYIIHO-CYXOM

BenlecTse, % BeniecTse, %
AcnaparnHoBasi 0,40 £0,10 Tuposun 0,16 £ 0,04
KUCI0Ta
TnyrammunHoBast 0,46 = 0,09 Banuu 0,56 0,09
KHUCI0Ta
Cepun 0,12+0,03 ®eHmnanaHnH 0,50%0,10
Tuctunuu 0,18 £0,04 W3oneiuyx 0,45+ 0,09
Tnuuyx 0,19 £0,04 JleiiuuH 0,60 =0,10
Tpeonun 0,11 £0,02 JInsuH 0,20 £ 0,05
ApruHuH 0,38 £ 0,09 LuctuH 0,17 +0,04
Ananus 0,32 +0,08 Tpunrodan 0,10 £0,02
MeTUOHMH 0,10 £0,02 Bcero AK 5,0

Ta6nuua 6. ComepskaHue BOLOPACTBOPMMBIX BUTAMMHOB
B ¢duromacce S. aloides L. [80,81]

Table 6. The content of water-soluble vitamins in the phytomass
of S. aloides L. [80,81]

KomIiioHeHT Copepxanne, 10-7 r/100 r cyxoro BemecTsa
B, 390+ 10
B, 190 £ 10
Bg 21+1
C 770 + 30

nerictByomyux B PO (TOCT P), 4To sIBiIsSIeTCSI OGHOM 13 MPEeIIOChIOK
BO3MOKHOTO MCIIOJIb30BaHMs Telopesa ajao3BuaHoro (S. aloides L.) Kak
MCTOYHMKA KpaxmaJa.

®naBoHOMIBl 06JANAIOT MPOTMBOBOCHAIUTENbHBIMY, KaIllUIISIPO-
YKPEeIUISIIOUVIMY, SKeTUeTOHHBIMY, IIPOTMBOTYYEBbIMY, ITPOTUBOOITYXO-
JIEBBIMU U [Jp. CBOJCTBAMU, TIOUCK ChIPbEBBIX MCTOYHMKOB IJII UX I0-
JIyYeHUsI C XOpolleil ChIpbeBOit 6a30ii SIBISIeTCs] akTyaabHOM 3amaveil.
B kauyecTBe OFHOTO M3 TaKMX MCTOYHMKOB MOXET BbICTymHaThb S. aloides
L. [82], B cocTaBe KOTOPOTO O6GHAPY)KEHBI TaKMe (hIaBOHOMIbI, KAK PYTHH,
JIIOTEONVH, XPU303PUOIT.

Psin viccemoBaHuit BeisiBUIL, UTO S. aloides L. MOXeT ObITh TEPCIIEK-
TUBHBIM MCTOYHMKOM JJISI TIOJTyYeHMsI aHTOL[MAHOB (B IePBYI0 ouepenb
LMaHWIVHA), Te/IKOaHTOLMAaHOB, TYOMIbHBIX BelleCTB (TAaHWHOB), CaIlo-
HMHOB M aHTPaLleHIIPOU3BOJHBIX YITIEBOAOPONOB [82,83].

B mccnenoBaHMsIX YCTaHOBIEHO BBICOKOE cofepskaHle TaHMHOB B II0-
6erax S. aloides L. (3,1 £ 0,1%), 4TO MO3BOJISIET PACCMaTPUBATh €0 Kak
[MOTEeHIMANbHBIV MCTOUHMK AYOMIIBHBIX BelleCTB, COIIOCTaBUMbIii C Ta-
KMMM O0GUIVaTbHBIMM VICTOUHMKAMM, KakK KpanuBa asynomHas (Urtica
dioica L.) u uepena TpexpasnenbHas (Bidens tripartita L.), comepsaiiye
B CBOEM COCTaBe TaHUHbBI B KonuyectBe 3,3 £ 0,17% u 5,10 = 0,08 coort-
BETCTBEHHO [84,85]. OTMeTNM, UTO CPOK XpaHeHMsI BbICYIIEHHOTO ChIPbSI
He BIMSeT Ha CcofepykaHye NYOMIbHBIX BEIeCTB, YTO BayKHO, TAK Kak Ie-
puop c6opa cBexxero S. aloides L. orpaHMYeH U yallle BCero Chipbe 3aro-
TaBIMBAETCS JJIs JajbHelilleli mepepaboTKM MMEHHO METOIOM CYIIKMU.

ConepskaHMIO XMMUYECKUX JIeMeHTOB B ¢uromacce S. aloides L. mo-
cBsilieHa paboTa [86]. YCTaHOBIEHO BHICOKOE KOMMYECTBO TAKUX BasKHbBIX
MaKpO3/JIEMEHTOB, KaK MarHuit, Kanabiiuit u pocdop (MI/KT BO3LYIIHO-
cyxoro BemiectBa): Mg (30850 * 60), Ca (4490 * 40), P (2910 * 40). Ot co-
JlepsKaHMsl 3TUX MaKpOdJIEMEHTOB 3aBMCUT KaueCTBO KOPMOB U 3dbdex-
TUBHOCTb NIPOM3BOACTBA XMBOTHOBOLUECKON mponykumu [87].

3.4. ITepcnekmueb! UCNoNb308aHUS MAKPOPuUmMos
MakpobuTsl GOPMUPYIOT pacTUTENbHbIE COOOLIECTBA, 3aHMMAIOIINE
3HAUNTe/NbHbIE IUIOANYM B BOKOEMAaX C MeIJIeHHbIM TeUeHMeM. DTH CO-

1. Maja, M.M., Ayano, S.F. (2021). The impact of population growth on natu-
ral resources and farmers’ capacity to adapt to climate change in low-income
countries. Earth Systems and Environment, 5, 271-283. https://doi.org/10.1007/
s41748-021-00209-6

2. Nawaz, M.A., Azam, A., Bhatti, M.A. (2019). Natural resources depletion and
economic growth: Evidence from ASEAN countries. Pakistan Journal of Economic
Studies, 2(2), 155-172.

3. Rasoulinezhad, E., Taghizadeh-Hesary, F., Taghizadeh-Hesary, F. (2020). How
is mortality affected by fossil fuel consumption, CO, emissions and economic
factors in CIS region? Energies, 13(9), Article 2255. https://doi.org/10.3390/
en13092255

00611eCcTBa XapaKTepU3YIOTCS BBICOKMM IIPOEKTMBHBIM ITOKPOBOM U GbI-
CTPOJi CKOPOCTBIO HAKOIUIeHMsT puTOMacchl. MakpouThl SIBASIOTCS 60-
raThIM MCTOUYHMKOM MULIEBBIX Y GMONIOTMYECKY aKTUBHbIX BELECTB, YTO
[103BOJISIET PacCMaTPMBATh MX KakK IMEepCHeKTMBHOe U HeJoOlleHeHHOe
ChIpbe IJIS1 CO3/IaHysI GMOIOTMYeCKM aKTUBHBIX 106aBOK, QYHKIIMOHAb-
HBIX Y CITEL[MATM3VPOBAHHBIX MMUIIEBBIX TPOIYKTOB, & TAKKE KOPMOB LISl
CeTbCKOXO03SIICTBEHHBIX JKMBOTHBIX C LIMPOKUM CIIEKTPOM (bU3MOIOTK-
4ecKoii akTuBHoOCTH [73,80,88-90].

Vcnonp3oBaHue GuToMaccsl MakpoduUTOB B KOPMOBBIX LESIX 06-
YCJIOBIIEHO He TONbKO MX GOraThIM COCTaBOM (HOMMGbeHObI, KapoTu-
HOW[IbI, BATAMMHBI, MaKpO- ¥ MMUKPOJIEMEHTHI U Jp.), HO U BBICOKO
(bepMeHTATUBHOM aKTUBHOCTBIO (MHBepTasHas — no0 15770 + 252,85 mr
IoKo3bl Ha 0,2 r/cyT. — obecreuuBaroiias UM GObIIOe KOIUYECTBO
MPOCTBIX YIVIEBOAOB; KaTasasHas — n0 45,25 = 0,59 mi O,/r/MuH — 06-
yCIaBIMBaKILAs UX aHTUMOKCUAAHTHBIe cBOJicTBa). MccnemoBanms [88]
YCTaHOBMIIM, YTO UCIIONb30BaHMe duromaccs! S. aloides L. B cocTae mpe-
MMKCa B KOMOMKOpMaXx CIIOCOGCTBYET JYYIIEMY TIEpeBapUBaHMIO U YCBO-
€HMIO KOpMa LIBIIUIATaMM. DTO MOBIMSUIO HA JIEKOUUTAPHYI0 GOpMYITy
KPOBM, YCKOPWJIO POCT LBITUIAT U, KaK CIeACTBUE, COKPATUIO CPOKU UX
BbIpAIIMBAHMSL.

BbIicokoe cofepykaHue ChIPOro MPOTENHA B COCTABE MAKPOMUTOB 1MO-
3BOJISIET PacCMaTpPUBATh OOBEKT MCCIeNOBaHMSI B KayecTBe ajbTepHa-
TUBHOTO MCTOYHMKA MUILEBOTO Oe/Ka. AJIbTepHATHBHBIE GeJIKM 00/1ana-
10T 3HAYUTENbHBIM MOTEHIMAIOM J/ISI IIOBBIIIEHNS] KayecTBa palyoHa
COBpEeMEHHOr0 Ye/loBeKa, a Takke COOTBETCTBYIOT MPUHLMIIAM 3KOJIO-
IMYHOTO ¥ OCO3HAHHOTO 1OTpe6neHnsi. COMIACHO IPOTHO3aM, OKUIaeT-
cs1, UYTO NOTpebieHMe albTepHATUBHBIX OeNKOB BbIPACTET C HbIHELIHUX
13 MWITMOHOB TOHH B TOJ, 10 97 MWJUIMOHOB TOHH B rof K 2035 roxy [91].
B o0630pe [92] mpuBoAUTCS 060CHOBaHME MUCIIOIb30BAHUSI B KayecTBe
MCTOYHMKA PACTUTENILHOTO 6€e/iKa, B TOM UmMcie M GUTOMACChI ChbeJ0OHbIX
BOJIHBIX PACTeHN, a TakKe TEXHOJIOIMM U3BJIeYeHMsT 6eIKOB 13 BOIHbIX
pacTeHuit Bkioyast pusnueckye, XuMuueckme/6110XuMmudeckyie MeTozbl
Y X KOMOVHALVN.

C pocTOM CIIpoca Ha MUCIIOJNb30BaHME DPACTUTENLHOTO Gesika Takue
MCTOYHMKM, KAK BOJHbIE PACTEHMSI ¥ PACTUTE/IbHbIE TOOOUHbIE TPOAYK-
ThI MJIX OTXOJIbI, CTAHOBSITCSI MOMY/ISIPHBIMU. B pa6orax [93,94] paccma-
TpUBaeTcsl MeTor, GepMeHTaTMBHOIO IMAPOIM3a PACTUTENBHBIX G1I0Mace
Kak Haubosmee mepCrieKTUBHBIN JJIsI TOTYyUYeHUsT He TOJIbKO JIETKOYCBOsIe-
MbIX PACTUTETbHbIX 6ENKOB, HO U IS IOBBILIEHMS IUIIEBOI LIEHHOCTY
M NpUaHMS YHUKAIBHOTO BKyca MPOAYKTaM NuTaHus. Bappupys Takue
(akTOphI, KaK BHIOOP MUKPOOPraHM3MOB, COCTAB CyOCTpaTa M YCIOBUS
dbepmeHTaLMY, MOKHO BIVSTh HA U3MEHEHNS B CTPYKType Gestka Jijis 11o-
JIyYeHUS B TOM Uuciie 6MOaKTUBHBIX MENTUAOB.

4. BpIBOIBI

TakuM 06pa3oM, HeTPaAUIVIOHHbIE TIUIIEBbI€ PACTEHUS, B TOM 4MCIIe
MakpoUThI 3KOCHUCTEMBI BanTUiCKOro mMopsi, MPUBIEKAIOT BHUMAaHUE
MCCIeloBaTesNeit n3-3a 60raToro XMMmMYeckoro cocraBa. OgHaKoO CyIIecT-
ByeT HeO6XOAMMOCTD B MCC/IeOBAHMSIX YCBOSIEMOCTH 1 6MOLOCTYITHOCTH
3TUX XMMWYECKNX Bel[eCTB B palMOHe KMBOTHBIX U YeloBeKa. 3armachl
3TUX BOAHBIX PaCTeHMUI AOCTATOYHO BeIMKku B banTuiickom mope, B pe-
Kax 1 o3epax KanuuunHrpapackoii o6mactu. [Tocie c6opa pacTeHust GbICTPO
TepSIIOT BJary, a Mpu HeHaAJIeXalleM XpaHeHU! U NepBUYHOIi repepa-
60TKe CHMKAETCS MX KauecTBO, YTO MOKET OTPaHMYMBATh MPUMEHEHe
B NMIIEBOJ NpoMblluieHHOCTH. [lociaenyooniye ucciaefoBaHUS MOTYT
CIIOCOGCTBOBATh IMOBBIIIEHMI0 KaUECTBEHHOM ¥ KOJIMUECTBEHHON oOlle-
HOK cOoCTaBa MakpoduToB BomoeMoB KamuHuHrpazgckoii o6nactu. Ilo-
9TOMY HEOGXOAMMO MPOBECTM AOIOJTHUTENbHbIE HayYHbIEe PaObOThI IS
MOATBEPKIEeHMSI TeKapCTBEHHBIX M MUTATENbHbBIX CBOMCTB 3TOTO MaJjo-
MUCIIOb3YEMOTO ChIPb@BOT0 MCTOYHMKA. BIIOC/IEICTBUM 3TO MOKET MpU-
BECTHU K LieJieHaIllpaB/ieHHOMY BbIpallBaHMIO, 3aTOTOBKE U JlajibHeliIie-
My M3Y4YeHMIO TIOTeHLIMATBHOTO TPUMeHeHMs] MaKpo(hUTOB B MUILEBOA,
KOPMOBOJ1, MEIUIITHCKOV U IPYTUX OTPAC/ISIX IPOMBIIIZIEHHOCTH.
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CBOHCTBA U MOJIEKVJISPHO-CTPYKTYPHBIE OCOBEHHOCTHU
OEPMEHTATUBHO-TUAPOJIN30BAHHBIX BEJIKOB 'OPOXOBOTO
N30JIATA U BTOPUYHOI'O KPAXMAJIO-BEJIKOBOTO ITPOAYKTA

Kynukos [I. C.1*, Kopones A. A.l, TTuenkuua B. A.2

1BcepoccuiicKuil HayyHO-MCC/Ie[0BaTeNbCKII MHCTUTYT TeXHOJIOT MM KOHCepBMpoBaHud, BugHoe, MockoBckas 061acThb, Poccnsd
2 ®enepaibHbI HAYYHBII LIEHTP NMILIEBBIX cucTeM uM. B. M. TopbaToBa, MockBa, Poccus

K/IIOYEBBIE C/IOBA: AHHOTALIU A

20pox06as Myka, 0esKu, B xopie ucciemoBaHuil M3ydeHbl GYHKIMOHATbHBIE XaPAKTEPUCTUKY M MOJIEKY/ISIPHASE CTPYKTYpa hepMeHTaTUBHO-TUAPOIN-
(epmermel, u30nM,  30BAHHOT'O TOPOXOBOT'O M30JATA Y BTOPUYHOIO KPaxMaso-6elKOBOro IMPOAYKTA, MOTyYeHHbIX METOLOM (GepMeHTaTUBHOM
Kpaxmano-06esKoeslii  SKCTPAKUMY MYKU C TIPUMEHEHMEM OTeUYeCTBEHHBIX Kapboruapa3s M MmpoTeasbl. YCTAHOB/IEHA B3aMMOCBSI3b MEXAY CTPYK-
npodyKm, 6mopuyHasi  TYPHBIMM OCOGEHHOCTSIMM GEeJIKOB, MX (QYHKIMOHAIBHBIMY CBOMCTBAMM U GMOIOCTYITHOCTBIO. VI30maT comepskan 94 % Genka,

Open access

cmpykmypa, MMeJ CBeT/IO-KPEMOBBI LIBET U ¢/1abblii MPUBKYC ropoxa. [1o CpaBHEHUIO C U30/ISITOM, MOTyYeHHBIM TPAAULIMOHHONM 1Ie/I0Y-
(YHKYUOHANbHbIE HOJ 9KCTpaKiMeil, OH OTIMYAJICS MTOBBIIIEHHbIMM IIOKA3aTe/MsIMU pacTBOpUMOCTH (Ha 23,40 %), meHoO6pasyloLieil crocob-
ceolicmaa, HocTH (Ha 35,56 %), SKUpPOCBS3bIBaIOIIEei ClIOCOOHOCTY (Ha 33,48 %), mepeBapuBaeMocTH in vitro (Ha 11,79 %) u yBennueHHbIM
nepesapueaemocims copiepskaHyueM B-u3rn6oB B CTPYKType Genka (B 2,32 pa3a). AKTUBHOCTb ypeasbl, B CPAaBHEHUY C MCXOIHOM rOPOXOBOI MYKOIA,

B MCCJIElyEMOM M30JISITe CHU3MIIACh B 5 pa3. YBennueHyue neHoo6pasyoleii CriocOGHOCTM GeIKOB M30/ISITa U CHUKEHYE CTa-
OGMJIBHOCTM TIEHBI CBSI3aHO C BBICOKMM COJepKaHMeM B-CTPYKTYp M CO CHYDKEHMEM KOIMYeCTBa o-crupaseit. IIoBbIleHHAast
TOPUCTOCTH YACTUILL GETKOB UCCIELYEMOTO U30JISITa CTIOCOGCTBOBAIA YBETMYEHUIO PACTBOPUMOCTH €I0 B BOZE M aTaKyeMOCTHU
dbepMeHTaMM JKeMTYLOYHO-KMIIEYHOIO TPAKTa, B CPABHEHUM C U3OJSITOM, IOMYUYEHHBIM TPaAMLIMOHHBIM crioco6om. Kpax-
MaJsI0-6€eJIKOBbIN MPOAYKT comepsKan oKomo 75 % kpaxmana u 10% 6Genka, 0671581 MOJIOYHBIM LIBETOM, MyYHVMCTBIM BKYCOM
€O C1a6bIM MPUBKYCOM ropoxa. Taxke B CpaBHEHUY C MYKOJi IPOLYKT MMe PacIlell/IeHHYI0 CTPYKTYPY, YBeJIMUeHHbIe MoKa-
3aTenu epeBapuBaeMocTy 6eKoB in vitro (Ha 2,81 %), conepskaHus B 6elike a-crivpaseii (Ha 67,90 %), B-u3rn6os (B 2,37 pasa)
€O CHIDKeHMeM KonyuecTsa B-cmost (B 10,12 pasa) u akTMBHOCTM ypeasbl. C yUETOM JOCTUTHYTBIX Pe3y/IbTaTOB TOPOXOBBIN
MU3OJIST, IOTYyYeHHbI (epMEHTATUBHOI KCTPAKIMell poccuiickumMu pepMeHTaMu, 11eecoo6pa3sHo PeKOMEeH/I0BaTh B Kaye-
CTBe 6€J1KOBOI'0 VHIpeaVeHTa IIPpU M3roTOBJIEHMNM HAIIMTKOB Ha paCTMTeﬂbHOVI OCHOBE€ M IMPOAYKTOB IMUTAHUA C MeHHOI1 cuc-
TeMOI1, 8 KpaxMasI0-6eIKOBbIN MPOLYKT — B TEXHOJIOT MM U3TOTOBIEHMS IKCTPY3MOHHBIX CHEKOB.

OUMHAHCHUPOBAHUE: CraThsi MOATOTOB/IEHA B paMKaX BBIMIOTHEHUS UCCIIeN0OBaHMit 110 rocygapcTBeHHoMY 3afgannio N2 FGUS-2024-0006 ®enepaib-
HOTO HayYHOTO LIEHTPAa MUIIEBbIX cucTeM UM. B. M. Top6aToBa Poccuiickoit akagemMum HayK.
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PROPERTIES AND MOLECULAR-STRUCTURAL FEATURES
OF ENZYMATICALLY HYDROLYZED PROTEINS OF PEA ISOLATE
AND SECONDARY STARCH-PROTEIN PRODUCT
Denis S. Kulikov!*, Aleksey A. Korolev!, Viktoriya A. Pchelkina?®

1Russian Research Institute of Canning Technology, Vidnoe, Moscow region, Russia
2V. M. Gorbatov Federal Research Center of Food System, Moscow, Russia

Open access

KEY WORDS: ABSTRACT

pea flour, proteins, The study examined the functional characteristics and molecular structure of the enzymatically hydrolyzed pea isolate and second-
enzymes, isolate, ary starch-protein product obtained by enzymatic extraction of flour using domestic carbohydrases and protease. A relationship
starch-protein product, was established between the structural features of proteins, their functional properties and bioavailability. The isolate contained
secondary structure, 94 % protein, had a light cream color and a slight pea flavor. Compared with the isolate obtained by traditional alkaline extrac-
functional properties,  tion, it had increased solubility (by 23.40 %), foaming capacity (by 35.56 %), fat-binding capacity (by 33.48 %), in vitro digestibility
digestibility (by 11.79%) and an increased content of B-bends in the protein structure (by 2.32 times). Urease activity in the isolate under study

decreased 5 times in comparison with the original pea flour. Increased foaming capacity of the isolate proteins and decreased foam
stability are associated with a high content of B-structures and a decrease in the number of a-helices. Increased porosity of the
isolate protein particles contributed to an increase in its solubility in water and attackability by gastrointestinal enzymes, in com-
parison with the isolate obtained in the traditional way. The starch-protein product contained about 75 % starch and 10% protein,
had a milky color, a floury taste with a slight pea flavor. Also, in comparison with flour, the product had a split structure, increased
protein digestibility in vitro (by 2.81%), the content of a-helices in protein (by 67.90 %), B-bends (by 2.37 times) with a decrease
in the amount of B-layer (by 10.12 times) and urease activity. Taking into account the achieved results, the pea isolate obtained
by enzymatic extraction with Russian enzymes should be recommended as a protein ingredient in the production of plant-based
drinks, food products with a foam system, and the starch-protein product — in the technology of manufacturing extrusion snacks.

FUNDING: The article was prepared as part of the research under the state assignment No. FGUS-2024-0006 of the V. M. Gorbatov Federal Scientific
Center for Food Systems of the Russian Academy of Sciences.
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1. Beegenue

3HAUMMOI1 IPO6IeMOIt ¥ OFHOI U3 [TIABHBIX IIPUYMH PasBUTHS psiaa
aMMMeHTapHbIX 3a60/IeBaHuil SBsIeTCs NeDULUT MOTHOLEHHOTo Oenka
B e)ke[IHEBHOM pal¥oHe nuTaHus HaceneHust [1]. Heo6xogumocTs co3pa-
HUSI BBICOKOIIEHHBIX GE/IKOBBIX MHIPEIMEHTOB M PaclIMpeHMe UX accop-
TUMEHTA C JCIIOIb30BaHMEM COBPEMEHHBIX TeXHOJIOTMIi, BKIoUasl 61-
OTEeXHOJIOTUMY, SIBJISIETCS aKTyaJbHOI 3ajaueil u gukryetcs CTpaTteruen
MOBBILIEHMS] KaueCTBa MuUIeBoi Mpoaykuuu B Poccuiickoit @enepaunm
1o 2030 ropa, yrBepxkaeHHOI IIpaBurtensctBom P® B 2016 rogy. IIpo-
M3BOZACTBO OENKOBBIX MPOAYKTOB U3 PACTUTENIBHOTO ChIPbsI OTINYAETCS
60J1ee BbICOKOJ PeHTabelbHOCTBIO ¥ MEHBIIMM HeraTMBHBIM BO3ZeiicT-
BMeM Ha 6uocdepy Mo CpaBHEHUIO C KMBOTHbIMM aHajoramu [2,3]. [Tep-
CIEeKTVBHBIM PACTUTETbHBIM ChIPbEM JIJIsI ITepepaboTKy Ha 6e/TKOBbIe MH-
rpenyieHTsl B Poccum SIBIsieTCs rOpoxX — HOMy/IsIpHejiiiast 3epHo6060Bast
KYJIbTYpa, BajloBble COOPBI KOTOPOIt B 2024 rofy, 1Mo MpeaBapuUTeTbHbIM
MpOrHo3sam, cocraBuan 4,8 MaH TOHH [4]. [opoxX oTIn4aeTcs: BBICOKUM
comepskaHueM 6enka (o 25 %) 1 He3aMeHMMbIX aMUHOKMCIIOT, KOTOPbIe
MOCTYNAIOT B OPraHM3M yesioBeka MCKIIOUUTENbHO ¢ nuieii [2,5]. Kpome
TOTO, €T0 3ePHO SIBJISIeTCS] TUII0AJIePTeHHBIM M ITPAaKTUYeCKM He Cofiep-
SKUT MHIMOUTOPOB (hepMEHTOB JKeNyLOYHO-KUIIEYHOT0 TPAKTa — TaK Ha-
3bIBaeMbIX aHTUIIUTATENbHBIX BELeCTB [6,7].

BenkoBble MHIPeAVEHTh] U3 FOpoXa (M30JISThl, KOHLEHTPAThI) HAILIN
IIMPOKOe NPYIMEHEHVIe B TEXHOJIOTMSIX M3TOTOBJIEHMUS IIPOTEVHOBBIX 6a-
TOHYMKOB [8], 3KCTPY3MOHHBIX X/I0mbeB [9,10], x1e6a [11], macTst [12], 61-
CKBUTOB [13], KMCIIOMOJIOYHBIX TPONYKTOB [14], 3ameHuTeneit msca [15],
PacTUTENbHBIX aHAJIOTOB ChIPOB [16] M MHOIMX APYTUX NPOAYKTOB. Of-
HAaKO B COBPeMEHHbIX YCIOBUSIX TPOM3BOCTBA GETKOBBIX MHIPEIMEHTOB,
B TOM YMCJIe U3 PACTUTETBHOTO CBIPbS, HA CTaIyM IKCTPAKIVM GENKOB
TPaIUILMOHHO WCIIONB3YIOTCS IleNOYHble pPacTBOPbl. OHM M3MEHSIOT
CTPYKTYPY GENIKOB, CHIDKAIOT UX GMONOCTYITHOCTh ¥ HEKOTOpble (YHK-
LIMOHAJIbHO-TEXHONOTMYECKMe CBOJCTBA, KOTODble OIpefiesioT Kaude-
CTBO ¥ HaIlpaBjeHue peanyu3anyuy GeaKOBBIX MPOAYKTOB B IMIIEBBIX
cucremax [17-19]. Bornee Toro, mesoyHasi SKCTpaKUysi 6eIKOB MPUBO-
IOUT K 06pa3oBaHMIO0 TOPeYM ¥ K MOTEMHEHUIO GeIKOBBIX IPOLYKTOB,
YTO CYILECTBEHHO OTDAaHMYMBAeT MX IpPVMeHeHMe B IPOAYKTaX IUTa-
Hust [20,21]. PerreHneM 1aHHO# IPO6/IeMBI SIB/ISTCS UCIIONb30BaHMe O1-
OTEXHOJIOTMYECKOTO MeTOAa 3KCTpaKumy GenkoB ¢ mpuMeHeHueM ¢ep-
MEHTHBIX IIPernapaToB, He CHIKAIOIIMX KAaueCTBO OETKOBbIX MPOLYKTOB
3a cyeT BbICOKO crielnPuuHOCTY (GepMEHTOB ¥ CPAaBHUTETBHO MSTKUX
ycioBuii 06paboTku [5,20,22,23]. BaskHOM pekOMeHIalue, yka3aHHO!
B paHee ymoMsHyToit CTpareruy, siBiasieTcsl paspaboTKa M BHeIpeHye
B IIPOM3BOJCTBO MUIIEBOJ MPOAYKLUMM OTEYECTBEHHBIX MHIPEAVIEHTOB
u cyberaHuyii, BRaovast pepmeHTHBIe Tpernapatbl. OGHAKO B HAYYHOM
JITepaType NMPaKTUYeCKV OTCYTCTBYIOT CBEAEHMS O MpuMeHeHun dep-
MEHTHBIX MPenapaToB POCCUICKMX MPOU3BOLUTENEN B Ipolecce 6mo-
TEXHOJIOTMYECKOJi 1epepaboTKy rOPOXOBO/ MYKM, a TAKKe O BIVSTHUM
OTeYeCTBeHHbIX (epMEeHTOB Ha (YHKIMOHATbHO-TEXHOIOTMYECKe
CBOJCTBA, BTOPUYHYIO CTPYKTYPY U GMOLOCTYITHOCTh TOPOXOBBIX OEIKOB.

JIIpyroii BakKHO# MPOGIEMOii IPOMBILIJIEHHOTO NPOM3BOACTBA 6el-
KOBBIX M30JSITOB M KOHLIEHTPATOB SIBJISIETCS 00pa3oBaHue BTOPUYHBIX
MIPOAYKTOB, KOTOPbIE Yallle BCETro YTMIM3UPYIOTCS, HeraTMBHO BIMSISI Ha
9KOJIOTMIO, JIY PeaIn3yIoTCsl Ha M3TOTOB/IeHMe KOPMOB C HU3KOM 106aB-
JIEHHO# CTOMMOCTbIO [17]. OBHMM U3 TaKMX MPOAYKTOB [TyOOKOI Tepe-
paboTKM ropoxa BBICTYIAeT KpaxMaao-0enKoBblii OCTATOK, COCTOSIIINIA
13 TOPOXOBOTO KpaxmaJa, KIeTYaTKy ¥ HepacTBOPMMOii 6es1koBoii hpak-
uyn. [Ipyu 6MOTEXHOTIOTUUECKO 06paboTKe TOPOXOBOI MYKM C MCIIONb-
30BaHMeM (epMEeHTHBIX CUCTEM YBEIMUMBAIOTCS OpraHoMenTuyeckyue
roKasaTeny U GMOFOCTYIIHOCTb HE TOJNBKO IIeNeBBbIX OGENKOBBIX IIperia-
paToB, HO ¥ BTOPUYHBIX MPOSYKTOB, KOTOPbIE MOTYT OBITh peann3oBa-
HBI B KaueCTBe I0JIe3HbIX MHTPEAVEHTOB NUILIeBbIX MPOAYKTOB [17,20].
B CBSI3U C BBILIEN3IOKEHHBIM 11€JIbI0 HACTOSILIEN PabOThI SIBIISIETCS U3-
yueHMe M3MeHEHUiI CBOMCTB U MOJIEKY/SIPHO-CTPYKTYPHBIX OCOGEHHO-
CTeii 6eKOBOTO MU30JIATA M BTOPUYHOIO KPaxmMasio-GesIKOBOTO MPOAYK-
Ta, MOTYYEeHHBIX GMOTEXHOTIOTMYECKOI IKCTPAKLMEH GEIKOB FOPOXOBOIi
MYKU C MCIIONb30BaHMEM OTeUeCTBEHHbIX ()epMEHTHBIX ITpernaparToB.

2. O6'beKTHI M METOABI

2.1. O6sexkmol

B KauecTBe 0OBEKTOB [IJIs1 MCCIENOBaHMIT UCIIONb30BaIACh 1€TbHOC-
MoJsoTast TopoxoBast Mmyka («O6pas kusHu», P®), a Takke MONTyYeHHbIE
13 Hee pasIMYHbIMM criocobamu (pepMeHTaTUBHAS, MIEIOYHAsT SKCTPaK-
1Msi) GeIKOBbIE M3OMSITHI M BTOPUUHbBIN KPaxMaao-6eKOBbI TTPOAYKT.

2.2. ITodzomoska 06pasyos

DepMeHTaTUBHO-TUIPOIM30BAHHDI  GEIKOBbBI M3O0MSIT MONYYEH
nyreM (bepMeHTATHBHOI SKCTPAKLIMU FOPOXOBOI MyKM hepMeHTHbIMM
rperapaTamyu poccuiickoro npousBonctaa («Cnu66modapm») ¢ ammias-
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HOJ («AMmitoJItoKc-A»), LielToasHol, KeunaHasHoii («enmoJlroke-Av),
IJII0KOaMuaa3Hoi («[7roKOJIIOKC-A») ¥ TPOTEONUTUUECKON aKTUBHOCTBIO
(«AumpoJlrokc-HII»). TexHomorus mnpemycMaTpuBaeT IIPUIOTOBIIEHME
CyCIIeH3UM C TuapoMonyieM Myka—-Boza 1:10 u ¢ mocienymwouieii nByx-
craguitHoii epMeHTATMBHOM 06pabOTKOI TrOpoxoBoit Myku: 1 cra-
st — mob6aBieHne Kap6oruapas B KoHueHTpanuu 1,0 %/t 6enka nmpu pH
5,7+0,1, remnepatype 55+*1°C, ckopoctu nepememnanust 150 06/MuH
U TpojoskuTeNnbHOCTH 120 MUHYT; 2 cTaaus — AoOaBieHye MpoTeasbl
B KOoHLeHTpauuu 1,2 %/r 6enka npu pH 7,0+0,1, Temneparype 55%1°C,
cKopocTy nepeMemuBauus 150 06/MuH U nipogomkuTenbHocT 120 Mu-
HyT. [Iporeccer 3KCTpaKLUMM, M303TEKTPUUECKOTO OCAKAEHNUS U HelTpa-
nu3ainuu 6eKOB MPOBOAMIM Ha JlabopaTopHOM depmenTepe (BIORUS,
P®) 06beMOM 5 JTUTPOB C MOCTOSIHHBIM KOHTPOJIEM TemIepaTtypbl, pH
cpebl, CKOPOCTU ¥ TIPOMO/DKUTETHHOCTH IepeMeninBanus. O6paboT-
Ka MyKM Kapboruapasamu MpenycMaTpUBaeTCsl C LeJbI0 pacuieryieHust
YIJIEBOHBIX MOJIEKY/ (Kpaxmasl, 1Ie/UIi0l03a, TeMULe/oa03a, eHTo-
3aHbI) ¥ BBICBOOOXKIEHMS CBSI3aHHOTO C HUMM 6Gesika Jjisl TIepeBo/ia ero
B pacTBOpEHHOe cOoCTosiHMe. [IpuMeHeHMe MpoTeashbl B mpouecce dep-
MEHTaTUBHOM 3KCTPaKIMyM IMO3BOJSET pacllielUTb BbICOKOMOJIEKYIISIP-
Hble GeIKM /IS UX JIETKOTO TepeBofia B PacTBOP M YBEIMUEHMS BbIXOAA.

IMocie 06paboTku QepMeHTaMM CYCIeH3UI0 LeHTpudyruposa-
mu B TedeHue 20 munayT nipu 4200 g Ha ueHtpudyre MPW-260R (MPW
Med. Instruments, ITonbia). 3aTeM OTHENSIM HEPAaCTBOPMMBI OCTa-
TOK — KPaxMaJjio-6eJIKOBbIi MPOAYKT, COAEP)KALIil YIIeBobl (B OCHOB-
HOM KpaxMas) ¥ HepacTBOPUMYIO 0GelKOBYIO (Gpakiuio. B momyueHHOM
cynepHaTaHTe (6eNKOBBIN KCTPAKT) OCAXKAAIN OENOK B M303/IeKTpuUYe-
ckoit Touke (pH 4,2%0,1), ocagok Helirpamm3oBbiBaim 0,5 H NaOH go pH
7,0+0,1, mpoMbIBa/IV BOZOJ 1 BHICYIIMBAJIM HA CYOIMMALIMOHHOM CYIINI-
ke LAB3 (Lyomachines, P®) npu temneparype 3amopo3ku — 30+ 1 °C.

B xauecTBe cpaBHEHMSI CBOJICTB M MOJIEKY/ISIPHO-CTPYKTYPHBIX U3Me-
HeHM1 6eKOB GBI TOTYUYEH U3 TOPOXOBOI MYKM TOTO 3Ke TIPOU3BOUTEIS
6eJTKOBBIN M3O0MSAT TPAAUIIMOHHBIM CIIOCOOOM C MpUMEHEHUeM ILIeoYu-
HOJ1 9KcTpakuyy 6enxkoB rpu pH 9,0+0,1 [22].

2.3. OnpedeneHue xumu4eckozo cocmasa u ceoticme o0pasyos

MaccoByto oo Biaru B o6pasiax onpezensuiv mo FOCT 13586.5-20151;
06mux asorucTeix BemecTs (Nx6,25) — mo T'OCT 10846-912%; 30mb1 —
no T'OCT 27494-20163; xupa — mo I'OCT 29033-91%; kpaxmana — Io
T'OCT 10845-985; mpounx yrieBofoB — Mo pasHuiie Mexxay 100% u cym-
MO} OCTaJbHBIX KOMIIOHEHTOB. @OYHKIMOHAIbHO-TEXHOIOIMYeCKue
CBOJICTBA T'OPOXOBBIX M3OJISITOB MCC/IEOBAMM IO MeTomukam [24,25].
[TepeBapmBaeMoCTb GENIKOB in Vitro onpenensiv no metony A. A. ITox-
posckoro u . [I. EpraHoBa, Mozenupysl npolecc MuileBapeHus B xe-
JIYOOUYHO-KMIIEYHOM TpPaKTe 4Ye/JIOBEeKa Ha nepBoﬁ cTagum C IerncMHOM
(«JIenPeaxTuB», P®) B kucmnoii cpene mpyu pH 1,8+0,1, Ha BTOpOii — € Tputi-
cuHOM («CamcoH-Men», P®) B mienouHovi cpene nipyu pH 8,4+0,1 [26]. Ak-
TUMBHOCTb ypeasbl B 06pasuax onpene/s o TOCT 13979.9-69°.

2.4. Mukpockonus 06pasyos

VisyyeHre MUKPOCTPYKTYPbI 06PasiiOB MPOBOAMIN METOIOM «pas-
[IaBleHHas KaIllisi» Ha CBETOBOM MMKpockore Axiolmaiger Al (Carl
Zeiss, TepmMaHus1) ¢ IpMMEHEHMEM MPOrPaMMbl aHaIM3a M300pakeHNiT
AxioVision 4.7.1.0 (Carl Zeiss, l'epmanus).

Mopdosnorust yacTury 6pi1a MCCIeJ0BaHA C IOMOIIbIO CKaHMPYIOIIeit
3IeKTPOHHOM MuKpockornmyu (COM) Ha mukpockone Coxem EM-30 Plus
(Coxem, Kopest). [ljist 3TOro yacTh 06pasiia HaHOCM/IYM Ha KapbOHOBYIO
IIBYCTOPOHHIOIO KJIEHKYIO JIEHTY, pa3MelleHHYI0 Ha JiepskaTesie o6pasia,
¥ TIOKPBIBAIM TOHKUM CJIOEM 30710Ta C IOMOILbI0 YCTAHOBKM JiJIs1 HaHe-
ceHMst MOHHBbIX MOKpbITUIt SPT-20 (Coxem, Kopes) (B pesxkume 100 cek,
5 MA).

2.5. Pamanosckas cnekmpockonust

Perucrpanmio ClieKTpOB MIPOBOAMIN Ha KOHPOKAIBHOM CIIEKTPOCKO-
re InVia Raman (Renishaw plc, Wotton-under-Edge, Benuko6puranusi),
OCcHaleHHOM feTektopoM CCD, cormacHo pa6ore [27]. TIuk Si 521 cm!
MCTIONB30BaIM ST KaJMOpOBKM criekTpoMeTrpa. He6onmbluylo yacTb
o6pasiia [moMellany Ha MPeIMeTHOE CTEKI0, 06epHyTOe aTIOMUHIEBOI

1 TOCT 13586.5-2015. «3epH0. MeTo, Onpee/eH st BIaKHOCTH». — M.: CraH-
naprutdopm, 2019. — 12 c.

2 TOCT 10846-91. «3epHO 1 IPOIYKThI €ro [epepaboTKiL. MeTos onpeene s
6enka». — M.: Craugaptuudopm, 2009. — 9 c.

3 TOCT 27494-2016. «MyKka M oTpy6u. MeTozibl OnpeseneHysi 301bHOCTU». —
M.: Cranpaptuadopm, 2019. — 16 c.

4 TOCT 29033-91. «3epHO ¥ MPOAYKTHI €r0 mepepaboTku. MeTos onpeneneHus
skupa». — M.: UTIK M3patenbcTBO cTaHmapTos, 2004. — 6 c.

5 TOCT 10845-98. «3epHO 1 IIPOAYKTHI €r0 [epepaboTKi. MeTox onpeaenenys
Kpaxmana». — M.: Craumapturdopm, 2009. — 6 c.

6 TOCT 13979.9-69. «’KMbIXM M LIPOTHI. METOAMKA BBINOTHEHNUS] U3MEepEeHMil
aKTUMBHOCTU ypeasbl». — M.: UITIK U3gaTenbcTBO cTaHAapToB, 2002. — 9 c.
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dbomnbroit, M CKMMaIU OPYrMM MpegMEeTHBIM CTEKIOM, KOTOpoe 3aTeM
yans. st Kaxkgoro obpasia CreKTPbl 3aIMChIBAIN C JeCSITH TOYeK.
CHSITMe CIIeKTPOB OCYILECTB/SUIM C MOMOILBIO J1a3epa C AJIMHOI BOTHbI
785 M (pemretka 1200 wmt/mMm) npu mouHocTM 100 %, BpeMsi CbeMKU
cocrapisuio 10 c. Jlazep doxycupoBanu Ha obpasue 06beKTUBOM X50L.
CIIeKTpbl permcTpupoBanyu B guamnasoHe ot 700 mo 1800 cm~!. Ilpen-
BapuTebHasi 00paboTKAa CIEKTPOB BKIIOYAJa KOPPEKLNI0 0a30BOit
JIMHUY, CIIaXMBaHMe C TpuMeHeHueM anroputma Casuuxoro-Tones,
HopMammsaumio. Ilonocy amupa I (1630-1700 cm™) ananmsupoBamn
C MICITOJIb30BaHMEM JeKOHBOJIOLNY crieKTpa B mporpamme WiRE Bepcun
5.5.24865-r5.5.HF2 (Renishaw plc, Wotton-under-Edge, Bennko6pura-
HUSI) cCOIIacHO pabore [28].

2.6. CmamucmuuecKuti aHanu3 3KCNepuMeHmaibHulx 0aHHbLX

ViccemoBaHust MPOBOAWIN B 3—4-KpaTHBIX TOBTOPHOCTSIX, TIOTyY€eH-
HbIEe YMCIOBbIe Pe3y/IbTaThl PeACTaBIISIN B BUe CpeJHero apudbmeTn-
YeCKOro ¢ UCMOMb30BAHMEM CTAHJAPTHOTO OTKIOHEHMSI, PACCYMTAHHOTO
¢ kputepueM CTblofleHTa NPy ypoBHe 3Haunmocty p < 0,05.

YucoBbele XapaKTePUCTUKM CIIEKTPOB (HAaMMeHOBaHMe IUKOB, UX
IJI0II[a/Ib, BBICOTA, IMPWHA, MHTEHCUMBHOCTDb) 06pabaTbiBanu B Microsoft
Excel, cTaTUCTMYECKYIO0 JOCTOBEPHOCTh OTIMYMI PACCUUTHIBANIM B IIPO-
rpamMme STATISTICA 10.0, ucmonb3oBaauM JUCIIEPCUOHHbBIV aHaIu3
(ANOVA) ¢ npumenennem kputepus Trioku. BepositHocTs 0,05 6blTa
BbIGpaHa B KAYeCTBEe 3HAUMMOTO YPOBHSI.

3. PesynbTaThl M 06CYKAEHME

3.1. BHewHuti 6ud 06pasyos

@®epMeHTaTUBHO-TUAPOIM30BAHHDI GETKOBBIA M30JST MPeaCTaBISIT
€06071 TOPOIIOK CBETIO-KPEMOBOTO I[BETA CO C1a6bIM FOPOXOBBIM MPU-
BKycoM. ISl cpaBHeHMsI: 06pa3Libl MCXOILHOM rOPOXOBOI MyKU U U307 -
Ta, MOJYYeHHOTO TPAAUIMOHHO LIeJIOYHOI 3KCTPaKIMeli, UMeTu 1BeT
OT JKEJITOTO 10 CBET/IO-KOPMYHEBOTO M XapaKTePHbIi 6060BbIii, TOPHKO-
BaTbli1 BKyC (PucyHOK 1).

IMonyyeHHbIe Pe3yIbTAThl OOBSICHSIIOTCS TEM, UTO B IIEJIOYHOI cpefe
MPOTEKAIOT OKMCIMUTENbHbIE MPOLECChI, IPUBOALINE K 0Opa30BaHMUIO
TEeMHOOKpPAIIeHHbIX COeIMHEHMI U K TOSIBIEHMIO TOpeuy B GeTKOBbIX
rpopykTax 13 6060BbIX KyAbTyp. HanpoTus, dhepMeHTaTMBHAS HKCTPAK-
LIMSI B MSITKMX YCIIOBUSIX HEe OKA3bIBAeT HETaTUBHOTO BIMSIHNS HA OPraHo-
JIETITUYECKYe CBOMCTBA, CHMKAsI TOPEUb M HEMTPAIU3Ys crieubudecKuit
6060BbIit BKyC [5,19,20]. Barogapsi BBICOKOMY COIEp)KaHUIO Kpaxmasa
BTOPMYHBIA KpaxmMasio-6e/IKOBbIi MPOAYKT 06/1a1al MOJOYHBIM LIBETOM
¥ MyYHVUCTBIM BKYCOM, XapaKTePHBIM JIJIsI KpaxmMasia, co cIaGbIM ITPUBKY-
COM ropoxa.

T'opoxoBas myka

Nsonsar. ®epmeHTaTUBHAS

3.2. Xumuueckuti cocmas, yHKYUOHAIbHO-MEXHOI02UUecKue
u buoxumueckue ceoticmea

XumMuuecknii cocraB o6pasioB rpexacrasied B Tabuie 1. YcraHos-
JIEHO, UTO TPV MCIONb30BaHMY (epMeHTaTMBHOM 3KCTPaKUVM GenkoB
rOpOXOBOJI MyKM C OTeUeCTBEHHbIMM (pepMeHTHBIMM IIperiapaTaMy Io-
JIydeH GesIKOBBIN IPOAYKT C comepkaHmeM 6Genka 6oee 90 %, 4TO BbIllIe,
yeM B MCXOLHO MyKe, B 3,87 pa3a 1 OTHOCUTCS K TpyIIIe «130aTbI» [18].
ITporecc LIeIOYHOM KCTPAKLUMM GEKOB MO3BOJSIET MOTYYUTb U3OJST
¢ MeHblIei yncToToit 6enka (okomo 85 %) B cpaBHeHUY ¢ hepMeHTaTUB-
HO-TUAPOIU30BAHHBIM 00pa3uioM. OTMeUYeHO TaKke, YTO B II0TyYeHHOM
(bepMeHTATMBHO 3KCTPAKIMeE M30/sITe, IO CPABHEHMIO C GEJIKOM, BbI-
IeIeHHbIM TPAIMIVOHHBIM CIOCOGOM, MPaKTHMYECKM IOMHOCTBIO OT-
CYTCTBOBAJIM YIVIEBOLbI, COAEPKAZ0OCh MeHblle TunuaoB (B 2,78 pasa)
” 30JIbHBIX 37IeMeHTOB (Ha 29,95 %). HakoruteHme 30/1bl B M30/ISITaX 00b-
SICHSIETCS] HECKOIbKMMMU Tlepexofamy pH cpefibl B Ipoljecce SKCTPakUmu
M M303IeKTPUYECKOr0 OcaxkaeHusi 6ekoB ¢ ob6pa3oBaHueM comu. Io-
CKOIbKY PH cpenbl mpu 11e04HOoI 3KeTpakiyyu 6enkos (pH 9,0) Bbiiie,
yem npu ¢epmeHtaruBHoi (pH 5,7-7,0), TO BO3pOCIO M KOIMYECTBO
BbIIenuBLIelicss comu. Kpaxmasno-6eaKoBblii IPOAYKT OTIMYANICS BBICO-
KMM COfiep>kaHyeM 00IIMX YIIeBOLOB M KpaxMmasa, UTo Bbllle, YeM B MC-
xopHoit Mmyke, Ha 20,51 % u 25,86 % coorBeTcTBEHHO. Takke BTOPUYHBI
MIPOLYKT IPOU3BOCTBA GEIKOBOTO M30JISITa Comepskas okomno 10 % Genka,
YTO CPaBHMMO C cofepskaHueM Oeka B 3€PHOBBIX Ky/lbTypax [7]. B aToit
CBSI3M NePCIIeKTMBHO MCIIO/Ib30BaHMe 3KCTPY3MOHHBIX TEXHOIOTMIA [T
TOTyYeHNSI TOPOXOBBIX CHEKOB 113 KPaxMao-6eKOBOro IIPOAYKTa.

Bbuv mpoBeeHbl UCCIenoBaHusl PyHKUMOHATIbHO-TEXHOIOTMYECKUX
CBOJVACTB G€/IKOBBIX TOPOXOBBIX U30JISITOB, MOTyYEHHbIX PA3TMYHBIMU Me-
togamu (Tabmuia 2). TIo cpaBHEHUIO C U30ISTOM, BbIIEIeHHbIM Ie/10Y-
HOJ1 3KcTpakuueit, GepMeHTaTMBHO-IMIPOIM30BAHHBIN U30MIST MMeII I10-
BBIIIEHHbIE TIOKA3aTen pacTBOpUMOCTU (Ha 23,40 %), meHoOGpasywolei
(Ha 35,56 %) ¥ KMpOCBSI3bIBalOLIEit CrIocO6HOCTM (Ha 33,48 %). B TO ke
BpeMs1 GesIKy M30JI5ITa, SKCTParMpoBaHHbIe IIeI0Ubl0, 06Iaany YBean-
YeHHO BOIOCBSI3bIBAOIIEN CITOCOGHOCTHIO (B 2,96 pasa), uTo COracyeTcst
C INTEPaTyPHBIMM AAHHBIMMY, OOBSCHSIOIIMY 9TO M3MeHeHye 06pa3oBa-
HJ/€eM HOBBIX MeXXMOJIEKY/ISIDHBIX CBsI3€ii MeXAy OCTaTKaMy aMMHOKMCIIOT
npyu wenoyHom casure pH cpenpl [29]. Taxke M30ISIT XapaKTepu30BajICs
6osb1ei cTabyIbHOCTDIO NIeHbI (Ha 11,69 %), amynbeuu (Ha 26,92 %) u 60-
Jiee BBICOKO JKMPO3IMYJIbTUPYIOLIEH ClIOCOGHOCTbIO (Ha 9,62 %).

Takum 06pa3om, UCXOIs U3 MOTyYeHHBIX JAHHBIX 10 (GYHKUIMOHAIb-
HO-TEeXHOJIOTMYECKMM CBOJCTBaM, hepMeHTaTUBHO-TUAPOIN30BAHHbIN
M30JIST 11e1eco06pa3Ho PeKOMEH0BATh K MIPMMEHEHMIO B KauecTBe Ger-
KOBOT'O MHI'PEIMEHTA B TEXHOJIOTMSIX M3TOTOBIEHMS] HAIIMTKOB Ha PacTu-
TeJIbHOV OCHOBE, TPOTEMHOBBIX KOKTeliIelt, a TakkKe MPOAYKTOB MUTaHMsI

W3sonsr. lllenoyHas Kpaxmano-6enKkoBblIit

9KCTpaKUms 3KCTPaKLMS MIPOAYKT
PucyHok 1. BHemHwmit Buj, o6pasnos
Figure 1. Appearance of samples
Ta6nuia 1. XuMudeckuii coctaB 06pasios
Table 1. Chemical composition of samples
Oo6paser,
foposonan s 15008 Sepenmatun- Wsomar Wetowian  Kpvorare
ConepskaHue Biaru, % 10,54%0,02¢ 4,17%0,19° 3,17£0,032 3,06+0,08
Conepskanme 6enka (N X 6,25), % Ha CB 24,33+0,07¢ 94,16%0,15° 85,38+0,122 10,06%0,074
CopepskaHue 30/IbHBIX 37IEMEHTOB, % Ha CB 2,72%0,04¢ 4,04+0,06" 5,25+0,072 0,87+0,054
ConepskaHue nununoB, % Ha CB 0,89%0,04¢ 1,65%0,08> 4,58+0,112 4,47+0,27
CopnepskaHue yrieBosnos, % Ha CB 72,06%0,10¢ 0,15+0,07° 4,79%0,192 86,84%0,174
B T. 4. KpaxmaJa, % Ha CB 59,60+0,16% 75,01£0,11°

Ipumeuanue: CB — cyxue BellleCcTBa; YMC/IOBbIe MaHHbIe MPeCTAB/IAIOT 60 CpeiHe 3HaYeHMs  CTaHapTHOE OTKJIOHEeHMe [IIsl TPYIIIbI 1 = 3 TPV UCIIO/b30-
BaHuyM KpuTepust CTbiofieHTa; 24 — sHauyumas pasHuua Mexay obpasuamu (p < 0,05).
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Ta6nuua 2. ®yHKIMOHATbHO-TEXHOJIOTMYEeCKIe CBOVICTBA GeTKOBBIX
M30JISITOB
Table 2. Functional and technological properties of protein isolates

Oo6pasern usonsaTa
Iloka3arennb

Benku wu3o0msiTa, BbIIENIEHHOrO (epMeHTaTMBHONM OKCTpaKiye,
¥ BTOPMYHOTO KPaxMasio-6eIKOBOTO ITPONYKTA IIPAKTUIECKY IOTHOCTBIO
YCBaMBAINCH in Vitro, mepeBapuBasich Ha 2,81-5,64 % MHTeHCUBHee, ueM
6eJTKY MCXOMHO ropoxoBoit myku (Tabuia 3).

IIpy 3TOM YCTaHOBJIEHO CHIDKEHME IepeBapuBaeMOCT GeKOB M30-

PepMeHTATHB- Ilenounas JIATA, TIOYyYE€HHOTO IIEJOYHON 3KCTpakiueii, Ha 5,50 %, OTHOCUTENIbHO

Has SKCTPAKIMST  SKCTPaKIMA rOPOXOBOJi MYKM, UTO OBBACHSETCA JeHaTypalueii 6elKOBbIX MOIeKYI

PacTBOpMMOCTb 6€IKOB B BOzie, % 86,96+0,712 70,47 +0,50° B IIpoIIecce LIeJI0YHO 06paboTKH, palieMusanyieil aMMHOKMUCIOT Y CHU-
BOLOCBS3bIBAON[AS CTIOCOBHOCTD, I/ 0,840,032 2,49+0,03b JKeHMeM MX 6uomoctymnHocty [5,18,20]. Hecmorps Ha TO, 4TO B MCXOIHOM
TOpPOXOBOJ1 MyKe aKTMBHOCTb ypeasbl, KOppeaupylollieii ¢ aKTUBHOCTbIO

TleHoo6pasyiomast CocoGHOCTS, % 6117 453 aHTUIIATATENbHBIX BeleCTB 6G0BOBBIX KY/IbTYD, Gbl/Ia HM3KOIA, B IIPOLIeC-
CTa6WIBHOCTB TTeHbI, % 77+12 86+1b ce TIOMyYeHMsI M30JISITOB C BHICOKMM COZiepskaHyeM 6esika MOIIa yBesu-
3KupocBsi3biBaonias CliocOOGHOCTb, I/T 3,03+0,152 2,27+0,02 YUTHCSI KOHLEHTPALMSI aHTUTIUTATETbHBIX BEIIECTB B 6ETKOBBIX TPOLYK-
Tax [6,7]. [IpoBeeHHbIe MCCIeAOBaHMSI [TI0Ka3alIy CHUKEHMe aKTUBHOCTYU

>Knposmynerupyiomast 52+93 57+1b ypeasbl OTHOCUTEIbHO TOPOXOBOi MyKM B 060X 00pasliax M30JSTOB,
CrOCOGHOCTD, % He3aBMCHMO OT MeTOJIa UX TTo/yueHus. Bo BTopuyHOM Kpaxmasno-6e/Ko-
CTabMIbHOCTb IMYIIBCUU, % 52+12 66+ 20 BOM TIPOJYKTE aKTUBHOCTh ypeasbl ObUIa HIKE, UeEM B TOPOXOBOII MYKe,

Ipumeuanue: YNCIOBbIE [AHHBIE TPENCTABISIOT COOO0I CpemHME 3HAye-
HUS % CTAaHJAPTHOE OTKJIOHEHME [JIsl TPYIIIbI N = 4 TIPU UCTIONb30BAHUU KPU-
Tepus CTbiofienTa; 2> — 3HauMMast pasHuIA Mexay o6pastamu (p < 0,05).

C TIEHHOJ CUCTEeMOIi (KeKChI, 3edup, mactusaa, 6MCKBUTDI, Kpema U T. [II.).
W30718T, MOMyYeHHbIi TPAAUIIMOHHBIM LIeJIOYHbIM CITOCO60M, PEKOMEH-
AyeTCsd K MPUMMEHEHUIO B TEXHOJIOIMIX M3TOTOBJIEHUS PACTUTETbHOTO
Msica, KUCIOMOJIOYHBIX TPOAYKTOB Ha PaCTUTENbHOV OCHOBE, HU3KOKa-
JIOpUITHOTO MaprapmHa, COyCoB U T. [.

HO HECKOJIbKO BBIIIE, YeM B U3O0JSATaX, YTO, IPEATIONIOKUTENIbHO, O3Ha-
yaeT Iepexofi ypeasbl B HEPAaCTBOPUMYIO (pakumio 6elKoB B Ipoliecce
(epmeHTaTUBHOI 06paGOTKM MYKH.

3.3 Muxpockonus 06pa3syos

O6pas3ser; rOpoXoBO MYKM COCTOSUT M3 KPYITHbIX (GparMeHTOB pacTu-
TebHBIX TKAHE, COXPAaHMUBIIMX CBOIO CTPYKTYPY. ITU (pparMeHThI MpeJi-
CTaB/sSIM COBOI OKPYIJIbIE KIETKM C YETKO Pas3avuMMOi LIeTI0N03HOM
060JI0YKOi1, 3aTI0IHEHHbIE KpaxMabHbIMM 3epHamy (PUCYHOK 2a).

Tab6nuua 3. [lepeBapuBaemMoCThb GEJIKOB in Vitro ¥ aKTMBHOCTD ypeassl B 06pasuax
Table 3. In vitro protein digestibility and urease activity in samples

Oo6pasery
Toxazarens TopoxoBast MyKa W3onar. PepMeHTATUB- W3onsar. KanB/laJIO-
Has 3KCTPAKIUS IllesrouHass IKCTPAKIMST GEeIKOBBII MIPOLYKT
TlepeBapuBaeMocCTb GEJKOB, % 93,64%0,15° 98,92+0,112 88,49+0,19¢ 96,27+0,174
B T. 4. ¢ rericuaoM (pH 1,8), % 70,16%0,11° 84,44+0,067 62,68+0,12¢ 74,71%0,104
¢ rpunicnsom (pH 8,4), % 23,48+0,04b 14,48+0,05° 25,81+0,07° 21,56+0,07¢
AKTUBHOCTD ypeassl, efl. pH 0,05+0,01° 0,010,012 0,02+0,01 0,03+0,01

Hpumettal-iue: UYMCJIOBbIE JAHHBIE ITPEOCTABJISIOT coboit cpeonHue BHaquI/IHiCTaHﬂapTHOG OTKJIOHE€HME OJI TPYIIIBI N = 4 IIpU UCITIOJIb30BAHUU KPUTEPUST Crbi0-

nenra; 2°d — spayymas pasuuLa Mexkay o6pasuamu (p < 0,05).

PucyHOK 2. doTorpadum cTpyKTyp, MOJIyYeHHbIE Ha MPOCBEYMBAIOIIEM MUKPOCKOIIE:
a — ropoxoBasi Myka (yBesuueHue x200), b — usonsar, pepMeHTaTUBHAS IKCTpaKus (yBesmyenne X400),
C — U3OJIAT, eJI0YHas IKCTpakums (yBenandenue x400), d — kpaxmasio-6eIKOoBbIii IPOAYKT (yBermueHnne X400)
Figure 2. Photographs of structures obtained with a transmission microscope: a — pea flour (magnification x200), b — isolate, enzymatic extraction
(magnification x400), ¢ — isolate, alkaline extraction (magnification x400), d — starch-protein product (magnification x400)
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Kpome TOro, B pe3y/ibraTe MeXaHMUeCKOro M3MeJbueHusl 06pa3oBa- B o6pasiie 130551Ta, MOTYYEHHOTO (EPMEHTATUBHOI ISKCTpaKLMein
JIICh OTAe/NbHbIe GpParMeHThI KJIeTOK M MeJIKMe YaCTUIbl HeITPaBUIbHOM  GEeJIKOB, MPUCYTCTBOBAIM YIUIOLIEHHbIE YaCTUIIbI HEIIPaBUIbHOI reome-
(opmbl, KOTOpBIE GBI CBSI3aHbI C KPAaXMaTbHBIMM 3epHAMU MJIM HaX0-  TpUUeCcKoit popmel ¢ xopoiio auddepeHunpyeMbimyu rpanuiamu (Pucy-
IMIACH B MEXKTPAHY/ISIPHOM ITPOCTPAHCTBE M IIPeACTaBIIsIN co60it ppar-  HOK 2b). [Ipy 371eKTPOHHO MUKPOCKOTMM GBIIIO YCTAHOBJIEHO, UTO KPYTI-
MeHTbI 6€JIKOBO MaTpuiibl (PMCyHOK 34, 3b). Hbl€ YaCTUIbI MMeEIU MOPUCTOCTb, BEPOSITHO, BCAEACTBME IMPOTEOoan3a

SP=8 5  x1.0k 50.0um 2025-02-26

1
P —
15kV  SP=8 WD=6.9 x2.0k 10.0um

—
¥ - .03+ —
SP=8; ‘WD=63' x1OK E WD=69  x2.0k 10.0um S| 2025-03-19

_— [
WD=6.8  x1.0k 50.0um  HV s 2025-02-26 15kV  SP=7 WD=6.8 x2.0k 10.0um

PucyHOK 3. ®@oTorpadum cTpyKTyp, MOIyYeHHbIE Ha CKAHMPYIOIIEM 3JIEKTPOHHOM MMKPOCKOIIe:

a — ropoxoBasi MyKa (yBeiauueHnue x1000), b — ropoxoBass myka (yBeanueHue x2000), ¢ — uzonsr, pepmeHTaTMBHAS IKCTPAKIMS
(yBenmmuenne x1000), d — usonar, pepmeHTaTUBHASA IKCTPakuys (yBeauueHue x2000), e — M30JAT, LITOUHAS IKCTPAKINA
(yBenmmmuenue x1000), f — u3onsr, mwerouHas skcrpakuus (yBeauuenue x2000), g — Kpaxmaio-6eIKOBBI MPOJYKT
(yBenmmuenue %1000), h — KpaxmMai0-6e/IKOBbIi MPOAYKT (yBeauueHue x2000)

Figure 3. Scanning electron micrographs of structures: a — pea flour (magnification x1000), b — pea flour (magnification x2000), ¢ — isolate, enzymatic
extraction (magnification x1000), d — isolate, enzymatic extraction (magnification x2000), e — isolate, alkaline extraction (magnification x1000), f — isolate,
alkaline extraction (magnification x2000), g — starch-protein product (magnification x1000), h — starch-protein product (magnification x2000)
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6enkoBbIXx Mosiekya (PucyHok 3¢, 3d). [Ipu aHanuse obpasiia M30JsTa,
MOIy4eHHOT0 TPaAVLIMOHHO IeIOUHO SKCTPaKIyieii, BbISIBIEHBI YIIJIO-
[IleHHbIe YaCTUIIbI HEMPaBWIbHOM reoMeTpuueckoit popmsbl ¢ XOpOIIO
nuddeperypyembiMu rpaHuamu (PucyHoOK 2¢), CXOkue ¢ 4aCTULIAMU
(bepMeHTaTUBHO-TUAPOIM30BAaHHOTO U30JIATA, & TAKKE YAJIMHEHHbIE Ya-
CTUILBI B BUJIE «TAJI0UeK». [Ipy 27IeKTPOHHOM MUKPOCKOTNY ObUIO yCTa-
HOBJIEHO, UTO IJIOCKVME YaCTULIbI MMeIY HeGOMbIIYIO TOPUCTOCTD, YIJIN-
HEHHbIE YaCTUI[bI 6bUTM MOHOMUTHBI (PUCYHOK 3e, 3f).

TToBbIIIEHHAsT TTOPUCTOCTh CTPYKTYPhI GENKOB (hepMEeHTaTUBHO-TH-
JPOJIM30BAHHOTO U30JISITA B CPABHEHUY C 06pa31[0M, 9KCTPArupOBaHHBIM
11I€/I0YbI0, TIO3BOJISI/IA YBEIMYMUTD IIOIIAb COITPUKOCHOBEHMS GETKOBBIX
YacTuI] C MOJIEKy/IaMy BOJbI 1 PACTBOPaMU MpoTeas (MercyH, TPUIICUH),
YTO, COOTBETCTBEHHO, CITIOCOGCTBOBAJIO TOBBIIIEHNIO ITOKa3aTeeil pac-
TBOPMMOCTY ¥ GMOAOCTYITHOCTU (TIepeBapmuBaeMoCTH) U30JsiTa [5].

Kpaxmano-6e1KoBblii MPOAYKT COCTOSUT MPEUMYLIeCTBEHHO M3 OFHO-
TUITHBIX 3epeH ropoxoBoro kpaxmasa (PucyHok 2d). KpymHbie KOMIUTEKChI
PaCTUTEIBbHBIX KJI€TOK OTCYTCTBOBAJ/IM, OOHAKO BbISABJIS/INCD €AVHUYHbIE
(parmeHThI 1E/ITIOIO3HBIX 000/I0YEK Y MEJIKMEe YaCTUIbI HeTTPAaBUIbHO
(opMmbl, IIPeANONOKUTENbHO, 6EJTKOBbIE, CXOXKIME C YacTUIIaMu hepMeH-
TaTUBHO-TUAPONM30BaHHOTO M3onsTa (PucyHok 3g, 3h).

3.4. Pamanosckas cnekmpockonus 06pasyos
B o6pasiiax ropoxoBoit MyKy 1 KpaxMaio-6eJKOBOro MPOAyKTa B 3a-
BUCHMOCTY OT CTPYKTYPbI ITOJTyUY€HHbI€ CIIEKTPBI pa3AeInin Ha IBe TPyIi-
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IIbI: YIVIeBOLHAS YacTb (Kpaxmai) u GenkoBas 4acTb. Ha crekrpax, Imo-
JIYUEHHBIX OT YIVIEBOLHOII YacTy 06pasuoB (PUCYHOK 4), 0671aCTh MEKIY
800 1 1200 cm~! oTHOCKMIIACH K CMMMETPMYHBIM MOJAaM pacTsbkeHust C—0
u C-C u gedopmanuu C-0O-C B mmkosuaHoi cssizu [30,31]. O6mactb
1200-1500 cm~! comepykana nHGpOpMAaLIMIO 06 0COBEHHOCTSIX KO/Ie6aHmus
YIJIEBOLOB (AMMJIO3bI ¥ aMWIOIIEKTMHA B KpaxmaJle) 1, COIJIaCHO JITepa-
TYPHBIM JAHHBIM, 6bIa crienMbuyHa 1j1st feopMalMOHHbIX KoJe6aHmit
-CH [31,32].

OCHOBHOe BHMMaHMe IIpY aHaJIu3e YAeIWIN CIIeKTPaM, IOy4YeHHbIM
oT 6eKOBOI YacTy 06pasloB MYKU, M30/IATOB M KPaxMaslo-6eKoBOro
npopykta (PucyHok 5). MHdopMaumss o BTOPUYHOI CTPYKType Geska
(a-crivpany, B-ci1oit, B-u3rubsl M HeyropsoyeHHas CTPyKTypa) Ha pama-
HOBCKMX CIIEKTpax IpezcTaBieda mogocamu amuaa I (1600~1700 cm™),
amupa 11 (1510~1560 cm™!) u amupma 111 (1230~1350 cm~Y) [33-37]. Tlo-
socel aMmyuzos II u III peaxo MCIONB3YIOTCS B aHanu3e, IIOCKOJIbKY UX
MHTepIpeTauys 3aTpyiHeHa: y amuja Il 3To cBsI3aHO ¢ MaJIoil M3MeH-
YUBOCTHIO MONsipM3yemMocTu usrnb6a N-H, a Taxke pacTsskeHuMit cBsi3eit
C-C u C-N nentuaHoii rpymnisl, a y amuga III — ¢ nepekpsITem mosuoc,
XapaKTepHbIX A5l B-cmost (1230-1245 cm~!) u HeymopsAmOoueHHOI CTPYK-
TypbI (1240-1255 cm1) [33,34].

IIpu cpaBHEHMU CIIEKTPOB 06pa3L[0B MOXKHO OTMETUTh, UTO B (ep-
MEHTaTUBHO-TUIPONIM30BaHHOM M30JIITe IPUCYTCTBOBAI OTYETIMBBIN
curran 1235-1245 cm~! (amup I11), oTBevaromuii 3a aHTUIIapaJIeNbHBII
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PucyHOK 4. PaMaHOBCKMe CIIEKTPBI YIJIEBOLHOI YacTy 06pasuoB B auamnasone 800-1800 cm1:
a — ropoxoBasi Myka, b — KpaxmaJsio-6e/IKOBBIii IPOLYKT
Figure 4. Raman spectra of the carbohydrate part of the samples in the range of 800-1800 cm™!: a — pea flour, b — starch-protein product
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PucyHOK 5. PAMaHOBCKMe CIIeKTPBI Ge/IKOBOI 4acTu 06pasuos: a — B Auanasoxe 800-1800 cm?,
b — B auanasone 830-850 cm~! (ay6sieT TMpPO3UHA), ¢ — B AuanasoHe 1630-1700 cm(o6macTs amup, I)

Figure 5. Raman spectra of the protein portion of the samples: a — in the range of 800-1800 cm™!,
b — in the range of 830-850 cm! (tyrosine doublet), ¢ — in the range of 1630-1700 cm~! (amide I region)

292



Kynukos [. C. v gp. | MALLEBBIE CUCTEMBDI |

B-Ci10it ¥ HeynopsiOYeHHYI0 CTPYKTYpPY, TOIA KaK B JPYyrux obpasuax
Habyogancsa 6oee MHTEHCUMBHBIN curHan ~1260 cM™!, xapakrepusyro-
WU o-CIOIUPAIN.

Taxke B criekTpe epMeHTaTUBHO-TUAPOIM30BAHHOTO U30MISTa 06-
JIaCTh, OTBEYAIOLIAS 32 aMy[ [, cMellleHa IpaBee CIIeKTPOB ITPOYMX 06pas-
LIOB, YTO TAaKXX€ CBUMETEIbCTBYET O GOJbLIeM IPUCYTCTBUU B-CTPYKTYD.
COracHO MMTepaTypHBIM AAHHBIM, rmonocy amuga 1 (1630-1700 cm™1)
MOXKHO MCIIO/Ib30BaTh AJIS aHaIM3a BTOPUYHONM CTPYKTYpbI Genka, Tak
KaK OHa peJIKo MofiBepraeTcst IoMexaM CO CTOPOHBI APYTMX MOJEKYII [34].
Pe3ynbTaThl aHaaM3a BTOPUYHOI CTPYKTYpbl GENKOB B MCCIEAYyeMbIX
obpasiax rmokasaHbl B Tabmuiie 4.

Anamm3 criexTpa Pamana mokasai, 4To o6pasipl GeIKOBBIX M30/ISTOB
pasnMyaInch Mo comepkaHuIo 6eIKOBBIX CTPYKTYP: B 06pasie depMeHTa-
TUBHO-TMAPOIM30BAHHOTO M30/5Ta B-M3r160B 6bII0 B 2,33 pasa Gosblile,
TOT[a KaK B U30JIsITe, IOMyYeHHOM LIeJIOYHOI SKCTpaKiyeit, conepskaHue
a-Crypaseii mpeBblIiiaso ero B 2,12 pasa. 9To MOXKET GbITh CBSI3aHO C pas-
pylLIeHMEM BOIOPOIHBIX CBSI3€il B U30JIATE MOCIe (epMEeHTaTMBHOTO I'Yi-
JIPONN3a, KOTOPbIe MOJAEePKUBAIOT CTAOUIBHOCTb CTPYKTYPBI oi-CIIMpasiei.
B TO e BpeMmsi, IO CPAaBHEHMIO C TOPOXOBOJ MYKOA, IIPY ILI€TOUHOI IKC-
TpaKUMM HaOMIONAeTCsl 3HAUMUTEbHOE YBeIMUYeHye IPOLeHTHOTO Cofiep-
>KaHMs o-criipaineit (Ha 38,67 %) 1 CHIbkeHMe B-CTPYKTyp (Ha 28,96 %). Itn
M3MeHeHMsI IO TBEeP3KAAI0TCS IUTepaTyPHbIMM AaHHBIMM, COTTIACHO KOTO-
PBbIM ieHaTypanusi 6eKOBbIX MOJIEKY/I MOKET CHIDKAaTh (QYHKUMOHAIBHO-
TEXHOJIOTMYeCKYe CBOVCTBA 6eIKOBOTrO MpoayKTa [38].

B cTpykType G6€lKOBOI 4acT KpaxMalio-GelKOBOr0 MPOAYKTa II0
CPaBHEHMIO C TOPOXOBOJ MYKOJ 3adVKCHMPOBAHO yBeIMUEHVe KOmuJe-
cTBa o-crmpaneit (Ha 67,90 %) u B-usrn6os (8 2,37 pasa). [Ipu aToM co-
nepskaHue B-cmost cHuswioch (B 10,12 pasa), Kak M B 060Mx ob6pasiax
U30/5ITOB (B 2,45-2,62 pasa). VI3BECTHO, UTO YMEHbIIIEHNE COMEPKAHMS
B-cmost ykaspiBaeT Ha OGHakeHMe TMAPOGOGHO CBS3aHHBIX YYACTKOB
6eKa. ITO MOXKET ObITh UCIIONb30BAHO, HAMIPUMeD, MIPY B3aMMOZeiCT-
BUM C TuAPO(OGHBIMM TONMHEHACHIIIEHHBIMM KMPHBIMM KUCIOTaMU
C LEJTbI0 MTHTMOGMPOBAHMST OKVUCTEHMS JINTIUIOB Y YBEJIMUEHUS UX COXPaH-
HOCTY B IIUILEBBIX IPONYKTaX [34]. Takske M3BeCTHO, UYTO 6060BbIE 6K
C OTHOCKTEJIBHO G0jIee BBICOKMM COfiepsKaHueM B-CTPYKTYD, KaK, Hallpu-
Mep, y dbepMeHTaTMBHO-TUIPOIM30BAHHOTO M30/sITa, 06/1afaloT 60/b-
IIeji TepMUYECKOi CTaGMIBHOCTBIO U AeHATYPUPYIOT TPy 60see BBICOKUX
TeMIepaTypax. 3TO yKa3blBaeT Ha BO3MOXKHOCTb UX IIPMMEHEHMs B TeX-
HOJIOTVSIX IPOM3BOLCTBA MUIIEBBIX IPOLYKTOB C TEPMUYECKOH 06paboT-
KOJ 6e3 yTpaThl CTPYKTYPHO! M (GYHKUMOHAIBHOM IeHHOocTH [39,40].
K Tomy >Xe, UCX0nsl U3 pe3y/lbTaTOB PabOT MO M3YYEHUIO 'OPOXOBBIX,
HYTOBBIX M PMCOBBIX GEIKOBBIX KOHIIEHTPATOB, IIOMYYEHHBIX (epMeH-
TATMBHO} 3KCTpaKIyeil 6elKoB C MCIIOMb30BaHMEM MMIIOPTHBIX (ep-
MEHTHBIX IIpelapaToB, YCTAHOBJEHa B3aMMOCBSI3b MeXIy BTOPUYHON
CTPYKTYPOi1 6eNKOB 1 GYHKI[MOHATbHO-TEXHOIOTMYECKYMY CBOVICTBAMU
KOHLIeHTpaToB [17,24]. OnpepeneHo, HalpuMep, UYTO yBeJM4YeHMUe Iie-
HOOG6pasyIeit CrIocCO6HOCTM GEIKOB U CHIUKEHME CTaGMIBHOCTY TTE€HbI
CBSI3aHO C BBICOKMM COZiepskaHyeM B-CTPYKTyp. [JaHHBII BBIBOZ, O TBEP-
SKIAeTCSI Y pe3y/ibTaTaMy HacTosILIei paboThl: B 06pasiie pepMeHTATUB-
HO-TUAPOIM30BAHHOIO MU30JISITa, XapaKTepu3yollerocs rnpeobnagaHuem
B-CTpyKTYp, OTMeEUEHO Gosiee BbICOKOE TIeHOoOpa3oBanue (61 %) u 6omnee
HM3Kasl CTaGWIBHOCTD TeHbl (77 %). s cpaBHEHUs], y U30/STa, MOTy-
YEHHOTO LIeJOYHOM SKCTPAKLUMeNl U ComepsKallero B CTPYKType GenKkoB
MPEeVMYILECTBEHHO o-CIMPAJIU, 3TU MoKa3aTeau coctaBuim 45 % n 86 %
COOTBETCTBEHHO.

Jpyr“M HOIXOAOM IJISl OIIpe/ieleHVsI CTPYKTYPHBIX M3MeHeHM 6er-
Ka SIBJISIETCSI COOTHOILLIeHMe MHTeHCMBHOCTY TUPO3MHa [36]. [lybrner 855
u 830 cv~! BosHMKaeT B pesyinbTaTe pe3oHaHca ®epmu. COOTHOIEHMSI
maTedcuBHOCTH mipy 850 cv~! 1 830 cm~! criexTpa PamaHa MOXHO MC-
10/1b30BaTh 1151 MOHUTOPMHIA CUJIbI BOAOPOIHO CBSI3Y (HDeHONBbHOTO I'N-
JIPOKCUJIA U TTOJIIPHOCTY MUKPOOKPY>KeHMSI BOKPYT OCTaTKOB TUPO3MHa,
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TSI XapaKTePUCTUKY €T0 CKPBITBIX Y OTKPBIThIX COCTOSIHUIA (SIBJISIETCSI OH
IOHOPOM WJIM aKLeNTOPOM BOAOPOSHOM CBs3M) [34]. Vi3MeHeHus], BbI3-
BaHHbIe (haKTOpaMM [IeHATypaluM, BAMSIOT Ha MPUPOLY BOILOPOIHBIX
CBsI3eif M Ha M3MeHeHMe OTHOLIeHMsS MHTEHCUBHOCTM 3TOTO AybGieta.
Korma I gsg MeHnbiie I gz, 3TO YKasbIBaeT Ha TO, YTO B GEJIKE KOIMUECTBO
CKPBITBIX OCTAaTKOB TMPO3MHA BbIllIe, eciu I g5y 6ombiie I gzp — ocTaTku
TUPO3VHA MEPEXOIST U3 «CKPBITOTO» B «OTKPBITOE» COCTOsSTHME. B 06pas-
1Ie MCXOIHOI ropoxoBoit MyKH I g5 6bU1a MeHble I gso, 4eM B M30/SITaX
M KpaxMasio-6eJIKOBOM IPOAYKTEe, UTO TOBOPUT O TEHAEHIMM K OOHa-
SKEHUMIO OCTaTKOB TMPO3MHA TIPH JIFOOOM CIIOCO0e MOMyYeHMsT 6eIKOBbIX
u305s1ToB. CooTHomeHne Igso/Igzy COCTaBUIIO: NI TOPOXOBOW MYKU —
0,746+0,073"; mns (epMeHTaTHBHO-THAPOIM30BAHHOTO M30/ISTa —
1,449+0,135%; oy usonara s cpaBHeHust — 1,263+0,144; nis kpax-
Mas0-6e1KoBoro mpoaykra — 1,847+0,172¢ (3¢ — 3HaumMble pasanuus
Mekmy obpasiamu, p < 0,05). Takum 06pa3oM, 06pasiibl 6E€IKOBBIX M30-
JIITOB, TIOJTyY€HHbIE PAa3HBIMU CIIOCO6AMU, TI0 COOTHOIEHUIO Igsg / Ig30 HE
MMeJ CyLIeCTBEeHHBIX Pas3INInii.

4. BoIiBOaBI

BbIsiBIeHBI OCOG@HHOCTY CBOJCTB M MOJIEKY/ISIPDHO CTPYKTYpPBI (hep-
MEHTaTMBHO-TUIPONM30BAaHHOTO M30/Ta UM BTOPUYHOIO Kpaxmaso-
6eIKOBOTO MPOJYKTA, ITOTYUYEHHBIX C MCIOIb30BaHMEM OTEUYeCTBEHHbIX
Kkapboruapas («Ammtolliokc-A», «IemnoJliokc-A», «[mokoJTIokc-A»)
u nipoTeassl («Anypollioke-HIT»). O6HapyskeHa B3aIMOCBSI3b CTPYKTYPbI
6€e/KOB € UX QYHKIMOHATbHO-TEXHOIOIMYECKMMY CBOMICTBAMM U 6GMOJI0-
CTYTTHOCTBIO.

@DepMeHTaTUBHO-TUAPOIM30BAHHBIA U30JSAT comepskan 94 % Oenka.
OH MMeJl CBeTVIO-KPEMOBBIl OTTEHOK, MOPYCTYIO0 CTPYKTYPY M C1a0blii
MpUBKYC ropoxa. [Io cpaBHEHMIO C U30/SITOM, TOTYYeHHBIM TPaJUIIVIOH-
HBIM CIIOCOGOM (IIEIOYHOM SKCTPaKLMeNt), OH XapaKTepu30BaIcs GOb-
1Ieji pacTBOPUMOCTBIO (Ha 23,40 %), 6osiee BBICOKMMM MTEHOO6pa3yIomein
(Ha 35,56 %) v sxupocBsi3biBawoliei (Ha 33,48 %) crloCOGHOCTSIMH, a TAKKe
MOBBIIIEHHOJ TepeBapMBaeMoOCThbI0 6eska in vitro (Ha 11,79 %). Takke
6bUIO OTMEYEHO yBeIMueHye CofepskaHust B-u3ruboB B CTPYKType Oenka
(B 2,32 pa3a). AKTMBHOCTb aHTUIIMTATENbHBIX BeLIeCTB I10 CPaBHEHUIO
C TOPOXOBOJi MYKOJi GblTa CHMKEHA B 5 pas.

BTOpMYHBIA KpaxmMayo-6e/IKOBbI MPOAYKT COmepskaa OKomo 75%
kpaxmana u 10% 6enka. OH OTJIMYAICS MOJOYHBIM OTTEHKOM, MYUHU-
CTBIM BKYCOM CO C/1a6bIM IPMBKYCOM TOpOXa M paclieryieHHOH CTpyK-
TYpOJi 6e3 KPYITHBIX GElIKOBO-KPaxMalbHBIX KOMIIIEKCOB (B CPaBHEHUM
C TOpPOXOBOJ MyKOJ1). IIpOAYKT JeMOHCTpMUPOBaJ MOBLIILIEHHYIO ITepeBa-
pUBaeMoCTb 6e/KOB in vitro (Ha 2,81 %), a Takke yBeIMyeHye ComepsKaHmst
a-criipaneii (Ha 67,90 %) u f-u3ru6os (B 2,37 pasza) mpu OLHOBPEMEHHOM
CHYDKeHUM KojmuectBa B-cmos (B 10,12 pasa). Kpome Toro, Ha6/1104a1och
CHIKeHMe aKTUBHOCTY aHTUIIMTATENbHbIX BEIeCTB.

Ha npumepe 130714TOB, [TOTyYeHHBIX (hepMeHTATUBHOM U 1eIOYHOM
9KCTPaKLMell, yCTAaHOBIIEHO, YTO YBeIMYeHe TeHoo6pasyIolelt Crioco6-
HOCTY 6€JIKOB ¥ CHVKeHMe CTabMIbHOCTY ITeHbI B3aMMOCBSI3aHO C BBICO-
KMM COfiep>kaHyeM B-CTPYKTYP M CO CHYKEHVeM KO/IMYeCTBa o-CIypareit.
[ToBbIIIeHHAs! TTOPUCTOCTh KPYIHBIX YacTuL, 6enKkoB (epMeHTaTUBHO-
I'MIPONM30BAaHHOTO M30JTa CIOCOOCTBOBAIA YBEIMUYEHUIO PacTBOPU-
MOCTM B BOZE M aTakyeMOCTH (epMeHTaMM >KeayJO0YHO-KUIIEYHOTO
TpaKxTa (MencyH, TPUIICUH), YTO YBeIUUMBAJIO, COOTBETCTBEHHO, 610[10-
CTYNMHOCTb M30isiTa. C y4eTOM JOCTUTHYTBIX pe3y/bTaTOB, IOTy4eHHbIN
(hepMeHTaTUBHOI IKCTpaKLMelt poccuiickuMu pepMeHTaMM rOpOXOBbIN
6eJIKOBBIl M30JAT 11e71ec006pa3HO PEeKOMEHI0BATh B KaUeCTBe JIerKOyC-
BOSIEMOTO GEJIKOBOTO MHIPENMEHTa B TEXHOJNOIMSIX M3TOTOBJIEHUSI Ha-
MMTKOB Ha PaCTUTENbHOJ OCHOBE, IIPOTEMHOBbIX KOKTeJIelt, TPOLYyKTOB
MMATAHMS C IEHHOV CUCTEMOI1 (KeKChI, 3edup, macTmia, GMCKBUTHI, KpemMa
M T.N.), 8 BTOPUYHBI KpaXMaio-06elKOBBIi IPOAYKT — B TEXHONIOTUY U3-
TOTOBJIEHMS] SKCTPY3MOHHBIX CHEKOB.

Ta6nuiia 4. CogepskaHme BTOPMYHBIX 6E/IKOBBIX CTPYKTYP B 00pasuax, % OT 06IIero KoJmiecTsa
Table 4. Content of secondary protein structures in samples, % of total amount

BTopu4YHBbIe CTPYKTYPbI
TopoxoBass MyKa

Uzonar. PepMeHTATUBHAS

O6paser,

W3zonar. Kpaxmaimno-

3KCTPaKIVIS IllenoyHass 3KCTPAKIVIS 6eJIKOBBIV IIPOXYKT
o-Crmpanm 34,73+1,87° 22,67+1,15° 48,161,044 58,31+2,64°
B-cmoit 43,82+2,36¢ 16,74%0,902 17,86+0,88 4,33+1,04°
B-13rM6bI 7,98+0,50¢ 44,13+3,892 18,940,634 33,47+3,13b
HeynopsimoueHHast CTPyKTypa 13,46+1,02¢ 16,46*0,46? 15,04+0,49 3,89%1,07°

Tpumeuanue: 2> — snauymas pasHuia Mexxay obpasuamu (p < 0,05).
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NCIIOJIb3OBAHUE KOJIOPUMETPUUN C TPEX®PA3HBIM
KOO PUINMEHTOM OTPAJXEHUSA OJIS1 BBIABJIEHUSA ®PAJIBCUPUKALINN
CBEJXET'O MOJIOKA BOCCTAHOBJIEHHBIM CYXUM MOJJIOKOM

Msrkonocos [I. C.*, Tonuukosa E. B., A6pamos /1. B., Kamrunukosa O. T.
Bcepoccuiickuit HayuyHO-MCC/IeI0BaTeAbCKMI MHCTUTYT Mac/a0ae/ s 1 ceipofenns, Yriaud, SpociaBckas 06;1acTh, Poccus

Hayunas cTaTbs
Open access

K/IFOYEBBIE C/IOBA: AHHOTAILINA
MOJI0KO, CyX0e MOJIOKO, ABTOpaMM IIpeIJIOKeH MeToJ PacKpbITys danbcudukanmy HaTypaJbHOIO CBEXKEr0 MOJIOKA JoOaBjIeHyMeM CyXOTro MOJIOKa,

panscupurayus, OCHOBaHHBI/ Ha KOMMYECTBEHHOI OLIeHKe COlepsKaHusl POAYKTOB HauaabHOI CTaauyu peakiyy Maitapa, SB/IsIOIMXCS CIIeIy-
peakyus Matispa, (ryeckuM MHOMKATOPOM MPUCYTCTBUSI CYXOTO MOJIOKA. Peam3aiyst MeTofa IpeaoiaraeT BbieeHne 13 MOJIOKa Ipernapara
KoJl0puMempust CYXOTO0, OUMIIEHHOTO OT JIAKTO3bI Ka3eMHa, OC/IeAYIONIYI0 ero TEIIOBYI0 00paboTKy B CTPOrO KOHTPOMMPYEMbIX YCIOBUSIX. DTU

YC/IOBMS BK/TIIOUAIOT MOiepKaHye BIasKHOCTM Ha YPOBHE MPUOIM3UTENTbHO 6% u TemmepaTypbl 100+1°C B TeueHue Mty va-
coB. B mpoiiecce TerioBoit 06paboTKM MPOUCXOAUT TpaHCHOpMaIs HEOKpAIIEHHBIX TPOAYKTOB HaYa/bHOV CTaAuM PeaKiun
Majiapa (JIaKTO3WJIMPOBAaHHBIX aMMHOTPYII aMUHOKUC/IOT) B MeJIaHOMIbI, XapaKTepu3yIoIuecss MUHTEHCUBHOI OKpacKoit. VH-
TEHCUBHOCTb OKPACKY MeTaHOUAOB MOXKET ObITh M3MepPEeHA C UCIIONb30BaHMEM KOJIOPUMETpPA U MPEACTaBlIeHa B KOOPAMHATAX
usetoBoro npocrpancrsa CIE L*a*b*. KoHLeHTpaiys MeJlaHOMIHbIX IIMTMEHTOB MOKET ObITh ONpeIe/ieHa ¢ IPMMEHEHMEM KaK
CTaHAaPTHOTO KPUTEPHMs 0OLIETO LIBETOBOTO pasnnuus (AE), Tak 1 IpejiaraeMoro aBropamu KomruiekcHoro kputepust (KCh), ko-
TOPBI PACCUMTHIBAETCS KakK coOTHOIIEHNe 3HaueHni Chroma u Hue. Kpurtepuit KCh gemoHcTpupyeT 60jiee BbICOKYIO TOYHOCTD
B OIMMCAHNM B3aMMOCBSI3M MeXKIY MHTEHCMBHOCTBIO OKpAIIBaHNs 06pa3iia ¥ MacCcoBOI [107eii GeTka CyXoro MOJIOKa B CMeCH 110
CpaBHEHMIO CO CTaHAAPTHBIM KpuTepuem AE. PazpaGoTaHHbI KOJOPUMETPUUIECKIMIT METO, 06ecIieunBaeT BO3MOXKHOCTh BbISIB-
JIeHWs1 ,06aBJIeHMsI CyXOro MOJIOKA Ha YPOBHE MPUOIM3UTENTBHO 5 r[paMMOB Ha 1 JIMTP CBEKEro HaTYpaJbHOTO MOJIOKA.
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USE OF TRISTIMULUS REFLECTANCE COLORIMETRY FOR DETECTION
OF FRESH MILK ADULTERATION WITH RECONSTITUTED DRY MILK

Dmitry S. Myagkonosov, Elena V. Topnikova, Dmitry V. Abramov, Olga G. Kashnikova

All-Russian Scientific Research Institute of Butter and Cheesemaking, Uglich, Yaroslavl Region, Russia

ABSTRACT

The authors propose a method for disclosing the adulteration of natural fresh milk by adding powdered milk, based on a quan-
titative assessment of the content of products of the initial stage of the Maillard reaction, which are a specific indicator
of the presence of powdered milk. Implementation of the method involves isolation from milk of the preparation of dry,
lactose-purified casein, followed by heat treatment under strictly controlled conditions. These conditions include maintain-
ing a moisture level of approximately 6 % and a temperature of 100+ 1 °C for five hours. In the process of heat treatment, the
transformation of uncolored products of the initial stage of the Maillard reaction (lactosylated amino groups of amino acids)
into melanoids characterized by intense coloration takes place. The color intensity of melanoids can be measured using a col-
orimeter and represented in color space coordinates CIE L*a*b*. The concentration of melanoid pigments can be determined
using both the standard criterion of total color difference (AE) and the complex criterion (KCh) proposed by the authors, which
is calculated as the ratio of Chroma and Hue values. The criterion KCh demonstrates a higher accuracy in describing the rela-
tionship between the staining intensity of the sample and the mass fraction of milk powder protein in the mixture compared
to the standard criterion AE. The developed colorimetric method makes it possible to detect the addition of dry powdered milk
at the level of approximately 5 grams per 1 liter of fresh natural milk.
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1. BBegenue

@anbcuduKaIys — 3TO YMBILUIEHHOE M3MeHEeHMe COCTaBa POAYyKTa
WU TIPUAAHME TPOLYKTY CKPBITBIX CBOMCTB, MHPOPMAIMS O KOTOPBIX
SIBJISIETCSI 3aB€IOMO HETIO/THO UV HeOCTOBEPHOIL. [J06aBIeHye CyXoro
MOJIOKa K HAaTypaJbHOMY MOJIOKY WM TpPOAaxa BOCCTAaHOBJIEHHOTO
CYXOro MOJIOKa I1Of, BUJIOM HaTypajabHOTO, SIBJISIIOTCS OOHMMU U3 Hau-
6osiee pacpocTpaHeHHbIX GopM danbcudmKay MOJIOYHO TPOAYK-
uyy B mupe [1,2]. PackpsiTie danbcubukanmy HaTypaJIbHOTO Y TEPMU-
yecku 06paboTaHHOrO MOJIOKA CYXMM IpeNCTaBiseT co60il CI0XKHYIO
aHAIUTUYECKYIO 33/1auy BBUAY CXOJICTBA X COCTABA, TAK U B CIEICTBUN
BapualMy XMMUIECKOTO COCTaBa TepMUUYECKM 06pabOTaHHOIO MOIOKa
U3-3a MIMPOKOI Bapualuuy MPUMEHSIEMbIX PEXVMOB TEIIOBOI 0b6pa-
60TKM [3,4].

O UUTUPOBAHUS: MarkoHocos, [I. C., Tonuukosga, E. B., AGpamos, /1. B.,
Kamumkosa, O. I. (2025). Vcmonb3oBaHue KOJOPUMETPUM C TpexdasHbIM KO3bh-
buMeHTOM OTpaXkeHMsl [isl BbIsIBIeHMsT (hanbCuduKaym CBEKXero MoJoKa BOC-
CTaHOBJIEHHBIM CYyXMM MOJIOKOM. [Tuwyesste cucmemst, 8(2), 296-305. https://doi.
org/10.21323/2618-9771-2025-8-2-296-305

Inst o6HapykeHust hanbcubuKamm CyXum MOJIOKOM MOJIOYHO¥ ITPO-
IyKUMM GbLIO pa3paboTaHO 6GONbLIOE KOAMYECTBO MeTOHOB, 6a3upylo-
LIMXCST HA pasHbIX Gu3nueckux npuHimnax. CCbUIKM Ha YKa3aHHbIE Me-
TOJbI IPUBEJIEHbI, B YaCTHOCTH, B paborax [2,4-6].

K Hacrosimiemy BpemMeHM HauOonee HaJeKHbIMM TPU3HAHbI METOIbI
BbIsIBIeHMsT (hasbeuduKaLmMy CyXMM MOJIOKOM, OCHOBaHHbIe Ha OLIEHKe CO-
nepskanust pyposnHa [7]. @ypo3uH SIBsIeTCs] IPOM3BOAHBIM OT JIAKTO3UIIN -
POBAHHOTO JIM3MHA — IPOAYKTa HAYaIbHOM CTagmuu peakuyyu Maiisipa, o6pa-
3yIOLIErocs B GOMBIIOM KOJMMYECTBe B IPOLIecce BBICYIIMBAHMS MOIOKa [8].

TunuuHoe comepskanue Gypo3uHa COCTABISET:

U B ceipom Monoke — 4-10 mr/100 r 6enka [9-11];
U B macTepM30BaHHOM MOJIOKE C HM3KMM YPOBHEM TeIUIOBOI Harpys-

K1 — 6-7 mr/100 r 6enka [9];

FOR CITATION: Myagkonosov, D. S., Topnikova, E. V., Abramov, D. V., Kash-
nikova, 0. G. (2025). Use of tristimulus reflectance colorimetry for detection of
fresh milk adulteration with reconstituted dry milk. Food Systems, 8(2), 296-305.
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U B macTepu3s0BaHHOM MOJIOKE C BbICOKMM YPOBHEM TeIIOBOJ Harpys-
k1 — 12-29 mr/100 r 6enxka [12];

0 B ynbrpanactepusoBaHHoM (YBT) Monoke ¢ 06paGoTKOi KOCBEHHBIM
MeTtogom Harpea — 100-250 mr/100 r 6enka [10,13];

O B cyxom monoke — 50-300 mr/100 r 6enka (6e3 xpaHenus) u 270—
700 mr/100 r 6enka (rocae 1-2 jeT XxpaHeHUs! TPU KOMHATHO TeM-
neparype) [9-11].

C 2005 rozma meTtop, BbisiBIeHUST hambcubuKalmy MacTepru30BaHHOTO
n VBT moroka ¢ fobaBieHueM Cyxoro MojoKa 110 cofepkaHuio Gyposu-
Ha ¥ 1aKTyn03bl NpuHAT B KHP B KauecTBe rocygapCTBeHHOrO CTaHAap-
Ta [12]. B HacTosiLlee BpeMsl JelicTBYeT HOBasl pefaKiys JAHHOIO CTaH-
napra NY/T939-20161.

PernmamenTupoBaHHasi B YKa3aHHOM CTaHAapTe MeTOIMKa BbISBIIe-
Hysl Gypo3MHa C MUCIONb30BaHMEM BBICOKOI(DdEKTMBHOM JKUAKOCTHOM
xpomatorpadun (BOXKX) u ynerpacdmoneroBoro gerekropa (A = 280 HM)
TpebyeT TIIATeNbHOCTY MPOBeAEeHMS MPOLeAypbl IPOGOIIOATOTOBKY, OT
KOTOPO1 3aBUCUT YYBCTBUTENIBHOCTD U MOTPEIIHOCTh MeToAa [14]. beinu
MpeATIPUHSTEl MCCIeAOBaHMUSI [0 YCOBEPIIEHCTBOBAHMIO METOAVKM.
B yacTHOCTH, C Lie/bl0 TOBBIIIEHNS] YYBCTBUTENIBHOCTY U HaAEXHOCTU
B3XKX-ompenenenus: pyposuna c npumeHenmem YO-merekropa, Ho et
al. [3] mopuduumpoBanu npouenypy TeeprodasHoii SKCTpaKkyy Ha CTa-
IV TIOATOTOBKY 06pa3sI[oB MOJIOKA K XpomaTorpaduy. ITO II03BOIUIO
YBEJIMUUTH Ha XpOMaTorpaMMe aMIUIATYAYy NuKa Ghypo3uHa, 10 KOTOpOo-
MYy IIPOBOJIMTCSI KOIMUYECTBEHHAs OLleHKa IO/ BOCCTaHOBJIEHHOTO MOJIO-
Ka B 06paslie CBEXETO.

Liu et al. [12] pa3paboranyu ycoBepIIEHCTBOBAHHYI MOIUGUKALNIO
merona B2JKX nis1 BBISIBIIEHMST IIPMMECH CyXOrO MOJIOKA B TEPMMUUYECKU
06paboTaHHOM MUTHEBOM MOJIOKE IO COIepskaHuio QyposuHa, mpyume-
HMB BMECTO MCIIOIb3yeMOro B CTaHAapTHON Mertopuke NY/T939-2016
yAbTPaGMONeTOBOTO AEeTEeKTOpa, TaHAEMHbI Macc-CIIeKTpoMeTpuye-
CKuit JerekTop. MogudupoBaHHbIit METOJ, MMeeT MeHBbIIYIO ITorpell-
HOCTb ¥ MT03BOJISIET BBISIBJISITh HaJMuMe MeHblIelt J03bl CyXOro MOJIOKa,
4eM CTaH[apTHbIV MeTO.

OlleHKa, OCHOBaHHAsI Ha OIpeJeNeHUy copepXaHusi GpyposuHa, He
BCerza Mo3BOJIsIeT JOCTOBEPHO BBISIB/ISTH Ha/MUMe CYyXOro MOJIOKA B Ia-
crepn3oBaHHOM U YBT MosiOKe BBMIY 3HAUMUTEIbHOV BapMaTUBHOCTU
coziepskaHMsI B MX COCTaBe MPOAYKTOB peakuyy Maiisipa [6]. 9To TpebyeT
pa3paboTKu Apyrux, 6omee HaJEXKHBIX METOAOB st AuddepeHman
TepMMUUecky 06paboTaHHOrO HATYPaIbHOTO MOJIOKA Y BOCCTAHOBJIEHHO-
r'0 MOJIOKa, OPMEeHTMPOBaHHBIX Ha MCIIOIb30BaHNe GOJIbLIEr0 KOIMYEeCTBa
XUMMUYECKMUX MHAUKATOPOB [4]. COBpeMeHHbIVi IIOAXO/, K PellleHII0 TaKUX
CJIOXKHBIX aHAIUTUYECKMX 3a[a4, Kak BblsiBaeHMe danbcubykanuy mnm-
IIeBBIX IIPOAYKTOB, 3aK/II0YAeTCsI B ITOMYIEHUY OT MCCIeLyeMoro o6pas-
1la MacCcuBa M3MepUTENbHBIX CUTHAIOB, C MaKCMMAaJIbHON IIOTHOTOM
OTpaKaWIIUX ero CJIOKHbI XMMMUYECKUii cocTaB. [JaHHbIe M3MepeHUit
06pabaThIBAIOTCSI METOAAMY XeMOMETPUKMY, BKIIOYAOIMMY KaK KJIacCh-
YyecKye NPYeMbl CTATUCTUIEeCKOi 06paGoTKM, Tak U MPOLeNypPbl JOObIUN
JaHHBIX C IIOMOIIbI0 MAlIVMHHBIX aJITOPUTMOB [2].

B pa6ore Tan et al. [4] &y BBISIBIeHMsT 6MOMapKepoOB, KOTOPbIe MO-
I'yT ObITH MCIIOB30BaHbI JJIsI KIacCUPUKALMM YIbTPanacTepu30BaH-
HOTO M BOCCTAHOBJIEHHOTO MOJIOKA, ObUI IIPMMeHeH MeTo[, HelleseBOoit
MeTaboJIOMUKMA. AHAJIN3 MeTabomMuecKux mpoduieit BOCCTaHOBIEHHO-
ro ¥ yJAbTpanacTepu30BaHHOIO MOJIOKA IIPOBOAMIICS C MCIIOIb30BaHM-
eM TeXHUKM CBEepXIPOM3BOAMUTETbHOI >KMUAKOCTHOM XpomaTorpadmu,
COBMEIIEHHOM C KBaJPYIIOAbHOV BPeMSIIPONIETHOJ Macc-CIIeKTpoMe-
tpueit (UPLC-Q-TOF-MS) wimu c TaHZeMHOJ Macc-CIeKTpOMeTpuet
(UPLC-MS/MS). C nomouipi0 Mepapxmyeckoro KjJIaCTepHOro aHaaim3a
ObUIO BBIZEEHO TPY KaTerOpuu MapKePHbIX MeTaGoIUTOB (MENTULIBI,
JIMTINIBL M HYK/IEMHOBbIE KMCIOTHI), OTINMYAI0LIVIX BOCCTAHOBJIEHHOE CY-
X0€e MOJIOKO OT y/AbTpanacTepu30BaHHOTO MOJIOKa. B yacTHOCTH, B yiIb-
TpanacTepy30BaHHOM MOJIOKe HabIoanoch 6ojee BHICOKOE ConepsKa-
HMe BUTaMMHA B5 M ero mpomsBOIHbBIX, MeTaOONMUTOB HYKIEMHOBbIX
KUCIOT (HUKOTMHAMUJ, UUTUAVH, afeHo3MH), docdhonmnmaos u mnpo-
IYKTOB MX pacraja, a Takke MPOLyKTOB ruaponu3a 6enka (IenTuaoB),
B CPaBHEHUM C BOCCTAaHOBJIEHHBIM MOJIOKOM.

Cui et al. [5] B cBOEM MCC/I€IOBaHMM TIPUMEHWIIN TIOAXOM, HELeJIeBO
JIMIUAOMMKY B COUETaHUM C XeMOMeTpMeii 111 pa3niudeHns yabTpanacre-
PM30BaHHOTO ¥ BOCCTAHOBJIEHHOT'O MOJIOKA C IIOMOLIbIO CBEPXITPOM3BOAMN-
TeJIbHO KMIKOCTHOI XxpoMaTorpadmum, COBMeIeHHO ¢ KBaAPYIIOIbHOMI
Macc-CIIeKTPOMETpPHME CBEPXBBICOKOTO PaspelleHus] C OpOUTaNIbHO VIOH-
Hoii noByukoi (UPLC-Q-Exactive Orbitrap). [IaTHaALATh IUITULOB ObUIU
MOeHTUGUIVPOBaHbI Y BbIOpaHbI B KauecTBe 6110MapKepoB ISl pasinye-
HMS yIbTpanacTepu30BaHHOIO ¥ BOCCTaHOBJIEHHOT 0 Mo/oKa. ComepskaHue
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OIHMX V3 3TVX BEILeCTB 6bIIO BBIIIE B YIBTPANaCTEPM30BaHHOM MOJIOKE,
a Ipyrux — B BOCCTAHOBJIEHHOM. B cOOTBeTCTBMY C BbIGPaHHBIMY GMOMap-
KepaMy JIMIIMIHOTO TPOMCXOKIEHMST Oblla CO3JaHa AMCKPYMMHAHTHAS
Moze/b, obecrieunBaroas HajgexxHoe nyuddepeHLMpoBaHNe yIbTparnac-
TepU30BaHHOI'O ¥ BOCCTAHOBIEHHOT'O MOJIOKA.

HeweneBoii nentuaoMmu4ecKuii oAXoa, OCHOBaHHbI MHOTOMEPHOM
aHa/MM3e JaHHbBIX, O6bUT IpUMeHeH B padore Tan et al. [15] aJist BbisiBIIe-
HMS TIeNITUIOB, MOTEHIMAIbHO MO3BOJSIOUIMX OTIMYATh y/IbTparacre-
pU30BaHHOE MOJIOKO OT BOCCTAHOBJIEHHOro. AHa/nM3 cocTaBa 06pa3LoB
MPOBOJMIICS C UCIIO/Ib30BaHMEM CBEPXIIPOM3BOAUTENbHO XKUAKOCTHOMN
xpomartorpaduu, COBMEIIEHHO! C KBaApyIOIbHOI BpEMSITPOIETHOM
macc-criekrpometrpueit (UPLC-Q-TOF-MS). [lenrrupnbie nmpodwim Boc-
CTaHOBJIEHHOT'O U y/IbTpaANacTepu30BaHHOTO MOJIOKA CYIeCTBEHHO pas-
nuaamick. M3 ycraHoBiaeHHbIX 1352 meTabonutoB (Maccoit 50-2000 [a)
6bUTM UAEHTU(DULMPOBAHBI TPUALIATH TPY MAPKEPHBIX MENTULA, COIEP-
sKaHMe KOTOPBIX CYLIeCTBEHHO PasInyanoch B YIbTpanacTepy3oBaHHOM
¥ BOCCTAaHOBJIEHHOM MOJIOKe. B OCHOBHOM IeMNTH/AbI MMeN IIPOUCXOXKe-
Hye oT C- u N- TepMUHaIBHBIX Py KasenHa. KimoueBsiMu hakTopamu,
MIPUBOISIIYIMY K 06pa30BaHMIO IIENTHIOB, GBUIM TEIUIOBAsI HATPy3Ka IIPK
MIPOU3BOACTBE UV TUAPOIN3 GETKOB HATMBHOI IIPOTea30il MOJIOKa.

Du et al. [16] co3gany YyBCTBUTENbHBIN M HaJeXKHbIN MOAXOH, AJIS
o6HapykeHus1 GanbcuduKaLMM CyXMM MOJIOKOM HATypaJbHOTO MOJIO-
Ka MyTeM aHanu3a npoduieil M3MepUTeNbHBIX CUTHAJIOB MHTAKTHOTO
6eiKa ¥ MEeNTHUIOB, IOMYYEeHHbIX IPY THIPOJIN3E C IIOMOIIBI0 TPUIICHHA.
AHanus cocraBa 06pa31[0B IIPOBOIMIICS C UCIIONIb30BaHMEM cBepXabdek-
TUBHOJ >KUAKOCTHOJM Xpomarorpaduyu ¢ KBaJpyINOJbHbIM BPeMSIIpPO-
neTHbIM Macc-criekrpomerpoM (UPLC-QTOF-MS). [IBe 6a3bl JaHHBIX 110
MPOGWISIM CUTHAJIOB MHTAKTHBIX GEJIKOB U IENTHULI,0B GblIM 06beHEHBI
¥ 06paboTaHbl MPY MMOMOIIM METOJa aHaI13a OCHOBHBIX KOMIIOHEHTOB
(PCA). Bputu 06HapyXeHbI U TIPeBAPUTENIbHO UAEeHTUDUIIPOBAHbI He-
KOTOpBIe perpe3eHTaTVBHbIE GEIKOBbIE BEIeCTBa, KOTOPbIe MOTYT GBITh
MCIIO0/Ib30BaHbl B KAYECTBE MapKepPOB ISl pa3anueHus] BOCCTAHOBIEHHO-
IO CyXOTO MOJIOKA ¥ HaTypaJbHOIO MOJIOKA, B YACTHOCTH, IIMKO3UINPO-
BaHHbII ONUIIENTH, 06Pa30BAHHBIN U3 o-lTaKTaTbOyMMUHA. Pe3ynbTaThl
[I0Ka3a/y, YTO OObeIIHeH)e NAHHBIX MO3BOJISIET SOCTUTHYTH BBICOKOIA
YYBCTBUTEIBHOCTY aHAIM3a U OTINYATh GanbcuGUIMPOBAHHOE MOJIOKO
C OYeHb HM3KUM YPOBHEM COZlepsKaHMsI CYXOro MOJIOKA OT HaTypaabHOTro
LIeIbHOTO MoJToKa. [Tpeest 06HapYKeHUST CYXOro MOJIOKA B HATYPaJIbHOM
Mmosoke coctaisit 0,5 % (or ob1ero cogepskanus 6eka).

MerTozp! ¢ IpYMeHeHMEeM XUIKOCTHO XxpomaTorpadmy, COBMeIleH-
HOJ C Macc-CIeKTpOMeTpueil BBICOKOM paspeliaioileii Croco6HOCTYU
(B2)XXKX-MC), Mo3BONSAIOT AEHTUDULIMPOBATD GOMBIIOE KOIMYECTBO Me-
TabGOIUTOB M MPOBOLUTDH M3MepeHNe UX KOHIleHTpalyuu. Bmecre ¢ Tem
9TU METOAbI COIPSIKEHbI CO CIOKHOM IMpelBapUTeNbHOM MOATOTOBKOM
06pasiioB, Tpe6yIoleii MHOTO BpeMeHM ¥ OOJbLIero pacxofa opra-
HMYEeCKMX pacTBopureneit. Merombl MHGPaKpacHOi CHEKTPOCKOIMYU
¢ npeo6pasoBanmemM ®Pypoe (FTIR), ciekrpockonuu cpegHero UK-gua-
nasoHa (MIR), paMaHOBCKOJi CIIEKTPOMETPUM U SIepPHOTO MarHUTHOTO
pesoHaHca (SIMP) mO3BOJSIIOT MOMy4YaTh OOBEMbI aHATUTUYECKUX IaH-
HbIX, cornocTaBuMbie ¢ BXKX-MC, HO TIpu 3TOM He TPEBYIOT CIOKHOI
MIpeABapUTENbHO TOATOTOBKM 06Pa310B ¥ OTIMYAIOTCS MeHbIIIeli Ipo-
JIOJDKATEbHOCTBIO aHanmsa [6,17].

B uccnenoBanuu Cui et al. [6] nyis onpesnenenust 6uomMapKepos, 110-
spoysironvx mvddepeHpoBaTh yabTpanacTepyu30BaHHOE MOJIOKO OT
BOCCTAHOBJIEHHOTO MOJIOKA, ObUI McCHonb30BaH Meton SIMP-ananmsa
MeTaboIUTOB B COUETAHMY C XeMOMeTpHeii. B ynprpanacrepru3oBaHHOM
M BOCCTAaHOBJIEHHOM MOJIOKe GbUIO MAEHTU()ULMPOBAHO ONVHHALLATH
COeIMHEHMI, cofepkaHue KOTOPbIX Pasnnyagoch MEXAY YKa3aHHbIMU
TUnamm mosioka. O6paboTKa JAHHBIX C MOMOIIbBIO aHAIM3a OCHOBHBIX
koMmmoHeHTOB (PCA) 1 ¢ MOMOIIBIO OVICKPMMMHAHTHOIO aHanau3a Me-
TOLOM YaCTUMYHBIX HauMeHbIINX KBaapaToB (PLS-DA) mo3Bonuiaa BbIsi-
BUTb Tpy 6Momapkepa (L-KapHUTHH, SIHTAPHASI U YKCYCHAsI KUCIIOTBI), 110
comepskKaHuI0 KOTOPBIX MOKHO MpoBecTy muddepeHImainio o6pasios
yABTPANacTepy30BaHHOIO ¥ BOCCTAHOBJIEHHOTO MOJIOKA.

B uccnegosanmm Du [17] pnst onpenenenust danbcudukanmum CBEXKEro
HaTYpaJIbHOTO MOJIOKA CyXUM MOJIOKOM Ipy nomoiuy MK-crnexrpocko-
MUY C YMEHbLIEHHOM TOMHOM OTPaskaTelbHOM CIIOCOGHOCTBIO U MPEeo-
6pasoBanmem ®ypbe (ATR-FTIR) 6bUT IPOBEEH aHaIM3 MTOTHOTO CITEK-
Tpa U TPeX ero oTHenbHbIXx obmacreit (1800-580 cm~!, 3700-2700 cm!
u 1800-580 cm~! + 3700-2700 cm~!). TlosyyeHHbIe CIIEKTpabHbIe JaH-
Hble GbUIM UCIIOIb30BaHbI AJIs1 00yYeHMs] MallMHHOro anroputma. C mo-
MOILbIO AVCKPUMMMHAHTHOTO aHaliM3a MeTOJOM YaCTMUYHBIX HaMMeHb-
mmx kBagparos (PLS-DA) 1 06pa6GoTKY aIrOpUTMOM OTIOPHBIX BEKTOPOB
(SVM) na6opa mauHbIx B o6actu criekrpa 1800-580 cm~! ymanoch mosny-
YUTh GBICTPYIO M HAZEXHYI0 MaeHTMbMKAIMIO GanbcuduLpoBaHHOIO
mosnoka. K JocToMHcTBaM pa3paboTaHHOTO MeTOa OTHOCSITCS. KOPOTKOe
BpeMs aHa/IM3a Y OTCYTCTBYE 3TAIa IOATOTOBKM ITPOGBL.
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Chu et al. [18] mpumenunu UK-crekTpockonuio ¢ mpeobpasoBaHm-
em ®yppe (FTIR) u HOBejilMe CTaTUCTUUECKME AITOPUTMBbI MAaIIMHHO-
ro obyyeHus AJi1 KayeCTBEHHON MUAEHTU(GUKALMM TOCTOPOHHUX Be-
IeCTB B COCTaBe HATYPaJbHOIO MOJIOKA M KOMMYECTBEHHO OLIEHKM UX
coplep>kaHysi. PesynbTaThl MCCIeOBaHMS IIOKa3aaM, YTO IpUMeHeHue
COBpeMeHHbIX HelIMHEeNHBIX aJITOPUTMOB CTaTUCTMYECKOTO MAIIVMHHOTO
obyuenus: nosbiaet 3ddexkrrBHOCTh FTIR-CIIEKTpOCKONMM TPU TIPO-
rHO3MpoBaHMM Ganbcudukanyy Mouoka. ITO Jalo JIydylliue pe3yib-
TaThl IO CPaBHEHMIO C TPALUIVIOHHO} 06pabOTKO/ JaHHBIX METOIOM
YaCTUYHBIX HauMeHbIIMX KBajgpaToB (PLS). [Ins KauecTBeHHOro oIpe-
JleJIeHVs] TUIIOB BelLecTB, MCIIONb3yeMbIX 1is GanbcuduKaumumy Moioka,
6bla paspaboTaHa BbICOKO3(h(dEKTMBHAS MYIbTUKIACCU(MKALIMOHHAS
MoOJe/lb C MCIONb30BaHMEM aJrOPpUTMa MHOTOCIOMHOIO IepcenTpo-
Ha (MLP), o6ecreunBaionasi BbICOKYI0 TOYHOCTb NPOTHO3MPOBAHUS —
97,4%. Haunmyuuiye pesynabpTaThl IJ1 1ie/leil KOIM4eCTBeHHOIO oIpeze-
JIeHUs! cofiepskaHMsI IIpyMeceit MelaMyHa, MOUeBMHBI M CYyXOr0 MOJIOKa
rnokasanau 6ajiecoBckue peryinsipu3oBaHHble HelipoHHbIe ceTy (BRNN).
Paspa6oTaHHbIe B 3TOIi paboTe ImpecKa3aTeabHble MOLENIM MOTYT GBITh
MHTErPUPOBAHBI B COCTAB IPOrPaMMHOr0 0GecrevyeHus MOPTaTUBHbBIX
VIK-crieKTpoMeTpOB AJIsl IPOBEePOK Ha (hepmax 1 BBIGOPOUHBIX IIPOBEPOK
perynvpyonyMy OpraHaMy, 9To MO3BOJIMT IIPOBOIUTD Goee MacuITat-
HbIe VICITBITAaHMS MOJIOKa Ha 6€3011acHOCTb.

Nikolaou et al. [2] pa3pa6oTranu BOJbTAMIIEPOMETPUYECKUI Me-
TOJ IJi BbIABIEHMS (anbcubUKALUY HATYPAIBHOTO MOJIOKA CYyXUM
MOJIOKOM. MeToJ, OCHOBaH Ha IOJyYeHUM OKMUCIUTENIbHO-BOCCTAHO-
BUTeIbHOTrO Mpoduisi o6paslia npu MOMOLIY IMKINYECKO BOIbTaM-
MEePOMETPUNM C VUCIIOIb30BAHMEM TMOPUIHOTO TPadUT-CUINKOHOBOTO
atekTpona. O6pasipl CBEXXero MOJIOKa Py CKAaHMPOBAHMY Kak C IIpsi-
MBIM, TaK ¥ C O0O6paTHbBIM IMOTEHLMAJIOM I10Ka3aJyu Ha BOJbTAMIIEpO-
rpaMMax yBeJu4yeHHble IPONOPLMM «IMK/IUIATO», YTO B OCHOBHOM
ObUIO CBSI3aHO C HaAMYMEM B MX COCTaBe MPUPOLHBIX oKcupas. Ilo-
IOGHbBIe MUKM OTCYTCTBOBAIM B 00pasliax BOCCTAHOBJIEHHOIO CYXOT'O
06€e3XMpPeHHOr0 MOJIOKa M3-3a MHAKTUBAUuM (GepMeHTOB M pacraza
HEKOTOPBIX AHTMOKCUIAHTOB, BBI3BAHHOTO TEIUIOBOJ 06paboTKOIA.
MeTop, KOHTponupyeMoit knaccuduraumm gaHHbX (SIMCA) 6buT uc-
MOJIb30BaH [JisI MOZEJIMPOBAHUSI KIacca «CBEXee MOJIOKO» C IpefBa-
pUTENbHBIM 00yueHMeM Ha HaGope u3 12 06pa3iioB CBEXKEro MOJIOKA.
[TporHo3upoBaHue ciaydaeB ¢danbcuduranmum cBexkero MoOIOKa CyXUM
BOCCTAHOBJIEHHBIM 06€35KMPEHHBIM MOJIOKOM 6BIIO BBIIIOIHEHO C MO-
MOIIIBIO PErpeCcCMOHHOIO aHa/IM3a METOAOM YaCTUYHBIX HAMMEHbIINX
KBaapatoB (PLS). Paspa6oTaHHbI/ BOJIbTaMIIEPOMETPUUECKUI METOJ,
MMeeT npefea o0HapykeHUst 6 % 1 MO3BOJSIET OT/INYATh 06pa3Iibl CBE-
3Kero MoJIOKa OT 06pa3uoB, dhanbcuduULIMPOBAHHBIX BOCCTAHOBIEHHBIM
CyXuM MOJIOKOM. HelocTaTKOM MeTOJa MOKHO CUMTATh CIOKHYIO ITPO-
Llelypy M3TOTOBJIEHMS ¥ KOHTPOJISI KayecTBa 3/1eKTPOIUTUIECKO sueli-
KM, KOTOPYIO MOXKHO BBITIOJIHUTH TOTBKO B CIEIMAIbHO 060PYL0BaHHOI
y1abopaTopunt.

Jin et al. [19] pa3paboTaH HelLieneBOii MeTOA OOHApYXeHMsT daabCu-
bMKaLMM MONOYHBIX MPOAYKTOB, OCHOBAHHBI Ha 06pabOTKe NaHHBIX,
[IOJTyYeHHBIX C TIOMOIIBI0O PaAMOM30TOMHOIO aHAIM3a, METOAAMM Xe-
MOMeTpUKM. MeTomaMy pPafyoM30TOITHOTO aHauu3a GbUIO ONpeleneHo
comepkaHue CTabMIbHBIX M30TONMOB Bogopona (82H), yrineponma (513C),
asora (815N) u kucnopona (5180) B 232 o6pasiiax Cyxoro MojioKa u B 88
06pasiax CBeXero MoJoKa, COOpaHHBIX 1O BceMy Mupy. IlonydeHHbIN
MacCyB JaHHBIX GbUI 06paboTaH MeTOAaMM HMPMHUMITMAIBHOTO aHAIM-
3a KOMIIOHeHTOB (PCA), mMHeHOro AMCKPUMMUHAHTHOrO aHanu3a (LDA),
a TaKKe MCIIONMb30BaH Jig 00yueHus] HeiipoHHbIX ceTeit (ANN) mis or-
peneneHys] KpUTEpUEB OTIMUMSI CBEKET0 MOJIOKA OT BOCCTAHOBJIEHHO-
ro. C momouibio OLEeHKM COAepyKaHusl CTabMIbHBIX M30TOIOB YI/Iepoaa,
a30Ta, BOLOPOJa M KMCIOPOa B COYETaHUY C XeMOMETPUYeCKMMU MeTo-
JIaMM yAaI0Ch UOEHTUDUIMPOBATh BOCCTAHOBIEHHOE MOJIOKO U CBexee
MOJIOKO C TOYHOCTBIO A0 99,6 %.

OmucanHbie Bbillle MeToabl — BI)KX-MC, nHbpakpacHas CIeKTpo-
CKOTIMS, SIIePHBIIt MarHUTHBIV Pe30HaHC, PaIVOM30TOITHbIN ¥ BOJIBTaM-
repoMeTpuUYecKuii aHaau3 — B COYeTaHMM C IIPOJBUHYTBIMM CTATUCTU-
YeCKMMM MeToJaMyu 006paboTKu 3(PGEKTUBHO PELIaloT MOCTaBAEHHYIO
3amady. Bmecre ¢ TeM yKasaHHble MeTOHbI TPEOYIOT MCIIONb30BAHMS
CJIOXKHOTO JOPOTOCTOSIIIEr0 M3MEPUTENbHOTO 060PYyIOBaHMS U TIPUBIIe-
YeHMs] BBICOKOKBAIMGUIMPOBAHHOIO IIepcoHaNa, YTO OrpaHMYMBaeT
BO3MOKHOCTb MX IIMPOKOTO BHEAPEHMSI.

Llepl0 HACTOSILIETO MCC/IENOBaHUS SIBISIETCSl pa3paboTKa MeToxa,
MpeJHA3HAYEHHOTO AJIST PACKPbITHS danbcuduUKaUy CyXMM MOJOKOM
CBeKero HaTypajabHOro Mojoka. Konopumerpuueckuit MeToz, rpejiara-
eMBIii aBTOpaMy, NpeJCTaBisieT co60i MOOVNKALIMI0 METOa OLeHKM
MHTEHCUBHOCTM IacTepu3alMy MOJIOKA, ONMCAHHOIO B Halieii pabo-
Te [20]. MeToz IIPOCT B peanu3saluy 1 He TpeGyeT MPUMeHEeHUS CTIOKHOTO
¥ JOPOTOCTOSIIIETO 060PYIOBAHUSI.
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2. O6'BeKTHI ¥ METOABI

2.1. Mamepuau!

B pa6ore 6bIIM MCIIOIb30BaHbI 06pasibl COOPHOrO CHIPOTO MOJIOKA
(8 06pa3oB OT ofgHOTO MocTaBIIMKa-mpousBoautens — OO0 «ArpuBo-
ra» (SIpociaBckasi 061acTb, YIIMUCKUIA paitoH, 1. [omoBuHO)), 5 o6pas-
1I0B OT pasHbIX rpousBoauTesneit (MockoBcKasi 06/1acTb, JIMUTPOBCKMIL
paitoH), a TaKKe 2 MHAMBUAYATbHBIX 06pa3sLia OT OTAENbHBIX KOPOB, BCETO
15 06pasIoB ChIPOrO MOJIOKA.

Bbutn ucmonb3oBaHbl 4 o6pasiia CyXoro 06e3XKMPEHHOTO MOJIoKa
1 4 06pas1ia Cyxoro IeJIbHOr0 MOJIOKA OT 8 PasHbIX TPOV3BOAUTENE.

VccnenoBaHue MPOBOOMIM HA CMeECSIX HATYypPaJbHOTO ChIPOTO 06e3-
SKMPEHHOTO MOJIOKa C BOCCTaHOBJIEHHBIM CyXuM MosiokoM (BCM), co-
CTaBJIEHHBIX I10 IJIAHY 9KCIIepUMEHTA, TpMBeAeHHOMY B Tabnuue 1. st
TIPUTOTOBJIEHMST BOCCTAHOBJIEHHOTO CYXOT'O MOJIOKA, CyX0e 00e35KMpeH-
Hoe Mo0JI0KO (B KommyecTBe 10 r Ha 100 cmM3 cmecnu) miu cyxoe LieIbHOe
Monoko (14 r Ha 100 cm3 cmecyu) pacTBOpSIM B JeMOHU3UPOBAHHOI
BOZle KOMHATHOJi TeMIlepaTypbl U fajee BblAEePXXMBaIM B XOTOAVIbHU-
Ke 1pu TeMmneparype 5°C B TeueHMe HOUM AJISI TIOJTHOTO PaCTBOPEHMSI.
BoccraHOB/IeHHOE 11e/IbHOE CyX0€e MOJIOKO, TTepes CMeLIBaHMeM C HaTy-
payibHBIM MOJIOKOM 00e3kupuBaayu Ha ueHTpudyre LIJIu-16 (Changsha
Xiangzhi Centrifuge Instrument Co., Ltd., KHP) ipu 10000 06/mMuH B Te-
yenye 10 MuH.

Ta6nuua 1. IiaH 3KCcrepuMeHTa
Table 1. Experiment plan

Macca cBexxero

BapuaHT %ﬁcgﬁam’zgz?;’ Macce; BCM, 006€e3KMPEeHHOro

MOJIOKa, T
1 0 0 80
2 5 4 76
3 10 8 72
4 25 20 60
5 50 40 40
6 100 80 0

CocTaB/ieHHbIe COIJIACHO IJIaHY 3KCIIepMMEHTa MOJIOYHbIE€ CMeCU
VICITIO/ZIb30OBaIN OJI1 IMOJTY4eHMA OUYMILEHHbIX OT JIAKTO3bl IpernapaToB
Ka3euHa.

2.2. Memoobi

2.2.1. Memodest uccnedosanus gpakyuu 6eK08 MoJoKa
MaccoByio mosio 06Iero 6eka B MOJIOKE OIpemessii MEeTOIOM
Kvenbpans o I'OCT 23327-19982

2.2.2. [IpuzomogieHue oHUWeHHbIX 0M JIaKmMo3sl npenapamos KaseuHda

VI3 cocTaB/IeHHBIX COIIACHO TUIAHY 3KCIIEPMMEHTa MOJIOUHBIX CMe-
celt TIOMyYaay OUYMILEHHbIE OT JIAKTO3bI MpernapaTsl KaszemHa. s aTo-
ro CHayaja BbIAEJISIM KaseuH M3 Mojoka: 40 cM3 MO/IOKa IepeHOCH-
M B UeHTpUdYXHYIO MpobupKy o6bemom 50 cm>, mobapismn 4 cm®
10%-HoJ1 yKCYCHOJ KUCIOTBI, IepeMelluBaIn, BoigepskuBamy 10 MuH
st GopMMupoBaHMs XIOMbeB Geka U HeHTpudyrupoBaayu Ha LEeHTPHU-
¢yre LIJTH-16 (Changsha Xiangzhi Centrifuge Instrument Co., Ltd., KHP)
npu 5000 06/MuH B TeueHue 5 MuH. HamocamouHyIo KMAKOCTh CIMBA-
JIM, @ Ka3eMHOBBINM 0CalOK IIPOMBIBAIM JE€MOHU3UPOBAHHO BOMOA. 11
3TOTO B CTaKaH C 0CAAKOM JO6GABISIV BOAY, AOBOAS MacCy COIEPKMMOTO
ueHTpudyRHOM Mpobupky fo 35,0+0,1 r. Comep>kumoe Ipo6MPKY TOMO-
reHusupoBanu Ha gucrnepratope ULTRA-TURRAX T 18 digital (IKA, Tep-
manus) pu 15000 06/muH B Teyenne 0,5—1 myuH. Maccy cTakaHa ¢ cofep-
SKMMBIM JoBoawiu 10 55,0+0,1 r, mepemerinBani, v eHTpuUQyrupoBamm
Ha yeHtpudyre LIJIu-16 (Changsha Xiangzhi Centrifuge Instrument Co.,
Ltd., KHP) ripu 5000 06/MuH B TeueHne 5 muH. Hagocamok oT6pachiBasii.
[poBoaMIM MSATh MKIOB MTPOMbIBaHMs. [lo/Tyyany OUMILEHHBIN OT CBO-
6OIHO1 TAKTO3bI KA3EMHOBBIII CTYCTOK.

ITpoMbITHIl Ka3eMHOBBII CTYCTOK Hape3aay HOXXOM Ha yacTy pasMe-
poMm He Gosee 3% 10 MM, ITOC/Ie Yero M3Meabuaii, MpoaaBIuBas yepes
CUTO U3 IPOBOIIOYHOII ceTky 14 Mesh (pasmep stueiiky — 1,43 % 1,43 mm).
YacTuirpl M3MebUeHHOTO CTYCTKA BBICYIIMBAIM HA OTKPBITHIX YaIIKaX
ITeTpu mopA, TSIr0¥ MpY KOMHATHOI TeMIiepaType B TeueHue 2,5 4 C 1ie-
puoaMUYeckuM nepemelinBaHueM. [loyyanu OYUIIEHHbI OT CBOGOIHOI
JIAaKTO3BI CyXOJi Iperapar Ka3enHa. MaccoBasi oSl Blaru B rpernaparax
BapbMupoOBasa B mpenenax 6,15+0,71 %.

2 TOCT 23327-98. MOJIOKO ¥ MOJIOYHBIE MPOJYKTHI. MeToA M3MepeHus] Macco-
BOJ1 oM 06111ero a30Ta Mo Kbebaastio u onpeaesieHne MaccoBoii fou 6enka. M.:
Craugaptuudopm, 2009. — 8 c.
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2.2.3. KoHmpoinb aphpekmugHocmu npomul8aHus Ka3euHo8ozo 0caoka
om 1akmo3sl

DddeKTUBHOCTh MPOMBIBAHMS Ka3eMHOBOTO OCagKa OT CBOOOMHOI
JIAKTO3bI OLIEHMBAJIM KOCBEHHO, 10 COAEPKaHUI0 B MPOMBIBHBIX BOZAX
6eJIKOBBIX BEIIECTB, PACTBOPUMBIX B 2,5 %-M pacTBOPE TPUXIOPYKCYCHO
KUCIOTHI (TXY). [ljist 3TOTO B 1leHTpudYKHbI cTakad Ha 50 cm® momerna-
7V 06paser; MPOMBIBHOJ BOZBI B KomdecTse 12 cm3, K KoTopoji mo6aBJis-
m 0,8 cm® pactBopa TXY kKoHueHTpaumeii 40 % (Bec/Bec), IJis IOTydeHUS
koHUeHTpauuu TXY B pactBope 2,5 %.

Cmech nepemeniBaayu Ha Boprekce VX-MT (Xiamen Branch Tongxin
Biomedical Technology Co., Ltd., KHP), mocyie 4ero BbIgepsKMBaIu B CO-
CTOSIHUM TT0KOS B TeueHme 10—15 MuH 1151 popMuUpoOBaHMsI XJIOIbEB Gest-
Ka. [IponomKUTeIbHOCTD BbIAEPKMBAHMS ObUIA YCTAHOBJIEHA aBTOPaMU
B IpeAbIAyineM uccnenoBanuu [21]. Janee o6pasiibl eHTpudyrnpoBamn
Ha ueHtpudyre LJIH-16 (Changsha Xiangzhi Centrifuge Instrument Co.,
Ltd., KHP) mpu 10000 06/muH B Teuenme 10 mmuH. Hagocamok ¢dumbsTpoBa-
s Ha GUIbTpax U3 HeiloHa ¢ pasmepom nop 0,45 mkm (Tianjin Jinteng
Experiment Equipment Co., Itd, KHP).

ComepskaHie 6eIKOBbIX BEHIECTB B IMpo6Ge MPOBOAMIN CIIEKTPO(OTO-
MeTpuU4YeckM MeTOAOM IO BeJaudyHe MOITIoLleHNs Ha JauHax BoiaH 280
u 320 HM [22]. ONTHMYECKYIO TUVIOTHOCTh 06pa3iloB U3MEPSUIM B KBaplie-
BbIX KIOBETAX C JIMHOM ONTMYecKoro mytu 10 MM Ha crieKTpodoToMeTpe
PB2201 (3A0 «CriekTpockomnus, ONITUKA U jla3epbl — aBaHrapAHble pas-
paboTku», Pecriybimka Benapych).

KonnuecTBo MpPOMBIBaHMIA CUMUTAETCSI JOCTATOUHBIM, €C/IM B OCBET-
JIEHHOM ¢ romoInbio TXY ¢uibTpaTe M3 MPOMBIBHOI BOZIbI BEIMUMHA
niortouienns (Abs280-Abs320) < 0,1, rme Abs280 u Abs320 — onrTuueckast
[JIOTHOCTD (yibTpaTa Ha ImHax BoiaH 280 1 320 HM COOTBETCTBEHHO.

2.2.4. Tlpoyecc mennosoli 06pabomku npenapamos KazeuHa

Tepen TeroBoi 06pabOTKOM BBICYIIEHHbBIE TIPEMapaThl POMBITOTO
OT CBOOGOIHOI IaKTO3bI Ka3€MHA YIIaKOBbIBAIM Ha MamuHe Henkelman
Boxer 42 (Henkelman Vacuum Systems, Hupepiauzabl) 1on BaKyyMOM
(oTpunaTenbHoe AapneHue 1 Bap; IpoooO/IKUTENbHOCTh BaKyyMMUPOBa-
Hust 20 €) B ITaKeThI M3 KIMMPOBaHHO dhobry TommyHoi 200 mkm (Hefei
Tao Lai Tao to E-commerce Co., Ltd, KHP). lepmeTiuHas yrakoBKa 6bla
Heo6xoaMMa sl TpeJoTBpalleHys BbITIapMBaHMsI BIArK U3 TIperapaToB
KaseuHa.

TersioBylo 06paGOTKy IperapaToB Ka3euHa IPOBOOMIM B HarpeBa-
TeJIbHOM 3/ekTpoinkade mapku CHOJI-3,5.3,5.3,5/3,5-VI5M («HII® Tep-
MUKC», Poccusi) mpu mopJepskaHuM TemmepaTypbl Ha ypoBHe 101%1°C
B TeueHye 5 4. Heo6xomymast TeMiiepaTtypa v Mpofo/KUTETbHOCTD TEIUIO-
BOi1 06pabOTKM OblIa yCTaHOBJIEHA B Mpenbiayiieii pa6ore aBTopos [20].

2.2.5. Memoos! uccnedo8aHus oKpawmusaHus

V3MepeHye MHTEHCMBHOCTM OKpALIMBaHWUS IpernapaToB Kas3eMrHa
nposopuiu B 1BetoBoMm mpocrpanctse CIE L*a*b* [23] mpu momouin
konmopumerpa mogenu NR20XE (Shenzhen Threenh Technology Co.,
Ltd., KHP) ¢ onTuueckoit reomeTpueit cencopa 45°/0° (roe 45° — yron
OCBETUTENISI OTHOCUTENBHO 06pa3na; 0° — yrosi ceHcopa OTHOCUTETbHO
o6pasiia), aneptypoit usmepennust 20 MM U CTaHIApTOM OcCBelleHust D65
(«MICKYCCTBEHHBI/ COMHEUHBIN CBeT»). I M3MepeHus OKpallyBaHMUs
IIOPOIIOK ITpenapaTa Ka3eyHa IIOMeLaIy B M3MEPUTEIbHYIO IPUCTAaBKY
13 KOMIUIEKTa Ajs1 u3mepurens 6enusubsl WSB-1 (JVLAB, KHP), umero-
IIyI0 FeOMeTPUIO KIOBETHI 15 o6pasna: guamerp 21 MM, mry6uHa 4 MM.
[TopouIOK BbIpaBHUBAIM IIPY ITOMOLIM IImnaTesst. [IpoBognau 5 nocieno-
BaTeIbHBIX M3MEPEHMIt, U3 KOTOPbIX OTOMpPAIM 3 pe3yibTara, Jalolix
HaMMEHBIIYI0 CyMMY CTaHJAPTHBIX OTKJIOHeHWii iy L*, a*, b*. Pesynbrat
M3MepeHMit BBIYUCSUTY KaK CpefHee 3HAaUYeHUe 10 TPeM OTOOPAHHBIM
pesy/abTaTaM M3MepeHMit.

BennuyHy 06111€ro 1[BeTOBOTO OT/INUMs AE,, B COOTBETCTBUU CO CTAH-
naptom CIE1976 [23] paccunTbiBamy 1o popmyie:

AE,, = AL? + Aa™? + AD*? (1

roe AL*=L{ - L{; Aa*=aj - aj; Ab*=by - by; Ly, a5, by — mokasaTenau cTa-
napTHOro ofpasua cpaBHeHus; Li, ai, b{ — mokasaTemu 1cciemyeMoro
o6pasiia.

B KauecTBe CTAHAAPTHOrO 06pasiia CpAaBHEHMS MCIIOIb30BAIM IIpe-
rapaThbl Ka3eMHOB [I0 TeIJIOBOI 06paboTKM, B KauecTBe MCCIeqyemMoro
o6pasiia MpUMeHSIIN MperapaThl KA3eMHOB I0C/Ie TEIUIOBOI 00paboTKMA.

VpOBHM 1IBETOBBIX ITOKa3aTesieil, XapaKTepusyIoIIux OTTEHOK M Ha-
CHIEHHOCTD I[BETA, OTPEIe/ISUN 110 afalTMPOBAHHOI [[BETOBOJ LIKajIe
CIE L*C*h*, 0T/10’)keHHOJ Ha MOJISPHBIX KOOPAMHATAX, 110 GOpPMyIaM:

hab == | (2)

rae hy, — uBertosoit yron (hue angle), pan;
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Cip =Va? +b?, (3)
roe C*,, — HaChIIEHHOCTD IBeTa (chroma).

2.2.6. Memodsi cmamucmu4eckoz2o aHaau3a

MaremaTuyeckasi 06paboTKa JaHHBIX OCYLIECTBISIACh C IPUMEeHeHU -
eM nporpaMMHbIX TakeToB Microsoft Excel u Statsoft Statistica (v. 5.5).
OueHky BnusHMs akropa «maccoBasi fons BCM» Ha nepeMeHHbIe OT-
KJIMKa MPOBOAWIIVI METOAAMM OUCIIePCUOHHOTO, KJIACTEPHOTO U perpec-
CMOHHOTO aHanu3a. OLeHKY JOCTOBEPHOCTY OTIMUMIL TI0 OKpAIIMBaHUIO
MeXAy BapMaHTaMM IpenapaToB KaseMHa, IPOBOAMIN C TOMOILBIO Ofi-
HO(aKTOPHOTO AYCIIEPCMOHHOTO aHa/lIM3a METOLOM MapHbIX CpaBHEHMI
TbI0KM. [JOCTOBEPHOCTb OT/IMUMIT MeXAY (GakTOpamMy MPUHUMANACh TIPU
YPOBHE CTaTUCTUUECKOi 3HauumocTu p < 0,05.

3. Pe3ynbTaTrhl M 06CYKAEHUE

3.1. DopmuposaHue oOKpawusaHus

B nporiecce BpICyIIMBaHMSI MOJIOKA TPOUCXOOUT MHTEHCUBHOE Pa3Bu-
Tue peakuyy Maiisipa, Ha paHHeli cTaAuM KOTOPOii GOPMUPYIOTCS JaK-
TO3WIMPOBaHHbIE I'PYNITBI aMUHOKMCIOT. VX comepskaHue MOXKeT GBITh
MCIIO/Ib30BaHO B KauecTBe MapKepHOro Mpu3HaKka OTAMYMS BOCCTaHOB-
JIEHHOTO CyXOT'O MOJIOKa OT CBEXKEro U TepMUUYECKM 06paboTaHHOrO Ha-
TYpaJIbHOTO MOJIOKa [8].

@u3NYecKUil IPMHLMIT ONMChIBAEMOro B HACTOsLIell paboTe MeTona
OCHOBAaH Ha OlLleHKe CoJepKaHMsl JIAKTO3WIMPOBAHHBIX aMUHOKMUCIOT
B MCC/IeNyeMOM 06pasiie MOJIOKAa KOJIOPVMETPUYECKUM MeTOomoM. s
9TOrO U3 UCCIeLyeMOro o6pasia MoJIOKA BIOEISIIOT Ipernapar KazeuHa
¥ TIOLBEPTalOT €ro TEeIVIOBOIi 06paboTKe, I/ MPeo6pa3oBaHMsl COLEp-
SKalVXCsl B HeM MPOAYKTOB HauyaJabHOM cTaguy peakuyy Maiisipa (1ak-
TO3UJINPOBAHHBIE aMI/IHOKI/ICIIOTbI), KOTOpbI€ HE€ MMEIOT 1IB€Ta, B IIPO-
IyKThl puHanbHOM cTaguy peakumu Maiisgpa (MenaHOUIbI), MMelolue
MHTEHCUBHOe OKpauyBaHue. Ilomyyaemasi MHTEHCUMBHOCTb OKpallyBa-
HMS TIperapaTa IPOMOpLMOHAIbHA KOHLIEHTPaluyY MelaHOUI0B, KOTO-
pasi, B CBOIO ouepefib, IIPOIOPLMOHAIbHA KOHIEHTPaLMM IIPeKypCOPOB
peakuMy — TaKTO3WIMPOBAaHHBIX aMMHOKKCIOT. [lepesi TerioBoit o6pa-
60TKOJ Tpernapar Ka3erHa OUMIIAIOT OT CBOOOAHO TakTO3bl. OuMCcTKa
Ka3eMHa OT CBOGOLHOI JIAKTO3bI MMO3BOMISIET U36eKaTh GOPMUPOBAHMS
HOBBIX JIAKTO3M/IMPOBAHHBIX TPYIIIT aMMHOKMUCIOT M ITPOBECTU PeaKLMIo
(bOpMI/IpOBaHI/IH MeJIaHOUO0B TOJIBKO M3 JIAKTO3WMJIMPOBAHHBIX aMMHO-
KUCTIOT, 06pa30BaBIINXCS B IIPOLIECCE TPOM3BOLCTBA CYXOr0 MOJIOKA. AB-
TOPBI MOATBEPANUIN BO3MOXKHOCTb IIPMMEHEeHMs] aHaJIOTMYHOr0 1oIX01a
[IJIS1 OLeHKM COZepsKaHusl NPOAYKTOB PaHHel cragmuy peakuuyu Maiisipa
Mpu pa3paboTKe KOJIOPUMETPUUECKOTO METOA OTIPeSeeHNsI MHTEHCHB-
HOCTU Tactepusaumm mosoka [20]. VkazaHHbI MeTop, 6611 Moauduim-
POBaH B LIeJISIX MTOBBILIEHMST MHTEHCUBHOCTY OKPALIMBAaHMSI 06pa3ioB 3a
CYeT ONTMMM3ALMY YCIOBUIL peakiuu GopMUpOBaHUS MeTaHOUIOB.

WccnenoBaHusl yKasplBalOT Ha CWIbHOE BJMSIHME KOHLEHTpauuu
BOJIbI B PEAKIVIOHHOI cpenie Ha HOpMMPOBaHMEe MeJIaHOUIOB B TeUEHUE
dbuHanbHOM cTaguy peakuuy Maitsipa [24,25]. HedbepmeHnTaTuBHOe 110-
6ypeHue (popMupoBaHue MeaHOUIOB) SIB/SIETCS PeaKiyieil, OrpaHNIM-
BaeMmoit ckopocTtbio audadysun (diffusion-limited reaction). Boga BbicTy-
aeT B POJIY PACTBOPUTEISI U MTepeHOCUYMKa IIPeKypcopoB peakuyu. [Ipu
HU3KOM COIeP>)KaHMM BOIbI IIPOVCXOINT CHIKeHYe cKopocTy nyubdysum
pearupymoIux MOJeKyslI, YTO BeleT K 3aMeljeHuI0 peakuuyu Maiisipa
BIUIOTb /10 TIOJTHO¥ OCTAHOBKM [26]. B mensx coxpaHeHMs Blaru B IIpe-
rapaTax KaseyHa MX TepMeTMYHO 3aIledyaThlBaay B MakeTsl U3 GONbru,
0CJIe Yero MoJBepraay TerioBoii 06paboTke B COOTBETCTBMM C IIPOIie-
IIypoii, onucaHHo B pasnene 2.2.4, nyist GopMUPOBaHUST MEJIAHOUAOB.

3.2. BusyanbHas oyeHKa UHMeHCU8HOCMuU OKpauueaHus

Bbut1 McciesoBaHbl MOKa3aTely OKpalIMBaHUS MPENnapaToB Ka3eu-
Ha, IPUTOTOBJIEHHBIX B COOTBETCTBUY C IUIAHOM 3KcIiepumeHTa (Tabmm-
1a 1) M3 MOJIOYHBIX CMecel ¢ pa3HOl MacCOBOI 10j1eil BOCCTaHOBJIEHHO-
IO CyXOT0 MOJIOKA.

BHeIHmit BUA 06pasLioB MperapaToB Ka3enHa, MOTyYeHHbIX U3 MO-
JIOUHBIX CMeceit c pasHOoi MaccoBoit moseit BCM (masiee, 1o TEKCTY, B CO-
KpalieHHO ¢hopMe — «06pa3oB ¢ pazHoit M. 1. BCM»), o u mocie Te-
IJI0BO¥ 06paboTKY MpecTaBieH Ha PucyHke 1.

IIpu o1leHKe BHELTHETO By/ia NperapaToB Ka3enHa, pe/iCTaBIeHHbIX
Ha Pucyske 1, BugHo, uto Bausinue M. . BCM B cMecu Ha MHTEHCUB-
HOCTb OKpaIIMBaHMs IperiapaTta Ka3enHa IIPOSIBIISIeTCS elle 10 TEeIIOBO
o6paboTku. [IpernapaTsl, U3rOTOBJIEHHbIE Y3 MOJIOYHBIX CMeCei ¢ M. .
BCM 50 1 100 %, umeroT 60Jiee BbIpaskeHHOE KeJITO-6ypoe OKpallBaHue
B CpaBHEHUM C MIperapaTamy, U3TOTOBJIEHHBIMM U3 CMeceii ¢ 6oiee HU3-
Koii M. . BCM. 3TO CBSI3aHO C TeM, UTO MPOTEKAIoIIasi B CyXOM MOJIOKe
MIPY €r0 U3TOTOBJIEHUY U XpaHeHUM peakius Maiispa mpuBoguT K ¢op-
MMPOBAaHMIO MEIAHOMIOB, MMeKIIMX Oypyl OKpacky [7,27]. OmHako
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Pucynok 1. BHenrHuii BUj, IpenapaToB Ka3erHa, OJTy4YeHHbIX
U3 MOJIOYHBIX cMeceli ¢ pa3Hoii M. 1. BCM: 1) no TemnioBoit
06pa6oTKM; 2) MOC/Ie TeIUIOBOi 06pa6oTku. BHYTpU cekTopoB
yka3aHa M. . BCM B cMecu B IIPOLI€HTax
Figure 1. Appearance of the casein preparations obtained from milk mix-
tures with different mass fraction of reconstituted dry milk (RDM) 1) be-
fore heat treatment; 2) after heat treatment. The mass fraction of RDM in
the mixture is indicated in percent inside the sectors

opmupyloieecst B CyxoM MOJIOKE KOJIMYECTBO METAHOUIOB HE BBICOKO,
ITOCKOJIBKY JTMMUTUPOBAHHOE TeMIlepaTypHOe BO3[eiCTBYMe Ha CTaauu
IIPOM3BOACTBA ¥ XpaHEeHMSI OTPAaHMYMBAIOT pa3BuUTHe peakiuy Maiispa.
B cyxoM Mosoke Gosbliiast 4yaCTh TPOAYKTOB peakuyy Maiisipa npeacraB-
JIeHa MPOLYKTaMM HauyalabHOI ¥ OTYACTM IIPOABUHYTON CTaguUy JaHHOMN
peaxuuy, KOTOpble He MMeIOT OKpalyBaHus [8,27].

B mporjecce TemnioBoit 06paboTKM MPOUCXOAUT Ipeobpa3oBaHue Mpo-
IYKTOB HAYaJIbHO ¥ TPOMEKYTOYHOV CTaAuy peakuuy Maiisipa B IPOIyK-
ThI 3aBEPIIAOIIEl cTaauu peakiy mMkupoBanus (advanced glycated end
products — AGE). [lanee, uepe3 peakuuio nonumepusaiuu AGE npespaiia-
I0TCSI B MeJIaHOMIBI — BEIeCTBa C BBICOKMM MOJIEKY/ISIPHBIM BECOM, MMe-
I0IYie BbIpaKEHHOE KpacHO-6ypoe okpaiuuBaHue [7,24]. IHTEHCMBHOCTb
OKpallMBaHMsI ONpefessieTcsl KOHIeHTpalei MelaHOMAOB, a KOMYeCTBO
opMmpyroIVIXCS MeTaHOWIOB 3aBUCUT OT KOHIEHTPALMU ITPEKypCOPOB
peaxuyu [24,25]. Ha Pucynke 1.2 BUAHO, UTO MHTEHCUBHOCTb OKpall/Ba-
HMS TIpernapaToB Ka3erHa Mocie TeIIoBoi 06paboTKY MPOMopLMOHaTbHA
M. . BCM B MO10YHOJ cMecy — ueM Bbilie M. . BCM, TeM TeMHee oKpacka.

Vicrionb3oBaHye BM3yalbHOI OLIEHKM MHTEHCMBHOCTY OKpallBaHKS He
T03BOJISIET IPOBOAUTD TOYHYIO OLIEHKY COIepyKaHMsI TPUMeCH CyXOro MOJIO-
Ka B ucciemyeMom obpasiie. [Io3ToMy Ha CIeAyIonmx STanax 1cCaemoBaHmit
[IPOBOAVIIN OLIEHKY YPOBHEJ OKpaIlBaHMs C IIOMOILIbIO KOJIOpUMeTpa.

3.3. Konopumempuueckas oyeHKa UHmMeHCU8HOCMU OKpAWUBAHUsl
no kpumepurio 06ujez0 y8emosozo OMauUUs

IMokasarenu oKpauMBaHus 06Pa3LOB ObUIM M3MEPEHBI C TTOMOIIBIO
KOJIOpMMeTpa B 3HaYeHMsIX [BeTOBbIX KoopauHar CIE L*a*b*. smepeHn-
Hble 3HAUEHMS IIBETOBBIX KoOpAuHaT L*, a*, b* B OTHeNIbHOCTM He MOTYT
ObITh MCIIOJIb30BAHbI [IJIS1 XapaKTePUCTUKY LBeTa 0ObEKTa UM OLIEHKU
BEIMUYMHBI Pa3NINuMii B LIBeTE€ PasHbIX OOBEKTOB. ISl XapaKTePUCTUKI
M3MeHeHUsT OKpalllMBaHMS TIperapaToB Ka3enHa Mof AeiiCTBUeM TeIlio-
BOJ 06paGOTKY ObUTM pacCUMTaHbl MU3MEHEHUSI B YPOBHE I[BETOBBIX KO-
opouHat AL¥, Aa*, Ab* u mokasarenb 061Iero IBeToBoro ommuns AE,,.

Ha PucyHke 2 nokasaHo BausiHue foau BCM B MO/IOYHOI cMecy Ha
M3MeHeH)e OTHEeNbHbIX IIBETOBBIX KoopamHaT (AL®, Aa*, Ab™) u Bemnun-
HBbI 0611IeT0 1[BeTOBOT0 OTinumsi AE,, B Ipenaparax Ka3emHoB MO, AeiicT-
BMEM TeILIOBOJ 06paboTKM.

U3 npuseneHHbIx Ha PucyHke 2 rpadMKOB BUAHO, YTO MMEET MeCTO
HeJHelHas 3aBUCMMOCTb MeXAy 3HaueHuUssMu AE,, AJis IperapaToB
KazerHoB M M. A. BCM B MonouHoit cmecu. IIpMumHa COCTOUT
B pasHOV peakumu MHIEKCOB AL*, Aa®, Ab* Ha POCT KOHIIEHTpAIUK
BCM wu, cBSI3aHHOEe C 3TUM, IOBbIILIEHME KOHLIEHTpPaUuM MeTaHOUAOB.
CHmKawleecss 3HaueHue MHAekca AL® yKasblBaeT Ha IIOTeMHEeHMe
rpenapaToB IIpy HOBbILIeHuu M. . BCM B cmecu. Haekc AL* rioKasbiBaeT
MPaKTMYeCKM JIMHENHYI0 3aBUCMMOCTb OT no3bl BCM, ogHako u3-3a
3HAYUTENIbHOM Bapualuy JAHHOTO MHEKCA OTCYTCTBYIOT CTATUCTUIECKY
IOCTOBEPHbIe OTINUMs 110 AL" Mexkmy 06pasiaMmy HaTypaJbHOTO MOJIOKA
u obpasuamu ¢ gobasnenuem 5% u 10% BCM (p < 0,05; Tect TbioKu).
Wupekc Aa”, yKasplBaIOMIMIA Ha MOBBIMIEHME MHTEHCUMBHOCTY KPAacHOTO
OTTeHKa, JIMHEeHO BO3pacTaeT MNPy MOBBbIIIEHUM KOHLieHTpauuu BCM
mo 25%, mocjie 4ero pocT MHOEKCAa HECKOJIbKO 3amemisercs. MHOaeKc
Ab*, yRa3bIBAIOIIMI Ha TOBBIILIEH)ME MHTEHCUBHOCTM KEITOrO0 OTTEHKA,
pearupyeT pe3KUM POCTOM Ha yBennueHue 10361 BCM mo 25 % Brimroun-
Te/bHO, TI0C/Ie Yero JaHHbIl MToKa3aTeslb TpaKTUUYeCcKy He pearupyeT Ha
noBbinienne 1036l BCM. [Tomo6Hoe mosepenne AL*, Aa*, Ab® nmpuBoguT
K ITOJTyYeHVIO HeJMHEeNHOM 3aBYCYMOCTY PacCYMTHIBAEMOrO Ha OCHOBE
aHHBbIX MHIEKCOB MHaekca AE,, ot 1o3st BCM.

[MonyueHHble JaHHbIE TI0 M3MEHEHUIO MHIEKCOB AL*, Aa*, Ab* (Pucy-
HOK 2) COBIAJAIOT ¢ JaHHbIMM Roux et al. [28], uccieqoBaBuiix Gopmupo-
BaHMe IIPOAYKTOB peakiuy Maiisipa B MOZeIbHBIX CMeCSX JIJIs IeTCKOTO
MUTaHUSI B MPOLiecce BBICOKOTEMIEpaTypHOil 06paboTku. B ykazaHHOM
paboTe 6bUIO YCTAaHOBJIEHO, UTO TPU MOBBIIIEHUM MHTEHCUBHOCTU Te-
IJIOBOVE 06pabOTKY MPOMCXOAWIIO TOBBIIIEHME COAePKaHUSI TPOAYKTOB
peakuyy Maiisipa, COpOBOKIaBIIeecs] MU3MeHeHeM 3HaueHuit 110 IBe-
TOBBIM KoopauHataMm L, a*, b*. Cetnora L* cHMKanach, MPOUCXOIUIO
roTeMHeHue 06pasios, a* U b* BospacTanu, OTTEHOK 1[BeTa 06pa3LOB
CTaHOBWICS 60JIee KPaCHBIM U JKeJThIM. Pe3ybTaToM TaKOro COBMECTHO-
ro u3MeHeHus 3HaueHnit L*, a* u b* 610 GopMupoBaHme 6yporo 1peTa.

Roux et al. [28] oTMeuanu IMHEeHOe M3MeHeHe MHAEKCOB AL, Aa*
M Ab* OT TeMIIepaTypbl U MPOLO/IKUTEIbHOCTH TEIIOBOTO BO3MAENCTBUS
U CBSI3aHHOI C 3TMM CKOPOCTBIO peakuuu Maiisipa. B ux uccienoBanmumn
JMHeiHble u3MeHeHus ALY, Aa® v Ab® Habmofanuch B [uanasoHax: AL —
ot 0 mo munyc 10, Aa* — ot 0 1o 3, Ab* — ot Munyc 2 10 10. AHasornyHas
JIMHelHasl 3aBUCUMOCTb 3TUX MHIEKCOB OT mMaccoBoii goau BCM B mo-
JIOUHOJ CMecyu OTMevaeTcsl U B HallleM uccienoBauny (Pucynku 2.1-2.3).

Roider et al. [29] B cBOMX MCC/IegOBaHMSIX 110 BIAMSHUIO TEMIIEPATYPhI
U TIPOAODKUTEBHOCTM TEIUIOBOI 06paboTKY Ha PEoornyecKue Xapak-
TEPUCTUKU U CKOPOCTh peakiuy Maiisipa B 6e/I0M LIOKOJIaZe BbISIBUAIIA
BO3HMKHOBEHME CUTMOBUIHOTO XapaKkTepa 3aBUCUMOCTU AE,, TpHU BbI-
COKOM COJIep>KaHMM MeJIaHOMAOB, Koraa 3HaueHne AE,, mpessimano 30.
IJTO COBIAZAeT C pe3y/bTaTaMM HalluX uccinenoBanmii. Ha rpadmke, mpu-
BeJeHHOM Ha PucyHke 2.4, BUAHO, UTO Npu J03ax BHeceHUss BCM Bbilie
25% v CBSI3aHHBIM C STUM ITOBBIIIEHMEM KOHIIEHTPALUY MeTaHOUIHbIX
IMUTMEHTOB TIPOMCXOAUT CUTMOBUIHBIN 3aT16 3aBUCUMOCTY AE .

HenuHeiiHblil Xapakrep 3aBUCMMOCTM MHAEKCOB AL*, Aa* u Ab* ot
MHTEHCUBHOCTM OKpAIIVBAHUS CBSI3aH C HEJIMHEHbIM MacIiTabom oceit
uBetoBoro npocrpadcrsa CIE L*a*b*. Paspemaoliasi CrioCOGHOCTb I10
ocsam L*, a*, b* coOTBETCTBYET UyBCTBUTEILHOCTH I/Ia3a UEJIOBEKA K Pa3-
JIMYEHUIO OTHeNbHbIX 11BeTOB [30,31]. [71a3 yenoBeka HauboIee YyBCTBYU-
TeJIeH U JIyYllle BCero pas3jinyaert I[BeTa B 06/1aCTY yUacTKa CIIEKTPa OKOIO
560 HM, YTO JIeXKAT Ha TPaHMLIe MEXIY 3eJIeHbIM U JKeNThIM 11BeToM [30].
Mo 3TOI HpMYMHE MbI HE BOOPYKEHHBIM IJIa30M CITOCOOHBI Pa3INUUTh
06pasipl KazeuHa 13 HATYyPaJbHOTO MOJIOKA M M3 MOJIOKA C NOOaBIeH!-
eM 5% BCM (PucyHok 1.2), KoTopble Hanbojee CUIbHO Pas3IndaroTcs 1Mo
MHTEHCUBHOCTY JKEJITOTO 1IBETa, T. €. 110 BeMunHe mokasarens b* (Pu-
cyHOK 2). Konopumerp, mawomuit pesynbTaTbl MU3MepeHMii B BeIMUMHaX
1BeToBbIX KoopauHaT CIE L*a*b”, T. e. amanTMpoBaHHbIN IO LIBETOBOE
BOCIIpUSITHE UYeIOBeKa, 00/aJaeT BBICOKOJ paspelaolneil Croco6Ho-
CTbIO IIPY HU3KMX YPOBHAX a* 1 b* 1 103BOJIsIeT 06HAPYKUBATh Pa3IMuMs
B I[BETe MeXIy obpasiamu 6e3 qobasieHus u ¢ qobasienuem 5% BCM.

B useroBom mpocrtpanctBe CIE L*a*b* kpurepwuii obiee 1BeToBOe
otnune AE,, naeT B BUIE OFHOI MDDl MepPY OTINYUS MEXKAY ABYMS
06beKTaMM, UMEIoMUMM pasHblii 1[BeT. Ha mpakTuke kputepuit AEg,
MIPUMEeHSIeTCS] TIPY ITPOMBIIUIEHHOM KOHTpOJIE I[BeTa KPacoK, TKaHeli,
IJIaCTMAacC, CTPOUTENbHBIX MaTepuasaoB U T. M. U3JENUiA, sl YCTaHOB-
JIeHUS AOITyCTUMOTO IpeJiesia OTKIOHEeHMSI LiBeTa OT HOPMMPYeMbIX 3Ha-
4yeHMit 1 BbIsiBIeHMs 6paka [31]. HemocraTkom kputepust AE,, sIBIsIeTCS
TO, YTO OH BBIPAKAET TOJIbKO BEIVUMHY Pa3INuMsl, HO HEe KaueCTBEHHOe
pasnuume cCpaBHMBAEMbIX IBeTOB. OLVHAKOBBIE pa3nuuust o AE,, Mex-
Iy OByMs LIBeTamMy He OyAyT PaBHO3HAYHBI BU3YaJbHBIM DPa3IUUUSIM
MeXIy 3TMMM LBETaMy. DTO SIBJISIETCS] Cephe3HBIM OTpaHMYEeHNEM ITPU
M3MepeHMM LiBeTa MUILEBBIX TPOAYKTOB, IOCKOIbKY MHTEpeC MpefCTaB-
JIsleT He TONbKO TO, KaK CUIbHO LIBET MUILEBbIX IPOSYKTOB OTKJIOHSETCS
OT CTAaHZAPTa, HO U B KaKyI0 CTOPOHY OH M3MEHSIETCS B Ipoiiecce o6pa-
60TKY M XpaHeHus [32].

3.4. Konopumempuueckas oyeHKa UHMeHCU8HOCMuU OKpaulueaHus

no KpumepusM HacslWeHHOCMu U 0mmeHKa yeema

[Ipu HEOGXOAMMOCTHM [eTaabHOrO cpaBHeHus 1BeToB CIE pekomeH-
IyeT MCIOMb30BaTh afalTMPOBaHHYIO 1BeTOBYIO mKany CIE L*C*h*, mo
KOTOPOVJA L[BET M3MEPSETCS B KOOpauHaTax L («cBeiora»), Cyy, (Chroma,
«HACBILEHHOCTD 1[BeTa») U hy, (Hue, «OTTEHOK LiBeTa»). B 310l cucreme
koopauHat Hue = 0° cooTBeTCTBYeT kKpacHOMY 1iBeTy, Hue = 90° — sken-
ToMy 1BeTy, Hue = 180° — 3eneHomy, a Hue = 270° — cuHemy ILBeTYy.
LIsetoBast momenb CIE L*C*h* umeeT Gu3MUECKMit CMBICI, CBSI3aHHBbIIA
C 3aBMCHMMOCTBIO I[BeTa OT KOHIEHTpauMu NurMeHra. [loBblmieHue
KOHIIeHTpauyuy MUTMeHTa [0 OIpefieJIeHHOTO NpeJiena MPUBOIUT K I10-
BbIIIEHNIO HachlleHHOCTH LBeTa (Chroma). [lanbHeliiee MOBbILIEHE
KOHIIEHTpAlMy MUTMEHTa COMPOBOXKIAETCS cTabmamsanyein mim gaxe
cHIDKeHMeM YpoBHs1 Chroma. BMecTo 3TOro mpoucxoguT HnoTeMHeHue
o6pasia, BhIpakawleecst B CHyskeHuM mokasatenst L* [32]. Tloremue-
HJe, BMeCTO O3K1/IaeMOT0 IOBbILIEHNS HACBIILIEHHOCTY 1IBETa, TPOMCXO-
IUT 13-3a 0COOEHHOCTE 3peHNsI YeloBeKa M IPOMCXOASIINK M3 3TOrO
OrpaHMYeHMI, HaK/IaAbIBaeMbIX Ha TPaHMILIbl BAPbMPOBAHUS 1]BETOBBIX
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PuCyHOK 2. 3aBUCUMOCTb U3MEHEHMS OTAENbHbIX BETOBbIX MHAEKCOB (AL*, Aa®, Ab*) u o6umero useroBoro otmmuns AE,;, pis
IpenapaToB Ka3eMHOB JI0 U IIOC/Ie TEIUIOBOJi 06paboTKM B 3aBUCHMMOCTH OT Aoau BCM B MOJIOUHO¥T cMecH
Figure 2. Dependence of changes in certain color indices (AL, Aa®, Ab*) and total color difference AE,, for the casein preparations before and after heat
treatment depending on the fraction of RDM in the milk mixture

nokasatreneii L*, a*, b* (v paccuntbiBaembix ot Hux AE, C*,, v hy) B 11Be-
toBom npoctpaHctse CIE L*a*b*, roe He Bce coueranms koopguHar LY, a*,
b* BosmoxkHbI [21].

Han6ombimit IpakTUUeCcKuii MHTepeC ¥ HaubOIbIIYIO0 TPYAHOCTD TPe[ -
crasisiet auddepenimais 06pasiios ¢ m. 1. BCM, paBHoit 0%, 5% 1 10%,
KOTOpbIE COMEPsKaT MaIoe KOJIMUECTBO MeJIaHOMAHbIX IUTMEHTOB U C1ab0
pasnMyanTcsl Mexay co6oii. [IoCKOMbKY MeXAy yKasaHHbIMM 00pasuamu
OTCYTCTBOBa/IM CTaTUCTUYECKM JOCTOBEPHbIE pPasianuus 10 BeauuuHe L
(p > 0,1, Tect TbIOKM), CPaBHEHME IIs1 JAHHBIX 06pa3ioB 1o mikaae CIE
L*C*h* mocTaTouHo 6yfeT MpOBOAMUTH TOMLKO 10 Kputepusim Cop, U hg.

3HaueHus LBETOBOIO yIa hy, ¥ HachleHHoCcTH nBeta Cp, OIS MC-
CJIe[IOBaHHBIX 00pa3IOB C pa3Hoii M. . BCM 1ocjie BoIaepsKMBaHMUS TIPU
100°C B TeueHuMe 5 U GBUIM BBIUMCJIEHBI B COOTBETCTBUM CO CTAHIAPTOM
CIE o dopmynam (2) u (3). [TosioxkeHMe TOUeK, COOTBETCTBYIONIX 00pa3-
11aM ¢ pasHoii M. . BCM Ha nonsipHbIX KoopauHaTax Cyp, v hyp, IpUBEIEeHO
Ha Pucynke 3.

V3 npuBeneHHOro Ha PucyHke 3 rpadmka BUIHO, YTO BbIOpAHHBIE
IUIsE cpaBHeHMst 06pasiipl xopomio auddepeHnupyoTcs B IOMSIPHBIX
L[BETOBBIX KOOPAVHATAX 110 Besunne Cy, U hy,.

MaTteMaTnueckoe J0Ka3aTeJbCTBO BO3MOXHOCTHU AuddepeHIMannmn
06pasios ¢ M. 1. BCM, paBHoii 0%, 5% 1 10 %, 110 ypoBHsIM Kputepues Cy,
u hg, MOXKHO BBITIOIHUTb METOJOM KJIaCTEPHOTO aHaiM3a. KiacTepHbIit
aHaIN3 CITYKAT MHCTPYMEHTOM [1J1s1 pa30MeHMsT MHOKeCTBA MCCIeAyeMbIX
06bEKTOB Ha OFHOPOMHBIE IPYIIBI (KIACTEPHI) 110 HAGOPY MPU3HAKOB,

1,572

- 0,000
15 20 25 30 35
*
ab

PucyHOK 3. 3aBUCUMOCTD IIBETOBOTIO YIJIa h,p, ¥ HACBIIEHHOCTY
useta C};, Jjis IpenapaToB Ka3eMHOB MOC/Ie TEeIIOBO
06paboTKM B 3aBUCUMOCTH OT M. i. BCM B MOJIOUHO¥1 cCMecH:

o — 0% BCM (HaTypaJibHOEe MOJIOKO); ¢ — 5% BCM; o — 10% BCM
Figure 3. Dependence of hue angle h,;, and chroma C};, for the casein prepa-

rations after heat treatment depending on the mass fraction of RDM in the
milk mixture: o — 0% RDM (natural milk); ¢ — 5% RDM; o — 10% RDM
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MMeIOIIMX Haubosbliree CXOACTBO [33]. BoieneHne u3 rpynisl 06pa3Los
¢ M. 1. BCM pasHoit 0%, 5% u 10% Ha ocHoBauuu kputepues Cy, u hy,
OTIEIbHOTO KJIacTepa, COCTOSIIIIETO TOMbKO 13 06pasiioB ¢ M. 1.0% BCM,
OyZeT CBUAETENLCTBOBATH O JOCTATOYHOCTYU MCITOIb30BAHMS MaphI TaH-
HBIX KpuTepues ajst qubdepeHIMaLMM HATYPATbHOTO U BOCCTAHOBJIEH-
HOTO MOJIOKA.

B pa6ote Benedetti et al. [34] nepapxuueckuii METOJ KJIaCTEPHOTO aHa-
y13a 6bUT MCTIONMB30BaH JJIs1 KiaccudMKalmy CbIPOB IO CTENEHY 3PeIOCTU
C WMCIOb30BaHMEM Habopa IMPU3HAKOB, BKIIOUAIOUIETO IIBET CHIPHOTO
TecTa, BhIpaskeHHbIiT B BelinumHe 1[BeToBoro yria (Hue). B Hameit pabote
paspesneHue Ha KiaacTepbl IPOBOAMIOCH CIIOCO60M, OTMCAHHBIM B paboTe
Benedetti et al. [34]: paccTosiHMS MEXAY 0GbEKTaMM B TPOCTPAHCTBE Iapa-
MEeTPOB PacCYMTHIBATINCH TI0 BEJIMUMHE KBapaTa EBKIMIOBA paCCTOSIHUS,
o6benMHeHNe 06pasIoB B KJIACTEPbI IIPOBOAMIIOCH 10 MeTOAY Yopaa.

Iuarpamma uepapxuueckoi kinaccuduxauyy ob6pasLoB C pasHOIi
M. 1. BCM 110 KpuTepusimM [[BETOBOTO OKpammBauust Cyy, u hy, IpuBeneHa
Ha Pucynke 4.
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PucyHox 4. ipeBoBUgHAasI AuarpaMMa KJIaCT€pHOr0O aHaIn3a
IS 06pasLoB ¢ pa3Hoit M. . BCM
Tpumeuanue: Linkage distance — paccmosiHue mexcdy o6sekmamu 8 npocmpaHcmee
napamempos.
Figure 4. Tree diagram of the cluster analysis for the samples

with different mass fraction of RDM
Note: Linkage distance — is the distance between objects in the space of parameters.

Linkage Distance

V3 npencraBneHHoOlt Ha PucyHke 4 nuarpaMMbl BUJHO, YTO pasjerie-
HMe 06pasLoB Ha KiIacTep, comepskanmit 06pasisr ¢ 0% BCM, u kiacrep,
copepskaimii 06pasiipl ¢ 5% u 10% BCM, mpoucXoguT Ha CaMOM BepX-
HEM YpOBHE MepapxXxuu AepeBa KiaccupuKauyyu. JTO CBUIETENBCTBYET
0 3HAUMTEBHOM CXOZCTBE MEXIY BXOASILIMMM B KIacTepbl 0Opasuamu
UM 3HAYUTETHHOM pasjiMuMM KJIACTepoB Mexay coboii. CiiemoBaTesnbHO,
KJIACTepHBII aHAIN3 C UCTIONb30BaHMEM YKa3aHHbIX BbIIIe KPUTEPUEB JIsI
o6benMHeHNsI M03BOJISEeT JOCTOBEPHO MOATBEpIUTDh IudbbdepeHIannio
06pasIioB 0 YPOBHIO IIBETOBBIX KOOpAMHAT Cy, U hy, HA 2 OMHOPOTHbIE
IPYIIIBI (KIACTepa) — HaTypaJbHOE MOJIOKO U cMecH ¢ fo6aBieHreM BCM.

3.5. BgedeHue KOoMNAEKCHO20 Kpumepust OYeHKU UHMeHCUBHOCMU
OKpAWUBAaHuUs Ons no8bleHUs cmeneHu Jugeperyuayuu
06pasyos ¢ pasuoii m. 0. BCM

Inst pa3pabaThIBA€MOr0 MeTOZA M3MepPEeHUi JKeNaTeNbHO MCIOb-
30BaHMeE eIMHOTO KpuTepus mist uddepeHManmuu MexXny oopasiuamMmmu
HaTypaJbHOTO MOJIOKA M 00pasiamu ¢ nobasienrem BCM. OTaenbHbIMU
MCC/IeOBATESIMU TIPETIOKEHbI COOCTBEHHbIE KPUTEPUY OLIEHKU I[BeTa
MMUIIEBbIX TPOAYKTOB, PACCUMTHIBAEMbIE HA OCHOBE CTAHAAPTHBIX KPUTe-
pueB 1BeToBOro npocrpadcrsa CIE: L, a¥, b¥, C, (Chroma) u hy, (Hue).
[IpM3HAaKOM TMPUTOTHOCTM TOHOGHBIX KPUTEPUEB MAJISI MPAKTUUECKOTO
MCIIONb30BaHMS CTY>KUT Halmuuye ux 6osee BbICOKOM Koppensuumu ¢ Gu-
3UKO-XUMUUECKUMM, OPTaHOJENTUUYECKMMU M MHBIMU IOKa3aTeasMu
MCCIeLyeMbIX IIPOLYKTOB B CPABHEHUM CO CTAHIAPTHBIMM KPUTEPUSIMU
OLIeHKM LiBeTa [35].

TS OLIeHKM MHTEHCUMBHOCTY OKpalIMBaHMsI 06pasi[oB C Pa3HOM M. [I.
BCM B03MOKHO BBeJleHMe KOMIIJIEKCHOTO Toka3saTens Ky, pacCUYMThIBA-
€Moro 1o gopmyre:

Kai = Cap/hap. “4)

[pensiaraemblii KOMIUIEKCHBIN 1OKa3aTtenb Ky, (Tak ke, Kak obliiee
1BeToBOe OTIMuMe AE) 1aeT oleHKy 1BeTa o6pasia B BUge OFHOM umd-
PBbI, HO MMEET PSIZL, TPEMMYIIECTB Haf, HUM.

CootHomenne C*yp/h,p, CBA3aHO ¢ GU3MUECKON IPUPOLIOJi 06pasIioB.
Hwuskas KOHLIEHTpalysi MeJaHOMAHBIX ITUTMEHTOB B obpasuax 6e3 1o-
6asenust BCM mpuBOOUT K OKPAIIMBAHMIO UX B JKEJIThIN I[BET HU3KOI
HACBIIEeHHOCTHA. Boicokasg KOHIIEHTpalusa MEJIaHOUIHBIX IUTMEHTOB
B obpa3suax, cogepkamux BCM, npuaaet MM MHTEHCUBHBIN OypbIii IIBET
(Pucynok 1). [TosTomy 11 06pa3iioB HATypaJIbHOTO MOJIOKA 6e3 no6aB-
nenvss BCM TunmyHsbi 60/1ee BbICOKME 3HAUEHMSI LIBETOBOTO yIvia hy,, Ipu
6oee HU3KUX 3HaueHMsX C,, U4eM i1 06pasLioB MOJOYHBIX CMeceii
¢ no6asneniem BCM (PucyHoK 3).

Vcnonb3oBaune cootHomenust Cyy,/h,y, TO3BOMSET TIOBBICUTH CTENEHD
nuddepenimaiu Mexxay obpasiamu ¢ pasHoit M. a. BCM. [Ipumenn-
TEJIbHO K HATYPaJbHOMY MOJIOKY JIe/leHMe HU3KMX 3HaueHuii Cjy, Ha BbI-
COKMe 3HaueHus! Ny, BeleT K CHYDKEHUIO BeIMYMHbI 1ToKa3atenst Key,. Jst
MOJIOUHBIX cMeceli ¢ mobasieHmemM BCM mesneHme BBICOKUX 3HaUeHnit Cy,
Ha HU3KMe 3HaueHus h,, yBenuuusaeT 3HaueHue K¢, Takske py UCIIONb-
30BaHUU [J151 OLleHKU Kputepus Kgp, BMecTo kKputepust AE,;, CHIOKaeTcst
TPYLOEeMKOCTb aHaIN3a, T. K. TpeGyeTcst M3MepsITh I0Ka3aTeay OKpaLin-
BaHMS TOJBKO B 06pa3iax 1mociie TerioBoii 06paboTKu.

3.6. CpasHeHue appekmusHocmu dugpeperyuayuu 06pasyos
HamypaisHO20 MOJIOKA U MOJI0Ka ¢ dobasneHuem BCM
€ NpuMeHeHUeM pasHblX Kpumepues omauuus
Il 00BEKTUBHOrO cpaBHEHMS 3G(GEKTUBHOCTM pasHbIX KPUTEPU-
€B I[BETOBOI OIIEHKM, KOMTMUECTBO BHOCKMOTro BCM 6bUTO MepecunTaHo
B KOJIMYECTBO GeJIKa CyXOro MoJIoKa, BHeCeHHOro B coctaB BCM. Comep-
skaHMe 6eska 651710 M3MepeHo MeTonoM Kbenbaaist. Ha PucyHke 5 npuse-
JeHbI TpaduKy 3aBMCUMOCTH OOLIEro LBETOBOrO OTMuus AE,;,  KpuTe-
pusi K¢, OT comepykanmst 6eika CyXoro MoJIoka, BBIPaKEHHOTO B BUJIE 1O/
OT 06111€eli M. JI. 6e/IKa B MOJIOYHOIi CMECH.
TokasaTenn TOYHOCTM OIMCAHMSI 3aBUCMMOCTY MHTEHCUBHOCTU
OKpalIMBaHMs OT M. [I. 6eka CyXOro MOJIOKa IO PasJIMYHbIM KPUTEPUIM
[IBETOBOT'O OT/INUMS MpuBeneHbl B Tabmuiie 2.

Tab6nuua 2. [loka3aTenu TOYHOCTU ANMPOKCUMALN
JAJis1 ypaBHEHMI1 IMHEIHOJ perpeccun
Table 2. Indicators of the accuracy of approximation
for linear regression equations

KpuTepuii oLeHKn R? F p
AE,, 0,7375 81,48 <0,0000001
Ken 0,7550 89,35 <0,0000001

Ipumeuanue: R*- kosbduument nerepmuuauuu; F — Kpurepuii ®dumiepa;
P — YPOBEHb 3HAYMMOCTH.

Kak cienyeT u3 maHHbBIX, TPUBEAEHHBIX B Tabnuile 2, mpuMeHeHUe
pa3HBIX KPUTEPUEB JIsI OMMCAHNS 3aBUCUMOCTY MHTEHCUBHOCTU OKpa-
mIMBaHMs 06pasioB ¢ pasHoil M. 1. BCM oT (hakTHUecKoro comepskaHmst
6eKa CyXOro MOJIOKA XapaKTepu3yeTcsi pasHOi TOUHOCThIO. Mcxopst m3
roKasaTesieil TOUHOCTY anmpokcumauuyu R? u F, xputepuit Kg, 6onee
TOYHO OIMMUCHIBAET 3aBUCUMOCTb MEXKIY MHTEHCUBHOCTbIO OKPALIVMBAHMS
obpasia 1 M. [. 6eJIka CyXoro Mosioka B cmecu. Kputepuit ounienku AE,,
XapakrepusyeTcs: 6onblieii BapuabeabHOCTbIO, T. K. JaHHAsI BeIMUMHA
paccuMThIBaeTCs OT 3HayeHmit L, a* u b* 06pasLoB [0 1 mocje Terio-
BoIi 06pa6oTku. [Tpu pacuete sHauenus AE,,, MOTPEIIHOCTY U3MEPEHMS
06pasiOB CKIaAbIBAIOTCS.

3.7. YcmaHoeieHue 2paHuy, UHmMepeaios UHMeHCU8HOCMU OKpauusaHus

0151 06pa3y08 HAMypaibHO20 MOJIOKA

OmnuceiBaeMblit B HaCTosIIlell paboTe METOX BBISIBIEHUS HaIUuus
MIPMMECH CYXOTO0 MOJIOKA B HAaTYPaJIbHOM MOJIOKE MOXKET ObITb MCIIONb-
30BaH TOJIBKO KaK KaueCTBEHHBINI MeTOoZ, KOHTposs. [IpnumHa sTOMYy —
CylllecTBeHHasi HEOLHOPOAHOCTb B IPYyMIax CbIpOro ¥ BOCCTaHOBJIEHHOTO
MOJIOKA T10 COZepyKaHMI0 TPONYKTOB peakuum Maiisipa. st nuddepen-
nyanyuy 06pasLoB HATypaabHOTO MOJIOKA Y MOJIOUHBIX CMeceii ¢ 106aB-
neHveM BCM 6blmy BBIUMCIEHBI IPAaHULIBI JOBEPUTENBHBIX MHTEPBAIOB
OKpalIMBAHMS B 3TUX Ipymmax 1o kpurepusm AE, u K, B Tabnuue 3
NpMBeJeHbl TpaHMYHble 3HAUeHUS] ypOBHell OKpalllMBaHMS AJI HaTy-
paJIbHOTO MOJIOKA ¥ /1J1s1 06pasiioB, copepkaimx 5% BCM.

Ta6nuiia 3. I'paHuIbl MHTEPBAJIOB OKPAIIVBAHMS JIJISI TPYIIII MOJIOKA
c mob6asennem u 6e3 go6asaennsa BCM

Table 3. Boundaries of intervals of staining for the groups of milk
with and without addition of RDM

Kpurepwuii JI1s1 HaTypaJIbHOrO MOJIOKa 11 MOJIOKa € M. 1.5 % BCM

OLeHKM n Max  P(+0,95) n Min  P(-0,95)
AE,, 15 9,72 8,99 8 11,71 11,75
K 15 13,14 11,94 8 14,47 14,19

IIpumeuatue: n — KOnM4eCcTBO 06pa3LOB B BbIGOPKe; Max, Min — Makcumalib-
HOe ¥ MMHMMaJIbHOe 3HaueHye 10 Bbibopke; P(+0,95), P(-0,95) — BepxHss
M HVWKHSISL TPaHMIIbI JOBEPUTENBHOTO MHTEPBAJIA /715l YPOBHS JOBEPUTEILHOM
BeposiTHOCTM P = 0,95.

Ha ocHOBaHUM JaHHBIX, MpUBeAeHHbIX B Tabmuie 3, BUOHO, UTO
MaKkCUMalabHble 3HAUeHMsS MHTEHCUMBHOCTM OKpaUIVMBaHMS [JIsI HATY-
paJIbHOTO MOJIOKA, olleHuBaemble 1o AE,, u K.y, He iepeceKkarTcs ¢ MU-
HMMaJIbHBIMM 3HAUYEHUSIMM [JIST MOJIOKa ¢ M. 4.5% BCM. [Ins1 cbiporo
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PucyHOK 5. 3aBMCcHMMOCTDb 3HaueHmii: 1) o61ero uBeroBoro otmuus AE,, u 2) kputepus K¢, — oT Jonu copepkauus 6enka
CyXOro MOJIOKA OT 001€eii M. /i. 6e/Ika B MOJIOYHOI cMecH
Figure 5. Dependence of the values of total color difference AE,, (1) and K, criterion (2) on the percent of the dry milk protein content
of the total mass fraction of protein in the milk mixture

MOJIOKa I1e71eco06pasHO YCTAaHOBUTD IPAHMUILY T10 HauGOMbLUIEMY MaKCH-
MaJabHOMY (haKkTMUeCKOMY 3HaUeHUIO: sl Kputepusi AE,, — Ha YpOBHE
9,72 (okpyrnenHo 10 en.), ajist kputepusi K, — Ha ypoBHe 13,14 (oKpyr-
neHHO 14 en.). O6pasibl MOIOKA, B KOTOPBIX OOHAPYKMBAKOTCS YPOBHU
OKpall¥BaHMS Bblllle YKa3aHHbIX 3HAUEHUIA, CIeflyeT CUMTATh CofepsKa-
My mpuMech BCM B KosmmdecTBe cBbltie 5 % (1o macce).

Ha mpakruke, umeet mecto danbcuduxanms nob6aBieHneM CyXoro
MOJIOKA K HaTypaJbHOMY MOJIOKY, B LIe/ISX IOBBIIIEHNMS B IOC/IeIHEM
copepykaHus 6enka M mpugaHus eMmy 6ojee BbICOKOTO COPTA, KOTOPbIN
LOPOKe OIIauyBaeTcs PU IOKYIKe nepepaborumnkamu. Ilpu m. 1. cy-
xux BelectB B BCM, paBHoit 10 %, no6aBnenne 5% BCM oT macchl MO-
JIOUHOJ CMeCM SKBMBAJIEHTHO BHECEHUIO 5 I CyXOro Moyoka Ha 1 am3
HaTypaJbHOTO MoJioKa. IIpu comepkaHuu Geka B CyXOM MOJIOKe 33 %
9TO COOTBETCTBYET AobaBienuio ~1,7 r 6enka Ha 1 AM® HAaTYpaJIbHOTO
MOJIOKa, YTO NIPUBOAMT K YBEeIMYEHMIO COLepKaHMsI Genka B HeM Ipu-
MepHO Ha 0,17 %. BHeceHMe CyXOro MOJIOKa B KOJIMYeCTBe, IIPeBhIIIal0-
1IeM 3TOT I10POT, JOCTOBEPHO BBISIBJISIETCSI C [IOMOLIBIO Pa3paboTaHHOTO
MeToza.

4. 3akn4yeHne

Ha ocHOBaHMU TIOMYYEHHBIX AAHHBIX, MOXHO CHENaTh CAEYIOIIue
BBIBOJBI:
0 npo6nema danbcudmranyum CBEKEro MojioKa 106aBI€HMEM CYyXOTo
06yC/IOB/I€Ha, B TOM YMUCIE, CTIOKHOCTBIO CYIIECTBYIOIIMX METOLOB
KOHTPOJIS ¥ OTCYTCTBMEM JOCTATOYHO IMPOCTOTO U HAIEKHOTO CITOCO-
6a BbISIBJIEHMSI TAKOII IPUMECH;
CyLIeCTBYeT MOTPeGHOCTb B pa3paboTKe MPOCTOTO B peayn3aluy MH-
CTPYMEHTAIbHOTO METOAA [IJ/isl BISIBIIEHWSI HATMYMUS TIPUMECH CyXOTO
MOJIOKA B CBEKEM HaTypaJIbHOM MOJIOKe.
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Maiisipa (JTaKTO3MIMPOBAHHBIX AMUHOKMCIOT, He 06/1aJatoIiyX OKpalin-
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ConepykaHue MeTaHOUAHbBIX MUTMEHTOB MOXET GbITh OILleHEHO Kak
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pust K¢y, KOTODBIN PacCUMTHIBAETCS KaK COOTHOIEHMe C* /Ny

Kpurepnit K¢, 601ee TOYHO OMMUCHIBAET 3aBUCUMOCTb MEKIY MHTEH-
CUMBHOCTDIO OKpalIBaHus 06pasiia u M. fi. 6eika Cyxoro MOJIoKa B CMeCcu
B CPaBHEHMM CO CTaHJAPTHBIM KpuTepuem oueHku AE,,. Takxke mpu uc-
MOJIb30BaHUM J1J1s1 O1leHKM Kputepus Kc, BMecto kputepus AE,, ymeHb-
LIaeTCsl TPYLOEMKOCTb aHa/M3a, T. K. TpeGyeTcsl M3MepsITh IOKa3aTenun
OKpallMBaHMsI TOJMILKO B 06pa3siiax Mmocje TerioBoi 06paboTKu.

BbLIM TIpOBeeHbl UCIIBITAaHYUS Pa3paboOTaHHOTO KOIOPUMETPUYECKO-
ro MeTO/a Ha CMecCsX M3 CBesKero HaTypaJbHOTO MOJIOKA C BOCCTAHOBJIEH-
HBIM CyX/M MOJIOKOM. YCTaHOBJIEHO, UYTO Pa3paboTaHHbI KOTOPUMETPU-
YecKUil MeTo, 03BoJIsIeT 0GHAPYKMBATH 106aBIeHMEe CYXOro MOJIOKA Ha
ypoBHe ~5 I Ha 1 1M3 CBeXero HaTypaabHOIO MOJIOKA.

milk. Food Chemistry, 337, Article 127946. https://doi.org/10.1016/j.food-
chem.2020.127946

5. Cui,J., Zhu, D., Su, M., Tan, D., Zhang, X., Jia, M. et al. (2021). Lipidomics strategy
for the identification of ultra-high temperature and reconstituted milk by UPLC-
Q-Exactive orbitrap mass spectrometry. Food Analytical Methods, 14, 1064-1073.
https://doi.org/10.1007/s12161-020-01947-5

6. Cui,J., Zhu, D., Su, M., Tan, D., Zhang, X., Jia, M. et al. (2019). The combined use of
1H and 2D NMR-based metabolomics and chemometrics for non-targeted screen-
ing of biomarkers and identification of reconstituted milk. Journal of the Science of
Food and Agriculture, 99(14), 6455-6461. https://doi.org/10.1002/jsfa.9924

7. Fan, X., Wang, C., Cheng, M., Wei, H., Gao, X., Ma, M. et al. (2023). Markers and
Mechanisms of deterioration reactions in dairy products. Food Engineering Re-
views, 15, 230-241. https://doi.org/10.1007/s12393-023-09331-9

8. Guyomarc’h, F., Warin, F., D. Muir, D., Leaver, J. (2000). Lactosylation of milk
proteins during the manufacture and storage of skim milk powders. International
Dairy Journal, 10(12), 863-872. https://doi.org/10.1016/S0958-6946(01)00020-6



Myagkonosov D. S. et al. | FOOD SYSTEMS | Volume 8 No 2 | 2025 | pp. 296-305

9.

10.

1

—

12.

13.

14.

15.

16.

1

18.

19.

20.

2

—_

~

Resmini, P., Pellegrino, L., Cattaneo, S. (2003). Furosine and other heat-treat-
ment indicators for detecting fraud in milk and milk products. Italian Journal of
Food Science, 4(15), 473-484.

Baptista, J. A. B., Carvalho, R. C. B. (2004). Indirect determination of Amadori
compounds in milk-based products by HPLC/ELSD/UV as an index of pro-
tein deterioration. Food Research International, 37(8), 739-747. https://doi.
org/10.1016/j.foodres.2004.02.006

. Sakkas, L., Moutafi, A., Moschopoulou, E., Moatsou, G. (2014). Assessment

of heat treatment of various types of milk. Food Chemistry, 159, 293-301
https://doi.org/10.1016/j.foodchem.2014.03.020

Liu, H., Huang, R., Zeng, G., Xu, Z., Sun, Y, Lei, H. et al. (2020). Discrimination of
reconstituted milk in China market using the content ratio of lactulose to furo-
sine as a marker determined by LC-MS/MS. LWT — Food Science and Technology,
117, Article 108648. https://doi.org/10.1016/j.1wt.2019.108648

Mandal, R., Bag, S.K., Singh, A.P. (2019). Thermal Processing of Milk. Chapter in
a book: Recent Technologies in Dairy Science. Today and Tomorrow’s Printers
and Publishers, New Delhi, 2019

He, Y., Cao, X, Ji, K., Yang, A., Chen, X., Chen, C. (2022). Uncertainty evalua-
tion for the determination of furosine in milk by HPLC[J]. China Dairy, 9, 71-80.
https://doi.org/10.12377/1671-4393.22.09.16 (In Chinese)

Tan, D., Zhang, H., Tan, S., Xue, Y., Jia, M, Zhu, X. et al. (2022). Differentiat-
ing ultra-high temperature milk and reconstituted milk using an untargeted
peptidomic approach with chemometrics. Food Chemistry, 394, Article 133528.
https://doi.org/10.1016/j.foodchem.2022.133528

Du, L., Lu, W., Zhang, Y., Gao, B., Yu, L. (2020). Detection of milk powder in liquid
whole milk using hydrolyzed peptide and intact protein mass spectral finger-
prints coupled with data fusion technologies. Food Science and Nutrition, 8(3),
1471-1479. https://doi.org/10.1002/fsn3.1430

Du, L. (2024). New insights into raw milk adulterated with milk powder identi-
fication: ATR-FTIR spectroscopic fingerprints combined with machine learning
and feature selection approaches. Journal of Food Composition and Analysis, 133,
Article 106443. https://doi.org/10.1016/j.jfca.2024.106443

Chu, C., Wang, H., Luo, X., Fan, Y., Nan, L., Du, C. et al. (2024). Rapid detection
and quantification of melamine, urea, sucrose, water, and milk powder adultera-
tion in pasteurized milk using Fourier transform infrared (FTIR) spectroscopy
coupled with modern statistical machine learning algorithms. Heliyon, 10(12),
Article e32720. https://doi.org/10.1016/j.heliyon.2024.e32720

Jin, B., Zhou, X., Rogers, K. M., Yi, B., Bian, X., Yan, Z. et al. (2022). A stable
isotope and chemometric framework to distinguish fresh milk from reconsti-
tuted milk powder and detect potential extraneous nitrogen additives. Journal
of Food Composition and Analysis, 108, Article 104441. https://doi.org/10.1016/j.
jfca.2022.104441

TomuukoBa, E. B., Msarkonocos, [I. C., A6pamos, [I. B., Kamnukosa, O. T. (2024).
Konopumerpuueckuii METOZ, OLEHKM MHTEHCUBHOCTY TEIUVIOBOI HAarpys3Ku Ipu
racrepusanuy Monoka. ITuwegste cucmemst, 7(3), 481-490. [Topnikova, E. V., My-
agkonosov, D. S., Abramov, D. V., Kashnikova, O. G. (2024). Colorimetric method for
estimating the intensity of heat load during milk pasteurization. Food Systems, 7(3),
481-490. (In Russian)] https://doi.org/10.21323/2618-9771-2024-7-3-481-490

. MsirkoHOCOB, [I. C., TonHukoBa, E. B., A6pamos, [I. B., Kauraukosa, O. I. (2024).

Vicrnionb3oBaHye TYypOMAMMETPUY JIsSl OLIEHKM TEIJIOBOM HAarpys3ku Ipy mac-

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Tepusauuyu Monoka. ITuwessie cucmemst, 7(1), 105-113. [Myagkonosov, D. S.,
Topnikova, E. V., Abramov, D. V., Kashnikova, O. G. (2024). Use of turbidimetry
for determination of heat treatment intensity applied at pasteurization of milk.
Food Systems, 7(1), 105-113. (In Russian)] https://doi.org/10.21323/2618-9771-
2024-7-1-105-113

Stoscheck, C. M. (1990). Quantitation of protein. Chapter in a book: Meth-
ods in Enzymology. Academic Press, 1990. https://doi.org/10.1016/0076-
6879(90)82008-P

Hill, B., Roger, T., Vorhagen, F. W. (1997). Comparative analysis of the quan-
tization of color spaces on the basis of the CIELAB color-difference for-
mula. ACM Transactions on Graphics (TOG), 16(2), 109-154. https://doi.
org/10.1145/248210.248212

Croguennec, T. (2016). Non-Enzymatic Browning. Chapter in a book:
Handbook of Food Science and Technology 1: Food Alteration and
Food Quality. ISTE Ltd and John Wiley & Sons, Inc, 2916. https://doi.
org/10.1002/9781119268659.ch5

Nath, P, Pandey, N., Samota, M., Sharma, K., Kale, S., Kannaujia, P. et al. (2022).
Browning Reactions in Foods. Chapter in a book: Advances in Food Chemistry.
Springer, Singapore, 2022. https://doi.org/10.1007/978-981-19-4796-4_4
Saltmarch, M., Labuza, T. P. (1982). Nonenzymatic browning via the maillard
reaction in foods. Diabetes, 31(Suppement_3), 29-36. https://doi.org/10.2337/
diab.31.3.529

Phosanam, A., Chandrapala, J., Zisu, B., Adhikari, B. (2021). Storage stability of
powdered dairy ingredients: A review. Drying Technology, 39(11), 1529-1553.
https://doi.org/10.1080/07373937.2021.1910955

Roux, S., Courel, M., Ait-Ameur, L., Birlouez-Aragon, ., Pain, J.-P. (2009). Kinet-
ics of Maillard reactions in model infant formula during UHT treatment using a
static batch ohmic heater. Dairy Science and Technology, 89, 349-362. https://doi.
org/10.1051/dst/2009015

Rodier, L. C., Hartel, R. W. (2021) Characterizing Maillard reaction kinetics and
rheological changes in white chocolate over extended heating. Journal of Food
Science, 86(6), 2553-2568. https://doi.org/10.1111/1750-3841.15772

Dawson, P. L., Acton, J. C. (2018). Impact of proteins on food color. Chapter in a
book: Proteins in Food Processing. Elsevier Ltd, 2018. https://doi.org/10.1016/
B978-0-08-100722-8.00023-1

Karma, I. G. M. (2020). Determination and measurement of color dissimilarity.
International Journal of Engineering and Emerging Technology, 5(1), 67-71.
Wrolstad, R. E., Smith, D. E. (2017). Color Analysis. Chapter in a book: Food
Analysis, Food Science Text Series. Springer International Publishing, 2017.
https://doi.org/10.1007/978-3-319-45776-5_31

Adounn, I1. H., AbouuH, [I. H. (2017). CraTucTUUeCcK1it aHaIU3 C TPUMEHEeHeM
COBpeMEHHBIX IPOrPaMMHbIX CPelCTB: yue6Hoe mocobue. CII6.: ViHTepmenus,
2017. [Afonin, P. N., Afonin, D. N. (2017). Statistical analysis using modern soft-
ware: a tutorial. St. Petersburg: Intermedia, 2017. (In Russian)]

Benedetti, S., Sinelli, N., Buratti, S., Riva, M. (2005). Shelf life of crescenza
cheese as measured by electronic nose. Journal of Dairy Science, 88(9), 3044—
3051. https://doi.org/10.3168/jds.S0022-0302(05)72985-4

Pathare, P. B., Opara, U. L., Al-Said, F. A.-]. (2012). Colour measurement and
analysis in fresh and processed foods: A review. Food Bioprocessing Technology,
6, 36-60. https://doi.org/10.1007/s11947-012-0867-9



MUALLEBbIE CUCTEMbI | Tom 8 No 2 | 2025

CBEJEHHA OB ABTOPAX
IIpuHaAIe;KHOCTh K OpraHu3anmn

MsrkoHocoB JImutpuit CepreeBud — KaHIUAAT TeXHUUECKUX HAYK, CTap-
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KOPPEJISALIVA NIEHOOBPA3VYIOIIMX CBOVCTB HAIIMTKOB
HA PACTUTEJIBHON OCHOBE C ®U3UKO-XUMUYECKHUM COCTABOM

Tapacos A. B., 3aBopoxuna H. B.*, Uyrynosa O. B., BaTkux A. B.

VpanbCKkuit rocyiapCcTBEHHbII 9KOHOMMUYECKUIT yHUBepcuTeT, EkaTrepunbypr, Poccus
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K/TIOYEBBIE CJIOBA: AHHOTALIA
pacmumenpHble Crnpoc Ha yHUKaJIbHbIe BKYChI Kallyd/HO M JIaTTe CIIOCO6CTBOBAN MCCAeNO0BAHMIO TeHOO6PasyIOIX CBOMCTB HANMTKOB Ha

ansmepHamuesl PaCcTUTENILHOM OCHOBE, CpeIy KOTOPBIX HaubObIIINIi IOTEHIMA TIPMMEHEHNS Ha TIPeANPUATUSIX O06IIeCTBeHHOTO TUTa s
MOJIOKY, y6mpa- MMEIOT HaTIMTKY, TIPeJHa3HaueHHble /171 MPoheCccMoHaIbHOTO UCTIOIb30BaHus 6apucra. B 3Toit paboTe uCCIen0BaINCh Te-
nacmepusoeaHHoe HOOG6pasymomye 1 GU3UKO-XMMMUIECKIe CBOVICTBA HAIIMTKOB HA PACTUTEIbHOI OCHOBE M KOPOBLEIO MOJIOKA /ISl KAIyUMHO

MO0KO, neHda, ¢ MapKMUpOBKO#i Barista. O6pa3ibl BCIIEHMBAIM IIPY TEMIIEPATYPaX, XapaKTePHBIX JJIsl IPUTOTOBIEHYS TOPSIUMX Y XOOIHbBIX

UHBeKyus napa, Ko(eifHBIX HAMUTKOB, U OLIEHUBAIN MeHoo6pasymwIyio crocobHocTs (FC) u crabunbHOCTh niensl (FS). [Ipu o6paboTke ma-

MexaHuueckoe pom (65 °C) 1 nepemelBanuu pu temmeparype 65 °C u 10 °C pacTuTenbHble HAMUTKY feMOHCTpupoBaay FC B MHTepBaIax

nepemewusanue, xupsl, 93—-202 %, 15-262% u 0-196 % cOOTBETCTBEHHO, TOTZIa KaK Y KOPOBHETO MOJIOKA 3TU MOKasaTenu coctaBisiv 197 %, 258 %

cmabunuzamopbt u 200 %. [TpoaHaMM3MPOBAHHbI/ KOKOCOBBIM HAIIMTOK BCIIeHUBAJICS Tpu 65 °C, HO He BcrieHuBasIcst mpu 10 °C mpeaIonokm-
TeJIbHO BC/IeACTBUE FYCTOIZ KOHCUCTeHLIUN U MOBBIIIEHHO BI3KOCTH. C TOUKM 3peHMs KO/In4yecTBa n CT&GI/IJ’II}HOCTI/I IIeH BCe
pacTUTeIbHbIe HATIUTKY ObLIY KM3HECIIOCOOHBIMY aJIbTepHATUBAMM MOJIOKY /IS KalTydHO B C/Tydae BIIPBICKMBAHUS Tapa,
HO He B ¢JIyuae MexaHM4yecKoro nepemMerinBanus. [leHoo6pasyonue CBOCTBA PACTUTEIBbHBIX HAIIUTKOB HE KOPPEIUPOBAIN
C copepkaHueM OOJBUIMHCTBA MUTATEIbHBIX BEIECTB U U3YUYEHHBIMU (PU3UKO-XMMUUeCKUMU roKkasartensmu (pH, miotHo-
CTbI0, OBIIMMM CYyXMMU BEI|eCTBaMM U OOLIVM coiepykaHueM nonudeHosnoB). OqHaKo 6buta 0GHApYKeHa OTpuIaTeTbHAsI KOp-
pensuust MexXay cogepskanmem XupoB 1 FC pacTuTeNbHbIX HATUTKOB IIpu cMemvBauuu (p < 0,05), aHasornyHasi TeHIeHIUS
Habomanach u st vHbekuu napa (p = 0,08). OTcyTcTBME KOPPESINY C CoIepskaHreM OeKOB MOJUYePKUBAET CIOKHOCTh
KOHTPOJISI XapaKTepUCTHK TeH B MpodeccroHaIbHBIX PACTUTENbHBIX HAIUTKAX Y MOXeT ObITh 00YC/IOBJIEHO CHMHepreTuye-
ckumMu 3dderTamu Mexxay 6ekaMu U CTabuamMsaTopaMiu B eHoo6pasoBaHun. Bymyiiye paGoThl AOMKHBI CTUMYIMPOBAThH
usyuenme 3dexkToB Kamenei, KapparmHaHOB U APYTMX CTAGMIN3ATOPOB B IIEHOOGPa30BaHMN.
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ABSTRACT

Demand for unique cappuccino and latte flavors has led to research into the foaming properties of plant-based beverages,
among which the greatest potential for use in catering organizations are drinks intended for professional use by baristas.
This work investigated the foaming and physicochemical properties of plant-based beverages and cow’s milk for cappuccino
labeled “Barista”. Samples were foamed at temperatures simulating the consumption of hot and cold coffee beverages and
evaluated for foaming capacity (FC) and foam stability (FS). After steam treatment at 65 °C, agitation at 65 °C and 10°C, the
plant-based drinks showed FC in the ranges of 93-202 %, 15-262 % and 0-196 %, respectively, whereas under similar condi-
tions, the FC of milk was 197, 258 and 200 %. The analyzed coconut drink foamed at 65 °C but did not froth at 10 °C, presum-
ably due to its thick consistency and increased viscosity. In terms of foam quantity and stability, all plant-based drinks were
viable alternatives to milk for cappuccino in the case of steam injection, but not in the case of mechanical agitation. Foaming
properties of plant-based drinks were not correlated with most nutrients and the studied physicochemical parameters (pH,
density, total solids and total polyphenol content). However, a negative correlation of fats with FC of plant-based drinks was
found when stirred (p < 0.05), a similar trend was observed for steam injection (p = 0.08). The lack of correlation with proteins
highlights the difficulty of controlling foam characteristics in professional plant-based beverages and may be due to syner-
gistic effects between proteins and stabilizers in foaming. Future works should encourage the study of the effects of gums,
carrageenans and other stabilizers on foaming.

1. BBegeHue

TTo o1ieHKaM pasIMYHbIX aHATUTUUECKMX KOMITaHM I, MMPOBOE ITOTpe-
G/ieHMe HAMMTKOB TUIIA KAMYyYMHO U JIATTE XapaKTePU3yeTCsl CTabuib-
HBIM POCTOM, UTO BO MHOTOM OGYC/IOBJIEHO YCU/IMBalOLIeiics ypbaHusa-
M€, pacrpocTpaHeHeM Ko(eitHO KyJIbTypbl, COBpeMEHHBIM 06pa3om
SKM3HU M YBeIMYEeHMeM PacIiojiaraéMbIX JOXO0B MoTpeduTeseit. OmHaKko
0J, BIMSTHMEM MOTPEGUTENbCKUX TTPEATIOUTEHMI ITU OTPACIU UCTIBIThI-
BaoT TpaHchopmaiio. OCHOBHBIM M3MEHEHMEM B TTOBEIEHNY TTOTPEO-
Teseit CTaja pacTyLyuii CIIpoC Ha YHMKAIbHbIE BKYChI M Gojiee To/ie3HbIe

OJId UUTUPOBAHNS: Tapacos, A. B., 3aBopoxuna H. B., UyryHosa, O. B.,
BsitkuH, A. B. (2025). Koppensuus 1eHO06pa3yoIiux CBOCTB HATUTKOB Ha pa-
CTUTENbHOM OCHOBE C (GU3MKO-XMMMUIECKUM COCTaBOM. [Tuwyessie cucmemsl, 8(2),
306-312. https://doi.org/10.21323/2618-9771-2025-8-2-306-312

BapMaHTbl HAalIMTKOB C MCIIO/b30BaHMEM DAaCTUTENbHBbIX aJlbTepHaTUB
Mosoka [1,2]. HamuTKkM Ha pacTUTENbHOM OCHOBE YacTO 06OramiaroTCst
(YHKIMOHATBHBIMM KOMIIOHEHTaMy, PeKOMEHJYIOTCS /Il BEraHCKOro
MMATaHYS, @ TAKXKe IIPY HEKOTOPBIX MeIMLIMHCKUX TI0Ka3aHMSIX, BKIIOYAst
aJIepryio Ha MOJIOYHbIe GeNKM, HeTlepeHOCUMOCTD JIAKTO3bI ¥ TUITEPXO-
JlecTepMHeMuIO [3,4].

BaykKHBIM TeXHOIOTMYECKUM MPOLECCOM B MPUTOTOBIEHUM KAITyYMHO
U JIaTTe SBJISIETCS BCIIEHMBaHMe MOJIOKA M/IM HallUTKOB Ha PaCTUTeNb-
HOJi ocHOBe. [lonroe BpeMs BHUMaHMe NpodeccroHaNnbHOTO CO06IIecTBa

FOR CITATION: Tarasov, A. V., Zavorokhina, N. V., Chugunova, O. V.,
Vyatkin, A. V. (2025). Correlation of foaming properties of plant-based bever-
ages with physicochemical composition. Food Systems, 8(2), 306-312. https://doi.
org/10.21323/2618-9771-2025-8-2-306-312
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6bUIO COCPEOTOYEHO HA M3YyUeHUM MeHO06pasyIoIMX CBOCTB MOIOKA
¥ GbIJIO TOKA3aHO, UTO KAYECTBO MOJIOYHO IIEHBI 3aBYCUT OT HEKOTOPBIX
KOMITO3UIMIOHHBIX U TEXHOMOrnYeckux (GakTopos [5]. Benku sBSIIOTCS
XOPOIIMMY TIeHO06pa3oBaTensiMu. ALCoOpoupysICh Ha IpaHuLe pasnena
BO3JYX—KMJKOCTb, OHY HeJCTBYIOT KaK BHICOKOMOJIEKY/ISIDHbIE ITOBEpX-
HOCTHO-aKTMBHbIE BellleCTBa ¥ CTaOMIM3MUPYIOT ITy3bIPbKY ITEHBI 3a CUeT
06pa3oBaHMsl TUIOTHOM BSI3KOYNPYroii ruieHKu [6]. [leHoOGpasyomye
CBOJICTBA MOJIOKA MOTYT 3aBMCETb OT MacCOBOIi Jonu 6enka, pasmepa
YacTuL Ka3eyHa, COOTHOIIEHVSI Ka3eMHa ¥ CbIBOPOTOYHBIX GENKOB ¥ OT
HEKOTOPBIX JPYIUX KOMIIO3ULIMOHHBIX apameTpos [5]. )Kups! u npoayk-
ThI MX pPacIajia CYUTAIOTCSI MeHee XOPOIIMMY ITeHooOpa3oBaTesiMu. Afi-
cop6UpYsICh HAa TpaHuIle paszesna BO3OYX—KUIKOCTb, OHY AECTBYIOT KaKk
HM3KOMOJIEKY/ISIDHBIE [TOBEPXHOCTHO-aKTMBHbIE BellecTBa U 06pa3yioT
TOHKYI0 MexX(ba3HyI0 IUIeHKY, CTabuamM3auys KOTOPOil MOXKeT IOCTU-
raTbcs 3a cyet T. H. «3pdexra MapaHronm». MexaHu3M MocyiefHero 3a-
KJII0YaeTcsl B TOM, UTO IPY TOCTATOUHOM KOHIIEHTPaLUy IUINAbI MOTYT
nmbdyHAMPOBATb K CAMOJi TOHKO 06/1aCTV TJIEHKM, BOCCTaHABIMBAS €e
JIOKAJIbHYIO TOMIMHY 6e3 TecTabuamn3annm my3bpbKoB neHsl [6]. [leHoo-
6pasymoliye CBOVCTBA MOJIOKA MOTYT 3aBMCETb OT MACCOBOJ 10/M, arpe-
raTHOTO COCTOSIHMSI ¥ pa3Mepa IMI06y/I MOJIOYHOro kupa [5]. B cmenran-
HBIX IUIIEBBIX CUCTEMAax OenKM M JIMIMIBI MOTYT B3aMMOJEHCTBOBATh
MeXXay cob0ii ¥ KOHKYPMPOBATh 3a aCOPOIMIO Ha rpaHulie paszena das,
MMHepalbHbIe COMM MOTYT BIMSTH Ha KOH(GOPMAIVIOHHYIO CTa6MIIBHOCTD
6e/KOB, a MPOLECChl IPOTeoaN3a U JUMONN3a MOTYT MHTEHCUDUIPO-
BaThCsl IPU XpaHeHUN 1 06paboTke. KymynstuBHble 3QdeKThI ITHUX SIB-
JIEHUH1 CIIOCOGHBI IPUBOIUTH K HEIIPEeICKa3yeMbIM pe3y/IbTaTaM B IIeHO-
o6pasoBaHnu [5,6]. XMMUUECKMIT COCTAB MOJIOKA MOABEPKEH Ce30HHbIM
Kose6aHusIM, IT03TOMY 06paslibl MOJIOKa, COGpaHHbIE JIETOM YU BECHOIA,
MOTYT IIPOM3BOAUTH TeHbI Pa3IMYHOro Kavectsa [7]. [leHoOGpasymoue
CBOJICTBA MOJIOKA 3aBUCSIT TAKKe OT CII0CcO6a BCIIEHMBAHMS, YTO 06YC/IOB-
JIEHO pa3iInuusiMM B TeMIlepaType, Cuie COBUTA U JaBleHUM. B 1ienom,
KOpPOBbE MOJIOKO 0GecreuyyBaeT XOPOLIYI0 MPOM3BOAUTENBHOCTD IEHBI
AJI1 KaITydMHO M JIaTTe, OAHAKO HAIIUTKM Ha paCTI/ITeIIbHOIZ OCHOBE CTa-
HOBSITCS Bce Goiee TIOMYJISIPHBIMU aIbTepPHATUBAMMU.

Hekoropble HemaBHMe paboThl M3y4yaloT IEHOO6GPA3yIoLINe CBOCTBA
KOPOBBEro MOJIOKA ¥ HaIlMTKOB Ha PaCTUTENbHOJ OCHOBE IPU TeMIle-
paTypax, XapaKTepHbIX JJIs1 IPUTOTOBJAEHMS] TOPSYMX U XOJOAHBIX KO-
¢eiiHpix HanMTKOB [8—11]. [Toc/ie MeXaHMYeCKOTro IepeMeIIMBaHus IPU
4°C v BIPBICKMBaHMS Mapa npu 65 °C rnmeHoo6pasyole CBOMCTBA BOJ-
HBIX 9KCTPAKTOB CeMSIH KYH)XYTa ObLIM Xy)Ke, YeM Y KOPOBbEro MOJIOKa,
HO COIIOCTaBMMBI C TIEHOOOPa3yolyMY CBOVICTBAMM COEBOTO HAlMTKAa.
[penBapuTenbHOe O6KapuBaHyue CeMSIH KyHXyTa U I06aBlIeHMEe KCaH-
TAQHOBOJ KaMeIy MpPMBEIO K YJIYYLIEHMIO [eHOOOPasyIoIMX CBOWCTB
9KCTPAKTOB, TOIZA KaK IIpeBapuTe/bHOe GIaHIIMPOBaHMe CeMSH KyH-
KyTa, JobaBeHe ryapoBOil KaMeay U JioTa-KapparMHaHa He OKa3bIBa-
JIO CyIIeCTBEHHOTO BIMSHMUS Ha IIEeHO06pa3yiollye CBOJICTBa SKCTPAKTOB,
6o yxyamano ux [8]. IIpy X0I0ZHOM CMelMBaHMM 06Pa3ibl MOIOKA
MOKa3a/Iy Jyylllyie IIeHo06Pa3syoliyie CBOVICTBA B CPABHEHMH C COEBBIM,
KOKOCOBBIM ¥ OBCSIHBIM HaIlMTKaMM, TOT[A Kak IIPy MMapoBOi 06paboT-
Ke MeH006pasymllue CBOCTBA BCeX 06pa3lioB GbUIM MPUGIU3UTENTBHO
cxoxuMu. Cpenyt MCCIeOBaHHBIX PAcTUTENbHBIX HANMUTKOB JIydllye
reHoo6pasyolue CBOCTBA MPOLEMOHCTPMPOBAJL COEBbII HAITUTOK, OfI-
HAaKO C TOYKM 3pPeHMs] OPTaHOJIeNTNIEeCKO) MPpYeMIeMOCTy B HaluTKax
TUIA KaIlyYMHO OH YCTYIajJ BCeM MPOaHaIM3MPOBAaHHBIM ob6pasuam [9].
B pesynbraTe 6ap60TMPOBaHMS BO3LYXOM IIPM KOMHATHOJI TeMIlepaType
u ipu 60 °C reHoo6pasyolue CBOCTBA PACTUTEIbHBIX HAIIUTKOB Baph-
MPOBAINCh B MIMPOKUX IpefesaXx ¥ MOIIM IPeBOCXOAUTb TaKOBbIe IS
KopoBbero Monoka. Comepskanue 6enkoB ¥ GUTHHOBOM KMUCIOTHI B pa-
CTUTENbHBIX HAIIUTKAX OBbUIO MONOKUTETbHO CBSI3aHO C 06eMOM IIeHbI
pu 60 °C, IIpeaIoaoKUTeIbHO, BCIEACTBIE CIIOCOOGHOCTM (GUTMHOBO
KMCJIOTBI CBSI3bIBATBCSI C Ge/IKaMM ¥ BAMSITb HA UMX pacTBopuMocTs [10].
[Tocie MeXaHMYECKOTo IepeMeIBaHus M 6ap6OTMPOBAHKS BO3LYXOM
C XOJIOOHBIMU HAaCTPOMKaMM OBCSIHBIN, COEBBIN M MUHAATbHbBIN HATUTKUA
IIPeBOCXOIMIM MOJIOKO IO KOIMYECTBY U CTAaOMIBHOCTM ITeHbI, TOra KaKk
IIpY rOpsTYeM CMeIIMBaHVM MOJIOKO ITPOM3BOAMIO GOMBIINI 06beM IeHbI
B CPaBHEHMM C OBCSIHBIM, TOPOXOBBIM ¥ COeBBIM HanuTkamu. Cpenu mc-
C/IeNOBaHHBIX 00pa3L[0B OBCSIHBIA HAIMTOK MMeEJ CaMyl0 CTaGUIbHYIO
IIeHy, @ PMCOBBII HAIIUTOK I0Ka3aa HayMeHbllJe KOIM4eCTBO U yCTOl-
YUBOCTH NeHbI [11]. Pa3nuuns B 1eHOO6PAsyIOIMX CBOCTBAX KOPOBHETO
MOJIOKA ¥ HAlTUTKOB HAa PACTUTEIbHOI OCHOBE MOTYT ObITh 00YC/IOBIIEHbI
pasHuLeit B pa3Mepe 4acTuLl, poduie HyTPUEHTOB U BSI3KOCTHU. VI3BecT-
HO, YTO pa3Mep MOJIOYHbBIX 6eIKOB [12], pacTUTenbHbIX 6eKOB [13] 1 He-
6eKOBBIX YMepeHHO-TUAPOGOOHbIX YacTull [14] oka3bIBaeT BIMUSIHME Ha
IeHoo6pasyolMe CBOMCTBA AMUCIIePCHii, OMHAKO B CPABHEHVM C KOPOBb-
MM MOJIOKOM HAITUTKU Ha PACTUTENbHOI OCHOBE JeMOHCTPUPYIOT 6osee
KpyIIHOe pacmpeneneHue yactu no pasmepy [8—10]. HecmoTpst Ha ipu-
CYIYI0O BapuabesbHOCTb, HATIUTKY HA PACTUTEIbHON OCHOBE SIBIISIIOTCS

| 2025 |

HEeSKBMBAJIEHTHbIMYM KOPOBbEMY MOJIOKY 10 IMUTATETbHbIM CBOMCTBaM.
TO/IbKO COeBBIN HAITUTOK CYMUTAETCS JYYIleil aIbTepHAaTUBOM, [IOCKOIbKY
ero nuiteBoi npoduib Gimke K KOPOBbeMY MOJIOKY, OIHAKO CofepsKa-
HJe HYyTPMEHTOB B HeM MOXXeT BapbyPOBAThCS B MIMPOKUX ITpefenax [4].
IToMMMO KO/MMUYECTBEHHBIX Pasnuuuii B cofepskaHMM NMUTATeNbHbIX Be-
I1eCTB, HAOMIONAIOTCSI KaueCTBeHHbIe 0COOEHHOCTM COCTaBa. B cpaBHe-
HUM C KMBOTHBIMMU GeJIKaMy pacTUTeTbHbIE OeKM 6oree TUAPOdOGHbIE
U arperupoBaHHble [15], Torma Kak B CpaBHEHUM C SKMBOTHBIMM KMPaMU
pacTuTeNnbHbIe Maciaa cofiepkaT Gosbllee KOMMYECTBO HEHACHIIEHHBIX
SKUPHBIX KUCIOT [16]. [IpencraBiieHHbIe Ha PbIHKe pacTUTelbHble HAIIUT-
KM M3TOTaB/IMBAIOTCS C GOMBIIVM KOJIMYECTBOM JIOTIOTHUTEIbHbIX MHIDe-
IMEeHTOB, U3 KOTOPBIX KaMeIy, KapparMHaHbl, JeLUTUHbl U CallOHUHbI
MOTYT y4acTBOBaTh B TeHO06Gpa3oBaHuu [17]. Kpome Toro, 3Tu cTabuim-
3UPYIOLME ¥ SMY/JIbIUPYIOIIME JO6aBKM MOTYT ObITh OTBETCTBEHHBI 3a
60J1ee BbICOKYIO BSI3KOCTb PACTUTEIbHBIX HAITMTKOB B CPAaBHEHUY C KOPO-
BbMM MOJIOKOM [3]. COOO1IAI0Ch TaKKe, UTO BSI3KOCTb HAITUTKOB MOKET
3aBUCETh OT MPOGWIIS ¥ KOMMUYECTBa MUIIEBbIX BOJOKOH [18], Torma Kak
VIOHBI KaJIbLIMSI MOTYT CBSI3bIBAThCSI C PACTUTEIBHBIMY GeIKaMy U BIUSTH
Ha UX cBoJicTBa [19].

Cpeny HaNmMTKOB HAa PAaCTUTENbHOJ OCHOBe Hambornee 4acToe IPU-
MEHEHNMe Ha MpeanpusaTusIx O6H.LECTB€HHOI‘0 NNUTAaHUS MMEIOT HAaIlIUTKU,
MpefHa3HayeHHble A MPodeccOHATBbHOTO MCIIONb30BaHUSI Gapu-
cta [20]. B mocnenHye rombl 6bLIY TPUIOKEHBI GOJbILVIE YCUIMSI TIO YITyd-
IIE€HUIO CTa6MIBHOCTH [21], GYHKUMOHANTBHOCTH [4], OpPraHOIeNTHUYECKOIT
pueMeMOCTH [22] ¥ cpoKa rOAHOCTY [23] paCTUTENbHBIX aJbTePHATUB
Mosnoka. IlpeamnonaraeTcs, YTo HOBble TeXHMUECKMEe DellleHus] BHeAps-
JIVICh B TIPOM3BOJCTBO PACTUTENBHBIX HAMMTKOB TMIA Barista mm 6ymyT
BHEJIIPSITHCS B IPOM3BOACTBO C/IeAYIOLIMX TOKO/IeHMIi HAIIUTKOB, JOCTOA-
HBIX IpodeccroHaIbHOrO NpyMeHeHusl. Llenbio 3Toi paboTs! 6BIIO OTpe-
JiefieHye [eHo06pasyIoMX CBOMCTB HAllMTKOB Ha PAaCTUTENIbHOI OCHOBE
Tumna Barista u usyuyeHue KOppeSIIMOHHBIX B3aXMOCBSI3eii IeHoobpa-
3YIOIMX CBOJCTB C COOEP’KaHMEM IUTATeTbHBIX BELecTB U ¢ GU3UKO-
XUMMUUYECKMMY [TOKa3aTeNsIMU.

2. OG'BEKTHI M METOABI

B maHHOI paboTe MccaeIOBaMMCh HAMUTKY HA PACTUTEIbHO OCHOBE
¥ KOpOBbE MOJIOKO JJI1 KaIlyYMHO POCCUIICKOTO NPOM3BOACTBA, MMeIo-
e MapKupoBKy Barista miam Professional Ha ymakoske. Beero B uccie-
JIoBaHMe 6bII0 BKIIOUEHO 10 pacTUTENbHBIX HAIUTKOB, U3 KOTOPbIX MSTh
ObUTY M3TOTOBJIEHBI C MUCIIOIb30BAHMEM OJIHOI PACTUTETbHOI OCHOBBI,
a pyrye IsITh — C UCIOMb30BaHMeM CMEIIaHHBIX PAaCTUTENbHBIX OCHOB.
C uenbio 60s1ee yIO6GHOTO MPeCTaBIeHMs Pe3ylIbTaTOB 06pasiibl PacTu-
TeJIbHBIX HAIMTKOB GbIIM MPOMapKMPOBaHbl B COOTBETCTBUM C MHTpe-
JAVMEeHTaMU paCTUTEIbHbIX OCHOB. HI/IH_[eBaH U JHepreTuveckKass HeHHOCTb
pPacTUTENbHBIX HAMUTKOB OIpeesiach MO JaHHBIM, YKa3aHHbIM Ha
ynakoBke (Ta6nmua 1). ComepykaHye MUIIEBbIX BOTOKOH ObUIO PaccumTa-
HO U3 TMPEATIOoNOKEHUS 00 X ABYXKAJIOPUITHOM BKJIafie B OOLIYIO 9HED-
reTMYecKy LIeHHOCTh HAIMUTKOB. KopoBpe MOIOKO, TpoaHaan3upoBaH-
HOE B CPAaBHUTENIbHbIX 1EJISX, COAepKano 3,3 r 6enka, 3,2 r kupos u 4,7 T
yreBonoB Ha 100 mit. Bce HamMTKM GbUIM YIbTpanacTepu30BaHHBIMM,
YIIaKOBAaHHBIMM B TepMETUYHYIO KAPTOHHYIO Tapy U VIMeJIV JJIUTeIbHbI
CpoK xpaHeHust (9-12 Mecs1ieB 51 paCTUTENbHBIX HAIUTKOB U 4 Mecs-
1a 151 obpasiia Mosioka). Bce o6pasiibl XpaHWIn B XOMOOMIbHOI KaMe-
pe npu Temrmeparype 4 °C u nepen KaskIbIM 0TOOPOM IPO6 TIIATENTEHO
B30aJIThIBAJIN.

Iokasarenb pH HamMTKOB M3MepsIM P KOMHATHOJ TeMIlepaType
(23+3°C) mpu nmomommu pH-merpa «TA-Hon» (OO0 «HIIIT «TombaHa-
nutT», Poccus) u komOouHupoBanHoro pH-snexktpoma DCK-10603 (000
«/3MepuTenbHasl TeEXHUKA», Poccus), KOTOpble MpeIBapUTeTbHO Kaslu-
6pOoBaJIM 10 TPEM TOUKAM C MCII0/Ib30BaHMEM STaJIOHHbBIX OypepHbIX pac-
TBOPOB. [NIOTHOCTh PaCTUTETHHBIX HAIIUTKOB M MOJIOKA U3MEDPSUIU TIPU
temneparype 20 °C o TOCT P 54758-2011! ¢ ucronb3oBaHuemM apeome-
tpoB TMna AOH-1 u AMT coorBeTcTBeHHO. O6Iiee comepskaHue CyXux
BEI[eCTB B PACTUTETbHBIX HAIUTKAX ¥ MOJIOKE M3MEPSUIM TepMOTpaBU-
MeTpudeckuM Merogom 1o I'OCT 33977-20162 u TOCT P 54668-20113
cootBeTcTBeHHO. ObIee comepskanue nonubeHonos (OCII) muamepsn
criekTpodoromeTprueckum mMetomom dDonmHa-YoKanbTey € MCIIONb30-
BaHMeM rayuioBoit kucaotsl (IK) B kauectBe crangapra [24]: 2,5 mu pe-
arenrta ®@onmua-Yokanprey (0,2 H) cmenBanu ¢ 0,5 M1 pa36aBieHHOTO
o6pasiia (1:50) ¥ BbIAEPKMBAIM B TEUEHME 5 MUHYT. 3aTeM J06aBISIIN

1 TOCT P 54758-2011 «<MO/IOKO ¥ IPOLYKTHI [TepepabOTKi MOIOKa. MeTO[b! oI
penenenus IIOTHOCTM». M.: CranmapTuadopm, 2012. —19 c.

2 TOCT 33977-2016 «ITpoayKThI IepepaboTky (hPYKTOB ¥ OBOLIEfE. MeTO/b! Ope-
IiesieHyst OBIIero ComepykaHmst Cyxux BerecTs». M.: Crangaptundopm, 2019. — 18 c.

3 TOCT P 54668-2011 «MOIOKO ¥ HPOXYKTHI IepepaGOTKM MOIOKA. MeTomb
ornpejesieHMsl MacCOBOi OMM BJIaru M Cyxoro BemecTBar. M.: CtanmapTuHboOpM,
2019. — 12 c.
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Ta6nuiia 1. XapakTepucTUKa UCCI€0BAHHBIX HAITUTKOB HA PACTUTEIbHOI OCHOBE B COOTBETCTBUM € MH(pOpMaLeii Ha yIIaKoOBKe
Table 1. Characteristics of the studied plant-based beverages according to the information on the packaging

Copepskanue B r/100 r
O6paser, Bemxu SKupbt 8 pVI‘J'IeBO,E[bI Bonokua Ca Ki};il/){g(’){ ,r CrabmwimsaTopbl OMy/IbraToOPbI
Cost 2,0 1,0 4,0 1,0 0,12 35 E418 —
OBec 1,0 1,0 9,0 0,5 0,12 50 E418 —
MuHza/b 0,4 1,2 3,0 0,3 0,12 25 E418,E412 E322
OYHIYK 0,5 1,9 4,6 0,25 0 38 E418,E412 -
Kokoc 0,6 2,5 3,5 0,05 0 39 — E322
CosI-MUHIATh 1,0 2,0 45 0 0 40 E412,E418 E471
Puc-dyHmyk 0,7 2,0 5,0 0,1 0 41 E418, E407 E322
Kokoc-cost 0,9 1,3 3,9 0,05 0,12 31 E418 —
Cosi-6aHaH 2,0 1,0 4,5 0 0 35 E418,E412 -
Puic-koHOIISA 1,0 3,5 6,2 0 0,15 55,3 E412,E418 E322

Ipumeuanue: E322 — neuutunsl; E407 — xapparunausl; E412 — ryapoBas kamefp; E418 — rennaHoBas kamenp; E 471 — MOHO- ¥ AUIINII@PUABI JKUPHBIX KMC-

JIOT; 3HAK «—» O3Ha4YaeT OTCYTCTBME JAHHbBIX HA YIIaKOBKeE.

Note: E322 — lecithins; E407 — carrageenans; E412 — guar gum; E418 — gellan gum; E471 — mono- and diglycerides of fatty acids; the «—» sign means no data on the packaging.

2,5 Mz pacTBopa Kapbonara Hatpust (7,5%), MOCie 4ero IOSy4eHHYIO
cMech MTOBTOPHO NepeMelIMBaay ¥ MHKYOMPOBaaM B TEMHOTe B Teye-
Hue 2 yacoB. [ToromeHnye o6pasoB U3MepsUIu Ha CIeKTPohoToMeTpe
UV-1200 (Shanghai Mapada Instruments Co., Ltd., Kurait) mpu 725 am
C UCIIOMb30BaHMeM KIOBET C IIMHOI onTudeckoro mytu 10 mm. [Toryyen-
Hble pe3y/JbTaThl BbIpaXKaay B MWUIMTPAMM-5KBMBaJeHTOB Tajl/IOBOM
kucnothl Ha 100 MywutmInTpoB HanuTKa (Mr-3kB I'K/100 mo).
BcnienyBaHye HamMTKOB MPOBOIIIM C IIOMOILBIO ABYX paclpocTpa-
HEHHBIX CIT0COO0B BCIIEHMBAHMS: BITPbICKMBaHM mapa (65 °C) M MexaHu-
yeckoro nepemenmBauus (65 u 10 °C). [TapoBoe BCrieHMBaHMe 00pa31oB
6bIJIO BBIIIOMHEHO MTPpodeccroHaIBHBIM 6apyucTa Ipy moMouy Kodpema-
bl 85 Practical E (La San Marco S.p.A., Ttanus) ¢ oTKaanu6poBaHHbIM
naBjieHyueM B 6oiinepe Ha ypoBHe 1 6ap. MeTonyKa mapoBOro BCIIEHMBA-
Hus Gbula MpencraBieHa B pabore [25]. Otmepsiu 150 M o6pasua, me-
peHoCUIM B UTYEP U3 HepsKaBelolleil CTaay, OIyCKalIyu apoOTBOLHYIO
TPyOKy KodeMalIMHbI U 3aIlyCKaly Ipolecc MoAayy mnapa Jo TeX IIop,
roka Temriepatypa obpasia He gocturHet 65°C (12-15 c). [ns mexa-
HMYECKOTO MepeMelIMBaHMs 06Pa3L0B MCIONb30BAIM IIEKTPUUECKUI
nenoB36uBaTesb CASO Crema & Choco Inox (Braukmann GmbH, Tep-
MaHus1) MoiHocThio 500 BT. OT6mpanu 150 M o6pasiia 1 mepeHoCuiIn
B CheMHYIO Yally 13 HepskaBemwlneii cranu. Yaury ¢ 06pa3ioM ycTaHaB-
JIMBAJIX HA OCHOBAHMeE MEeHOB36MBATEISI, OCHAIEHHOE HarpeBaTeIbHbIM
3/7leMeHTOM. B IepBoM ciydae 3aIryckaay IporpaMmy ropsiuero cMeIn-
BaHus «KaryunHo» 1 mepeMeIvBamy obpasel 10 Tex 1op, IoKa ero TeM-
neparypa He gocturHet 65 °C (170-175 c). Bo BTopom cityuyae 3amyckaamu
MPOrpamMMy XOJIOFHOTO CMelMBauus «Dparre» 1 epemMeiBaiu oopa-
3el] 10 3aBepuieHys nporpaMmmel (120 c). ITocsie 3aBepiieHMs X0IOTHOTO
CMeIIMBaHMsl KOHeYHasl TeMIiepatypa o6pas3ioB He mpesbimana 10°C.
Bo Bcex ciyyasix KOHTPO/Ib TeMIIepaTypbl OCYIECTB/SUIM C MOMOILbIO
Tepmonapbsl MmyabTuMerpa Owon B41T (Fujian Lilliput Optoelectronics
Technology Co., Ltd., Kutait), momeleHHOI1 HeTOCPeACTBEHHO B eMKOCTb
CO BCIIeHMBaeMbIM 06pa3LoM. BcrieHeHHbIe 06pa3iibl He3aMeIUTeTbHO
[epeHOCUIN B MePHbII IymMHAp o6beMom 500 M 1 dpuKkcupoBamu Ha-
YaJIbHBIY ¥ KOHEYHbI/I 06beM IeHbI C YIeTOM CHHepe3uca (3a BbIYETOM
MUIPMPOBaBIIIeit XXuakoi dasbl). [TeHoo6pasyiolyio criocooHocts (FC)

06pa3sLoB XapaKTepy30Bajy 0 HOPMaIM30BaHHOMY 06beMY ITeHBI, TOT-
Ia Kak ctabuibHOCTb meH (FS) oleHMBaIM M0 CIIOCOGHOCTM COXPaHSITh
[IeHHYIO CTPYKTYPY B TeueHue 15 munyT [13,26]:

FC(%) = % -100, 1)
N
FS(%) = %.100, )

FO
roe Vg — o6bem o6pasiia AJist BCIIeHMBaHusI, paBHbiit 150 Mit; Vi) — Hauamb-
HbI/i 06BEM TIEHBI B MJI, OTIpefie/sieMblit yepes 30 ¢ mocie BCIIEHUBaHMUS
obpasiia; Vpis — KOHEUYHbI 06beM IeHbl B MJI, ONpelesieMbiii uepes
15 MUHYT mOC/IE BCIIEHMBaHKS 06pasiia.

BpeMeHHOII MHTEepBaT AJIs OL€EHUBAHUS CTAGUIBHOCTY TIEH COOTBET-
CTBOBAJ paHee OMyOIMKOBAHHBIM MCCIeAOBAHUSIM 1 GbUT BHIOPAH MCXOAS
U3 MIPEATIONONKEHNS, UTO HATTUTKY TUTIA KAITyYMHO Y JIATTE YIIOTPEOISIOT-
cs1 B TeyeHue He 6osiee 15 MUHYT TOC/Ie TPUrOTOBIeHMs [8,9].

Omnpepenenne GU3UKO-XMMUUECKUX TIOKA3aTeeil U MPUTOTOBIEHME
IeH ObUIM BBITIOJIHEHBI B TPEXKPATHOI MOBTOpHOCTHU (N = 3). Pesynbra-
ThI MTPEMICTaBIEHbI KaK cpefHee apudMeTnyeckoe 3HaUEHMe C COOTBET-
CTBYIOIIMM CTAHAAPTHBIM OTKJIOHEHMeM. CTaTUCTUYECKyl0 06paboTKy
pe3y/bTaTOB BBIMOMHSUIM B Mporpamme Statistica (StatSoft Inc., CILIA).
Pasnmuuus MeXAy CpegHMMM 3HAUEHMSIMM T€PEMEHHBIX OLIEHUBAIN
C MOMOIIbI0 OOHOGMAKTOPHOTO AMCIIEPCHMOHHOTO aHaaM3a C JOIOHU-
TeJIbHBIM TeCTOM TbIOKU. B3auMOCBSI3b MeXAy M3yYEeHHbIMU ITepeMeH-
HBIMM aHAJMU3UPOBAIM C TIOMOUIBIO TIAPHON JMHENHON KOppesuyun
[MnpcoHa ¢ JonoMHUTENbHBIM TeCTOM CThIOAEHTa. YPOBEHb 3HAUMMOCTU
o = 0,05 ncromb30BasCs AJiT BCEX CTATUCTUYECKUX PACUETOB.

3. Pe3ynbTaTrhl M 00CYXXAEHUE

Du3uKo-XMMMYeCKMe TI0Ka3aTeay HallMTKOB Ha paCTUTENbHOM OCHO-
Be GbLIV OIpeJeNieHbl C 1eIbI0 M3yYeHUs] X BO3MOKHOM B3aMMOCBSI3U
C [eHOOGPa3yIUIMMM CBOMCTBaMM, TOTHA KaK KOPOBbE MOJIOKO GBLIO
MPOaHANIM3MPOBAHO B CPAaBHUTENbHBIX Lensx (Tabnuia 2). I3BeCTHO, 4TO
pH BiusieT Ha 3apsizi 6e1KOB U Ha MX KOHGOPMAIMOHHYIO CTa6MIIbHOCTD,

Tabnuiia 2. ®PU3NKO-XMMMUIECKME MOKa3aTe/IM HAIMTKOB Ha PaCTUTEIbHO OCHOBE M KOPOBbHEro MOIOKa
Table 2. Physicochemical parameters of plant-based beverages and cow’s milk

Oo6pasery pH IInoTHOCTB, I/1
Cost 6,91+0,01&f 102204
Osec 6,94%0,02f 10300
MuHanbL 7,46+0,01i 1015%02
OyHIYK 6,76+0,01¢ 1024 +0¢
Koxkoc 6,69+0,02° 1018+1°
Cos--MMUHAIb 7,07+0,018 1019£0P
Puc-bynmyk 7,23%0,01h 1026 0f
Kokoc-cost 7,380,001 1021%0¢
Cosi-6aHaH 6,87+0,014 1028+Qh
Puc-kononst 6,88+0,01%¢ 102708
Monoko 6,650,012 102901

MaccoBasi JO/ISI CyXUX BelecCTB, % OCII, mr-3xB I'K/100 ma

5,88+0,07° 61,4+1,2¢
10,57+0,048 32,0+1,5%P
5,31+0,03° 27,9%1,12
9,37+0,04f 56,8+2,2¢
11,72+0,03 63,9+2,7¢
6,83+0,091 58,6+3,0°
9,20%0,05f 73,2+0,84
6,64+0,12¢ 37,8+2,9°
7,85+0,02¢ 36,9%2,5P
10,77+0,06" 90,7+5,5¢
12,01£0,02 101,8+3,4

Tpumeuanue: OCIT — ob1iee comepskaHme MoauQeHoNIoB. Pa3Hble 1 OJMHAaKOBbIe OYKBBI YKa3bIBAIOT Ha 3HaUMTeNbHbIE (p < 0,05) 1 He3HauuTeNbHbIE (p > 0,05)

pasnuuus B IpezesiaXx OLHOTO CTOI61A COOTBETCTBEHHO.

Note: OCII — total polyphenol content. Different and same letters indicate significant (p < 0,05) and non-significant (p > 0,05) differences within the same column, respectively.
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TeM CaMbIM BO3JEMCTBYsl Ha MeHOOGPAasylolye CBOMCTBA PACTUTENb-
HbIX [13] ¥ MOIOYHBIX [27] pycniepcuii. IITOTHOCTD MOXKeT KOppenupoBaTh
¢ 06111 KOHLIEHTpaLMeii 6eJIKOB ¥ CyXMX BeliecTB [27], Toraa Kak obiee
comepkaHye CyX1UX BelecTB MOXKET ObITh CBSI3aHO C BSI3KOCTBIO U ITOBEPX-
HOCTHBIM HaTspkeHueM [28]. [TomudeHOMbHBIE COEIMHEHNS MOTYT GBITh
CUHeprucTamMmy 6enKoBbIX MOJIEKy/ B eHoo6paszoBanuy [29,30]. Pactu-
TeJibHbIe HAIIUTKU MPOAEMOHCTpUpoBanyu pH B uHTepBase oT 6,69 (Ko-
KOC) 110 7,46 (MUHIANb), UTO OBIIO HECKOJIBKO BhIlle pH Mo/IOKa, paBHOTO
6,65. TIIOTHOCTh PacTUTENbHBIX HAIUTKOB Kojlebanach B MHTepBaie OT
1015 r/n (muumans) mo 1030 r/a (oBec) mpotmB 1029 /7 aJist o6pasiia Mo-
soka. MaccoBast IOJIsI CyXMX BEL[eCTB B PACTUTENbHbIX HAMTUTKAX BapbU-
poBasachk ot 5,31 % (Mmuupgasnp) 1o 11,72 % (kokoc), uTo 6bLTO HIKE MacCo-
BOJ IOJIU CYXUX BEIIECTB B MOJIOKe, paBHOI 12,01 %. Ob11ee copepkaHue
nondenonos (OCIT) B pacTUTeIbHBIX HATIMTKAX HAXOAMIOCh B AMAaIias3o-
He oT 27,9 mr-3kB I'K/100 mn (MuHpans) go 90,7 mr-sks I'K/100 mu (pyc-
KoHo11s), Toraa Kak OCIT B monoke coctaBmuiio 101,8 mr-sks I'K/100 mit.
Cooburaemblie B 3T0i paborte 3Hayenust pH u OCII mast pacTUTeNbHbIX
HaIUTKOB ¥ MOJIOKA COIVIACYIOTCS C JIMTePaTyPHbIMU JaHHbIMM [31-33].
bimskuii K HeMTpaabHOMY YPOBeHb pH pacTUTeNbHbIX HAIUTKOB MOXKET
ObITh 06YC/IOB/IEH MTPUCYTCTBMEM B COCTaBe PErY/ISITOPOB KMUCIOTHOCTH,
a ToCTaTouHO BbicoKoe 3HaueHue OCII B MOJIOKEe MOXKET ObITh CBSI3aHO
Co croco6HOCThI0 peareHTa PonyuHa-YoKanbTey OKUCISITH HEKOTOPbIe
6enky. OFHAKO TUIOTHOCTY COEBOTO, OBCSIHOTO ¥ MMUH/ATbHOTO HAIUT-
KOB GbUIM BbILIE COOTBETCTBYIOLIVX IUTEPATYPHBIX 3HAYEHMI, TOTA KaK
IJIOTHOCTb KOKOCOBOTO HAIMTKa ObLIa HMKE COOOIIAeMOro B IMTepaType
3HaueHus [31]. ITU pacXoKAeHMs Pe3yIbTaTOB MOTYT GbITh 00YC/IOBIEHbI
KaK pa3iMYHbIM HYTPUEHTHBIM COCTABOM PAaCTUTETbHBIX HAMTUTKOB, TAK
¥ pa3HbIMM MeTOJaMM OIlpefiesieHus IJIOTHOCTU. B 3TOM mcciemoBanumn
M3MepeHMe TNIOTHOCTY HAITUTKOB MPOBOAMIIOCH C TOMOII[bIO apEOMETPHU-
YeCcKoro MeTOia, TOra Kak B paboTe [31] mpumeHsuiach BUOpAIVIOHHAST
IIJIOTHOMETPUSI.

PesynbraThl OLIEHKM IeHoo6pasyiomieit crioco6Hoct (FC) mccie-
JIOBaHHBIX HAIIMTKOB IpeAcTaBieHbl Ha Pucynke 1. ITocne maposoro
BCIIEHMBAHUS TIpU Temrieparype 65°C HAaMMUTKU HAa PaCTUTENTbHOI OC-
HOBe npoaeMoHcTpupoBanu FC B uHTepBane oT 93%7 % (Coss-MUHAAIb)
no 202+8% (muHpanp), Torga kak FC KOpOBbero MOJIOKa COCTaBMJIa
197+9%. B pesynbTaTe cMeIIMBaHus pu 65 °C HANIUTKM HA PACTUTENb-
HoIt ocHoBe mposiBwin FC B nuamasoHe ot 15+2% (cos-MMHIAb) 10
262%5% (xokoc-cost) mpotuB FC momnoka, pasHoit 258 ¥4 %. ITocne cme-
myBaHus npu remnepatype 10 °C HanmUTKY Ha paCcTUTENbHOM OCHOBE I10-
kasanu FC B unTepsaie ot 0£0 % (xokoc) 1o 196*2 % (oBec) nmpotus FC
MoJioKa, paBHOI 200+ 2 %. [IpoaHa/IM3MPOBAHHbBII KOKOCOBbI HAIMUTOK
He BCIIeHMBaJICsl yTeM cMelnBaHus ripu 10 °C, MOCKOIbKY OH MMeJT 0CO-
6YyI0 TYCTYI0O KOHCUCTEHIMIO U, KaK CIeICTBME, TOBBIIIEHHYIO BSI3KOCTb,
KOTOpbIe MOTYT GBITh OTBETCTBEHHBI 3a IeHoo6pa3oBaHue [3]. C HOBbI-
nreHneM TeMIepaTypsl 1o 65 °C BI3KOCTb KOKOCOBOTO HAIIMTKA TTOHVKA-
JIaCh, I OH CTAHOBWICSI CIIOCOGHBIM K IIEHOOOPA30BaHUIO.

Pe3ynbraThl OLIeHKM cTabmibHOCTY TieH (FS) MccneqoBaHHbIX HAITAT-
KOB 4epe3 15 MMHYT mocjie BCIIeHVBAHMS MPeACTaBlIeHbl Ha PucyHke 2.

IMocne 06paboTKM MMapom mpu Temrepartype 65 °C meHbl paCTUTEIbHbIX
HaIMUTKOB COXPaHWIN OT 37 2 % (oBec) Ko 73+ 3 % (Cosi-MMUH[IaJIb) CBOETO
IepBOHAYaIbHOrO 06beMa, Torna Kak FS KopoBpero Mosnoka cocraBuia
45+4%. B pesynbraTe cMemnBaHusI Ipyu 65 °C MeHbI paCTUTENbHBIX Ha-
MUTKOB COXpaHmwm oT 59+ 1% (oBec) mo 87*1% (CoST-MUHIATb) CBOETO
repBOHAYaabHOrO o6bemMa mpoTuB FS Mosmoka, paBHOI 65%3%. Ilocie
cMmemyBaHys py remriepatype 10 °C meHsl pacTUTeNbHbIX HAIIMTKOB CO-
xpaHwiu oT 16+ 2 % (kokoc-cost) 1o 79+ 1% (MMHAAIb) CBOETO ITepBOHA-
yajabHOro o6bema npotus FS mosnoka, paBHoit 0£0%. IleHbl pacTuTeNb-
HBIX HAMUTKOB MOIMIM ObITh Gosiee CTaGMIbHBIMM IIOC/TE CMEIIVMBaHMS,
IIpY 3TOM HM3KMeE MeHbI IeMOHCTPYPOBA/IY IIOBBILIEHHYIO YCTOMYMBOCTb.
O HecTabMIbHOCTY MOJIOYHBIX ITEH TPU HU3KMX TeMITepaTypax o6pabor-
KM coob1manoch paHee [34]. C TOUKM 3peHMsT KOMUYECTBa U CTaGMIbHOCTYI
IIeHbI BCE PAaCTUTeNbHbIe HAIIUTKU ObLIM KM3HECIIOCOOHBIMM albTepHa-
TUBaMM MOJIOKY JJIsl IPUTOTOBJIEHMSI KallyuMHO B CJTydae BIIPbICKMBAHMS
rapa, HO He B CTyyae MeXaH)4eCKoro rnepemMelBaHusl.

CooTHoIeHe 6eKOB ¥ KVPOB MOKET UI'PATh BaKHYIO POJIb B IIEHOO-
6pa3zoBaHuy [28]. B jaHHOII paboTe HanMboIee YyBCTBUTEIBHBIM K 3TOMY
rapamMeTpy OKa3ajJoChb MeXaHM4eckoe IepeMellVBaHMe IpU TeMIlepa-
Type 65°C (PucyHok 1). CoeBblit, KOKOCOBO-CO€BBIii, COEBO-OaHAHOBBIN
HaOMTKM ¥ MOJIOKO, MMelolye Gojee BBICOKME COOTHOIIEHVS GelKOB
K xupam (0,7-2,0), mpom3BOAMIN JOCTOBEPHO Gojbliiee KOIMUYECTBO
TIeHbI ITyTeM CMeIIMBaHus pu Temieparype 65 °C. [lo-Bugumomy, mpu
JIOCTATOUYHO HM3KO/ KOHLEHTPALMM KMPOB IE€HBbI CTAGMIMU3UPYIOTCS
MPeMMYIEeCTBEHHO Genkamu, mpu 3TOM TuapodobHbIe 6enku Haubo-
Jlee aKTVBHBI B CTaGuIM3anyuy MeH B CPaBHEHMM C I'MAPODUIBHBIMU
6enkamu [35,36]. OnHako ruapodo6HBIM GekaM TpebyeTcs HEKOTOpoe
BpeMsl, YTOObI OHY CMOITIM IT€PEeCTPOUTHCS Y HAWTY «ITOIXO/SIIYI0» KOH-
dbopmaumio s mpucoenuHeHus: K uHrepdeiicy [37]. BeposiTHo, 60mee
IJIUTENbHOE TepeMellBaHMue 00ecreuBaeT YIyILIEHHYI0 afcopOuuio
M caMoOpraHmMsauuio ruapodoO6HbIX GEKOB HAa TpaHMIE pasnena Io
CpaBHEHMIO C KPaTKOBpPeMeHHOJ 06paboTKoii MmapoM Ipu TO ke TeM-
neparype. bonee HU3KMe MTeHbI B C/Tydae CMeIIMBaHMsI IIpU TeMIlepaType
10°C MOryT OBITh CBSI3aHBI C TEM, YTO IIPU MMOHVKEHHBIX TeMIIepaTypax
(menee 40 °C) >kMpbl HAXOAATCS B UACTMYHO KPUCTAIM30BAaHHOM COCTO-
SIHUY Y MOTYT MTOBPEXAATb TOHKYIO IUVIEHKY ITy3bIPHKOB IPY GU3MUYECKOM
KOHTaKTe [34]. OTnuMuuTenbHOE MOBeLeHMEe OBCSIHOTO HalMUTKa, TakKe
MMEIOIIETO BHICOKOE COOTHOILIEeHMEe OeKOB K XKupam (paBHOe eIMHULIE),
MOXKET ObITh OGYCJIOBIEHO BBICOKOI KOHLIEHTpALVeii YIJIeBOLOB, KOMM-
YecTBO ¥ MPOGWIb KOTOPBIX MOTYT BIMATh HAa MeHooGpasoBaHue [38].
HarmpoTus, coeBO-MMHJIA/NbHBINA, PUCOBO-(PYHIOYKOBBII UM PUCOBO-KO-
HOIUISIHBIY HAIMTKY, MMeIouye 6ojiee HU3KME COOTHOLIEHMSI GeNKOB
K xupam (0,3-0,5), MpomM3BOAWIN AOCTOBEPHO MeEHbIee KOIMYECTBO
TIeHbI IyTeM CMeIVBaHus Ipu Temmepatype 65 °C. BeposiTHO, 3Ta TeH-
IeHIMsT Habmioganach Obl M B CJly4ae KOKOCOBOTO HAMMUTKA (6ETKM/5KUPBI
~ 0,2), ecy GbI TycTast KOHCUCTEHIIMSI HE OTPAHMYMIIA €T0 BCIIEHMBAHKE
npu 10 °C. IIo-BuAMMOMY, IIPYU JOCTATOYHOV KOHIIEHTPALUy SKUPbI Ha-
YMHAIOT y4yacTBOBAaTb B IeHOOOpaszoBaHuu. IIpu mapoBoit o6paboTke
IIeHBI MOTYT CTaGMIN3MPOBATHCS IUAPOMMIBHBIMY GETKAMY U KUAKIMU
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PucyHox 1. IleHooGpasyomas crnoco6HocTh (FC) HAMMTKOB Ha PaCTUTEIbHOM OCHOBE ¥ KOPOBbEro MoJioka. ITaHKM yKa3bIBalOT
Ha rPaHMIBI CTAHZAPTHOIO OTK/IOHeHMs. Pa3Hble ¥ OgMHAaKOBbIe GYKBBI YKa3bIBAIOT Ha 3HauUnTeAbHbIE (P < 0,05) ¥ HE3HAUNTEIbHbIE
(p > 0,05) pasnuums B pegesiax OGHOTO HAIIUTKA COOTBETCTBEHHO.

Figure 1. Foaming capacity (FC) of plant-based beverages and cow’s milk. The bars indicate the standard deviation boundaries. Different and same letters
indicate significant (p < 0,05) and non-significant (p > 0,05) differences within the same beverage, respectively
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PucyHok 2. CtabmabHOCTS IeH (FS) HaMMTKOB Ha PacTUTE/IbHO OCHOBE ¥ KOPOBbEro MojioKa. IlIaHKM yKa3bIBalOT Ha rPaHMIIbI
CTaHJAPTHOIO OTKIOHEeHMs . PasHble M 0JMHAKOBbIe OYKBbI YKa3bIBAIOT HA 3HaYMTeNbHbIE (P < 0,05) 1 He3HaunTeIbHbIE (P > 0,05)
pasanumus B ripejeax OAHOro HaIIMTKa COOTBETCTBEHHO
Figure 2. Foam stability (FS) of plant-based beverages and cow’s milk. The bars indicate the standard deviation boundaries. Different and same letters indi-
cate significant (p < 0,05) and non-significant (p > 0,05) differences within the same beverage, respectively

>KMpaMy, IOCKOJIbKY NTepBble He HY>KIAIOTCSI B CAaMOOpTraHu3alum, a BTo-
pbl€ TOCTATOYHO AaKTUBHBI C TOUKM 3PeHMsI aJcOpPOLMM Ha rpaHulle pas-
nena. Huskast meHoo6pa3yeMoCTh PACTUTENbHBIX HATIMTKOB B PE3Y/IbTATE
cMemmBaHust mpy 65 °C MOXeT GbITh CBSI3aHa C KOHKYPEHTHO! afcop6-
Meit 6GeIKOB U XXUIOKUX KUPOB HA TpaHulle pasmena. B ciydae cmernin-
Bauust pu 10°C crabunmsaius reH 6ejKaMu, BePOSTHO, Ipeobiagaer
HaJl fecTabunmsalyeil eH KpUCTa/UIM30BaHHBIMM Xupamu [5,6,34-37].
Crnenudnueckoe MmoBefeHNe MUHAAIBHOTO UM (YHAYKOBOTO HAIMUTKOB,
TaKKe MMEWUMX HU3KMEe COOTHOIIeHUsT 6eKOB K Kupam (okoso 0,3),
MOXXeT ObITh OOYC/IIOBIEHO MPUCYTCTBMEM CTAOMIN3aTOPOB M SMYJIbra-
TOPOB (B JAHHOM CJIy4ae Hey3BeCTHOJ KOHLIeHTpaluy), KOTOpble MOTYT
y4yacTBOBaTh B 06pa3oBaHuM NeHsl [17].

IlaHHble OJI1 PaCTUTEIbHBIX HAMUTKOB (MCKIHOYAsT MOJIOKO) GbLIN
JCIIONb30BaHbl B KOPPESILMOHHOM aHalu3e, Pe3ylbTaThl KOTOPOTO
nipefcrasiaeHbl B Tabauiie 3. [leHoO6pasyolye CBOVCTBA PACTUTETbHbBIX
HAINMTKOB HE KOppeampoBain C COOep>XaHUEM GOJIBHJI/IHCTBa muTaTe/lb-
HBIX BelecTB (6eJIKkaMiu, COOTHOIIEHMEM GeIKOB K K1paMm, yIiieBoAaMu,
MAIIEBBIMY BOJIOKHAMM M KaJIbI[EM), & TAKKe C U3yUyeHHbIMU (PU3UKO-

XUMUYECKUMMU MoKasaTteisivMu (pH, INIOTHOCTBIO, OGLIVIMY CYXMMMU Belle-
crBamu 1 OCIT). OnHako 6bU1a O6HAPY)KEeHA OTPULIATETbHAS KOPPEeSIIVSI
skupoB ¢ FC pacTuTenpHBIX HAIMTKOB TOC/Ie CMEIIMBAHMS TP TeMIle-
patype 65°C (r = -0,81, p = 0,005) n 10°C (r = -0,64, p = 0,047), aHaso-
IMYHAs TeHJEeHIMsT HabJTIoanach U B ciyyae MHbEKIVM napa mnpu 65 °C
(r=-0,58, p = 0,080). KoH1ieHTpaus KMPOB OblIa TAKKe MOJIOKUTETHHO
cBs3aHa ¢ FS pacTuTenbHbIX HAITUTKOB I1OC/Ie CMEIIMBAHUS IIPU TEMITe-
patype 65 °C (r = 0,67, p = 0,034). Cpeny HellesleBbIX KOPPEISLNIA ClIeny-
eT OTMEeTUTh MONOKUTETbHYIO CBSI3b KOHLIEHTPAlUM YIVIEBOLOB C ILIOT-
HocTbio (r = 0,79, p = 0,007) 1 KoHUeHTpauuu xupos ¢ OCII (r = 0,84,
p =0,002), 0 KOTOPBIX COOOGINATIOCH B paHee OIMyOIMKOBAaHHBIX MCCIEN0Ba-
HMSIX [31,33]. Boripeky JaHHBIM ITpeApiayiero ucciaenopanus [10], Ml He
BBbISIBMJIV KOPPEJISILIMU MEXIY cofepkaHyueM 6eIKOB ¥ IeHO0OpasyroLy-
MM CBOVICTBAMM PACTUTETbHBIX HAITUTKOB MPU BCEX MPOTECTUPOBAHHBIX
croco6ax BCIIEHUBAHMSI, UTO, ITO-BUAMMOMY, CBSI3aHO C OTIMYMSIMU B CO-
CTaBe UCCIenyeMoit BBIGOPKU. B 3T0it paboTe aHAIM3UPOBATMUCH HATTUTKYA
Ha pPaCTUTENbHO OCHOBe TUIA «Barista», comepkaliue B cOCTaBe CTabu-
JIM3aTOPbl ¥ 3MY/IbraTOPbl MPUPOAHOro mpoucxoxneHus: (Tabmuma 1).

Ta6nuia 3. KoppensumoHHas maTpuma
Table 3. Correlation matrix

Bosok-
Ha

0,38
-0,51
0,52

benku,/ VYrae-
JKUPBI  BOZJBI

0,95 0,07
-0,64 0,04
Benku / xupbt 1 0,06
YrneBopbl 1

ITapameTtpsr Benxku >Kupsi Ca pH

Benku 1 -0,38

JKupbt 1

0,09
-0,06
0,10
0,12 0,27
Bonokna 1 0,42
Ca 1 0,34
pH 1

ITnoTHOCTD
Cyxue BelljecTBa
0oCIl

FC-1

FC-2

FC-3

FS-1

FS-2

FS-3

-0,27
-0,32
-0,18
-0,25
-0,08

Mot Be?u"gfna OCl FC-1 FC-2 FC-3 FS-1 FS-2 FS-3
039  -027 -003 -003 025 020 001 -020 -027
00l 060 084 -058 -0,81 -0,64 0,62 0,67 0,20
034 -037 -030 0,19 049 037 -024 -046 -0,24
079 052 003 -034 -021 023 -0,11 -0,17 0,19
002 -031 -0,16 046 046 040 -0,61 -046 0,38
004 -021 -0,11 033 052 033 -023 0,10 0,05
037 -0,65 -040 058 043 047 -0,16 024 -0,19
1 047 0,15 -030 -0,04 038 -006 -031 -0,04
1 045 -047 -0,55 -046 007 -0,08 0,19

1 044 -0,59 045 045 056 0,25

1 083 049 -0,78 -043 -0,09

1 073 -0,73 -0,64 -0,35

1 -048 -044 -0,10

1 075 0,05

1 0,03

1

Ipumeuanue: OCII — obuiee conepskanue nomudenonos; FC-1, FC-2 u FC-3 — meHoo6pasyoiasi CltoCOGHOCTh MMOC/Ie BIPHICKMBAHMSI Tapa Mpy TemiepaType
65 °C, MexaHMUYEeCKOT0 MepeMelBanus rpu remmepatype 65 °C u 10 °C coorBeTcTBeHHO; FS-1, FS-2 11 FS-3 — cTaGMIbHOCTH MEHBI TIOC/IE BIPBICKMBAHMS Mapa
npu Temmeparype 65 °C, MexaHMUecKoro rnepemenBanus npu remmeparype 65°C u 10°C cooTBeTcTBeHHO. JKUPHBIM WIPUGTOM BbIJEIEHbI CTATUCTUUECKU
3Hauumble (p < 0,05) sHaueHMs KoadduIeHTa MMHeltHOM Koppersiuyy [Tnpcona.

Note: OCII — total polyphenol content; FC-1, FC-2 and FC-3 — foaming capacity after steam injection at a temperature of 65 °C, mechanical agitation at a temperature of
65 °C and 10 °C, respectively; FS-1, FS-2 and FS-3 — foam stability after steam injection at a temperature of 65 °C, mechanical agitation at a temperature of 65 °C and 10°C,
respectively. Bold type indicates statistically significant (p < 0.05) values of the Pearson linear correlation coefficient.
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IToMMMO NpuUAaHMUS TEKCTYPbl 3TU NuLIEeBble T06ABKM 06eCIeyrBaioT
KOJIOMIIHYIO CTaOMIBHOCTD PACTUTENIbHBIX HAMUTKOB [21], B TOM umcie
Mpy f06aBIeHUM B pacTBOPBI ropsiuero kode [39,40]. OmHAKO TeKylye
MCC/IENOBAHMST YKA3bIBAIOT HA TO, YTO KameOu U KapparuMHaHbl MOTYT
CTabMIM3MPOBATD IT€HBI 110 MeXaHU3My BbICOKOMOJIEKY/ISIDHBIX MTOBEpX-
HOCTHO-aKTMBHBIX BeIeCTB Hapsmy C GeaKamy, TOTHA KakK JIeLUTVHBI
" CallOHMHBI MOTYT CTa6I/II[I/I3]/IpOBaTb TMEeHBbI IO MEeXaHM3My HU3KOMO-
JIEKYJISIPHBIX TTOBEPXHOCTHO-AaKTUBHBIX BELeCTB HapsLy ¢ skupamu [17].
Co061aI0Ch, YTO B ONTMMMU3UPOBAHHBIX YCI0BUSIX (PH, BI3KOCTD, IO-
BEPXHOCTHOE HaTsSDKeHMe, COOTHOIIeHue 6eoK/cTabunmusaTtop u T. 1.)
KaMeIy M KapparMHaHbl MOTYT ObITh CMHEPIUCTaMU GETKOBBIX MOJIEKY/
B neHoo6pasoBauuyu [41,42]. ITo-BuauMOMy, B UCC/IEyeMbIX PaCTUTENb-
HBIX HAaIIUTKaX CTabMIM3aTOPBI BBICTYIIAIOT CUHEPTUCTaMy Ge/IKOB B I1e-
HOOOpa30BaHMM, YTO OGYCIIOBIMBAET OTCYTCTBME KOPPENSLMU MEXIY
cozepskaHueM GenKoB M IeHoobpasylomumMy cBoiictBamu. CTabuimsn-
pywoine 3pdeKkTsl dMYyNIbraToOpOB, BEPOSITHO, BbIPasKeHbI JTOCTATOYHO
c1a60, yTO 06YCIaBIMBAET HANIMYYE KOPPESIUY MeXIY CofepKaHuemM
SKMPOB U ITIeHO06Pa3yIoIMMM CBOICTBAMM PACTUTEIbHBIX HAIUTKOB.

4. BpiBOABI

B 3r0i1 pabore mcciemoBanuch GU3UKO-XMMUUYECKME U ITEHOO6Pasy-
IolMe CBOJCTBA HAIIMTKOB HA PaCTUTENbHOJ OCHOBE M KOPOBBEIO MO-
JIOKa JJIs1 IIPUTOTOBJIEHMSI KallyuMHO, MMeEIOIMX MapKMpOBKy Barista
Ha yIakoBKke. BcrieHuBaHMe 06pa3LioB IMPOBOAWIM METOIAaMM BIIPbICKA
mapa (65°C) n mexannueckoro nepementusanus (65°C u 10°C), moge-
JIMPYIOIIUX YCJIOBUSI IPUTOTOBJIEHMST TOPSTUMX U XOJMOAHBIX KOdeltHbIX
HanuTKOB. IlosydyeHHbIe TT€HbI aHAIM3MPOBAIYM IO [TOKa3aTeNSIM IeHO-
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o6pasytomieit cnoco6Hoct (FC) u crabuibaoctu (FS). IpoaHanusupo-
BaHHBIII KOKOCOBBIiI HAIIUTOK BCIIEHMBAJICS NPy TeMmmeparype 65 °C, HO
He BcreHuBascs npu 10°C, NpennonoXUTeNbHO, BUIEICTBME TYCTOTHI
KOHCHUCTEeHL MM U TOBBIIIEHHOM BSI3KOCTU. C TOUKYM 3peHys] KonuyecTBa
M CTabMUIBHOCTY TIeH BCe PACTUTeTbHbIE HAIUTKU GbLIN KM3HECIIOC00-
HBIMM aJIbTEPHATMBaMV MOJIOKY /1JIs IPUTOTOB/IEHNS KalTydMHO B clTydae
BIIPBICKMBAaHM ITapa, HO He B CJlydae MeXaHM4eCKoro nepemMeBaHus.
[TeHoOGpasyolMe CBOICTBA PACTUTENbHBIX HAIMTKOB He KOPPeIupo-
BaJM C comepykaHueM OOJIBIIMHCTBA MUTaTeNbHbIX BellecTB (6elKkaMu,
COOTHOIIIEHVEM GeJIKOB K JXMpPaM, YITIeBOLAMM, UIIEeBbIMY BOTIOKHAMMY,
KaJIbIYieM) U C M3yYeHHbIMU QU3UKO-XMMUUYECKMMM TToKasaTensimu (pH,
IJIOTHOCTBIO, OOIIMMM CYXMMM BellecTBaMM M OGIIMM COfep>KaHueM
nonmvdeHonos). OpHako 6blla OGHApY)KeHa OTpMULIATeNbHAs KOPpers-
uMsi Mexay copepykaHueM kupoB U FC pacTuUTenbHBIX HAaNUTKOB IIPU
cvemBanuu (p < 0,05), aHayornyHas TeHAeHLMs Habmonanach U B CJ1y-
yae uHbekuy napa (p = 0,08). OTCyTCcTBME CBSI3U MEXAY COAEepPKaHUeM
6€eJIKOB ¥ XapaKTepUCTMKaMY IIeHbI IOIYepPKIBAET CJIOKHOCTh KOHTPOJIS
MOC/IeAHUX B MTPOGECCHOHANbHBIX PACTUTENIbHBIX HAIUTKAX Y, BEPOSITHO,
06YC/I0B/IEHO CMHEPIM3MOM Ge/KOB U CTabMIN3aTOPOB B IEHOOO6PA30Ba-
Huy. Pe3ynbTaThl 3T0/ pabGOThl MOTYT GBITH MOJNE3HBI aKaeMIUECKOMY
M MHOYCTPUAIbHOMY coobLiecTBaM. bymyiiye ycciaefoBaHMS JOKHbI
CTUMYIMPOBATh U3yueHue 3dekToB Kameseit, KapparmHaHOB U IPYTUX
BBICOKOMOJIEKY/ISIPHBIX CTaOMIM3ATOPOB NPUPOFHOIO MPOUCXOKIEHMS
B MeHooOpa3oBaHuy. [IpoM3BOAUTENSIM MOXKET ObITh PEKOMEHJOBAaHO
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