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Introduction. The debate surrounding the labeling of
genetically modified organisms (GMOs) has largely shifted
from whether to label to understanding the various reasons
behind supporting or opposing such labeling.

Materials and methods. This paper studies factors
influencing attitudes towards GMO labeling employing a
representative sample of the Czech population (N=884). We
examine the impact of information about genetically modified
foods (GMFs), environmental concerns, perceived health
effects, dietary habits, factors considered important when
purchasing, and sociodemographic characteristics on GMO
labeling preferences in the framework of ordinal regression
analysis.

Results and discussion. Our findings reveal that almost
one third of the respondents is not familiar with genetically
modified foods (GMF). Another third confirm that they are
familiar with the GMF, but does not know what it refers to.
Almost eighty percent of the respondents do not express
interest in GMF. On the other hand, the results suggest that the
health concerns and the level of interest and information about
GMO significantly predict the propensity to check GMO labels
and the belief that the GMO products should be labelled. The
current subjective state of health was not related to the attitudes
to GMO labelling. Environmental considerations, such as the
subjective effect of food production on the environment and
the current environmentally conscious behavior (recycling and
environmental waste management at home) positively
predicted the need for labelling and the propensity to check
labels. Additionally, individual dietary habits, such as
shopping habits showed to affect the subjective proportion of
GMO products the respondent eats. The results will be
interested to marketing specialists and policy makers.

Conclusion. This research contributes to understanding
the multifaceted dynamics underlying public attitudes toward
GMO labeling and provides valuable insights for policymakers
and stakeholders in the ongoing debate about genetically
modified products.
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Introduction

The ongoing debate over the labeling of genetically modified foods (GMFs) reflects a
complex interplay of public interest, health concerns and the availability of information.
Discourse on genetically modified foods (GMFs) is shaped by various sources, including
mass media, websites and informal communication channels (Gibson et al., 2022).
Considering the above pros and cons, this public discourse can be encapsulated in five
overarching themes: the basic science of biotechnology, food and feed safety assessment
(including labelling), environmental safety assessment (including pest control, use of
pesticides or chemicals, biodiversity, mitigating climate change and environmental
degradation), government regulations and global trade in GM crops (Arcelo-Villena, 2019).

Despite unanimous conclusions from several risk assessments confirming the safety
equivalence of genetically modified foods with conventional crops in terms of human and
animal health (Smyth et al., 2021), the public still tends to take GMFs with apprehension due
to the perceived potential risks. As a result, regulatory measures have been introduced,
particularly in Europe, with parallel developments observed in developing countries across
Africa and Asia, regions that may gain significant benefits from the adoption of GM products
(Qaim, 2020).

In the European Union, the European Food Safety Authority (EFSA) plays a key role
in conducting risk assessments for regulated food and feed, including GM crops. EFSA's
approach is based on a comprehensive framework of legal and methodological guidelines
that govern the decision whether to authorize a particular food or feed for the European
market (Garcia-Alonso et al., 2022; Hilbeck et al., 2020). However, the regulatory process is
not without problems, as evidenced by the estimated cost of approving genetically modified
food and feed in the EU ranging from €11 to €16.7 million (EuropaBio, 2019).

As the discourse has evolved beyond the mere question of whether to label GMO
products, understanding the factors that drive the public to label GMFs has become essential.
This paper aims to contribute to this discourse by examining the influence of environmental
concerns, perceived health risks associated with GMOs, and the availability of information
on the public's demand for GMF labeling, as well as their propensity to read such labels. This
investigation is conducted on a representative sample of the Czech population, including 884
individuals aged 18 to 90 years (M &+ SD: 48.17 + 17.72; 53.40% women, 18.04% with higher
education).

Methodologically, our approach involves hierarchical ordinal regression analysis to
examine the relative impact of these key factors on public attitudes towards GMF labelling.
In the first stage of our analysis, we examine the overall predictive power of environmental
issues, health risks, and information availability. Acknowledging the paramount importance
of GMF-induced health effects, we then delve into a second-stage hierarchical regression to
discern the predictive power of GMO-induced negative health effects relative to other factors
influencing labeling attitudes.

By focusing on these aspects, the present study aims to offer a detailed understanding
of the factors that shape public opinion on GMF labeling and to provide insights that can
inform both academic discourse and policy decisions on GM products.

The organization of the paper develops as follows: The introductory sections provide
an overview of the public discourse on genetically modified foods and offer a synthesis of
the existing discussion on GMF. The following segments detail the literature review, data
collection process, and chosen methodology. Subsequently, we present the findings, engage
in a comprehensive discussion and draw conclusions.
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Genetically modified foods: a review of health, ecological and ethical aspects

Genetically modified foods (GMF) have become the focus of intense scrutiny, leading
to a comprehensive examination of their multifaceted implications. This review delves into
three primary dimensions — health, ecology and ethics — to provide a detailed understanding
of the challenges and opportunities that GMF presents. Health considerations include
potential risks associated with consumption, examination of issues such as toxicity and
allergenicity, as well as examination of claims of changes to human DNA. On the
environmental front, the assessment reviews both negative concerns, including reduced
biodiversity and potential contamination, and positive aspects, such as reduced reliance on
harmful chemicals in agriculture. In addition, ethical considerations are explored that deal
with moral objections and cultural perspectives that view genetic modification of food as a
violation of the natural order and a violation of fundamental principles. By synthesizing these
aspects, this review aims to contribute to a balanced discourse on GMFs and to inform
discussions about their cultivation, regulation and adoption in our global food systems.

Health risks associated with genetically modified foods

The introduction of genetically modified foods (GMFs) has sparked extensive debate
with a primary focus on health risks. Researchers such as Ozkok (2015), Gizaw (2019), and
Krimsky (2019) have highlighted concerns related to GMF. Among the prevalent health
problems associated with GM foods, toxicity and allergenicity are often highlighted (Zhang
et al., 2016). Consumer reports following the introduction of transgenic corn revealed an
association between GM corn consumption and food allergy symptoms, including headaches,
diarrhea, nausea, and vomiting (Bernstein et al., 2003; Dona and Arvanitoyannis, 2009).

Another major health issue revolves around the potential alteration of human DNA as a
result of substantial modifications to our diet through GM foods. The change can occur
through the insertion of foreign genes into the human genome or through cumulative changes
in metabolic processes resulting from modified food intake. However, current evidence as
reported by Nawaz et al. (2019), does not conclusively demonstrate a causal link between
GM foods and changes in human genetics. Despite two decades of widespread GM food
consumption, no confirmed cases of gene insertion in humans directly linked to GM food
intake have been reported.

Environmental impacts of GMOs

Genetically modified organisms bring a spectrum of potential environmental impacts
and generate both concerns and potential benefits. Tsatsakis et al. (2017) elaborate on the
negative consequences, including the reduction of biodiversity, potential contamination by
non-genetically modified organisms, disruption of natural ecosystems due to the widespread
introduction of GMOs, and the potential reduction in the effectiveness of some pest
deterrents. The risk of unintended gene transfer between species is another threat that leads
to unpredictable impacts on the environment and food webs.

Conversely, GM crops offer positive environmental effects by reducing the need for
herbicides, pesticides and other chemicals in food production. This reduction is in line with
environmental sustainability goals and contributes to reducing the environmental impact
associated with traditional agricultural practices. As the complexities surrounding GMOs
develop, it becomes essential to consider both potential risks and benefits in order to make
informed decisions about their cultivation and use in agricultural systems.
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Moral and ethical dimensions of GMF

Criticism of GMF goes beyond scientific concerns and includes moral and ethical
dimensions. Knight (2009), Kumar and Yadav (2021) and Green (2023) highlight the
prevailing moral objections, particularly regarding the perception that GMFs disrupt the
natural order of food production. Genetic modification of foods involves changing their DNA
to increase nutritional content or resistance to disease, pests or environmental stressors. Many
individuals find this manipulation morally objectionable and see it as a violation of the
fundamental principles of nature. There are also concerns about potential long-term health
risks and unintended environmental consequences through cross-pollination.

Religious beliefs further contribute to ethical discourse, particularly in cultures where
religion strongly influences dietary practices. Streiffer and Hedemann (2005) and Chen and
Li (2007) note that the introduction of genetically modified foods may conflict with
established religious doctrines, reducing their acceptance in the general population.
Individuals express concern about GMOs as interfering with natural processes and disrupting
nature's delicate balance, leading to fears of unforeseeable consequences and the ethical
dilemma of "playing god". Even those without religious objections may reject GMFs out of
a broader respect for nature or fear of potential unknown dangers associated with their
consumption. The intersection of ethical considerations and belief systems plays a critical
role in shaping public policy decisions and influencing consumer decisions as GMOs
continue to evolve and affect our food systems.

Public awareness challenges and the role of knowledge

A significant gap in public awareness of the scientific evidence surrounding genetically
modified technologies contributes to confusion among the general population. Sikora and
Rzymski (2021) highlight the polarization evident in media debates between proponents and
opponents of GM, further fueled by deliberate anti-GM actions led by non-governmental
organizations (NGOs). The dissemination of information through social media, which often
lacks a scientific basis, increases the complexity of public understanding (Jiang and Fang,
2019). Individuals with limited knowledge, including parents, play a key role in shaping
perceptions of GMOs (Shtulman et al., 2020).

Empirical evidence from studies such as Moon and Balasubramanian (2004), Moerbeek
and Casimir (2005), and Vilella-Vila et al. (2005) highlights a direct and positive relationship
between increasing knowledge of GM technologies and increased support for their
applications (Costa-Font et al., 2008). Targeted information campaigns have the potential to
cultivate an informed public and promote a more objective understanding of the risks and
benefits associated with GM products. However, the impact of knowledge is varied,
influenced by perceptions of the morality of genetic modification, rather than simply
dependent on political or religious views (Hasell and Stroud, 2020).

Conversely, some studies question the assumed direct link between scientific
knowledge and attitudes, suggesting that the correlation between science-based information
about GMF and public perception remains weak and in some cases non-existent (Diamond
et al., 2020). Government regulatory policies and laws regarding the cultivation and sale of
genetically modified products are important determinants of public acceptance. Consumers
who do not agree with these policies can express their disapproval by protesting GM
products, even if they are not directly affected. As the debate on GM technologies continues
to evolve, the multifaceted interplay between knowledge, perception and regulatory
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frameworks will play a key role in shaping public attitudes and influencing wider societal
acceptance of genetically modified products.

GMF labelling

In many countries, the absence of clear regulations governing the labeling of genetically
modified foods has left consumers uncertain about the products they buy and consume,
contributing significantly to the prevailing sense of mistrust of the technology. The
introduction of mandatory labeling of genetically modified organisms represents a potential
solution to alleviate the lack of information on GMFs. The issue of GMO labeling has been
central to political and public discourse since the beginning of commercialized GM
technology (Adalja et al., 2023). Consumers express a critical need to be informed about the
presence of transgenic ingredients in their food in order to make informed consumption
decisions (Delgado-Zegarra et al., 2022).

Voluntary labeling initiatives, particularly for non-GMO (third party verified) products,
have gained traction in the United States to address consumer preferences. This approach
resonated with consumers and increased sales of non-GMO products to over $26 billion in
2019 (Food Business News, 2019). Such labeling is particularly important for consumers
who are concerned about safety and show resistance to GM technologies (Zheng and Wang,
2021). Research also shows that consumer demand for GM foods is influenced by labeling
schemes adopted by policy makers (Kim et al., 2022). As a result, mandatory labeling
requirements are emerging as an essential tool to provide transparent information to
consumers and enable them to make informed decisions about food choices.

While some studies suggest that the cultivation and production of modified products
can lead to lower production costs (Azadi and Ho, 2010; Ekici and Sancak, 2012), a
significant segment of consumers choose more expensive non-GMO alternatives for reasons
of principle rather than for functional reasons. . This preference is consistent with a broader
pattern of low public acceptance of GM foods, with consumers having subjective knowledge
and limited objective understanding demonstrating a greater willingness to pay for non-GMO
variants (Rihn et al.,, 2021). As debates about GMOs and labeling evolve, the dynamic
interplay between regulatory frameworks, consumer preferences, and the principles that
guide food choices will continue to shape the landscape of GM food acceptance and
consumption.

This paper concentrates on two main discourses: the effects of environment protection
and supposed health risks on GMF acceptance. As the consumer preferences are highly
impacted by the available information, we also research the effect of information availability
on the GMO acceptance.

H1: GMF labelling requirements are predicted by environmental concerns

H2: GMF labeling requirements are negatively predicted by perceived health risks

H3: GMF labelling requirements are predicted by availability of relevant information
including the interest in the subject.
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Material and methods
Data

The survey data was collected in July 2021 through a study called "Food 2021"
conducted by the Czech Sociological Institute. A total of 884 participants, reflecting the
population of the Czech Republic, answered the questionnaire voluntarily and anonymously
(age 18-90 years, M £ SD: 48.17 + 17.72; 53.40% women, 18.04% with higher education).
The survey was conducted under the supervision of 139 experienced interviewers who used
a combination of Paper and Pencil Interview (PAPI) and Computer-Assisted Personal
Interview (CAPI) methods. Due to the high quality of completed questionnaires, all collected
data were included in the sample. Participants, native speakers residing in the Czech
Republic, were selected using quota sampling by region (NUTS 3), size of place of residence,
gender, age and education. This dataset, provided by the Czech Social Science Data Archive
(Institute of Sociology. Academy of Sciences of the Czech Republic. 2021), is representative
of the Czech Republic.

Method

We apply hierarchical ordinal regression analysis to test the following hypotheses
(Graph 1):

Graph 1
Hypotheses

Information about GMF

Are predicted by

GMF Labelling <:| GMF effects on health

Environmental concerns

Additionally, we incorporate controls for the significance of food and food-related
habits, as well as socio-demographic factors.

The hierarchical ordinal regression analysis consists of two sequential steps. Initially,
we assessed the model with all explanatory variables based on the specified formula
(Formula 1).

GMF Labelling = Logit (ap + a;.3 Information + as.s Health + ag.;; Environment + ajs.17
Food Purchasing + a;s.20 Food habits + az;.27 Socio-demographics + e)

D)

In the second stage, we omitted the set of variables associated with health effects and
performed ordinal regression using the following formula (2):

GMF Labelling = Logit (ap + a;.3 Information + ag.;> Environment + a;3.;7 Food
Purchasing + ajs.20 Food habits + az;.27 Socio-demographics + e)
2
It was contrasted the pseudo R-squared values between both models and drew
conclusions regarding the moderation effects of the excluded variables.
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Indicators
GMF labelling needs

Examining GMO labeling needs includes three dimensions: perceived importance of
having GMO information on labels, frequency of checking GMO labels when shopping, and
current perception of GMO content in consumed foods. The survey questions were
formulated as follows:

“To what extent do you agree or disagree with the following statements? Foods
containing ingredients from genetically modified crops should have this information
in the description or on the label.

— How many of the foods you normally eat do you think contain ingredients from
genetically modified crops?

—  When you buy food, how often do you check the label for ingredients from
genetically modified crops?" (Sociologicky ustav, 2021)

Table 1 shows that approximately 74% of participants agree that genetically modified
foods should be labelled. Conversely, 60% of respondents said they never checked
information about GM ingredients on food labels. Data on the actual consumption of GMFs
is quite limited, almost 40% of the participants did not express any opinion about the share
of GMFs in their total food intake.

Table 1
Distribution of respondents (%) based on attitudinal indicators for genetically modified foods
(GMF)
> 3 >
Sg|B5g| 2|58 28 _8
Question EE|E8| 8 | €Y EY 2E
S| g2 = c .2 5.2 o
A ) =
Food items containing genetically
modified ingredients should carry 511 | 232 [ 93 |29 | 1.6 | 11.9
labels indicating their genetic
modification status.
o
S | «p| B |22 5| &
= 5E| T | 55 2 =
What proportion of the foods you 8 f;; K= 2 é) '% é g
consume contains genetically modified EE X E f::’ & = < Zo
(GM) ingredients?
149 | 27.8 13 | 46 | 0.8 | 388
204 | 41.7 15 | 124|104
2] > —
Examine food labels for genetic § E © %
modification information during your < o & Z,
purchases.
3.1 10.9 | 25.7| 60.4

Note: Due to a notable number of individuals expressing no opinion on the perception questions, we
included these respondents in the "undecided" category wherever applicable (category 3 on the 5-
point Likert scale).
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Information about GMF

Access to information plays a crucial role in shaping opinions. This study utilizes
indicators to assess the availability and adequacy of information, while also accounting for
the respondents' level of interest in the subject. Table 2 provides an overview of the
indicators, scales, and the distribution of respondents regarding information about GMF.

Table 2
Distribution of Respondents (%) Based on Indicators of Genetically Modified Foods (GMF)
Information
Yes, Yes, Yes
N but does not | and roughly dk ’ 1
Are you familiar with © know what | knows what ar;l nows \lJve
genetically modified crops? itrefers to | itinvolves | “hatitinvolves
27.7 31.9 334 6.8
. does
Do you have an interest in | definitely | o yes rather no no not
Genetically Modified yes know
2
Products (GMPY’ 33 12.7 32.9 184 | 26
Do you possess sufficient | gefinitely rather rather not deﬁnn(;:ely ?oets
information about enough enough enough no |k
Genetically Modified Foods cnoug now
(GMF)? 3.1 14.1 32.5 40.8 9.4

Respondents who answered, "do not know", were excluded from subsequent analysis.

Perceived GMF effects on health

The existing literature indicates that perceived health effects are among the most
significant informational challenges influencing legislation and public acceptance of
Genetically Modified Foods.

Environmental concerns

The initial indicator of environmental concerns determined the degree of subjective
importance of the impact of food production on the environment (Definitely important:
11.10% of respondents; Rather important: 37.30%; Rather unimportant: 30.10%; Definitely
unimportant: 11.00%; No opinion: 3.70%.

We then assessed environmental concerns based on the frequency of participation in
pro-environmental behaviors. The descriptive statistics is presented in Table 4.
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Table 3

Distribution of Respondents (%) Based on Indicators of Perceived Effects of Genetically
Modified Foods (GMF) on Health

< o -
S| 2| 2| o | B
<) o 8 P
Self-assessment of personal health 2 o > - )
> < >
20.00 | 42.30 | 29.30 | 7.50 0.90
8 )
5 | 8 3| 5 |2.| 8
> & B Z | 28| E
Consuming Genetically Modified 2 E 3 = E g &
Foods (GMF) is safe = = 5 2 ol )
o ~ S Z
A ~
430 | 18.40 | 26.80 | 16.20 | 890 | 25.10
(0] [0
0 o 0
25| 2| 2|58 E
Research on the Health Effects of = s B 3 E B g
Genetically Modified Products 8= 2 2 E 3 2 2
(GMP) is sufficient s & - = = Z
A ~
5.90 | 22.50 | 21.60 | 15.50 | 7.90 | 26.50
> > =)
g | Bg| & 8| 28 2
Consuming GMP can change human | £ & ERAR § & § g
5 s RS z .z 5 .8
DNA a °S | AT 2
5.40 | 15.70 | 21.20 | 21.40 | 36.20
> > =)
GMF can endanger human health Eo| S| S| Eg &
o % | X | &5 0 5 °
A A Z,
10.30 | 24.70 | 24.40 | 7.00 | 33.60

Note: Respondents with no opinion were combined with the "Undecided" group for subsequent

analysis.
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Table 4

Indicators of environmental concerns. Descriptive statistics
How frequently does the respondent: Mean | Std. Deviation
Utilize their own reusable shopping bag 3.98 1.182
Use reusable bags for purchasing fruits and vegetables | 2.35 1.410
Use reusable bottle for drinks 2.71 1.428
Use environmentally friendly detergents 2.72 1.204
Prefer purchasing czech-made foods 3.35 1.088
Pack the food into reusable boxes 2.71 1.353
Avoid single-use plastic products 3.21 1.301
Limit car trips to protect the environment 2.15 1.195
Conserve energy and water to protect the environment | 2.92 1.266
Practice waste sorting 3.96 1.159
Engage in composting 2.58 1.618

Note: N=727. The respondents with No opinion were excluded from further analysis

To simplify the model, we employed Principal Component Analysis (PCA) on the

Significance of food characteristics in purchase decisions

indicators outlined in Table 4, utilizing regression-based factor scores for subsequent
analysis. The outcomes of the PCA are detailed in the Data Transformation section, where
three components were identified: inclination toward waste reduction and sorting, resource
conservation, and engagement in recycling.

Consumers evaluate several characteristics to varying extents when making food

purchases, including consideration of ingredients, package material and size, origin, and,
notably, price (refer to Table 5). We posit that these factors serve as crucial predictors for
attitudes towards Genetically Modified Foods (GMF).

Table 5

Indicators of the importance of food characteristics when purchasing

Indicators Mean | Std. Deviation
Origin 3.1 1.479
Package material | 4.89 1.298
Price 2.22 1.438
Ingredients 2.78 1.412
Package size 3.48 1.472

N=799, Min=1 (very important), Max=6 (least important)
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Significance of food and dietary practices

Table 6

Indicators of the importance of food and dietary practices. Distribution of respondents (%)

Food Definitely | Rather Rather Definitely
consumption | important | important | unimportant | unimportant
important 4330 | 43.00 9.80 3.40
Frequency of ' Several Once per 14 Less than No
food Daily times a | Once a week P once per
. ays answer
purchasing week 14 days
9.80 50.80 23.50 5.50 3.50 6.70
. More
Number of One meal | Two meals | Three meals | Four meals Five than
meals per day meals five
0.10 8.50 39.90 30.70 16.40 4.10

Socio-Demographic characteristics of the respondents and other factors

We consider variables such as gender, age, and education (ranging from 18 to 90 years,
with a mean + standard deviation of 48.17 + 17.72; 53.40% women, 18.04% with higher
education), subjective town size (from big city to small village), household standard of living
(very good, 13.12%; rather good, 45.5%; neither good nor bad, 33.9%; rather bad, 6.4%; very
bad, 0.9%), life satisfaction (very satisfied 20.8%; rather satisfied, 50%; neither satisfied nor
dissatisfied, 21.3%; rather dissatisfied, 5.7%; very dissatisfied 1.2%), and belief in God
(69.9% non-believers).

Data transformations and handling of missing values

Given the limited awareness about GMFs, certain survey questions recorded a notable
proportion of respondents expressing no opinions. In line with the methodology discussed in
preceding sections, respondents with no opinions were amalgamated with the Undecided
group. It is essential to acknowledge that this data transformation is a recognized limitation
of the study. In instances where an "Undecided" category was not available, respondents with
no opinions were omitted from subsequent analyses. This approach ensures transparency in
data interpretation, emphasizing the challenges associated with gauging public opinion in
areas where information levels are inherently low.

Data transformations: analyzing environmental concerns through principal
component analysis

To reduce the complexity of our model, we used a principal component analysis (PCA)
on a set of variables representing respondents’ environmental protection measures (Indicators
of Environmental Concerns, Table 4). Factor extraction was determined by an eigenvalue of
1 or greater, and all variables were successfully extracted. Suitability of data for factor
identification was confirmed by Bartlett's test of sphericity (chi-square value 1716.968,
p<0.001) and Kaiser-Meyer-Olkin sampling rate of 0.852 (>0.8). Overall, these two extracted
factors cumulatively explained 54.095% of the total variance. The rotated component matrix
is shown in Table 7.
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Table 7
Rotated Component Matrix for Indicators of Environmental Concerns
Action Respondent's actions Component
1 2 3

Waste Sort waste 0.765 0.059 0.179
Reduction Use own reusable shopping bag 0.623 0.138 | 0.055

Prefer purchasing czech-made foods 0.614 0.326| 0.125

Limit car trips to protect the
Resource environment -0.062 0.842 0.113
Conservation | Save energy and water to protect the
for environment 0.394 0.637 0.136
Environmental | Avoid single-use plastic products 0.457 0.545 0.101
Protection Use environmentally friendly

detergents 0.410 0.523 0.227

Use own reusable bottle for drinks 0.018 0.127| 0.796
Recycling Pack the food into reusable boxes 0.177 0.155] 0.760
Efforts Compost 0.421 -0.078| 0.500

Use reusable bags for purchasing fruits

and vegetables 0.105 0.367| 0.495
% of Variance
explained 34.25 10.593 9.252

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser
Normalization.

The regression-based factor scores for all three components were computed and
subsequently utilized for further analysis.

Results and discussion

The outcomes of the initial phase of hierarchical ordinal regression analyses are
depicted in Tables 8 and 9 below, corresponding to formula 1.

Information and interest

The results, presented in the table 8 suggest, that

—  The more the respondent is informed about GMF, (1) the more he believes GMF
should be labelled, (2) the more often they check information on GM ingredients
when buying food;

—  The more often they check information on GM ingredients when buying food;

—  The more are respondents confident that they have enough information about
GMF the more often they check information on GM ingredients when buying
food.
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Table 8

Predictive factors of attitudes toward gmf labeling. Results from ordinal regression analysis
(formula 1)

GMF labelled Check lables on GMF content
GMF
Estimate Sig. | Estimate Sig. Estimate Sig.
Threshold=1 -1.075 0.492 -0.14 0.937 0.962 0.584
Threshold=2 0.31 0.843 2.378 0.174 3.428 0.052
Threshold=3 2.188 0.163 | 4.853** 0.006 5.190%* 0.003
Threshold=4 3.381* 0.033 7.045%** | <001
Information about GMF
Heard of GMF -0.662*** [ <001 | -0.435%* 0.002 -0.146 0.309
Interested in GMF -0.111 0.399 |[1.200***] <.001 -0.084 0.555
Enough Info about GMF -0.001 0.988 |[0.453*** | <001 -0.183 0.055
GMF effects on health
State of own Health 0.086 0.503 0.183 0.214 -0.212 0.15
GMF is safe -0.206 0.094 | 0.067 0.615 -0.26 0.051
the effects of GMP on
health are scientifically -0.113 0.332 | -0.102 0.42 0.012 0.926
investigated
Consuming GMP can
change DI\EI;A 0.06 0.466 | 0.285%* 0.002 -0.025 0.782
GMP can endangerhis | 18+ | 0,043 | 0.082 | 0435 | 0328% | 0.002
health
Environmental concerns
Effect of food
production on -0.056 0.647 | 0.407** 0.004 0.141 0.325
environment important
Reduce Waste 0.543%* | <001 | 0174 | 0148 | -0218 | 0.076
(component 1)
save Resources 0.165 | 0075 | -0.171 | 0109 | 0173 | 0.128
(component 2)
;ecydmg (component | »57x | 0014 | -0.238% | 0021 | 0124 | 026
Aspects of food important when purchasing
Origin 0.155 0.065 -0.02 0.825 0.271%* 0.005
Packaging -0.103 0.187 | -0.023 0.795 0.249%* 0.008
Price -0.123 0.127 | -0.159 0.055 0.231%* 0.009
Ingredients 0.037 0.68 -0.161 0.11 0.308%** 0.003
Package size 0.147 0.068 | -0.078 0.357 0.091 0.311
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Table 8 (continue)
GMF labelled Check lables on GMF content
GMF
Food habits
gzlymber of meals per 0.005 | 0959 | -0.127 | 0.1 0.061 | 0.551
Importance of self- 0036 | 0772 | 0.098 | 0.521 | 0328% | 0.032
catering
Frequency of food 0.026 | 0.798 | 0.001 0.993 0.268% | 0.022
purchasing
Socio-demographics
Gender (men) -0.123 | 0485 | 0.072 | 0.727 -0.466% | 0.027
Age 0.013* | 0.022 | -0.005 | 0.482 0 0.959
Education 0054 | 0587 | 0 0.997 0.114 | 0.323
Town size 0017 | 0.769 | 0.038 | 0.559 -0.076 | 0.252
Esi‘gho'd standard of | 0g4 | 0521 | 0097 | 052 | 0032 | 0834
Life satisfaction 0.12 0382 | -0.295 | 0.054 0.341* | 0.03
Non believer in God 0244 | 0221 | -0.038 | 0.864 0239 | 0311
Model Fitting Information
Sig. <.001 <001 <001
N 625 612 413
Pseudo R-Square
Cox and Snell 0.227 0.472 0.186
Nagelkerke 0.251 0.537 0.202
McFadden 0.11 0.302 0.082

Note: Link function: Logit. ***-significant on 0.1% level. ** - significant on 1% level,
* - significant on 5% level.
Components 1, 2, 3 reflects the three components of PCA presented in Table 7.

The findings reveal a compelling relationship between the level of information
individuals have about genetically modified foods (GMFs) and their attitudes and behaviors.
A higher level of information is positively correlated with the belief that GMF should be
labeled. This suggests that as individuals become more informed about GMFs, they tend to
support the idea of clear labeling of these products. Moreover, increased interest in GMFs
positively predicts a more frequent habit of checking information about GM ingredients when
purchasing food. This underlines the role of personal interest as a motivating factor in seeking
information about GMF. Moreover, respondents who express confidence in sufficient
information about GMF are more likely to check for GM ingredients when purchasing food.
This alignment suggests that perceived adequacy of knowledge plays a role in encouraging
individuals to be more vigilant about the GM content of the products they consume.

Health risks

The results presented in the Table 8 suggest that
— The subjective assessment of own health condition proved unrelated to GM
labelling attitudes.
— The more do the respondents believe, that GMF can change their DNA, the more
they check information on GM ingredients when buying food
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— The more do the respondents believe, that the GMF can endanger their health, (1)
the more they believe GMF should be labelled (2) the less GM ingredients is
contained in the food the respondent normally eats according to his perception.

Examining health-related factors in relation to attitudes and behaviors around
genetically modified foods (GMFs) reveals remarkable findings. Surprisingly, subjective
evaluation of one's own health status does not appear to significantly influence attitudes
toward GM labeling. This suggests that individuals' personal perception of health may not be
a major factor in shaping their opinion on the necessity of GMF labeling. However, when
considering beliefs about the potential health risks associated with GMFs, a compelling
relationship emerges. Those who express a belief that GMF can change their DNA tend to
check more frequently for information about GM ingredients when purchasing food.
Similarly, respondents who believe that GMF may endanger their health are more likely to
support the idea that GMF should be labeled. Interestingly, this group also tends to perceive
a lower occurrence of GM ingredients in the foods they normally consume.

Environmental concerns

The results shown in Table 8 suggest that:

—  The more important is the effect of food production on the environment, the more
the respondents check the information about GM ingredients when purchasing
food;

—  The more the respondents recycle, (1) the more they check information on GMF
ingredients when purchasing food; (2) the more they want GMF labelled.

— The more do the respondent engage in waste management including waste
reduction and sorting, (1) the more they want GMF labelled

Examining the intersection of environmental concerns and attitudes toward genetically
modified foods (GMFs) provides valuable insights into factors influencing consumer
behavior. The findings reveal a remarkable relationship between the perceived importance of
the environmental impact of food production and the frequency of checking information
about GM ingredients when purchasing food. Individuals who prioritize the environmental
effects of food production show a higher propensity to search for information about GM
ingredients, suggesting a link between environmental awareness and food composition
awareness.

In addition, the study suggests a positive association between pro-environmental
behaviors such as recycling and waste management and preferences for GMFs. Respondents
who actively engage in recycling practices are not only more likely to check information
about GMF ingredients, but also express a stronger tendency to want to have a GMF label.
Additionally, those involved in waste reduction and sorting show an increased desire for
GMF labeling. This highlights the potential alignment between pro-environmental behavior
and concerns related to the transparency of GMF information.

Important food characteristics and dietary habits

The results shown in Table 8 suggest that:

—  The food characteristics and habits proved to be most significantly related to
perceived content of GM ingredients in meals consumes. The more important are
origin, packaging, price, ingredients of the food at the time of purchasing, and the
lower is the content of GM ingredients in the food the respondent eats.
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—  The subjective importance of self-catering positively predicts the low GMF
content in meals.

—  The less often the respondent goes shopping for food items, the higher is the GM
content in his meals.

Examining the importance attributed to different food attributes during the purchase
process in conjunction with specific eating habits provides valuable insights into the factors
influencing the perception of genetically modified foods (GMFs). The study reveals
compelling links between individual preferences, purchasing behavior and the perceived
content of GM ingredients in foods.

A key finding suggests that the perceived content of GM ingredients in consumed foods
is significantly related to the importance placed on specific food characteristics at the time of
purchase. Origin, packaging, price and ingredients emerge as crucial factors, with
respondents who prioritize these factors reporting a lower perceived content of GM
ingredients in food. This association underlines the impact of individual preferences during
the purchase phase on the subsequent perception of GMF content in daily meals.

In addition, the study reveals interesting associations between dietary habits and
perceived GMF content. Individuals who subjectively emphasize the importance of self-
feeding demonstrate a positive association with lower GMF content in their meals. It follows
that the preference for preparing one's own meals can contribute to reducing dependence on
genetically modified ingredients.

Moreover, the frequency of grocery shopping appears to be a significant factor
influencing the content of GMF in consumed foods. Respondents who buy food less often
tend to report higher GM content in their food. This observation suggests that shopping
frequency plays a role in shaping dietary choices and, consequently, the perceived prevalence
of GM ingredients in the diet.

Sociodemographic characteristics of the respondents and other controls

The results shown in Table 8 suggest that:
—  Women report lower GM content in their meals comparing to men.
—  Age negatively predicts the necessity of GMF labelled.
—  The bigger is the city the more people are willing to try GMF
— The more is the respondent satisfied in his life, the more he is willing to try GMF,
but the lower proportion of the GM food in meals he reports.

Examining sociodemographic factors and other controls provides valuable insights into
how individual characteristics shape perceptions and attitudes toward genetically modified
foods (GMFs). Several notable findings emerged that shed light on the nuanced relationship
between sociodemographic variables and attitudes toward GMF.

First, a gender difference is evident, as women tend to report a lower perceived content
of GM ingredients in their foods compared to men. This gender difference suggests that
women may have more conservative views on the inclusion of GM ingredients in their diets,
contributing to differences in perceived GM content.

Age as a socio-demographic factor plays a significant role in shaping attitudes towards
GMEF. The study suggests a negative correlation between age and the perceived necessity of
GMF labeling. This suggests that older respondents may express less demand for explicit
labeling of GMF products, reflecting potential differences in attitudes across age groups.

Urbanity, represented by city size, appears to be a significant factor influencing
individuals' willingness to try GMF. In particular, respondents from larger cities show greater
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openness to experimenting with GMF. This urban-rural difference highlights the importance
of contextual factors in shaping attitudes towards new food technologies, with urban
environments potentially fostering a more receptive environment for GMF adoption.

Life satisfaction, a subjective measure of overall well-being, reveals interesting
associations with attitudes toward GMF. Respondents reporting higher life satisfaction
express a greater willingness to try GMF. However, this positive trend contrasts with the
lower reported proportion of GM foods in their meals. This nuanced relationship suggests
that while life satisfaction positively influences openness to trying GMFs, it does not
necessarily translate into higher actual consumption of GM ingredients.

Results of the second stage of hierarchical ordinal regression

The second stage of the hierarchical ordinal regression analysis, which included the
exclusion of variables related to the perceived health effects of genetically modified foods,
revealed significant insights into the dynamics of predictors influencing public demand for
GMF labeling. This strategic exclusion allowed for a targeted examination of the unique
impact of health-related variables on GMF attitudes.

The results suggest, that the exclusion of the variables representing the health effects of
the GMF led to significant changes in the predictive power of the models for the need for
GMF labelled. While the original Pseudo R2 ranged from 47% to 53% (for checking the
labels) and 11% to 25% (labelling requirement) and the original models were statistically
significant on 0,1% level, the exclusion of health variables led to reduction of Pseudo R2 to
the level of 1-5% and to the loss of statistical significance (for the need to label model). Thus,
the results indicate, that health effects can be considered most powerful predictors of the
public requirement to label them.

The effects of exclusion of health variables on the other four regressions was less
pronounced as the regressions stayed statistically significant on 0,1% level in all the four
cases (checking information on GM content when purchasing and perceived content of GM
ingredients in daily own meals). However, the variability explained by the model as measured
by Pseudo R2 decreased to the levels from 20% to 3%.

The results underscored the key role of perceived health effects as influential predictors
of public adherence to GMF labeling. The substantial reduction in Pseudo R2 and the loss of
statistical significance in the models related to the need for labeling after exclusion of health
variables highlight the dominant position of health considerations in the formation of
consumer attitudes. This finding is consistent with existing literature highlighting health
issues as a central factor influencing public perceptions and decisions about GMF.

While the effects of excluding health variables were less pronounced in other regression
models, there was a substantial reduction in the variability explained by the model while
maintaining statistical significance. This suggests that health considerations play a vital role
not only in demand for labeling but also in shaping other aspects of consumer behavior, such
as checking GM content information when shopping and perceptions of GM ingredients in
everyday foods.

These findings highlight the need for targeted communication and policy strategies that
address and mitigate health concerns related to GMF. Understanding the disproportionate
impact of health considerations on public attitudes provides valuable insights for
policymakers and industry stakeholders seeking to promote greater acceptance of GMF. The
delicate interplay between health perceptions and labeling requirements requires
comprehensive approaches that prioritize transparent communication and address the
multifaceted dimensions of consumer concerns about GMF.
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Table 9
Factors predicting attitudes to GMF. Results of ordinal regression analysis without health risks
GMF _ Check GMF
labelled information content
on GMF
Estimate Sig. Estimate Sig. Estimate | Sig.

Threshold=1 -0.258 0.852 -1 0.537 0.441 0.789
Threshold=2 0.783 0.57 1.423 0.376 2.76 0.095
Threshold=3 3.097* 0.025 3.817* 0.018 [ 4.435** | 0.008
Threshold=4 4.448 0.001 6.289*** | <.001
Information about GMF

Heard of GMF 0.162 0.147 | -0.425%* 0.002 -0.138 | 0.327
Interested in GMF 0.158 0.184 | 1.185%** <.001 -0.151 0.275
Enough Info about GMF 0.08 0.31 0.466*** <.001 -0.126 | 0.173
Environmental concerns

Effect on environment 0018|0872 0399%* | 0004 | 0139 | 0321
important

Reduce Waste (component 1) -0.079 0.399 0.186 0.116 -0.199 0.097
g;we Resources (component 0042|0625 -0.16 0.13 | 0179 | o.11
Recycling (component 3) 0.019 0.82 -0.189 0.061 0.079 0.465
Importance when purchasing

Origin 0.171* 0.029 0.009 0.918 [ 0.273** | 0.004
Packaging 0.114 0.118 -0.008 0.923 [ 0.225* | 0.015
Price 0.037 0.601 -0.135 0.097 [ 0.202* | 0.018
Ingredients 0.112 0.179 -0.157 0.111 | 0.274** | 0.006
Package size 0.049 0.505 -0.064 0.441 0.057 0.519
Food habits

Number of meals per day -0.12 0.145 -0.147 0.142 0.017 0.867
Importance of self catering -0.032 0.784 0.12 0.431 0.319* | 0.031
Frequency of food purchasing -0.03 0.751 -0.04 0.737 | -0.252* | 0.028
Socio-demographics

Gender (men) 0.185 0.259 0.089 0.662 -0.38 0.066
Age -0.004 0.438 -0.005 0.463 0.001 0.931
Education -0.017 0.854 -0.004 0.97 -0.123 0.279
Town size -0.039 0.469 0.019 0.771 -0.059 | 0.367
Household standard of living 0.058 0.628 0.061 0.679 -0.006 0.966
State of own Health -0.049 0.678 0.171 0.239 -0.245 0.091
Non believer in God -0.15 0.225 0.034 0.874 -0.025 0.912
Life satisfaction 0.222 0.217 -0.26 0.081 0.304* | 0.046
Model Fitting Information

Sig. 0.42 <.001 <.001
N 624 626 415

Pseudo R-Square

Cox and Snell 0.037 0.192 0.121
Nagelkerke 0.04 0.212 0.132
McFadden 0.014 0.091 0.051

Note: Link function: Logit. ***-significant on 0,1% level. ** - significant on 1% level, * -

significant on 5% level. . Components 1, 2, 3 reflects the three components of PCA

presented in Table 7.
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Discussion

The observed associations between GMF information, interest, and behavior, presented
in the sections above, are consistent with the broader literature on public perception and
decision-making in the context of genetically modified organisms (Moon and
Balasubramanian, 2004; Moerbeek and Casimir, 2005; and Vilella-Vila et al., 2005). These
findings underscore the importance of targeted information campaigns to improve public
understanding and shape attitudes toward GMF. While the data suggest positive correlations,
they also prompt consideration of the design and delivery of outreach initiatives. Addressing
knowledge gaps and promoting interest could contribute to more informed consumer choice
and subsequently influence wider societal acceptance of genetically modified products. As
GM technologies continue to evolve, strategies that effectively communicate information and
satisfy the public interest will play a key role in navigating the complex landscape of GMF
adoption.

The observed associations highlight the complex relationship between environmental
awareness, sustainable behavior and attitudes towards GMF. Individuals with increased
environmental awareness seem to be more careful about checking the content of their food,
especially when it comes to GM ingredients. This highlights the interconnectedness of
environmental and food concerns, suggesting that consumers who actively contribute to
environmental protection can extend their conscientiousness to the decisions they make in
the area of food consumption. As environmental sustainability becomes an increasingly
integral aspect of consumer decision-making, recognizing and addressing these connections
can underpin strategies to promote transparency and understanding in the GMF context.

The associations between health risk beliefs and attitudes toward GMF presented in this
paper point to a complex interplay between perceived risks and consumer behavior. In
general our results are consistent with the literature (Bernstein et al., 2003; Dona and
Arvanitoyannis, 2009; Gizaw, 2019; Krimsky, 2019; Ozkok, 2015). The association between
concern about DNA alteration and increased information-seeking behavior suggests that
individuals with specific health-related concerns may be more active in controlling GM
ingredients. The importance of the health risks for the subjective need of GMO labeling isa
highlighted by the fact that the second stage of hierarchical ordinal regression analysis was
not statistically significant if the health concerns are excluded. the association between health
risk beliefs and support for GMF labeling underscores the importance of addressing
perceived health risks in public discourse and educational initiatives. As concerns about
potential health effects continue to influence public opinion, efforts to provide accurate and
accessible information about the health effects of GMFs are essential to support informed
decision-making and shape more differentiated attitudes.

These findings, related to the role of consumer choices, food habits, and shopping
habits, presented in this paper highlight the complex associations between consumer choices,
food-related habits and GMF perceptions. Preference for specific food characteristics during
the purchasing process and the habit of self-eating are identified as influential factors in
shaping the perception of GMF content. Recognizing the impact of these factors can lead to
targeted interventions to increase consumer awareness and support informed decision-
making about GMF consumption. As individuals increasingly favor certain food attributes
and habits, understanding these dynamics becomes critical to developing strategies that align
with consumer preferences and contribute to a more transparent and consumer-centric food
environment.

Last, but not least, the findings of associations between socio-demographic
characteristics and attitudes to GMO labelling, presented in the paper, underscore the
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diversity of attitudes toward GMF based on sociodemographic characteristics. Gender, age,
urbanicity and life satisfaction all contribute to a complex tapestry of perceptions and
preferences regarding GMF. Recognizing these variations is critical to tailoring
communication strategies and policy interventions that resonate with different demographics.
The study highlights the need for targeted approaches that take into account the subtle
interplay between individual characteristics and attitudes towards GMF and promote a more
comprehensive understanding of the factors influencing public acceptance and consumption
patterns.

Conclusion

This study delved into the complex landscape of public attitudes toward genetically
modified foods by examining the factors influencing demand for GMF labeling. It seemed to
enrich the ongoing discourse on genetically modified foods by examining the impact of
environmental concerns, perceived health risks associated with GMOs, and the availability
of information on the public's propensity to challenge GMF labeling and the likelihood that
it will scrutinize such labels. The research was conducted on a representative sample of the
Czech population, including 884 individuals aged 18 to 90 (M + SD: 48.17 + 17.72; 53.40%
women, 18.04% with higher education).

The findings shed light on the multifaceted interplay of information, health perceptions,
environmental issues, food characteristics, and sociodemographic factors in shaping
consumer attitudes. One of the key findings from this investigation is the overriding role of
health considerations in influencing the public's insistence on GMF labeling. Perceived
health effects were shown to be strong predictors that significantly influenced not only
demand for labeling but also influencing behaviors such as checking GM content in
purchases and perceptions of GM ingredients in daily foods. This underscores the need for
targeted communication strategies that address health-related issues transparently and
comprehensively.

Environmental concerns also played a notable role, with individuals favoring the
environmental impact of food production showing a greater tendency to check information
about GM ingredients when purchasing food and supporting the need for GMF labeling.
These findings underscore the interconnectedness of environmental awareness and consumer
choices regarding GMF.

Importantly, the study highlighted the importance of food characteristics and habits in
shaping attitudes towards GMF. Origin, packaging, price and ingredients were found to be
critical factors influencing the perceived content of GM ingredients in foods. Understanding
these nuances provides valuable insights for both policymakers and the food industry to tailor
communication and marketing strategies to match consumer priorities.

Sociodemographic factors revealed distinct patterns, with gender, age, city size, and life
satisfaction contributing to differences in attitudes toward GMF. The complex relationship
between these factors highlights the need for tailored approaches that take into account
different demographic perspectives.

In the context of a second-stage hierarchical ordinal regression, the exclusion of health-
related variables significantly altered the predictive power of the models and highlighted the
central role of health considerations in the demand for GMF labeling.

In conclusion, this study underscores the need for nuanced, multidimensional strategies
in addressing public concerns and promoting greater adoption of GMF. Transparent
communication, targeted education campaigns and policies that align with consumer values
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and priorities are essential to navigate the complex landscape of GMF perceptions. As
technology advances, continued research and adaptive approaches will be critical to shaping
a sustainable and informed future for the integration of GM products into the global food

supply.

This research was supported by Czech University of Life Sciences
Prague under Grant IGA PEF CZU 2022B005 “Environmental
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Introduction. The aim of the research was to develop the basics
of simulating processes of the simultaneous influence of
thermoradiation and convection during drying of plant raw materials.

Materials and methods. Cultivated mushrooms, hawthorn,
winter varieties of apples and apple snacks were used in the study.
Drying was carried out in pulsed heating-cooling mode, while heating
was carried out by a heat pump and infrared rays to a set temperature
with a wavelength in the range of 1.2—4 pm with a flux density of 8
kW/m>.

Results and discussion. Modelling of thermoradiative-
convective drying of cultivated mushrooms was carried out when the
moisture content decreased from 809 to 30% within 80 min, and for
hawthorn, the moisture content decreased from 330 to 38% in 60 min.
The drying time for apples was 60 min, and the drying time for apple
snacks was 70 min, since snacks contain sugar, which has the property
of retaining moisture.

According to the developed mathematical model of the drying
process, the diffusion capacity of moisture was calculated for all
studied products. It was the highest for cultivated mushrooms,
9.5810 * m¥s, due to the lowest density of 750 kg/m* and the highest
porosity, which led to deeper penetration of infrared radiation with a
thermal diffusion coefficient of 1.011x10° 1/K. The density of
hawthorn was 1173.4 kg/m®, the moisture diffusion coefficient was
6.8x107 m?s and a thermal diffusion coefficient was 0.51x102 1/K
because the hawthorn fruits were spherical and were placed in the
dryer as a heap. Apples and apple snacks were cut into slices 4-6 mm
thick. The density of apples was 880 kg/m?®, the moisture diffusion
coefficient was 8.48x10” m?/s, and the thermal diffusion coefficient
was 3.096x10° 1/K. Apple snacks were made by blanching apple
cores in sugar syrup before drying, which led to a decrease in the
moisture diffusion coefficient to 8.28x10° m?s, an increase of
density to 965 kg/m® and a thermal diffusion coefficient to 4.06x107
1/K compared to apple slices.

Modelling the interaction of convective and thermoradiative
energy supply in pulse mode allows to ensure the maximum
technological effect.

Conclusions. The mathematical model of thermoradiative-
convective drying allows to display in an analytical form the main
features of the simultaneous influence of convective and
thermoradiative energy supply during drying of high-moisture
materials.
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Introduction

The creation of combined dehydration technologies in one dryer allows to make a
detailed analysis and combine the advantages of different energy supply methods and
minimize the disadvantages of each individual drying method.

The method of combined drying and the development of new drying units with
combined modes, which will ensure a significant increase in the intensity of the process,
saving electricity and improving the quality of products, are considered a promising and
economically feasible direction for obtaining dehydrated products. Solving the problem of
resource conservation is also complicated by the fact that high-moisture materials are
characterized by high hydrophilicity and significant variability of thermophysical, optical,
physical-mechanical and structural properties, which cannot be described mathematically in
one model. Sabarez (2015) described the modelling of transport mechanisms involved in the
process of drying of food products and obtained models for the industrial drying process. It
is engaged in modelling the characteristics of drying hawthorn fruits in microwave-
convective conditions, created a laboratory microwave convection dryer and obtained an
effective moisture permeability ranging from 9.29x1071% to 8.81x107° m?/s. Argyropoulos et
al. (2011) evaluated convection, hot air in combination with microwave vacuum and freeze-
drying of mushrooms and found that the thickness of the material is decisive in drying when
dehydrating the microwave vacuum to 6% moisture for 25-30 min, and Maisnam et al. (2017)
described recent advances in traditional drying of food. Arumuganathan et al. (2011) obtained
a mathematical model of drying kinetics of mushrooms in a fluidized bed dryer, described
the model of Wang and Singh and established the best drying behaviour of mushroom slices.
It was shown that a thin-layer model of convective and microwave-convective drying and
proposed drying equipment for it (Bhattacharya et al., 2015). At the convectively drying of
cherry tomatoes at a temperature of 60 °C, taking into account their shrinkage, the diffusion
coefficients for unpeeled tomatoes to be 9.16x107'2 m?/s, and for peeled tomatoes to be
1.53x10°'° m?/s (Bennamoun et al. 2015). Gunhan et al. (2004) determined the quality
parameters of bay leaf drying, and Menges et al. (2006) mathematically modelled thin-layer
drying of apples. According to the obtained model, it is possible to predict the effect of
product moisture, temperature, and air speed in the chamber with the help of a constant
model.

Zecchi et al. (2011) compared by modelling and minimizing the duration of combined
convective-vacuum drying of mushrooms and parsley, and developed a set of simple
diffusion models for vacuum-convective drying, and Sharma et al. (2005) develop
mathematical models of thin-layer drying of onion particles by infrared radiation and
determined the rational radiation power of 300-500 W at an air speed of 1.0 m/s and an air
temperature of 35 °C.

During infrared microwave drying of a peach it was found that increasing the drying
power in the microwave oven and the power of infrared radiation leads to an increase in the
rate of peach dehydration and a decrease in energy consumption (Wang et al., 2006). Coskun
(2017) applied ten-layer drying models for tomato slices dried with a closed-cycle heat pump,
found that the moisture diffusivity ranged from 8.28x107! to 1.41x1071° m?/s.

The combining thermoradiative and convective dehydration in hybrid (mixed) drying
technologies is not sufficiently studied. This technologies achieve a synergistic effect, which
leads to a reduction in duration and energy consumption. Previous studies of drying of
products of plant origin showed that combined drying was industrially important
(Dubkovetskiy et al., 2019). The products were heated by infrared rays and the surrounding
air in the dryer was heated by a heat pump condenser. Thermoradiative drying was an
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effective method of dehydration. The energy of radiation-infrared emitters was transferred to
the surface of the product without heating the surrounding air. The radiation reached the
surface of the material, penetrated it, and then turned into heat. During the drying process,
the absorbing, reflecting and transmissive properties of the radiation of the dried material
were constantly changing due to the decrease in the water content in it. Infrared radiation has
advantages: high heat transfer coefficients, short drying time and easy control of the
temperature of the material. For the scientific substantiation of technological regimes it was
necessary to understand clearly and represent the physical essence of the mechanisms of
phenomena occurring in the dryer, to analyse their interconnection and the degree of mutual
influence. Taking into account the specificity of the object of biological nature (suspension
containing a living cell culture) it was necessary to find the restrictions imposed in this case.
Since all parameters were internally interconnected, the development of a new drying
technology was a multi-parameter task, the solution of which was possible using
mathematical modelling methods.

The aim of this research was to develop the basics of simulating processes of the
simultaneous influence of thermoradiation and convection during drying of plant raw
materials, as well as the development of a thermoradiative-convective drying unit.

Materials and methods
Materials

Cultivated mushrooms, hawthorn, winter varieties of apples, and apple snacks were
subjects of the present research.

Thermoradiative-convective drying unit with a heat pump

Process of food drying was conducted using a thermoradiative-convective device with
a heat pump (Figure 2). Inside the drying chamber, on the side walls, nodes of infrared
radiation emitters were fixed, consisting of infrared radiation emitters 2, which can be moved
relative to reflectors 3. Reflector 3 can rotate around the infrared radiation emitter, which
made it possible to change the amount of sample irradiation and the product coverage area
16 dryers on trays. Four-side irradiation of the product in the center of the tray from emitters
fixed on different side walls of the dryer, and irradiating the tray from below and above, made
it possible to compensate for the loss of radiation intensity in the farthest corners of the
reflector due to overlapping rays. The design of the radiator unit included two couples of
radiation-infrared radiators and reflectors directed in different directions and irradiating the
tray from the top and the bottom. The design of the device of infrared radiation emitters
allowed the use of both "light" and "dark" infrared radiation emitters for drying products.

A combined thermoradiative-convective method of drying food products was provided
in the device. Convective heating of the air was provided in the condenser 25 of the heat
pump, and thermoradiative heating — by radiation-infrared emitters 2. The complex
interaction of convective and thermoradiative energy supply in pulse mode allowed to ensure
the maximum technological effect and achieve the technical result of the invention.
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Hawthorn

Apples Apple snacks

Figure 1. Appearance of dry products

Air was supplied in the chamber under the lower shelves, air pressure losses took place
when moving from the lower to the upper shelves due to pneumatic resistance. To reduce
stagnant zones and evenly distribute air, technological channels 15 for additional air supply,
as well as channels 12 for air removal, located in the side walls of the dryer, were designed.
Channels made it possible to ensure flow turbulence at low speeds, where in addition to
longitudinal movement (from bottom to top), transverse movement also occurred. The
formation of turbulent flows over the surface of the dried semi-finished product made it
possible to remove moisture from the boundary layer intensively. Supplying heat from the
condenser 25 to the product and removing moisture produced by the action of infrared
emitters 2 occurred by air.

Experimental devices

To save energy resources, the exhaust air reached the circulation pipe 14 (Figure 2), and
then it entered the air distribution mechanism 18, which was designed in the form of a gate
valve with a partial overlap of the cross section of the pipes. In the distribution mechanism,
part of the exhaust air was sucked in by the centrifugal fan 20 and cooled the condenser of
the heat pump 25, and the other part is sucked into the evaporator 19 of the heat pump by the
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axial fan 21. When the damper 18 was completely closed, the centrifugal fan 20 sucked in all
air from the environment and cooled the condenser 25, and all the exhaust air from the
circulation pipe 14 was sent to the evaporator 19 of the heat pump. When the shutter 18 was
fully opened, all the exhaust air reached the condenser 25 of the heat pump, due to which a
softened and humidified drying mode was provided, and the evaporator 19 of the heat pump
used exhaust heat from the environment (air, earth, water). The greatest technological effect
was achieved when the shutter was covered for 20-80%
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Figure 2. Scheme of thermoradiative-convective drying device with heat pump:

1 — drying chamber;
2 — infrared radiation emitter;

3 —reflector;
4 — automatic dryer switch;
5 —relay;

6 — automatic switch;

7 — energy consumption counter;

8 — thermocouples;

9 — automatic temperature control unit;

10 —regulator of relative moisture of air;

11 — sensor for measuring relative moisture
at the exit from the drying chamber;

12 — technological channels for air removal;
13 — contact sensor at the exit from the
drying chamber;

14 — circulation pipe;

—— Ukrainian Food Journal. 2023. Volume 12. Issue 4

15 —technological channels for air supply;

16 — dryer trays;

17 — shelves for trays;

18 — sliding door;

19 — heat pump evaporator;

20 — centrifugal fan;

21 — axial fan;

22 —block of automatic adjustment of the speed
of movement of the coolant;

23 — contact sensor at the entrance to the drying
chamber;

24 — compressor;

25 — heat pump condenser;

26 — throttle;

27 — separator;

28 — sensor for measuring relative moisture at
the entrance to the drying chamber.
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Contact sensors 13 and 23 were placed in the cabinet of the drying chamber, which sent
a signal to turn on the thermoradiative generators and the heat pump together or separately
according to the set air temperature at the entrance to the dryer in pulse mode "heating —
cooling". The sensor 13 sent a signal to the relay 5 and turned on and off the radiation-infrared
emitters 2. When the set temperature was reached, the contacts of the thermostat 23 opened
and the electric motor of the heat pump compressor stopped. When the heat pump was turned
off, the heated refrigerant (Freon) from the compressor 24 stopped being supplied to the
condenser 25. As soon as the drying temperature reached the required value, which was fixed
by the sensor 13, the infrared emitters 2 were turned off and the product in the dryer began
to cool. When the product was cooled to the limit temperature, the infrared emitters 2
automatically turned on and the drying process was repeated in the same way until the
material reached the specified moisture content.

Research process procedure

The prepared raw were dried by thermoradiative-convective method. The drying
parameters were set experimentally: the temperature of the coolant in the drying chamber
was 60 °C, the speed of air movement in the chamber was 5.5 m/s, specific load was 8.8
kg/m?. The amount of radiation by thermoradiative generators was 8 kW/m?, the wavelength
of tubular "dark" thermoradiative generators was in the range of 2.0—4.0 um. Air heating was
carried out from an external heating element of 2.5 kW/m? the distance between
thermoradiative heaters and the product was 14 cm.

Steps of the procedure:

1. Warm up the installation for 10—15 minutes. To do this, it was set the temperature on
the controller of the control panel 9 (Figure 2), turn on the fans 20 and 21, the
compressor of the heat pump 24 and the radioactive-infrared emitters 2 in sequence.

2. It was chopped the material to be dried (mushrooms, hawthorn, apples and apple snacks,
etc.) into thin shavings 2—5 mm thick and place them evenly on the trays of the dryer
16.

3. It was opened the shutter 18 to the specified degree of air suction. When passing through
the distribution mechanism, part of the spent coolant from the circulation pipe 14 is
sucked by the centrifugal fan and cools the condenser of the heat pump 25, and the other
part is sucked into the evaporator of the heat pump 19 by the axial fan 21.

4. It was controlled the specified pulse switching mode of the heat pump capacitor 25 and
infrared radiation emitters 2 to ensure rational energy consumption by meter 7.

5. It was controlled control the overheating of the product with the help of installed
temperature sensors 8 (thermocouples) immersed in the product, which send a signal to
the temperature controller 9 and through the relay turn on the heat capacitor according
to the temperature of the product in the pulse mode "heating-cooling" pumps 25 and
radioactive-infrared emitters 2.

6. It was controlled the change in the amount of moisture in the heat carrier with the help
of installed relative humidity sensors 11, which send signals to the relative humidity
regulator 10, and through the relay, the supply to the condenser is switched on and off
in pulse mode "heating-cooling" heat pump heated refrigerant and infrared emitters.

7. It was sequentially turned off the power supply of the heat pump compressor 24 and
radioactive infrared emitters 2, and after 10 minutes the fans 20 and 21.

8. Let the product rest for 30 minutes, familiarize yourself with the state of the dried
material, and unload it from trays 16 of the dryer into a packaging container.
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Processing of research results

Determination of experimental data was carried out according to the algorithm (Akter
F., et al., 2022), where we first determine the current mass of moisture in the material at the
beginning and during drying, g:

My =M; — M, (1)
where M., is the mass of moisture in the material at the i-th time of the experiment, g;

M; is the mass of the material at the i-th time of the experiment, g;

M 1s the mass of dry matter in the material for the entire experiment, g:

Md.m = MO “Xdm /100, (2)
where M, is the initial weight of the material before drying, g; Xu. is the mass fraction of dry
matter.

It was determined the moisture content of the material at the i-th drying time, %:

W= (Mw/ Mam) 100 3)

During the drying process, the change in the temperature of the heat carrier, the density
of the products, the specific heat capacity of the dry material, the specific heat of vaporization
were recorded, and the coefficients of moisture diffusion, heat transfer, and moisture transfer
were calculated and entered in Table 1.

Calculation data were determined by building a physical model and compiling a
generalizing equation of the influence of molecular diffusion, thermodiffusion, and internal
gas pressure on moisture transfer during the interaction of thermoradiation and convection.
The complex system of equations was solved by integral Laplace transformations. A software
module for calculating the process of drying high initial moisture content materials with
thermoradiative-convective energy supply has been developed. The result of the
approximation of experimental and calculated data of drying particles of cultivated
mushrooms, hawthorn and apples is shown in Figure 4.

Results and discussion

In case of the thermoradiative-convective method of drying products of plant origin, the
following stages of the process took place in sequence:
— Heating, which was accompanied by partial evaporation of moisture;
— Drying, accompanied by evaporation of moisture from the surface and deepening of the
evaporation zone.

Options for setting thermoradiative-convective drying modes

1. According to air temperature. When setting the temperature of the air in the
chamber and the range of inclusion and exclusion of radiation-infrared emitters 2, the
duration of irradiation of the semi-finished product was controlled by the automatic
temperature control unit 9, and the control of the supply of heated refrigerant (Freon) from
the compressor 24 to the condenser 25 of the heat pump. Consumption of electrical energy
was measured using a counter 7 (per kilogram of evaporated moisture or kilograms of
finished products). The sensor with a thermostat 13 controlled the temperature at the outlet
of the dryer depending on the properties and characteristics of the product, while the infrared
radiation emitters 2 were turned on and off. The temperature at the inlet of the dryer and
switching the heat pump on and off was controlled with the help of sensor 23. The heat pump
and radiation-infrared emitters can be de-energized together or separately with automatic
switches 4.
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2. According to air humidity. You can set the drying mode according to the relative
humidity of the air in the dryer chamber. The change in the relative humidity of the air at the
entrance and exit from the drying chamber is recorded by sensors 28 and 11, which sent
signals to the regulator of relative moisture 10. By setting the relative moisture range on the
regulator 10 and through relay 5 switching on and off supply of the heated refrigerant (freon)
occurs in pulse mode "heating — cooling" to the condenser 25 of the heat pump from the
compressor 24 and infrared emitters 2 together or separately with different relative moisture
of the air.

3. According to product temperature. Installed temperature sensors 8
(thermocouples), thanks to immersion in the product, allow you to carry out drying modes
according to the temperature of the product, and not the temperature of the coolant, which
prevents overheating of the raw material and improves the quality of the final product.
Thermocouples send a signal to the temperature regulator 9 and through relay 5 turn on the
heat pump capacitor 25 and infrared emitters 2 according to the product temperature in pulse
mode "heating — cooling".

The measurement of the temperature of the product in the cross section was carried out
by thermocouples 8, which sent a signal to the temperature controller 9. Through the relay 5
they supplied of heated refrigerant (Freon) to the condenser 25 of the heat pump from the
compressor 24 according to the temperature of the product in the pulsed "heating — cooling"
mode, and infrared emitters 2 (with the help of which the irradiation time of the semi-finished
product changed) together or separately with different temperature regimes of the product.
The drying process can be carried out according to the temperature of the semi-finished
product, which was carried out by setting the automatic temperature control regulator 9 and
thermocouples 8. The thermocouples were immersed in the drying products, then the product
temperature and the range of turning on and off the infrared radiation emitters 2 and putting
heated refrigerant (Freon) into the condenser 25 of the heat pump from compressor 24.

Drying was carried out in pulsed heating-cooling mode, while heating was carried out
by a heat pump and infrared rays to a set temperature with a wavelength in the range of 1.2-
4 ym with a flux density of 8 kW/m?. After reaching the maximum set temperature of air or
product during drying or relative Humidity of air, the heat pump and radiation-infrared
emitters were turned off and switched to pulse switching mode. The duration of pulse
switching on and pauses were correlated as 1:1, 1:2, 1:3, etc., depending on the type of semi-
finished product. The duration of pulse activation and pause were correlated as 1:2 and
depended on the semi-finished product and the maximum temperature at the exit from the
drying chamber, the temperature of the semi-finished product, the temperature at the entrance
to the drying chamber or relative moisture installed by the sensors 13, 8, 23 and 11,
respectively.

In order to avoid stagnant zones and uniform distribution of air, technological channels
for additional supply and removal of air, located in the side walls of the dryer, were provided.
In addition to longitudinal movement (from bottom to top), the channels allowed to provide
transverse movement. Placing air channels from bottom and top of the nodes of
thermoradiative emitters with the simultaneous supply of air from the bottom to the top led
to turbulence of air flows at low velocities. The formation of turbulent flows over the surface
of the dried product led to more intense removal of moisture from the boundary layer of the
product. At the same time, the drying process was accelerated and energy consumption was
reduced.

The interaction of the energy of infrared radiation and an additionally installed heat
pump, made it possible to reduce energy costs during using the dryer and the drying process,
using alternative sources of heat (air, soil, water). The operation of the heat pump was based
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on obtaining heat from an alternative source, increasing its temperature and using this heat
in the dryer. The air passing through the condenser of the heat pump was heated, which led
to a decrease in the relative moisture of the air supplied to the chamber. At the same time,
the driving force of the process increased and, as a result, the drying time decreased.

Since high-moisture materials were crushed to intensify the drying process, the material
particles can be represented in the form of a straight parallelepiped with sides a, b and height
h, which were in a ratio close to one to each other (Figure 3).

Mathematical model of the drying process

The mathematical model of the drying process was formulated on the basis of the
generalized law of moisture movement, which took into account the flow of moisture, both
in the form of vapour and liquid, caused by the presence of a moisture gradient and a
temperature gradient in the wet material.

Heat flow brought
by convection Radiant flow

o

| \
/ L \‘ Heat flow
Mass flow

Heat flow by convection
by evaporation
Heat flow  (removed moisture)
by conduction

Figure 3. Model of drying particles of high-moisture materials by the thermoradiative-
convective method

Total moisture flow in the middle of the material (Hayvas 2010):
j==a,p,VW —a, p,VT —a, p,c,VP 4)

is diffusion coefficient, m?%s; af is

m

thermodiffusion coefficient, m*/s 1/K; a’ is barodiffusion coefficient, m?/s 1/Pa; VW is

where p, is moisture density, kg/m’; a

m

moisture gradient, 1/m; VI — temperature gradient, K/m; VP — pressure gradient, Pa/m.

In this equation, each term describes the contribution to the resulting mass flow of
separate physical phenomena: molecular diffusion, thermal diffusion (Sharma et al., 2005),
convection mass transfer due to internal gas pressure, and convection moisture transfer
(Bennamoun et al., 2015; Pal et al., 1997) caused by a change in the shape and volume of the
sample due to deformation caused by shrinkage or swelling. A system of Lykov and Lutsik
(Sorokova et al., 2022) equations was obtained that described the dynamics of mass, energy,
and momentum transfer processes during the drying process:

a—TzaT 2 +€raW Eo(?’TTo"'yWWO)div@

Ty 2 e Twe)

ot c Ot <P, toxs
a_W=amV2W+a;V2T+a5c“V2P—diva—U; %)
ot r ot
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Since the temperature of the coolant in real conditions was less than 80°C (Giri et al.,
2007), the phenomena of barodiffusion and thermal moisture conductivity were neglected.

The coefficients of absorption, reflection and transmission of the radiant flow were
considered constant. In general, all heat and moisture transfer coefficients, as well as
thermodynamic characteristics, depended on the moisture content and temperature. For
simplicity, there was assumed that over time 1« coefficients a,,6,4,c,7,& were considered

constant. Then, after substitution, the equation was:

Z_T = aV2T+ﬂaa—W

oo ©
—=a,V'W+a, VT

or

In the heat transfer equation, it was necessary to add a term responsible for infrared
heating. Absorption coefficient was denoted as A. The density of the radiant flow incident on
the particle was marked ¢(7)

q(7) = Aq(r)exp(k(R—r)) (7
where r is current radius, m; gy is density of the heat flow, which was directed to the surface
(perceived by surface), J/(m?xs); u is attenuation coefficient, w is reflection coefficient.

Combination of two radiant flows from lamps located on different sides gave heating
that did not depend on the X coordinate.
Thus, the heat transfer equation was:

o _ gy &LV A9

®)
ot c 0t cp,

Under these conditions, the drying process was described by a system of differential

equations in partial derivatives in spherical coordinates, consisting of differential equations

of heat and mass transfer for the particle of the product.
2
oT(r7) _ a[d T(r), 2 dT(r,r)}rﬂ W(r7)  Aq

ot ar’ rodr c Ot cp, ©
oW (r,7) AWty 2dW(r,t))  (d*T@r,7) 2dT(r,7)
=a + +a +
ot " ar’ roodr " dr? roodr

With initial conditions
T(0,r)=T, =const W(0,r)=W, = const

All mass and heat transfer coefficients (am,5,l) as well as thermodynamic

characteristics ¢,7,& depended on moisture content and temperature. Boundary conditions
of the third order, reflecting heat exchange, were:

(5] salnr ) r0-e)pa (m ()W) a0 a0

where A is absorbed radiation flow density.
Mass exchange between the body surface and the environment:

—A@—Wj +am5[z—TJ +B(W,(r)-w,)=0 (11)
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Symmetry conditions:
or

or|
The task was completed under the condition that the boundary was movable and its
movement was described by a function R(7):

0<r<R(r),[R(0)=R,], T>0

The task was the problem of heat and mass conduction with a moving boundary. Due to
the dependence of the characteristic size of the area of heat and mass transfer on time,
classical methods of separation of variables and integral Fourier transforms were generally
not applied to this type of problem, because within the framework of mathematical physics,
it was not possible to reconcile the solutions of heat and mass conduction equations with a
moving boundary. One of the methods that can be applied to this class of problems was the
method of functional transformations or, as it is called, the method of translating a boundary
value problem of a generalized type into a classical task.

The resulting system of equations was a mathematical model of the process of drying
high-moisture materials. Based on the fact that the heat and mass transfer coefficients, as well
as the thermodynamic characteristics, were assumed to be constant, the possible options for
applying the model were:

1. Solution of the system of equations of the drying process in a moving coordinate system.
In this case, the system of equations was transformed into a moving system of
coordinates, and then transformed into a classical system of differential equations,
which can be solved by classical methods (separation of variables and integral Fourier
transformations, etc.).

2. Zonal method of calculating moisture content and temperature fields. In this case, non-
stationary heat and mass exchange was divided into zones. For each zone, the
coefficients can be considered constant.

To carry out a zonal calculation, in general case, a zone was understood as a certain time

_o ]

r=0 ar

=0

r=0

interval At =7, -7, (¢, , <7, j= 0.k, 7, =0, 7, - drying time), during which the heat
and mass exchange process took place. At the same time, the following was accepted for each
zone:
—  The process was described by differential equations in time derivatives;
—  The geometric shape of the dried product was constant;
—  Thermophysical and mass exchange parameters were averaged;
—  The initial distribution of temperature and moisture content by volume of the dried
product was constant;
—  Heat and mass flow density were constant;
— Division into zones allowed to achieve the necessary accuracy of calculating the
temperature and moisture of the product.

3. Application of effective heat and mass transfer coefficients ( a,,,,5,,,4, ). In the

presence of molar vapour transfer during drying of capillary-porous and colloidal materials
containing macropores (at the temperature of the material above 100°C), the influence of
concentration and temperature components of molar vapour transfer was taken into account.

The calculation can also be carried out based on the averaged characteristics, which are
sometimes called “effective”. However, such a way can be applied only in rare cases, since
the issue of parameter averaging usually turns out to be extremely difficult.
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Based on the boundary conditions, as well as introducing dimensionless quantities:

. . roo. a-T .
temperature — 7, moisture — W, coordinate — X =E’ time — Fo= 7 the following

equation and boundary conditions for temperature change were obtained:
2
OT(X,Fo) _ d T(X;Fo) +£dT(X,Fo) _ ¢Ko oW (X, Fo) (12)
0Fo dx X dx OFo
2 2
oW (X, Fo) _ Lu(d W(X.Fo) 2 dW(X,Fo)j_ Lupl{d T(X,Fo) 2 dT(X,Fo)J

oFo dx’ X ax? X dx
(13)
The tasks were considered to be symmetric:
OT(0,Fo) _ oT(0,Fo) _ |7 (0,Fo)#
oX ox U(0,Fo)#
Boundary conditions were:
%—Biq[1—T(1,Fo)]+(1—g)Ko-Lu-Kim:o (14)
oT (LLF
_0U(Fo) 0T (LFo) Ki, (Fo)=0 (15)
oX oX

ar . . . .
where Fo =? - Fourier criterion (homochromicity number of transfer potential fields);

AW o
Ko=" AT the Kosovych criterion (dependence between the amount of heat spent on the

Cc

m

evaporation of a liquid and on the heating of a wet sample; Pn = ZA_VI]; Posnov criterion for
diffusion transfer (equal to the ratio of the intensity of thermal diffusion transfer of moisture

to diffusion transfer of moisture); Lu =9 the Lykov criterion (equal to the ratio of
a

. o . P . . R . _a,R
moisture mass diffusion coefficients to heat diffusion coefficients); Bi, = aT, Bi, =—"—-
am
. . . gR .. .
heat exchange and mass exchange criterion of Bio; Ki=—-— - Kirpichev criterion,

c

(Sorochinsky, 2019).

Calculation of the parameters of the thermoradiative-convective drying process

When calculating the criteria the values AT =T, T, ; AW =W, — W were taken, where

n ):
T,,T, the temperature of the environment and the initial temperature of the product; W, ,W,

— the initial and equilibrium moisture content of the product.
The obtained data are shown in Table 1.
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Table 1
Process parameters

Value for

Parameter Symbol Unit Mushrooms | Hawthorn | Apples SI?II;IC)::S

% 810 330 715 520

Initial moisture W
content
Final moisture W,
content
Equilibrium ke/kg
moisture w, 0.0 0.0 0.0 0.0
content
The initial
temperature of T K 297 297 297 297
the product
Coolant T K 333 333 333 333
temperature ¢
Particle density P kg/m’ 750 1173.4 880 965
Specific heat
capacity of dry c kJ/kgxK 1.420 1.59 3.801 3.768
material
Thermal 2
conductivity
Thermal
conductivity a m?/s 76x107 6.3x10° 14.6x10° [13.3x10°®
coefficient
Moisture
diffusion a m?/s 9.58x107 6.8x107 8,48x107 | 8,28x10°
coefficient
Thermal
diffusion o 1/K 1.011x10% 0.51x107?
coefficient
Phase
transformation € 0.5 0.5 0.5 0.5
coefficient
Heat transfer
coefficient
Moisture
transfer B m/s 0.165 0.107 0.086 0.501
coefficient
Specific heat of
vaporization

% 32 38 35 40

W/mxK 0.028 0.112 0.49 0.49

3,096x10° | 4,,06x10
5 2

a W/m?>xK 14 10.417 617.28 396.253

r kl/kg 2443 2356.9 2356.9 2356.9

The moisture diffusivity is the highest among the studied products for cultivated
mushrooms and is 9.58x10* m?/s, due to the lowest density of 750 kg/m® and the highest
porosity of the mushroom, which leads to deeper penetration of infrared radiation with a
thermal diffusion coefficient of 1.011x10° 1/K. The moisture diffusion coefficient for
hawthorn is 6.8x107 m?%s, with a density of 1173.4 kg/m® and a thermal diffusion coefficient
0f 0.51x102 1/K, due to the fact that the hawthorn fruits are spherical and were placed in the
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dryer in a heap. Apples and apple snacks when placed in the dryer were cut into slices of 4—
6 mm, for which the moisture diffusion coefficient for apples is 8.48x10-> m?%s, with the
density of apples 880 kg/m? and the thermal diffusion coefficient 3.096x10-° 1/K. Apple
snacks were made by blanching apple cores in sugar syrup before drying, which led to a
decrease in the moisture diffusion coefficient to 8.28x10° m?/s, an increase in density to 965
kg/m’, and a thermal diffusion coefficient of 4.06x10 1/K compared to apple slices.

The solution of the task was obtained in the following form:

T(X,Fo) =1—iicmﬁbr (v, X )exp (1} Fo) (16)

n=1 i=l

2
U(X,Fo) —l+:”2“21c (1=v) @, (v,1,X ) exp(—p. Fo) (17)

2
v=L (1+K0Pn+ij+(—1)f (1+K0Pn+ij _ 4 (18)
2 Lu Lu Lu
1 . 4 . 4
= —| 80.366— /80366 —— | =1/ 80.366+,/80.366> —— |=8.909
2 Lu Lu

where

Cp=—" 2 ——|(1-£KoK1) P,, +£K0Q,, | c, =——| (1-&KoK1) P, +&KoQ,|
mny, v,

(19)

ll/n = leannZ +VZBI72 nl _VZAHZPHI _leHZ n2 (20)

The separation of variables by the Fourier method allowed to advance much further than
in the general case.

0, = (1 —B%q+(1 -V )Kl}sin(viyn)+BLiqviyn cos(v,u,) (1)
1-v} )+ &KoPn
P, = (1 —v? ) sin (v, 4, )+ %(Vﬂun cos (v,u, ) —sin(v,,)) (22)
1 .
A, = [1 +(1 —vl?)](l JCOS(‘G#”)—E‘GM sin (v, 41, ) (23)

q

(1 —v; ) +eKoPn

B, = (l—vl?)cos(viun)— - V1, sin(vl.,u,,) (24)
Bi,
where u, is roots of the characteristic equation
nl n2 r/ nl = 0 (25)
1- K
K, —value: K1= id " (26)
g Bz ’
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The averaged heat and mass transfer potentials were calculated according to the following
dependencies:

?(Fo) =l+iiDm. exp(—,ufFo) 27
n=l i=l

U(Fo)=1 —glziipm (1-v7 )exp(-u; Fo) (28)
n=1 i=l

c sin (v, 1, ) —v,p, cos (v, )
ni ni (Vi lu” )2

The obtained system of differential transport equations together with the initial and
boundary conditions reflects in an analytical form the main features of the studied process of
thermoradiative-convective drying of high-moisture materials, that is, it is its mathematical
model. The solution of the model makes it possible to obtain a complete picture of the
distribution of transfer potentials in a body or a system of bodies, to trace the change of
potential fields over time, and on this basis to provide a detailed analysis of the kinetics and
dynamics of the process of drying high-moisture materials.

(29)

Comparative analysis of analytical and calculation data of thermoradiative-
convective drying

A software module for calculating the drying process of high-moisture materials during
thermoradiative-convective dehydration has been developed. The result of the approximation
of experimental data regarding the drying of particles of cultivated mushrooms, hawthorn,
apples, and apple snacks is shown in Figure 3. Comparative analysis of calculated and
experimental data showed good convergence: the deviation of calculated data from
experimental data did not exceed 9.6%.

The obtained data are shown in Table 2.

When processing the data of Figure 4, for the dehydration of cultivated mushrooms,
which is traced by a decrease in moisture content from 809 to 30%, it is necessary to spend
80 minutes, and to reduce the moisture content of hawthorn from 330 to 38%, the duration
of the thermoradiative-convective drying process is 60 minutes.

The duration of drying of apple snacks increases by 10 minutes compared to apples, which
is due to the sugar content in the snacks and the osmotic properties of sugar to retain moisture,
which is characterized by the viscosity of colloids (Strelchenko et al., 2019). When drying,
it is necessary to give the snacks more heat to loosen the colloid bonds and remove moisture
from the product.

Comparative analysis of calculated and experimental data shows a satisfactory
convergence: the deviation of calculated data from experimental data did not exceed 9.6%
during thermoradiative-convective drying and is due to the fact that the model does not take
into account all factors that affect the process, as well as simplifications, allowed in the model
itself.
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Figure 3. Change in moisture content of high-moisture materials over time
W is moisture content, %; T is drying time, min.
a is cultivated mushrooms; b is hawthorn; c is apples; d is apple snacks.
e — cxperimental data
= — calculated data
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Table 2

Comparative analysis of experimental and calculated data of thermoradiative-convective drying
of products of plant origin

. Wm (model), % We (experimental), % | Relative difference, %
Duration, - - -
min Cultivated Hawthorn Cultivated Hawthorn Cultivated Hawthorn
mushrooms mushrooms mushrooms
0 789 324 809 330 7.991 1.8
9 450 238 534 247 4753 9.0
18 296 177 312 174 5.1 1.7
27 212 132 233 134 9.0 1.5
36 157 98.5 177 95 1.671 0.96
45 118 71.4 116 66 1.169 7.6
54 89 52.7 81 48 8.9 8.9
63 77 40.7 71 38 7.8 6.6
81 38 - 35 - 7.9 -
90 33 - 32 - 3.0 -
Duration, Apple Apple Apple
min Apples sngrc)ks Apples sngrc)ks Apples sngrc)ks
0 680 487 713 517 7.056 5.8
7 380 360 450 380 4.733 5.2
12 251 270 270 279 3.116 33
18 170 200 190 205 2.206 2.4
24 130 145 110 158 1.493 8.2
30 95 120 102 130 1.185 7.7
36 80 92 87 100 0.917 8.0
42 64 75 82 83 0.731 9.6
48 44 55 65 64 0.593 9.0
54 37 42 60 50 0.508 8.0
60 33 40 50 48 0.366 8.0
Conclusions

The developed energy-efficient chamber thermoradiative-convective dryer with the
combined interaction of infrared radiation and an additionally installed heat pump will
make it possible to reduce energy costs for the drying process by up to 30%. The
developed design of the technological channels of the dryer due to the additional
supply and removal of air in the side walls of the dryer allows avoiding stagnant zones
and uniform distribution of air.

For the first time, a comparison of the kinetics of thermoradiative-convective drying
of the drying process of cultivated mushrooms, hawthorn, apples, and apple snacks
was investigated, which showed a decrease in duration compared to convective drying
and an improvement in the quality of products compared to thermoradiative drying.
Calculated moisture diffusion coefficients of thermoradiative-convective drying in the
middle of products, which are for cultivated mushrooms — 9,58x10™* m?/s, hawthorn
— 6.8x10"7 m?/s, apples — 8.48x103 m*/s and apple snacks — 8.28x10% m?/s.
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4. A system of differential transport equations was obtained, which allows to display in
an analytical form the main features of the simultaneous influence of convective and
thermoradiative energy supply during drying of high-moisture materials with a
discrepancy between experimental and calculated data of up to 9.6%.
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Introduction. The objective of this research was to study the
influence of the enzymatic processing of the pulp of dogwood,
elderberry, hawthorn, barberry, and raspberry berries on the content
of ascorbic acid, sugars, polyphenols and heavy metals in their
extracts.

Materials and methods. The berries were processed using
enzyme preparations with pectolytic and glycolytic action. The
identification of biologically active components in the extracts was
carried out using high-performance liquid chromatography with
ultraviolet and mass spectrometric detection.

Results and discussion. The use of enzyme preparations
increased the yield of juices from berry pulp. The optimal juice
extraction was attained after a 120-minute fermentation period for
barberry and dogwood berries. For elderberry and raspberry, the
optimal periods were 75 and 90 min, respectively. A processing
temperature of 45 °C turned out to be the most suitable for most
berries, except for barberry, which showed better results at a
temperature of 60 °C. The use of both individual enzyme preparations
and their complexes had a positive effect on the juice yield for all
tested berries. For dogwood and hawthorn, the most effective was the
combination of “Pectinex BE XXL” and “Fructosym P”, and for
elderberry, barberry and raspberry — “Amylase AG 300L” and
“Sellolyuks-A”.

An increase in the concentration of ascorbic acid and sugars in
the juices obtained from berries after enzymatic treatment was
observed. Enzymatic treatment led to a significant increase of the total
concentration of polyphenols, as well as the content of some
individual components. Thus, a significant increase in gallic acid
content after enzymatic treatment was observed in all samples where
it was detected. The exception was coumarins, the concentration of
which decreased after enzymatic treatment. It was found that enzyme
preparations generally have a positive effect on the content of
biologically active substances in the juices of wild berries. However,
no significant increase in the concentration of heavy metals was
observed. In most cases, the use of multienzyme complexes
demonstrated the greatest positive effect.

Conclusions. The results obtained are of high importance for the
processing technology of the studied berries showing the promise of
the enzymatic maceration for increasing the content of biologically
active substances in their juices.
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Introduction

Wild berries are actively used in the food industry, including for the production of soft
drinks and energy drinks. These raw materials have a high content of biologically active
substances, such as polyphenols, vitamins and sugars, which are responsible for the
organoleptic and nutritional characteristics of berries (Dhalaria et al., 2020; Nile and Park,
2014; Stabnikova et al., 2024). Several wild berries have a high content of pectin substances,
which are used as thickeners and stabilizers to impart the desired consistency and texture to
products (Surolia and Singh, 2022). In addition, the use of natural berries has a positive effect
on the taste of the product, making it more attractive to consumers. Wild berries are also
actively used in the production of natural fruit juices and soft drinks such as lemonades, and
other fruit beverages. Due to their high content of natural sugars, vitamins, minerals and
antioxidants, wild berries have become popular ingredients in the energy drink industry in
recent years.

Wild berries such as dogwood, elderberry, hawthorn, barberry and raspberry are
abundant in Azerbaijan and are of interest for commercial juice, as well as puree production
due to their high content of beneficial compounds like polyphenols, vitamins and sugars.
However, issues like low juice yields and variability in phytochemical content have limited
their utilization. Enzymatic pretreatments may help overcome these barriers, but research is
lacking on their effects on the composition and properties of juices from these underutilized
berries native to Azerbaijan.

To enhance juice yield using enzymatic methods, it is crucial to select enzymes that
effectively break down cell walls, facilitating the release of juice. Common choices include
pectinases, cellulases, and hemicellulases. These enzymes can be used individually or in
combinations, and their selection often depends on the type of fruit and desired characteristics
of the juice. Factors like enzyme concentration, temperature, and duration of treatment also
play a vital role in maximizing juice yield. Optimizing these parameters through experimental
trials and error analysis is essential for achieving the highest possible yield.

In recent years, increasing attention has been paid to the use of enzyme preparations to
improve different processes in food technologies. The use of enzymes in the pretreatment of
berry pulp can contribute to better extraction of biologically active substances from berry raw
materials. Enzymes are capable of destroying cell walls, breaking down complex compounds
and increasing the yield of valuable components. M. Kaveh et al. (2020) showed that
enzymatic treatment of berries can increase the yield of several biologically active substances
by breaking down cell walls. Polyphenols, vitamins, and sugars are of significant value to the
food industry, which means increasing the availability of these compounds, which can lead
to their increased concentration in the pulp. Polyphenols are biologically active phenolic
compounds, widely present in wild berries. According to A.M. Zeynalova et al. (2019)
polyphenols isolated from berries growing in Azerbaijan demonstrate antioxidant properties.
Meanwhile, it was found that polyphenols exhibit a protective effect on body cells, reducing
the risk of developing cardiovascular, oncological and neurodegenerative diseases (Rudrapal
et al., 2022). In addition, it was shown that polyphenols have anti-inflammatory and antiviral
properties (El-Missiry et al., 2021) and food rich in polyphenols demonstrated anti-obesity
effects (Stabnikova and Paredes-Lopez, 2023). The sugar content affects the balance between
the sweetness and acidity of the berries, which is important for ensuring a harmonious taste
of the drinks, and sugar, found in raw berries, can influence fermentation during the beverage
production process (Peighambardoust et al., 2021). Besides that, berries contain a significant
amount of vitamins, including ascorbic acid, which exhibit significant antioxidant activity
(Davronovich et al., 2022). It is worth noting that wild berries can be contaminated with
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various environmental pollutants including heavy metals. Such pollution can occur due to
industrial emissions, the use of pesticides, soil, and water pollution and several other
anthropogenic factors. However, heavy metals such as lead, cadmium, nickel and arsenic are
highly toxic to humans, even in trace amounts (Zaynab et al., 2022). Chronic consumption
of foods containinghigh amounts of heavy metals can lead to serious problems such as organ
damage and nervous system dysfunction. Enzymatic processing of berries can have an impact
on the level of heavy metal contamination in theor extracts, so studies such as these will help
determine optimal processing conditions that do not increase the content of heavy metals
while increasing the concentration of beneficial biologically active substances in the product.

Studying the effect of enzymatic treatment on the content of ascorbic acid, polyphenols,
sugars, and heavy metals in berry extracts allows gaining a deeper understanding of the
mechanisms and influence of fermentation on the quality, as well as the properties of
biologically active components of berries. This may have practical applications for the
development of optimal technologies and processes for the production of berry drinks with
improved properties, as well as high nutritional value and safety for the consumer.

Thus, the aim of this work was to obtain extracts of wild berries of dogwood, elderberry,
hawthorn, barberry and raspberry, to process them with enzymatic preparations with
pectolytic and glycolytic effects, as well as to analyse them to study the effect of the
enzymatic treatment on the content of ascorbic acid, polyphenols, and sugars in them, as well
as heavy metals in berries extracts.

Materials and methods

Samples of wild berries of dogwood (Cornus mas L.), elderberry (Sambucus nigra L.),
hawthorn (Crataegus monogyna subsp.), barberry (Berberis L.) and raspberries (Rubus L.)
were collected in various regions of the Republic of Azerbaijan during the period October
2021 to October 2022. Only fully ripe, undamaged berries were selected. Frozen berries were
thawed and homogenized. Samples of the resulting pulp weighing 1 kg were heated to a
temperature of 50 °C for 8 minutes. After this, enzyme preparations “Pectinex BE XXL”,
“Pectinex Yieldash Extra”, “Amylase AG 300 L”, “Fructosym P”, “Rapidaza CR”,
“Bryuzaym BGX”, “Laminex super”, “Selloviridin Q20X” were added to the samples.
“Sellokyuks-A” and “Enzerzim XT” in amounts of 50, 75, 100 and 150 mg per 1000 g of
pulp, as well as their compositions in the following combinations: “Pectinex BE XX —
“Fructosym P” (Multienzyme complex-I), “Amylase AG 300 L” — “Sellokyuks-A”
(Multienzyme complex-II) and ‘“Pectinex Yieldash Extra” - “Bryuzaym BGX”
(Multienzyme complex-II) in amounts of 50, 75 and 100 mg of each drug per 1000 g of pulp.
The maceration process in different experiments lasted 60, 75, 90, 105 and 120 minutes, at
temperatures of 30, 45, 60 and 75 °C. Then juices were made from the samples using a Para-
press laboratory press (Arauner Kitzingen, Germany) at a pressure of 0.28 MPa for 10
minutes. The results were compared with control samples that were subjected to similar
processing but without the step of enzymatic treatment. The most effective enzyme
preparation for each type of berry was determined.

To determine the ascorbic acid content, 10 g of raw material was weighed and
homogenized using 25 ml of metaphosphoric acid solution with a concentration of 10 g/I.
The samples were actively mixed for 15 minutes; after which they were centrifuged at 3800
g for 15 min at 4 °C. The extraction was carried out in duplicate. The resulting supernatants
were combined, after which 10 g/l metaphosphoric acid was added, resulting in a volume of
50 ml. A mixture of 1 ml of dithiothreitol with a concentration of 50 g/l and 10 ml of sample
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was prepared. Metaphosphoric acid was used to bring the volume of solutions to 25 ml.
During chromatographic separation, the mobile phases consisted of methanol (phase A) and
0.005 mol/l of KH,POs solution (pH 2.6, phase B). The gradient method was used as follows:
the percentage of phase A was increased from 5% to 22% over 6 minutes, followed by a
return to baseline conditions over 9 minutes. Detection was performed at 245 nm and the
flow rate 0.7 ml/min. The results were expressed in mg of ascorbic acid per 100 g fresh
berry’s weight.

To analyse polyphenol content, 10 g of samples were mixed with 50 ml of 70%
methanol. The resulting mixture was processed for 15 minutes on a heated shaker and then
centrifuged at 3000 g for 20 min. The extraction was repeated twice to ensure full extraction.
The collected phenolic extracts were pooled and vacuum evaporated at 40 °C to concentrate
them. Distilled water was used to bring the concentrated extracts to a final volume of 25 ml.
The mobile phase used for analysis consisted of two components: solvent A, which was
prepared by dissolving 60 g of acetic acid in 0.002 mol/l sodium acetate, and solvent B, which
was acetonitrile. The entire analysis was carried out for 35 min at a constant flow rate of 1
ml/min. Compound separation was achieved using a gradient program starting with 0-15%
B over 15 min, then 15-30% B over 25 min, then 30-50% B over 5 min and finally 50-100%
B for 5 min. To quantify phenolic compounds, measurements were carried out at three
different wavelengths: 280 nm, 320 nm and 360 nm. An external standard method was used
utilizing gallic acid, chlorogenic acid and quercetin as reference standards. Mass
spectrometric detection was used to identify polyphenols. Detection was carried out in
positive ion mode (Mildner-Szkudlarz et al., 2015).

For sugar analysis, 20 ml of samples were hydrolysed with 1 ml of 1 M sulphuric acid
by heating the mixture at 100 °C for 3 hours. After hydrolysis, the resulting hydrolyses were
diluted 20-fold with distilled water and then treated with 1-phenyl-3-methyl-5-pyrazolone
(PMP) for derivatization. As an internal standard, 10 pl of 0.5 mM 2-deoxyglucose was added
to each sample. Sugar separation was achieved at a flow rate of 0.6 ml/min and was carried
out at 30 °C. The mobile phases used for separation consisted of two components: (A) a
mixture of 10% acetonitrile and 40 mM ammonium acetate at pH approximately 6.8 and (B)
70% acetonitrile. The separation process followed a gradient elution starting with 8% phase
B, which increased to 16% phase over 12 min. Detection was performed at 250 nm. To
determine the sugar content, the areas under the peaks observed in the chromatograms were
compared with standard samples of glucose, fructose, galactose, and sucrose. All
chromatographic studies were carried out using an Agilent Technologies 1200 LC system
(Agilent Technologies, USA) equipped with a UV detector and a mass spectrometer.
Separation was carried out on a Poroshell 120, SBC18 column (4.6 x150 mm, 2.7 pm). The
concentration of a number of heavy metals was also measured in the resulting juices. Ni, Cu,
Co, Pb, Cd and As were determined by atomic absorption spectrometry on a Perkin-Elmer
3030B flame spectrometer. Cr and Sr were analysed using an ISP AtomScan 25 emission
spectrometer.

Results and discussion

When conducting preliminary experiments to measure the yield of juice from dogwood,
elderberry, hawthorn, barberry and raspberry berries, the most effective enzyme preparations
and optimal processing modes were established. The highest juice yield for barberry and
dogwood berries was observed during fermentation for 120 minutes. For elderberry and
raspberry, the optimal period was 75 and 90 minutes, respectively. With longer processing
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for these berries, no significant increase in juice yield was observed. For most of the berries
tested, the optimal processing temperature was 45 °C. The exception was barberry berries,
for which this parameter was 60 °C.

The results obtained indicate that the most effective of the studied preparations for
dogwood berries was the enzyme “Fructosym P”” when treated, with which the juice yield
increased from 50.2+1.34% to 58.5+0.78%. For elderberry and barberry, the enzyme
preparation “Pectinex BE XXL” turned out to be optimal;, when used, the juice yield
increased from 54.5+0.87% and 52.6+2.24% to 61.3+£1.74% and 60.4+3.08%, respectively.
When processing hawthorn, the most effective enzyme was “Amylase AG300L”; compared
to control samples, the juice yield increased from 48.4+1.06% to 57.8+1.56%. For
raspberries, the enzyme preparation ‘“Pectinex Yieldash Extra” was the most effective; after
treatment, the juice yield increased compared to control samples from 58.4+1.46% to
67.243.23%. When processing dogwood and hawthorn, the most effective was the
multienzyme complex consisting of the preparations “Pectinex BE XXL” and “Fructosym
P”, the juice yield increased from 50.2+1.34% and 48.4£1.06% to 64.6+3.04% and
60.542.54% respectively. For elderberry, barberry and raspberry, the combination of drugs
“Amylase AG 300L” and “Sellolyuks-A” demonstrated the greatest efficiency, while the
juice yield increased from 54.5+0.87%, 52.6+2.24% and 58.4+1.46% to 66.3+1.73%, 65.8
+3.18% and 69.4+1.35%, respectively.

It was found that preliminary enzymatic treatment of crushed dogwood, elderberry,
hawthorn, barberry, and raspberry berries with various enzyme preparations helps to increase
the yield of unclarified juices by an average of 6.8-9.4% compared to control samples. The
most effective drugs are “Fructosym P”, “Pectinex BE XXL” and “Amylase AG 300L”.
When using the most effective multienzyme complexes, the juice yield increased by an
average of 11-14.4% compared to control samples and by 2.2-6.1% compared to the use of
effective enzymes. It was shown that the use of a complex of preparations “Pectinex BE
XXL” and “Fructosym P” was more effective when processing dogwood, with an increase in
juice yield from which was 6.1%. When processing elderberry and barberry, the best result
was demonstrated by the mixture of Amylase AG 300L and Sellolyuks-A: the increase in
juice yield was 5 and 5.4%, respectively. The use of multienzyme complexes turned out to
be relatively less effective for hawthorn and raspberry, as juice yield increased by only 2.7%
and 2.2%, respectively.

The concentration of ascorbic acid was measured in dogwood, elderberry, hawthorn,
barberry, and raspberry berries subjected to preliminary enzymatic treatment, as well as
without such treatment. The obtained data are presented in Table 1.

The yield of vitamin C in the juice fraction after treating the berries with the most
effective enzyme preparations increased for dogwood berries by 1.18 times, elderberries by
1.23 times, hawthorn by 1.22 times, barberries by 1.38 times, and raspberries by 1.2 times.
An increase in the content of ascorbic acid in the juices of these berries using multienzyme
complexes was observed on average by 1.35-1.52 times. The most likely reason for the
increase in the yield of ascorbic acid is the hydrolytic breakdown of the structural components
of the cell wall, and above all, cellulose and hemicellulose, as a result of which bound forms
of vitamin C are released into juices. In the analysed juices, the presence of glucose, fructose,
galactose, and sucrose were identified and the concentrations were quantified. The results are
shown in Table 2.
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Table 1

Content of ascorbic acid in berry juices subjected to various types of preliminary enzymatic

maceration

Ascorbic acid concentration (mg/100 g)

“No treatment”

“No treatment”

= >}

g 2 % % vs. “Best drug” vs. “Multienzyme
Berry < = =2 (paired t-test) complex” (paired t-test)

g § § g (Not statistically (Not statistically

) /M 5 © significant at significant at

z o= 0.05) o= 0.05)
Dogwood 75 88.7 | 101.2 p-value = 0.057 p-value = 0.004
Elderberry | 38.2 | 47.2 | 52.4 p-value = 0.086 p-value = 0.001
Hawthorn | 39.8 | 48.6 57 p-value = 0.095 p-value = 0.0002
Barberry 84.5| 116.8 | 128.3 p-value = 0.001 p-value = 0.00005
Raspberry | 57.6 | 69.1 | 81.3 p-value = 0.002 p-value = 0.00002

Source: compiled by the author

Table 2
Sugar concentration in berry juices subjected to various types of preliminary enzymatic
maceration
Berry Processing method Content (2/100g)
glucose | fructose | galactose | sucrose
No treatment 4.2 3.8 0.7 0.5
Dogwood Best drug 5.2 4.1 0.8 0.6
Multienzyme complex 6.5 5.7 1.3 0.8
No treatment 5.7 4.6 0.5 0.3
Elderberry Best drug 6.7 4.5 0.6 0.4
Multienzyme complex 6.9 7.1 0.6 0.7
No treatment 8.5 3.4 0.2 1.5
Hawthorn Best drug 8.7 4.8 0.3 1.4
Multienzyme complex 9.4 7.8 0.3 1.7
No treatment 7.3 6.5 0.1 0.1
Barberry Best drug 8.1 7.8 0.1 0.2
Multienzyme complex 9.7 8.9 0.2 0.4
No treatment 7.6 6.8 0.2 0.4
Raspberry Best drug 8.2 6.9 0.5 0.5
Multienzyme complex 8.3 7.4 0.5 0.6

Source: compiled by the author

Because of treating the pulp with enzyme preparations, a significant increase in glucose
concentration was observed in all studied samples, which was directly related to the
breakdown of polysaccharides. In addition, increases of the amounts of other sugars were
also observed. This effect was most significant when using multienzyme complexes. When
using the enzyme preparation “Fructosym P”, the increase in sucrose content in the samples
was on average no more than 12%, and when using the complex of preparations ‘“Pectinex
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BE XXL” and “Fructosym P”, an increase in the concentration of this component was
observed by 1.58 times. In general, the increase in the concentration of sugars in the samples
is associated with the destruction of the cell wall, and s a result of what their extractability
increases. The total concentration of polyphenols in berry juices is given in Table 3.

Table 3
Total content of phenolic compounds in berry juices subjected to various types of preliminary
enzymatic maceration

Berry Ascorbic acid concentration (mg/100 g)

No treatment | Best drug | Multienzyme complex
Dogwood 645.1 657.5 705.3
Elderberry 575.8 596.8 613.6
Hawthorn 458.9 499.3 511.1
Barberry 589.2 610.1 610.9
Raspberry 35.8 46.2 56.5

Source: compiled by the author

The total content of phenolic compounds was highest in the juices of dogwood berries. A
significant increase in the total concentration of polyphenols in pulp samples was observed after
their treatment with enzymatic preparations. The data obtained indicate that the destruction of
polysaccharides during enzymatic maceration leads to the release of some polyphenols. During
the study, 10 phenolic compounds were identified in the analysed pulp extracts. However, only
coumarins, quercetin, gallic and chlorogenic acids were measured quantitatively.

The largest amount of phenolic compounds was found in dogwood berries. Its juices, pre-
treated with enzyme preparations, contained chlorogenic acid, 257 mg/100 g, and quercetin, 65
mg/100 g. It was found that the content of the latter in dogwood and elderberry juices prepared
from pulp subjected to pectinolysis was higher than in untreated samples by 15% and 17%,
respectively. In all samples where gallic acid was detected, a significant increase in its content
was observed after enzymatic treatment. Compared to untreated samples, hawthorn juices
prepared from pulp subjected to pectinolysis showed the most significant increase by 16%.
Several samples showed the appearance of peaks of certain compounds after enzymatic
hydrolysis. The only exception was hawthorn juice, the peak of quercetin in which disappeared
after treating the samples with enzymatic preparations. Among the hydroxybenzoic acids, two
compounds have been identified: 4-hydroxybenzoate and formyl salicylic acid. It is worth
noting that the content of 4-hydroxybenzoate increased significantly in samples subjected to
enzymatic maceration. 4-Hydroxybenzoate is a phenolic compound associated with plant cell
walls, which may explain its higher content in pre-treated extracts. The data obtained indicate
that the use of enzymatic treatment of pulp may increase the extractability of 4-
hydroxybenzoate. However, the biosynthetic pathway and degradation of 4-hydroxybenzoate
in plants are not yet fully understood.

The evaluation of juices' organoleptic properties entails the assessment of sensory
attributes such as flavour, fragrance, visual appeal, and consistency. To assess the sensory
properties of dogwood, elderberry, hawthorn, barberry, and raspberry juices produced through
enzymatic treatment, a descriptive approach was used for organoleptic evaluation (Table 4).
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Table 4
Organoleptic evaluation of juices
Berry Appearance Aroma Taste

Dogwood | The juice has a The juice offers a The taste profile is
vibrant reddish hue delicate and fruity pleasantly sweet,
with excellent clarity, | aroma with hints of mildly tart, and
making it visually berry notes and a subtle | features distinct berry-
appealing. floral undertone. like flavors.

Elderberry | The juice exhibits a The juice releases a The juice offers a well-
deep purple color strong and distinctive balanced sweetness
with good clarity, berry fragrance, with a noticeable
which is visually displaying the tartness and a rich,
striking. characteristic aroma of | bold berry flavor.

elderberries.

Hawthorn | The juice is slightly The juice has a mild, The juice has a mildly
cloudy with a fruity aroma with faint sweet and slightly tart
pleasant, pale red floral hints that taste with subtle fruity
color. contribute to its overall | notes.

appeal.

Barberry | The juice is clear and | The juice has a fresh and | The juice is
possesses an inviting | slightly tangy aroma characterized by its
golden color. with subtle citrus notes, | refreshing tartness,

reflecting its unique mild sweetness, and a
character. unique citrus-like tang,

Raspberry | The juice is notably The juice presents a bold | The juice is notably
vivid, displaying a and fruity aroma sweet, tangy, and
rich red hue that is dominated by the sweet | bursting with the
visually enticing. and tangy scent of ripe authentic flavor of ripe

raspberries. raspberries.

Note: This organoleptic evaluation is subjective and reflects one individual's assessment.
Source: compiled by the author.

Furthermore, an examination of the overall characteristics of these wild berries is

included: (a) the consistency of all the juices is velvety and devoid of any discernible pulp,
ensuring a delightful drinking sensation; (b) elderberry and raspberry juices stand out for
their rich and distinctive flavors, with elderberry offering a berry profile, and raspberry
providing an authentic raspberry experience. Dogwood juice also deserves recognition for its
balanced sweetness and fruity appeal.

Among the derivatives of hydroxycinnamic acid, two compounds have been identified:
chlorogenic acid and coumarin. Chlorogenic acid content showed no significant differences
between fermented samples and extracts obtained from untreated pulp. Elderberry juices
subjected to enzymatic treatment had the highest content of chlorogenic acid. The content of
coumarins was significantly lower in juices prepared from unprocessed pulp. However,
overall, the results of the study indicate that enzymatic treatment of berry pulp led to better
retention of phenolic compounds in juices compared to untreated samples.

Data regarding the content of heavy metals in the analysed juices are presented in Table
5.
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Table 5
Concentration of heavy metals in juices of berries subjected to various types of preliminary
enzymatic maceration

Berry Processing Content, mg/100 g

method Ni Cu | As Cd | Co Cr | Pb Sr

No treatment | 1.71 | 1.33 | 0.04| - | 0.01] 0.05 | 0.24 | 0.2
Dogwood Best drug 1.74 | 134 0.04| - | 001005024 02

Multienzyme | 23| 4 4 | g04 | - | 0.01]0.05]0.25]0.21

complex

No treatment | 0.62 | 0.81 | 0.03 | - -~ 1 0.04]0.15 [ 0.09
Elderberry Best drug 0.64 | 0.82]0.03 | - ~ 1 0.04]0.15 | 0.09

Multienzyme | 66| 85| 0.03 | - - 10.04]0.16 | 0.09

complex

No treatment 1.23 | 1.2 - - 0.01 | 0.05]0.16 | 0.1
Hawthorn Best drug 124|121 - ~ 1 0.01]0.05]0.16] 0.1

Multienzyme | | 59 | 56 | . - 10.01]0.05]0.17 | 0.11

complex

No treatment | 1.47 | 1.13 | 0.10 | - | 0.07 | 0.03 | 0.05 | 0.07
Barberry Best drug 148 | 1.14 | 0.10| - | 0.07 | 0.03 | 0.05 | 0.07

Multienzyme | 54\ 4 19| 011 | 0.01 | 0.07 | 0.03 | 0.05 | 0.07

complex

No treatment | 0.35 | 0.54 | 0.01 | - | 0.02] 0.03 | 0.1 | 0.03
Raspberry Best drug 0.35]0.55]0.01 | - |002]0.03]| 0.1 |0.03

Multienzyme 35| 6 57 | 901 | - | 0.02]0.03]0.11]0.03

complex

Source: compiled by the author

The results demonstrate that the methods of preliminary enzymatic maceration used do
not lead to a significant (more than 5%) increase in the concentration of heavy metals in the
juices of the tested berries. It is worth noting that cadmium, Cd, was not found in any of the
unprocessed juices. A low concentration of this metal (0.01 mg/100 g) was recorded only in
barberry juices treated with a multienzyme complex. Cobalt, Co, was not found in elderberry
juices, and arsenic, As, was not found in hawthorn juices.

Discussion

The obtained results showed a notable enhancement in the juice yield from berries
following their pre-treatment with enzyme preparations. The used pectolytic preparations are
capable of destroying pectins, which are the main component of cell walls, which makes
them more susceptible to mechanical destruction. L.R. Larsen et al. (2021) showed that this
process facilitates the release of juice during further processing of berries. Also, it was
demonstrated that preliminary enzymatic maceration promotes better drainage of juice from
berries. This is due to their ability to break down cellular structures and facilitate fluid flow.
Thanks to this, the process of juice extraction becomes more complete and efficient. Enzyme
preparations with glycolytic action can soften the cells and tissues of berries (Streimikyte et
al., 2022). They affect glycosidic bonds in carbohydrate molecules, which leads to the
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destruction of cell structure. Softening the tissue makes it easier to release the juice by
pressure or centrifugation.

Enzyme preparations may affect oxidases that are present in the samples, which may
promote the oxidation of ascorbic acid. C. Bender et al. (2017) reported a similar effect in
their study, where they found that heating blackcurrant pulp before pectinolysis resulted in
higher ascorbic acid content in juices compared to pectinolysis without heating. However,
this effect was species-dependent, since, for example, it was not observed in raspberries.
Similarly, a decrease in ascorbic acid content in goldenrod berry extract prepared from
enzymatically treated pulp was not observed in the study of M.F. Ramadan and H.T. Moersel
(2006). Long-term ageing of barberry pulp with preliminary enzymatic and thermal treatment
led to a decrease in the content of ascorbic acid in the extracts and juices prepared from
enzymatically treated raw materials had significantly lower ascorbic acid content compared
to untreated samples (Radziejewska-Kubzdela et al., 2020). It was suggested that the
retention of ascorbic acid during pretreatment without prior inactivation of ascorbic acid
oxidase might depend on the specific profile of phenolic compounds present in the raw
material (Clegg and Morton, 1968). In this study, no reduction in vitamin C content was
observed in the samples due to enzymatic treatment. On the contrary, there was a noticeable
increase in the concentration of ascorbic acid in juices treated with multienzyme complexes.

As with other biologically active substances, one of the main mechanisms for increasing
polyphenol concentrations is likely due to breakdown by cell wall enzymes. Enzymatic pre-
treatment helps release polyphenols, making them easier to extract and increasing their
concentration in the extract. In addition, introduced enzymes that can activate internal
enzymatic systems such as polyphenoloxidases present in berries (Nicolescu et al., 2022).
These enzymes catalyse the oxidative reactions of polyphenols, which can lead to the
formation of polymeric and oxidized forms. In addition, enzymes can promote the hydrolysis
of glycosidic bonds that link polyphenols to other molecules such as sugars or organic acids.
This may result in the release of polyphenols from complexes and increase their availability
for extraction. The use of various enzymes (Cellubrix, Neutrase and Viscozyme) on grape
pomace from Cabernet (red) and Garnatxa (white) varieties increased the yield of antioxidant
compounds during extraction (Costoya et al., 2010). Enzymatic treatment, especially when a
mixture of three enzymes was used, significantly increased extractable phenolics by 21% for
Garnatxa and 46% for Cabernet compared to untreated samples. At the same time, enzymatic
treatment also increased the solubility of several compounds in water. This suggests that
administering enzymatic drugs prior to treatment may enhance the ability of compounds to
dissolve, thereby potentially improving their availability for biological processes and the
efficiency of their extraction.

It was found that because of the pre-treatment of berries with enzyme preparations, a
more effective extraction of polyphenols and an increase in their concentration in the extract
is achieved. The findings are consistent with previous studies that also reported similar
effects. The study conducted by L.N. Lieu and B.B. Le (2010) compared the effects of
enzymatic treatment and sonication on grape must. An increase in the overall concentration
of phenolic compounds in the berry extracts, even after enzymatic treatment was observed.
However, in a study of E. Radziejewska-Kubzdela et al. (2020), no such relationship was
found. On the contrary, they observed a decrease in the total amount of polyphenols in berry
extracts because of pre-enzymatic treatment. They suggested that the effect might be due to
the activity of a by-product esterase present in the enzyme used, or to partial degradation of
phenolic compounds during processing. In addition, residual polyphenol oxidases present in
grape pomace may also contribute to the reduction of phenolic and antioxidant content.
Researchers demonstrated that the use of enzymatic or thermal pretreatment improved the
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extractability of 4-hydroxybenzoate compared to sonication or untreated samples. The
specific mechanisms underlying this improvement may vary and include factors such as
increased enzymatic activity, cell wall disruption, or increased solubility of 4-
hydroxybenzoate during enzymatic pretreatment processes. A. Chaovanalikit and R.E.
Wrolstad (2008) suggest that enzyme preparations may promote the activation of
endoglycosidases, which hydrolyse glycosidic bonds connecting phenolic compounds to
other molecules, in particular sugars. As a result, this causes the anthocyanins to be released
more and become more extractable. In addition, according to E. Radziejewska-Kubzdela et
al. (2020), the activity of pectolytic enzymes can affect the activity of polyphenol oxidase,
which oxidizes several polyphenols.

During the study, it was shown that pre-treatment of berries with enzyme preparations
of pectinase and cellulose leads to an increase in the concentration of sugars in their extracts.
One of the main mechanisms for increasing the concentration of sugars is associated with the
destruction of cell wall polysaccharides. Pre-treatment with pectolytic enzymes promotes the
breakdown of these polysaccharides into mono and disaccharides, mainly glucose and
fructose. According to K.R. Corbin et al. (2015), this process also increases the availability
of sugars for extraction and leads to their increased concentration in the extract. Researchers
claim that pectolytic enzymes can activate glycosidases, which hydrolyse the glycosidic
bonds connecting carbohydrates to glycoproteins, which also contributes to the release of
monosaccharides and their increased concentration in the extract. In addition, they suggested
that pretreatment with enzyme preparations may also promote the activation of endogenous
amylases, which break down oligosaccharides into mono and disaccharides. In a study by the
researchers, the decrease in soluble and insoluble dietary fibre and the increase in free
monosaccharides following enzymatic hydrolysis of fruit peels is consistent with the
breakdown of complex polysaccharides into simpler sugars. This study demonstrated that
after pre-treatment of berries with enzyme preparations, the concentration of sugars in the
extracts increases. Thus, the results obtained are mainly consistent with those obtained from
the literature.

The obtained values of concentrations of heavy metals in the juices of wild berries
correlate with the results obtained by L.F. Steingraber et al. (2021). The researchers’ data
indicate that drugs used in the enzymatic processing process can potentially activate the
processes of mobilization of heavy metals from berry tissues. If the berries have been
contaminated with heavy metals from the environment, enzymes can help release those
metals from the cells, making them more available for extraction in the juice. However, in
this study, no significant increase in the content of heavy metals was observed after
enzymatic treatment, which may be due to the initially low content of these components in
the analysed berries.

Conclusions

1. This study examined the impact of treating wild berry pulp with enzyme
preparations on the concentration of biologically active compounds in their juices.
The optimal juice extraction was attained after a 120-minute fermentation period for
barberry and dogwood berries. For elderberry and raspberry, the optimal periods
were 75 and 90 min, respectively. A processing temperature of 45 °C turned out to
be the most suitable for most berries, except for barberry, which showed better
results at a temperature of 60 °C.
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2. The use of both individual enzyme preparations and their complexes had a positive
effect on the juice yield for all tested berries. For dogwood and hawthorn, the most
effective was the combination of “Pectinex BE XXL” and “Fructosym P”, and for
elderberry, barberry and raspberry — “Amylase AG 300L” and “Sellolyuks-A”. The
yield of vitamin C increased for dogwood berries — 1.18 times, for elderberries —
1.23 times, for hawthorn — 1.22 times, for barberry — 1.38 times, and raspberries —
1.2 times. In most cases, the use of multienzyme complexes demonstrated the
greatest positive effect.

3. The use of multienzyme complexes additionally increased the vitamin C content in
the juices of these berries by an average of 1.35-1.52 times.

4.  Juices after treatment with enzymes showed a significant increase in sugar content;
the greatest effect was achieved when using multienzyme complexes. The complex
“Pectinex BE XXL” and “Fructosym P” increased the concentration of sucrose in
the samples by an average of 1.58 times.

5. It was found that enzyme preparations generally have a positive effect on the
content of biologically active substances in the juices of wild berries. Dogwood
berry juices showed the highest amount of phenolic compounds among the tested
samples. After treatment with enzyme preparations, they contained a predominant
amount of chlorogenic acid (257 mg/100 g) and quercetin (65 mg/100 g). The
quercetin content in pre-treated dogwood and elderberry juices was higher by 15%
and 17%, respectively, compared to untreated samples. A significant increase in
gallic acid content after enzymatic treatment was observed in all samples where it
was detected. Hawthorn juices showed the most significant increase in the content
of this component (16%).

6. No significant influence of enzymatic pretreatment on the concentration of heavy
metals in berries extracts was found.

7.  The results of the study indicate the promise of enzymatic maceration of wild
berries for their further use in the food industry. Further research is needed to
establish in more detail the mechanisms of such effects for different classes of
compounds.
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Introduction. The aim of the review is to characterize the
bioactive compounds present in Aloe vera and to consider the
possibilities of its application in the food industry.

Materials and methods. Data collection involved searching
multiple databases, including Google Scholar, ScienceDirect,
PubMed, SpringerLink, and Wiley Online Library. The search queries
encompassed a wide range of terms, such as bioactive compound,
Aloe vera; potential application of Aloe vera in the food industry; anti-
inflammatory, antioxidant, anti-bacterial, anti-fungal, antiviral, and
antiseptic properties of Aloe vera’s bioactive compounds.

Results and discussion. The discussion outlines the chemical
composition, bioactive compounds of Aloe vera plant, and potential
applications of Aloe vera in the food industry. Aloe vera is rich in
various components, including polysaccharides (55%), sugars (17%),
minerals (16%), proteins (7%), lipids (4%), and phenolic compounds
(1%). This plant contains numerous bioactive compounds such as
flavonoids, phenolic acids, tannins, mono- and polysaccharides
(mannose-6-phosphate, acemannan and glucomannan), polyphenols,
coumarin, proanthocyanidin, alkaloids, anthraquinone derivatives,
aloe-emodin, aloin, aloesin, saponin, chromones, - carotene, vitamin
C, vitamin E, enzyme bradykinase, and steroids, making it a valuable
pharmaceutical and cosmetic raw material. Aloe vera demonstrates
diverse health benefits having emollient, purgative, anti-
inflammatory, antioxidant, antimicrobial, anti-helmenthic,
antifungal, and antiseptic properties. Depending on the purpose of
using, leaves of Aloe vera could be processed by whole-leaf
processing, mechanically filleted or manual filleted processing to
obtain Aloe vera gel. After that, the gel could be used for production
of'juice, concentrate and powder products. The products of Aloe vera
are natural functional ingredients or additives for the fortification of
food products from vegetable sources to improve food quality,
prolong the shelf life of vegetables and fruits, improve acceptability
of food, enhance the growth of probiotics cultures, and could be also
used in the pharmaceutical and cosmetic industries. The main areas
of Aloe vera applications in the food industry include edible coatings
production, fruits preservation, and beverages, dairy, confectionary,
and sport nutrition products processing.

Conclusion. The products from Aloe vera plant and its bioactive
compounds can act as a promising human health, prolong the shelf
life of vegetable and fruits, and enhance the growth of probiotics
cultures. Safety should be considered when using Aloe vera products.
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Introduction

Plants produce a wide array of chemical compounds to support their growth and
development. These compounds can be broadly categorized into primary and secondary
metabolites. Primary metabolites are directly involved in essential processes like
photosynthesis, translocation, and respiration. On the other hand, secondary metabolites are
smaller organic molecules derived from primary metabolites and are typically around 3000
daltons in molecular weight (Twaij and Hasan, 2022). Secondary metabolites can be
classified into four major classes: terpenoids, phenolic compounds, alkaloids, and sulphur-
containing compounds (Guerriero et al., 2018). These secondary metabolites play a crucial
role in plants and have various beneficial properties for humans. They are known for their
antioxidant, anti-inflammatory, antimicrobial, anticoagulant, antidiabetic and lipid-lowering
properties (Teoh, 2015). Specific compounds found in plants, such as flavonoids including
chalcones, flavones, flavanols, flavanones, anthocyanins, and isoflavones;
phenylpropanoids, which are involved in the production of essential aromatic amino acids
such as phenylalanine and tyrosine; terpenes with antitubercular and anticancer activities;
and N-containing compounds (caffeine, nicotine, cocaine and morphine), could be used in
the anxiolytic, analgesic, and hallucinogenic treatments (Twaij and Hasan, 2022). Bioactive
compounds refer to secondary metabolites extracted from plants. It has been found that they
have pharmacological or toxicological effects on living organisms. They also found a
widespread application in the food and pharmaceutical, as well as in cosmetic industries (Pai
et al., 2022). The bioactive compounds of plants have many important benefits for current
and future use in medicine (Wawrosch and Zotchev, 2021).

Bioactive constituents presented in vegetables, fruits, and whole grains are essential for
the human body (Pai et al., 2022). These bioactive compounds include carotenoids,
flavonoids, carnitine, choline, coenzyme Q, dithiolethiones, phytosterols, phytoestrogens,
glucosinolates, polyphenols, vitamins, and minerals (Hamzalioglu Gokmen, 2016).
Currently, they are intensively studied to evaluate their physiological, behavioral, and
immunological properties for potential practical applications (Huang and Chen, 2022).

Aloe vera is a perennial green herb with bright yellow tubular flowers that is extensively
distributed in hot and dry areas of North Africa, the Middle East of Asia, the Southern
Mediterranean, and the Canary Islands. The colorless mucilaginous gel from Aloe vera leaves
has been extensively used for pharmacological and cosmetic applications (Sanchez et al.,
2020). Aloe vera contains polysaccharides (55%), sugars (17%), minerals (16%), proteins
(7%, lipids (4%), phenolics (1%) (Kumar et al., 2019) and numerous bioactive compounds
that have benefits for human health (Gangadharan et al., 2019). Aloe vera is one of the oldest
and most traditional medicinal plants with biological activity that is why it is applied for
medicinal purposes, food, and is used in food processing (Martinez-Burgos et al., 2022). Aloe
vera’ leaves contain numerous vitamins, minerals, natural sugars, enzymes, amino acids, and
as well rich in various bioactive compounds that exhibit a wide spectrum of beneficial
properties including emollient, purgative, anti-inflammatory, antioxidant, antimicrobial,
anthelmintic, antifungal, aphrodisiac, and antiseptic actions (Hong et al., 2018; Lanka, 2018;
Sanchez et al., 2020). In addition, Aloe vera’ gel and extracts have been scientifically
confirmed to be effectiveness in treating gastrointestinal disorders, lowering low density
lipoprotein, increasing high density lipoprotein, and decreasing blood glucose level
(Martinez-Burgos et al., 2022). Application of plant additives, which have pharmacological
properties, in the manufacturing of traditional products to increase their health value, is a new
trend in food production (Stabnikova et al., 2021). The present review explores new
information related to Aloe vera’s the bioactive compounds and potential applications of Aloe
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vera in the food industry. The new information was searched from the publications (original
papers) published in English in peer-reviewed scientific journals of the Web of Science,
Scopus, Pubmed, Google Scholar database. The major objective of this review is to
summarize the most research on the bioactive compounds present in Aloe vera and its
potential application in the food industry.

Materials and methods

Data collection involved searching multiple databases, including Google Scholar,
ScienceDirect, PubMed, SpringerLink, and Wiley Online Library. The search queries
encompassed a wide range of terms, such as bioactive compound; Aloe vera; potential
applications of Aloe vera and its bioactive compounds in the food industry; anti-
inflammatory, antioxidant, anti-bacterial, anti-fungal, antiviral, and antiseptic properties. The
study was not subject to any restrictions regarding research methodology of the study, sample
size, or outcome measurement.

Results and discussion
General characteristic of Aloe vera

Worldwide, Aloe vera is a popular herbal medicine that has antibacterial and antioxidant
properties, maintains cholesterol and blood sugar levels, and body weight. Therefore, it has
a wide field of applications that include pharmaceuticals, cosmetics, and food.

According to the taxonomic classification, Aloe vera is representative of Kingdom,
Plantae; Class, Magnoliophyta; Order, Asparagales; Family,
Asphodelaceae/Xanthorrhoeaceae; Genus, Aloe L.; Species, Aloe vera (L.) Burm. f.

Aloe plants contain important chemical constituents in their swollen and succulent
leaves because of their surviving ability in hot and dry conditions (Yadeta, 2022). Aloe vera
is an arborescent, perennial, xerophytic, succulent, thick and short-stemmed plant; is green
in color and about 12 — 19 inches (30 —50 cm) in length, and is commonly grown in arid
regions of India, Africa, Asia, Europe and the Americas (Mitra et al., 2023).

The genus Aloe includes approximately 600 species. The natural components isolated
from various species of the genus A/oe, including anthraquinones and their glycosides, anthrols,
chromones and their glycosides, pyrones, steroids, triterpenes, vitamins, coumarin, flavonoids,
lignin, proteins, alkaloids, glycoproteins, and naphthalene (Rehman et al., 2017). The leaf of
Aloe vera has 3 layers: (1) the first layer is called the gel with the characteristics of viscous,
colorless, and clear, which contains water (99%), amino acids, glucomannans, vitamins, and
lipids and sterols; (2) the second central layer contains holding latex with the characteristics
of bitter, yellow and red aloin; glycosides and anthraquinones; and (3) the outermost thick
layer has a protective function that synthesize carbohydrates and proteins (Mitra et al., 2023).
The Aloe vera fresh leaf contains fibers, proteins, organic acids, minerals, monosaccharides,
and polysaccharides (Liu et al., 2019; Zhang et al., 2018). Generally, Aloe leaf contains more
than 200 nutritional substances, including vitamins, minerals, amino acids, and active
enzymes (Yadeta, 2022). Image of Aloe vera leaves is shown in Figure 1.

Aloe flesh has jelly-like consistency and contains water (96%) and dry matter (4%),
which contains protein (6.86%), fat (2.91%), dietary fibre (73.35%), ascorbic acid (0.004%),
and ash (16.88%) (Hgs et al., 2019). It could serve as an ingredient that is used in some food
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and beverage products, functional and nutraceutical foods, edible coatings/films due to
benefits of its bioactive phytochemicals. Some Aloe species are used as cooked vegetables
and raw eating; as ingredients in food and beverage products such as soft drink: Aloe sports
drink with electrolyte, Aloe vera lemon juice, diet drink with soluble fiber, health drink,
hangover drink with B vitamin, amino acids and acetaminophen, healthy vegetable juice mix,
tropical fruit juice with Aloe vera, and Aloe vera yogurts (Yadeta, 2022).

Figure 1. Aloe vera leaves

Chemical composition of Aloe vera

Chemical composition of A4/oe vera depends on the geographical location, type of soil,

harvest time, conditions of cultivation, and variety (Hg$ et al.,, 2019; Quispe et al.,
2018). Approximate chemical composition of Aloe vera gel is shown in Table 1.
Besides compounds shown in Table 2, Aloe vera contains 20 of the 22 human required amino
acids and 7 of the 8 essential amino acids, vitamin E, vitamin B12, provitamin A — -carotene,
folic acid and choline. It contains a wide spectrum of enzymes including aliiase, amylase,
alkaline phosphatase, oxidase, catalase, bradykinase, carboxypeptidase, cellulase, lipase,
peroxidase and cylooxygenase, and carboxypeptidase. Carbohydrates of Aloe vera include
monosaccharides (glucose and fructose) and polysaccharides (glucomannans/polymannose).
Hormones auxins and gibberellins present in Aloe vera have anti-inflammatory action and help
in wound healing. It also contain steroids (cholesterol, campesterol, B-sisosterol, and lupeol),
y-linolenic and arachidonic fatty acids, lignin, saponin, terpenes, and phenolic compounds
(Arshad et al., 2015; Lanka, 2018; Mitra et al., 2023; Narsih and Agato. 2016; Rehman et al.,
2017; Sanchez et al., 2020; Surjushe et al., 2008).
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Table 1
Chemical composition of Aloe vera gel
Compounds |Values | References |Compounds |Values IReferences
Macronutrients, mg/100 g Phenolic compounds, mg/100 g
Moisture 96 300 | Elbandy et Pyrogallol 18.518 | Elbandy et
al., 2014 al., 2014
Protein 44 Afiibarro- Gallic acid 0.339
Ash 150 Ortega et al., | Catechin 0.457
Fat 17 2019 Chlorogenic acid | 0.160
Carbohydrates 630 Catechol 1.105
Dietary fibre 840 Caffeic acid 0.153
Crude fibre 120 Vanillic acid 0.069
Organic acids 111 Caffeine 0.117
Minerals, , mg/100 g Ferulic acid 1.509
Potassium, 127.46 | Elbandy et p-Coumaric acid | 0.532
Calcium 71.46 al., 2014 Benzoic acid 3.322
Sodium 49.65 Ellagic acid 2.535
Magnesium 20.74 Salicylic acid 2.204
Zinc 0.114 Cinnamic acid 0.658
Copper 0.034 Chrysin 0.195
Flavonoids, mg/100 g
Hesperidin 2.271 Elbandy et Narengenin 37.521 | Elbandy et
Rosmarinic acid | 1.382 al., 2014 esperetin 1.014 al., 2014
Rutin 1.138 Kaempferol 0.205
Quercitrin 0.572 Apigenin 0.322

Bioactive compounds present in Aloe species

Bioactive compounds of Aloe vera have an anti-inflammatory effect. The biological
activities of compounds from Aloe vera such as aloe-emodin, aloin, aloesin, emodin,
acemannan have been studied (Sanchez et al., 2020). Rehman et al. (2017) showed that C-
glucosyl chromones (named aloeverasides A and B) isolated from the resin of Aloe species is a
bioactive compound. It has a glucose moiety at the C-8 position. The C-glucosyl chromones
was also detected in many Aloe species such as Aloe angelica, Aloe arenicola, Aloe comptonii,
Aloe dabenorisana, Aloe distans, Aloe erinacea, Aloe melanacantha, Aloe meyeri, Aloe
mitriformis, Aloe pearsonii, Aloe peglerae, and Aloe yavellana (Rehman et al., 2017).

Aloe vera contains antioxidants, which may increase the shelf-life and nutritional value
of food. Antioxidant activity has been demonstrated in Aloe vera leaf’s skin, flowers, and gel

(Hgs et al., 2019).

Table 2 presents the chemical structure of some bioactive compounds present in Aloe vera.
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Chemical structure of some bioactive compounds present in Aloe vera
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Properties of bioactive compounds from Aloe vera

Function properties of several bioactive compounds present in Aloe vera are shown in

Table 3.

Table 3

Functions of several bioactive compounds present in Aloe vera

Bioactive compound

Function/Properties

Reference

Polysaccharides

Anti-inflammatory

Cock I. E., 2015
Lawrence et al., 2009
Massoud et al., 2022

Acemannan (Acetylated
mannan)

Immune-stimulating

Sierra-Garciaa et al.,
2014

Mannose-6-phosphate

Anti-inflammatory

Lanka, 2018

Glucomannans Mitra et al., 2023

Polyphenols Antioxidant, anti- Babu and Noor, 2020
inflammatory Olubunmi and

Anthony, 2011

Flavonoids Antioxidant activity by Olubunmi and
radical scavenging and Anthony, 2011
prevention of oxidative cell Semerel et al., 2022
damage
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Proanthocyanidins Antioxidant activity by Olubunmi and

(polyphenolic bioflavonoids) eliminating hydroxyl Anthony, 2011
radicals

Phenolic acids Antioxidant property Semerel et al., 2022

Tannins Antioxidant property Olubunmi and

Alkaloids Antiseptic and bactericidal Anthony, 2011

activities

Anthraquinones (aloin,
anthranol, barbaloin,

Antioxidant, antimicrobial,
antifungal, antiviral, and

Lawrence et al., 2009
Mitra et al., 2023

isobarbaloin, aloetic acid, aloe- | laxative properties Rehman et al., 2017
emodin and ester of resistannol, Sadiq et al., 2022
cinnamic acid, chrysophannic Syed et al., 2022
acid and emodin) Zeng et al., 2020
Aloe-emodin Anticancer, antivirus, anti- Semerel et al., 2022
inflammatory, antibacterial Zeng et al., 2020

Aloin Anti-inflammatory

Aloesin Anticancer, anti- Semerel et al., 2022
inflammatory, Zeng et al., 2020
immunomodulatory

Saponin Antimicrobial and anti- Lawrence et al., 2009
inflammatory Olubunmi and

Anthony, 2011

Chromones Antioxidant Semerel et al., 2022

Vitamins A (beta-carotene), C | Antioxidant Lanka, 2018

and E Grune et al., 2010

Vitamins B1, B2, B6, B12,
folic acid, and choline

Higashi-Okai et al.,
2006
Massoud et al., 2022

Enzymes: Aliiase, alkaline
phosphatase, amylase, oxidase,
carboxypeptidase, catalase,
cellulase, lipase,
cylooxygenase, and peroxidase

To break down sugars,
proteins and fats

Lanka, 2018

Mitra et al., 2023
Arshad et al., 2015
Massoud et al., 2022

Enzyme: Bradykinase

Helps to reduce excessive
inflammation

Lanka, 2018

Minerals: Calcium, chromium,
copper, selenium, magnesium,
manganese, potassium,
sodium, and zinc

Essential minerals of various
enzyme systems and
antioxidant action

Mitra et al., 2023
Arshad et al., 2015
Massoud et al., 2022

Organic acids: Sorbate,
salicylic acid, uric acid

Antiseptic

Hormones: Auxins and
gibberellins

Wound healing; anti-
inflammatory

Lanka, 2018
Mitra et al., 2023
Lanka, 2018
Mitra et al., 2023

Steroids (Campesterol, -
sisosterol, lupeol, and fatty
acids (y-linolenic acid
andarachidonic acid)

Anti-inflammatory and
antiseptic

Mitra et al., 2023
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Aloe vera is a medicinal plant. Several bioactive constituents from A/oe vera have been
identified and used in therapeutic applications for disease prevention and treatment through
the modification of biological and genetic activities. Aloe vera displays function as an
antioxidant through free radical- and superoxide radical-scavenging activities; anti-
inflammatory activities via inhibition of prostaglandin E2 production from arachidonic acid;
and also inhibition of various transcription factors and the activities of enzymes including
lypoxygenase and cyclooxygenase. Aloe vera exhibits antimicrobial effects due to the ability
to destroy bacterial cell walls (Arshad et al., 2015). Aloe vera’ extract possesses anti-
inflammatory and vasodilatory properties via cyclooxygenase inhibition by salicylic acid (a
COX inhibitor). Emodin and emolin, anthraquinone derivatives, demonstrate anti-
inflammatory properties because they are competitive inhibitors of thromboxane synthase
(Zeng et al., 2020).

Anti-inflammatory properties of Aloe vera

Wound healing in the human body is going through the four stages, including hemostasis,
inflammation, proliferation, and remodeling (Guo et al., 2010; Landén et al., 2016). The healing
process of wounds or burns can be accelerated through medical intervention, including the use
of Aloe vera (Arbab et al., 2021). The anti-inflammatory activity of extracts of Aloe vera
adventitious root displayed through the modification of elementary and secondary metabolites
via salicylic acid elicitation (Lanka, 2018). Aloe vera gel also helps to enhance the amount of
collagen in wounds and collagen cross-linking leads to promote wound healing (Hekmatpou et
al., 2019). Due to the action of glucomannan, a polysaccharide rich in mannose, together with
gibberellin, which is a growth hormone, fibroblasts are stimulated, promoting proliferation and
wound healing. (Massoudi et al., 2022). Aloesin enhances the wound healing process by
reducing wound inflammation, stimulating fibroblast proliferation, collagen synthesis and
activating of the Smad and MAPK signaling proteins in the process such as cell migration,
angiogenesis, and tissue development (Wahedi et al., 2017).

The anti-ulcer effect of the bioactive compounds of Aloe vera in anti-inflammatory drugs
without non-steroids induced peptic ulcers in rats was proven. The bioactive compounds
inhibiting the cyclooxygenase pathway led to reduced production of prostaglandin E2 from
arachidonic acid. The anti-inflammatory activity of extracts of Aloe vera adventitious root
displayed through the modification of elementary and secondary metabolites via salicylic acid
elicitation (Lanka, 2018)

Anti-bacterial, anti-fungal, antiviral, and antiseptic properties of Aloe vera

Antimicrobial resistance is one of the major public health problems that lead to reduction
of the synthetic drugs effectiveness (Leitgeb et al., 2021). Meanwhile, the growth of bacteria,
fungi, and viruses could be inhibited by action of some bioactive compounds. Antimicrobial
action of bioactive compounds from medicinal plants have been known for a long time.
Applications of such substances, having antioxidant and anti-inflammatory activities, for the
development of new therapeutic drugs to suppress microbial infections could reduce oxidative
damage and inhibit inflammatory pathways. Bioactive compounds can directly scavenge free
radicals, protect against oxidative damage, prevent the generation of pro-inflammatory
cytokines, and reduce the activity of inflammatory enzymes (Dar et al., 2023).

Aloe species have been used in traditional medicine for treating skin and digestive
problems, wound healing, anti-inflammatory, and antimicrobial properties (Leitgeb et al.,
2021). Bioactive compound of Aloe vera inhibited the growth of Staphylococcus aureus,
Escherichia  coli, Pseudomonas aeruginosa, Salmonella  typhi, Actinobacillus
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actinomycetemcomitans, and Porphyromonas gingivalis (Arshad et al., 2015). Anthraquinone
derivatives emodin, Aloe-emodin, aloin, and chrysophanic acid from Aloe vera have both
antimicrobial and anti-inflammatory activities. Anthraquinones perform the antimicrobial
activity by altering solute transport through membranes, cell walls, and fatty acid elongation
(Zeng et al., 2020). Several antiseptic agents present in Aloe vera such as triterpenoid lupeol,
salicylic acid, urea nitrogen, cinnamic acid, phenols, and sulfur display actions against fungi,
bacteria, and viruses (Lanka, 2018).

Each ingredient of the Aloe gel has its own mechanism of action, acting synergistically
or individually (Lawrence et al., 2009). The antimicrobial and inhibitory activities of Aloe vera
gel against oral pathogenic bacteria have been proven at the concentrations of 100% and 50%.
At lower concentration, there was no antibacterial effect (Jain et al., 2016). The ethanol extracts
of Aloe vera from leaves and roots have been used against skin infections alongside
conventional antibiotics (Arbab et al., 2021). The antiviral activity of Aloe extracts was carried
out indirectly by stimulating the immune system and directly by anthraquinones. For example,
the anthraquinone aloin inactivates various enveloped viruses including Herpes simplex,
Varicella zoster, and Influenza (Lanka, 2018).

Potentially bioactive compounds include salicylates, magnesium lactate, acemannan,
lupeol, campesterol, B-sitosterol, aloin A, and anthraquinones. The Aloe vera is an
antibacterial agent, effectively kills or greatly reduces or eliminates the growth of
Staphylococcus aureus, Klebsiella pneumoniae, Streptococcus pyogenes, Pseudomonas
aeruginosa, Escherichia coli, Propionibacterium acne, Helicobacter pylori, Bacillus subtilis,
Bacillus cereus, and Salmonella typhi (Lawrence et al., 2009). The Aloe vera based hydrogels
demonstrated antibacterial effects for Gram-positive bacteria Staphylococcus aureus and
Gram-negative bacteria Pseudomonas aeruginosa (Chelu et al., 2023).

Antioxidant properties of Aloe vera

Oxidative stress has been identified as a factor contributing to various diseases, such as
atherosclerosis, arthritis, cardiovascular disorders, Alzheimer's disease, and cancer. Therefore,
antioxidants play a crucial role, and there is a growing inclination to substitute synthetic
antioxidants with natural alternatives (Lourengo et al., 2019). The antioxidants are used as an
adjunct to initial intervention aimed at inhibiting systemic effects of oxidant species. The
antioxidant effect of Aloe vera depends on the activity of glutathione peroxidase, superoxide
dismutase enzymes, and phenolic antioxidants (Zeng et al., 2020). Some Aloe species have
medicinal characteristics and high economic values, such as Aloe djiboutiensis, originating
from Djibouti, East Africa and used as a medicinal plant in Djibouti. Aloe djiboutiensis
contained some bioactive compounds such as aloin A, aloin B, and isoaloeresin D
(Hinokidani et al., 2022). Aloe extracts have antioxidant effects. Many constituents, such as
vitamins, amino acids, carbohydrates, and phenolic compounds are active in controlling or
neutralizing reactive oxygen species. Free radical production is balanced through the
antioxidative defense system of human body, and any alteration occurring between the
generation of reactive oxygen species and its neutralization by antioxidant defenses causes
oxidative stress, which plays a role in the pathogenesis of diseases (Arshad et al., 2015).

Phenolic compounds as the most important secondary metabolites in many medicinal
plants have antioxidant activities allowing them to act as reducing agents, hydrogen donors,
and radical scavengers (Leitgeb et al., 2021). APS-1, a polysaccharide from Aloe vera, has the
antioxidant function and the protection of heart tissue. APS-1 contains a high content of
rhamnose and arabinose in polysaccharide fraction. Aloe emodin displays anti-cancer potential
against hepatoma cells. Aloin displays anti-cancer activity by inhibiting the tumor angiogenesis
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by inactivating the signal transduction and activators of transcription 3 pathway. Aloe
polysaccharides were proven to have the effects for antitumor activity against sarcoma 180 cells
(Babu and Noor, 2020).

Methods for screening, extracting, identifying, and isolation of bioactive compounds
from Aloe vera

Collecting bioactive chemicals from medicinal plants is an initial step in the discovery
and development of new drugs. Many methods for screening, extracting, identifying, and
isolation of bioactive metabolites from medicinal plants have been performed. Table 4 shows
the methods applied in therapeutic applications (Dar et al., 2023).

New methods for isolation of bioactive substances from Aloe vera are proposed. Thus,
ultrasound-assisted extraction (UAE) is known as method used for the extraction of thermo-
labile compounds (Ivanov et al., 2021). The advantages of UAE are decreasing extraction
time and temperature, low consumption of energy, and increasing the rate of extraction.
Ultrasonic-assisted extraction was proposed to be used to obtain of aloin and aloe-emodin
compounds from Aloe vera (Gansukh et al., 2018; Kamble et al., 2021).

Potential applications of Aloe vera in the food industry

The global Aloe vera hydrogel market is expected to reach USD 712.3 million by 2032,
at a compound annual growth rate of 7.8% from 2022 to 2032 (Chelu et al., 2023). Aloe vera
has antibacterial, antioxidant, anti-inflammatory and other functional properties. So, it has
been popular for applications in various fields including food preservation, sustainable
packaging, cosmetics and pharmaceutical industries. Aloe vera has functional bioactive
compounds and has been used in health drinks and other beverages in the form of powder. As
a natural food preservative, Aloe vera can protect food products from oxidative and microbial
deteriorations, extend the shelf life of food products, improve their texture, and enhance
nutritional/health-promoting values (Kumar et al., 2022; Yadeta, 2022). For example, Aloe
arborescens and Aloe vera are frequently usedd in the production of dairy products like yogurt
and ice cream, acting as a food preservative, while Aloe ferox finds application in the processing
of fruit juices and confectionery products (Yadeta, 2022).

Aloe vera is a popular plant having many functional compounds that are beneficial for
human health. The U.S. Food and Drug Administration approved Aloe vera as a food
flavoring agent in accordance with good manufacturing practices. The study on the
processing of therapeutic and high nutritional mango nectar by supplementation of mango
pulp with Aloe vera gel showed that the supplementation with 20-25% Aloe vera gel allowed
producing high quality functional mango nectar containing natural preservative ingredients.
This resulted in a fall in the total bacterial counts: decreased from logio 3.9 + 0.06 CFU/ml
to logio 2.05 CFU/ml (Elbandy et al., 2014).

The main areas of Aloe vera applications in the food industry include edible coatings
production, fruits preservation, and beverages, dairy, confectionary, and sport nutrition
products processing (Figure 2).
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Identification of bioactive compounds in Aloe vera

Table 4

Step

Identification of bioactive compounds
in Aloe vera

Reference

Initial screening of
phytochemicals
from Aloe vera

This is an initial step for the identifying bioactive
compounds present in medicinal plants based on
certain types of chemicals, including alkaloids,
flavonoids, terpenoids, phenolics, and glycosides.
Common phytochemical screening techniques: color
reactions, thin-layer chromatography (TLC), and
spot tests

Dar et al.,
2023

Collection of Aloe
vera gel

Leaves of Aloe vera were cut, washed with distilled
water, surfaces were sterilized by 70% ethyl alcohol
followed by 0.1% HgCl,, peeled, and gel was
collected

Lawrence et
al., 2009

Extract preparation

Extraction of bioactive substances is performed by
ethanol or methanol from Aloe vera gel. The Aloe
vera powder was obtained from the fresh leaf gel by
drying in the oven at 80°C for 48 h and then
powdered. The obtained powder was soaked in 200
ml of the solvents (ethanol or methanol) for 24 h to
collect an extract. The extract was filtered,
evaporated, and the dried extract was used in powder
form

Lawrence et
al., 2009

Extraction of
bioactive
compounds

Techniques: Maceration, percolation, supercritical
fluid extraction (SFE), ultrasonic extraction, and
Soxhlet extraction

Dar et al.,
2023

Separation,
purification, and
analysis of
bioactive
compound

Based on bioactive compound characteristics: for the
separation and quantification of substances, Gas
chromatography (GC) and High-performance liquid
chromatography (HPLC) techniques are used. For the
separation and purification of specific compounds,
Column chromatography, flash chromatography, and
thin-layer chromatography (TLC) are also used

Dar et al.,
2023

Antibacterial
activity of Aloe
vera gel or extract

Bioactive compound destroys cell membranes and
inhibits enzymes. Agar Well Diffusion Technique:
About 0.1ml of Aloe vera gel extracts was poured
into each well (5 mm in diameter, contained sterile
nutrient agar) swabbed with an overnight bacterial
broth culture, and then incubated at 37°C + 0.2°C.
Antibacterial activity in terms of zones of inhibition
(mm) was recorded after 24 h of incubation

Dar et al.,
2023
Lawrence et
al., 2009

Antiviral activity

Bioactive compounds can be antiviral agents by
inhibiting the replication of toxic virus

Dar et al.,
2023

Bioassays and
bioactivity
Screening

Bioassays: the biological activities evaluation of
isolated compounds, such as antimicrobial,
antioxidant, anti-inflammatory, anticancer, and other
pharmacological properties.

Bioassays techniques: disk diffusion method, broth
microdilution method, antioxidant assays, enzyme
inhibition assays, and cell-based assays

Dar et al.,
2023
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Main areas of Aloe vera applications in the food industry

Edible coatings from Aloe vera Aloe vera gel in beverages
Aloe vera in fruits preservation Aloe vera in dairy industry
Aloe vera in confectionary Sport nutrition from Aloe vera

Figure 2. Main areas of Aloe vera applications in the food industry

The processing of Aloe vera leaves to obtain Aloe vera gel could include whole-leaf
processing, mechanical filleting, or manual filleting, depending on the intended use (Hgs et al.,
2019). Aloe vera gel is a natural hydrocolloid consisting mainly of polysaccharides. The
approximal composition of Aloe vera gel consists water (96 %), and dry matter (4 %), which
contains organic acids (22.8 %), dietary fiber (18.8 %), polysaccharides (8.8 %), protein
(4.7%), lipids (2.7 %), and ash (16.0 %) (w/w). Aloe vera's bioactive compounds are aloin,
aloe emodin, anthraquinones, and acemannan. The gel has antioxidant and antimicrobial
effects and can increase the shelf life of fruits and vegetables by acting as a semipermeable
barrier for gases and water vapor, decreasing the respiration and ripening processes of the
fruit, thus maintaining weight, firmness and content of valuable compounds (Nicolau-Lapefia
et al., 2021).

Figure 3 presents products from Aloe vera plant used in the food industry, including gel,
juice, concentrate, and powder (Ahlawat and Khatka, 2011).

Concentrates Beverages

- Squash - Health drink

- Jam - Soft drink

- Jellies - Laxative drink

- Sports drink
Gels @ % Dairy products

- Candies - Yoghurt
- Gum - Curd
- Fruit smoothies - Ice-cream

Figure 3. Food products from Aloe vera

Aloe vera gel could be usedf as a natural functional ingredient or additive to fortify food
products of plant origin. This application aims to enhance food quality, extend the shell life of
vegetables and fruits, reduce microbial pathogens, preserve the antioxidant activity of bioactive
compounds, improve product acceptability and promote the growth of probiotic cultures (Hes
et al., 2019). Nagpal et al. (2012) showed that the addition of Aloe vera juice at a concentration
of 5% (v/v) into the growth media of Lactobacilli promoted the growth of Lactobacillus
acidophilus, Lactobacillus plantarum, and Lactobacillus casei, as was evident from the fall in
pH and increased acidity, as well as from the diminishing of generation time. At concentrations
of 15 to 25% (v/v), the growth was not affected compared to control. However, at
concentrations higher than 25% (v/v), the growth was inhibited (Nagpal et al., 2012).
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Edible coatings with Aloe vera

The edible coating is an environmentally friendly technology, often applied to fresh-cut
fruit products. Among them, Aloe vera gel is potentially applicable because of containing
several functional components. The main advantage of Aloe vera coating is that additives can
be incorporated into the polymer matrix to enhance its properties to improve the safety,
nutritional, and sensory attributes of fresh fruits (Suriati, 2022). Utilizing edible and biosafe
coatings derived from the Aloe vera plant in fruit preservation aims to establish a barrier that
restricts the exchange of moisture and oxygen, as well as the movement of solutes in the
products (Yadeta, 2022). In a study conducted by Mahajan and colleagues (2021), an edible
film made from Aloe vera (15%), glycerol (14%), and carrageenan (15%), enhanced the
microbial and lipid oxidative stability of frozen dairy products. This edible film exhibited
antibacterial properties, stabilized lipid oxidation in frozen dairy products, and showed
potential commercial application for improving the storage stability of such products
(Mahajan et al., 2021).

Aloe vera gel coating is quite effective in extending the shelf life of various perishable
food items depending on the dosage of gel used (Maan et al., 2021). The study of Benitez et
al. (2015) indicated that Aloe vera edible coating could extend the postharvest shelf life and
maintain the sensory properties of minimally processed kiwifruit through the storage period.
Aloe vera edible coating extended the shelf life and maintained the quality of kiwifruit slices
by 11 days at 4+1 °C (Benitezet al., 2015). In addition, the study Farooq et al. (2022) has
proved that aloe vera-based coating in combination with chitosan is a successful and effective
way to prolong the shelf life and sustain the quality attributes of tomatoes during storage of
12 days at 8 °C.

Aloe vera gel in beverages

The use of Aloe vera gel in the food industry is mainly to provide functional ingredients,
especially used to prepare health food drinks and other beverages (Alvarado-Morales et al.,
2019). It can be added to juices for better digestion and health benefits. In the production of
Aloe vera juice, the shelf life of the product will vary depending on the type of Aloe vera
used (Hasan et al., 2023). A study performed by Kausar (2020) showed that the addition of
Aloe vera had little effect on the physicochemical characteristics, reduced microbial load,
increased total phenolic content, antioxidant activity and reducing capacity. The sensory
evaluation of orange juice with 5% Aloe vera gel showed its acceptability even after 90 days
of storage.

Aloe vera in fruit preservation

Prolongation of shelf life of fresh fruits and vegetables is a matter of great importance
because the losses of them estimated by Food and Agriculture Organization of the United
Nations consists about 50% (Pirog et al., 2022a). Edible coatings are traditionally used to
improve food appearance and preservation. Natural biopolymers such as plant or microbial
polysaccharides, plant gums, peptides, and lipid-based materials are proposed for
development of edible coating (Pirog et al., 2022b). The diluted aqueous extract of Aloe vera
edible coating could maintain the quality of the tomatoes during storage period in ambient
conditions and slow down ripening. The pure extract of Aloe vera could inhibit the growth
of fungi Rhizoctonia solani and Alternaria alternata (Garcia et al., 2014).
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In the study of Das et al. (2022), the Aloe vera gel and sodium benzoate were used to
increase the shelf life and quality of three tomato varieties. The results showed that the total
phenolic content and antioxidant activity were higher than in control for all varieties. The
application of the mixture of 3% sodium benzoate and 10% Aloe vera gel allowed extending
the shelf life of the tomato up to 21 days and providing a way to diminish the cost in their
preservation (Das et al., 2022).

Aloe vera gel was used as an edible coating in the storage period for the Pisang Awak
bananas. Application of the gel in optimal concentration has a positive effect on the ripening
process, prevents softening and discoloration, and improves the quality of bananas (Quoc,
2021).

Aloe vera in dairy industry

Aloe vera in gel form is considered as a health-promoting ingredient in food (Bahrami
et al., 2019). In the dairy industry, Aloe vera gel or Aloe vera juice are used for incorporation
in various dairy products such as flavored milk, ice cream, and yogurt (Srikanth et al., 2016).
The adding 3% Aloe vera gel to replace milk fat in yogurt formulations showed that Aloe
vera gel improved the texture of yogurt containing buffalo milk as well as the sensory
properties of the product (Ikram et al., 2020). The addition of Aloe vera with high aloin
content to yogurt helps to stimulate and increase the content of bifidobacterium (Hussain et
al., 2017).

Aloe vera contains several ingredients that interact with probiotics, and serve as a source
of prebiotics and antioxidants. The addition of 1% Aloe vera oil to both non-dairy and dairy
products resulted in favourable sensory quality compared to the control samples (Kim et al.,
2022). Incorporation of Aloe vera gel into non-dairy vegetable cream helped to reduce the
melting rate and affected the texture of the cream. The final cream product had a soft, fluffy
structure, did not melt quickly when exposed to air, and had a mild, attractive sweet taste
(Nguyen and Do, 2023).

Aloe vera in confectionary products

Aloe vera gel is used to produce some products such as candies, bars, chewing gums,
gums for sore or bleeding gums, candy type Aloe vitamins, and Aloe vera fruit smoothies.
Aloe vera concentrate was collected from the Aloe vera juice processing under vacuum (125
mm Hg vacuum, at temperature below 50 °C, and concentration time was less than 2 minutes)
to prevent the loss of biological activity. The Aloe vera concentrate was used to process
various foods such as squash, jam, and jellies. In addition, the concentrate of Aloe vera can
also be mixed with tea, water or juice. Aloe vera powder can be used in curd, lassi, ice cream,
and yoghurt productions (Ahlawat and Khatka, 2011).

Aloe vera in sport nutrition products

Aloe vera contains valuable nutrients needed to provide good nutrition for health and
can be used to create functional products to support the body's immunity (Haristy et al.,
2021). Aloe vera has been used to produce several products such as drinks (health drinks, soft
drinks, laxatives), sports drinks (with electrolytes), diet drinks (with soluble fiber), hangover
drink (with B vitamins), vegetable juice mix (Natalia, 2018).
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Safety aspects of Aloe vera

According to Kumar et al. (2022), scientific reports have agreed that Aloe vera is safe
for use on external wounds, burns, inflammations, but the safety for use in humans, especially
for immunocompromised consumers such as pregnant women, children and patients with
gastrointestinal diseases, depends on the usability, dosage and concentration of Aloe vera in
the food. Determining the safety of Aloe vera is quite rigorous due to the lack of
standardization in the commercial manufacturing of Aloe vera products. The ingestion of
Aloe vera preparations is associated with diarrhea, hypokalemia, and kidney failure (Guo and
Mei, 2016).

Conclusions

1. Aloe vera is rich in various valuable components, including polysaccharides (55%),
sugars (17%), minerals (16%), proteins (7%), lipids (4%), and phenolic compounds
(1%). This plant also contains numerous biologically active compounds, providing
diverse health benefits such as emollient, purgative, anti-inflammatory, antioxidant,
antimicrobial, anti-helminthic, antifungal, antiseptic, and pharmaceutical and cosmetic
values.

2. Depending on the purpose of using, leaves of Aloe vera could be processed by whole-
leaf processing, mechanically filleted or manual filleted processing to obtain Aloe vera
gel. After that, the gel was used to produce juice, concentrate and powder products.

3. The products of Aloe vera are natural functional ingredients or additives for the
fortification of food products from vegetable sources to improve food quality, prolong
the shelf'life of vegetable and fruits, reduce microbial load, increase antioxidant activity,
improve acceptability of products, enhance the growth of probiotics cultures, and are
also used in the pharmaceutical and cosmetic industries.

4. The main areas of Aloe vera applications in the food industry include production of
edible coatings, fruits preservation, and beverages, dairy, confectionary, and sport
nutrition products processing.

5. Further research into Aloe vera's bioactive compounds will help unlock their health
benefits, thereby minimizing and preventing numerous diseases. Safety should be
considered when using Aloe vera products.
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Introduction. A multicomponent formulation of antianemic
energy bars with improved nutritional and sensory properties has
been developed.

Materials and methods. Model systems based on grains and
nuts, dried fruits, honey and dietary iron supplements were used
in the study. The chemical composition of the energy bars was
analysed by colorimetric methods, liquid chromatography, and
gas chromatography-mass spectrometry. Microbiological
analysis was done according to generally accepted methods.
Sensory analysis was carried out using a developed 10-point scale.

Results and discussion. Addition of dietary iron supplement
in the amount 1.0 and 3.0 % to the recipe mixture increases the
content of ash by 1.35 and 1.37 times; iron content by 1.27 and
1.29 times; the content of other minerals by 1.52+0.75%; vitamins
by 1.36+0.41%; protein by 1.16 and 1.18 times; carbohydrates by
0.53+0.02%; and fat by 3.40+0.02%. At the same time,
incorporation of dietary iron supplement in the amount 1.0 and 3.0
% improves the structure of bars by 1.06 and 1.08 times, the
surface by 1.10 and 1.12 times, and consistency by 1.15 and 1.17
times; decreased the moisture content by 1.12—1.14 times, water
activity by 1.13—1.15 times and the level of illumination, L* by
1.11 and 1.28 times, respectively; increases the index a* (degree
of redness) by 6.78 and 8.56 times; index b* (degree of
yellowness) by 2.14 and 3.16 times, respectively.

Texture profile analysis has proven that the addition of dietary
iron supplement in the amount 1.0 and 3.0% increases the stiffness
by 5.6 and 6.0%; adhesiveness by 1.86 and 2.76%; cohesiveness
by 2.89 and 3.71%; elasticity (stability) by 1.54 and 2.30%;
chewing rate by 1.76 and 2.62%; reduces elasticity by
1.86+0.21%, respectively.

The optimal mass fraction of dietary iron supplement was
determined as 3.0%. Microscopic observations have proven the
suppression of microbial contamination of the surface of
prototypes of energy bars with the introduction of dietary iron
supplement, 3.0%.

Conclusions. The multicomponent formulation of energy bars
using dietary iron supplement has been developed. High
functional and technological potential of the dietary iron
supplement was shown, which gives opportunity to recommend it
as a stabilizer, structure former, and improver of confectionery
products.
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Introduction

Food is a source of energy, the required amount of nutrients and biologically active
substances: complete proteins, essential amino and fatty acids, vitamins, micro- and
macroelements necessary for the normal functioning of the body. Currently, the main trend
in the food industry is the creation of high-quality and safe products, so preservatives,
synthetic additives and dyes are becoming increasingly unacceptable for consumers. In
particular, the energy bars provide health benefits and also contain no traces of fertilizers and
pesticides, which are often found in conventional foods (Iuliano et al., 2019).

In today's busy society, consumers are often looking for healthy and ready-to-eat food.
Energy bars is a food in bar form designed to increase physical energy. This multi-component
food system is a popular nutritional supplement due to its availability, compactness,
convenience and ready-to-use, as well as a diverse, balanced composition of nutrients, high
energy, biological and nutritional value (Fanari et al., 2023). There are a lot of energy bars
types: high-carbohydrate (carbohydrate content more than 70%); high-protein (protein
content from 5 to 20%); whole grains (oats, muesli, wheat, corn, rice), chocolate and
multifruit bars (Boukid et al., 2022). Energetic bars supply the body with useful substances:
proteins, fats, and carbohydrates to replenish energy, and in some cases with vitamins,
minerals and antioxidants (Jabeen et al., 2020). It was foreseeable that the production and
consumption of food products formulated for specific sporting activities would continually
increase (Ivanov et al., 2021). Energy bars are recommended as food products for the
nutrition of athletes, as they help strengthen the body and increase the effectiveness of
training (Boukid et al., 2022; Fanari et al., 2023).

To produce multi-component energy bars with increased biological and nutritional
value, mechanical grinding and mechanical activation of various raw materials are used. Raw
ingredients of plant origin undergo technological, physicochemical and thermodynamic
changes. Due to this, they acquire a light (crushed) structure and become more digestible by
the body while maintaining their therapeutic and preventive properties.

In recent years, the trend towards consuming natural products has increased worldwide.
Thus, sales of energy bars on the Great Britain market tripled for the period from 2017 to
2022, reaching 167 million euros, and in the US market it doubled, reaching 2919 million
euros (Fanari et al., 2023). Numerous energy bar formulations have been developed to meet
the energy and nutrient needs of different age groups and people with varying physical
activity levels.

There are many studies aimed at enriching energy bars with various functional
ingredients, such as soy products (Aramouni et al., 2011; Lobato et al., 2012), banana peel
flour (Carvalho and Conti-Silva, 2018), pear, apple, and date fibres (Bchir et al., 2018),
tempeh (Melo et al., 2020), bean flour (Maia et al., 2021), brewer's grain (Stelick et al., 2021),
fish protein concentrate ( Vitorino et al., 2020), fish oil (Nielsen and Jacobsen, 2009), milk
proteins (Hogan et al., 2012), whey protein concentrate and bioactive ingredients
(Szydtowska et al., 2017), and wine fermentation biomass (Borges et al., 2021). So, energy
bar recipes consist primarily of cereals, legumes, fruits and nuts with the addition of natural
enhancers, chocolate pieces or chocolate coating. To meet consumer demands for taste,
texture and natural ingredients, innovative companies are using alternative protein sources,
reviewing initial formulations, enriching them with essential and biologically active
substances; adding unusual ingredients to create new functional products (Munir et al., 2019).
However, there is practically no information on the production of energy bars with
antianemic properties.
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Iron deficiency is believed to be the leading cause of anemia, which affects more than
2,000 million people (World Health Organization, 2008). Recently, dietary iron supplements
are considered to be appropriate food ingredients for the target population, fortifying the diet
with the micronutrient iron (Banu and Mageswari, 2015; Evlash et al., 2021; Jarzebski et al.,
2023; Hou et al., 2019; Riabchykov et al., 2022; Tang et al., 2015; Tsykhanovska et al., 2021,
Tsykhanovska et al., 2022a, b; Xing et al., 2022). Therefore, creating new health products
enriched with iron is relevant.

Dietary iron supplement (DIS) is a brown fine powder with a particle size of 50 microns
having neutral taste and without smell. It is made from dietary blood of animal origin and
contains heme iron in a reduced, easily digestible form Fe?'. Iron supplement contains, %:
protein, 75.0; fat, 2.5; carbohydrate, 20.0; organic acids, 0.4; cholesterol, 0.1; minerals, 1.5;
and heme iron, 0.1 (Evlash et al., 2021). Hemovital contains all essential amino acids, as well
as vitamins: A (retinol), E (a-tocopherol), C (ascorbic acid), B1 (thiamine), B2 (riboflavin),
B3 (PP, niacin), B6 (pyridoxine), B9 (folic acid), B12 (cyanocobalamin) and minerals: Ca,
K, Na, P, Mg, CI, Cu, Se, Co, Zn, Mn, and 1. Dietary iron supplement enriches the human
body with complete protein and the trace element iron; it can be used as a natural dye; it
improves the functional and technological properties, biological, nutritional value and quality
indicators of finished food products.

The aim of the present research was to propose a multicomponent formulation of
antianemic energy bar containing dietary iron supplement and study nutritional and sensory
properties of enriched products.

Materials and methods
Materials

Sweet almond seeds, oat flakes, white flaxseeds, sunflower seeds, chia seeds, natural
honey, nut butter, raisins, dried cherries, dried cranberries, and dietary iron supplement were
used as raw materials for the production of energy bars.

Dietary iron supplement was introduced into the recipe mixture without changing the
mass ratio of other recipe components of the product, at a dosage of 1.0 and 3.0%,
respectively, 5.5 and 16.5 g per 550.0 g of the raw material mixture or 5.5 and 16.5 mg heme
iron in mixture.

Since dietary iron supplement has color-forming properties, the use of a higher than
3.0% mass fraction of DIS by weight of the recipe mixture can adversely affect the color of
the product, and in addition impart a pronounced off-flavor to the product. It should be noted
that energy bar from 550.0 g of recipe mixture with addition of 3.0% DIS (or 16.5 mg of
heme iron) covers the daily requirement of the human body for iron (on average 15-17
mg/day of total iron) (Latunde-Dada, 2024). That is, the product can be considered as an
additional source of easily digestible iron in reduced form (Fe?") in the human diet, which is
important in the modern nutritional structure of the population. Formulations for energy bars
are shown in Table 1.

Production of energy bars

The traditional flow chart for the production of energy bars is shown in Figure 1.
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Table 1
Formulations for energy bars with dietary iron supplement (DIS), g
Raw material Control without Sample 1 with Sample 2 with
DIS DIS, 1.0% DIS, 3.0%
Almond seeds 74.2540.55 74.25+0.55 74.25+0.55
Oat flakes 148.50+5.50 148.5045.50 148.5045.50
White flaxseeds 19.80+1.10 19.80+1.10 19.80+1.10
Sunflower seeds 19.80+1.10 19.80+1.10 19.80+1.10
Chia seeds 19.80+1.10 19.80+1.10 19.80+1.10
Natural honey 79.75+5.50 79.75+5.50 79.75+5.50
Nut butter 56.10£5.50 56.10+5.50 56.10+5.50
Raisins 56.10£5.50 56.10+5.50 56.10+5.50
Dried cherries 56.10£5.50 56.10+5.50 56.10+5.50
Dried cranberries 56.10£5.50 56.10+5.50 56.10+5.50
Dietary iron supplement - 5.50+0.02 16.50+0.02
The finished product
586.30 £36.30 591.80+36.32 602.80+£36.32

output

Preparation of raw
materials

> Mixing
1=15-20 min

Heating the mixture
1=15-20 min, t=80-85 °C

Cooling and thickening of products

1=25-30 min, t=18-20 °C

Product formation

Packaging of products

Figure 1. Flow chart for the production of energy bars

Oatmeal is crushed; almond, white flax, sunflower and chia seeds are sorted, cleaned of
mechanical impurities, and crushed; dried fruits (raisins, cherries, cranberries) are washed,
dried and cut into pieces; honey is heated to a temperature of t=45-50 °C and mixed with nut
butter; the dietary iron supplement is sifted, mixed with water GM=1:1 and kept for swelling
at a temperature of 15-18 °C for 35—40 min; combine the prepared components and mix
thoroughly for 5—10 min. The mixture is heated to a temperature 80—85 °C for 15-20 min;
bars are formed by pouring the mass into a mold, cooled and kept for thickening at a
temperature of 18—20 °C for 20-25 min.
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Methods
Physico-chemical analysis

Moisture content (W,%) was determined by the gravimetric method at a temperature
of 105°C until the sample weight remained constant for 24 hours (Fanari et al., 2023).

Water activity (a,) was measured at 25 °C using Aqualab 4TE (Decagon Devices Inc.,
Pullman, WA, USA) (ISO 18787, 2017).

Color was assessed using a CR-600d D65 colorimeter (Minolta Co., Osaka, Japan) by
measuring CIE L*a*b parameters (Luo, 2015) at three points, ten strokes for each sample.
The total color difference (AE) was calculated using CIE76 by formula (1), based on the
Euclidean distances between colours in CIELab space:

AE = (L, - L)’ +(a, —a)* +(b, —b)* , (1)

where L, a and b are parameters CIELab of sample, Lo, ap and by are parameters CIELab of
control.

Texture analysis. Texture was assessed using a TA.HDplusC Texture Analyser (Stable
Microsystems, Surrey, UK) equipped with a 250 kg load cell; at a speed of 2 mm/s and a
sample deformation of 75%. The samples were cut into 2x2 cm squares and kept for 2 hours
at 204+2°C and 45-50% relative humidity to standardize water absorption before testing. Next,
10 different parts were selected for 3 different batches, which were used to analyze the
textural characteristics: hardness, adhesiveness, cohesiveness, elasticity, chewiness, and
springiness according to the method (Szczesniak, 2002). PTA is a double compression test
known as the “two bite test”, which simulates chewing with the mouth. The test results are
displayed as a graph of force (compression or tension) as a function of time or distance:
Hardness, F1(g) is maximum value of force (tension); adhesiveness, A3 (g/s) is negative area
of the graph; cohesiveness, A2/A1 (g) is ratio of areas under two peaks; elasticity, A5/A4 (g)
isratio of areas under the first erysipelas; elasticity, T2/T1 (g) is ratio of the time of formation
of two peaks; chewing, F1x (A2/A1)2 (%) is stickiness x cohesiveness.

Nutrient analysis. The mass fraction of fat was determined using an automatic
installation for solid-hour extraction SOXTHERM SOX414 (Gerhardt, Germany) and using
a Minispec MQ-20 NMR relaxometer (Bruker BioSpin GmbH, Germany) in accordance to
the method (Gianferri et al., 20).

The biological value of the fatty acid complex was studied by experimental
determination of the fatty acid composition by gas chromatography-mass spectrometry (GC-
MS) using a Clarus 600 T GC-MS device (PerkinElmer, USA) and the methodology given
in (Dulf, 2012; Petraru et al., 2021). The protein mass fraction was determined using the
N2/DKLS protein quantitative identification system (Velp Scientifica, Italy) according to the
method (Krasina and Tarasenko, 2016).

The biological value of the protein complex was studied by experimental determination
of the amino acid composition using the capillary electrophoresis system "Carel-105M" with
a spectrophotometric detector (Lumex, Ukraine) according to the method given in (Krasina
and Tarasenko, 2016), and using liquid chromatography (Dionex ICS-3000, USA) with an
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electrochemical detector (Electrochemical Detector Cell) according to the method given in
(Oseyko et al., 2020; Petraru et al., 2021; Rosa et al., 2009).

The mass fraction of fiber was determined using a FIBRETHERM FT12 fiber analysis
unit (Gerhardt, Germany) according to the user instructions and methods given in (Krasina
and Tarasenko, 2016).

Organic acids were determined by high-performance liquid chromatography of an
HPLC system on an LC-20AD instrument (Schimadzu, Kyoto, Japan) with a SIL-20A
sampler, a CTO-20AC column oven, a Phenomenex Luna® Omega 3 pm SUGAR 1 column
and a RID-10A diode detector according to methodology (Pauliuc et al., 2021).

Content of vitamins sis was determined using an Agilent 1100 high-performance four-
channel liquid chromatograph (Agilent Technologies, USA) combined with a diode array
detector and mass spectrometry according to the method (Katsa et al., 2021; Sim et al., 2016).

The mineral composition was determined by mass spectroscopic studies (mass
spectrometer Agilent 7500 S, USA) in accordance with the methodology given in (Sinkovic
and Kolmanic, 2021).

Sensory analysis

Sensory analysis of energy bars was carried out in accordance with the methodology
(Fanari et al., 2023; Jabeen et al., 2020).

A tasting commission of 15 tasters who had experience in sensory analysis of various
food products for more than 2 years, based on the hedonic scale, determined the following
indicators: color: 3, max score, weight coefficient, 0.3; smell: 1, max score, weight
coefficient, 0.1; taste 1, max score, weight coefficient, 0.1; surface 1, max score, weight
coefficient, 0.1; texture 1, max score, weight coefficient, 0.1; consistency 3, max score,
weight factor, 0.3. Overall score, 10, weight coefficient, 1.0, with: 9.5-10.0, excellent; 9.4—
9.0, very good; 8.5-8.9, good; 8.0-8.4, satisfactory; less than 8.4 is unsatisfactory. The
sample size was 3-4 g for each test bar. Before each subsequent test, drinking water was
offered as a mouth rinse.

Microbiological analysis

To conduct microbiological studies, the following media were used: nutrient agar was
used for plate counting of the total number of microorganisms, namely the number of
mesophilic aerobic and facultative anaerobic microorganisms (MAFAM); potato dextrose
agar was used for counting yeasts and molds; Salmonella Shigella Agar was used for the
determination of Salmonella spp.; Endo Agar was used for determination of the presence of
Escherichia coli bacteria; Kessler medium was used for determining of colliter.
Microbiological analysis was carried out according to the conventional methods for
microbiological analysis of food products (Erkmen, 2022; Hasell et al., 2003; Olunlade et al.,
2013).

Statistical analysis
Statistical analysis of the experiment results was carried out using Statistica 6.0,

Microsoft Office Excel 2007 and Mathcad. Data were expressed as mean =+ standard deviation
to define three measurements.
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Results and discussion

The chemical composition of the main raw ingredients was experimentally determined
(Table 2).

Almond seeds contain, %: proteins, 18.6; carbohydrates, 21.6; fat, 49.9; as well as 8
water-soluble and 1 fat-soluble vitamins; 5 macroelements and 4 microelements. It is
important to note that almond protein contains a high amount of arginine, 11.2%, and is
highly digestible. Almonds contain a complex of unsaturated fatty acids, namely: oleic acid,
78.0%, linoleic acid, 21.5%, linolenic acid, 9.8%, and palmitoleic acid, 1.5%. Almond fat is
highly resistant to oxidation due to the content of antioxidants (phytosterols, vitamin E),
which is consistent with the data from other sources (Franklin et al., 2019; Tomishima et al.,
2022; Zhu et al., 2015). The chemical composition of almond seeds provides it with natural
biological and nutritional value, health benefits including lowering cholesterol, improving
cardiovascular health and reducing blood pressure.

Oat flakes contain protein, carbohydrate, fatty acid and vitamin-mineral complexes,
namely nine vitamins (B1, B2, B4, BS, B4, B6, B9, C, PP, E) and nine minerals (K, Na, Ca,
Mg, P, Fe, Zn, Cu, Se). The absence of gluten makes all cereals friendly to people with celiac
disease. The absence of gluten makes oat flakes friendly to people with celiac disease. Oat
flakes is a source of many compounds having high antioxidant capacity, such as flavonoids,
phenolic acids, and vitamin E (Hu, 2014; Zhang et al., 2021).

Flaxseeds contain a significant amount of fat (45%), which has a high content of
linolenic acid, which provides the fat with the ability to dry quickly, forming a thin, smooth
and shiny film. Flax seeds are a “source of protein”, accounting for 22.5% of the total seed
mass. It should be noted that there is a fairly high content of vitamins B4 (78.7 mg/100 g),
B9 (87.0 pg/100 g), E (19.9 mg/100 g) and minerals such as potassium, magnesium,
phosphorus, iron, selenium. Flaxseeds contain a high amount of a-linolenic acid (®-3), and
have low ratio ©-6/®-3, 0.27, which makes them the perfect material to be used for creating
functional products (Stabnikova and Paredes-Lopez, 2024). The presence of natural
antioxidants (o-tocopherol, chlorogenic acid) helps combat oxidative stress, which
contributes to improved overall health (Ayelign et al., 2016; Bernacchia et al., 2014).

Sunflower seeds have a very diverse chemical composition and include different
classes of compounds that are beneficial to human health (Tsykhanovska et al., 2023). It has
been determined that sunflower seeds contain 20.8% protein, rich in amino acids, including
essential ones. The seeds contain 51.5% fat, which includes saturated fatty acids, 10.24%;
monounsaturated fatty acids, 37.82%; polyunsaturated fatty acids, 51.94%. Vitamins found
in sunflower seeds are: C, E, group B, but the largest amount is for B3, 8.3 mg/100 g; B9,
227.0 ug/100 g, and E, 35.2 mg/100 g; minerals, among which the following are potassium,
645.0 mg/100 g, magnesium, 325.0 mg/100 g, phosphorus, 660.0 mg/100 g, iron, 5.3 mg/100
g, and selenium, 53.0 pug/100 g (Table 2). This is consistent with the experimental data of
other scientists (Bashir et al., 2015; Gonzalez-Pérez et al., 2017; Petraru et al., 2021).

Chia seeds have a high protein content, 21.8%, carbohydrates, 41.0% and fat, 31.2%.
The main components of chia seed fats are polyunsaturated fatty acids, in particular o-
linolenic and linoleic acids. The ratio between ®-6 and ®-3 fatty acids is 0.33 (Stabnikova
and Paredes-Lopez, 2024). In addition, chia seeds contain minerals such as calcium,
phosphorus, potassium, magnesium, iron, selenium; vitamins B1, B2, B3, B6, B9; a large
number of natural antioxidants such as tocopherols, phytosterols, carotenoids and
polyphenolic compounds. The findings are consistent with the results of other researchers
(Imran et al., 2016; Kulczynski et al., 2019).
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Table 2
Chemical composition of raw materials
. . . Dried
Compounds Sweet | Oat | White |Sunflower| Chia |Natural|Peanut Raisins Drle'd cran-
almond | flakes |flaxseeds| seeds seeds | honey | butter cherries berries
Nutrients, g/100 g
Protein 18.6 | 1548 | 22.5 20.8 21.8 | 0.07 | 232 3.4 1.5 0.2
+0.50 | £0.46 | 0.6 +0.62 | £0.65 | £0.002 | +0.7 | +0.1 | +0.04 |+0.006
Carbo- 21.6 | 69.12| 25.1 20.0 41.0 | 96.0 |21.15| 79.5 76.5 82.8
hydrate | £0.65 | £2.07 | +0.75 +0.60 | +£1.23 | £2.88 | £0.6 | +24 | £2.30 | £2.50
Fat 499 | 8.78 45 51.5 31.2 nd 514 | 1.35 0.2 1.1
+1.50 | £0.26 | *1.35 +1.54 | £0.94 ’ +1.5 | £0.04 | +£0.01 | +£0.03
Vitamins, mg/100 g
Bi 0.17 | 1.17 1.6 1.5 0.48 5.2 0.6 0.02 0.02
+0.01 | £0.03 | +0.05 +0.04 | +£0.01 | £0.15 | £0.02 | n.d +0.00 | =0.00
B2 0.62 | 0.22 0.2 0.4 0.17 45 0.1 0.2 0.02 0.02
+0.02 | £0.01 | +0.01 +0.01 | +£0.01 | £1.35 | £0.01 | £0.006 | +0.00 | £0.00
Ba 0.22 | 404 78.7 55.1 & 2.2 63.0 | 11.1 4.8 8.3
+0.01 | £1.21| £2.36 +1.65 - +0.06 | £1.89 | £0.33 | +0.14 | £0.25
Bs 0.78 | 1.49 1.0 1.1 d 0.1 1.1 0.1 0.06 0.01
+0.02 | £0.04 | +0.03 +0.03 - +0.01 | £0.03 | £0.003 | +0.00 | £0.00
Be 0.82 | 0.17 0.5 1.3 0.180 | 128 0.3 0.3 0.04 0.02
+0.02 | £0.01 | +0.01 +0.04 |£0.005| £3.80 | £0.01 | £0.01 | +0.00 [=+0.001
PP(B3) 4.8 10.934 3.1 8.3 6.95 76 13.1 1.1 0.4 0.5
+0.14 | £0.03 | +0.09 +0.25 | £0.21 | £2.28 | £0.40 | £0.03 | +£0.01 |+0.015
C 8.5 0.01 0.6 1.4 1.60 0.5 nd 3.2 12.4 0.2
+0.25 | £0.00 | +0.02 +0.04 | £0.05 | £0.01 ’ +0.10 | £0.40 |+0.001
E 23.5 1.01 19.9 35.2 1.48 d 9.1 0.1 0.24 2.1
+0.70 | £0.03 | 0.6 +1.05 | +004| ™ +0.30 | £0.00 | £0.01 | +£0.06
By, 44.1 52 87.0 227.0 0.15 2.0 87.0 3.0 4.8 0.5
ug/100 g | £1.32 | £1.56 | £2.6 +6.8 +0.00 | £0.06 | £2.61 | £0.10 | +0.14 |+0.015
Minerals, mg/100 g
K 733.1 | 566 800.1 645.0 | 420.8 | 410.0 | 558.0 | 746.0 | 204.8 | 49.0
+21.9 |£17.00] +£24.0 +19.3 | £12.6 | £12.3 | £16.7 | £22.4 | £6.14 | £1.47
Na 1.0 2.0 30.0 9.0 16.1 | 24.6 |426.0| 12.4 16.0 5.0
+0.03 | £0.06 | +0.90 +0.27 +0.5 | £0.74 | £12.7| +0.4 | +0.50 | £0.15
Ca 269.0 58 267.0 78.0 5940 | 265 |47.24| 533 29.6 9.0
+8.07 | £1.74 | £8.01 +234 | +17.8| 0.8 | £14 | +1.6 | £0.80 | +0.27
Mg 270.0 | 235 400.2 3250 | 2964 | 6.82 | 168.0| 35.7 20.8 4.0
+8.10 | £7.05 | £12.0 +9.75 +8.8 | +0.2 | +5.04 | £1.07 | £0.60 | +0.12
P 481.0 | 734 667.0 660.0 | 720.0| 383 |3346| 1154 | 24.0 8.0
+14.4 |£22.02| £20.01 +19.8 | £21.6 | £1.15 | £10.0| +3.5 | +£0.70 | £0.24
Fe 3.7 5.41 4.8 5.3 7.1 23 1.4 1.8 0.4 0.4
+0.11 | £0.16 | +0.14 +0.16 +0.2 | £0.07 | £0.04 | £0.05 | +0.01 | £0.01
Zn 3.1 3.11 4.0 5.0 4.6 0.3 2.4 0.3 0.12 0.1
+0.09 | £0.09 | +0.12 +0.15 | £0.14 | £0.01 | £0.07 | £0.01 | +0.00 | £0.00
Cu, 1.0 403 1.2 1.8 1.09 | 0.01 0.4 0.4 80.4 0.1
ug/100 g | £0.03 |£12.09| +0.04 +0.05 | +£0.03 [+0.0003| +£0.01 | £0.01 | +2.40 | £0.00
Se, 4.1 45.2 25.4 53.0 54.6 0.8 4.1 0.7 0.08 0.6
ug/100 g | £0.12 | £1.35| +0.76 +1.59 | £1.64 | £0.024 | £0.12 | £0.02 | +0.00 | +0.02

*n.d-non-detects
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Nut (peanut) butter contains 23.2% highly digestible proteins, 51.4% fats and 21.15%
carbohydrates. Nut butter is rich in vitamins, especially B vitamins, namely: B3, 13.1 mg/100
g, B4, 63.0 mg/100 g, B5, 1.1 mg/100 g. Nut butter contains a fairly high amount of
tocopherols, 9.1 mg/100 g; minerals: potassium, sodium, phosphorus, zinc, selenium and
bioactive compounds that can exhibit protective effects against cardiovascular diseases,
cancer, diabetes, osteoporosis and other degenerative diseases (Bonku et al., 2020; Shibli et
al., 2019).

Natural honey contains a significant amount, g/100 g, of: carbohydrates, 96.0, mainly
fructose, 2.8, glucose, 27.7, and sucrose, 0.5. Honey contains vitamins, especially vitamins
of B-group, among which B1, 5.2 mg/100 g, B2, 45 mg/100 g, B3, 76 mg/100 g, and B6, 128
mg/100 g, are predominate. Honey contains macroelements (potassium, calcium and
sodium), and microelements (iron, copper, and zinc), which perform a fundamental function
in biological systems: maintaining normal physiological reactions, inducing general
metabolism, influencing the circulatory system and reproduction, as well as catalysts for
various biochemical reactions. Honey contains only trace amounts of protein, which agrees
with the data of others (Bogdanov et al., 2008; Tafere, 2021).

Raisins contain small amounts of protein, 3.4%, and fat, 1.35%. Carbohydrates, 79.5%,
which are represented by fructose, 24.3 g/100 g, glucose, 18.2 g/100 g, and small amounts of
sucrose, 0.85 g/100 g, are dominated compounds in the honey composition. Raisins contain
vitamins of B-group, vitamins C and E; minerals (potassium, calcium, iron, magnesium, and
phosphorus). Raisins contain valuable pectin, 2.4%, and dietary fiber, 0.91%. Pectin is
practically not absorbed by the human digestive system. It plays a role of adsorbent capable
of binding heavy metals, radionuclides and excess cholesterol and removing them from the
body. It has antimicrobial and anti-inflammatory agents, helps reduce cholesterol and blood
sugar levels, and improves digestive function (Ghrairi et al., 2013; Maki et al., 2023).

Cherry fruits contain a small amount of protein, 1.5%, and fat, 0.2%. Identified
carbohydrates make up to 76.5%, represented by fructose, 22.3%, glucose, 14.4%, and
sorbitol, 8.9%. They also contain dietary fiber, 0.86%; organic acids (malic, 8.0%, succinic,
1.2%, salicylic, 1.8%, citric acid, 6.0%); minerals, vitamins, namely thiamine, ascorbic acid,
and nicotinic acid. Cherries also contain tannins, coloring substances and antioxidants.
Consumption of cherry fruits improves appetite, regulates intestinal activity, and increases
the digestibility of fats and proteins (Cairone et al., 2023; Serradilla et al., 2017; Sokot-
Letowska et al., 2020).

Cranberry fruits contain a small amount of proteins, 0.2%, and fats, 1.1%. The amount
of carbohydrates is 82.8%, which includes fructose, 16.7%, glucose, 8.44%, sucrose, 1.6%,
dietary fiber, 0.8%. Cranberry fruits contain vitamins B group, vitamins C and E, and
antioxidants. There is a large amount of minerals present, namely potassium, phosphorus,
magnesium, calcium, iron, zinc, copper, which is consistent with the data of other researchers
(Jurikova et al., 2019; Nemzer et al., 2022).

Dietary iron supplement provides the human body with complete protein and can be
used as a natural brown dye. DIS contains 75% of protein and 0.1% heme iron (Figure 2).
The use of such a supplement allows to enrich diet with iron and protein, improves the
functional and technological properties and quality indicators of finished confectionery
products.
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To determine the rational amount of dietary iron supplement in the formulation of
energy bars, a sensory analysis of samples was carried out. The results are shown in Table 3,
Table 4, and Figure 3.

Table 3
Sensory analysis of energy bars with dietary iron supplement (DIS)
Sample | Structure | Consistency Taste Smell Color Surface
Control [Fine Semi-solid, [Pleasant, Pleasant, Brown, Non-sticky,
crystalline but not dense, |with with homogeneous |[homogeneous
uniform mass, |with low pronounced |pronounced |(in mass mass with
with barely  |viscosity taste of dried |dried fruit small, isolated
noticeable fruits aroma cracks
small
hard slices of
components
Sample |[Fine Semi-solid, [Pleasant, Pleasant, Brown, Non-sticky,
1 with  |crystalline, with uniform |with with homogeneous |[homogeneous
DIS, 1% |with even density pronounced |pronounced |(in mass mass without
distribution taste of dried |dried fruit cracks
components fruits aroma
throughout the
mass
Sample 2 [Fine Semi-solid, |[Pleasant, Pleasant, Brown, Non-sticky,
with crystalline, with uniform |with with homogeneous |[homogeneous
DIS, 3% |with even density pronounced |pronounced |in mass mass without
distribution taste of dried |dried fruit cracks
components fruits aroma
throughout the
mass

Energy bars with dietary iron supplement added to the recipe mixture in amounts of

1.0% and 3.0% had the same organoleptic properties (surface, taste, smell and color) as
control. However, the structure, surface and consistency of the bars with DIS were improved
compared to control.

Addition of DIS, 3.0% (w/w), allowed to introduce 16.5 mg of heme iron in 550.0 g of
the product that practically satisfies the daily need of the human body for iron (on average
15-17 mg/day of total iron). Thus, the most acceptable are energy bars with introduction of
dietary iron supplement in the amount 3.0% by weight in the recipe mixture.

Results of sensory assessment of the energy bars in points are shown in Table 4 and
Figure 3.

Energy bars prepared with addition of dietary iron supplement in the amounts 1.0% and
3.0% by weight of the recipe mixture had the highest score of 9.77 + 0.22. The data obtained
confirm the results of the sensory analysis indicated in Table 3. That is, compared to control,
the following were improved: structure by 1.07 times, surface by 1.11 times and consistency
by 1.16 times; the color becomes somewhat saturated; the total score increases by 1.07 times.
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Table 4
Sensory assessment of the energy bars with dietary iron supplement (DIS) in points

Parameters Control | Sample 1 with DIS, 1.0% | Sample 2 with DIS, 3.0%
Structure 0.92+0.02 0.98+0.02 0.98+0.02
Smell 0.95+0.03 0.95+0.03 0.95+0.03
Surface 0.88+0.02 0.98+0.02 0.98+0.02
Color 2.90+0.06 2.94+0.06 2.94+0.06
Consistency | 2.55+0.05 2.97+0.07 2.97+0.07
Taste 0.95+0.03 0.95+0.03 0.95+0.03
Overall score | 9.15+0.21 9.77+0.22 9.77+0.22

Taste Smell

Surface

Structure

e+ e o Energy bar without DIS (control) == Energy bar with 3% of DIS

Figure 3. Sensory assessment of the energy bars with dietary iron supplement (DIS)

Thus, the recommended amount of dietary iron supplement is 3.0% by weight in the
recipe mixture of energy bars.

Analysis of the chemical composition of energy bars shows an improvement in the
biological value of the product added with DIS compared to control (Table 5).
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Table 5
Chemical composition of energy bars with dietary iron supplement (DIS)

Compounds | Control Sample 2 | Compounds| Control Sample 2
with with
DIS, 3,0% DIS, 3.0%
Macronutrients, g/100 g dry weight P 191.0843.73 | 191.66+3.74
Water 9.56+0.08 | 8.43+0.04 1 0.009+0.0 0.012+0.0
Proteins 9.61+£0.28 | 11.28+0.31 | Fe 59.08+1.69 | 75.78+1.89
Fat 8.30+0.24 | 8.58+0.24 Vitamins, g/100 g dry weight
Carbohydrate | 68.22+1.06| 70.62+1.07 | A 2.92+0.06 2.96+0.07
Fiber 3.974£0.09 | 3.97+0.09 E 1.51+0.04 1.54+0.04
Organic acids | 0.42+0.01 | 0.46+0.01 C 0.82+0.02 0.85+0.02
Ash 2.14+0.05 | 2.96+0.06 B 0.41+0.01 0.44+0.01
Minerals, g/100 g dry weight B, 0.31+0.01 0.33+0.01
Na 55.04+1.68| 56.26+1.71 | B3 (PP) 0.62+0.01 0.65+0.02
K 465.0+13.0| 468.0+13.0 | Bs 1.60+0.04 1.64+0.04
Ca 86.12+42.18 | 87.65+2.16 | Bg 0.52+0.01 0.54+0.01
Mg 99.1442.34| 101.34+£2.42 | By, 0.82+0.02 0.85+0.02

Addition of dietary iron supplement, 3.0% (w/w) improves the mineral-vitamin and
protein-carbohydrate compositions compared to control, namely, the Fe content increases by
1.28 times; other micro- and macroelements by 1.52+0.75%; vitamins by 1.36+0.41%; ash
by 1.38 times; protein by 1.17 times; carbohydrates by 0.55%; as well as fat by 3.42%. This
is due to the rich chemical composition of dietary iron supplement. The water absorption
capacity of highly dispersed powdered DIS reduces the moisture content by 1.13 times
compared to control, which helps to improve the microbiological characteristics of the
finished product.

It has been shown that the main supplier of energy in energy bars with DIS is
carbohydrates (Table 6).

Table 6
Nutritional value of energy bars with dietary iron supplement (DIS)

Compounds Sample 2 with
Control DIS, 3.0%
Protein, g/100 g energy bar 9.61£0.28 11.284+0.31
Fat, g/100 g energy bar 8.30+£0.24 8.58+0.24
Carbohydrates, g/100 g energy bar 72.19+1.16 74.59+1.17
Approximate calorie content, 401.90 420.70
Kcal/100 g
Calories from carbohydrates, % 288.76 298.36

Energy bar added with dietary iron supplement was enriched in comparison with control
with complete proteins of animal origin containing a balanced composition of essential amino
acids. Consequently, the addition of DIS in an amount of 3.0% by weight of the recipe
mixture improves the nutritional value and consumer properties of the finished product.
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Analysis of the physicochemical characteristics of energy bars shows that the
introduction of 1.0% and 3.0% brown dietary iron supplements into the recipe compared to
control reduces the lighting level L* by 1.11 and 1.28 times, respectively; significantly
increases: index a* (degree of redness) by 6.78 and 8.56 times, respectively; indicator b*
(degree of yellowness) 2.14 and 3.16 times, respectively (Table 7).

Table 7
Physicochemical characteristics of energy bars with dietary iron supplement (DIS)

Samples L* a* b* AE M, % aw
Control 74.93+0.82 | 0.68+0.02 | 17.58+0.12 0.00 9.56+0.04 | 0.476+0.002
DIS, 1.0% | 67.55+£0.51 | 4.61+£0.12 | 37.684+0.21 | 23.45+0.51 | 8.39+0.03 | 0.416+0.001
DIS, 3.0% | 58.46+0.42 | 5.82+0.14 | 55.5240.36 | 29.82+0.57 | 8.43+0.03 | 0.419+0.001

These color changes may be due to the high content of hemoglobin and myoglobin
(red color) and bilirubin (yellow color pigment) in DIS (dietary blood product). The value of
the “color difference”, AE, in the samples with DIS was above 7.0, that is, the color of the
bars is considered visible to the human eye, and DIS has color-forming ability. The color
changes are more pronounced in the energy bar containing 3.0% of dietary iron supplements.

It has been found that the use of addition of dietary iron supplements, 1.0% and 3.0%,
reduced moisture content by 1.13 times compared to control. It is related to the hydration
capacity of the protein-carbohydrate complex of highly dispersed DIS powder. This effect on
moisture content was also influenced by the values of water activity, a., which were lower
in bars with DIS by approximately 1.14 times compared to control. Similar results for
moisture content and water activity were observed by other authors for confectionery
products with the addition of highly dispersed food additives (Batista et al., 2019; Fanari et
al., 2023). The crispness of the product is highly dependent on the water content and/or ay
values. When they decrease, food products become harder and crispier. In any case, taking
into account the influence of the mass fraction of DIS on the consumer properties of the
finished product in this study, the rational mass fraction of DIS is 3.0% (w/w) of the mass of
the recipe mixture. This amount of DIS is not capable of causing negative changes in the
texture of the energy bars (Table 8).

Table 8
Texture profile of energy bars with dietary iron supplement (DIS)
Samples | Hardness, | Adhesiveness, | Cohesiveness, | Elasticity, | Chewing, | Springiness,
g g/s g g Yo g
Control 792.3 -86.42 0.242 0.482 74.26 0.052
+2.1 +0.33 +0.001 +0.012 +1.13 +0.001
DIS, 836.5 -88.03 0.249 0.473 76.12 0.060
1.0% +2.2 +0.33 +0.001 +0.012 +1.13 +0.001
DIS, 843.8 -88.81 0.255 0.462 76.88 0.064
3.0% +2.2 +0.33 +0.001 +0.012 +1.13 +0.001

The texture of energy bars is an important factor for consumer acceptance beyond
appearance and taste. Texture is inextricably linked to the structure of the product at the
micro- and macro-levels, and is strongly influenced by the interaction of food biopolymers:
proteins, polysaccharides and lipids. In addition, the components of the product must be
released from the food matrix to reach the appropriate taste buds. This process is closely
related to the way in which the food structure breaks down in the mouth, both in terms of the
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initial texture of the food product and the change in its texture during chewing. The hardness
of test samples with 1.0% and 3.0% of DIS increases compared to control by 5.6% and 6.0%,
respectively, due to lower moisture content, increased protein content and the Maillard
reaction, which induces polymerization and interaction of protein molecules and
polysaccharides, helping to strengthen the structure. The added amounts of DIS (“protein
source”) was not sufficient to achieve an undesired hardening according to Regulation of the
European Parliament and of the Council (EC) No. 1924/2006, taking into account also the
high content of carbohydrates present in the dietary iron supplement. A decrease in hardness
by 5.84+0.2% and an increase in elasticity by 1.86+0.21% of control bars is influenced by a
higher moisture content and higher water activity, which promotes the action of H,O as a
retarder of cross-linking of sugars and proteins.

Addition of 1.0% and 3.0% DIS increases adhesiveness by 1.86% and 2.76%,
respectively, due to the hydration, structure-forming and stabilizing ability of the increased
amount of proteins and the migration of moisture from the outer layers to the inner layers ,
which helps strengthen the adhesion of the product to the surface; cohesiveness by 2.89%
and 3.71%, respectively, due to cross-linking between biopolymer molecules: proteins,
carbohydrates, lipids and the formation of a stable spatial food matrix.

Higher adhesiveness and cohesiveness of the energy bars added with 1.0% and 3.0%
DIS compared to control resulted in an improvement in the chewing ability of the product
and an increase in the chewing index by 1.76% and 2.62%, respectively.

Addition of 1.0% and 3.0% DIS increases elasticity (stability) by 1.54% and 2.30%,
respectively. This is due to the strengthening and stabilization of the structure of the product
through electrostatic intermolecular interactions of biopolymer ingredients: hydrophobic and
polar sections of macromolecules, ionic and ionized groups.

Therefore, the results of physicochemical and structural-mechanical studies confirmed
that the recommended mass fraction of DIS is 3.0% by weight of the recipe mixture.

The results of the influence of DIS on microbial contamination of the surface of energy
bars initial after production and after storage for 75 days at relative air humidity 75+2% are
shown in Table 9.

Table 9
Microbiological analysis of energy bars
Characteristi Standard” Encrgy bars

Aracterishes ancar Control with DIS, 3.0%
MAFAM, CFU"/g, <1.0x10° n.d.”™/2.0x10*| n.d./1.0x10°
initial / after 75 d
Yeasts, CFU/g, <50 n.d./ 6.0 n.d./ 4.0
initial / after 75 d
Coliform bacteria, na""in0.lg n.d./n.d. n.d.
initial / after 75 d
Pathogens (Salmonella), na.in250g n.d./n.d. n.d.
initial / after 75 d
Molds, CFU/g, <50 n.d./ 6.0 n.d./ 3.0
initial / after 75 d

*CFU, colony formed units;

**The standards are established by ISO 16140:2016 Microbiology of the food chain and European
Food Safety Authority, 2021;

**n.d., not detected,

***n.a., not allowed
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Microbiological analysis of energy bars with DIS, 3%, showed that they correspond to
regulatory documentation. In addition, the introduction of 3.0% DIS suppresses
contamination of the surface of energy bars: the number of mesophilic aerobic and facultative
anaerobic microorganisms (MAFAM) was 2 times lower compared to control, yeasts by 1.5
times, molds by 2.0 times after storage at air humidity 75+2% for 75 days. This is due to the
water-absorbing and structure-forming effect of the dietary iron supplement, which helps
reduce the moisture content in the product.

Conclusions

The nutrient composition of the raw materials of multicomponent antianemic energy
bars and the finished product has been studied. The results of a study of the influence of
dietary iron supplements on the quality indicators of antianemic energy bars showed that the
addition of 1.0 and 3.0 % (w/w) dietary iron supplements has a positive effect on the
biological and nutritional value; sensory, physico-chemical, structural-mechanical and
microbiological characteristics of the finished product, in particular:

1. Addition of 1.0 and 3.0% dietary iron supplement improved compared to control:
biological and nutritional value of the finished product, namely the content increases:
Fe by 1.27-1.29 times; other micro- and macroelements by 1.5240.75%; vitamins by
1.36+0.41%; ash by 1.37—1.39 times; protein by 1.16—1.18 times; carbohydrates by
0.53+0.02%; fat by 3.40+0.02%; structure by 1.06—1.08 times, surface by 1.10-1.12
times and consistency by 1.15—1.17 times; the color becomes somewhat saturated; the
total score increases by 1.07 times, respectively.

2. Physicochemical studies showed that the addition of 1.0-3.0% dietary iron
supplement compared to control: reduces moisture content by 1.12—1.14 times and
water activity by 1.13—1.15 times; reduces the lighting level, L*, by 1.11 and 1.28
times, respectively; significantly increases: index a* (degree of redness) by 6.78 and
8.56 times, respectively; indicator b* (degree of yellowness) by 2.14 and 3.16 times,
respectively.

3. Texture profile analysis proved that the addition of 1.0% and 3.0% dictary iron
supplement compared to control: increases hardness by 5.6% and 6.0%; adhesiveness
by 1.86% and 2.76%; cohesiveness by 2.89% and 3.71%; elasticity (stability) by
1.54% and 2.30%; chewing rate by 1.76% and 2.62; reduces elasticity by 1.86+0.21%,
respectively.

4. The recommended amount of dietary iron supplements was determined as 3.0% of the
weight of the recipe mixture.

5. The decrease of microbial contamination of the surface of energy bars with the dietary
iron supplement, 3.0%, has been proven.

6. The conducted studies showed a high functional and technological potential of the
dietary iron supplement, which could be recommended as a stabilizer and improver
of structure of food items, in particular confectionery products.
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Introduction. Metal nanoparticles (NPs) are widely used in
various fields of scientific and practical activities. Biogenic metal
nanoparticles attract attention with their unique properties and
relative low cost of production, and lactic acid bacteria as biosafe
producers.

Materials and methods. Morphological analysis of clusters of
scientific knowledge about metal nanoparticles biosynthesis using
lactic acid bacteria and antimicrobial properties of produced NPs.

Results and discussion. For biosynthesis of nanoparticles it is
important the choice of: an ecofriendly biological agent; precursor
metal salt; nontoxic material as a capping agent to stabilize the
synthesized nanoparticles, and factors providing optimal conditions
for the formation of nanoparticles, such as pH, temperature, pressure,
time, agitation, biological reducing agent concentration, initial
precursor salt concentration, and light. Lactic acid bacteria (LAB),
which are belonging to the RGI group of microorganisms
(biologically safe) according to the European Union Directive, attract
the attention as biosafe producers of various metal nanoparticles in a
relatively inexpensive and accessible process of NPs biosynthesis.
The last decade increasing interest in LAB use in the form of biomass,
cell lysate, or cell-free supernatant (filtrate) has been observed. All
metal nanoparticles exhibit high antimicrobial activity, and these
properties against pathogenic bacterial strains are very important for
NPS practical applications in treating bacterial infections, especially
in conditions of widespread phenomenon of microorganism
resistance to antibiotics. Especially important is the fact that metal
nanoparticles have non-specific bacterial toxicity that makes it
difficult to develop resistance by bacteria. NPs synthesized by lactic
acid bacteria are effective against many antibiotic-resistant bacterial
strains, including  Staphylococcus aureus,  Staphylococcus
epidermidis, Streptococcus pyogenes, Klebsiella pneumoniae and
Salmonella typhi, as well as for different fungi and yeasts. The
statistically proven absence of significant differences in the inhibitory
effect of AgNPs synthesized by LABs on the growth of Gram-
positive and Gram-negative bacteria was shown.

Conclusions. Lactic acid bacteria could serve as biosafe
producers of different metal nanoparticles having strong
antimicrobial abilities.
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Introduction

Interest in nanotechnology, the branch of science and engineering devoted to the
synthesis, manufacturing and application of tiny in size materials, has increased
exponentially due to progress and technological innovation (Radulescu et al., 2023).
Nanomaterials have special characteristics that differ from its bulk form with the same
composition and thanks to them are found wide application in medicine, pharmaceutical,
agriculture, food production, electronic devices, optical, catalysis, and environmental
management. Nanoparticles (NPs) are the particles having size less than 1000 nm in at least
one dimension (Gosh et al., 2021; Jeevanandam et al., 2018), meanwhile particles with size
from 10 to 100 nm have even more valuable properties due to large surface-to-volume ratio
and high surface energy, which make them more in demand. However, it should be noted
that various physicochemical methods used for the synthesis of metal nanoparticles are
expensive, need high thermal conditions, involve the use of toxic chemicals, generate excess
by-products, and lead to pollution of the environment and the biosphere. Besides that,
chemically produced nanoparticles have limited fields of application because of their toxicity
(Singh and Singh, 2019). Thus, with modern advances in science and technology, an
alternative method is biogenic synthesis, which has enormous potential as a sustainable,
environmentally friendly and cost-effective method that does not require toxins, aggressive
chemicals and the use of large amounts of energy, which is essential for physicochemical
synthesis (Gupta and Seema, 2021). Different biological agents such as viruses, bacteria,
actinomycetes, fungi, molds, microalgae, and plant extracts could be used for the biosynthesis
of nanoparticles of a wide range of metals including silver, gold, platinum, palladium, copper,
zinc, iron, titanium, magnesium, selenium, tellurium, cerium, and zirconium (Pandit et al.,
2022). Microbial biosynthesis of nanoparticles involves metal capture, enzymatic reduction,
and capping (Ghosh et al., 2021). Schematic for biological synthesis of nanoparticles, so
called green nanotechnology, is shown in Figure 1 (adapted from Patra and Baek, 2014).

Temperature

pH—— Pressure
Capping
= [——=:4
Biological Metal Reduction Synthesized

axttacts solution reaction Stabilization “green
nanoparticle

Figure 1. Biological synthesis of nanoparticles (Patra and Baek, 2014)

According to the given scheme, for biosynthesis of nanoparticles it is important: a) the
choice of an ecofriendly biological agent; b) the choice of initial precursor metal salt; ¢)
factors influenced on the process of biosynthesis (pH, temperature, pressure, time, agitation,
biological reducing agent concentration, initial precursor salt concentration, light); and d) the
choice of a nontoxic material as a capping agent to stabilize the synthesized nanoparticles
(Javed et al., 2020; Miu and Dinischiotu, 2022; Patra and Baek, 2014).

When exploring the selection of biological agents capable of producing metal NPs,
particular attention is drawn to lactic acid bacteria (LAB), which are belonging to the RG1
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group of microorganisms (biologically safe) according to the European Union Directive
(Directive 2000/54/EC, 2000) and considered Generally Recognized as Safe (GRAS) by the
US Food and Drug Administration (Colautti et al., 2022; EFSA; 2016; Stabnikova et al.,
2023).

Among lactic acid bacteria there are many representatives capable of synthesizing metal
NPs; in particular, these bacterial strains belong to the genera Lactobacillus, Lactococcus,
Enterococcus, Streptococcus, Pediococcus and Leuconostoc.

Biosynthesis of metal nanoparticles using lactic bacteria

Bacteria can synthesise metallic nanoparticles by either intracellular (endogenous) or
extracellular (exogenous) mechanisms. Extracellular synthesis consists of enzyme secretion
during bacteria cultivation and application of these reductase enzymes for metal bioreduction
and formation of nanoparticles (Das et al., 2014; Singh and Singh, 2019). To obtain
nanoparticles it is possible to use a cell-free supernatant containing microbial enzymes.

In turn, the intracellular biosynthesis of NPs is based on the origin of the living
organisms to extract metals from the surrounding media, enzymatically convert the metallic
ions into elemental form, and accumulate them (Li et al., 2011; Miu and Dinischiotu, 2022).
Positively charged metal ions are adsorbed on the negatively charged microbial cells,
bioreduced, and form nanoclusters inside the cell (Marooufpour et al., 2019). Accumulation
of nanoparticles in cells is confirmed by the appearance of a specific color of microbial
biomass, which could be pinkish for gold NPs, red for selenium NPs, brownish for silver
nanoparticles, and so on.

Biosynthesis of silver nanoparticles by lactic acid bacteria

The majority of lactic acid bacteria used for biosynthesis of silver nanoparticles belong
to the genus Lactobacillus that are gram-positive having in their cell wall teichoic acids which
give it an overall negative charge (Chapot-Chartier and Kulakauskas, 2014). In formation of
negative charge on the surface of gram-positive bacteria, anionic polymers of the cell walls,
especially peptidoglycan, are also involved. It is assumed that electrostatic interaction that
occurs between positive charged ions and negatively charged original cells resulted in
biosorption of metal ions on the surface of microorganism cells. Silver ions being trapped on
the surface or inside of the microbial cells are reduced to respective metal atom Ag™ due to
action of reductase enzymes using functional groups of the cell that serve as an electron
donor, and subsequently developing Ag nanoparticles (Yusof et al., 2020a). Examples of the
biosynthesis of AgNPs with lactic acid bacteria are given in Table 1.

Biosynthesis of AgNPs by lactic acid bacteria can be carried out using cell-free
supernatant (Awadelkareem et al., 2023), biomass (Yusofet al., 2020a) or cell lysate
(Mousavi et al., 2020). Bacterial biomass is used less frequently for this purpose, since most
metal ions are toxic to bacteria. Silver nitrate, AgNOs, is usually used as a biosynthesis
precursor with different concentration ranges from 0.1 to 100 mM, among which the most
used concentration is 0.1 mM AgNO; (Dybkova et al., 2020; Mousavi et al., 2020; Popoola
and Adebayo-Tayo, 2017; Sharma et al., 2022; Syame et al., 2020). The biosynthesis of
AgNPs is carried out at temperatures from 22 to 37 °C (Matei, 2020; Naseer et al., 2020;
Rajesh et al., 2015; Sharma et al., 2022; Vijayakumar, 2023) usually for 24 hours
(Awadelkareem et al., 2023; Rajesh et al., 2015; Sani et al., 2018; Sharma et al., 2022; Syame
et al., 2020; Yusof et al., 2020a). However, in some cases the biotransformation of the
precursor into NPs was going for 72 hours (Mousavi et al., 2020), 12 hours (Naseer et al.,
2020); 5 days (Matei et al., 2020), and even 7 days (Viorica et al., 2018). The formed NPs
have a spherical shape and different sizes in the range from 0.2 nm to 233 nm.

—— Ukrainian Food Journal. 2023. Volume 12. Issue 4 601



Biotechnology, Microbiology ——

Table 1
Biosynthesis of silver nanoparticles by lactic acid bacteria
. . . Conditions for
Microorganisms Shape, size biosynthesis Reference
Lactobacillus Spherical, average | 1 mM cell lysate, pH 7.0, 1 | Mousavi et
rhamnosus GG size 233 nm mM AgNO;, 25 °C, 72 h, al., 2020

150 rpm, in a dark

Lactobacillus Spherical, 4-50 m, Supernatant, | mM AgNOs, | Rajesh et al.,
acidophilus average size 33 nm 35°C, 24 h, in a dark 2015
Lactobacillus sp. Spherical, 3-35 nm Cell-free supernatant, 1 MM | Matei et al.,
LCM5 average sizel13.8+ AgNO;s, 28 °C, 5 days, 2020

4.6 nm 200 rpm
Lactobacillus Spherical, average Supernatant, 0.1 MM Sharma et al.,
crustorum F11 size 10£2.9 nm AgNO;, 30°C,24 h,ina 2022
Lactobacillus Spherical, average dark
pentosus S6 size 50+2.9 nm
Lactobacillus Spherical, average
plantarum F22 size 20+2.9 nm
Lactobacillus Spherical, average
paraplantarum KM1 | size 50£2.9 nm
Lactobacillus Spherical, average Biomass, 2 MM AgNO;3, Yusof et
plantarum TA4 size 14.0+4.7 nm 37°C,24 h, 150 rpm, in a al., 2020a

dark

Lactobacillus Spherical, ranged Biomass, 1 MM AgNO;3, Naseer et al.,

bulgaricus from 30 to 100 nm over night at room 2020
temperature

Lactobacillus * 4-6 nm Biomass, 0.1 M Dybkova et

plantarum (Ag:NH3=1:2), room al., 2020
temperature, 24 h, 120 rpm

Lactobacillus Spherical or Cell-free supernatant, Syame et al.,

plantarum polyhedral, poly- 2 MM AgNO; pH 8.3, 2020

Lactobacillus brevis

dispersed, 5 to 40
nm

37°C,24 h, 150 rpm, in a
dark

Lactococcus lactis 56

Sperical, 5-50 nm,

Supernatant, 1 MM AgNOs3,

Viorica et al.,

KY484989 average size 26 °C, 7 days, agitation 2018
1942 nm

Lactobacillus Sperical, 1.4-8.9 nm | Supernatant, 1 MM AgNO; | Sani et al,,

delbrueckii subsp. room temperature, 24 h, 2018

bulgaricus exposed to direct sunlight

for 10 min

Lactobacillus casei *,0.2-10 nm Supernatant, 10 MM Popoola and
LPW2 AgNOs room temperature, | Adebayo-

24 h Tayo, 2017
Bifidobacterium Sperical, * Supernatant, | MM AgNO; | Kumar et al.,
bifidum NCDC 229 37 °C, 24 h, 160 rpm, 2016

pH 6,0
Lactobacillus Sperical, average Supernatant, | MM AgNOs, | Vijayakumar
plantarum size 14.0+4.7 nm 37°C,24 h etal., 2023

*There was no information.
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Biosynthesis of selenium nanoparticles by lactic acid bacteria

Selenium nanoparticles have higher bioavailability, higher antioxidant activity, and
scavenging effect on free radicals than sodium selenite (Deng et al., 2023). An analysis of
the literature shows that to obtain selenium nanoparticles using lactic acid bacteria, biomass
of LAB usually is applied (Hu et al., 2023; Laslo et al., 2022; Wang et al., 2023). Among the
factors influencing selenium biotransformation, the source of Se and its concentration in the
medium are the most significant (Liao and Wang 2022; Stabnikova et al., 2023). As a
biosynthesis precursor, sodium selenite (Na,SeO3), sodium hydroselenite (NaHSeO3) and,
much less frequently, selenium oxide (SeO,) were used (Kheradmand, 2014; Spyridopoulou
et al., 2021; Vicas, 2021). Maximum concentration of Na;SeO; in medium for lactic acid
bacteria cultivation is considered to be 5 mg/l, but further increase may inhibit growth of
nanoparticle producer and even can cause mass death of microbial culture cells (Pescuma et
al., 2017; Spyridopoulou et al., 2021; Stabnikova et al., 2023).

The accumulation of selenium depends on the time of microbial cultivation. Thus, the
amount of accumulated Se increased with the incubation period for Lactobacillus acidophilus
CRL 636 and Lactobacillus reuteri CRL 1101 (Pescumav et al., 2017). The formation of
SeNPs during LAB cultivation can be monitored by the appearance of a dark red color of
cultural medium. It was found that the time of its appearance varied among different strains,
and the color change could occur at different stages of bacterial growth. In case of strain
Lactobacillus casei growth in nutrient medium with an initial NaHSeOj; content of 20 pg/ml,
colour became red only at 96 h of cultivation, which corresponded to the late
logarithmic/early stationary phase of bacterial growth (Spyridopoulou et al., 2021).
However, change of the bright yellow colour of medium for Lactobacillus
paracasei cultivation to red was observed on 32 h in the exponential phase of bacterial
growth (El-Saadony et al., 2021a).

It should be noted that the properties of selenium nanoparticles depend on their size:
with the decrease of particle size, the ratio of surface area to volume increases, as well as the
bioavailability and biological activity against hydroxyl radicals and the protective effect
against DNA oxidation (Deng et al., 2023). The size of selenium NPs decreases in the
presence of O, as it promotes the oxidation of Se, resulting in the redox process becoming
slower and smaller SeNPs being formed (Martinez et al., 2020; Spyridopoulou et al., 2021).
Particle size also depends on the strain (Martinez et al., 2020). The range of possible sizes of
SeNPs should be limited to 20 to 500 nm. Most LABs produce spherical selenium NPs, but
hexagonal SeNPs synthesized by Lactobacillus paracasei HM1 are also reported (EI-
Saadony et al., 2021a). SeNPs can be individual or form aggregated conglomerates
(Spyridopoulou et al., 2021). Examples of the biosynthesis of SeNPs with lactic acid bacteria
are given in Table 2.
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Table 2
Biosynthesis of selenium nanoparticles by lactic acid bacteria
Microorganisms Shape, size Cl;)il(l:si;rtrll(t)ll::s?s)r Reference
Lactobacillus  casei | *, 50-80 nm Luria-Bertani  broth, | Xuetal., 2018
ATCC 393 200 mg/l Na,SeOs, 37
°C,24h
Lactobacillus Sperical, average | Broth De Man, Rogosa | Moreno-Martin
acidophilus CRL 636 | size 176 nm and Sharpe (MRS), 25 | etal., 2017
Lactobacillus reuteri | Sperical, average | mg/l Na;SeO;, 37 °C,
CRL 1101 size 1604+24 nm 24 h
Lactobacillus Sperical, average
delbrueckii subsp. | size 130+23 nm
bulgaricus CRL 65
Lactobacillus Sperical, 20-60 nm | Luria-Bertani  broth, | Rajasree and
rhamnosus 4 mM Na,Se0;, 35 °C, | Gayathri, 2015
Lactobacillus Sperical, 40-60 nm | 48 h, 170 rpm
acidophilus
Lactobacillus Sperical, 60-80 nm
plantarum
Enterococcus faecalis | Sperical, 29— | Luria-Bertani  broth, | Shoeibi and
195 nm 33-514 mg/l Na,SeQ;, | Mashreghi, 2017
37°C or 42 °C, 24 h
and 48 h, 150 rpm
Lactobacillus Hexagonal Luria-Bertani  broth, | El-Saadony, et
paracasei HM1 monodisperse, 692 mg/l Na,SeOs, | al., 2021a
average size 91+1.8 | 35 °C, 32 h, 160 rpm,
nm pH 6.0
Lactobacillus  casei | *, 170-550 nm Broth MRS, 20 mg/l | Spyridopoulou
ATCC 393 NaHSe03,37 °C, 96 h | etal., 2021
Lactobacillus  casei | Sperical, < 80 nm Broth MRS, 200 mr/n | Vicas et al,
LC4P1 Na,Se0;,37 °C, 48 rox | 2021
Lactobacillus Sperical, 25— | Broth MRS, 200 mr/n | Kheradmand et
plantarum ATCC | 250 nm Se0,, 37 °C, 120 h, | al., 2014
8014 stirring
Lactobacillus
johnsonii
Lactobacillus. * 25-370 nm Broth MRS, 5 mg/l | Pescuma et al,
acidophilus CRL636 Na,Se0s, 37 °C,24h | 2017

Lactobacillus reuteri
CRL1101

Lactobacillus brevis

Broth MRS, 254 mM
Se0,,37°C,72h

Yazdi et
2013

al.,
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Table 2 (Continue)
Microorganisms Shape, size Cl;)il(l:si;rtrll(t)ll::s?s)r Reference
Lactobacillus  pentosus | Sperical, average | Broth MRS, 5 mM | Adebayo-
ADET MWR861694 size 106.1 nm Na,Se0;,37°C,72h | Tayo et al,
2021
Lactobacillus casei IMB | Sperical, different | Broth MRS, 5 ppm |ok etal.,
B-7280 in size: small (30— | Na;SeOs;, 30 °C, 24 h,
50 nm) and large | 220 rpm
(150-250) nm
Lactobacillus gasseri 55 | * Corn medium, 8 mg/l | Ohirchuk and
NaySe0;, 37 °C, 24— | Kovalenko,
48 h 2016
Pediococcus Sperical, average | Broth MRS, 100 mg/l | Wang et al,,
acidilactici DSM20284 size 239 nm Na,Se0;, 37 °C, 48 h, | 2023
under shaking
Enterococcus durans A8- | * Broth MRS, 60 mg/l | Liu et al,
1 Na,SeOs, 37°C, 18 h, | 2022
200 rpm
Lactobacillus casei Sperical, average | Broth MRS, 200 mg/l | Laslo et al.,
size 200 nm Na,Se0s, 37 °C, 48 h | 2022
Lactobacillus acidophilus | Sperical, average | Luria-Bertani broth, | El-Saadony et
ML14 size 46 nm 6 mM NaSeOs;, 35 | al, 2021b
°C, 170 rpm, until the
synthesis of NPs is
completed
Pediococcus lolii Sperical, average | Milk permeate, 200 | Zommara et
size 186.6 nm ppm Na,SeQ;, 37 °C, | al., 2022
Lactobacillus brevis Sperical, average | 24 h
size 188.7 nm
Lactobacillus plantarum | Sperical, average
size 125 nm
Lactobacillus  paracasei | Sperical, Broth MRS, 100 mg/l | Hu et al,
SCFF20 polydisperse, NaySeO;, 37 °C, 24 h, | 2023
500.62 nm 120 rpm
Lactococcus * Broth MRS, 0.6 mM | Chen et al.,
lactis NZ9000 Na,SeOs, 30 °C, 24 h, | 2021
120 rpm

*There was no information.

Biosynthesis of gold nanoparticles by lactic acid bacteria

There is limited information related to the synthesis of AuNPs by lactic acid bacteria.
Analyzed available materials, it should be noted that auric acid, HAuCl4, of varying
concentrations ranging from 1 to 10 mM is usually used as a biosynthesis precursor (Markus
et al., 2016; Miran and Ali, 2024), and the biosynthesis itself is achieved using the
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supernatant (Miran and Ali, 2024; Repotente, 2022) or biomass (Markus et al., 2016) of lactic
acid bacteria, and the process of AuNPs biosynthesis is conducted at room temperature under
agitation. It was shown that AuNPs could be synthesized by reducing chloroauric acid using
lactic acid isolated from the probiotic strain Lactobacillus acidophilus (Repotente et al.,
2022). In study of Kato et al. (2019) it was shown that synthesis of AuNPs in L. casei was
induced by the cooperation of lacto-N-triose, lactic acid and glycolipids. Meanwhile, Markus
et al. (2016) found that protein and functional groups (carboxylate) on Lactobacillus
kimchicus DCY51 were responsible for the reduction of gold nanoparticles. Gold
nanoparticles have spherical shape and size from 5 to 140 nm. Examples of the biosynthesis
of AuNPs with lactic acid bacteria are given in Table 3.

Table 3
Biosynthesis of gold nanoparticles by lactic acid bacteria
Microorganisms Shape, size Ei(::sl;:lttlﬁ::isfor Reference
Lactobacillus Sperical, moderately | Biomass, 1 MM Markus et
kimchicus DCY51 polydisperse, 5— | HAuCly, 30 °C, 12 h, al., 2016
30 nm 150 rpm
Lactobacillus Sperical, 6—-12 nm Supernatant, 7 mM Repotente et
acidophilus HAuCly, 1.25 mg/ml al., 2022
calcium lactat, 48 h
Lactobacillus Sperical, average size | Supernatant, 0.01M Miran  and
paracasei 65.3nm HAuCly, 25 °C, 24 h, Alj, 2024
Lactobacillus casei Sperical, average size | pH 8.0, stirring for 2 h
68.2 nm
Lactobacillus Sperical, average size
plantarum 139.67 nm
Lactobacillus Sperical, average size
fermentum 127.29 nm
Lactobacillus casei 7-56nm, the size of | Biomass, 2g/l, 0.5 mM, | Kikuchi et
the highest frequency | auric acid (0.5 mM al., 2016
was =~ 30 nm K[AuCl4]), 24 h

Biosynthesis of iron oxide nanoparticles by lactic acid bacteria

To obtain FesO4 NPs using lactic acid bacteria, a cytoplasmic extract is proposed to be

used. Solution of ferrous sulfate, 0.001 M, served as a precursor for biosynthesis, and the
biotransformation process occurs at 37 C for 3 weeks in the presence of 5% carbon dioxide.
The formed Fe;O4 NPs had a spherical shape and size ranging from 10 to 15 nm. The first
sign of the formation of iron oxide NPs was a change in the color of the iron sulfate solution
from colorless to black (Torabian, 2018; Fani, 2018). Examples of the biosynthesis of Fe;O4
NPs using lactic acid bacteria are given in Table 4.
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Table 4
Biosynthesis of iron oxide nanoparticles by lactic acid bacteria

Microorganisms Shape, size Conditions for biosynthesis Reference
Lactobacillus casei | Sperical, Cytoplasmic extract, 0.001 M | Torabian et
PTCC 1608 10-15 nm solution of ferrous sulfate, 37 °C, | al., 2018

3 weeks, 5 % CO,, pH 6.5
Lactobacillus Sperical, Cytoplasmic extract, 0.001 M | Fani et al,
fermentum  PTCC | 10-15nm solution of ferrous sulfate, 37 °C, | 2018
1638 3 weeks, 5 % CO,, pH 6.5

Biosynthesis of zinc oxide nanoparticles by lactic acid bacteria

Biosynthesis of ZnO NPs is carried out using biomass (Yusof et al., 2020b) or culture
liquid (Al-Zahrani et al., 2018; Selvarajan and Mohanasrinivasan, 2013; Yusof et al., 2020b).
It was shown the possibility to obtain ZnO NPs using the cell-biomass or cell-free supernatant
of zinc-tolerant Lactobacillus plantarum TA4 (Yusof et al., 2020b) added with solution of
zinc nitrate, Zn(NOs),-6H,0, containing dissolved ions of Zn?'. Biotransformation using
bacterial biomass was conducted at 37 °C for 24 h under agitation at 150 rpm, and at room
temperature overnight using supernatant. Electronic microscope study showed that ZnO NPs
biosynthesized with cell biomass had an irregular shape with average size of 191.8 nm, but a
flower-like pattern was observed for ZnO NPs obtained using supernatant having average
size of 291.1 nm. Proteins, carboxyl, and hydroxyl groups were detected on the surface of
both types of NPs, which act as reducing and stabilizing agents. The authors suggested that
reduction of Zn>" to ZnO NPs was due to activity of proteins present in supernatant and
biomass suspension in concentrations of 2.79+0.11 mg/mL and 1.94+0.20 mg/mL,
respectively, as well as because of functional group present on the bacterial cell (Yusofet al.,
2020b). Examples of the biosynthesis of ZnO NPs using lactic acid bacteria are given in
Table 5.

Table 5
Biosynthesis of zinc oxide nanoparticles by lactic acid bacteria

Microorganisms Shape, size Ei(::sl;:lttl;:::isfor Reference
Lactobacillus An irregular Biomass, Yusof et al., 2020b
plantarum TA4 shape, average | Zn(NOs), 6H,O solution

size 191.8 nm | with Zn?*, 37 °C, 24 h,

150 rpm

Lactobacillus A flower-like Supernatant,
plantarum TA4 pattern, Zn(NO3),-6H>O solution

average size with Zn**, room

291.1 nm temperature, overnight
Lactobacillus Sperical, Supernatat, 0.1 M Selvarajan and
plantarum average size ZnS04-H,0, 37 °C, 12 h, | Mohanasrinivasan,
VITES07 7 nm pH 6,0 2013
Lactobacillus Sperical, Supernatant, 0.1 g/ml Al-Zahrani et al.,
Jjohnsonii 4-9 nm 7Zn0, 37 °C, 24 h 2018
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Biosynthesis of titanium oxide nanoparticles nanoparticles by lactic acid bacteria

To obtain TiO, NPs, supernatant (culture liquid) of lactic acid bacteria are mainly used,
and 0.025 M solution of TiO, is used as a precursor. Biotransformation occurs at temperatures
25 -37°C for 12 — 48 hours (Al-Zahrani et al., 2018; Hasan et al., 2023; Ibrahem et al., 2019;
Jha et al., 2009). Formed nanoparticles mostly have spherical shape with size ranging from
4 to 90 nm. It was reported that synthesized TiO, nanoparticles remained stable without
change in color after storage for three months at 4°C (Ibrahem et al., 2019). Examples of the
biosynthesis of ZnO NPs using lactic acid bacteria are given in Table 6.

Table 6
Biosynthesis of titanium oxide nanoparticles by lactic acid bacteria
Microorganisms Shape, size l?i(::sl;:lttll(::ssisfor Reference
Lactobacillus Uneven, Cultural liquid, 0.025 M | Al-Zahrani et
johnsonii agglomerated, solution TiO,, 37 °C, 24 | al., 2018
4-9 nm h
Leuconostoc Sperical, average | Cultural liquid, 0.025 M | Hasan et al.,
mesenteroides subsp. size 53.4-59.4 solution Ti0O,,30 °C, 24 | 2023
mesenteroides nm h
Leuconostoc
mesenteroides subsp.
cremoris
Leuconostoc
pseudomesenteroides
Lactobacillus spp. Spherical, 8-35 Biomass, 0.025M Jhaetal.,
nm, TiO-(OH); solution, 2009
average size 30 room temperature 12—
nm 48 h
Lactobacillus Sperical, 3—-10 Supernatant, 5SM Abdel-
rhamnosus nm, average size | Ti[OCH(CH3),]4, pH 8, | Maksoud et
5.7+1.9 nm 24 h al., 2023
Lactobacillus crispatus | Sperical or oval, Supernatant, 0.025 M Ibrahem et
average size 87.9 | solution TiO,, 37 °C, 24 | al., 2019
nm h, stitting

Biosynthesis of copper and magnesium oxides nanoparticles by lactic acid bacteria

The CuO NPs were biosynthesized using biomass Lactobacillus casei subsp. casei as
biological agent, 1 mM solution of copper sulphate as a precursor, at pH 6.0 at 37°C for 48
hours until the medium turned from yellow to dark brown showing the formation of CuO
NPs, spherical in shape magnesium oxide nanoparticles without any agglomeration
(Kouhkan et al., 2020).

Biomass of the strain Lactococcus spp. was used for biosynthesis of magnesium oxide
nanoparticles, while 0.1 M solution of magnesium nitrate, Mg(NO3),-6H,0O, was used as a
precursor (Suba et al., 2022). Examples of the biosynthesis of copper and magnesium metal
oxide nanoparticles using lactic acid bacteria are given in Table 7.
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Table 7
Biosynthesis of copper and magnesium oxides nanoparticles by lactic acid bacteria

Conditions for

subsp. casei

average size 200
nm

37°C,48h

Microorganisms Shape, size biosynthesis Reference
Lactobacillus casei | Sperical, uniform, Biomass, 1 mM solution | Kouhkan et al.,
of CuSOs, pH 6.0, 2020

Lactoccocus spp.

Spherical, evenly
dispersed, average
size 32 nm

Biomass, 0.1 M solution

of Mg(NO3)2 -6H,0,
40°C,10h

Suba et al., 2022

Antimicrobial activity of metal nanoparticles synthesized by lactic acid bacteria

Antibiotic resistance is one of the most serious threats to human health. It was estimated
that more than 1.27 million people in the world died in 2019 because of antibiotic resistance
(WHO, 2023). Six nosocomial pathogens designated by the acronym ESKAPE
(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa, and Enterobacter species) represent the great threat to
humans because they possess high virulence being multidrug resistant (Mulani et al., 2019).
Development of new antimicrobial agents as an alternative to antibiotics will be a possible
solution of widespread antibiotic resistance. That is why the identified bactericidal properties
of metal nanoparticles against pathogenic bacterial strains are very important for their
practical applications in treating bacterial infections. Particularly important is the fact that
metal nanoparticles have non-specific bacterial toxicity that makes it difficult to develop
resistance by bacteria (Sanchez-Lopez et al., 2020).

To achieve an antibacterial effect, nanoparticles need to come into contact with bacterial
cell. Contact of a nanoparticle with a cell occurs due to electrostatic attraction, van der Waals
forces, as well as receptor-ligand and hydrophobic interactions (Wang et al., 2017).
Interaction of NPs with cell wall involves loss of cell wall and cell membrane integrity
followed by NPs direct interference with several metabolic pathways required for bacteria
viability. After that NPs cross the bacterial membrane and interact with the bacterial cell
structures such as DNA, lysosomes, ribosomes, and enzymes generating oxidative stress via
reactive oxygen species (ROS), changing cell membrane permeability, inhibiting of enzyme
activity, damaging bacterial protein and DNA (Sharmin et al., 2021; Wang et al., 2017)
(Figure 2).

Thus, by synthesizing AgNPs from the supernatant of Lactobacillus acidophilus,
Rajesh and co-authors (2015) developed environmentally friendly antibacterial components
and proved their antibacterial properties when used against Klebsiella pneumoniae, causing
cytolysis and destroying the bacterial cell membrane. It is known that the size of
nanoparticles is a key parameter determining antimicrobial activity. Smaller particles possess
higher surface-to-volume ratio, and large surface area of NPs is necessary for attachment to
microbial cell and rapid penetration into cells. For most NPs it is found that their smaller size
correlates with a greater biological activity and stronger antimicrobial effect (Shoeibi and
Mashreghi, 2017). It was shown for laser Ag NPs that nanoparticles with an average size of
19 nm were more effective against Esherichia coli than fraction with size ranges from 19 to
47 nm. Comparative study on influence silver nanoparticles with size 5, 20 and 50 nm on
human cells also showed the correlation of smaller size on NPs and its toxicity effect
(Korshed et al., 2019)
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Figure 2. Schematic represents antimicrobial (bacteria and/or fungi) mechanisms of various
nanoparticles (Sharmin et al., 2021)

Naseer et al. (2020) synthesized AgNPs from Lactobacillus bulgaricus and evaluated
their antibacterial efficacy against Staphylococcus aureus, S. epidermidis, and Salmonella
typhi. They showed that Gram-negative bacteria were more sensitive than Gram-positive
bacteria to inhibition effect of silver nanoparticles. Some authors explained this phenomena
that cell wall of Gram-negative bacteria have thinner wall and nanoparticles could penetrate
easily inside the cell, damage cell membrane showing higher antimicrobial activity. Besides
that, the cell wall of Gram-negative bacteria contains the lipopolysaccharides creating a
greater negative charge of their cell wall in comparison with Gram-positive bacteria causing
stronger adhesion of positively charged NPs on their surface (Bonnet et al., 2015). However,
antimicrobial activity of SeNPs synthesized by lactic acid bacteria Enterococcus faecalis was
shown against Staphylococcus aureus (Gram-positive) and was not shown against Esherichia
coli (Gram-negative) (Shoeibi and Mashreghi, 2017). Syame with co-authors (2020) showed
that inhibition zones of AgNPs synthesized using supernatant of L. plantarum were 16-18
mm against Gram positive bacteria, and 16-22 mm against Gram-negative; meanwhile
AgNPs synthesized using supernatant of L. brevis were 16-21 mm against Gram-positive,
and 13-22 mm against Gram-negative.

Antimicrobial activity of different metal nanoparticles synthesized by various lactic
acid bacteria is shown in Table 8.
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Table 8
Antimicrobial activity of nanoparticles synthesized by lactic acid bacteria
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Lactobacillus | Klebsiella Gram- AgNPs, 16 | 60 Rajesh et
acidophilus pneumoniae sperical, al,, 2015
4-50 nm,
Lactobacillus | Aspergillus Fungi AgNPs, 12.4 | * Matei et
sp. Aavus sperical, +0.6 al., 2020
Asvergillus Fungi 3-35 nm. 12.9
ochraceus average size +0.8
Penicillium Fungi 13.8 +4.6 nm 15.9
expansum +1.0
Chromobacterium Gram- 18.0
violaceum +0.7
Lactobacillus | Stavhvlococcus Gram+ AgNPs. 20.0 | * Sharma et
crustorum aureus sperical, +0.6 al., 2022
Listeria Gram+ 10 nm 14.0
monocytogenes +1.0
Bacillus Gram+ 12.0
cereus +7.1
Fusarium Fungi 23.0
oxysporum +0.4
Lactobacillus | Staphvlococcus Gram+ AgNPs, 15 * Naseer et
bulgaricus aureus sperical, al., 2020
Stavhvlococcus Gram+ 30-100 nm 17
evidermis
Salmonella typhi Gram- 17
Lactobacillus Chromobacterium v | Gram- AgNPs, 13 13.3 | Awadelkar
rhamnosus iolaceum sperical, eem et al.,
Pseudomonas Gram- average size 10 26.5 | 2023
aeruginosa 6.3 nm
Serratia marcescens | Gram- 7 531
Lactobacillus | Staphvlococcus Gram+ AgNPs, 18 | * Syame et
plantarum aureus sperical, al., 2020
Enterococcus Gram+ multifaceted. 17
faecalis polvdisperse,
Staphvlococcus Gram+ 5-40 nm 16
evidermis
Staphvlococcus Gram+ 16
aureus
Clostridium Gram+ 17
perfringens
Escherichia Gram- 22
coli
Klebsiella Gram- 15
Dbneumoniae
Pseudomonas Gram- 18
aeruginosa
Neisseria Gram- 15
gonorrhoeae
—— Ukrainian Food Journal. 2023. Volume 12. Issue 4 611



Biotechnology, Microbiology ——

E - —
£ E 2 sg| E 8
S 3 g 5 £E 2 5
=) 9 S = - S [}
= - ] e = = Q <
5 g 5 ER= &
1 h Z
=
Lactobacillus | Staphvliococcus Gram+ | AgNPs, 16 | * Syame et
brevis aureus sperical, al., 2020
Enterococcus Gram+ multifaceted, 21
faecalis polvdisperse,
Stavhvlococcus Gram+ 5-40 nm 14
epidermis
Staphvlococcus Gram+ 14
aureus
Clostridium Gram+ 17
perfringens
Klebsiella Gram- 15
Dbneumoniae
Pseudomonas Gram- 13
aeruginosa
Escherichia Gram- 22
coli
Neisseria Gram- 16
gonorrhoeae
Lactococcus Pseudomonas Gram- AgNPs, 14 6.3 Viorica et
lactis aeruginosa sperical, 5-50 | +0.12 al., 2018
Stavhvlococcus Gram+ | nm. average 14 | 3.1
aureus size +0.02
Staphvlococcus Gram+ 1942 nm 16 3.1
epidermis +0.05
Proteus Gram- 11 3.1
mirabilis +0.07
Lactobacillus | Bacillus sp. Gram+ AgNPs, *, 24 | * Popoola
casei Streptococcus Gram+ 0.2-10 nm 22 and
bvogenes Adebayo_
Stavhvlococcus Gram+ 15 Tayo,
aureus 2017
Klebsiella sp. Gram- 16
Pseudomonas
aeruginosa Gram- 13
Enterococcus Staphvlococcus Gram+ SeNPs, 8 * Shoeibi
faecalis aureus sperical, and
29-195 nm Mashreghi,
2016
Lactobacillus Candida Yeast SeNPs, 29 55 El-
paracasei albicans hexagonal +0.1 Saadony et
Candida Yeast monodisperse, 27 60 al., 2021a
parapsilosis 91£1.8 nm +0.5
Candida Yeast 25 70
krusei +0.3
Candida Yeast 23 65
elabrata +0.4
Candida Yeast 24 70
trovicalis +0.5
Fusarium Fungi 26 | 50
oxXVSporum +0.2
Fusarium Fungi 29 | 45
solani +0.3
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Lactobacillus Candida albicans Yeast SeNPs, 10 * Rajasree
rhamnosus Aspergillus niger Fungi sperical, 9 and
20-60 nm Gayathri,
Lactobacillus Candida albicans Yeast SeNPs, 4 * 2015
acidophilus sperical,
40-60 nm
Lactobacillus Candida albicans Yeast SeNPs, 8 *
plantarum Aspergillus niger Fungi sperical, 9
60-80 nm
Lactobacillus Candida albicans Yeast SeNPs, 28 * Kheradma
plantarum sperical, +0.5 nd, et al,,
Lactobacillus Candida albicans Yeast 25-250 nm 26 * 2014
Johnsonii +0.5
Lactobacillus Escherichia coli Gram- SeNPs, 11.5 | * Adebayo-
pentosus Salmonella arizonae | Gram- sperical, 13.2 Tayo et al,
Salmonella Gram- average size 9.0 2021
tphimurium 106.1 nm
Staphylococcus Gram+ 10.1
aureus
Pediococcus Escherichia Gram- SeNPs, 17.5 | * Wang et
acidilactici coli sperical, +0.8 al,, 2023
Klebsiella Gram- 239 nm 13.4
pneumoniae +0.9
Staphylococcus Gram+ 27.9
aureus +1.2
Bacillus Gram+ 16.2
subtilis +1.1
Lactobacillus | Fusarium Fungi SeNPs, 29 | 35 El-
acidophilus graminearum sperical, +0.3 Saadony et
Fusarium Fungi 46 nm 33 |20 al., 2021b
cerealis +0.4
Fusarium Fungi 32 | 25
poae +0.2
Fusarium Fungi 31 30
avenaceum +0.5
Fusarium Fungi 28 | 40
culmorum +0.5
Fusarium Fungi 32 |20
sporotrichioides +0.5
Lactobacillus Escherichia Gram- ZnO NPs, *, 19.3 | * Yusof et
plantarum coli average size +0.6 al., 2020b
Salmonella sp. Gram- 124.2 nm 16.7
+1.2
Staphylococcus Gram+ 19.0
aureus +1.0
Staphylococcus Gram+ 17.7
epidermis +0.6
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Lactobacillus | Aspergillus Fungi Sperical, 3-10 | 17.7 | * Abdel-
rhamnosus Sfavus nm, average +0.6 Maksoud
Aspergillus Fungi size 5.7 20.3 etal., 2023
versicolor +1.9 nm 300 +1.5
Penicillium Fungi pg/ml 18.7
citrinum +0.6
Aspergillus Fungi 20.3
chinensis +0.5
Aspergillus Fungi 18.3
ustus +0.6
Penicillium Fungi 17.7
chrysogenum +1.2
Lactobacillus Staphylococcus Gram+ CoO NPs, 12 250 | Kouhkan
casei subsp. aureus spherical, etal., 2020
casei Pseudomonas Gram- average size 10 | 50
aeruginosa 200 nm
Lactoccocus Clostridium Gram+ MgO NPs, 26 | * Suba et al.,
spp- perfringens spherical, +0.5 2022
Clostridioides Gram+ average size 24
difficile 32 nm +1.4
Esherihia Gram- 23
coli +2.3
Salmonella Gram- 22
typhi +0.1
Candida Yeast 21
albicans +1.5
Aspergillus Fungi 20
flavus +2.3

*There was no informationi; MIC, Minimum inhibitory concentration

The data presented in Table 8 convincingly demonstrated the effectiveness of LAB-
derived AgNPs against many antibiotic-resistant bacterial strains, including Staphylococcus
aureus, Staphylococcus epidermidis, Streptococcus pyogenes, Klebsiella pneumoniae and
Salmonella typhi (Naseer et al., 2020; Popoola and Adebayo-Tayo, 2017; Rajesh et al., 2015;
Sharma et al., 2022; Syame et al., 2020; Viorica et al., 2018).

According to data shown in Table 8 inhibition zone caused by AgNPs calculated for
different lactic acid bacteria and different Gram-negative test cultures was 15.00£3.76 mm
(N1=17) with coefficient of variation 14.1%; meanwhile for Gram-positive test cultures it
was 16.72+3.09 mm (N,=18) with coefficient of variations 9.5%. Calculated coefficient of
Student equals to 0.1971, meanwhile Student’s t table at degree of freedom N;+N»-2=33 and
significance level 0.05 is 2.0341. So, the differences are not significant. Thus, there appears
to be no real difference in the inhibitory effect of silver nanoparticles synthesized by lactic
acid bacteria on Gram-positive or Gram-negative bacteria.
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In the study of Sharma et al. (2022) results of the biosynthesis of safe and inexpensive
AgNPs by different probiotic strains such as Lactobacillus plantarum ¥22, L. paraplantarum
KM1, L. pentosus S6, and L. crustorum F11 are presented. The effectiveness the obtained
AgNPs to inhibit the growth of various bacterial and fungal pathogens, namely Bacillus
cereus, Listeria monocytogenes, antibiotic-resistant Staphylococcus aureus, Pythium
aphanidermatum, Pythium parasitica ta Fusarium oxysporum has been shown. Among them,
AgNPs, synthesized by Lactobacillus crustorum F11, showed strong inhibition against all
pathogens, with maximum activity against Staphylococcus aureus and Fusarium oxysporum
with inhibition zones 20+0.61 mm and 2340.37, respectively (Sharma et al., 2012).

Ability of metal nanoparticles to suppress different strains of bacteria, yeasts, and
molds, as it is shown in Table 8, could find application in medicine, veterinary,
pharmaceuticals, plant pathogen control, cosmetics, and manufacturing of food packing
materials.

Practical use of metal nanoparticles

An analysis of modern literature confirms the fact of significant progress in
nanotechnology over the past two decades, which is reflected in the intensive growth of
scientific research and the discovery of numerous methods for the development and use of
metal NPs in various industries, in particular in medicine, pharmacy, biology, food and textile
industries, agriculture and electronics (Rana et al., 2020).

AgNPs play a special role in modern anticancer therapy and are being explored for
detection and diagnosis of malignant tumors (Pothipor, 2019), controlled and external drug
delivery systems (Karuppaiah et al., 2020; Nigam et al., 2017). Nanosilver-based compounds
are used as antimicrobial agents because they have the ability to penetrate biological
membranes and exert local or systemic effects, thus being used for a variety of treatments,
including dental and digestive pathologies, wound healing and burns (Mohler et al., 2018;
Sim et al., 2018). Nanosilver-based compositions have proven effective therapeutic effects
against several pathologies caused by clinically significant viruses, such as severe acute
respiratory syndrome, SARS-CoV-2 (Balagna et al., 2020; Tremiliosi et al., 2020),
papillomavirus (Rajawat and Malik, 2019), rotavirus (Adebayo-Tayo et al., 2019; Zhang et
al., 2017) and other enteric viruses (Castro-Mayorga et al., 2017; Sofy et al., 2019).

SeNPs can be used for a wide range of targets. In particular, SeNPs have been found to
have great potential in the treatment of diabetes and Alzheimer's disease, oxidative stress,
inflammatory diseases such as rheumatoid arthritis, anti-tumor therapy, and serve as a
protector against toxic substances, including heavy metals (Ferro, 2021; Khurana, 2015;
Rehman et al., 2021). The possible development of dressings based on SeNPs to accelerate
the healing of infected wounds has also been reported (Fang, 2023), the development of food
additives for humans and veterinary needs (Malyugina et al., 2021), systems for detecting
viruses, such as test strips for detecting anti-SARS-CoV-2 IgM and IgG in human serum and
blood (Chen et al., 2022; Wang et al., 2020). Currently, the production of cosmeceuticals and
nanocosmeceuticals for the care of skin, hair, nails and lips and protection against wrinkles,
photoaging, hyperpigmentation, dandruff and hair damage with SeNPs is popular.

AuNPs. Based on a clinical study, gold nanoparticles have been shown to be useful for
screening gastrointestinal tumors (Nejati et al., 2022 ). AuNPs are used for drug delivery,
where light irradiation can trigger drug release at the target site (Tian et al., 2016). AuNPs
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may also be useful for virus detection programs (Draz and Shafiee, 2018) as they have
demonstrated antiviral activity against several viruses, such as hepatitis B virus, human
papillomavirus, human rhinovirus, and even SARS-CoV-2 (Mehranfar and Izadyar, 2020).

Fe304 NPs explore biomedical approaches including magnetic resonance imaging, drug
delivery, and hyperthermia therapy (Dadfar et al., 2019). Thus, Fe;O4 NPs are successfully
used to coat optical instruments for solar energy (Tiquia-Arashiro and Rodrigues, 2016), in
clinics as contrast agents for magnetic resonance imaging. Iron oxide nanoparticles have the
dual ability to act as magnetic and photothermal agents in cancer therapy (Espinosa et al.,
2016).

TiO2 NPs and ZnO NPs have chemical stability, environmental properties and non-
toxicity, and can be produced relatively cheaply. They are used in a variety of photochemistry
applications, ranging from large-scale products to more complex programs. For example, in
the case of environmental remediation, they have been used in water photoelectrolysis and
dye-sensitive solar cells (El-Dafrawy et al., 2016). TiO;NPs and ZnONPs also find
application as UV filters in cosmetic products such as moisturizers, hair care products,
makeup accessories, and sunscreens (Hameed et al., 2019).

CoO NPs as many other metal nanoparticles, such as AgNPs, MgO and TiO, NPs, are
found application in dentistry due to their biophysicochemical functionalization,
antimicrobial activity, and biocompatibility (Xu et al., 2022); in agriculture for protecting
crops against pests and diseases and for delivery and controlled release of agrochemicals
(pesticides and fertilizers) (Fincheira et al., 2023); in textile production, in wastewater
treatment as a disinfectant, and can be used in solar energy conversion devices and
electrochemical sensors (Wozniak-Budych et al., 2023).

MgO NPs are finding increasing attention for their application in medical and optical
devices, drug delivery, antibacterial materials, toxic waste remediation, and manufacturing
of petrochemical products. Due to their antibacterial, antifungal, anticancer, antidiabetic, and
antioxidant abilities, biogenic MgONPs can be effectively used in biomedicine (Thakur et
al., 2022).

Therefore, metal nanoparticles are widely used in various fields of human activity.
Some areas of use of metal nanoparticles synthesized by lactic acid bacteria are presented in
Table 9.

Table 9
Practical application of metal nanoparticles synthesied by lactic acid bacterium
NPs Microorganisms Practical application Reference
AgNPs | Lactobacillus Dressing components (Acticoat™, | Awadelkareem et
plantarum TA4 SilvaSorb™ Gel), catheter coating | al., 2023;
Lactobacillus (SilverSoaker™ Catheter, | Gherasimet al,,
rhamnosus Silverline® Drainage Catheters), 2020;
MTCC-1423 targeted drug delivery vehicles, ;(uSOf etal,
. s . . L 020a
Lactobacillus antimicrobial and antiviral agents
crustorum F11
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NPs Microorganisms Practical application Reference

SeNPs | Lactobacillus casei | Packaging materials for food El-Saadony,
ATCC 393 products, components of 2021a;
Lactobacillus cosmetics, dietary supplements, Hu, 2023; Xu,
paracasei HM1 food products, veterinary drugs, 2018
Lactobacillus antioxidant, anti-inflammatory,
paracasei SCFF20 antimicrobial agents

AuNPs | Lactobacillus Anticancer therapy, targeted drug Markus, 2016;
kimchicus DCY51 delivery, MRI contrast agents, Miran and Ali,
Lactobacillus antiviral agents 2024; Repotente,
acidophilus 2022
USTCMS 1053
Lactobacillus
paracasei

Fe;04 | Lactobacillus casei | Coating optical instruments for Fani et al., 2018;

NPs PTCC 1608 solar energy Torabian et al.,
Lactobacillus 2018
fermentum PTCC
1638

Zn0O Lactobacillus Anticancer drugs, components of | Al-Zahrani et al.,

NPs plantarum TA4 cosmetic products, targeted drug | 2018 ; Yusof et
Lactobacillus delivery vehicles, antimicrobial al., 2020b
johnsonii agents

TiO; Leuconostoc In photochemistry, components of | Hasan et al., 2023

NPs mesenteroides cosmetics, antimicrobial agents
subsp.
mesenteroides

Conclusions

Having carried out a detailed analysis of scientific literature for the period 2013-2024,
it can be stated that there is a current permanently increasing interest in research and
development in the field of production of metal nanoparticles by lactic acid bacteria using
their biomass, cell lysate or free-cell supernatant. Lactic acid bacteria attract the attention of
researchers as biosafe producers that make it possible to use for production of various metal
nanoparticles in a relatively cheap process.

An assessment of data on the inhibitory effect of AgNPs synthesized by LABs on the
growth of Gram-positive and Gram-negative bacteria showed the absence of significant
differences in the sizes of inhibition zones of various representatives of both groups.

During the biosynthesis, intracellular or external accumulation of nanoparticles occurs,
which in turn have different sizes, shapes and properties. Antimicrobial abilities of
nanoparticles synthesized by lactic acid bacteria can find applications in many areas of
human activity.
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AHoTauii

ExoHOMiKa i ynpaBiHHA

CraBiieHHSl 4eChKOI0 HaceJeHHs 10 MapkyBanus I'MO

Hegin bpos, Inna Kabenskosa, MapTin ['naBauek,
JIro6ock Cmytka, ITetpo [Ipoxaska
Yecoruil ynieepcumem npupoonuwux nayk y Ipasi, [Ipaca, Yecvka Pecnyonixa

Beryn. /Iebatn HaBKOIO MapKyBaHHSI TeHETUYHO MonudikoBaHux opranizMiB ('MO)
3HAYHOIO MIipOO TOB’53aHi 3 MOTPEOOI0 MapKyBaHHS Ta PO3YMIHHSM PI3HUX NMPUYHWH, SIKi
CTOSITB 32 MiATPUMKOIO 200 HEPUHHSTTSIM TaKOTO MapKyBaHHSI.

Marepianu i metonu. JlociimkyroTbcsl (akTopH, IO BIUIMBAIOTH Ha CTAaBJICHHS JI0
MapkyBanHs MO, Ha OCHOBI pemnpe3eHTaTUBHOI BUOIpKHM 4yechkoro HaceneHHs (N=884).
Takox mocmipKyBaBes BIUIMB iH(opMalii Mpo reHeTHIHO MOAN(IKOBaHI XapuoBi IPOAYKTH
(GMF), npo0yieMy HaBKOJHIIHLOIO CEPEIOBHUINA, NepeAdadyyBaHHi BIUTUB Ha 3I0POB’S,
Xap4oBi 3BHYKH, (PaKTOPH, SKi BBaXKAIOThCS BAKIMBUMH I 4ac Kymisii. J[ns Toro, mo0
BU3HAYUTH, SIK COLIaJbHO-JeMorpagiuHi XapaKTepUCTUKM BIUTMBAIOTh Ha IIepeBaru
MmapkyBanHst ['MO, 3acTocoBaHO MOPSAKOBUHA perpeciiHii aHamis.

PesyabraTu i 06rosopennsi. Maiike TpeTrHa pecnioHieHTiB He 3Haiiomi 3 GMF. Ille
TpETHHA ITiATBEPIKYIOTh, 1110 BoHH 3HaioMi 3 GMF, ase He 3Hat0Th, 1110 11e 03Ha4Yae. Maiike
BiCIMZIECAT BIJICOTKIB PECHOHJIEHTIB He BHABJIOTH iHTepecy Ao GMF. 3 ixmoro Ooky,
3aHENOKOEHHS 37I0pOB’sIM 1 piBeHb iHTepecy Ta iH(popmanii npo 'MO 3HauHOIO Miporo
nepe0avaloTh CXMIBHICTh PECIIOH/ICHTIB TepeBipsATH eTukeTku [ MO Ta 3HaTH BUMOTH 10
MapKyBaHHs TpoAykTiB i3 ITMO.

[oTounuit cy0'ekTMBHHMI CTaH 370poB's He OyB TMOB'SI3aHUN 31 CTAaBJICHHAM [0
MapkyBaHHsI [ MO.

HeoOximHicTh MapKyBaHHS Ta CXWIBHICTh TEPEBIPATH ETUKETKH pPECIOHICHTH
MOTHBYBQJIM TaKUMH YHHHUKAMH, SK CYO’€KTUBHUI BIUIMB BHPOOHHMIITBA Xap4OBHX
MPOAYKTIB HAa HABKOJNMWIIHE CEPEIOBHUINE 1 IMOTOYHA EKOJIOTiYHO CBiJIOMa IIOBEIiHKa
(mepepobka ¥ ympaBIiHHSA CKOJOTIYHMMHM BimxomaMu Bjaoma). Kpim Toro, iHAMBiIyaibHI
Xap4oBi 3BUYKH, HAIPUKIIAJ TIOKYIIKH, BIUIMBAIOTH Ha Cy0’ €KTUBHY 4acTKy I MO-poayKTiB,
SIKI PECTIOHJICHT CITOXKHBAE.

BucHoBok. Lle nociikeHHS CpuUsie po3yMiHHIO OaraTorpaHHOI AUHAMIKH, IO JISKUTh
B OCHOBI CTaBIJIEHHSI TPOMAJICHKOCTI 10 MapkyBaHHs MO, 1 fae miHHY iH(pOpMaIiio ajIs
TIOJNITUKIB 1 3alliKaBJIEHUX CTOPIH Yy MOTOYHMX Jebarax IION0 TeHETUYHO MOAM(IKOBAHUX
MIPOJYKTIB.

Kurouosi ciioBa: I'MO, xapuysanns, mapxyeanns, Yexis, xapuosuii npoghins, GLI0K.
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Mpouecu i obnapHaHHA

MogaeJsiioBaHHsI PoLieCY TepMopaaialiiiHo-KOHBEKTUBHOIO CYIIiHHSI MPOAYKTIB
POCJTMHHOIO MOXOAKEHHS

Irop Jlyoxosernpkuii, Haranis Menbhuk, TersHa Bypnaka, FOmis Tkauyk
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, m. Kuie, Yxpaina

Beryn. Meroto ocmipkeHHST € pO3pOOJICHHST OCHOB MOJENIOBAHHS  IIPOIIECIB
OJTHOYACHOTO BIUIMBY TepMOpajialii Ta KOHBEKIIl NMpH CYNIHHI NPOXYKTIB POCIHMHHOI
CHPOBUHH.

Marepianu i MmeTomn. Matepianom [uisi CymIiHHS OOpaHO KYJIBTHBOBaHI TPHOH, TJIiJ
3BUYAWHUIA, 3MMOBI COPTH S0JTYK Ta s0y4Hi cHeKH. CyIIiHHS 3IIHCHIOETHCS B IMITYJIbCHOM Y
PEXUMI HarpiB-0XOJIO/KEHHS, TIPH [IbOMY KOHBEKTHBHHH MIAIrPiB HOBITPs 32a0€31eUy€eThCS
B KOHJCHCATOpi TEIUIOBOIO HAacoca, a TepMOopamiallifHui MmigirpiB — pajiamiiHo-
iH(ppaYepBOHUMH BUIIPOMIHIOBaYaMHU 10 3aJaHOi TEMIepaTypu 3 JOBXKHHOI XBHII B
nianaszoHi 1,2-4 MKM 3i IMiIBHICTIO MOTOKY 8 KBT/M2.

Pesyabratn i oOroBopenns. MojenioBaHHs —TepMOpajialliifHO-KOHBEKTHBHOTO
CYIIIHHS KYJIbTHBOBaHUX I'pUOIB 3IMCHIOBANM MpH 3MEHIIEHHI BojoroBmicty Big 809 mo
30% npotsarom 80 xB, a A1 MIIOAY BOJIOroBMIicT 3MeHInyBaBcs Bix 330 mo 38% 3a 60 xa.
TpuBainicte BucymryBanHs si01yuHux cHekiB — 70 xB. lle na 10 xB Oisble HOpIBHSHO 3
sI0JTyKaMu, 1110 TIOB’13aHO 3 BMICTOM I[YKPY B CHEKaX 1 OCMOTHYHUMH BIaCTHBOCTSIMHU IIYKPY
YTPUMYBATH BOJIOTY.

3rigHo 3 pO3pOOJEHOI0 MAaTEMAaTUYHOI MOJEIUII0 TIPOLECY CYLIIHHS pO3paxoBaHa
nudy3iifiHa 3MaTHICTH BOJIOTH, sSKa HAHOLIbIIA cepel AOCTIIKYBAHHUX MPOAYKTIB IS
KyJIbTUBOBAHUX IpubiB (9,58x107* M?/c). Takuii MOKa3HUK MOSCHIOIOTHCS HAWMEHIION
winsHicTio (750 kr/mM*) 1 HAHGILIBIIOW TTOPHCTICTIO TPHOA, IO MPU3BOAUTH 10 TIMOIIOro
HPOHUKAHHS iH(PaYepBOHOro BUIIPOMiHIOBaHHA 3 Koedimientom Tepmonudysii 1,011x1073
1/K. Koedimient mudysii Bomoru mis Iinopy cTaHOBHTH 6,8x107 M?/c mpu IiIbHOCTI
1173,4 xr/m® Koedinient repmomudysii 0,51x1072 1/K HOACHIOETHCA TUM, IO IUIOAU ITIOLY
Kynsicroi ¢GopMHu 1 3aKiIafaiucs B CymIapky HacuroM. SI0myka i sONydHI CHEKH IpH
3aKJAZaHHA B CYIIApKy Hapizamuch goiabkaMu 4—6 mMMm. Koedimient mudysii Bomgorn mis
A0myk craHoBuTh 8,48x10% M%c npu minsHocTi 880 Kkr/M3, koedimieHT TepMomudysii —
3,096x107° 1/K. OTpuMaHHs AOIYYHUX CHEKIB 3/iICHIOBAIM NIIIXOM OJIAHIIYBAHHS JO0NBOK
SIOJTYK 'y IIyKPOBOMY CHPOIIi TIepe]] CYNIKOI0, IO MPU3BOIIIIO 10 3MEHIIEHHs KoedillieHTa
nudysii Bomorm g0 8,28x10°° m%/c, 3poctamHi wmineHOCTI A0 965 Kr/M°, KoedilienTa
TepMomudy3ii — 10 4,06x102 1/K, Km0 NOPIBHATH 3 IONBKAMH AOMYK.

MopentoBaHHs B3aeMOii KOHBEKTHBHOT'O 1 TepMOpajialiiHOrO €HepromiJBEeJeHHS B
IMITYJIb,CHOMY PEXHMi Ja€ 3MOTry 3a0e3MeYnTH MaKCUMaIbHUH TEXHOJIOTTYHUH e(eKT.

BucnoBkn. MarematndHa MOJIENb TEPMOpadialliifHO-KOHBEKTUBHOIO CYIIIHHS Ja€e
3MOry B aHaliTHuHii Qopmi BigoOpakaTh OCHOBHI PHCH OJHOYACHOTO BIUIUBY
KOHBEKTHBHOIO  TepMoOpajianiiHOr0 eHepromiJBeleHHs NpPU CYILIIHHI BHCOKOBOJOTHX
MaTepiais.

Kunro4doBi cnoBa: cywinnsa, mamemamuuna mooensb, MOOTO8AHHS, KYIbIMUBOSAH] 2pUOU,
anio, sabayKa.

628 —— Ukrainian Food Journal. 2023. Volume 12. Issue 4



—— Abstracts

XapuoBi TexHosnorii

3MiHa XiMiYHOI0 CKJIa1y eKCTPAKTIB IMKOPOCJINX AT, 0 POCTYTh B
AzepOaiixxancbkiil Pecry0aini, BHACTIZ0K MONepeIHBOr0 (hepMEeHTATHBHOIO
00po0JieHHs iX M'AKOTI

Cesinmx MareppamoBa
Asepbatioxcancoruti depacashutll ekoHomiunull yrisepcumem, baky, Azepbatioxcan

Betyn. Mera mocnipkeHHST — BU3HAYUTH BIUIMB (pepMeHTAaTUBHOI OOPOOKH M’SIKOTi
ST KU3Wy, Oy3uHH, TiI0ay, OapOapucy, MaJIMHMA Ha BMICT y IX €KCTpakTax acKopOiHOBOI
KUCJIOTH, ITyKpiB, NONi()EHOIIB 1 BAYKKUX METAJIB.

Martepianu i meromu. OOpoOKy Arin NpoBOAWIM (QEPMEHTHUMH IpenapaTaMu
MEeKTOJIITHYHOT Ta TIIKONITHYHOL Aii. [neHTHdikamito 6i0I0riYHO aKTUBHUX KOMIIOHEHTIB Y
EKCTpaKTaxX IMPOBOAWIM 3a JOIMOMOTOI BHCOKOS(HEKTHBHOI PiTMHHOI XpomaTorpadii 3
yAbTPadioIeTOBOI Ta MaC-CIEKTPOMETPUYHOIO ICTEKIIETO.

Pesyabrat i o0roBopennsi. 3acTtocyBaHHS (pepMEHTHHX IpenapaTiB IiABHIINAIO
BUXIJ] COKY 3 M’sIKOTi sirii. OnTuManbHHH BiKMM COKy OyB mocsrHytuil micimst 120-
XBWJIMHHOTO Tepiony OpoxinHs srig OapOapucy 1 kuswiy. [ns Oy3uHM W MajuHH
ONTUMAaJIBHI TepMiHU ctaHoBWwiIM 75 1 90 xB BimmomigHo. TemmepaTtypa o0poOku 45 °C
BHUSBHWJIACS HAWOUIBII MPUHAHATHOI JJIs OUIBIIOCTI ATiM, 3a BUHIATKOM OapOapucy, SKuil
IOKa3aR Kpallili pe3ynbraTy Ipu Temmepatypi 60 °C. 3acTocyBaHHS SIK OKpeMHUX (pepMEHTHHX
Mpernaparis, TaK i iX KOMIUIEKCIB IIO3UTUBHO BILTUHYJIO HA BUX1Jl COKY 3 YCIX JIOCHIDKYBaHUX
srig. s xusuny ta miony HadedekTuBHImOW BusBmiacs komOiHamis «[lextuHekc BE
XXL» ta «®pykrocum I1», a qust Oy3unm, 6apbapucy ta maaunu — «Aminaza A" 300J» ta
«Cennomtokc-Ay.

Y cokax, oTpuMaHMX 3 Srig micns QepMeHTATHBHOI OOpOOKH, CcHoCTepiraiocs
MiJBUILCHHS KOHIIEHTpaIlii acKopOiHOBOI KHMCIOTH Ta I[yKpiB. DepMeHTaTHBHA 00pOOKa
MpU3BeIa 70 3HAYHOTO MiIBUILIEHHS 3arajbHOI KOHIEHTpAlii MOJi)eHOIMIB, a TAKOXK BMICTY
OKpeMHX KOMIIOHEHTIB. 3HauHe IJBHUIICHHS BMICTY TaJOBOi KHUCIOTH MCIIs
(hepMeHTaTUBHOI 00POOKH CIIOCTEpirayiocs B ycix mpobax, e BoHa Oyiia BUsABJICHA. BUHATOK
CTaHOBWIIM KyMapHHH, KOHLIEHTPALS SIKUX ITicIsl pepMEHTATHBHOI 0OPOOKH 3HIKYBaIacs.

@depMeHTHI TpenapaTd B HIJIOMY MO3WTHBHO BIUIMBAaIOTH Ha BMICT OiOJNIOriYHO
aKTHBHUX PEYOBHH Y COKax JICOBHMX srif. OJHAK 3HAYHOTO TiJBUILICHHS KOHIEHTpAIii
Ba)KKMX METAJIIB HE criocTepiranocs. Y OUIBIIOCTI BUNAAKIB HAHOLIBIIHNN TO3UTUBHUN e(heKT
MIPOJIEMOHCTPYBAJIO 3aCTOCYBAHHS MYJIbTU(EPMEHTHHX KOMILIEKCIB.

BucnoBku. OTpuMmani pe3ysbTaTi MalOTh BEJIMKE 3HAUEHHS JJ1s1 TEXHOJIOTIT mepepoOKu
JIOCITIJPKYBAHHX STiJI, IO CBIYUTDH MPO IEPCHEKTUBHICTh (pepMEHTAaTHBHOI Malepamii s
ITiIBUIIEHHS BMICTY 010JIOT1YHO aKTUBHUX PEYOBHH Y IX COKY.

KarouoBi cioBa: ouxi sieoou, mayepayis, piounHa xpomamozpa@is, ackopoiHosa
Kucioma, noxigeHonU, 8adxcKi Memanu, YyKpu.
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BioakTuHi cnonyku i noreHuiiine 3acrocyBanHus aioe gepa (L.) B xapuoBiii
MPOMUCJIOBOCTI

Byonr bao Txwu, Byii Txe Binr, Hryen Hrok Kyi
Yuieepcumem Kyy Jlone, Bin Jlone, B'emuam

Beryn. Mera orisiay — oxapakTepu3yBaTh Oi10JI0TIYHO aKTHBHI CIIOTYKH, SIKI MiCTAThCS
B aJIoe Bepa, 1 pO3MIITHYTH MOXKJIMBOCTI HOT'O 3aCTOCYBaHHS B XapUyOBiil TPOMHUCIIOBOCTI.

Marepianu i metoman. 30ip naHuX nependavaB MOIIYK Yy KUTBKOX 0azax, 30Kpema
Google Scholar, ScienceDirect, PubMed, SpringerLink i Wiley Online Library. I[Tourykosi
3alUTH OXOIUTIOBAJIM IMUPOKUH Jiara3oH TEPMiHIB, TaKHX SK OlOAKTHBHA CIOJIYKa; aJoe
Bepa; MOTEHIIfHEe 3aCTOCYBaHHs ajoe Bepa B XapuoBill MPOMHCIIOBOCTI; MPOTH3AlaibHi,
aQHTUOKCHUJIAHTHI, aHTHOAaKTepiallbHi, NPOTUTPHOKOBI, IMPOTUBIPYCHI Ta aHTUCENTHYHI
BJIACTUBOCTI 010aKTHBHHUX CITOJIYK ajioe Bepa.

Pe3ynbTaT i 00roBopenHs. Anoe Bepa 6arate pisHUIMH KOMIIOHCHTAMH, BKITFOYAFOUH
nosricaxapuau (55%), mykpu (17%), minepanu (16%), 6inku (7%), mimiau (4%) 1 GeHonbHI
cnonyku (1%). 1l pociuHa MICTUTH YMCIICHHI OIOJOTIYHO AKTHWBHI CIOJYKH, TakKi SK
¢aBoHOIIM, (EHOIKApOOHOBI KHUCIOTH, AYOMJIbHI PEYOBHMHM, MOHO- 1 IONicaXapuiu
(MaHHO30-6-octhaT,  amemMaHHaH 1  IJIIOKOMaHHaH),  NOMi(QEeHONH,  KyMapuH,
MIPOAHTOIIIaHI TMH, aJIKATIOIIH, TOX1IHI aHTPAaXiHOHY, aJI0e-EMOJIiH, aJIOiH, aJJO€31H, CaIlOHIH,
XpoMmoHH, B-kapotuH, BiTamin C, Bitamin E, ¢pepmeHT OpajukiHaza, crepoiau, mo poOUTh
Horo IiHHOK ()apMAaIeBTUYHOI I KOCMETHYHOI CHPOBHHOK. AJIOC Bepa JICMOHCTPYE
PI3HOMaHITHI TepeBard AJsl 370pOB’Sl, OCKUIBKA Ma€ IOM’SIKITYBaJIbHI, MpPOTH3alaibHi,
AQHTUOKCUJIAHTHI, TPOTUMIKPOOHI, TPOTUIJIMCTHI, TNPOTUTPUOKOBI Ta aHTHUCENTHYHI
BJIACTUBOCTI. 3aJIC)KHO BiJl METH BUKOPHCTAHHS JIUCTS ajloe Bepa Moke OyTdu oOpoliieHe
LUINM, OULIXOM MEXaHIYHOro abo pydHOro oOpoOJEeHHS M’SIKOTiI Ui OTPUMAaHHS Tefo.
[licnsg 1mporo reab MOXKHA BHKOPHUCTOBYBATH IUIi BUPOOHHWIITBA COKIB, KOHIIGHTPATIB 1
TIOPOIIKOITOJIOHUX TPOAYKTIB.

[Mponyktu 3 amoe Bepa € HAaTypalbHUMU (QYHKLUIOHAIGHHMH IHTpEIiEHTaMH abo
J00aBKaMu It 30araueHHs] XapyoBUX MPOAYKTIB 3 POCIMHHUX JDKEpeN JJIsl MOKPAIeHHS
SIKOCTI 1K1, TPOIOBXKEHHS TepMiHy 30epiraHHs 0BOUiB i PPYKTiB, MOKpAIEHHs TPHUUHITHOCTI
TKi, TIOCHJIEHHSI POCTY NPOOIOTHMYHUX KYNBTYp, @ TaKOX MOXYTh OYyTH BUKOPUCTaHI y
(apmareBTHYHIH Ta KOCMETHYHIH IpoMucIoBocTi. OCHOBHI cepr 3aCTOCyBaHHS ajloe Bepa
B XapyoOBill MPOMHCIIOBOCTI — BUPOOHUITBO XapYOBHX IMOKPHUTTIB, KOHCEPBYBaHHS (DPYKTiB,
HAIoiB, INepepoOJICHHsI MOJIOYHHX, KOHIUTEPCHKUX BHPOOIB 1 MPOIYKTIB CIOPTHBHOIO
Xap4yBaHHSI.

BucHoBok. [IpoaykTu 3 anoe Bepa Ta HWOro 0i0JOTIYHO aKTHUBHI CIIOJYKH TTO3UTUBHO
BIUIMBAIOTh Ha 370pOB’S JIIOAWHH, ITOJOBXKYIOTH TEPMiH 30€piraHHs OBOYIB i (PYKTIB,
MOCHIIIOIOTH picT MpoOioTHYHKUX KynbTyp. Ilif yac BUKOpHCTaHHS TPOAYKTIB 3 ajnoe Bipa
BapTO JOTPUMYBATHCS OCHOB Xap4oBOi Oe3MeKH.

KurouoBi ciioBa: anoe 6epa (L.), bioakmuenuil, xapuoea npoMuciosicme.
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—— Abstracts

YaockoHaJIeHHS TeXHOJIOTIT eHepreTHYHUX 0ATOHYUKIB AHTHAHEMIYHOI 0
CIIPSIMYBaHHA

Ipuna Lluranosceka', Tersana Jlazapesa!, Onena CrabnikoBa?,
Onexcanap Kynpisaos!, Oner JIutsun', BikTopis €Bnam’
1 — Vkpaincora inowcenepno-neoazoeiuna akademis, Xapxie, Ykpaina
2 — Hayionanvhuil ynisepcumem xap4yoeux mexuonoziu, m. Kuis, Yxpaina
3 — Hepoicasnuil biomexnonociunuil ynisepcumem, Xapxie, Ykpaina

Beryn. Po3pobieHo 0araTOKOMIIOHEHTHY peELENTypy €HEpreTHYHHX OaTOHYHKIB
aHTHAHEMIYHOTO CHPSMYBAHHS 3 TIOKPAIIEHUMH CIIO)KUBHUMH BJIACTUBOCTSIMH.

Marepianu i MeTonu. Y 10ciiDkeHHI BUKOPUCTOBYBAJIN MOJIENIbHI CHCTEMH Ha OCHOBI
3epHa Ta TOpiXiB, CYyXO(PYKTIB, MeAy 1 II€THYHHX J00aBOK 3aiiza. XIMIUYHHH CKIaf
€HepreTUYHNX OATOHYMKIB aHAII3yBald METOJAMH KOJIOPUMETDIi, piuHHOI XpoMaTorpadii
Ta Ta30BOi XpoMaTomac-crieKTpoMmeTpii. MikpoOionoriune AOCTIKEHHs MPOBOAMIN 3a
3araJIbHONPUHAHATHMA MeTomukamMu. CEHCOpHUI aHalli3 MPOBOIMIN 3a Po3podiieHor 10-
0aJBHOIO IIKAJIOH.

Pesynbrati i obroopennsi. [omasanus 1,0-3,0% /I3 mo peuentypHoi cyminmi
301bIIyE BMICT 3ami3a B 1,27—1,29 pa3a; inmux Minepaiis — Ha 1,52+0,75%; BiTamiHiB — Ha
1,36+0,41%; 30omu — B 1,37-1,39 pasa; Ginka — B 1,16-1,18 pasa; ByrieBomiB — Ha
0,53+0,02%; xupy — Ha (3,40+0,02)%; mnokpamrye ctpyktypy — B (1,06-1,08) pasa,
moBepxHio — B 1,10-1,12 pa3a, xoHcucrenmiro — B 1,15-1,17 pasa, 3aranpHuii 6an — B
1,07 pa3a; 3HmKye Bojoroemict — B (1,12—1,14) pasa, aktusnicts Boau — B (1,13—1,15) pasa,
piBenb ocBiTienns, L*, — B 1,11 Ta 1,28 pasa BiAmoBiaHO; MOKa3HHK a* (CTymiHb
Mo4YepBOHIHHS) — B 6,78 Ta 8,56 pa3a BiNoBiHO; MOKa3HHUK b* (CTyIiHb )KOBTU3HK) — B 2,14
Ta 3,16 pa3iB BiANOBiAHO.

Homaranns 1,0-3,0% [[3]1 36inbmnye TBepaicTh Ha 5,6—6,0%; aare3uBHicTh — Ha 1,86—
2,76%; xoresiiiHicth — Ha (2,89-3,71)%; npyxnicts (cTilikicth) — Ha (1,54-2,30)%;
MMOKAa3HUK pO3KOBYBaHHSI — Ha 1,76-2,62% BIiONOBIIHO; 3MEHIIYE €ITACTHYHICTH Ha
1,86+0,21%. OnTumansHa macoBa yactka J13]1 — 3,0%.

[TpurniueHHss MiKpoOHOI KOHTaMiHamii MOBEPXHI MOCHIIHUX 3pa3KiB €HEPreTUYHHX
0aTOHUYMKIB BiIOYBa€eThcs IpH BBeAeHHI 3,0% IieTHYHOT 3aJ1i30BMICHOI JOOaBKH.

BucnoBku. Bucokuii ¢pyHKIiOHaIBHUI 1 TEXHONOTIYHME noteHian BAJ] 3amiza Haiae
MOJKJIMBICTh PEKOMEHIYBATH HOTO SK CTaOiIi3aTOp, CTPYKTYPOYTBOPIOBAY 1 MOKpAIlyBay
KOHJIUTEPCHKUX BUPOOIB.

KurouoBi cioBa: enepeemuunuit bamonuux, anmuanemivnutl, BAJ], sanizoemicruil.
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BioTrexHonoris, Mikpobionoris

MomnoyHokucai 6aKkTepii 151 CHHTEe3y HAHOYACTHHOK MeTaJiB

Haramnis 'peripuak, dap'ss Cunsscbka, MupocnaB XoHbKiB, Bikrop CtaOHiKOB
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Hanouactunku meraniB (HM) mmpoko BUKOPUCTOBYIOTHCS B PI3HUX TaITy3sX
HAyKOBOI Ta MPAKTHYHOI JisUTbHOCTI. BioreHH1 MeTaneBi HAHOYACTHHKY MIPUBEPTAIOTH yBary
CBOIMHU YHIKaJIbLHUMHU BJIACTHBOCTSIMH Ta BiTHOCHO HHM3BKOIO BapTICTIO BUPOOHHIITBA, a
MOJIOUHOKHUCITI OakTepii — sk iX 6100e3neyHi MPOIyIEHTH.

Martepianu i MeToau. Byino npoBeneHo aHai3 HAyKOBOI iH(OpMAIIiT 111010 010CHHTE3Y
MeTajJeBUX HAaHOYACTHHOK MOJIOYHOKHCIUMH OakTepisiMu Ta iX aHTUMIKpPOOHMX
BJIACTUBOCTEH.

PesynbraTi i o6roBopeHHsi. [ OiOCHHTE3y HAHOYACTHMHOK BaKIUBUM € BHUOIp
€KOJIOTIYHOr0 O10JIOTIYHOrO areHra; Coji MeTaly, IO CIyryBaTUMe IOIepeIHUKOM
OiocMHTE3y;  HETOKCHYHOIO MaTepialy sK ITOKPHBAaIOYOro areHTa s cralimizamii
CHHTE30BAaHMX HAHOYACTHHOK, (DaKToOpiB, IO 3a0e3NeuyioTh ONTHMajlbHI YMOBH iX
YTBOpEHHS, 30kpemMa pH, Temmneparypu, THCKY, TpPUBAJIOCTI NpOIECY, HASIBHOCTI
MepeMIlIyBaHHs, KOHIICHTpAIlil Oi0JOTIYHOrO arcHTa, KOHIIEHTpAIs COJi-IIONepeIHuKa,
CBiTJIA.

MornoyHokucni Oakrtepii Hamexars 10 Tpynu MikpoopraHizmiB RG1 (6iomoriuyno
Oe3meyHi) 3rizHo 3 JlupektrBoro €Bpornelicbkoro Coro3y, TOMy BOHH IIPHUBEPTAIOTH YBAry sIK
6i00e3meyHi MPOIYLEHTH PI3HUX METalIeBUX HAaHOYACTUHOK y BiTHOCHO HENOPOrOMY Ta
moctymHoMy —mpormeci  OiocunTesy HM. IlokasaHa MOXJIMBICTE — BHKOPUCTAHHS
MOJIOYHOKUCIIUX OakTepiii y ¢opmi OioMacH, KITHHHOTO Ji3aTy ab0 OC3KIITHHHOMY
cynepHatadty ((impTpaTy). Bei cuHTe30BaHI MeTajaeBi HAHOYACTUHKH BUSBJISIOTH BHCOKY
aHTUMIKpPOOHY aKTHBHICTh NMPOTH MATOr€HHUX INTaMiB OakTepii, IO Iy)Ke BayKIUBO VIS
MPaKTHYHOTO 3acTocyBanHss HM, 0coOIMBO B yMOBaxX IOLMIMPEHOTO SBUIA PE3UCTEHTHOCTI
MIKpOOPIaHi3MiB J0 aHTHOIOTHKIB. Tako) Ba)KJIUBO, IO HAHOYACTHHKH METAJIiB MAalOTh
HecnenudigHy 0akTepialbHy TOKCHYHICTD, 10 YCKIaIHIOE BHHUKHEHHS CTIMKHX ITaMIB JI0
ix pii. HaHouacTMHKM MeTamiB, IO CHHTE3YIOTHCS MOJIOYHOKHCIMMHU OaKTepisiMu,
epeKTUBHI MNpPOTH 0araTbOoX CTIHKMX JO aHTUOIOTHKIB ITaMiB OakTepild, 30KpeMa
Staphylococcus aureus, S. epidermidis, Streptococcus pyogenes, Klebsiella pneumoniae and
Salmonella typhi, a Takox npoTH TPUOIB 1 APLKIKIB. [loKa3aHO CTATHCTHYHO JOBEICHY
BiJICYTHICTh 3HAYHMX BiIMiHHOCTE! B 1HT10YIOUiH Ji HAHOYACTOK CPiOIa, M0 CHHTE3YIOThCS
MOJIOYHOKUCITUMH OaKTepisiMH, Ha TPAMIIO3UTHBHI Ta rpaMHEraTHBHI OakTepii.

BucnoBok. MonouyHokucni — OakTepii  MOXYTh  CIyryBaTH  0io0e3nedHUMHU
MPOAYIICHTAMH HAHOYACTUHOK PI3HMX METaliB, III0 MAalOTh CHIbHI aHTHMIKPOOHI
BJIACTHBOCTI.

Karwu4osi cioBa: monounokucia 6axmepis, HAHOUACMUHKA, MEMA, AHMUMIKDOOHULL.
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Instructions for authors

Dear colleagues!

The Editorial Board of scientific periodical
“Ukrainian Food Journal”
invites you for publication of your research results.

A manuscript should describe the research work that has not been published before and
is not under consideration for publication anywhere else. Submission of the manuscript
implies that its publication has been approved by all co-authors as well as by the responsible
authorities at the institute where the work has been carried out.

It is mandatory to include a covering letter to the editor which includes short
information about the subject of the research, its novelty and significance; state that all the
authors agree to submit this paper to Ukrainian Food Journal; that it is the original work of
the authors.

Manuscript requirements

Authors must prepare the manuscript according to the guide for authors. Editors reserve
the right to adjust the style to certain standards of uniformity.

Language — English

Manuscripts should be submitted in Word.

Use 1.0 spacing and 2 cm margins.

Use a normal font 14-point Times New Roman for text, tables, and sings on figures,

1.0 line intervals.

Present tables and figures in the text of manuscript.

Consult a recent issue of the journal for a style check.

Number all pages consecutively.

Abbreviations should be defined on first appearance in text and used consistently
thereafter. No abbreviation should be used in title and section headings.

Please submit math equations as editable text and not as images (It is recommend
software application MathType or Microsoft Equation Editor)

Minimal size of the article (without the Abstract and References) is 10 pages. For review
article is 25 pages (without the Abstract and References).
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Manuscript should include:

Title (should be concise and informative). Avoid abbreviations in it.

Authors’ information: the name(s) of the author(s); the affiliation(s) of the author(s),
city, country. One author has been designated as the corresponding author with e-mail
address. If available, the 16-digit ORCID of the author(s).

Declaration of interest

Author contributions

Abstract. The abstract should contain the following mandatory parts:

Introduction provides a rationale for the study (2-3 lines).

Materials and methods briefly describe the materials and methods used in the study
(3-5 lines).

Results and discussion describe the main findings (2026 lines).

Conclusion provides the main conclusions (2-3 lines).

The abstract should not contain any undefined abbreviations or references to the
articles.

Keywords. Immediately after the abstract provide 4 to 6 keywords.

Text of manuscript

References

Manuscripts should be divided into the following sections:

— Introduction

— Materials and methods
— Results and discussion
— Conclusions

— References

Introduction. Provide a background avoiding a detailed review of literature and declare
the aim of the present research. Identify unexplored questions, prove the relevance of the
topic. This should be not more than 1.5 pages.

Materials and methods. Describe sufficient details to allow an independent researcher
to repeat the work. Indicate the reference for methods that are already published and just
summarize them. Only new techniques need be described. Give description to modifications
of existing methods.

Results and discussion. Results should be presented clearly and concisely with tables
and/or figures, and the significance of the findings should be discussed with comparison with
existing in literature data.

Conclusions. The main conclusions should be drawn from results and be presented in
a short Conclusions section.

Acknowledgments(if necessary). Acknowledgments of people, grants, or funds should
be placed in a separate section. List here those persons who provided help during the research.
The names of funding organizations should be written in full.

Divide your article into sections and into subsections if necessary. Any subsection
should have a brief heading.

References
Please, check references carefully.
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The list of references should include works that are cited in the text and that have been
published or accepted for publication.

All references mentioned in the reference list are cited in the text, and vice versa.

Cite references in the text by name and year in parentheses. Some examples:

(Drobot, 2008); (Qi and Zhou, 2012); (Bolarinwa et al., 2019; Rabie et al., 2020; Sengev
et al., 2013).

Reference list should be alphabetized by the last name of the first author of each work.

If available, please always include DOIs links in the reference list.

Reference style

Journal article

Please follow this style and order: author's surname, initial(s), year of publication (in
brackets), paper title, journal title (in italic), volume number (issue), first and last page
numbers, DOL. e.g.:

Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of Food
and  Packaging Science, Technique and Technologies, 2(2), pp. 104-108,
https://doi.org/11.1016/22-33-85

Journal names should not be abbreviated.

Book
Deegan C. (2000), Financial Accounting Theory, McGraw-Hill Book Company,
Sydney.

Book chapter in an edited book

Fordyce F.M. (2013), Selenium deficiency and toxicity in the environment. In: O.
Selinus  (Ed.), Essentials of Medical Geology, Springer, pp. 375-416,
https://doi.org/10.14453/10.1007/978-94-007-4375-5 16

Online document
Mendeley J.A., Thomson, M., Coyne R.P. (2017), How and When to Reference,
Available at: https://www.howandwhentoreference.com

Conference paper

Arych M. (2018), Insurance's impact on food safety and food security, Resource and
Energy Saving Technologies of Production and Packing of Food Products as the Main
Fundamentals of Their Competitiveness: Proceedings of the 7th International Specialized
Scientific and Practical Conference, September 13, 2018, NUFT, Kyiv, pp. 52-57,
https://doi.org/11.1016/22-33-85

Figures

All figures should be made in graphic editor using a font Arial.

The font size on the figures and the text of the article should be the same.

Black and white graphic with no shading should be used.

The figure elements (lines, grid, and text) should be presented in black (not gray) colour.
Figure parts should be denoted by lowercase letters (a, b, etc.).

All figures are to be numbered using Arabic numerals.

Figures should be cited in text in consecutive numerical order.
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Place figure after its first mentioned in the text.

Figure captions begin with the term Figure in bold type, followed by the figure number,
also in bold type.

Each figure should have a caption describing what the figure depicts in bold type.

Supply all figures and EXCEL format files with graphs additionally as separate files.

Photos are not advisable to be used.

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s).

Tables

Number tables consecutively in accordance with their appearance in the text.

Place footnotes to tables below the table body and indicate them with superscript
lowercase letters.

Place table after its first mentioned in the text.

Ensure that the data presented in tables do not duplicate results described elsewhere in
the article.

Suggesting / excluding reviewers

Authors are welcome to suggest reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts.

When suggesting reviewers, authors should make sure they are totally independent and
not connected to the work in any way. When suggesting reviewers, the Corresponding Author
must provide an institutional email address for each suggested reviewer. Please note that the
Journal may not use the suggestions, but suggestions are appreciated and may help facilitate
the peer review process.

Submission
Email for all submissions and other inquiries:

ufj nuft@meta.ua
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IIIanoBHi KoJeru!

Penakuiiina xojeris Haykooro nepioguunoro Buaanusa «Ukrainian Food Journaly
sanporrye Bac 1o myOmikariii pe3yabTaTiB HAyKOBHX JOCIIIKCHb.

Bumorn 1o opopmiieHHs craTei

MosBa crareii — aHTJTIHiChKa.

Minimaneauii o0csr cratti — 10 cropinok dopmary A4 (6e3 BpaxyBaHHsS aHOTAINH i
CIHMCKY JIITEpaTypH).

Jls Bcix enementiB cratti mpudt — Times New Roman, xerns — 14, intepain — 1.

Bci monst cropinku — 1o 2 cm.

CtpykTypa cTaTTi:

1. VK.
2. Ha3Ba crarri.
3. ABrtopu craTtti (M’ Ta npi3BHIIE TOBHICTIO, pukiaz: Jennc O3epsHKo).
4. Yemanosa, 6 axiil sukonana poboma.
5. Anorarist. O00B’AI3K0Ba CTPYKTypa aHOTAIIIl:

— Bceryn (2-3 psakn).

— Marepianu Ta MeToau (10 5 psAKiB)

— PesynbraTn Ta 00roBOpeHHs (IiB CTOPIHKH).

— BucnoBku (2-3 psaakn).
6. Kirtouosi ciioBa (3—5 ciiB, ajie He CIIOBOCIIONTYYEHbD).

IIyHkTH 2—6 BUKOHATH aHIVIiHCHKOIO | YKPaiHCHKOI0 MOBAMM.

7. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
— Beryn
— Marepianu Ta MeTOIU
— PesynbraTn T2 0OrOBOpEHHS
— BucHoBKH
— Jlitepatypa.
3a HeoOXiHOCTI MOXKHA JIOAABATH iHIII PO3/iIM Ta PO30MBATH IX Ha IiIPO3ALIH.

8. ABtopcbka nosinka (IIpi3Buine, iM’st Ta 0 OaTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi aHi aBTOpa, 10 AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYpHAITY.

PucyHkn BHUKOHYIOTbCA sikicHO. CKaHOBaHI PUCYHKM HE IpuiiMaroThes. Po3mip TekcTy Ha
PHUCYHKax MOBHHEH Oyt cniBpo3mipHuM (!) Tekcry crarti. @oTorpadii MojkHa BUKOPHCTOBYBATH
JIMIIIE 32 iX 3HAYHOI HAYKOBOI HiHHOCTI.

®oH rpadikis, miarpam — nuie 6inuit. Komip enemenTiB pucyHky (iHii, ciTka, TEKCT) — YOpHHI
(ue cipuii).

Pucynxu ta rpadiku EXCEL 3 rpadikamMu 101aTKOBO HOJAIOTHCA B OKpeMHX (aiiax.

CkopoueHi Ha3Bu (DI3MYHUX BEJUYMH B TEKCTI Ta Ha rpadikax INO3HAYAIOTHCA JATHMHCHKUMU
niTepamu BianoBinHo 1o cucremu CL

V cnucky JiTepaTypy HOBHHHI II€peBaXkaTH aHIVIOMOBHI CTaTTi Ta MoHOrpadii, siki omy0IikoBaHi
micyst 2010 poky.

—— Ukrainian Food Journal. 2023. Volume 12. Issue 4

637



OdopmiieHHSI IUTAT Y TEKCTI CTATTI:

Kiabkicts aBTOpiB cTatTi | IIpMKiag nuTYBaHHA Yy TeKCTi
1 aBTOp (Arych, 2019)
2 aBTOpa (Kuievda and Bront, 2020)
3 i OiblIe aBTOPIB (Bazopol et al., 2022)

Mpuxaax Tekcry i3 muryBanusaMm: It is known (Arych, 2019; Bazopol et al., 2022), the
product yield depends on temperature, but, there are some exceptions (Kuievda and Bront,
2020).

VY uuTyBaHHAX HEOOXIJHO BKa3yBaTH OJHE XKEPENO, 3BIJKH B3TO 1H()OPMAIIiIO.

CIHUCOK JIiTepaTypu COPTYETHCS 3a andaBiToM, JTiTepaTypHi JpKepesa He HyMEpYIOThCSL.

IIpaBuna odgopmiieHHS CHUCKY JiTepaTypH

B Ukrainian Food JournalB3sito 3a OCHOBY 3araJlbHONPHIHSTE B CBITI CIIpOIIEHE
oopMIIEHHST CITUCKY JiTepaTypu 3rimHo cranmapty Garvard. Bci emeMeHTH mocHiIaHHS
PO3ALIAIOTHCS JIMIIE KOMAMHM.

1. ITocunaHHs HA CTATTIO:

ABTopu A.A. (pixk Buganusi), Hasa crarri, Hazea scypuany (kypcueom), Tom
(uomep), cropinku, DOI.

[HiIiany MUITYThCS TICIS HPi3BHIIA.

Bci efleMeHTH MOCUITAHHS PO3IIISAIOTECS KOMaMHU.

[puxnan:

Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)

green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of

Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108,

https://doi.org/5533.935-3.

2. ITocujiaHHAL HA KHUTY:

ABTopu (pik), Hazea knuzu (kypcueom), Bunapuuurso, Micro.

[HiIany MUITYThCS TICIS HPi3BHIIA.

Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.

[puxnan:

Deegan C. (2000), Financial Accounting Theory, McGraw-Hill Book Company,
Sydney.

3. IlocuyanHs HA PO3Aina y peJaroBaHii KHuU3i:

Astopu (pik), Ha3ea rnaBu, In: Penakropu, Hazea knueu (kypcusom), BugaBHUNITBO,
MicTo, CTOpIHKH.

[puxnan:

Fordyce F.M. (2013), Selenium deficiency and toxicity in the environment. In: O.
Selinus  (Ed.), Essentials of Medical Geology, Springer, pp. 375416,
https://doi.org/10.14453/10.1007/978-94-007-4375-5_16
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4. Te3u nonoBineii koHpepeHii:

Arych M. (2018), Insurance's impact on food safety and food security, Resource and
Energy Saving Technologies of Production and Packing of Food Products as the Main
Fundamentals of Their Competitiveness: Proceedings of the 7th International Specialized
Scientific and Practical Conference, September 13, 2018, NUFT, Kyiv, pp. 52-57,
https://doi.org/5533.935-3.

5. locuaHHs HA eJIEKTPOHHUIA pecypc:

BukoHyeTbCSl aHAJNOTIYHO MOCWIAHHIO Ha KHHUTY abo cratTio. Ilicist odopmieHHs
JIAaHUX Tpo MyOIiKamito NUIryTsest cnoBa Available at: ta BkasyeTbes enekTpoHHa anpeca.

[puxnan:

Cheung T. (2011), World's 50 most delicious drinks, Available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

Criucok JiTepatypu 0 OPMITIOETCS JIHIIIE IATHHHUIICIO. EleMeHTH CIIICKY YKPATHCHKOTO
Ta POCIHCHKOI0O MOBOI TOTPIOHO TpaHcHiTepyBaTH. [Jis TpaHCmiTepalii 3 yKpaiHCHKOIO
MOBH BUKOPHCTOBYETHCS TACMIOPTHHUIN CTAHAAPT.

3py4Huii caliT IuIs TpaHcIiTepalii 3 ykpaiHchkoi MoBu: http:/translit.kh.ua/#lat/passport

CTaTTd HAICHJIAETHCS 32 eJICKTPOHHOIO a[IPecolo:
ufj_nuft@meta.ua
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YK 663/664

Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi cTaTTi, KOPOTKi
ITOB1IOMJICHHS, OTJIAZOBI CTaTTi, HOBUHHU Ta OTJISIH JIITEPATYPH.

Tematuka nmyouaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis [poriecu Ta 00aTHAHHS

XapuoBa XiMis HanorexHosorii

Mikpobiosnoris ExoHomika Ta yrnpaBiiHHs

@i3MyHI BJIaCTUBOCTI Xap4OBHX MPOAYKTIB  ABTOMATH3allisl POIIECIB

SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB YnakoBKa Juisi Xap4OBHX MPOITYKTIB

IepiognunicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

Pe3yibraTi qOCIiIKeHb, IPEICTABIIEH] B )KypHAai, TIOBUHHI OyTH HOBUMH, MaTH YiTKU
3BSI30K 3 Xap4yOBOIO HAYKOI 1 TPECTaBISATH IHTEpeC s MiKHAPOAHOTO HAayKOBOT'O
CITIBTOBAPHCTRA.

Ukrainian Food Journal iHmekcyeTbcs HAyKOMETPHYHHUMH Oa3aMHu:

Index Copernicus (2012)

EBSCO (2013)

Google Scholar (2013)

UlrichsWeb (2013)

CABI full text (2014)

Online Library of University of Southern Denmark (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH
PLUS) (2014)

Directory of Open Access Journals (DOAJ) (2015)

InfoBase Index (2015)

Chemical Abstracts Service Source Index (CASSI) (2016)
FSTA (Food Science and Technology Abstracts) (2018)

Web of Science (Emerging Sourses Citaton Index) (2018)
Scopus (2022)

Peuensis pykonucy crarri. Marepianu, npencrasiesi i myoinikyBaHHs B «Ukrainian
Food Journal», npoxomste «IloasiiiHe citinie peleH3yBaHHM) JBOMAa BYCHHMH, IPU3HAYCHUMHU
PEeNaKLiHOIO KOJIETIEI0: O/IMH € YJICHOM PEJIKOJIErii 1 OAMH He3aJIeKHUIN YUeHHH.

ABTOpCBKe NPaBo. ABTOPU CTaTel rapaHTYIOTh, IO poOOTa HE € MOPYLIEHHAM OyIb-sIKUX
aBTOPCHKMX IpaB, Ta BIJUIKOAOBYIOTh BHIABLIO MOPYLIEHHS JaHoi rapanTii. OmyOnikoBaHi
Matepianu € npasoBoro BiacHicTio BunasLs «Ukrainian Food Journal», sikino He y3romkeHo

1HIIIE.

JeranbHa ingopmanis npo ’KypHau, iHcTpykuii aBTOpaM, NPpUKJIaan 0()OpMJIEHHS

640

CTATTi Ta aHOTalili po3MileHi Ha caliTi:

http://ufj.nuft.edu.ua
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PenakuiiHa koneris
T'onoBHUIT pexakTop:
Ounena CraduikoBa, 1-p., HayionanvHuil ynisepcumem xapiosux mexnonozit, Yxpaina
YuieHn MikHApOIHOI peaKuiifHOl Koserii:

Arorta I'enpe Paiimene, 1-p., Jlumoscokuti incmumym azpapnoi exonomixu, Jlumea

B. I. Bepnaocvxozo HAH Vkpainu

bao Txu Byponr, n-p., Yuisepcumem Mexoney, B'emnam

BikTop CrabuikoB, n.T.H., ipod., Hayionarvnuil yHisepcumem Xapuoux MeEXHONO02Il,
Yrpaina

Toxein . Hmocci, npodecop, Memopianvnuii ynieepcumem Xybepma Katipyxi, Hap-ec-
Canam, Tanzanis

Hopa Mapinosa, npodecop, Yuisepcumem Kepmina, Ascmpanis

Eron IHimnep, 1-p, npodecop, Jepocasnuii ynisepcumem Ionma I poccu, bpaszunis
Eiipin Mapi Ckiionnan bap, n-p., npodecop, Hopeeszvkuil ynieepcumem HayKu i mexuixu,
Tponxetim, Hopgezis

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kipcren Bpanar, npodecopp, Vrisepcumem Hovroxacaa, Benuxobpumanis

Kpicrina Jlyiza Mipanga Cinea, n-p., npodecop, [lopmyeanscokuii KamoauybKuil
yrigsepcumem — biomexnonoziunuil konedc, Illopmyeanis

Kpicrina IlomoBuy, 0-p., nouent, Texuiyvnuil ynieepcumem Monoosu

Jeniseana Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepianou
Mapis C. Tamia, npodecop, [lenmpanvruii ynieepcumem Benecyenu, Kapakac, Benecyena
Moiizec Bypauuk, 1-p., Incmumym cinbcokococnooapcevkoi Oiomexwnonoeii  Iloxanio
(INDEAR), Ilokanio, Apeenmuna

Mapk lamusig, 1-p., A01eHT, YopHomopcvka acoyiayis 3 Xapuoeoi HayKu ma mexHoao2ii,
Pymynia

Hyp 3adipa Hyp Xacuan, noktop ¢inocodii, Yuisepcumem Ilympa Manausii, Cenaneop,
Manaiizis

Oxrtagio I[lapenec Jlonec, 1-p., ipod, [{enmp nepcnexmuenux oocuioxcenv Hayionanwnozo
noximexuiuno2o incmumymy, Mexcuxa.

Ounexcanap llleBuenxo, 1.1.H., npod., Hayionanvruil yrigepcumem xapuo8ux mexHono2ii,
Yrpaina

Pana Mycrada, n-p., [nobanvhuti incmumym npodosonvuoi Oesnexu, Yruieepcumem
Cackauesana, Kanaoa

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna

Const AMapei, 1-p., npog, Vuieepcumem «Illmeghan uen Mapey, Cyuasa, Pymynis
Cranka [lam'siHOBa, 1.T.H., nipod., Pycencokuii yuisepcumem «Aneen Kamnuee», ¢hinis
Pasepao, Boneapis

Credan Credanos, 1.1.H., npod., Vuieepcumem xapuosux mexnonozii, boreapis

Tersana Iupor, 1.17.H., npod., Hayionanvruil yrieepcumem xapuosux mexHonoeiu, Yxpaina
Ywmesypyiike Jlinye Omapa, npodecop, Cmennenbowcvkuti ynisepcumem, KetnmayH,
Ilisoenna Agpura
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Hleitna Kinonsi, Yuiseepcumem Kapamina, Kenis

KOunist 3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
KOn-Xga Ierri Xci, 1-p, npodecop, Yuisepcumem @aopuou, CILIA

FOpiii Binan, 1-p., npod., Yuisepcumem Tomawa Bami 6 3nini, Yexis

SAcmina Jlykinak, n.1.1., mpodecop, Yuieepcumem Ociexa, Xopsamis

Scmina Jlykinak, n-p, npod., Ociexcoruil yrigepcumem, Xopeamisi.

YuieHn pegakuiiHoi KoJierii:

Arorta I'enpe Paiimene, 1-p., Jlumoscokuti incmumym azpapnoi exonomixu, Jlumea

bao Txu Byponr, n-p., Yuisepcumem Mexoney, B'emnam

Banepiiit MupoHuyk, 1I-p. TexH. Hayk, npod., Hayionanvhuil yHisepcumem Xapuosux
mexuonozil, Ykpaina

BikTop CrabuikoB, n.T.H., mipod., Hayionarvnuil yHisepcumem Xapuoux MeEXHON02il,
Yxpaina

Bosomumup Komo6aca, 1-p. TexH. Hayk, npod., Hayionanvhuii yHigepcumem Xapuosux
mexuonozil, Ykpaina

lanuna CimaxiHa, 10-p. TexH. Hayk, npod., Hayionamwnuil ynigepcumem Xapuosux
mexuonozil, Ykpaina

Toxein . Hmocci, npodecop, Memopianvnuii ynieepcumem Xybepma Katipyxi, Hap-ec-
Canam, Tanzanis

Hopa Mapinosa, npodecop, Yuisepcumem Kepmina, Ascmpanis

Eron Himnep, 1-p, npodecop, Jepocasnuii ynisepcumem Ionma I poccu, bpaszunis
Eiipin Mapi Ckiionnan bap, n-p., npodecop, Hopeesvkuil ynieepcumem HayKu i mexuixu,
Tponxetim, Hopgezis

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcxi”, Boneapis
Kipcren Bpanar, npodecopp, Vrisepcumem Hovroxacaa, Benuxobpumanis

Kpictrina Jlyiza Mipanga CinBa, n-p., npodecop, [lopmyeanscokuii KamoauybKuil
yrigepcumem — biomexnonoziunuil konedc, Illopmyeanis

Kpicrina IlomoBuy, n-p., nouent, Texuiynuii ynieepcumem Monoosu

Jlama Illepinsin, n-p. ekoH. Hayk, mpodecop., Hayionanvhuil yHieepcumem Xapuoeux
mexuonozil, Ykpaina

Jeniseana Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepianou
Mapis C. Tamia, npodecop, [{enmpanvnuii ynieepcumem Benecyenu, Kapaxac, Benecyena
Moiizec Bypauuk, 1-p., lncmumym cinbcokococnooapcevkoi  Oiomexwnonoeii  Iloxkanio
(INDEAR), Ilokanio, Apeenmuna

Mapk lamusig, 1-p., A01eHT, YopHomopcvka acoyiayis 3 Xapuoeoi HayKu ma mexHoao2ii,
Pymynia

Hyp 3adipa Hyp Xacuan, noktop ¢inocodii, Yuisepcumem Ilympa Manausii, Cenaneop,
Manaiizis

Oxragio I[lapenec Jlonec, 1-p., npod, [{enmp nepcnexmuenux oocuioxcenv Hayionanvnozo
noximexuiunoco incmumymy, Mexcuxa.

Ounexcannp llleBuenxko, 1.1.H., npod., Hayionanvruil yrigepcumem xapuo8ux mexHono2ii,
Yrpaina

Oabra Pubak, kaHa. TeXH. HayK, JOI., TepHONinbCbKull HAYIOHATLHUL MEeXHIUHUL
yuiepecumem imeni leana Ilymos, Yipaina

Pana Mycrada, n-p., [nobanvhuti incmumym npodosonvuoi Oesnexu, Yuieepcumem
Cackauesana, Kanaoa

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna
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Const AMapei, 1-p., npog, Vuieepcumem «Illmeghan wen Mapey, Cyuaea, Pymynis
Cranka [lam'siHOBa, 1.T.H., nipod., Pycencokuii yuisepcumem «Aneen Kamnuee», ¢hinis
Pasepao, Boneapis

Credan Credanos, 1.1.H., npod., Vuieepcumem xapuosux mexnonozii, boreapis

Tersana Iupor, 1.17.H., npod., Hayionanvruil yrieepcumem xapuosux mexnHonoeit, Yxpaina
Tersina IMupor, 1-p. 6ioxn. Hayk, npod., Hayionarenuil ynisepcumem xapyosux mexHono2i,
Yrpaina

Ywmesypyiike Jlinye Omapa, npodecop, Cmennenbowcvkuti ynisepcumem, KetnmayH,
Ilisoenna Agpura

Ileitna Kinonsi, Yuiseepcumem Kapamina, Kenisn

KOunist 3536K0, 1-p. XIM. HAYK, C.H.C., [HCITRUmym 3a2aibHoi ma Heopeaniunoi Ximii imeni B.
1. Bepnaocvkoco HAH Yxpainu

KOn-Xga Ierri Xci, 1-p, npodecop, Yuisepcumem @aopuou, CILIA

Scmina Jlykinak, n-p, npod., Ociexcoruil yrigepcumem, Xopeamisi.

Ounexciit I'ydensi (BiAmoBimanpbHHUI CEKpeTap), KaHI. TEXH. HayK, NOW., Hayionanvruii
VHigepcumem xap1oeux mexnonozil, Yxpaina.
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