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Introduction. It was reviewed the results of scientific
studies on the presence of non-enzymatic browning
compounds in bakery products, the mechanism and factors
influencing their formation, as well as the prediction and
control of the development of browning in baked goods using
mathematical modelling.

Materials and methods. Analytical studies on the
mechanism of browning on the surface of bakery products and
the prediction and control of the development of browning in
bakery products using mathematical modelling based on
already available research articles.

Results and discussion. The formation of colour in
bakery products during the baking phase is commonly known
as browning. The brown colour on the surface of bakery
products comes from melanoidins (an insoluble brown
pigment) and caramel, which are products of non-enzymatic
browning reactions (Maillard reactions and caramelization).
These reactions can also form undesirable products with
potentially mutagenic effects (acrylamide,
hydroxymethylfurfural and furfural), resulting in a loss of
nutritional value of the product. The change in the colour of
the surface of the product is considered an essential parameter
for determining the end of the baking process of bakery
products. Efforts should be made to develop a fast,
inexpensive, automated, reasonable and objective method to
track colour change during baking. The development of a
mathematical model of browning is essential to predict and
control this phenomena during baking as a function of
operating conditions and the product recipe. Kinetic models
for the colour change of bakery products are divided into two
groups. The first group consists of kinetic models of colour
change where the independent variable is time. This group
includes kinetic models of zero, first and second order
reactions and the exponential empirical model. The second
group consists of kinetic models of colour change where the
independent variable is mass loss.

Conclusion. Since browning affects the overall quality of
food and leads to changes in sensory and nutritional properties
(reduction in bioavailability of proteins and amino acids,
formation of acrylamide, hydroxymethylfurfural, and
formation of substances with antioxidant activity), it is a topic
of great interest to food technologists.
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Introduction

Bakery products include foods whose main ingredient is flour and which undergo a
baking process, such as bread, various pastries, cakes, crackers, pies, croissants, and many
other products. The external appearance is the first characteristic of the quality of bakery
products that the consumer perceives. Controlling the development of colour on the surface
of bakery products directly affects their acceptance or rejection by consumers. The formation
of colour on the surface of bakery products during baking is considered a desirable
characteristic and is the result of non-enzymatic browning reactions (Hodge, 1953). By
monitoring and controlling these reactions, it is possible to influence the desired colour of
the final product.

The brown colour on the surface of bakery products comes from melanoidins (an
insoluble brown pigment) and caramel, which are products of non-enzymatic browning
reactions (Maillard reactions and caramelization). These reactions can also form undesirable
products with potentially mutagenic effects (acrylamide (AA), hydroxymethylfurfural
(HMF) and furfural), resulting in a loss of nutritional value of the product.

During baking of bakery products, a crust is formed and the change in the initial colour
of the crust starts with the appearance of light yellow dextrins when a temperature of 110 to
120 °C is reached on the surface of the product (Wahlby and Skjoldebrand, 2002). A further
increase in temperature leads to the formation of products of the Maillard reaction and
caramelization (melanoidins and caramel) and then to the combustion of the products and the
formation of a black porous mass. The speed of colour development on the surface of bakery
products depends on the process conditions such as temperature and baking time. However,
apart from the process conditions, colour development is also influenced by the amount of
water, water activity, pH, amount of reducing sugars, etc.

Numerous researchers have developed various direct and indirect methods for
measuring colour on the product surface. Direct methods aim at quantitative monitoring of
the products of Maillard reactions and caramelization (AA, HMF and furfural) (Ramirez-
Jimenez et al., 2000). While indirect methods are based on the principle of measuring the
amount of light reflected from the surface of the analysed sample using devices such as
colorimeter, chromameter (Gokmen et al, 2008a-b; Purlis and Salvadori, 2007), and a
computer image analysis system (Brosnan and Sun, 2004, Du and Sun, 2004, 2005; Shahin
and Symons, 2001).

All reactions proceed at a certain rate, which depends primarily on the temperature and
concentration of the reacting substances. The rate of chemical reactions (chemical kinetics)
is an area of interest for many scientists (Montgomery and Runger, 2003; Purlis and
Salvadori, 2007, 2009a-c; Purlis 2010, 2011; van Boekel, 2008), whose research is related to
the colour change of bakery products during baking (kinetic modelling). Furthermore, a good
understanding of the kinetics of non-enzymatic browning reactions can inform how to
improve the food product, preserve existing nutritional components during processing or
minimise the occurrence of undesirable degradative changes. Therefore, the purpose of
developing mathematical models is often to predict the behaviour of food ingredients during
processing and storage and to optimise the process to obtain the highest quality product.

Considering that the external appearance is the most striking feature of the quality of
bakery products, monitoring the kinetics of colour change during baking is important for
optimising the quality of the final product. Good management of all processes in the
production and distribution chain in the market leads to high quality food that is safe for the
health of consumers. Among other things, it is necessary to prevent non-enzymatic browning
reactions to reduce colour and flavour changes when these changes have a negative impact
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on the quality of the final product. Changes caused by non-enzymatic browning may be
desirable in some cases when a specific flavour is to be achieved during a thermal treatment
such as baking, roasting or drying. Enzymatic browning reactions can contribute to the
general acceptability of foods such as tea, coffee, cocoa and dried fruits. Despite much
research on non-enzymatic browning, with a focus on Maillard reactions, the means to
control these reactions during processing are not yet fully understood.

The change in the colour of the surface of the product is considered an essential
parameter for determining the end of the baking process of bakery products. The development
of a mathematical model of browning is essential to predict and control this phenomenon
during baking as a function of operating conditions and the product recipe. Kinetic models
for the colour change of bakery products are divided into two groups. The first group consists
of kinetic models of colour change where the independent variable is time. This group
includes kinetic models of zero, firstand second order reactions and the exponential empirical
model (Pedreschi et al., 2006; van Boekel, 2008). The second group consists of kinetic
models of colour change where the independent variable is mass loss (Purlis and Salvadori,
2007).

The aim of this article is to present, based on the available literature, the results of
scientific studies on the presence of non-enzymatic browning products in bakery products,
the mechanism of their formation and the factors influencing their formation, as well as the
prediction and control of the development of browning in bakery products using
mathematical modelling.

Materials and methods

The review is based on already available research articles on the presence of non-
enzymatic browning products in bakery products, the mechanism of their formation and the
factors influencing their formation, as well as on the use of kinetic models of browning,
which are essential for predicting and controlling this phenomenon during baking depending
on the operating conditions and product formulation.

Literature referenced in this review article was obtained from bibliographic information
in Google Scholar, Web of Science, Science Direct, Scopus, Springer Link, EBSCO host,
Wiley online library, PubMed, DOAB (directory of open access books), Ovid SP database
and CAB abstracts.

Results and discussion
Changes in bakery products during heat treatment

Products in which flour is the main ingredient and which undergo a baking process are
called bakery products. Bakery products include bread, pastries, croissants, pies, cookies,
cakes, and many other products, all of which differ in their composition and production
methods. Baking is a heat treatment process in which heat is applied directly to the food and
temperatures of up to 260 °C are reached. Due to the high temperatures used in baking and
the low moisture content, the heat treatment of bakery products triggers a series of chemical
reactions between food ingredients that affect the quality of the final product. The
consequences of these chemical reactions are mainly improvements in the textural and
organoleptic properties of the food. However, undesirable consequences may also occur, such
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as the natural formation of potentially toxic products, which may also affect the final taste
and appearance of the food. Baking can be defined as a process that transforms a base of flour
and water or a dough into a food product with unique sensory characteristics. Therefore, the
appearance and the colour of the surface of bakery products in general are very important
quality parameters on which the consumer's decision to accept the product depends, as it is
related to the taste and the degree of satisfaction (Pedreschi et al., 2006). As for the quality
of bakery products, although the typical characteristics depend on the product itself, the
surface colour, together with texture and taste, is the most important characteristic for
consumer preference, so they can be used to evaluate the baking result (Abdullah, 2008). In
addition, legal regulations may also set certain parameters for this aspect. For example, in
Argentina, bread crust must have a uniform golden yellow colour (ANMAT, 2004).
Therefore, understanding the evolution of colour on the product surface is a very important
factor for the bakery industry.

Chemical processes that influence the colour development of bakery products

Baking is a complex process that involves a number of physical, chemical, and
biological changes, such as water evaporation, creation of porous structures, volume
expansion, denaturation of proteins, gelatinization of starch, crust formation, and others
(Mondal and Datta, 2008). The consequence of the above changes is the development of
certain characteristics of bakery products — colour, shape, size and texture, where the colour
of the product surface has a significant impact on the evaluation of the quality of the food
itself. During baking, a brown colour develops on the surface of bakery products, which is
the result of non-enzymatic chemical reactions of the colorants present (Purlis, 2010).

Non-enzymatic browning reactions include several types of reactions: dehydration,
degradation, fragmentation, condensation, and polymerization, whose chemistry and kinetics
are complex. In many cases, hon-enzymatic browning is a negative phenomenon that leads
not only to a change in colour, but also to other changes such as the degradation of food
components (amino acids, ascorbic acid), a decrease in protein digestibility and, in some
cases, the formation of toxic compounds. Non-enzymatic browning involves a whole series
of reactions that lead to the formation of brown pigments. However, non-enzymatic browning
is not always a negative phenomenon, and work is often done to create the conditions for its
occurrence. Non-enzymatic browning products are compounds with a certain colour and
flavour, which in some cases are desirable and very important for consumer acceptance of
some products (bakery products, roasted meat, roasted coffee, French fries, etc.).

When non-enzymatic browning reactions occur without the presence of nitrogen
compounds, these reactions are called caramelization reactions, and when they occur in the
presence of nitrogen compounds, they are called carbonyl-amine reactions or Maillard
reactions. Maillard reactions and caramelization reactions are the main processes involved in
the colouration of bakery products (Capuano et al., 2008).

The brown products of Maillard reactions, melanoidins, are formed when reducing
sugars and amino acids, proteins, and/or other nitrogenous compounds are heated at specific
temperatures. The process of caramelization involves complex groups of reactions that result
from the direct heating of carbohydrates, particularly sucrose and reducing sugars (Bemiller
et al., 1996). Maillard reactions occur under conditions corresponding to an average moisture
content, a temperature above 50 °C, and a pH between 4 and 7 (Kroh, 1994).
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Caramelization and Maillard reaction

Caramelization, which depends on direct degradation of sugar, requires stronger
conditions, such as temperatures above 120 °C, pH between 3 and 9, and low water activity
(Kroh, 1994). During baking, starch and sucrose can be hydrolysed to reduce sugars, which
can then participate in both reactions, usually allowing the Maillard reaction and the
caramelization reaction to occur simultaneously (Villota and Hawkes, 2007). In
caramelization reactions in many cases, although not necessarily, sugars are the main
reactants. These reactions involve the conversion and degradation of sugars without the
presence of amino compounds. The process of caramelization includes the following
reactions: enolization, isomerization, dehydration, fragmentation and polymerization,
forming light yellow to black pigments. During caramelization of sucrose at 200 °C, three
endothermic processes were observed:

- After melting of sucrose, foaming of the mass begins and there is a loss of one

molecule of water per molecule of sucrose, resulting in the formation of isosucrose.

- Further heating with loss of mass produces caramel (CasHssO1s). The isolated

caramel dissolves in water and ethyl alcohol and has a bitter taste.

- The third stage occurs after foaming, with prolonged heating, and the caramel

pigment is formed.

Further heating of sucrose leads to the formation of humin, i.e. caramelin, a dark
substance with high molecular weight. The mechanism of caramel pigment formation
involves a polymerization reaction that produces coloured polymers with high molecular
mass, in which the number of C atoms increases in proportion to the degree of dehydration,
i.e. the temperature and duration of their exposure. In systems subject to caramelization
reactions, this leads to further parallel reactions with a very complex mechanism and to the
formation of red, brown and dark brown pigments of different composition and properties,
which differ significantly from Aldo-caramel in structure, composition and properties
(Nursten, 2005).

Maillard reactions are named after the French chemist Louis-Camille Maillard, who
was the first to describe the changes in flavour and colour when reducing sugars are heated
with amino acids (Nursten, 2005). These reactions are of great importance in food technology
and chemistry, as well as in medicine and nutrition (Tomasik, 2004). Maillard reactions are
one of the main reactions that cause protein degradation during food processing and storage.
They can also cause other undesirable nutritional changes, such as loss of essential amino
acids (lysine, arginine, cysteine, and methionine) or reduction of protein digestibility and
amino acid availability or changes in flavour. The whole process of forming Maillard reaction
products can be divided into three main stages depending on the colour formation (Figure 1).
In the first stage, sugars and amino acids condense, and after condensation, the Amadori
rearrangement and 1-amino-1deoxy-2-ketose are formed. In the second stage, the product
may be slightly yellow or colourless, and dehydration and fragmentation of the sugar
molecules occur. Amino acids are also broken down at this stage. In this intermediate stage,
HMF cleavage products such as pyruvaldehyde and diacetyl are formed. In the last stage,
aldol condensation takes place and finally the heterocyclic nitrogenous compounds, the
melanoidins, which are strongly coloured, are formed (Nursten, 2005).
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Figure 1. The process of Maillard reaction products formation

The Maillard reaction is the main reaction for colour formation. The formation of
melanoidins by the Maillard reaction follows a zero order kinetic (Bates et al. 1998; Martins
and van Boekel, 2003; Morales and van Boekel, 1998). The formation of melanoidins in
biscuits is faster than in bread. The low water content and small size cause the water to
evaporate quickly and the product to dry out faster. The nature of these reactions and the
nature of the resulting products are influenced by the properties of the medium itself, more
specifically the food (e.g. water activity, pH, chemical composition of the food, temperature).
The type of reducing sugar is also very important, for example, pentoses react much faster
than hexoses, monosaccharides faster than disaccharides (Tomasik, 2004; Hui et al., 2006).

222 —— Ukrainian Food Journal. 2022. Volume 11. Issue 2



—— Food Technology ——

Because of the chemical characteristics (i.e., reactants and products) of the Maillard and
caramelization reactions, the importance of colour development during roasting is not only
related to sensory characteristics such as the formation of a desirable hue and flavour, but
also to changes in nutrient composition. In this sense, Maillard reactions affect the content
and bioavailability of amino acids and proteins (Morales et al., 2007), which is associated
with the formation of harmful compounds such as AA and HMF (Stadler et al., 2016). The
formation of AA begins with the condensation of reducing sugars and the amino acid
asparagine in the first stage of Maillard reactions (De Vleeschouwer et al., 2009). The
formation of AA correlates strongly with the temperature and duration of the baking process,
the amount of asparagine and reducing sugars, and starts at a temperature of 120 — 130 °C
(Ahrné et al., 2007). The formation of AA is also related to the development of surface colour
of bakery products (Gokmen et al., 2008a, b; Mesias and Morales, 2016).

Factors influencing the non-enzymatic browning reaction of bakery products

Important parameters in non-enzymatic browning reactions are temperature, pH of the
environment, water activity, type and concentration of reactants, reaction time and water
content. Depending on these factors, the reaction proceeds with different qualitative changes
and at different rates.

The temperature dependence of the reaction is often expressed by the activation
energy. Activation energy data for Maillard reactions range from 10-160 KJ/mol, depending
on which effect of which reaction was measured. The activation energy is highly dependent
on pH and reactant structure, making it difficult to isolate the effect of temperature as an
independent variable. For all model systems, the rate of browning, as measured by colour
development, increases two- to threefold for every 10 °C increase in temperature. As
temperature increases, compounds are formed that may participate in or inhibit browning
reactions. Sucrose is inert at relatively low temperatures, but when reaction conditions are
suitable for its hydrolysis to glucose and fructose, the newly formed compounds are readily
involved in caramelization reactions or in the carbonyl-amine reaction. Amino acids catalyse
the reaction of sucrose at neutral pH, while formaldehyde formed by the Strecker degradation
of glycine can effectively block the involvement of unreacted glycine or other amino acids
in the non-enzymatic browning reaction.

Changing the pH of a model system results in qualitatively different browning
reactions. The browning reactions show a decrease in reaction rate at low pH values, i.e., pH
values with optimal stability of the reducing sugars present. The browning reactions
themselves affect pH, making it difficult to assess the effect of pH on the overall system.
Tests have shown that browning in aqueous solutions is a consequence of caramelization,
while in the almost dry state of the reactants or at alkaline pH values, the Maillard reactions
predominate.

Water and concentration of reactants (sugar and protein) — water catalyses the
enolization of reducing sugars and the enol forms readily undergo fragmentation and
dehydration reactions. At the beginning of the carbonyl-amine reaction, an aldose or ketose
sugar reacts with a primary or secondary amine or amino acid to form a glycosylamine, and
the reaction is reversible. The influence of water content is important for glycosylamine yield.
At low water content, there is a significant accumulation of these compounds, which is why
non-enzymatic browning of carbonylamine is pronounced in dehydrated and concentrated
foods.
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Mathematical model for browning of bakery products during baking
Determining the colour of bakery products

The first step in predicting and controlling the development of browning is its
quantification. Numerous researchers have developed various methods to determine the
colour on the surface of bakery products. Generally, methods can be classified in:

— Direct (chemical, objective) methods,

— Indirect (sensory, subjective) methods.

Direct methods aim at the quantitative monitoring of the products of Maillard reactions
and caramelization (AA, HMF and furfural) (Ramirez-Jimenez, 2000), while indirect
methods are based on the principle of measuring the amount of light reflected from the
surface of the analysed sample with different measuring devices. Many different devices for
indirect colour determination are available on the market. Most of them are designed in such
a way that the colour determination is done by direct contact between the instrument and the
sample. Instruments for indirect colour determination that are frequently used in practise are:
Colourimeter, Chromameter, Spectrophotometer, Densiometer (Gokmen et al., 2008a; Purlis
and Salvadori, 2007) and more recently a computer vision system (Broshan and Sun, 2004;
Zeng et al., 2007; Lukinac et al., 2018).

Baking temperature
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Figure 2. Browning development at surface of bakery products during baking at different
baking temperatures
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The computer vision system can cover the entire surface of the sample, making it a more
objective and precise method, in contrast to the colorimeter, which analyses the surface of
only a few centimetres (about 2 cm?) (Mendoza et al., 2007a, b). This method of colour
measurement can be used as a tool for automatic process control in industry (for a visual
overview of the production process), improving the overall quality of the product. The
advantage of the computer vision system over colour assessment with the human eye is the
objectivity and continuity in colour assessment (Zheng et al., 2006).

In food research, colour is often represented using the CIE L*a*b* colour space, which
is an international standard for colour measurement (Mendoza et al., 2007a, 2007b). The
three parameters of this model represent the lightness of the colour (L*), which is between 0
and 100 (0 = black, 100 = white), its position between red and green (a*, values between -
120 and +120) and its position between yellow and blue (b*, values between -120 and +120)
(Yam and Papadakis, 2004).

Some typical values of lightness (L*) of the bread crust at different baking conditions
are shown in Figure 2, where the influence of the oven temperature on the colour
development can be clearly seen. The intensity of the colour of the samples increases with
baking time, which is to be expected and is also confirmed by the lower values of L*. In
addition, increased temperatures and a low water content influence the formation of the
yellow-brown colour of the bread crust. Browning occurs only after baking for 10 minutes at
250 °C, 15 minutes at 235 °C and 20 minutes at 215 °C oven temperature.

Modelling the crust browning of bakery products based on the measurement of
lightness and total colour change

According to Haefner (2005), modelling has three goals: understanding, predicting and
controlling the process, while other authors also mention optimisation (Montgomery and
Runger, 2003). In terms of understanding, modelling is a tool in science that uses
mathematical models to describe the physical and chemical changes that take place in food.
The difference between prediction and control is that prediction is a quantitative prediction
of the future properties of a food based on knowledge of the food and the processing it will
undergo. Control, on the other hand, is about checking the process conditions during
production with the aim of achieving the desired quality. It can be concluded that
mathematical models can be used to predict and control the qualitative properties of food and
other possible changes in these properties. Mathematical models are mostly linear,
polynomial, and exponential or power expressions (van Boekel, 1996, 2008; Dolan, 2003).

Although a group of complex chemical reactions causes colour formation, it can be
simplified for technological purposes by assuming a general mechanism of browning and
then using colour models based on reflectance methods. It has been found in the literature
that the development of browning during baking can be well described by a first-order kinetic
model whose parameters depend on the local temperature and the water activity of the
product. Moreover, the kinetic parameters should be estimated from experiments that are
close to the actual baking conditions, i.e. a non-isothermal process occurring in a non-ideal
system, to obtain better predictive performance (Dolan, 2003). The kinetic models used to
describe the colour change of bakery products can be divided into two groups.

— The first group consists of kinetic models of colour change in which time is the
independent variable (Eq. (2-14)), kinetic models of zero-, first- and second-order
reactions and the empirical exponential model (Pedreschi, 2007; van Boekel, 2008).

— The second group consists of kinetic models of colour change of bakery products where
the independent variable is mass loss (Eq. (15-18)) (Purlis and Salvadori, 2007).
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Hermann and Nour (1977) studied the kinetics of surface browning in dough made of
flour and water during baking at 150, 170 and 190 °C. They found that the surface browning
of dough made of flour and water is due to Maillard reactions, which are described as
sequential reactions Eq. (1):

k k k
A+K. S5 Z 3P 3M 1)

The reaction between amino acids (A) and reducing sugars (K) leads to intermediates
(Z). These lead to water-soluble coloured products (P), which turn into insoluble coloured
compounds, namely melanoidins (M). Experimental tests have shown that the kinetics of
browning are characterised by three phases: a lag phase (found at 150°C), followed by an
exponential phase (found at the three temperatures) and an asymptotic phase (found at
190°C). The browning reaction after the lag phase can be described by first order kinetics for
the formation of compounds P (i.e. exponential phase) when k, > k5, and then by the
combination of kinetics for the formation of compounds P and M when k,~ —k; (i.e.
asymptotic phase).

Based on the general rate law, the disappearance of a compound in a closed system with
only one compound reacting can be written in Eq. (2). By including the surface lightness (L*)
in Eq. (2) and choosing the surface lightness as the browning index, a general model for the
colour development of the surface of bakery products during baking can be given as follows

(Eqa. (3)):

dcy

=E=k-cn (2)

r

dL
dt

=k- ()" (3)

where 7 = reaction rate (mol/dm?3:-s);

¢, = concentration of reactants A (mol/dm?3);

t = baking time (s);

k = reaction rate constant (s%);

¢ = concentration (mol/dm?);

n = order of reaction (0 <n < 2)

L* = CIE colour component of surface lightness.

The temperature dependence of the reaction rate constant for browning is generally

explained by the Arrhenius equation (Eg. (4)), and isothermal and non-isothermal methods
have been used to determine the kinetic parameters.

k=kyexp (—%) 4

where k, = Arrhenius constant (s);
E, = activation energy (J/mol);
R = universal gas constant (8.314 J/mol/K);
T = (absolute) temperature (K).
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The kinetics of the browning reaction in food is generally considered to be a zero-order
or first-order reaction, with first-order kinetics being the most commonly used in the
literature. First order kinetics was frequently used for describing the browning reactions in
terms of the colour change indicated in CIEL*a*b* colour model.

Shibukawa et al (1989) studied the effect of heating by convection and radiation in an
oven at different baking temperatures (180 — 240 °C) on the surface colour of biscuits. This
colour was compared to the browning of a model solution of monosodium glutamate and
glucose, which followed first order kinetics. Mundt and Wedzicha (2007) proposed a first-
order kinetic model based on the measurement of the surface colour of biscuits in R, G, B
colour values during baking at temperatures of 105-130 °C. Ait Ameur et al., (2006, 2007)
showed that the formation of HMF in cookies follows first-order kinetics, as does colour
development, and that water activity strongly influences the production of coloured
compounds. The rates of HMF formation during baking were 0.0028, 0.0067 and 0.0082 s*
at 200, 250 and 300 °C, respectively. Furthermore, Hadiyanto et al. (2007) proposed a zero-
order kinetic model for the formation of melanoidins (by the Maillard reaction) during the
baking of bakery products, taking into account the influence of temperature and water
activity.

To obtain a model for browning development, parameter estimation is required. If a
non-isothermal approach is applied, the model will include the thermal history of the product
during baking (the same analysis is valid for water activity or water content). To describe the
dependence of rate constant (k) with temperature, the Arrhenius’ law is commonly used (Eq.

(5):

k=A-exp (—%) 5)

where k = reaction rate constant (s?);
A = pre-exponential factor;
E, = activation energy (J/mol);
R = universal gas constant (8.314 J/mol/K);
T = (absolute) temperature (K).

The Kinetic constants of the browning reaction during baking (k) are different for
different products. They depend on the composition, especially on the concentration of
reducing sugars and amino groups.

Zanoni et al. (1995) proposed a first-order Kinetic reaction model for prediction of crust
browning of bread during the baking process. The experimentally determined colour values
of samples of grinded bread crust by heating in the range of 140 — 250 °C served as the basis
for building the model. In this model (Eqg. (6)); the reaction rate constant depends on surface
temperature according to the Arrhenius equation:

Eq
k=ky exp <_ﬁ>

(6)
with k, = 42000 (s~1), E,= 64.151 (kJ/mol)

where k = reaction rate constant (s);
ko = pre-exponential factor;
E, = activation energy (J/mol);
R = universal gas constant (8.314 J/mol/K);
T = (absolute) temperature (K).
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He gave the relationship between the reaction rate constant and the baking temperature
by applying the Arrhenius law. The proposed model was tested on bread samples, at baking
temperatures at 200 and 250 °C. According to the results, the model was applicable at a
baking temperature of 250 °C, given that the experiment was conducted in non-isothermal
conditions (real conditions).

However, this expression (Eq. (6)) for temperature dependence is relevant to chemical
compounds such as HMF where energy activation occurs in the context of a reaction. In the
case of lightness or any other colour variable that represents the change in colour intensity
and is not directly related to chemical compounds, the concept of activation energy may not
be applicable (van Boekel, 2008). Instead of the Arrhenius equation, the following expression
can be used to describe the dependence of the browning rate constant on temperature equally
well (Eq. (7)):

C=co-exp [—A exp( IfT) t] ©)

where ¢ = concentration (mol/dm3);
¢, = initial concentration at t =0 (mol/dm?);
A = pre-exponential factor;
E, = activation energy (J/mol);
R = universal gas constant (8.314 J/mol/K);
T = (absolute) temperature (K);
t = time (s).

Because of the strong correlation between A and E, it is desirable to reparametrize the
Arrhenius equation (van Boekel, 1996). A very simple reparametrization is the introduction
of the reference temperature (T..f) in the Eq. (5):

k, =4 exp( RET1> 8)
k, =A-exp (— RE—T2> 9)

where k = reaction rate constant (s?);
A = pre-exponential factor;
E, = activation energy (J/mol);
R = universal gas constant (8.314 J/mol/K);
T = reference temperature.

Besides temperature and baking time, colour development on the surface of bakery
products is also influenced by water activity (a,,), or the amount of water in the crust (X,).
Broyart et al. (1998) proposed to define the parameters of the browning rate constant (k, and
E, in their model) as a function of water content (Eq. (10-12)). The kinetic model developed
is a first-order reaction and is based on monitoring the lightness of the cracker (L*) as a
function of product temperature and moisture. The model is applicable for predicting the
brightness change within the temperature range 180-330 °C. The model is also suitable to
suggest how baking profiles should be changed in order to obtain products with a different
final lightness. The authors (Broyart et al., 1998) have proposed a model (two multiparameter
equations) for prediction of lightness variations during baking as a function of time,
temperature and water content, that differs for the lightening (Eq. (10)) and darkening (Eq.
(11-12)) phases of the biscuit surface during baking:
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dl + k- L
a1t 10
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ky=ki-exp|— Toe,
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dL* o I
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k, = k3 -exp _RTb()
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k2
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E k3
o)
R Xt

where L* = CIE colour component of surface lightness.

k, = reaction rate constant of enlightenment reaction (min?);

k, = reaction rate constant of darkening reaction (min™);

k9 = kinetic constant of enlightenment reaction (min-1);

k9 = kinetic constant of darkening reaction (min-);

k3, k2, k9, k9, = Kinetic parameters of darkening reaction (respectively in min-?, g
water/100 g dry matter/min, K, g water/K/ 100 g dry matter);

E,, = activation energy of enlightenment reaction (kJ/mol);

E,, = activation energy of darkening reaction (kJ/mol);

R = universal gas constant (8.314 J/mol/K);

t = baking time (min);

Tyt = cracker temperature (°C)

Xp(r) = Water content (g water/100 g dry matter).

In addition to the temperature and baking time, the water activity in the bread also has
significant influence on the colour. Considering this fact, Purlis and Salvadori (2009c)
proposed another model for monitoring the colour development of the crust of bread. This
approach to define the parameters of an Arrhenius-like expression for the rate constant (k)
as a function of water activity (a,,) (Eq. (13-14)):

k

ko =k, + — (13)
aW
k

Ar=k3+ai (14)

w

where a,, = water activity;
ko, k1, ky, ks, k, and Ar are fit parameters.

Kinetic models for the colour change during bread baking as a function of product
weight loss and baking temperature were reported by Purlis and Salvadori (2007) and are
represented by the equations Eq. (15-16). They proposed a colour prediction model where
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the total colour difference (AE) is a function of product mass loss (WL) and baking
temperature (T,,¢,):

AE =k-WL (15)

k = kO *Toven + kl (16)

where AE = total colour difference;
k =reaction rate constant (s%);
WL = product weight loss (%);
T,ven = baking temperature (°C);
ko, and k, are fit parameters.

The experiment was conducted at temperatures of 180, 200 and 220 °C, with forced and
natural convection, and the colour of the surface of the bread samples during baking was
monitored by computer image analysis. The developed mathematical model predicted the
colour change in non-ideal conditions, similar to the real conditions of bread production in
the bakery industry. In this way, the evolution of browning was followed in a non-ideal
system close to real baking conditions. Acceptable results for a general baking process were
reported. Quevedo et al. (2017) investigated the browning kinetics of two types of pita bread
based on computer vision colour measurement on the surface at four different baking
temperatures (160, 180, 200 and 220 °C). They suggested that the fractal method can be used
to record the browning of the pita bread and to calculate a fractal browning rate. In general,
the fractal method can be considered as a new means to quantify the browning kinetics, where
the formation of a heterogeneous colour on the surface is observed and where the traditional
method is more difficult to apply. The method offers great potential for application not only
to bread but also to other foods which show an inhomogeneous colour on the surface. Zhang
et al. (2016) investigated the bread baking process using a miniature bread approach and
modelled the browning kinetics of miniature bread during baking with spatial reaction
engineering approach (S- REA). They found that the combination of S-REA and equations
relating surface moisture content and temperature to overall colour changes modelled
browning kinetics well. Golchin et al. (2020) developed a mathematical model for predicting
the crust temperature and weight loss of toast bread at different oven temperatures and baking
times. The predicted crust temperature and weight loss of the bread (control and with guar
gum) agreed well with the experimental temperature with coefficients of determination of
0.98 and 0.99, respectively (Eq. (17-18)).

WLy = —0.0325 - (WLg,)? + 2.326 - Wiy, + 3.474 17)

Wlyye = —0.017 - (WLg,)? + 1.218 - Wip, + 3.507 (18)

where WL, = predicted weight loss of sample containing guar (%);
W Lg, = Measured weight loss (%).
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Conclusion

1.  Chemically, non-enzymatic browning is mostly based on caramelization reactions and
Millard reactions. Various factors such as temperature, concentration of reactants,
water activity, pH and others influence the intensity of the colour change. These
reactions occur when food is treated at elevated or high temperatures.

2. Efforts should be made to develop a fast, inexpensive, automated, reasonable and
objective method to track colour change during baking. One possible approach would
be to calibrate e.g. a computer vision system or a colorimeter) against a quantification
of AA or HMF depending on the product recipe and finally express the colour in
standardized units (e.g. using the CIEL*a*b* model).

3. The formation of colour in bakery products during the baking phase is commonly
known as browning. Understanding browning development provides the opportunity
to control, optimize and design processes and equipment for the bakery industry as it
affects the overall quality of bakery products, including their sensory and nutritional
properties. For this purpose, a mathematical model for browning development is
useful.

4. The development of a mathematical model of browning is essential to predict and
control this phenomenon during baking depending on the operating conditions and the
product recipe. A browning model cannot be developed from the actual mechanisms
of colour formation, as these have not yet been clarified. However, the kinetic
approach is a helpful alternative to describe colour changes during baking.

5. Since browning affects the overall quality of food and leads to changes in sensory and
nutritional properties (reduction in bioavailability of proteins and amino acids,
formation of AA and HMF, and formation of substances with antioxidant activity), it
is a topic of great interest to food technologists.
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Introduction. The present research discusses the carob pastry
sauce production without sugar addition and highlighting its
functional and physico-chemical properties.

Materials and methods. To evaluate the possibility of carob
use in the production of pastry sauce, powder of carob pods and
beans was introduced in the recipe of cocoa sweet pastry sauce.
The functional and physico-chemical properties of the produced
sauce were characterized in terms of rheology, chemical
composition, sensory analysis, antioxidant activity, and total
phenol content.

Results and discussion. The incorporation of carob
morphological parts (beans or pod pulp) in the pastry sauce recipe
in order to replace the sugar and cocoa reduced its energy value
by 60% compared to the original recipe (with cocoa and sugar).
The addition of carob pod powder in the composition of the pastry
sauce increased the content of Ca and Fe by 2.9 and 5.1 times,
respectively. The biological value of sauce with carob pod powder
showed an increase in terms of 1,1-Diphenyl-2-picryl-hydrazyl
(DPPH) inhibition antioxidant activity up to 95.97% compared to
60% for control, and total phenol content up to 29.12 mg gallic
acid equivalent (GAE) per g compared to 5.11 GAE/g for control.

Addition of carob pod powder in sauce formulations has a
positive influence on the rheological properties of the sauces,
leading to the increase of their viscosity, as well as their stability
to the increase of shear stress and shear rate.

The sensory evaluation of sauces prepared with the addition
of carob pod powder or carob bean powder showed that all sauces
had a fine and homogeneous consistency, a pleasant flavor and
smell characteristics of the added ingredients: the pastry sauce
with carob pod powder had a specific smell and flavor of dark
chocolate, and the pastry sauce with carob bean powder had a hint
of caramel flavor.

Conclusions. The incorporation of carob pod or bean
powder in pastry sauces to replace cocoa and sugar, enhanced the
quality and biological values of the sauce by increasing its mineral
content, antioxidant activity, total phenol content, the consumer
acceptance, decreasing at the same time energetical value of the
product.
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Introduction

Pastries include a vast variety of fat and sugar rich products (Ooms et al., 2016). Due to
the high amount of sugar and fat, on one hand, pastries are viewed as a source of products
related to happiness (Wahl et al., 2017), and, on the other hand, the consumption of pastry is
often associated with an increase in obesity in children and adults (Karp et al., 2016). Often,
at serving phase, pastry is associated with sauces in order to reveal the taste of the product.
The sauce can complement the delicacy or be a full-fledged companion for it. Basic pastry
sauces, represent mixtures of divers ingredients, the most common being sugar, chocolate,
caramel, cream, fruits, and berries (Benkovi¢ et al., 2019). The pastry sauces are widely used
by not only catering establishments, but are also available in stores for individual consuming.
Thus, pastry sauces have positive effects on the products commercial quality, in terms of
flavor, colour and aspect. However, because of their composition, sauces increase the
calorific value of the pastry products enrolling them in the category of obesogenic foods
(McKerchar et al., 2020). Thus, numerous studies are being carried out in order to obtain new
natural additives to food products, including for confectionery sauces, preventing an increase
in their calorie content (Chidambaram, 2021; Gorodyska et al., 2018; Kwon et al., 2021;
Selvasekaran and Souza et al., 2021; Stabnikova et al., 2021).

Currently, vegetable raw materials are increasingly used in the development of
functional foods (Popovici et al., 2019, Covaliov et al., 2021), including sauces: in the
manufacture of emulsified sauces (Mirzanajafi-Zanjani et al., 2019), tomato sauces (Ferro et
al., 2021), and confectionery sauces (Abushal et al., 2021). They diversify the range of
products, making them more attractive to consumers. In some cases, these ingredients
increase the energy value of the products, especially when butter, oils, and sugar are included
in their recipes, but the biological value of such products remain low (Lebedenko et al.,
2021).

Carob (Ceratonia Siliqua L., tree of the pea family Fabaceae) is a fruit species for the
Mediterranean climate attracts attention for its high biological and nutritional value. Carob
fruits are rich in natural sugars — 48-56% of dry weight, especially sucrose, fructose and
glucose. The syrup obtained from the carob pods is recommended to be used as a sweetener,
together with bee honey (Atasoy, 2009; Lambert et al., 2018). Several studies were made in
order to show the carob high biological potential (Fidan et al., 2020), its consumption in the
form of powders or tinctures were advised due to high content of antioxidants (lbrahim et al.,
2020; Vitali Cepo et al., 2014). In addition, its glycemic index is low, and carob pods do not
include caffeine in the composition (Nasar-Abbas et al., 2016; Papakonstantinou et al., 2017,
Rodriguez-Solana et al., 2021). More than, it was found that carob having high antioxidant
capacity may serve as an effective anti-obesity compound (Fujita et al., 2021) and, so, can be
used in the production of food recommended to people suffered from obesity. Meanwhile
obesity is a major risk factor for various chronic diseases such as diabetes, cardiovascular
disease, and cancer. All of the above indicates that carob fruits can be considered as a
functional ingredient can be used as a source of biologically active compounds for the
production of functional food for special nutritional requirements (Ivanov et al., 2021).

The aim of the present research was to study physico-chemical and functional
characteristics of carob pastry sauce.
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Materials and methods
Carob fruit collection and dry powder preparation

Carob pods were harvested in the central region of the Republic of Moldova at the
middle of October 2021. During this period they reach a good state of ripeness. Carob beans
were carefully separated from the pod pulp. The raw materials were washed thoroughly,
followed by a drying procedure in order to remove any moisture acquired during drying
during 48 hours at 40°C. The dried carob pods pulp and beans were ground until powder was
obtained.

Preparation of carob pastry sauce

For the functional pastry sauce production, a standard chocolate sauce formulation was
used. The usual ingredients for the pastry sauce were as: cocoa powder, pasteurized milk
(3.5% fat), butter (82.5% fat), powdered sugar, vanilla extract and processed drinking water.
Carob (beans and pods) powder was added to produce the functional pastry sauce.

Two types of sauces by addition of two types of carob powder produced from different
morphological parts of carob, namely, carob beans and carob pods pulp, were prepared.
Technology includes the use of moderate heat treatment. During the technological process,
it was found that carob powder serves as a thicker that is why in the carob pastry sauce
formulation sugar was replaced with water.

Firstly, the mixture of pasteurized milk with vanilla essence was the prepared. The
butter was melted at a temperature of 30 °C and put into prepared mixture. Then, the rest of
the ingredients followed by powdered sugar (or water) and carob pods pulp or carob beans
powder was added. A short (5 min) heat treatment at a temperature up to 80 °C under
continuous mixing to obtain a homogeneous mass to prepare the sauce was done, and the
mass was cooled to 20 °C.

Determination of protein, carbohydrates and lipids content

The standard methods adopted by the AOAC (Association of Official Analytical
Chemists) were used to determine the protein (2001.11), carbohydrates (2020.07), and lipids
(996.01) contents (Horwitz, 2007; McCleary and McLoughlin, 2021).

Determination of mineral content

Mineral content was determined by Atomic Absorption Spectrometry (AAS) official
method. The content of Ca, Fe and K in the experimental samples was determined according
to Garcia and Baez (2012).

Determination of total polyphenol content (TPC)

Total polyphenol content was determined by Folin-Ciocalteu method described by
Lamuela-Raventds (Lamuela-Raventos, 2017).
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Determination of antioxidant activity (AA)

Antioxidant activity was measured using 1,1-Diphenyl-2-picryl-hydrazyl (DPPH)
method (Nenadis and Tsimidou, 2017).

Rheological measurements

The rheological measurements were performed by using a DV-III Ultra Rheometer
(Brookfield Inc., USA) at 25+0.01 °C equipped with Peltier Temperature Controller Unit.
The measuring system consisted of a cone and plate sensor with a diameter of 2 cm and cone
angle of 2°. Shear rate range was 0-300 s within 600 s. For each measurement, 1 ml of
sample was poured over the plateau of rheometer. Each measurement was done in triplicate.
Rheological parameters (shear stress, shear rate, apparent viscosity) were obtained from the
Bohlin CVOR 150 data analysis software (Lystopad et al., 2020).

Sensory test of carob pastry sauces

Sensory test was performed by method described by Rachel Byarugaba and ISO
6658:2017 (Byarugaba et al., 2020). The study of sensory properties of carob pastry sauces
the scoring scale from 1 to 5 in two groups of developers was used. 5 basic parameters
according to 1SO 6658:2017 were assessed. The resulting score for each quality index was
appreciated by tasters and entered in the individual sensory analysis sheet. Following the
statistical processing of the grades, the quality of the experimental samples was assessed.

Statistical analysis

All experiments were carried out in triplicate. The results are given as mean+standard
deviation (SD). Statistical analysis was performed using XLstat (2020 version) software.

Results and discussion

Preparation of carob pastry sauces

During the research, seven samples of sauces were prepared. All recipes contain
pasteurized milk, 30 mL; butter, 15 g; vanilla essence, 0.1 mL. The difference in recipes was
in the content of cocoa, carob pod powder, carob bean powder, and powdered sugar (Table
1).

Table 1
Functional carob pastry sauces formulations
N C Carob pod | Carob bean Powdered Water,
0coa, g

of sauce powder, g powder, g sugar, g mL
1 (control) 10 - - 45 -
2 - 10 - 45 -
3 - - 10 45 -
4 - 5 5 45 -
5 - 15 - 40
6 - - 15 40
7 - 7.5 7.5 40
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Sauce 1 was used as control with 10% of cocoa. Sauces 2, 3 and 4 contained 45 g of
powdered sugar and 10% of carob pod powder; 10% of carob bean powder; mixture of 5%
carob pod powder and 5% carob bean powder, respectively.

After the primary sensory testing of the sauces 2, 3, and 4, it was found that these sauces
were very viscous and the taste was extremely sweet. The consistency of these sauces was
almost solid, probably due to the high pectin content in carob. That why the sauces 2, 3, and
4 were excluded from the future research. The sauces 5, 6, and 7 were prepared with
replacement of 45 g sugar with 40 mL of water. Sauce 5 with carob pod powder had a more
intense bitter taste specific to dark chocolate, while sauce 6 with carob bean powder had a
sweet aroma and flavor specific to caramel. Sauce 7 contains a mixture of carob pod powder,
7.5%, and carob bean powder, 7.5%. The consistency of sauces 5, 6, and 7 was more
appropriate to control, the traditional pastry sauces consistency. The obtained sauces were
placed to sterilized glass vessels, sealed and refrigerated at 4-6 °C for 24 hours before being
use for analysis.

Physico-chemical characteristics of carob pastry sauces

Physico-chemical characteristics of studied sauces are shown in Table 2.

Table 2
Physico-chemical characteristics of carob pastry sauces
Components Sauces
1 (control) 5 6 7

Protein, g/100 g 3.60+0.06 2.90+0.02 3.10+0.04 3.00+0.02
Carbohydrates, ¢/100 g 22.10+0.23 6.90+0.17 7.20+0.24 7.05+0.11
Lipids, g/100g 14.40+0.21 | 5.1040.09 | 5.30+0.12 5.20+0.15
Energy value, kcal 230.70+1.32 | 85.10+0.45 88.90+0.76 87.00+0.54
Ca, mg/100 ¢ 69.60+0.72 | 159.60+0.98 | 155.50+1.21 157.50+1.32
Fe, mg/100 g 0.13+0.01 1.17+0.02 0.91+0.02 1.04+0.01
K, mg/100 g 110.00+1.03 | 171.75+1.15 | 162.40+1.13 167.07+1.43

According to the results all sauces with carob powder had a significantly increasing
content of mineral components, namely calcium (Ca), iron (Fe), and potassium (K) in
comparison with traditional sauce (control 1) prepared with cocoa and powdered sugar. In
the sauce with carob powder the calcium content increased more than 2 times, iron up to 9
times, and potassium up to 1.5 times. The content of protein almost did not change,
meanwhile the content of carbohydrates and lipids significantly decreased. One of the most
important characteristics of the carob pastry sauces is the energy value, which was reduced
from 230.7 kcal to 88.9-85.1 kcal that is 2.7 times less than energy value of control (sauce
with cocoa and sugar). The obtained data demonstrate the increased biological value of the
experimental samples, but a lower energy value, which allows the recommendation of these
products as a functional sauce.

Following the research of the functional potential of carob, it has been found that it is
an important source of polyphenols, which show a strong antioxidant activity (Rtibi et al.,
2015; Stavrou et al., 2018). In the present research, the total content of polyphenols was
determined, as well as the antiradical activity of DPPH and in experimental sauces, in order
to establish the effect of incorporating carob in the elaborated products (Table 3).
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Table 3
Total polyphenol content and antioxidant activity of carob pastry sauces

Sauces Total polyphenol content mg GAE/ g DPPH, %
1 (control) 5.11£0.12 60.04+0.26
5 29.12+0.24 95.97+1.08
6 22.15+0.11 88.08+0.98
7 26.09+0.08 93.75+1.05

A positive correlation between antioxidant activity and total phenols content was found
for studied sauces. Sauce 5 prepared with carob pod powder has a higher content of
polyphenols than sauce 6 with carob bean powder contributing to a higher antioxidant activity
of sauces 5. The highest total phenol content, 29.12 mg GAE/g, was determined for the sauce
5also. According to Turhan et al. (2006), the total polyphenol content of carob pods is 17.50
mg/g. On the other hand, in their research, Mahtout et al. (2016) states that the total phenol
content in carob pods reaches the value of 10.53 mg/g, while in beans this content is 17.23
mg/g (Mahtout et al., 2016). According to Cavallaro et al. (2021), the difference in the phenol
amounts can be explained by the genotype, originating region, soil type, amount of
precipitation (Cavallaro et al., 2021). The lowest total polyphenol content and antioxidant
activity was in control, prepared with cocoa powder, 5.11 mg GAE/g and 60%, respectively,
although according to Urban Urbanska and Kowalska (2019) the total content of polyphenols
in fresh cocoa beans varies between 50-60 mg/g and can decrease up to 9.96-37.81 mg/g
depending on the origin of the beans and the roasting treatment parameters.

Rheological properties of carob pastry sauces

The study of the rheological characteristics of foods allows to give characteristic basic
quality indicators according to the values of structural and mechanical characteristics
(Gonzalez-Gutierrez and Scanlon, 2018). Determining the structural and mechanical
indicators of confectionery sauces, such as viscosity, allows obtaining data to improve
properties: structure, texture, and shape. In order to investigate the rheological stability of the
investigated sauces, the samples were subjected to research to increase shear stress and shear
rate. For functional confectionery sauces, the rheological properties are determined by the
value of the actual viscosity. Analyzing the rheograms for initial samples and after 4 months
of storage, it was found that when increasing shear stress and shear rate, the viscosity of the
emulsions decreases significantly, which can be explained by destroying their structure
(Figure 1).

Comparing with control the sauces with carob powder were more stable and withstood
a shear rate up to 4000-5200 s*. It was observed that the actual viscosity is directly dependent
on the nature and composition of the studied pastry sauces. When the carob bean and pod
powder is incorporated in sauce, the effective viscosity increases. For the control sauce 1 the
value of this index changed from 11.0 to 10.7 Pa-s; for the sauce with carob bean powder
from 16.5 to 16.0 Pa-s; for the sauce 6 with the bean powder from 18.1 to 17.6 Pa-s for fresh
samples and after 4 months of storage, respectively.

After 4 months of storage, a non-essential change of the effective viscosity was
observed, which proved the stability of the carob pastry sauces. The results of the
investigations regarding the rheological properties of the sauces allowed us to state that the
carob powders have a positive influence, lead to the increase of the viscosity of the sauces,
as well as their stability to the increase of shear stress and the shear rate.
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Figure 1. Variation of the effective viscosity according to the tangential stress of the
carob pastry sauces:

la —sauce 1 (control); 1b —sauce 1 (control) after 4 months of storage
5a — sauce 5; 5b — sauce 5 after 4 months of storage
6a — sauce 6; 6b — sauce 6 after 4 months of storage
7a —sauce 7; 7b — sauce 7 after 4 months of storage

Sensory test of carob pastry sauces

The evaluation of the sensory properties of carob pastry sauces was done using the

scoring scale from 1 to 5 in two groups of developers. The results of the evaluation of sensory
properties of the functional confectionery sauces are presented in Table 4.

Table 4
Sensory indices of the carob pastry sauces

Sensory properties | 1 (control) 5 6 7

Flavor 4.25+£0.03 | 4.46+0.02 | 4.78+0.03 | 4.54+0.01

Aroma 4.21+0.05 | 4.67+0.02 | 4.86+0.05 | 4.59+0.02

Color 4.32+0.01 | 4.43+0.01 | 4.79+0.03 | 4.45+0.04

Aspect 4.78+0.05 | 4.58+0.01 | 4.69+0.04 | 4.54+0.05
Consistency 4.56+0.03 | 4.45+0.03 | 4.87+0.01 | 4.62+0.03
Average score 4.42+0.03 | 4.52+0.02 | 4.80+0.03 | 4.55+0.03
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The photos of sauces were shown in Figure 2.

Sauce 6 . Sauce 7

Figure 2. Images of experimental functional sauces

After evaluation of the sensory properties, it was found that all the sauces had a pleasant
flavor and smell, and they had a characteristic consistency for each individual confectionery
sauce. Based on the sensory evaluation, the sauce 6 with carob bean powder had better
appearance and good consistency, as well as in a more expressive, a fine and pleasant flavor
of caramel, obtaining an average appreciation score of 4.80. The sauce 5 with carob pod
powder had a pronounced dark chocolate flavor and was highly appreciated by tasters with
an average score of 4.52. It should be mentioned that the sauce made from a mixture of carob
pod and bean powder was evaluated as one of high quality, obtaining an average score of
4,55, Taking into account the average scores, all carob pastry sauces were considered as
acceptable.

Conclusion

—  The addition of carob pod or bean powder in pastry sauces is a good way to reduce the
amount of sugar in the product. The substitution of cocoa powder and sugar with carob
pod or bean powder reduces the caloric value of pastry sauces more than 60 % of initial
value.

— Including carob pod or bean powder in pastry sauces increased their biological value,
particularly, of total phenol and calcium, iron, potassium contents, and antioxidant
activity, being in the same time an alternative for the consumers of decaffeinated
products.
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—  The addition of carob pod or bean powder in pastry sauces has a positive influence on
their rheological properties increasing the viscosity of the sauces, as well as their
stability during storage.
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Introduction. Effective milk processing with optimal use of
its components, search for new sources of protein, and partial
replacement of proteins of animal origin with vegetable ones
could be considered as the ways to solve the problem of protein
deficiency.

Materials and methods. The dairy-vegetable concentrate
was obtained from the dairy-vegetable mixture by the thermal
acid precipitation of proteins. The yield (mass) was determined
by the weighing method. The mass fraction of moisture was
determined by the thermogravimetric method. Determination of
water activity of model samples of concentrates was carried out
on a hygrometer.

Results and discussion. The results of determining the yield
of concentrates, their physico-chemical and sensory indicators
confirmed the possibility of partial replacement of skimmed
milk with whey-plant suspension with Arachis hypogaea fruit at
the ratio of 7:3 in mixtures for thermal acid precipitation of
proteins. Dairy-vegetable concentrates had a more developed
spatial configuration compared to control. It is the "framework"
of the samples obtained with the maximum content of vegetable
coagulant that determines the greater rigidity of the structure,
and therefore provides the best structural and mechanical
characteristics and, accordingly, the moisture-retaining
capacity. According to the indicator of water activity (Aw),
which shows the influence of enzymatic, microbiological and
other processes on the intensity of reactions, the predicted
rational storage conditions for milk-plant concentrates are a
temperature of 4+£2 °C and a duration of 72 hours. It was
determined that the evaporation of the main part of moisture
from the protein-vegetable concentrate was slower by 3+0.5 min
compared to the milk-protein concentrate, due to the presence of
Arachis hypogaea proteins and carbohydrates that bind free
water.

Conclusions. The feasibility of using the fruits of Arachis
hypogaea in mixtures for thermal acid precipitation of proteins
to obtain milk-plant concentrates with appropriate functional
properties and increased biological value due to a more balanced
amino acid composition has been proven.
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Introduction

Dairy-vegetable products are widely developed and introduced into the human diet
(Onopriichuk et al., 2023). The composition of essential nutrients in such products is
optimized, which is ensured by the selection and combination of proteins of animal and
vegetable origins (Liem et al., 2019; Savarino et al., 2021). The active use of Non-Dairy
Milk is associated both with the individual intolerance of lactose and/or milk casein in a
large number of consumers, as well as with the popularization of vegetarianism and the
physiological benefits of vegetable protein consumption, especially in herodietic
nutrition (Makinen et al., 2016; Sethi et al., 2016). There are known production of plant-
based milk alternatives manufactured from nuts, legumes and cereal crops, which have
a pleasant taste and smell and are also comparable by the sensory properties with
traditional dairy raw materials (Cichonska et al., 2021; Rybak, 2016). As a result of
precipitation of plant milk proteins and/or its mixtures with cow milk, concentrates are
obtained, among which soy ones are especially common (Zheng et al., 2020). The above
raw materials are used as an alternative to animal milk. And this, to a certain extent,
serves to solve the problem of a general protein deficiency in the diet of the population.

The fruits of Arachis hypogaea, commonly known as peanuts, which have a high
nutritional value due to the presence of a significant amount of easily digestible proteins
and fats, could serve a suitable raw material for the production of vegetable milk. The
fat (about 50%) of peanuts contains about 20% saturated and 80% unsaturated fatty acids,
of which oleic and linoleic acids occupy the largest share (Ciftci et al., 2022). The protein
composition of Arachis hypogaea fruit kernels is represented by such proteins as
albumins, globulins, and glutelins. The high biological value of peanut proteins is due to
their content of 8 essential amino acids and 10 replaceable amino acids, which brings it
close to animal proteins by composition. It is known that the Arachis hypogaea fruits is
rich by such amino acids as arginine, glycine, leucine, alanine and methionine, but others
are present in small amounts (Cichonska et al., 2021; Rybak, 2016). The vitamin
composition of Arachis hypogaea fruits is characterized by a high content of vitamins,
mg/100g: E, 6.93; Bl1, 0.438; B2, 0.098; B3, 13.5; B5, 1.4; B6, 0.256, and B9, 145
(Settaluri et al., 2012). One of the functional components of peanuts is resveratrol, which
has antioxidant, anticarcinogenic, and anti-inflammatory properties (Salesa et al., 2014).
The polyphenolic composition of Arachis hypogaea fruits is mainly represented by n-
coumaric and ferulic acids, esterified derivatives of n-coumaric and hydroxybenzoic
acids (Dubinina et al., 2017). The above-mentioned polyphenolic compounds have
antioxidant properties (Pavlyuk et al., 2019). Therefore, Arachis hypogaea fruits have a
high content of biologically active substances, which makes it possible to recommend it
for use in the technology of multicomponent milk plant concentrates. Products with a
multicomponent composition are good for health and have a lower calorie content
compared to traditional ones (Bocker et al., 2022). In addition to direct consumption,
plant milk is also used as a basis for the preparation of traditional dairy products such as
cream, yogurt, cheeses and ice cream (Gomes et al., 2021; Montemurro et al., 2021).

The aim of the present research was to study the quality indicators of
multicomponent concentrates obtained by thermal acid precipitation of proteins from the
dairy-vegetable mixture of the skimmed milk with the fruits of Arachis hypogaea.
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Materials and methods
Preparation of dairy-vegetable concentrates

Skimmed milk with a mass fraction of solids 11.5%, protein 3.6%, active acidity 6.5,
which was produced by separating and removing the fat from whole milk, was chosen as the
dairy base.

Dairy-vegetable suspension was added to skimmed milk in amounts of 10, 20, 30, and
40%, which corresponds to the ratio of components in milk-vegetable mixtures as 9:1, 4:1,
7:3, 3:2. They had an active acidity of 6.7+0.1 pH units, with the size of the dispersed phase
ranging from 10 to 60 um. To obtain the milk-plant suspension of Arachis hypogaea fruits,
they were pre-soaked and left to swell for 8-10 hours, washed 2-3 times, poured with low-fat
milk whey in a ratio of 5:1 to the fruits, after which the resulting mixture was ground to a
homogeneous state for 5-7 minutes in a disperser with a speed of 1000 s*. The resulting
dairy-vegetable mixture was filtered and added to the prepared skimmed milk.

The dairy-vegetable concentrate was obtained from the dairy-vegetable mixture by the
method of thermal acid precipitation of proteins. The acidity and the amount of coagulant
were selected in such a way as to reach the pH of the mixture in the range of 5.3-5.8, which
corresponds to the isoelectric point of casein and the main fractions of plant proteins. The
coagulation process was carried out at a temperature of 92+2 °C by addition of the dairy-
vegetable mixture to whey, the acidity of which was 150+10 °T in a ratio of 1:10 + 5:10 and
holding for 4+1 min. Under these conditions, the pH of the mixture reaches the isoelectric
point of the proteins, the salt bonds of its particles are destroyed, and a concentrate is formed,
which is then subjected to self-pressing for (30+2) min. A milk-protein concentrate without
the addition of a dairy-vegetable mixture was used as control.

Methods

Order of the research. During the experiments, standard and well-known methods to
determine quality indicators were used.

The yield (mass) was determined by the weighing method (in grams): the sample was
weighed after self-pressing the concentrate obtained from 1 dm?® of the dairy-vegetable
mixture.

The water-retaining capacity (WRC) of multicomponent dairy-vegetable and milk-
protein concentrates was determined by method based on the determination of the water
amount that is released from the product by light pressing, which is absorbed by filter paper.

The mass fraction of moisture was determined by the thermogravimetric method on
the ADGS 50 series electronic laboratory scale-hygrometer.

Determination of moisture. Determination of moisture was carried out by the
thermogravimetric method on a laboratory electronic hygrometer ADGS 50 manufactured by
the company "AXIS" (Poland). The method consists in determining the mass of the studied
sample before and after drying it by heating to a temperature not higher than 160 °C. The
hygrometer scales are equipped with general-purpose laboratory weights of accuracy class 3
with a built-in drying device and have the following characteristics: the largest/smallest
weighing limit 50/0.02 g; discreteness of reading mass values is 0.5 mg; limit of permissible
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error of mass determination is 0.5 mg; the limit of the permissible error of moisture
determination is 0.3%.

Evaporation of moisture from the sample during heating leads to a decrease in its mass,
which makes it possible to calculate the moisture content in the sample, which was before
the sample drying process, based on the mass measurement data. Determination of moisture
in the sample can be carried out with the same accuracy at significantly different values of
the drying temperature of the sample (the difference will be only at the time of conducting
the study). The principle of moisture determination consists in automatic mass measurement
before, during and after drying of samples. Moisture is calculated automatically by the
hygrometer according to the formula (Grek et al., 2017). Automatic termination of the drying
procedure occurs if the difference between several consecutive measurements of the mass of
the sample does not exceed 20 mg.

Photomicrographs of multicomponent dairy-vegetable and milk-protein concentrates
were obtained using a fluorescence and phase-contrast microscope XSP-139A-TP
(Manufactured by Shanghai Sanshen Medical Instrument Co., LTD, China) with a Canon-66
digital camera (at a magnification of x 600). Structural and mechanical characteristics were
studied after long-term pressing of concentrates and maximum extraction of whey.

Determination of water activity of model samples of concentrates was carried out on
a Rotronic hygrometer of the Hygro Palm AW modification (Switzerland). Measurement
range: water activity 0—1 aw (0—100 %), temperature from minus 10 to plus 60 °C. Limits of
absolute error+1% (£ 0.008 aw),=0.1 °C. The range of application of the electronic unit is 0—
100 %, minus 20 to plus 60 °C. The hygrometer consists of a manual unit with a display,
control keys and a water activity measuring probe. The analysed sample is taken into a
container and placed in the measuring chamber. A water activity probe is installed from
above. The electrodes provide a signal based on the relative humidity in the closed chamber,
which is converted by software. The measurement cycle lasts 3-5 minutes at room
temperature, after which the water activity and temperature values are shown on the screen.

Statistical analysis

Data were expressed as means+standard deviations for triplicate determination.
Differences were considered to be significant at validity of 0=0.95.

Results and discussion

Determination of the optimal ratio of skimmed milk and dairy-vegetable
suspension in mixtures for precipitation

The maximum possible level of replacement of skimmed milk with dairy-vegetable
suspension in mixtures for precipitation was determined, taking into account the yield,
physico-chemical and sensory indicators of multicomponent dairy-vegetable concentrates.
Model samples were prepared from skimmed milk and dairy-vegetable suspension in the
ratio of components 9:1, 4:1, 7:3, 3:2, the active acidity of them was pH 6.7+0.1. The choice
of the optimal ratio was based on the preservation of normative physico-chemical indicators
characteristic of milk-protein concentrates, which can be the basis for the production of
various types of cheese products. In addition, the intensity of precipitation of proteins of
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dairy-vegetable mixtures and the duration of high-temperature processing, which depends on
the yield of concentrates, were taken into account (Kamal et al., 2021).

The change in yield and mass fraction of moisture of milk-plant concentrates depending
on the ratio of components in mixtures with Arachis hypogaea fruits is shown in Figure 1.

t=92+2°C

200 7=4+1 min 76 [
- 180 | n 75 8
& &
g 160 74 2
5 140 | 73 2
8 m =]
c 120 B> 72 2%
S 100 S g
E T 75§
s 80 2z
X 60 = vge
E 69 5 9
[=] 40 . g
3 20 68 =
= o
a 0 67 &
10:0 9:1 4:1 7:3 3:2 )
=

The ratio of components in mixtures with the fruits of Arachis
hypogaea (skimmedmilk: whey-plant suspension)

OOutput of milk-plant concentrates, g
B Mass fraction of moisture of dairy-vegetable concentrates, %

Figure 1. Yield and mass fraction of moisture of milk-plant concentrates depending on the ratio
of components in mixtures with Arachis hypogaea fruits

The obtained concentrates are polydisperse colloidal systems, in which the dispersion
medium is whey, and the dispersed phase is proteins and fats of plant and animal origin. The
stability of protein globules is due to the conformation of the particles, the determined charge
and the presence of a hydrated shell (Ifeanyi et al., 2021). For the separation of milk and
vegetable proteins, it is necessary to break the balance of at least two factors of stability,
which occurs during thermal denaturation (Dumpler et al., 2020). This process is
accompanied by a change in the configuration, hydration and aggregate state of the particles,
which become less stable (Huppertz et al., 2016). In addition, the degree of thermal
denaturation of protein globules in dairy-vegetable mixtures depends on the temperature and
duration of heating (Curlej et al., 2022). The use of the proposed heat and time regimes makes
it possible to carry out simultaneous coagulation of both milk proteins — caseins, albumins,
globulins, and vegetable proteins — glutelins. The main part of the fat contained in the fruits
of Arachis hypogaea is concentrated together with the proteins during precipitation, the rest
is lost in the whey. Because of heating dairy-vegetable mixtures to a temperature of 92+2 °C
in the presence of a coagulant (acidic whey), proteins co-precipitate in a single protein
complex, which also includes a fat component.

The results of the research (Figure 1) showed a tendency to decrease the yield and
increase the mass fraction of moisture of the obtained dairy-plant concentrates with an
increase in the amount of introduction of the dairy-vegetable suspension from the fruits of
Arachis hypogaea. Under the same conditions of the thermal acid precipitation process with
a change in the ratio in mixtures from 9:1, 4:1, 7:3 to 3:2, a decrease in the yield of dairy-
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vegetable concentrates by 4.16-10.11% compared to milk-protein concentrate is observed
obtained exclusively from dairy raw materials. This effect is associated with a decrease in
the total mass fraction of protein in mixtures in which a part of skimmed cow milk is replaced
by whey and vegetable components of Arachis hypogaea fruits.

It was shown that the peculiarities of the composition of dairy-vegetable mixtures affect
the process of dehydration of concentrates. The indicators of the mass fraction of moisture in
the concentrates obtained under the same pressing conditions increased from 68.25 to
73.36%, depending on the ratio of components in the mixtures (Fig. 1). In particular, dairy-
vegetable concentrates, which were obtained from skimmed milk and dairy-vegetable
suspension in a ratio of 9:1, had a creamier consistency compared to the control sample. With
a change in the ratio in the mixture to 3:2, concentrates with a delicate pasty consistency were
obtained, while the process of whey separation (self-movement) was prolonged.

The change in the moisture-retaining capacity of multicomponent dairy-vegetable
concentrates depending on the ratio in mixtures of skimmed milk and dairy-vegetable
suspension with Arachis hypogaea fruits was studied, which shows the effect on the structure
and quality indicators of the finished product (Figure 2).
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Figure 2. Changes in the moisture-retaining capacity of milk-vegetable concentrates depending
on the ratio in mixtures of skimmed milk and dairy-vegetable suspension with Arachis hypogaea
fruits

The results of research (Figures 2, 3) indicate an increase in the strength of
multicomponent dairy-vegetable concentrates with an increase in the amount of dairy-
vegetable suspension with the fruits of Arachis hypogaea. The moisture-retaining capacity
of the model samples of the concentrates increased with the compaction of their structure.
Thus, when the ratio of components in the mixtures was 3:2, the indicator of moisture
retention was the highest and was 78.254+0.1%, which indicates an active decrease in the
surface charge of micelles, which is a factor of colloidal destabilization of the protein phase
of the mixtures (Anema et al., 2013).
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According to the results of the quality indicators and yield of multicomponent milk-
vegetable concentrates, the optimal ratio in mixtures of skimmed milk and dairy-vegetable
suspension with Arachis hypogaea fruits was determined at the level of 7:3. Such
concentrates retain a milky taste and aroma with a light peanut flavour, a uniform paste-like
consistency. At a ratio of skimmed milk to dairy-vegetable suspension 3:2, a decrease in the
yield of the concentrate by 22.62% was observed, with a too pronounced taste and aroma of
peanuts.

Figure 3. Visualization of milk-vegetable concentrate obtained from a mixture with a ratio of
skimmed milk and dairy-vegetable suspension with Arachis hypogaea fruits — 7:3

Polycomponent microstructure of dairy-vegetable concentrates

For the production of multicomponent dairy-vegetable concentrates of appropriate
quality, it is necessary to take into account the changes that occur with the protein component
in the mixtures during thermal acid deposition (Oliveira et al., 2022). One of the main
parameters of such concentrates is the consistency of the product (Janahar et al., 2022). The
structure of the concentrates was recorded microscopically using a fluorescent and phase-
contrast XSP-139A-TP microscope with a Canon-66 digital camera (at a magnification of x
600).

In order to determine the features of the structure of the dairy-vegetable concentrate
obtained from a mixture with the optimal ratio of skimmed milk and whey-plant suspension
with the fruits of Arachis hypogaea — 7:3, comparative studies of the microstructure of the
control and experimental samples were conducted (Tables 1, 2).

Table 1
Parametric characteristics of the concentrates microstructure, pm

Areas with compacted
protein structure
Milk-protein (control) 60-380 - 35-120
Dairy-vegetable 50-520 7.5-11.5 35-90

Type of concentrate Fat splash Microvoids
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The microstructure of the dairy-vegetable concentrate consists of areas with a
compacted protein structure with interspersed fat and microvoids of irregular shape and has
differences compared to the milk-protein (control) (Tables 1, 2).

The microstructures of dairy-vegetable and milk-protein concentrates, having much in
common, differ in the number of fat inclusions distributed in the protein phase in the form of
large and small particles. However, there is a uniform distribution of fat with high dispersion
—5-7 microns.

It is obvious (Table 2) that the microstructure of the dairy-vegetable concentrate had
different features from the control.

Table 2
Characteristics of the concentrates’ microstructure

Characteristics of the
microstructure

Type of
concentrate

Photomicrographs of concentrates

Homogeneous, consisting
of coarsely dispersed and
finely dispersed protein
aggregates (1), between
which microvoids of
irregular shape are located
(111)

Milk-
protein
(control)

Solid, consisting of finely
dispersed protein
aggregates (I), between
which there are single
inclusions of vegetable fat
with an average size of 10
pum (II), single inclusions
of fibers of vegetable raw
materials with a length of
up to 60 pum (I1I)

Dairy-
vegetable

The microstructure of the milk-vegetable concentrate had different features from control
(Table 2). They have a pronounced homogeneous consistency. Their microstructure is
uniform and includes evenly distributed micropores of minimal size with fat inclusions. In
the micrographs of concentrates obtained from a mixture of skim milk and dairy-vegetable
suspension with Arachis hypogaea fruits — 7:3, the protein structure consists of particles more
densely connected to each other than in the control sample. The structure of the concentrate
has a more developed spatial configuration — a "framework" characteristic of tightly
dispersed systems, which prevents the free mutual movement of its links (Oliveira et al.,
2022). Greater stiffness of the structure provides the best structural and mechanical
characteristics and moisture retention capacity for the experimental sample. In samples of
dairy-vegetable concentrate, such a component as fat is distributed evenly in the form of
small inclusions. The dispersion of fat components in model samples is determined by the
structure of the protein concentrate.
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State of moisture and water activity in multicomponent dairy-vegetable
concentrates

In order to determine the qualitative and quantitative state of moisture in the
multicomponent milk-vegetable concentrate in comparison with control, the dynamics of
water evaporation from model samples was determined on electronic scales-hygrometers of
the company "AXIS", presented in Figure 3.
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Figure 3. Dynamics of moisture evaporation from concentrates: milk-protein (control) and
milk-vegetable with a ratio of components in the mixture of 7:3
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According to the measurement results, the extraction of the main part of moisture (free)
from the sample of milk-protein concentrate (control) occurred more intensively by
15.8+0.1% compared to the dairy-vegetable concentrate. During thermoacidic coagulation,
irreversible reactions of deposition of protein substances occur with the loss of native
properties, which is accompanied by the unfolding of polypeptide chains of protein molecules
(Verruck et al., 2019). Because of such chain transformations and destruction of tertiary and
secondary structures, hydrophobic groups appear on the surface of protein molecules. At the
same time, protein substances lose their solubility, aggregate and precipitate (Li etal., 2021;
Osman et al., 2020). Probably, the interaction of skimmed milk and whey proteins with the
components of Arachis hypogaea fruits leads to the formation of additional complexes that
differ in the presence of strong bonds between them. From a practical point of view, the use
of a whey-plant suspension with the fruits of Arachis hypogaea in the composition of
mixtures for thermoacidic coagulation of proteins will provide a higher amount of bound
moisture.

The study of water activity of multicomponent dairy-vegetable concentrates was carried
out according to the methodology that has already been used for milk-protein concentrates
and is sufficiently informative (Sukmanov and Sklyarenko, 2012). Technological and
consumer properties, the shelf life of such products are largely determined by the properties
of the water contained in them. The level of water activity records the impact of the intensity
of reactions, such as lipid oxidation, the activity of enzymatic, microbiological and other
processes. With the help of the water activity indicator, a relationship is found between the
presence of water available for microorganisms in the product and the probability of vital
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activity of certain types of microflora (Allen, 2018). Thus, by controlling the "water activity"
(Aw) indicator, it is possible to predict optimal conditions and storage capacity. According
to the level of "water activity", products with high (Aw = 1.0-0.9), intermediate (Aw = 0.9—
0.6) and low moisture content (Aw = 0.6-0.0). The value of "water activity" in
multicomponent milk plant concentrates is presented in Table 3.

Table 3
Water activity (Aw) in multicomponent dairy-vegetable concentrates (n = 3, p=>0.05)

Tvoe of Ratio of components in mixtures Water activit
yp Skimmed Whey-plant suspension with y
concentrate . . . Aw
milk Arachis hypogaea fruits

Milk-protein 10 B 0.955
(control)
Dairy-vegetable 9 1 0.958

4 1 0.963

7 3 0.972

3 2 0.974

The studied dairy-vegetable concentrates belong to high-moisture foods (Aw = 1.0-0.9).
Most of the moisture is in a free, unbound state, which enables the development of
biochemical and oxidative processes (Grek et al., 2019). Such concentrates have a rather
limited shelf life under appropriate temperature conditions (Trmcic et al., 2016). The
difference in values of water activity between control and test samples is not significant,
which gives reason not to specify the conditions of storage of these concentrates, but to apply
the parameters accepted in production conditions: temperature 4+2 °C and duration 72 hours.

Conclusions

The feasibility of using the fruits of Arachis hypogaea in mixtures for thermal acidic
precipitation of proteins to obtain milk-plant concentrates with appropriate functional
properties and increased biological value due to a more balanced amino acid
composition has been proven. The results of determining the yield of concentrates, their
physico-chemical and organoleptic indicators confirmed the possibility of partial
replacement of skimmed milk with whey-plant suspension with Arachis hypogaea fruits
at the ratio 7:3 in mixtures for thermal acidic precipitation of proteins.

The microstructure of samples of concentrates obtained from a mixture of skimmed
milk and whey-plant suspension with Arachis hypogaea fruits with the ration 7:3 was
studied. It was found that dairy-vegetable concentrates had a more developed spatial
configuration compared to control. It is the "framework" of the samples obtained with
the maximum content of vegetable coagulant that determines the greater rigidity of the
structure, and therefore provides the best structural and mechanical characteristics and,
accordingly, the moisture-retaining capacity.

According to the indicator of water activity (Aw from 0.974 to 0.955), rational
conditions and the ability to store milk-plant concentrates are predicted: temperature
442 °C and duration 72 hours. It was determined that the better release of the main part
of moisture from the protein-vegetable concentrate was slower by 3+0.5 min compared
to the milk-protein concentrate, due to the content of Arachis hypogaea proteins and
carbohydrates that bind free water.
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Introduction. The aim of this research was to study the
changes in the quality of sweet cherries grown in Georgia during
their storage.

Materials and methods. Characteristics of sweet cherry
varieties such as weight loss, titratable acidity, and content of
total soluble solids, total phenolic compounds and anthocyanins,
as well as the antioxidant activity were monitored at the
beginning and after 21 and 42 days of storage in the fridge
chamber at the temperature of 0—1 °C and the relative humidity
of 90-95%.

Results and discussion. Three commercially produced
varieties of sweet cherry, particularly, Cordia, Regina and
Sweetheart, were chosen for study. Cherry variety Cordia
contained the highest amount of total phenolic content (TPC),
213.95mg100g?, and anthocyanins, 145.7mg100g™, compared
to the other varieties, meanwhile variety Sweetheart contained
the lowest amount of TPC, 116.0mg100g™, and anthocyanins,
29.75mg100gt. A positive correlation between the phenolic
content and antioxidant activity for studied varieties was
observed. The best correlation was found for Regina cherry
(R?=0.98), meanwhile for Cordia and Sweetheart it was 0.88 and
0.83, respectively. The physico-chemical properties of sweet
cherries changed during the storage: content of total soluble
solids, titratable acidity, total phenolic content, anthocyanins
content, and antioxidant activity decreased gradually.

The total decrease in fruit mass after 42 days was measured
together with the microbiological losses. Sweetheart has the
highest weight loss compared to the others.

Based on the three-year data, total weight loss in Cordia was
10.13% at the end of the storage period (42 days) at temperature
0-1 °C and relative humidity 90-95%. This value was 13.51%
for Regina and 14.49% for Sweetheart variety.

Conclusion. The studied three sweet cherry varieties are
close by their chemical composition. However, it can be
concluded that Cordia is the best in terms of the content of
valuable substances and storage stability.
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Introduction

Sweet cherries (Prunus avium L.) are one of the most popular seasonal fruit, which is
highly appreciated by consumers for its taste, attractive appearance and nutritional quality
(Antognoni et al., 2022; Faniadis atal., 2010; Gabriele et al., 2013; Pirog et al., 2022; Usenik
et al., 2005; Wani et al., 2002). According to FAO the world’s total sweet cherry production
was estimated as 2,609,550 metric tons, and in Georgia sweet cherry production is increased
by almost 31% in 2016-2020 (FAO, 2020).

Attractive colour, sweetness, sourness, firmness, high content of antioxidants and
nutrients are the main characteristics for cherry quality (Esti et al., 2002; Gabriele etal., 2013;
Nunes et al., 2021; Usenik et al., 2005). The health benefits of cherry intake are linked mainly
to strong antioxidant activities (Nunes et al., 2020; Yoo et al., 2010), supporting the potential
preventive health benefits in relation to several chronic diseases including cardiovascular
disease, diabetes, and arthritis (Ferretti et al., 2010; Jacob et al., 2003; Mamani-Matsuda et
al., 2006; Mc Cune et al., 2011; Wani et al., 2002). Sweet cherries are also rich in phenolic
acids such as hydroxycinnamic acid derivatives (neochlorogenic acid, p-coumaroylquinic
acid and chlorogenic acid) (Liu et al., 2011; Usenik et al., 2010). These components are
important for their potential contribution to the colour of the cherry fruits through co-
pigmentation with anthocyanins (Mazza & Brouillard, 1990; Mozetic et al., 2002). Moreover,
strong correlations were found between the phenolic content and antioxidant activity of fruits
(Serraetal., 2011; Tobar et al., 2019; Usenik et al., 2008).

Commercial cultivation and storage of sweet cherries is generally difficult and
expensive. High levels of care in transportation and storage should be taken to achieve
premium quality fresh fruit for serving in the market (Looney & Jackson, 2011). Cherry is
highly perishable with a limited shelf life of 7-10 days (Wani et al., 2002). Low temperature
is the basic parameter for storing; it keeps the fruit firm longer and reduces the color loss
(Shick and Toivonen, 2002). Reported as recommended conditions to store cherries is the
temperature range 0 to 2 °C and the relative humidity of 90 to 95% (Crisosto et al., 1993;
Looney et al., 1996; Suran etal., 2019). The narrow harvest season together with sweet cherry
soft texture limits availability of this fruit in the market over a longer period (Yoo et al.,
2010), and in conventional storage conditions, the shelf life of cherries is very short.

The aim of the present research was to characterize the chemical compositions of sweet
cherries grown in Georgia and their changes during sweet cherry storage.

Materials and methods
Chemicals

Ascorbic acid, sodium hydroxide, Folin-Ciocalteu reagent, TPTZ-2,4,6-Tris (2-
pyridyl)-s-triazine, sodium carbonate, ethyl acetate, ferric (111) chloride and ethanol were
purchased from Sigma-Aldrich (Steinheim, Germany), (Sigma-Aldrich, Switzerland),
hydrochloric acid was provided by Merck (Darmstadt, Germany). All other reagents were
commercially available at the local market and were of analytical grades.

Sweet cherry samples

Three commercially produced sweet cherry (Prunus avium L.), Cordia, Regina and
Sweetheart, grown in the village of Jighaura (Farming of Scientific Research Center of
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Agriculture), west Georgia, municipality of Mtskheta (WGS84 41° 55’ 25" N, 44° 46’ 35" E
41.923611, 44.776389) were selected for study. The sweet cherry samples for the experiment
were harvested at the end of June and in early July. The test samples were kept in the fridge
chamber at the temperature of 0—1 °C and the relative humidity of 90-95 %. Initially, during
and at the end of storage the physico-chemical and antioxidant properties of sweet cherry
fruit of each variety were examined and compared.

Determination of quality parameters

Quality parameters such as weight loss, total soluble solids (TSS), titratable acidity
(TA), total phenolic content (TPC) and anthocyanin content (AC), as well as the antioxidant
capability were monitored at the beginning, after 21 and 42 days of storage at 0-1 °C. The
samples were prepared for TPC and antioxidant analysis: about 40 g of cherry fruits were
squashed and weighed (5g), 70% ethanol was added to the sample. The extract was left at
room temperature for 30 min and then filtered. The extracts were stored in the refrigerator at
5°C.

To determine weight loss fruit, 15 pieces of fruit were taken in triplicate and weighted.
The loss of weight was expressed as the percent from the original weight.

To measure the microbiological loss, 10 kg of cherry samples were tested in triplicates.
Microbial spoilage was monitored at intervals of 5 days. Microbiological changes were
observed after 21 and 42 days of storage. Samples were weighted then, and the weight loss
percentage was determined compared to the original weight.

Content of total soluble solids was determined using a digital refractometer (WAY, 2S,
China) according to °Brix reading.

Titratable acidity was determined by titration with 0.1 N NaOH to a pink color using
1% phenolphthalein as indicator and expressed as g 100 g * malic acid (Morris et al., 1985).

The total phenolic compound content was determined using the Folin—Ciocalteu method
Bond et al., 2003). 1.0 mL of extract was diluted with 10 mL distilled water, mixed
thoroughly with 1.0 mL of Folin-Ciocalteau reagent for 8 min, followed by the addition of
4 mL of 7.5% (w-v!) sodium carbonate. The samples and standards (dilute gallic acid
standard working solutions: 10-50 pg/mL) were allowed to stand at room temperature for 60
minutes in the dark, and absorbance was measured spectrophotometrically (UV/Vis
spectrophotometer, A&E Lab Co LTD, UK) at 765 nm with a 10 mm path length cell, and
the total phenolic compound content was calculated as mg of gallic acid equivalents per 100
gram of fresh fruit.

Determination of total anthocyanins was conducted by the pH differential method
(Giusti et al., 2001). Samples were diluted 1:150 in pH 1.0 and pH 4.5 buffers, and the
absorbance was measured at 520 nm and 700 nm in a UV-visible spectrophotometer (A & E
Lab Co LTD, UK), based on a cyanidin 3-glucoside molar extinction coefficient of 26,900
AE/mol and a molecular weight of 449.2 g mol™. The resulting values were expressed in
terms of mg of anthocyanin per 100 g of fresh fruit.

The ferric reducing ability of plasma (FRAP) assay was carried out as previously
described by (Benzie and Strain, 1996). The experiment was carried out at 37 °C and pH 3.6
with a blank sample in parallel. In the FRAP assay, the reductants (“antioxidants”) in the
sample reduce the Fe(lIl)/tripyridyltriazine complex to the blue ferrous form, with an
increase in absorbance at 593 nm. The results were expressed as mg ascorbic acid equivalents
(AAE) per 100 gram fresh fruit (mg AAE100 g FW) (Dziadek et al., 2019).
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Statistical Analysis

The data represents the mean of three replicates+standard deviation (SD). Data were
subjected to the t-test. All calculations were performed with Microsoft Excel (Version 4,
statistical functions, Microsoft Corp., Redmond, WA, USA).

Results and discussion

The mean three-year indicators show that Cordia has a high content of dry soluble solids
(20.50%) and Sweetheart has the lower (18.25%) followed with Regina (17.10%). Cordia
has the highest titratable acidity (0.50%), Sweetheart is the second (0.46%) followed by
Regina (0.40%) (Table 1).

Table 1
Chemical characteristics of fresh cherry fruit
Varieties TSS, % TA, % TPC, AC, AAE,
mg100g™ mg100g™ mg 100g™
Cordia 20.50£1.36 | 0.50+£0.10 | 213.95+6.44 | 145.70+4.35 | 288.33+£7.78
Regina 17.10£1.02 | 0.46+0.15 | 122.694£5.11 | 51.5242.87 127.134£5.62
Sweetheart | 18.35+£1.58 | 0.40+0.10 | 116.00+5.02 | 29.7542.10 93.33+4.51

The data represents the mean of three replicates+SD

The total polyphenols were analyzed, and Cordia was found to have 213.95 mg100g?,
while Sweetheart has only half of this amount and Regina has 122.69 mg100g™. Cordia has
high content of anthocyanins and high level of antioxidant activity: 145.7 mg100g™ and
288.33 AAE mg100g?, respectively, and for Sweetheart these values are much lower: 29.75
mg100g™ and 93.33 AAE mg100g, respectively. Thus, Cordia is a cultivar with the highest
content of useful substances while Sweetheart has the lowest.

The changes in the chemical characteristics during the storage were also studied. The
research showed that studied cultivars differed in terms of change of their chemical
composition during the storage (Figures 1-5).
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Figure 1. Change of total soluble solids (%6) in cherry varieties during the storage.
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The content of total soluble solids gradually decreased for all three varieties during the
storage. However, the level of this decrease was different for each variety. For example, after
42 days of storage, the dry soluble solids in Cordia decreased from origin 20.5 to 16.2%, and
the percentage of decrease was 20.9%. Whereas the same values for Regina and Sweetheart
were 26.9 and 21.3 %, respectively.

The change in titratable acidity in the studied varieties also occurred in different ways
(Figure 2).
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Figure 2. Change of titratable acidity (%) in cherry varieties during storage.

The reduction of sweet cherry titratable acidity during storage has been shown (Horak
et al., 2016). In our case, at the end of storage period titratable acidity was reduced by 41.4%
in Cordia, by 31.8% in Sweetheart and by 48.3% in Regina.

The analyzed cultivars differ in terms of decrease in total polyphenols. The Figure
shows that at the end of the storage period the total polyphenols decrease by 52.6%, while in
Regina this indicator is 46.7% and in Sweetheart it is 45.8%. The data illustrates that in terms
of the decrease in total polyphenol there is only a little difference between the cultivars
(Figure 3).
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Figure 3. Change of total phenolic content (mg100g™) in cherry varieties during storage.
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The analysis of the change in the anthocyanins content showed its decrease during the
storage. The change was most noticeable for Sweetheart (decrease by 36.13%). The least
decrease occurred in Regina. For Cordia the decrease in anthocyanins amounts to 22.92%
after 42 days of storage was detected (Figure 4).
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Figure 4. Change of anthocyanins content (mg100g™) in cherry varieties during storage.

The change in antioxidant activity showed that it decreased in all three varieties. The
higher decrease, 36.4%, was observed in Cordia, the lowest, 14.9%, in Sweetheart, and in
Regina it was 31.8% (Figure 5).
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Figure 5. Change of an (FRAP) in cherry varieties during storage.

A positive correlation between the phenolic concentration and antioxidant activity
of sweet cherry fruit has been shown by Tobar et al. (2019). For studied cherry varieties
correlation of total phenolic content and antioxidant activities was different for studied cherry
varieties. Thus, high correlation (R?=0.98) was found for Regina cherry, meanwhile it was
lower for the other varieties: in the case of Cordia R?=0.88 and Sweetheart R?=0.83 (Figure
6).
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fruits varieties

The cherries of the selected varieties were stored at 0-1 °C temperature and 90-95 %
relative humidity. A total weight losses in fruit after 42 days was measured together with the
microbiological postharvest losses. Microbiological postharvest loss is one of the major types
of postharvest loss and it refers to losses caused by microorganisms like moulds, yeasts and
bacteria (Bist and Bist, 2021). Based on the three-year data, the natural weight loss in Cordia
was 5.83%, microbiological loss was 4.30%, and the total loss at the end of the storage period
(42 days) was 10.13% (Table. 2).

Table 2

Natural, microbiological and total weight losses on different stages of cherry fruit storage

Varieties Natural weight losses, | Microbiological losses Total weight loss,
% % %

21 days of storage
Cordia 3.80+0.10 2.50+0.05 6.30+0.20
Regina 4.92+0.12 2.84+0.06 7.76£0.14
Sweetheart 6.12+0.17 4.38+0.01 10.50+0.23

42 days of storage
Cordia 5.83+0.22 4.30+0.10 10.13+0.13
Regina 6.30+0.11 7.214+0.31 13.51+0.72
Sweetheart 8.23+0.78 6.26+0.50 14.49+0.36

The data represents the mean of three replicates+SD

The natural weight loss for Regina was 6.30%, microbiological losses was 2.84%, and
the total loss was 13.51%. Sweetheart had the highest natural weight loss, 8.23%, compared
to the others. Its microbiological loss was 6.26% and the total loss is 14.49%.
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Conclusions

Comparison of three cherry varieties grown in Georgia showed that:

1. Cherry variety Cordia contained the highest amount of total phenolic compounds and
anthocyanins compared to the other varieties. This variety had also a higher antioxidant
activity. Cordia variety can be stored under refrigerated conditions — 0—1 °C and 90-95%
relative humidity for 42 days with 10.13% total weight loss.

2. Regina variety had a lower content of total phenols and anthocyanins and a lower
antioxidant activity compared to Cordia. Cherries of this variety can be stored at 0—1°C
and 90-95% relative humidity for 42 days with 13.5% total loss. Among the studied
varieties, Sweetheart had the lowest total phenolic and anthocyanin contents and
antioxidant activity. While storing sweet cherries of this variety under the refrigerated
conditions for 42 days, total losses was 14.49 %.

3. Based on the obtained data, it can be concluded that among studied varieties Cordia was
the best in terms of storage stability and content of valuable substances.
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fractional composition by electrophoresis; digestibility of dry milk
mixtures was studied in vitro.

Results and discussion. The limiting amino acid of dry cow
and sheep’s milk proteins is cystine, the amino acid scores of
which are 46.0% and 47.0%, respectively. The limiting amino acid
of mare and goat milk proteins is tyrosine, the amino acid scores
of which are 52.0% and 57.0%, respectively. Mare milk protein
belongs to the albumin type as well as protein of human milk.
Mare and sheep’s milks is known to contain various protective
proteins including immunoglobulin and lactoferrin. Mare and
sheep’s milks contain large amount of immunoglobulin A close to
human milk, namely, 515% and 6.92%, respectively. The ratio of
casein to whey proteins in mare milk is 1:1, in cow’s milk is 4:1,
and in goat and sheep’s milks is 3:2. Differences in composition
are due to different genotypes of mammals and protein losses
during drying process. The highest degree of digestibility in
human milk and the mixture based on mare's milk 'Ligans' is 717
mg and 780 mg of amino acids per 100 g of product, respectively.
The lowest degree of digestibility of proteins is in the mixture
based on cow's milk 'Malyutka hypoallergenic'. A low degree of
digestibility can be caused by the reaction between amino acids
during drying, and the formation of casein complexes with
denatured whey proteins.

Conclusions. The amino acid and fractional composition of
proteins of dry mare milk is close to composition of human milk
proteins, so the digestibility of products based on mare milk is
similar to that of human milk.
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Introduction

Artificial feeding has a negative impact on the infant’s health. 72% of formula-fed
infants suffer from dysbacteriosis, and the number of children suffering from an allergy to
cow’s milk proteins is 2—7.5% (Mousan et al., 2016). Meanwhile, for artificial feeding of
children, mixtures based on cow's milk are used. Allergic reactions can be caused by
differences in the protein composition of human and cow's milk.

Mass fraction of casein is the largest in the protein composition of cow’s milk (about
80%), and in human milk, which belongs to the albumin type, whey proteins predominate
(about 65%). At the same time, there are differences in the fractional composition of casein
— a-casein predominates in cow’s milk, and p-casein is the main protein in human milk. The
main serum protein of cow’s milk is P-lactoglobulin, and o-lactalbumin and
immunoglobulins are main serum proteins in human milk. Casein and B-lactoglobulin are the
main allergens of milk, while immunoglobulins have protective function in the child's body
(Zeng et al., 2019). Human milk proteins contain a larger number of essential amino acids
compared to cow's milk proteins. In addition, the amino acids of human milk are in the most
favorable ratio for children (Barreto et al., 2019).

There are three classes of immunoglobulins (A, G and M) in cow's milk, and four (A,
E, G, M) in human milk. Human milk contains large amount of lactoferrin, so iron absorption
for newborns during breast feeding is 80%, while iron absorption is only 20% during artificial
feeding (Avershyna, 2012). The amount of iron ions in the child's body is extremely
important, since iron is involved in many metabolic processes (EI Amrousy et al., 2022).
Lactoferrin acts as a factor that limits the amount of iron available to microorganisms in the
body. Binding excess iron ions and other metals, lactoferrin deprives pathogenic flora of vital
trace elements (Griffin, 2020; Lonnerdal et al., 2021).

The source of proteins for feeding babies is the milk of domestic animals, especially
goat, mare, sheep, the use of which is not widespread in the production of baby food products.
Therefore, the study of the amino acid and fractional composition of goat, mare, and sheep’s
milk proteins, as well as their influence on the digestibility of baby food products based on
them, is an important task. A study of the amino acid composition of native mare's milk was
conducted, but the question of the amino acid composition of dry mare's and sheep's milk
remains insufficiently studied (Mazhitova et al., 2015). The results of the study of the
fractional composition of proteins of native sheep’s and mare's milk are also given, but the
issue of the fractional composition of proteins of mare's and sheep's milk powder needs to be
studied more carefully (Barreto et al., 2019; Navarro et al., 2018).

The analysis of literature data showed that the protein composition of dry sheep, goat
and mare's milk, as well as its effect on digestion under in vitro conditions, wasn’t sufficiently
studied. The aim of the study is to determine the influence of the protein composition of
animal milk powder on the ability of food products based on it to be digested in vitro.

Materials and methods
Materials

Whole cow's milk, whole goat's milk, whole mare's milk, whole sheep's milk were used
for laboratory research. Milk was obtained from farms in Donetsk, Khmelnytskyi, Chernivtsi
and Zakarpattia regions in Ukraine. Research was conducted in different periods of animal
lactation. Human milk samples were collected during the lactation period of 1-8 weeks at
Children's Clinical Hospital No. 8, Kyiv, Ukraine.
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Dry milk mixtures based on sheep's “Agnus” and mare's milk “Ligans” were used to
investigate digestion. The mixtures are developed at the Department of bakery and
confectionery goods technology of the National University of Food Technologies (Kyiv,
Ukraine). The recipes of the mixtures are presented in Table 1.

Table 1
Recipes of dry milk mixtures for children from birth to 6 months
. . Mixture
Raw material, % M!Xtur? ',\/I'Xtur? 'Malyutka
Ligans Agnus h .,
ypoallergenic
Dry demineralized whey — — 48.20
Cow's milk — — 26.40
Sheep powder milk — 56.00 —
Milk powder mare 84.65 - -
Mixture of vegetable oils — — 13.30
Soybean oil - 4.00 -
Sunflower oil 7.00 2.00 —
Olive oil 8.00 — —
Lactose — 36.30 3.00
Lactulose - 1.00 —
Fat-soluble vitamins, mg/100 g 0.03 0.03 -
\gNater-squbIe vitamins, mg / 100 0.23 0.31 -
Minerals: 0.21 0.56 —
Sodium citrate salts, mg /100 g - 4.63 -
Citrate potassium salts, mg/ 100 g - 13.88 -
Taurine 0.03 0.03 —
Inositol 0.11 0.11 —
Total: 100.00 100.00
Methods
Drying milk

Semi-industrial spray dryer "Nyro-Atomizer" (Denmark) with a working volume of the
chamber of 0.9 m3 and a productivity of evaporated moisture up to 5.0 kg/h was used for milk
drying. Drying agent speed was 0.5 m/s and a drying agent relative humidity was 25%. The
size of the droplets of the sprayed product was 40-50 um, the mass fraction of dry substances
in the product was 40-43%. The temperature of the drying agent for goat milk was 160-170
°C, for mare's milk was 150-160 °C, for sheep's milk was 170-180 °C.

Amino acid composition

The amino acid composition of milk proteins was determined by ion exchange
chromatography using an automatic T 339 amino acid analyser (Carta et al., 2010). The
elution of amino acids from the column was conducted, in turn, by Li-citrate buffers from pH
2.75+0.01; pH 2.95+0.01; pH 3.2+0.02; pH 3.8+0.02; pH 5.0+0.2. Amino acids were detected
at a wavelength of 560 nm by rectification with a ninhydrin solution on a photometer. The
results of detection were registered by a variplotter in the form of the peaks of absorption of
light of ninhydrin positive substances in an eluent that number the direct ratio concentrations
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of this substance in solution. The correlation of the solution of ninhydrin reagent and eluents
was 12; the temperature of thermostatic T1 = 38.5 °C; T2 = 65 °C. The prototype was diluted
in Li-citrate buffer by pH 2.2+0.02 and inflicted on an ion exchange column. The quantitative
estimation of chromatograms of the pre-production model settled in relation to the Bio-Rad
standard mixture of amino acids. The mass of every amino acid, expressed as g per 100 g
protein (Ai), in the investigated solution was calculated by the following formula:

Ai = Mis'ssi

where M; is molecular mass of each amino acid; S; is an area of peak of each amino acid on
an aminogram from the investigated solution; S;i® is an area of peak of each amino acid on an
aminogram from the solution of the standard mixture of amino acids which accords to one
micromole (Litvynchuk et al., 2022).

Fractional composition of milk proteins

Determination of the fractional composition of milk proteins was carried out by the
electrophoresis method. Electrophoresis was performed on a Hoefer Mighty Small apparatus
(Amersham Biosciences, USA) at an amperage of 19 mA for concentrating and 35 mA for
separating gels (Massouras et al., 2017, Yukalo et al., 2019).

Processing of the obtained data by the method of disk electrophoresis of
electrophoregrams was carried out using the ImageMaster TotalLab v.2.01 program
(Amersham Biosciences) (Massouras et al., 2017, Yukalo et al., 2019).

Protein digestibility

Protein digestibility was determined under in vitro conditions. Sequential enzymatic
hydrolysis of samples of dry milk mixtures was carried out with the complex of proteinases
pepsin-chymotrypsin. Digestion efficiency was estimated by accumulation of the products of
hydrolysis (Tagliazucchi et al., 2018).

Statistical analysis

The statistical processing of the results was performed by sequential regression analysis
using the Microsoft Excel XP and Origin Pro8 software calculating correlation coefficients
(Hinkle et al., 2003).

Results and discussions
Amino acid composition of dry milk samples

The results of the study of the amino acid composition of samples of dry milk are
presented in the Table 2.

Dry cow's milk and human milk were selected as control samples. The obtained results
showed significant differences in the protein composition of the studied animal milk and its
difference from human milk. This is explained by the fact that milk differs in the content of
total protein and in the content of individual fractions. The milk of mammals is intended to
ensure the rapid growth and strengthening of the skeleton of their offspring.

Table 2
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Amino acid composition of dry animal milk

Cow's Mare's Goat’s Sheep’s Breast
milk milk milk milk milk
c X = X £ X £ X = X
Aminoacid | § | ¢ | § | g | § | g| 8 | £| B | ¢

s S s S s S s S s S

o «» o @ o @ o @ o @

|2 = |3 5|33 |52
Mass fraction of 23.0 16.1 296 25.2 0.8-15
protein, %
Lysine 7.80 | 153 | 6.67 | 131 | 7.29 | 143 8.4 153 | 7.40 | 155
Histidine 250 | 86 2.23 76 2.59 89 211 73 | 220 | 96
Arginine 3.50 | 80 4.33 96 2.67 61 2.54 58 | 6.70 | 128
Aspartic acid 5.10 — 5.32 — 7.42 — 8.67 — 9.90 | —
Threonine 430 | 123 | 3.89 | 111 | 488 | 140 | 4.10 117 | 4.80 | 138
Serine 4.90 — 8.17 — 5.24 - 5.37 — 550 | -
Glutamic acid 206 | - 1931 | — | 2040 | — | 2230 — 16.4| —
Proline 7.4 — 9.73 — 14.43 — 7.72 — 6.40 —
Glycine — — 1.71 — 2.12 — 2.61 — — —
Alanine 2.40 — 3.31 — 2.98 - 5.40 — 29 | —
Cystine 1.20 | 46 1.39 64 1.74 67 1.23 47 | 2.96 | 100
Valine 6.60 | 138 | 4.60 96 5.05 | 105 | 4.79 | 100 | 5.20 | 116
Methionine 250 | 96 3.09 | 119 | 210 81 2.82 | 108 | 2.50 | 120
Isoleucine 550 | 131 | 3.80 91 4.18 | 100 | 3.59 86 | 6.30 | 160
Leucine 9.60 | 137 | 14.39 | 206 | 8.45 | 121 | 9.08 | 130 |17.00 | 220
Tyrosine 430 | 59 3.75 52 4.18 57 4.45 61 | 5.50 | 107
Phenylalanine 5.2 71 4.03 55 4.25 58 4.82 66 | 6.30 | 120

The limiting amino acid in cow's and sheep's milk is cystine, the amino acid ratio of
which is 46 and 47%, respectively. In goat's and mare's milk cystine content is also quite low
— 67% and 64%, respectively, though it is not the limiting amino acid. The limiting amino
acid for dry mare's and goat's milk is tyrosine, the content of which is also insufficient in
cow's and sheep's milk due to the low amino acid score. Lysine, threonine, valine and leucine
are essential amino acids, and they are contained in the proteins of dry milk of animals in
sufficient amounts, which even exceed their amount in an ideal protein. The histidine content
is low in the protein composition of all types of milk.

An irreplaceable amino acid for the child's body is also arginine, the content of which
in mare's milk corresponds to its content in ideal protein. Egg protein is considered to be ideal
protein due to the fact that amino acid score of all its essential amino acids is more than 100%
(Toghyani et. al., 2020). The amino acid score of arginine in cow's milk is 80%, which is
14% less than in mare's milk. Arginine amino acid scores of goat and sheep’s milk are 61%
and 58%, respectively, which are 19 and 22% lower compared to cow's milk.

The authors (Hodgkinson et al., 2018) claim that native mare's milk contains all 9
essential amino acids in the levels of need established by the World Health Organization. The
content of the amino acid methionine is sufficient in the proteins of mare's and sheep's milk,
the scores of which are 119% and 108%, respectively. The content of methionine in cow's
milk approaches its content in ideal protein. Cow's and sheep's milk protein contain 29-35%
less phenylalanine than the ideal protein, amino acid score is 71 and 66%, respectively.
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Fractional composition of proteins of dry milk samples

The fractional composition of milk, as well as the amino acid composition, is also
determined for different types of milk. The fractional composition of proteins is presented on
the electrophoregram (Figure 1) and in quantitative form in the Table 3.

Molecular
weight
markers, kDa

Figure 1. Electrophorogram of dry milk:
a —cow's milk; b — goat's milk; ¢ — sheep's milk;
d —mare's milk
(molecular weight markers: 250, 150, 100, 75, 50, 37, 25, 20, 15 kDa)

The molecular weight of the proteins of the detected fractions ranges from 10 to 250
kDa. The molecular mass of 19-24 kDa is typical for caseins, 18 kDa for lactoglobulin, 14
kDa for lactalbumin, 69 kDa for albumin, and 150-1000 kDa for immunoglobulins. Cow's
milk proteins have the lowest content of immunoglobulins among all samples. Mare's and
goat's milk contain them 12 and 3 times more. Sheep's milk contains 10 times more
immunoglobulins than cow's milk. Immunoglobulin M is contained in small amounts in
cow's milk, and is absent in goat's milk. The content of immunoglobulin M in mare's and
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sheep's milk is 20 times higher than in human milk. The smallest amount of lactoferrin is in
cow's milk. Other types of milk contain 3-7 times more lactoferrin.

In the casein fraction of human milk, B-casein predominates (Zeng et al., 2019). The
same is observed in mare's, goat's and sheep's milk. In cow's milk casein composition, o-
casein predominates. The obtained data are similar to the other studies of the fractional
composition of native milks. Minor differences are observed, which are explained by the fact
that the chemical composition of milk depends on the genetic characteristics and breed of the
mammal, geographical and climatic conditions, nutrition, lactation period, season, and
ecological condition of the area (Kala et al., 2019, Markevich-Kenshycka et al., 2013).

Table 3
Fractional composition of proteins of dry milk
Milk proteins Cow's milk Mare's Goat’s Sheep’s Human
(control ) milk milk milk milk
Casein, % 83.0+2.2 45.0+1.2 70.0+1.9 65.0+1.7 24.0+0.8
a-casein 53.56+1.4 7.5+0.3 23.24+0.7 | 20.4+0.7 | not found
fB-casein 26.68+1.0 24.48+1.0 | 33.94+1.1 | 35.94+1.1 23.0+0.7
K-casein 0.66:+0.01 2.56+0.2 2.76+0.3 3.46+0.3 | 0.96+0.01
y-casein 2.46+0.2 8.1+0.3 9.18+0.4 2.17+0.2 | not found

Whey proteins, 17.00+0.7 55.0041.4 | 30.0+1.1 | 35.0+1.1 | 76.0£1.9

%
B-lactoglobulin 10.35+0.4 20.61+0.7 | 0.99+0.01 7.24+0.4 not found
a-lactalbumin 2.33+0.2 7.76+0.3 12.88+0.4 | 4.89+0.3 35.0+1.1
Albumin 1.7+0.1 6.72+0.3 49403 4.19+0.3 6.1£0.3
Immunoglobulins:
Ig G 1.2+0.1 13.3+0.5 4.724+0.3 7.95+0.4 0.65+0.01
Ig A 0.30+0.01 5.15+40.4 | 0.26+0.01 | 6.92+0.3 4.840.3
0.001+
IgM 0.0001+0.00001 | 0.02+0.001 - 0.02+0.001 0.00001
IgE 0.0140.001 0.02+0.001 - 0.02+0.001 | 0.30+0.01
Total: 1.51£0.1 18.49+0.7 4.984+0.3 14.91+0.5 5.75+0.3
Lactoferrin 0.68+0.01 1.82+0.01 4.98+0.3 2.940.2 14.5+0.5

* Results given as: M+SD (mean=standard deviation) of triplicate trials.

The predominant whey protein in goat's milk, as well as in human milk, is o-
lactalbumin, and in mare's, sheep's and cow's milk it is B-lactoglobulin, which causes food
allergies. It was established that immunoglobulin A in mare's and sheep's milk is 17-23 times
more than in cow's milk.

B-lactoglobulin was poorly absorbed under all conditions of gastric digestion. Caseins
responded differently to pH change than whey proteins, with lower casein digestion at pH
3.0 than at pH 5.0. Goat milk caseins are generally absorbed more efficiently compared to
cow’s milk caseins, and the peptide profiles of goat milk differ from cow’s milk (Hodgkinson
et al., 2018). The drying mode has a significant effect on the amino acid composition of dry
milk proteins. Heating milk proteins can lead to the formation of cross-links between
different amino acids within the protein (Lieshout et al., 2015).
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The formation of lysinoalanine in a-lactalbumin lead to a decrease in protein
digestibility (Lieshout et al., 2020). Cross-linking of amino acids may or may not affect
protein digestibility, thus demonstrating the need and relevance of the conducted research.

The ratio of casein to whey proteins in mare's milk is 1:1. In cow's milk, the casein to
whey protein ratio is 4:1. In goat's and sheep's milk, the ratio between the fractions is 3:2.
Thus, it can be concluded that mare's milk belongs to milk of the albumin group, as well as
human milk. So, the composition of mare's milk contains significant amounts of finely
dispersed proteins (albumins), the composition of cow's, goat's and sheep's milk has large
amounts of caseins.

Protein digestibility of milk mixtures

At high temperatures of milk drying casein interacts with denatured whey proteins,
which can cause reduced hydrolysis of caseins. It is also indicated that at high temperatures,
cross-linking of amino acids with the formation of lysinoalanine is observed in milk. Cross-
linking could affect protein digestibility by altering enzyme availability (Lieshout et al.,
2020, Roy et al., 2021).

Milk mixtures based on mare ("Ligans") and sheep ("Agnus™) milk were studied for the
ability to digest protein substances in vitro. Human milk and "Malyutka hypoallergenic"
(Khorolsky milk-canned plant for children's products, Ukraine) mixtures were selected as
controls.

The results of the study of the digestion of protein substances are presented in the Figure
2.
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Figure 2. Digestibility of protein substances of the studied products
* Data are given as an average result of triplicate trials.

Process of digestion of protein substances in the developed products and in human milk
proceeds with higher intensity (Figure 2) than in the mixture "Malyutka hypoallergenic"
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(Khorol milk canned plant for children's products — the only Ukrainian manufacturer of dry
milk mixtures). The degree of digestibility of proteins by pepsin and renin and the dynamics
of this process had their own characteristics for different samples: the highest degree of
digestibility was observed in the sample of human milk and mixture "Ligans" and was 717
mg and 780 mg of AA per 100 g of product, respectively. The lowest digestibility of proteins
was found in the "Malyutka hypoallergenic” mixture compared to other samples.
Accumulation of amino acids in this mixture is 33% less, compared to human milk. There is
a peak value of amino acids during pepsin and renin hydrolysis at 90 min of the experiment
in all samples, except for "Malyutka hypoallergenic™ mixture. The digestion process of the
"Ligans" mixture containing milk powder mare is similar to the intensity of digestion of
human milk. At the end of hydrolysis with trypsin, 8% less amino acids were accumulated in
the "Ligans" mixture than in human milk. This is explained by the immediate action of the
enzyme on the protein molecules, which are immediately subjected to fermentation and
splitting since proteins of the albumin group are more susceptible to the action of proteases
(Hodgkinson et al., 2018). "Agnus" mixture containing sheep powder milk is characterized
by slower protein hydrolysis compared to human milk and "Ligans" mixture (16% less than
"Ligans" and 28% less than human milk).

The explanation for this is the higher content of casein in milk, as well as the processes
which change the features of coagulation of milk by citric acid salts (Roy et al., 2021). The
higher the amount of casein and calcium salts in milk, the faster the clotting speed and the
stronger the protein clot. In case of the addition of citric acid potassium and sodium salts in
milk, the coagulation of its proteins by rennet enzymes slows down (Hodgkinson et al., 2018).
Sodium and calcium citric acid salts interact with free calcium ions, as a result of which
calcium in the form of poorly soluble calcium citric acid is removed from the sphere of action,
but does not precipitate. All these processes inhibit the rapid breakdown of proteins, the
cleavage occurs more smoothly and for a longer time (Roy et al., 2021). The researchers
compared the in vitro digestibility, selected biological activities, and digested products of
proteins from skimmed cow's, camel's, goat's, and sheep's milk. It was established that goat's
milk had the highest digestibility. According to our results the digestibility of products based
on mare and sheep’s milk is similar to the digestibility of human milk and "Malyutka
hypoallergenic" mixture.

Conclusions

1. The amino acid composition of dry animal milk was determined and a comparative
analysis was carried out with the amino acid composition of human milk proteins. It
was shown that the limiting amino acid of cow’s milk powder (46.0%) and sheep’s milk
powder (47.0%) is cystine. The limiting amino acid of dry mare milk (52.0%) and dry
goat milk (57.0%) is tyrosine.

2. The fractional composition of proteins of different types of dry milk was studied. It was
found that only mare milk belongs to the albumin type, as well as human milk. Mare
and sheep’s milk contain the largest amount of milk protective factors
(immunoglobulins and lactoferrin), which makes it possible to consider these types of
milk as hypoallergenic. It was found that mare and sheep’s milk contain the amount of
immunoglobulin A close to human milk (5.15 and 6.92%, respectively),

3. It was established that the digestibility of products based on mare and sheep’s milk is
similar to the digestibility of human milk and "Malyutka hypoallergenic" mixture.
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Accumulation of amino acids in mixtures based on mare and sheep’s milk occurs more
intensively than in the mixture "Malyutka hypoallergenic™.
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Introduction. The aim of this research was to evaluate the
efficiency of the anthocyanin extraction from grape skins with
different alcohols under different conditions such as temperature and
pH.

Materials and methods. Grape pomace of red grapes of the Vitis
Vierul variety, which are obtained after the production of wine by
white way and are considered as winemaking waste, were studied.
The mass concentration of the anthocyanins was measured by pH
differential spectrophotometry and expressed in mg of equivalent
cyanidin-3-glycoside per gram of dry matter. The rate constant and
half-life of the anthocyanin degradation were calculated for a
temperature of 60 °C.

Results and discussion. The effect of pH and the chemical
structure of the molecule of alcohol extractant on the efficiency of
anthocyanin extraction and its spectral characteristics was studied.
The number of hydroxyl groups in the alcohol used as extractant as
well as the length of the hydrocarbon moiety had a key role in the
process efficacy. In particular, for monohydric alcohols, the efficacy
follows the order: 2-methylpropan-1-ol < butan-1-ol < propan-2-ol <
ethanol < methanol. On the other side, increasing the number of OH
groups in the line ethanol > ethane-1,2-diol > propane-1,2,3-triol does
not enhance the extraction performance. The spectral characteristics
of extractions obtained with ethanol and polyhydric alcohols are
similar, the absorption maximum is unclear and is in the range of 530—
560 nm. When the length of the carbon chain of alcohol increases, the
electronic absorption spectra are characterized by different intensity
and a wide, indistinct absorption maximum. The thermal stability of
anthocyanins in the extracts was determined by the rate constant of
the anthocyanin degradation reaction and the half-life. Decreasing the
pH of the extract leads to an increase in the thermal stability of
anthocyanins. Ethanol is the best extractant in terms of the
technological and economic efficiency of natural pigment extraction
and for its application in the food industry. Anthocyanin half-life in
ethanol is about 10 hours at 60 °C that indicates its suitability to be
used in industrial processing.

Conclusions. The results obtained make it possible to evaluate the
efficiency of the extraction of anthocyanins with alcohols from grape
skins and their thermal stability.
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Introduction

Food production and processing generate high amounts of waste and by-products
containing valuable compounds and biological active substances, and can be turned into
useful products (Sirohi et al., 2020). As example, there is a growing scientific interest
towards raw materials with organic dye compounds, which have not only the ability to
provide a stable color, but also antioxidant properties (Qin et al., 2021). Natural flavonoid
pigments, particular anthocyanins, are related to such substances, although anthocyanins are
easily degraded being effected of the environment factors (Enaru et al., 2021; Delgado-
Vargas et al., 2000). To preserve their properties, modern methods of extraction with
supercritical carbon dioxide and subcritical water could be used (Essien et al., 2020).
However, as these methods require special equipment, improvements in the extraction of
anthocyanins from plant raw materials, as well as their application in various industries (food,
chemical, pharmaceutical, cosmetic) are still open issues.

From a chemical point of view, anthocyanin dyes are mono- or diglycosides, the
aglycone in which are anthocyanidins — phenolic derivatives of 2-phenylchromene in the
form of benzpyrylium salts, such as pelargonidine, cyanidin, delphinidin. The main
aglycones also include their methyl ethers: syringidine (malvidin), peonidine, hirsutidine.
The properties of dyes are exhibited by both aglycones and the corresponding glycosides
(Loarce et al., 2021). A mixture of different anthocyanins gives fruits, berries and flower
petals of various colors from red to blue (Konieczynski et al., 2021). The chemical structure
of anthocyanins causes easy solubility in water and polar solvents, especially in acidic media.

It is known that anthocyanins are present in solutions in several tautomeric forms,
depending on a number of factors: the acidity of the medium, the polarity of the solvent and
its ability to form hydrogen bonds. In general, depending on the pH value, anthocyanin dyes
exist in the form of a flavylium cation, a carbinol base, a chalcone or a quinoid form. In an
acidic environment, anthocyanins are mainly in the form of a bright red cation of flavylium.
As the pH shifts to an alkaline medium, the color turns purple as the quinoid form appears.
The formation of colorless structures in the form of a carbinol base and a chalcone is also
possible (Etxabide et al., 2021; Manzoor et al., 2021). In addition, they are sensitive to the
conditions of technological processing and storage, namely, they may lose or change color
under the action of high temperatures, enzymes, the presence of oxygen, and heavy metal
ions (Loarce et al., 2021).

Promising raw materials for the production of anthocyanin extracts are winemaking
waste from dark grapes. The amount of dyes in the extract depends on the grape variety and
the method of wine production. Red grape pomace, which remain as waste in the production
of wine by the white method, has a higher content of dyes. When the grapes ripen, the number
of anthocyanins is constantly increasing. The content of anthocyanins in the skin can be from
3 to 6% of the dry weight of the skin during the ripening of the grapes, and from 0 to 500
mg/dm?3 in the pulp. The composition of anthocyanins depends on the grape variety and place
of growth (Perestrelo et al., 2020).

The most widespread as extractants of anthocyanins from plant raw materials are water,
solutions of ethyl alcohol, and alcohol-glycerol mixture (Kurambhatti et al., 2020; Popovi¢
et al., 2020). Typically the extraction is carried out with aqueous or aqueous-alcoholic
solutions, acidified with mineral or organic acids, using operations of infusion, pressing,
filtration and concentration in vacuum at a temperature 60°C. The disadvantages of these
methods include the difficulty of evaporating the extract containing pectin, tannins and
mineral or organic acids. In fact, during evaporation, the degradation of dyes occurs due to
hydrolysis and polycondensation of anthocyanins with the formation of insoluble products.
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In addition, the use of aqueous extracts of anthocyanins is not suitable in the manufacture of
some perfumes and cosmetics based on hydrophobic compositions. The use of alcohols of
different chemical structure will increase the thermal stability of the extracts due to obtaining
anthocyanins without carbohydrates and resistance to microorganisms.

The aim of this work was to determine the effect of the number of hydroxyl groups and
the carbon chain of the aliphatic alcohols of the extractants on the efficiency of anthocyanin
extraction from red grape pomace, optical characteristics and stability of anthocyanins in the
obtained extracts. The proposed protocols can open new routes for a by-products disposal by
the recovery and recycling of valuable substances.

Material and methods

Materials

Vitis Vierul grapes were obtained from local farms in Ukraine. Grape pomace obtained
after two days of fermentation in the production of wine according to the "white method",
squeezing and freezing was used as raw material.

Extraction of anthocyanins

Extraction of anthocyanins was performed in conical flasks with reflux in a water bath
with atemperature of 60+2°C under stirring. The extraction process was performed at module
10 for 20 minutes with the following extractants: methanol, ethanol, propan-2-ol, butan-1-ol,
2-methylpropan-1-ol, ethane-1,2-diol (ethylene glycol), propane-1,2,3-triol (glycerol). The
extracts were cooled, filtered through a blue ribbon filter and adjusted to the initial level with
fresh extractant solution (Pérez et al., 2021).

The efficiency of the extraction process was determined by the amount of extracted
anthocyanins at the pH of the obtained extracts (5.2-6.7 depending on the alcohol-extractant)
and with acidification of the extracts with hydrochloric acid to pH 2.9, because at this pH
anthocyanins are almost 100% flavylium cation form.

Determination of the concentration of anthocyanins

pH-differential spectrophotometry was used to determine the concentration of
anthocyanins. For this purpose, 2.5 cm® aliquots of the filtrate were placed into two
volumetric flasks with a capacity of 50 cm? and filled up with a buffer solutions of pH=1
(0.025 M potassium chloride) and pH=4.5 (0.4 M sodium acetate), respectively. After
stirring, the optical density of each solution was measured at wavelengths of 510 and 700 nm
on a spectrophotometer Spekol-11 (Germany). Measurements of the optical density at 700
nm were performed to establish the amount of light absorption by impurities.

The concentration of anthocyanins in grape pomace was calculated as equivalent of
cyanidin-3-glucoside in mass per gram of dry matter (AC, mg CG/g DM) according to
(Wrolstad et al., 2001):

AC=(AA -M-V-F-10%/(m-¢-1) (1
where, AA — the difference absorption solutions at different wavelengths 510 and 700 nm
and the corresponding pH values, AA=(As10 — A700)pri—(As10 — A700)pa,s; M —molar mass of
cyanidin-3-glucoside; V — volume of prepared solution, I; F — dilution factor; m — mass of
absolutely dry sample, g; ¢ — molar extinction coefficient cyanidin-3-glucoside, 1 - mol™? -
cmt; | — optical path length of the cuvette, cm.
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Determination of the thermal stability of anthocyanins

To determine the thermal stability of anthocyanins, the extracts were kept in a closed
flask at 60 °C for 4 hours. Determination of anthocyanin content was performed every 60
minutes. To study the kinetics of the process of anthocyanin decomposition under the
influence of temperature, the rate constant of anthocyanin degradation reaction (k, h'*) and
half-life (ty2, h) were calculated. The first-order reaction was used as a kinetic model of
anthocyanin degradation (Mulyawantia et al., 2018). The reaction rate constant was
calculated by the formula:

k =—1In (clco)lt (2
c — current concentration of anthocyanins in solution, mg/l;
Co — initial concentration of anthocyanins in solution, mg/l;
t — time, hours.
The half-life was obtained as:
tos = In2/k (3)

Results and discussion

Influence of the number of hydroxyl groups in an aliphatic alcohol molecule on
the efficiency of extraction

At the first stage, the goal was to investigate the influence of the number of hydroxyl
groups in the aliphatic alcohol molecule on the extraction efficiency. Mono-, di- and trihydric
alcohols were chosen as extractants. The process of extraction of anthocyanins was carried
out at different pH, which was created by the introduction of hydrochloric acid. The results
of the experiments are given in the Table 1.

Table 1
Effect of pH and the number of hydroxyl groups in the extractant molecule on the number of
extracted anthocyanins

Parameter Extract_ant -
ethanol ethane-1,2-diol propane-1,2,3-triol
pH 54 | 29 56 | 29 590 | 29

AC, mg CG/g DM 7.71 5.78 4.49

The efficiency of the extraction follows the order propane-1,2,3-triol < ethane-1,2-diol
< ethanol (Table 1). The worst results in the extraction of anthocyanins were obtained for
extractants with the largest number of carbon atoms and hydroxyl groups in the structure.
The amount of extracted anthocyanins by two-stage extraction for each alcohol is: propane-
1,2,3-triol (glycerol) 4.49 mg/g; ethane-1,2-diol (ethylene glycol) 5.78 mg/g; while with
ethanol it increases up to 7.71 mg/g. The latter value indicates that ethanol and ethylene
glycol compared to glycerol have 1.7 and 1.3 times higher efficacy, respectively, due to the
different ability to form hydrogen bonds, as well as the intermolecular interaction between
solvent and anthocyanins.

The spectral characteristics of the extractions obtained with ethanol and polyhydric
alcohols are presented in Figure 1.

—— Ukrainian Food Journal. 2022. Volume 11. Issue 2 283



—— Food Chemistry ——

1.2 1.8
1.6
1.0 1 \
1.4
E - 2\\ 5 '
< 0.8 w© 1.2
> \ o
o N ©
o 4 olO
£ 06 sSLTIN & i
= A ™~ 208
o o
»n 04 »n 0.6
.2 o]
<04 ml
0.2
0.2 1
0.0 0.0 | 3
© O O O O O O O OO O O [eNololoNolololoNolololoNoNoNe]
PR3 IBIFIII 272225 BB5IIB8G
——1 —=2 —a3 A 3 Anm

Figure 1. Absorption spectra of extracts from grape skins at:
a-pH52-6.7;b-pH 2.9;
1 — ethanol; 2 — ethane-1,2-diol; 3 — propane-1,2,3-triol.

When comparing the spectral characteristics of the extractions obtained with ethanol
and polyhydric alcohols, it should be noted that they are similar, the absorption maximum is
not clear and is in the wide range of 530-560 nm, indicating a not bright red color with blue
hues (Figure 1a). Provided that the introduction of hydrochloric acid is the cleavage of
monosaccharides from the anthocyanin molecule to obtain the flavylium cation, the extracts
were adjusted to pH 2.9 to obtain a more stable form of the natural pigment, namely —
anthocyanidin. From Figure 1b it would be seen that the typical absorption maximum at 530—
540 nm becomes clearer and more pronounced, and the value of the optical density increases
by 1.5-1.8 times compared to the initial pH. The color of the solutions becomes bright red,
which indicates the transition of the dye into the form of the flavylium cation. The results
shown in Figure 1, b, show the advantages of using ethane-1,2-diol and ethanol in comparison
with propane-1,2,3-triol in 1.4 times. Moreover, the use of ethane-1,2-diol is more effective
than ethanol and allows you to obtain extracts with a clear maximum, which indicates the
absence of a shade in the color.

Influence of the number of hydroxyl groups in the extractant molecule on the
thermal stability of anthocyanins

It is known that anthocyanins are thermolabile compounds and degraded during heat
treatment (Bakowska-Barczak, 2005). Temperature can have a negative effect not only on
the color of dyes, but also changes their antioxidant properties (Martinsen et al., 2022). The
exact mechanism of thermal degradation of anthocyanins is still unclear. However, it is
known the formation of chalcones in the first stage of the process, the loss of glycosidic
fragments and the formation of adiketone before the formation of final products, including
coumarin derivatives, benzoic acid derivatives and threehydrobenzaldehyde (Reyes et al.,
2007; Zhao et al., 2013). Therefore, it is important to investigate the ability of anthocyanins
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to degrade when the extracts are kept at the temperature of their concentration with a decrease
in pressure.

When studying the effect of the number of hydroxyl groups in the extractant molecule
on the thermal stability of anthocyanins, it was found that the thermal stability increases as
follows ethane-1,2-diol < propane-1,2,3-triol < ethanol (Figure 2, Table 2).
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Figure 2. Kinetic curves of destruction of anthocyanins in extractants at:
a — initial pH of solvent; b — pH =2.9: 1 — ethanol; 2 — ethane-1,2-diol; 3 — propane-1,2,3-triol.

Table 2
The effect of pH and the number of hydroxyl groups in the extractant molecule on the thermal
stability of anthocyanins

Parameter Extractant - -
ethanol ethane-1,2-diol propane-1,2,3-triol
pH 5.4 2.9 5.6 2.9 5.9 2.9
k, ht 0.0947 0.0681 0.1838 0.0779 0.1391 0.0945
tip, h 7.32 10.18 3.77 8.89 4.98 7.33

The results of the reaction rate constant of the decomposition of anthocyanins are given
in Table 2 and they evidence the stability of anthocyanins in the form of the flavylium cation
(pH 2.9). The decrease in the decomposition reaction constant of anthocyanins when moving
to a more acidic environment was for: ethanol by 1.4 times, ethane-1,2-diol by 2.4 times,
propane-1,2,3-triol by 1.5 times, with better stability of anthocyanins observed in ethanol at
both pH values. It can be assumed that with an increase in the number of hydroxyl groups in
an alcohol molecule, the ability to form intermolecular hydrogen bonds also increases, which
negatively affects the stabilization of anthocyanins. The use of ethanol at pH 2.9 is 12% more
effective than ethane-1,2-diol, and 23% more effective with propane-1,2,3-triol.
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Influence of the length and structure of the carbon chain of monatomic alcohols
on the amount of extracted anthocyanins

Further studies were aimed at determining the influence of the length and structure of
the carbon chain of monohydric alcohols on the number of extracted anthocyanins — Table 3.

The largest amount of extracted anthocyanins was obtained when low molecular weight
alcohols were used as extractants, which are able to penetrate better into the cells of grape
pomace. Among alcohols of normal structure, butanol extracts 1.5-2 times less anthocyanins.
Alcohols of the isostructure extract a smaller amount of anthocyanins due to the spatial
structure of their molecule. Methanol and ethanol extract 2.4 and 3.0 times more
anthocyanins compared to propan-2-ol. Ethanol extracts 2 times more anthocyanins than 2-
methylpropan-1-ol.

Table 3
Influence of pH and structure of carbon chain of monohydric alcohols on the amount of
extracted anthocyanins

Extractant
Parameter methanol ethanol | propan-2-ol butar-l— 2-methi/_lc;))lropan—
pH 67 | 29 |54 29575 | 29 |56[29] 52 2.9
AC, mg
Caia D 6.34 7.71 2.60 4.04 3.94

It was found that the efficiency of extractants increases as 2-methylpropan-1-ol < butan-
1-ol < propan-2-ol < ethanol < methanol (Figure 3b). When comparing the spectral
characteristics of alcohol extracts with the linear structure of the carbon chain, we observe
an increase in the number of anthocyanins in solution with a reduction in the carbon chain of
the extractant: methanol — ca. 3 times, ethanol — 2.4 times compared to butan-1-ol. Extraction
of anthocyanins by methanol occurs not only in cationic but also in quinoid form, as
evidenced by the spectral characteristics of the extracts, which have a wide spectrum of
absorption (Figure 3, a) and the highest maximum at pH 2.9 (Figure 3b). Alcohols of
isostructure under these conditions showed better results than alcohols with the appropriate
number of carbon atoms of normal structure. The absorption intensity of extracts with 2-
methylpropan-1-ol is 2 times more than butan-1-ol.

Studies of the spectral characteristics of the obtained extracts (Figure 3a, b) showed that
with increasing the length of the carbon skeleton of alcohol, the absorption spectra are
characterized by different intensities, the absorption maximum is in the range of 520-560
nm.

The lack of a clear maximum in the extracts can be explained by the fact that the
extraction of anthocyanins occurs not only in the form of the flavylium cation, but also in the
form of other structures.

When obtaining a stable form — flavylium cation, there is (Figure 3b) an increase in the
absorption intensity for methanol at 540 nm by three times and a shift of the maximum by 10
— 15 nm towards long waves for alcohols of the isostructure and butan-1-ol. From Figure 3b,
we can see the advantages of using methanol (2.7 times) and ethanol (2.3 times) in
comparison with the alcohols of the isostructure. Thus, the extraction of anthocyanins
depends on the polarity of the solvent and is associated with better diffusion properties of
alcohols with lower molecular weight across plant cell membranes.
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Figure 3. The spectrum of absorption of the extract from the skins of grapes at:
a-pH52-6.7,b—pH2.9;
1 — methanol; 2 — ethanol; 3 — propan-2-ol;
4 — butan-1-ol; 5 — 2-methylpropan-1-ol.

Influence of the length and structure of the carbon chain of alcohols on the thermal
stability of anthocyanins

Determination of the influence of the structure of the carbon chain of monohydric
alcohols on the thermal stability of anthocyanins is presented in Figure 4 and in Table 4.
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Figure 4. Kinetic curves of destruction of anthocyanins in extractants at:
a — initial pH of solvent; b — pH = 2.9: 1 — methanol; 2 — ethanol,
3 — propan-2-ol; 4 — butan-1-ol; 5 — 2-methylpropan-1-ol.
Table 4
Influence of pH and structure of carbon chain of monohydric alcohols on the amount of
extracted anthocyanins
N Extractant
3
£ 2-
o methanol ethanol propan-2-ol butan-1-ol | methylpropan-
& 1-ol
pH 6.7 2.9 5.4 2.9 5.8 2.9 5.6 2.9 5.2 2.9
rl](_’l 0.069 | 0.015 | 0.095 | 0.068 | 0.084 | 0.080 | 0.037 | 0.032 | 0.130 | 0.064
tlrl]z’ 10.06 | 46.83 | 7.32 | 10.18 | 8.29 | 8.68 | 18.89 | 21.66 | 5.32 10.85

It was found that the thermal stability increases in the series of 2-methylpropan-1-ol <
ethanol < propan-2-ol < methanol < butan-1-ol (Table 4). The half-life of anthocyanins in
butan-1-ol is the longest and is 18.89 hours, which is an order of magnitude higher than other
tested extractants.

The stability of anthocyanins in the form of the flavylium cation (pH 2.9) is higher for
all extractants: for propan-2-ol by 1.05 times, for ethanol by 1.4 times, for 2-methylpropan-
1-ol by 2 times, for butan-1-ol by 1.15 times, for methanol by 4.7 times. The best thermal
stability indicators were obtained for anthocyanins in methanol. Compared with the neutral
medium, the stability in acidified methanol is 4.7 times higher, and the half-life is 46.83
hours. The second most effective storage of anthocyanins is butano-1-ol, in which the half-
life of the dye is 21.66 hours. As evidenced in Table 4, the efficiency of extraction of
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anthocyanins by ethanol is the highest 7.71 mg/g, but the half-life is less compared to
methanol 4.6 times, and butan-1-ol by a factor 2. The use of alcohols of isostructure does not
provide advantages when storing natural dyes.

Conclusions

1. The influence of hydrogen index value and structure of extractant alcohol molecule on
anthocyanin extraction from Vitis Vierul red grape pomace was investigated and
anthocyanin stability in extracts was determined by calculating the anthocyanid
degradation reaction rate constant and half-life.

2. An increase in the efficiency of the use of extractants depending on the number of
hydroxyl groups as: propane-1,2,3-triol < ethane-1,2-diol < ethanol and depending on
the structure of the carbon fragment of monohydric alcohols as: 2-methylpropan-1-ol <
butan-1-ol < propan-2-ol < ethanol < methanol.

3. It was found that the stability of anthocyanins in the form of cation flavylium (at pH
2.9) is higher in the corresponding extracts compared to the stability of the extracts at
pH 5.2-6.7. The best extractant in terms of the efficiency of extraction of natural
pigment and use in the food industry is ethanol. The kinetic curves of anthocyanin
degradation under the influence of temperature were constructed and the half-life was
calculated, which is 10.18 hours in ethanol at a temperature of 60°C. The obtained
results allow to evaluate the efficiency of extractants in the extraction of anthocyanins
from grape pomace and their thermal stability.
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Introduction. The aim of this study was to investigate the role
of surfactants synthesized by Acinetobacter calcoaceticus IMV B-
7241 in media with glycerol in the presence of biological inductors in
destruction of biofilms.

Materials and methods. Cultivation of A. calcoaceticus IMV
B-7241 was carried out in a mineral medium using refined glycerol
or crude glycerol, the waste of biodiesel production, as carbon
sources. Biological inductors were introduced as live or inactivated
cells of Bacillus subtilis BT-2, as well as the supernatant after strain
BT-2 cultivation. Surfactants were extracted from the supernatant of
the culture liquid with a modified mixture of Folch (chloroform and
methanol, 2:1). The degree of biofilm destruction in the presence of
surfactants was determined by spectrophotometric method.

Results and discussion. Regardless of the substrate used, the
introduction of both live and inactivated cells of B. subtilis BT-2 into
medium used for cultivation of A. calcoaceticus IMV B-7241 was
accompanied by the synthesis of surfactants, the degree of biofilm
destruction of which was higher than those obtained in the medium
without an inductor. The degree of destruction of bacterial and yeast
biofilms achieved by the action of A. calcoaceticus IMV B-7241
surfactants obtained on refined glycerol in the presence of inductor
cells was 36.5-85% and was 1.5-3 times higher compared to using
surfactants synthesized in medium without inductors. Note that,
surfactants synthesized in the presence of biological inductors
destroyed biofilms of the test cultures at fairly low (7.5-960 pg/ml)
concentrations. Similar results were observed for the usage of
surfactants obtained on the waste of biodiesel production. Therefore,
introduction of live cells of B. subtilis BT-2 into the medium with the
crude glycerol was accompanied by synthesis of surfactants, which at
concentration 1.8-960 ug/ml caused destruction of B. subtilis BT-2,
Proteus vulgaris PA-12 and Enterobacter cloacae C-8 biofilms at
30.1-80.7% and was higher than using similar surfactant
concentrations obtained during cultivation without inductors (24.1—
75%). The destruction of biofilms of Staphylococcus aureus BMS-1,
Candida albicans D-6 and Candida tropicalis PE-2 under the action
of surfactants (1.8-960 ug/ml) synthesized on crude glycerol in the
presence of both live or inactivated cells of B. subtilis BT-2 was 1.5—
8 times higher than surfactants synthesized in medium without
inductor.

Conclusion. The possibility to regulate the ability to destroy
bacterial and yeast biofilms of surfactants synthesized by A.
calcoaceticus IMV B-7241 by introducing into the medium
competitive bacteria B. subtilis BT-2 was found.

—— Ukrainian Food Journal. 2022. Volume 11. Issue 2

201



——Biotechnology. Microbiology ——
Introduction

Biofilm formation significantly contributes to microbial survival in hostile
environments and it is currently considered a key virulence factor for pathogens responsible
for serious chronic infections (Huigens et al., 2019). More than 90% of the studied species
of bacteria are able to form biofilms. Biofilm formation was detected in more than 80% of
chronic diseases of microbial etiology. Thus, about 60% of all hospital-acquired infections
are caused by microorganisms located in biofilms (Parrino et al., 2019). Bacteria capable of
forming biofilms are considered a major cause of chronic and acute bacterial infections. For
several decades, the bacteria that cause widespread or severe infections have acquired
resistance to every new antibiotic that comes on the market (D'Cunha et al., 2018).

Alternative methods for biofilm prevention and/or eradication are urgently required to
modify the traditional treatments. The ability of several novel natural antimicrobial
compounds (probiotics, bacteriophages, enzymes) to efficiently control biofilm formation
has been identified (Algburi et al., 2017). New potential biocides (microbial surfactants,
peptides) are actively investigated (Lin et al., 2021).

There is an increased need for recycling of waste products from food, wood industry
and agriculture in recent years. For example, crude glycerol which is a side product of
biodiesel production because the problem today is the need to dispose of large amounts of it.
In recent years, there have been developments to utilize glycerol and convert it to usable
biomass (Chmielarz et al., 2021). It was also tested as an additive with other waste substrates
to make valuable products (Poladyan et al., 2020).

Increasing the efficiency of microbial surfactant technologies is one of the ways to use
cheap industrial waste as a substrate, crude glycerol as waste of biodiesel production, in
particular (Salazar-Bryam et al., 2017). The most effective way to dispose of such waste is
to use them as substrates in biotechnological processes to obtain practically valuable products
(Diamantopoulou et al., 2020).

In addition, there are more papers in the literature devoted to the cultivation of
microorganisms in the the presence of biological inductors, the presence of which enhances
the biological activity of final metabolites (peptides, bacteriocins, surfactants) and the
synthesis of new metabolites with biological activity (Kumar et al., 2021).

It was previously found that Acinetobacter calcoaceticus IMV B-7241 synthesizes a
complex of surfactants on a wide range of carbon substrates, including glycerol of different
degrees of purification (Pirog et al., 2018). A study of the biological activity of surfactants
synthesized crude glycerol showed that such surfactants were less effective biofilm
destructors compared to those synthesized on purified glycerol.

Previous studies (Pirog et al., 2021) showed the possibility of regulating the
antimicrobial activity of the surfactants A. calcoaceticus IMV B-7241 by adding into the
cultivation medium of cells of competitive bacteria B. subtilis BT-2. It is important that the
antimicrobial activity of surfactants synthesized on crude glycerol was significantly
increased under such cultivation conditions.

Since one of the mechanisms for biofilm destruction under the influence of microbial
surfactants is their antimicrobial activity (Sharma et al., 2019), it was suggested that
cultivation the producer with competitive bacteria B. subtilis BT-2 to allow increase not only
antimicrobial activity of surfactants, but also their ability to destroy biofilms.

In connection with the above, the aim of the work is to investigate the role in biofilm
destruction of A. calcoaceticus IMV B-7241 surfactants synthesized in the presence of
biological inductors in medium with glycerol of different degrees of purification.
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Materials and methods
Object of research

The main object of research was strain Acinetobacter calcoaceticus K-4, registered in
the Depository of Microorganisms of the D.K. Zabolotny Institute of Microbiology and
Virology of the National Academy of Sciences of Ukraine under the number IMV B-7241.

Bacterial strains (Bacillus subtilis BT-2, Staphylococcus aureus BMS-1, Proteus
vulgaris PA-12, Enterobacter cloacae C-8) and yeast (Candida D-6, Candida tropicalis PE-
2) from the collection of live cultures of the Department of Biotechnology and Microbiology
of the National University of Food Technologies were used as test cultures in determining
the ability of surfactants to destroy bacterial and yeast biofilms.

Medium composition and conditions of cultivation

Strain A. calcoaceticus IMV B-7241 was grown in the liquid mineral medium (g/I):
(NH2)2.CO - 0.35; MgSO, - 7H,0 — 0.1; NaCl - 1.0; Na;HPO, - 0.6; KH,PO, — 0.14; pH
6.8-7.0. Yeast autolysate — 0.5% (v/v) and microelement solution — 0.1% (v/v) were
additionally added into the medium. The micronutrient solution contained (g/100 ml): ZnSO4
+7TH,0 —1.1; MnSO4 - H,0 —0.6; FeSO, - 7H,0 —0.1; CuSOs - SH,O —0.004; CoSO4 - 7TH,0
—0.03; H3BO3 - 0.006; KI —0.0001; EDTA (Trilon B) —0.5.

As carbon sources used (%, v/v): refined glycerol — 3, crude glycerol — 5.
Concentrations of glycerol of different quality are equimolar on carbon.

Culture in the exponential phase was used as an inoculum, grown in a medium of the
above composition with 0.5 % of the corresponding substrate. The inoculum with the number
of bacteria 10*-10° cells/ml was added in an amount of 10% of the medium volume.

The bacterial strain Bacillus subtilis BT-2 was used as a biological inductor and were
introduced as live, inactivated cells, as well as the supernatant after BT-2 strain cultivation.
At the beginning of the cultivation process, inductor inoculums were added to A.
calcoaceticus IMV B-7241 culture. Bacillus subtilis BT-2, grown on meat-peptone agar for
24 h, was suspended in 100 ml of sterile tap water and 2.5 ml of suspension per 100 ml of
surfactant-producing culture medium was added. Inactivated cells (heat treated at 131 °C for
1 hour) were added, 10 ml per 100 ml of culture medium. Cell-free supernatant was added,
2.5 ml per 100 ml of culture medium.

Cultivation of A. calcoaceticus IMB B-7241 in the presence of supernatant, live and
inactivated B. subtilis BT-2 cells and without inductors was carried out in 750 ml flasks with
100 ml of medium on a shaker (320 rpm) at 30 °C for 7 days.

Determination of extracellular surfactant concentration

The amount of extracellular surfactants was determined using our modified Bligh and
Dyer method. The surfactants extraction was with a mixture of chloroform and methanol
(2:1) from the supernatant of the culture liquid. Then, the culture liquid was centrifuged at
5000 g for 20 min to obtain the cell-free supernatant.

As A. calcoaceticus IMB B-7241 synthesizes a complex of non-polar and polar lipids,
and the well-known Bligh and Dyer method used for surfactant isolation allows the
separation of mainly non-polar lipids, we modified the classical solvent system (Folch
mixture) by adding to it 1 M HCI (chloroform — methanol — water = 4:3:2). Such a system
allows for maximum separation of both non-polar and polar lipids.
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In a 100 ml cylindrical separation glass-stoppered funnel, 25 ml of supernatant was
placed, 1 M HCI solution was added until the pH value is reached 4.0-4.5 (about 5 ml), the
funnel was covered with a stopper and shaken for 3 min, then 15 ml of chloroform and
methanol mixture (2:1) was added and shaken (lipid extraction) for 5 min. The mixture
obtained after extraction was left in a separating funnel to separate the phases, after which
the lower fraction was drained (organic extract 1) and the aqueous phase was re-extracted.
During the second extraction, 1 M HCI solution was added to the aqueous phase to reach a
pH 4.0-4.5 (about 5 ml), 15 ml chloroform-methanol mixture (2:1) and the lipids were
extracted for 5 min. At the third stage, 25 ml of chloroform-methanol mixture (2:1) was
added to the aqueous phase and extracted as described above to obtain organic extract 3.
Extracts from 1 to 3 were combined and evaporated on IP-1M2 rotary evaporator at 50 °C
and absolute pressure of 0.4 atm to constant weight.

Obtaining surfactant preparations

A. calcoaceticus IMB B-7241 surfactant solutions of various concentrations were used
in the research. The dry surfactant residue was dissolved in sterile phosphate buffer (0.1 M,
pH 7.0) to the original volume (25 ml) and further diluted with this buffer to the required
concentration. The surfactant solutions were sterilized in an autoclave at 112 °C for 30 min.

Study of the degree of the biofilm destruction under the action of surfactants

The effect of surfactants on biofilm degradation was carried out as described in
(Allegrone et al., 2021). For obtaining the biofilm formation, 180 pl of meat-peptone broth
(MPB) or liquid wort and 20 pl of one-day test culture suspension were added to
immunoassay microplates. Then, it was incubated for 24 h at optimal temperature for the test
culture, followed by draining the culture liquid, added 180 pl of fresh MPB (liquid wort) and
20 pl of test culture suspension and further incubated for 24 h. This 48-hour cultivation is
decent for the formation of a biofilm in the microplate wells. After 48 h, the culture liquid
was drained and 200 pl of surfactant preparations (0.005-1.28 mg/ml) were added to the
microplate wells (with the test culture biofilm formed on them previously). Sterile tap water
(200 ul) was added instead of surfactant preparations to control variants (wells). Wells were
washed three times with 200 pl of distilled water after 24 h of exposure and the number of
adherent cells was determined spectrophotometrically. The degree of biofilm destruction (%)
was determined as the difference between cells adhesion in untreated and surfactant-treated
wells of the immunoassay plate.

Statistical analysis

All experiments were performed in 3 replicates, the number of parallel determinations
in the experiments was 3-5.

Results and discussion

The functionality of various types of biosurfactants as antibiofilm agents is mainly
determined by their types: glycolipids, rhamnolipids, sophorolipids, lipopeptides.

Mechanisms of bacterial biofilm degradation differ depending on the type of surfactant
(Paraszkiewicz et al., 2021). It is reported that most microbial surfactants can increase cell
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surface hydrophobicity and destabilise lipid structure (Ohadi et al., 2020), as one of the
mechanisms of biofilm destruction. According to other data, these changes increase the
permeability of cell membranes and reduce microbial adhesion to different surfaces (Bionda
et al., 2016). According to other studies, microbial surfactants inhibit the expression of
bacterial genes involved in biofilm formation (Allegrone et al., 2021). In addition, a paper
(Yan et al., 2019) reported a mechanism of anti-biofilm activity against S. aureus CMCC
26003 of microbial surfactants synthesized by lactic acid bacteria. Surfactants were found to
affect the expression of biofilm-associated genes by interfering with the release of signaling
molecules.

Effect of biological inductors in a medium with crude glycerol on the ability of
surfactants synthesized by A. calcoaceticus IMV B-7241 to destroy biofilms

The degradation of biofilms under the influence of surfactants synthesized by A.
calcoaceticus IMV B-7241 in the medium with crude glycerol in the presence of live B.
subtilis BT-2 cells is shown (Table 1).

Table 1
Destruction of biofilms under the action of surfactants synthesized by A. calcoaceticus IMV B-
7241 in the medium with crude glycerol in the presence of live B. subtilis BT-2 cells

Destruction of biofilm (%) under the
Presence of | action of surfactants at a concentration

Test culture inductor in (ng/ml)
the medium

60 120 240 480 960
. - - 50 51 51 52 55
Bacillus subtilis BT-2 " £5 t5 t5 61 65
— 65 70 70 71 71
Enterobacter cloacae C-8 " 60 70 70 8l 8l
. — 52 58 61 66 70
Proteus vulgaris PA-12 " 76 77 77 77 77
. L - 40 45 52 57 58
Candida tropicalis PE-2 " 53 4 7 62 63
. . - 26 30 31 35 38
Candida albicans D-6 " 39 1 48 = =

Note. When determining the destruction of the biofilm, the error did not exceed 5%.

An increase in the degree of biofilm destruction of bacterial and yeast test cultures was
achieved by the action of surfactants synthesized in the presence of live inducer cells in the
medium with crude glycerol. The use of inactivated cells or supernatant as inductor was
accompanied by the synthesis of surfactants under the influence of which biofilm degradation
was the same as preparations synthesized in medium without inductors (Tables 2 and 3).
Using surfactant concentrations below 60 upg/ml obtained during cultivation of A.
calcoaceticus IMV B-7241 on crude glycerol in the presence of live B. subtilis BT-2 cells,
the destruction of both bacterial and yeast biofilms was not different from that in the action
of preparations synthesized without inductors.
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A significant difference (9-10 %) in the degradation of B. subtilis BT-2 and E. cloacae
C-8 biofilms in the presence of surfactants synthesized with and without an inductor was
observed only when surfactants with the highest concentrations studied (480-960 pg/mL)
were used. At the same time, the degree of destruction of P. vulgaris PA-12 biofilm by
surfactants synthesized by strain IMV B-7241 in medium with inductor was 76-77 %,
regardless of surfactant concentration, and was 7-24 % higher than those obtained without
inductor. The highest difference (19-24 %) in the degradation of P. vulgaris PA-12 biofilm
under the influence of surfactants synthesized with and without inductor was observed when
using low concentrations of preparations (60—120 ug/ml).

The degree of destruction of yeast biofilms under the action of surfactants synthesized
in the presence of B. subtilis BT-2 cells was 5-17% higher than that under the influence of
preparations obtained without an inductor. In the case of surfactants obtained under
cultivation of IMV B-7241 strain with the inductor, the destruction of C. tropicalis PE-2
biofilm was rather high, 53-63% in the whole range of surfactant concentrations tested. The
degree of destruction of C. albicans D-6 biofilm exceeded 50% only under the influence of
high concentrations (480-960 pg/ml) of the preparations obtained in the presence of the
inductor.

In contrast to other bacterial biofilms (see Table 1), an increasing S. aureus BMS-1
biofilm destruction was observed when surfactants synthesized in the presence of all
inductors (supernatant, live and inactivated B. subtilis BT-2 cells) were used: the degree of
biofilm destruction was 10-19% higher than under the action of preparations obtained during
A. calcoaceticus IMB B-7241 cultivation in medium without inductors (Figure 1).
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o

(o2}
o

n
o
f
|

N
o
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|

Destruction of biofilm, %

w
o

960 480 240
Surfactant concentration, pg / ml
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OLive cells of BT-2
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Figure 1. Effect of biological inductors in A. calcoaceticus IMV B-7241 in a medium with the
waste of biodiesel production on the ability of synthesized surfactants to destroy Staphylococcus
aureus BMS-1 biofilm
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Under the action of lower concentrations of surfactants (7.5-120 pg/ml) synthesized on
crude glycerol in the presence of supernatant, live and inactivated B. subtilis BT-2 cells, the
destruction of S. aureus BMS-1 biofilm was at the same level as that caused by surfactants
obtained in medium without inductors.

Destruction of biofilms by surfactants synthesized by A. calcoaceticus IMV B-7241
on purified glycerol in the presence of biological inductors

The data presented in Table 2 show that in contrast to the cultivation of A. calcoaceticus
IMV B-7241 on crude glycerol, the growth of surfactant producer on purified glycerol in the
presence of both live and inactivated inducer cells as well as supernatant showed the synthesis
of surfactants under the influence of which the destruction of bacterial biofilms was on
average 10-20% higher compared to the action of preparations synthesized without inductor.

Table 2
Effect of surfactants synthesized by A. calcoaceticus IMV B-7241 in the medium with purified
glycerol in the presence of B. subtilis BT-2 cells on bacterial biofilms destruction

Biological Destruction of biofilm (%) under the action
Test culture inductor of surfactants at a concentration (ug/ml)
240 120 | 60 30 15 7,5
Control 55 54 43 40 38 35
Bacillus subtilis Supernatant 54 52 41 40 36 36
BT-2 Live cells 64 60 58 50 50 48
Inactivated cells 59 58 50 45 43 40
Control 38 33 31 30 30 28
Staphylococcus Supernatant 56 52 48 40 34 33
aureus BMS-1 Live cells 65 65 50 46 40 36
Inactivated cells 55 53 48 40 35 33
E b Control 55 55 50 40 35 30
clrc])t:crge ez.jc_tg r Sgpernatant 60 60 55 55 45 40
Live cells 80 75 73 70 70 65
Inactivated cells 76 68 65 60 55 51
Control 38 38 38 36 32 29
Proteus vulgaris Supernatant 47 45 45 40 40 36
PA-12 Live cells 58 55 55 50 43 42
Inactivated cells 58 52 50 48 40 40

Note. When determining the destruction of the biofilm, the error did not exceed 5%.

The second fundamental difference between surfactants synthesized on purified
glycerol in the presence of inductors and those obtained under similar conditions of strain
cultivation on crude glycerol is a lower effective concentration ensuring maximum (over
50%) degradation of bacterial biofilms (30—240 and 60-960 pg/ml respectively (Tables 1
and 2). The most effective inductor under A. calcoaceticus IMV B-7241 cultivation on
purified glycerol was B. subtilis BT-2 live cells: the surfactants synthesized in their presence
were characterized by a higher ability to destroy most bacterial biofilms than those obtained
using inactivated cells or cell-free supernatant. Data about the destruction of yeast biofilms
by surfactants synthesized in the presence of inductors are shown in Table 3.
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Table 3
Destruction of yeast biofilms by surfactants synthesized by A. calcoaceticus IMV B-7241 in the
medium with purified glycerol in the presence of live and inactivated B. subtilis BT-2 cells

Destruction of biofilm (%) under
the action of surfactants at a
concentration (pg/ml)

240 | 120 | 60 | 30 | 15 | 7,5
Control (without inductor) | 43 | 42 | 40 | 39 | 33 | 30

Live cells of Bacillus

Test culture Biological inductor

Candida bl BTo 57 | 57 | 56 | 54 | 53 | 42
tropicalis PE-2 - < ated Bacillus subtili
activated Bactlius SUBUINIS 1 g1 | 50 | 45 | 45 | 43 | 43
BT-2 cells

Control (without inductor) | 41 | 41 | 41 | 36 | 28 | 23
Live cells of Bacillus

C_andlda subtilis BT-2 64 | 60 | 55 | 46 | 46 | 45
albicans D-6 Inactivated Bacillus subtilis
48 | 48 | 42 | 40 | 34 | 30
BT-2 cells

Note. When determining the destruction of the biofilm, the error did not exceed 5%.

Increased destruction of yeast biofilms by surfactants synthesized by A. calcoaceticus
IMV B-7241 on purified glycerol in the presence of inductors was observed only when live
and inactivated B. subtilis BT-2 cells, except supernatant were used as inductors, and besides
live cells were been more effective compared to inactivated cells.

The degree of destruction of yeast biofilms by surfactants produced by IMV B-7241
strain in medium with live cells of inductor was 6-16% and 10-23% higher compared to
those established for surfactants synthesized with B. subtilis BT-2 inactivated cells and
without inductor, respectively.

Both bacterial biofilm destruction (see Table 2) and destruction of C. tropicalis PE-2
and C. albicans D-6 biofilms were at the maximum level (40-64%) when surfactants
produced in the presence of an inductor were used at 30240 pg/ml concentrations. Similar
degree destruction of yeast biofilms under the influence of surfactants synthesized in the
medium with crude glycerol and inductors was achieved at a higher surfactant concentration
(60-960 pg/ml) (Table 1).

Note that, there is limited data in the literature on the ability of surfactants synthesized
in the presence of biological inducers (live or inactivated cells, or supernatant) to destroy
microbial biofilms.

The work (Kimelman and Shemesh, 2019) showed that in the presence of supernatant
after co-cultivation of B. subtilis with Lactobacillus plantarum the degree of S. aureus
biofilm destruction reached up to 61%, whereas supernatant after growing L. plantarum
monoculture inhibited the formation of biofilm by only 40% after 24 h. The authors found
that the increasing in biofilm destruction by the supernatant after co-cultivation of the two
strains was due to the synthesis of antimicrobial lipopeptides by Bacillus subtilis under these
conditions.

It was found by other researchers (Hamza et al., 2018) that the supernatant after co-
cultivation of Staphylococcus lentus SZ2 and Vibrio harveyi MTCC 7771 was able to inhibit
the biofilm of V. harveyi MTCC 7771 pathogen. In addition, the degradation of the V. harveyi
biofilm after 24 h treatment with the supernatant obtained after Staphylococcus lentus SZ2
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monoculture cultivation was 40%, while under the action of the supernatant after the strains
co-cultivation reached 79%.

In research (Mohamed et al., 2020), two bacterial strains of Micromonospora sp. UR56
and Actinokineospora sp. EG49 produced new metabolites that were not typical for
monocultures. The induced metabolites were phenazine derivatives and they showed the
ability to destroy biofilms of B. subtilis, S. aureus, Escherichia coli, and Pseudomonas
aeruginosa. Phenazine at a concentration of 10 pl destroyed 24-hour biofilms of E. coli by
an average of 54%, S. aureus by 50%, B. subtilis by 18% and P. aeruginosa by 42%.

Previously (Pirog et al., 2020a), it waas found that regardless of the time of introduction
of competitive bacteria (E. coli IEM-1 and B. subtilis BT-2) into medium of Nocardia
vaccinii IMV B-7405 cultivation and their physiological state (live, inactivated cells) the
synthesis of surfactants was observed, after treatment with which the degree of B. subtilis
BT-2, S. aureus BMS-1, Pseudomonas sp. MI-2 biofilm destructions were 10-35% higher
compared to those established for surfactants obtained in medium without competitive
microorganisms.

Our other studies (Pirog et al., 2020b) it was shown that the degree of destruction of
bacterial (B. subtilis BT-2, S. aureus BMS-1, Pseudomonas sp. MI-2) and yeast (C. albicans
D-6 and Candida utilis BBC-65) biofilms under the influence of surfactants synthesized by
Rhodococcus erythropolis IMV Ac-5017 in the presence of live E. coli IEM-1 and B. subtilis
BT-2 cells, reached up to 40-94 % and was higher compared to those surfactants synthesized
by IMV Ac-5017 strain in a medium without inductors (32—65%).

To compare the degree of biofilm destruction by our and other well-known microbial
surfactants (lipopeptides, rhamnolipids, sophorolipids) synthesized on glycerol, the literature
data on the ability of such microbial surfactants to destroy microbial biofilms was analysed.

It is shown that under action of B. subtilis VS16 lipopeptides at fairly high
concentrations (3000-5000 pg/ml) destruction of S. aureus ATCC 29523 biofilms was
67.4%, E. coli MTCC 65 — 63.9%, S. typhimurium ATCC 19430 — 61.1% (Giri et al., 2019).
In addition, in the work (Sen et al., 2020) the authors showed that the destruction of
Trichophyton rubrum MTCC 8477 and Trichophyton mentagrophytes NCCPF 800049
biofilms after treatment with rhamnolipids synthesized by P. aeruginosa SS14 reached 80-
85% at the surfactant concentration of 2000 and 250 pg/ml, respectively.

In research (Borah et al.,, 2019) was found that rhamnolipids synthesized by P.
aeruginosa SS14 on waste of alcohol production reached the highest (90-95%) degree of C.
tropicalis MTCC 1000 destruction at concentrations of 500-1000 pg/ml, respectively.

The results of our studies showed that the introduction of inductors in A. calcoaceticus
IMB B-7241 cultivation medium allowed to obtain surfactants that effectively destroy
bacterial and yeast biofilms at much lower (several orders of magnitude) concentrations (7.5-
480 pg / ml), than described in the literature.

Note that at present we could not find information in the available literature on the
increased efficiency of yeast biofilm destruction (including Candida yeast) in the presence
of microbial metabolites synthesized during co-cultivation of microorganisms.

Conclusion

Consequently, as a result of this work, the possibility of regulating the biological
activity of A. calcoaceticus IMV B-7241 surfactants has been established by introducing into
the cultivation medium the competitive bacteria B. subtilis BT-2 cells, which are inductors
of synthesis of surfactant with a higher ability to destroy both bacterial and yeast biofilms.
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Introduction. Biocement is a new building material based on the
use of bacterial urease. The application of plant urease is the way for
a wide and environmentally friendly application of this biotechnology
for soil biogrouting.

Materials and methods. Urease activity of germinated soy seeds
was determined by changing the electrical conductivity of the urea
solution, uS/cm, due to its hydrolysis under the action of the urease
enzyme. Calcium concentration was determined by titration with
ethylenediaminetetraacetate using Eriochrome black T indicator.
Assessment of sand biocementation was provided by the change of its
water permeability.

Results and discussion. The disadvantages of the
biocementation process are the potential biohazard from the used
urease-producing bacteria and the unpredictable effect of introducing
a significant amount of live bacterial biomass into the environment in
the case of soil biogrouting. A possible replacement for bacterial
urease may be plant-derived urease. Screening of seeds of agricultural
crops grown in Ukraine showed that soybean seeds can be used as a
source of urease for biocementation in the form of a crude aqueous
extract from the crushed mass of the seeds themselves or germinated
within 24-48 hours.

The urease activity of the homogenized mass of soy seeds was
higher than the activity of pure extracts, and the specific activity —
activity per unit of plant material — of both the homogenized mass and
the extract was higher when using seeds that were germinated for 24—
48 hours and specific activity of seeds germinated for 96 hours
decreased.

The use of a crude extract from soybean seeds showed its
effectiveness for the precipitation of calcium carbonate from a
solution of calcium chloride and urea. Application of plant urease for
sand biocementation made it possible to reduce water permeability
by 600 times and obtain values of water seepage 1-10% m/s that
allowed the use of plant urease instead of urease-producing bacteria
for soil biogrouting.

Conclusions. The possibility to replace in biocementation
bacterial urease with plant-derived urease, particularly extract from
soybean seeds, was shown. Plant urease effectively precipitated
calcium carbonate from a mixture of solutions of calcium chloride
and urea, and its use in the biocementation of sand reduced its water
permeability to values corresponding to the seepage of sand
biocemented with urease-producing bacteria.
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Introduction

A new area of biotechnology — the use of microorganisms for the needs of construction
has been successfully developing in the world over the past 15 years. A special place among
new building materials is occupied by the production of biomement and biogrouts based on
the application of urease-producing bacteria, which, in the presence of urea and calcium ions
in an alkaline medium, catalyze the process of the so-called microbial induced calcium
carbonate precipitation (MICP) and form insoluble calcite crystals (Ivanov and Stabnikov,
2017; Rosquoet et al., 2002).

Bacteria-induced mineral precipitation is a well known phenomena in Nature, which
plays a significant role in Earth’s mineral deposits (Hoffmann et al., 2021). The formation
of calcium carbonate CaCOs is one of the most researched and studied biomineralization
processes (Bang et al., 2010; Fernandez et al., 2018; Ronholm et al., 2014). Biocement is
considered an ecological material inspired by nature itself (Achal, 2015).

An interesting example of natural biocementation in Ukraine can be a rock in the village
of Podkamen, Brody district, Lviv region, Ukraine. This is a huge rock 16 m high and about
11 million years old (Figure 1a). In places where the outer hard crust is broken, clean sand is
visible. An example of the use of MICP, the transformation of 1 m? of sand into stone using
urease-producing bacteria, is shown in Figure 1b (Ivanov and Stabnikov, 2017).

Figure 1. Object of natural biocementation: the rock in the village of Pidkamin, Ukraine (a) and
the result of artificial biocementation using MICP of sand (b)

To obtain biocement, most researchers use bacterial biomass with urease activity, since
the use of the urease enzyme is expensive. Urease-producing bacteria Sporosarcina pasteurii
(formerly Bacillus pasteurii) that is the most commonly used for biocementation (Bang et
al., 2010; Keykha et al., 2018; Mortensen and Delong, 2011; Whiffin et al., 2007) are
belonging to the RG1 group of microorganisms (biologically safe) according to the European
Union Directive (Directive 2000/54/EC). At the same time, there are many opportunistic and
pathogenic species, halotolerant and alkaliphilic, with significant urease activity, which are
considered in some studies as possible biological agents for biocementation (Dosier, 2014;
Han et al., 2013; Maheswaran et al., 2014; Varalakshmi, 2014; Zaghloul et al., 2021). Some
authors have isolated active urease-producing bacteria for further use in biocementation
processes from activated sludge of sewage treatment plants (Al-Thawadi, 2012; Varalakshmi
and Devi, 2014; Xu et al., 2017), while the risk of isolation of opportunistic pathogens is
high. The use of biosafe and relatively cheap sources of urease is indicated as one of the
essential requirements for the widespread practical use of soil biogrouting, when a large
number of living cells of urease-producing bacteria are introduced into the environment
(Ivanov et al., 2019).

—— Ukrainian Food Journal. 2022. Volume 11. Issue 2 303



——Biotechnology. Microbiology ——

A possible replacement for bacterial urease could be an environmentally friendly plant-
derived urease (Dilruksh and Kawasaki, 2016; Ivanov et al., 2019). The main role of urease
in plants is to allow the organism to use urea as a source of nitrogen. Several families of
common plants are very rich in urease, including certain varieties of beans, melons and
pumpkins, and even the pine family (Das et al., 2002). It is known to use Jack beans
(Canavalia ensiformis and Canavalia adans) for the industrial production of plant urease
(Kakimoto et al., 1992). There are studies where plant leaves, rather than seeds, are studied
as a source material with urease activity, for example, mulberry leaves (Morus alba)
(Hirayama et al., 2000), wheat and soybean leaves (Hogan et al., 1983).

The authors usually propose the use of local plant materials to obtain extracts with
urease activity for their further application as a source of urease in biocementation. For
example, crude extracts from watermelon (Citrullus lanatus) seeds, which are considered
food waste (Al Imran et al., 2021; Dilruksh etal., 2018), from crushed outer leaves of cabbage
and soy pulp (Baiq et al., 2020), and jack beans (Canavalia gladiata) (Tirkolaei et al., 2020)
for biocementation.

The aim of the present study was to increase the ecological safety of the process of soil
biograiting using urease of agricultural plants.

Materials and methods
Plant seeds

To determine the possibility of using the seeds of agricultural crops as a source of
urease, the seeds of green lentils, peas, white beans, black beans, soybeans, pumpkins,
watermelons and melons were germinated by water-air method. Seeds were soaked for 48
hours: the period of exposure to water was 6 hours, followed by 6 hours of exposure to air),
and then self-germination was carried out for 96 hours with periodical spraying with water
to prevent the seeds from drying out (Stabnikova et al., 2021; 2023).

Sand

For biocementation, river sand sifted through a metal sieve with holes (diameter of 0.5
mm) was used. Particle size distribution and mean size were measured using a Bettersizer S3
Plus particle size analyser (Bettersize Instruments, Dandong, China). For each sample, 3
measurements were done to determine the average particle size. The maximum size of 10%
(D10), 50% (D50) and 90% (D90) of all particles was also determined.

Determination of urease activity

Urease activity was determined using a TDS-3 portable conductometer: the amount of
released ammonium was determined according to the calibration graph by changing the
electrical conductivity of the solution, uS/cm, due to hydrolysis of urea under the action of
the urease enzyme. The molar concentration of NH4* (Y) correlated linearly (R? = 0.999) with
the change in the electrical conductivity of the solution (AX) in uS/cm over 5 minutes. Urease
activity (UA) was defined as the amount of ammonium formed in 1M urea solution per
minute.

To determine the urease activity of plant raw materials, seeds together with sprouts or
sprouts separately were ground in a mortar, 0.5 g of grounded material were weighed, and
mixed with 10 ml of distilled water in a glass beaker (the concentration of the obtained extract
was 50 g/l) and urease activity of this extract was determined.
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Determination of calcium concentration

The amount of calcium carbonate was measured by filtration and drying at 60°C.

Calcium concentration was determined by the standard APHA 2340C method with
ethylenediaminetetraacetate (EDTA) titration (APHA, 1999). A liquid sample, 50 cm?, was
placed in a conical flask, 1 cm® of buffer solution to maintain pH 10.0 and a few drops of
Eriochrome black T indicator were added. The sample was titrated with 0.01 M EDTA
solution until the colour changed from purple to blue.

Determination of water permeability of biocemented sand

To determine the water permeability of the treated sand samples, 0.1-0.2 dm?® of tap
water was supplied by gravity from 1 dm? of a container with water at a practically constant
hydraulic pressure of 0.5 m of water. This measurement was close to ASTM D2434-68
(2006) "Standard Test Method for Permeability of Granular Soils". The hydraulic
permeability of sand, P, in a sand core was calculated according to equation:

Pz\%-A,m/s,

where —V is the volume of water supplied to a sand column; t is the time for which water
passes through the sand; A is the cross-sectional area of the column.

Statistical analysis

The experiments were carried out in triplicates. Statistical processing of the
experimental results was carried out using special computer programs for personal
computers. Data are presented as arithmetic mean standard deviation.

Results and discussion

Selection of a plant whose seeds can be used as a safe source of urease for
biocementation

Seeds of agricultural crops were selected for the study. The urease activity was
measured in water extracts of germinated seeds with sprouts, as well as in sprouts separated
from seeds. The urease activity of some plant materials is shown in Table 1.

Table 1
Urease activity of germinated seeds and sprouts of agricultural plants

Plant Urease activity, mM hydrolyzed urea/min/g
Germinated seeds Sprouts
Green lentils 0.29 0.31
Pumpkin 0.23 N/D*
White beans 0.26 024
Black beans 0.29 0.20
Soya 0.84 0.55
Watermelon 0.54 0.43
Melon 0.56 0.39

* N/D —not determine.
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The urease activity of the germinated seeds with sprouts was a little bit higher than that of
the sprouts only. According to the level of urease synthesis, the germinated seeds of the studied
plants were arranged as follows: seeds of soybean, melon, watermelon, green lentil, black bean,
white bean and pumpkin. Germinated soybean seeds showed higher urease activity. The urease
activity of germinated seeds of melon, green lentil, black bean, white bean and pumpkin was 66,
64, 35, 35, 31 and 27% of the urease activity of germinated soybean seeds, respectively. Compared
with the literature data on the urease activity of plants, urease activity of soybean seeds can be
respected as relatively high. For example, the urease activity of the original extract from the leaves
of mulberry (Morus alba L.), which was used to obtain purified plant urease, was 0.064 mM/min
(Hirayama et al., 2000), and the activity of the pumpkin seed extract used in the work (Al Imran
et al., 2021) was 0.01 mM/min. Soybean seeds were chosen as the most promising plant source
of urease.

Choice of the form, which will be advisable to use plant urease for biocementation

Urease activity of germinated soybean seeds, 0.84 mM hydrolyzed urea/min, is lower than
the activity of urease-producing bacteria commonly used in biocementation processes, but it is
sufficient to use for soil biogrouting, since it has been shown that surface treatment of
contaminated soil with small doses of biocement is effective in controlling its wind and water
erosions and significantly reduces the release of dust, as well as bacterial and chemical pollutants
into the environment (Hao et al., 2021; Ivanov and Stabnikov, 2020; Namdar-Khojasteh et al.,
2022; Stabnikov et al., 2013).

To characterize the accumulation of urease in plant biomass, soybeans were germinated and
samples of seeds were taken at 24, 72, and 96 hours. The value of urease activity was determined
both in the homogenized mass of crushed seeds together with sprouts, and in the aqueous extract,
which was obtained after removal of the suspended plant mass by centrifugation. For the
preparation of extracts, different amounts of the homogenizing mass of seeds with sprouts were
used, namely in proportions, g of mass to 10 ml of distilled water: 1 (10%); 2 (20%) and 4 (40%).
The results on the urease activity of the homogenized mass of germinated soybean seeds and the
extract obtained after removal of the plant mass by centrifugation are shown in Figure 2.

Urease activities of the homogenizing mass of seeds with sprouts were higher than the
activities of water extracts and the activities of both were higher at the beginning of seeds
germination. So, there was no significant change in urease activity during germination for 2472
hours, but it decreased by 30-80% at 96 hours of germination. During the germination of peas
(Cicer arietinum L.), another pattern was found: urease activity increased in germinated seeds and
was maximum in the extract at 192 hours of germination, 0.03 mM/ml, and then decreased (Pervin
etal., 2009).

To select a method for preparing plant materials to be used as a source of urease, the specific
urease activity of the homogenizing mass of soybean seeds with sprouts and water extracts
obtained by removing the suspended plant mass were compared. The seeds were germinated for
3 days, a homogenized mass was prepared from seeds and sprouts at 24, 48 and 96 hours of
germination by treatment in a blender for 2 minutes to destroy plant cells and tissues, and then
mixed thoroughly. Mixtures with different content of homogenized mass were prepared (10, 20
and 40% w/v), and to make extracts plant biomass was separated by centrifugation, and specific
urease activities were determined in homogenized mass and extracts. Specific urease activity
remained almost constant during 24-72 hours of germination and decreased by 96 hours.
According to the data obtained, the homogenized mass of germinated seeds had a higher urease
activity than the extracts, but the introduction of a large mass of plant material during
biocementation can interfere with the process, so the possibility of using a homogenized mass,
hereinafter a crude extract, had to be checked experimentally (Table 2).
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Figure 2. Urease activity of the homogenized mass
with different amounts of crushed seeds with sprouts (10, 20, and 40%) (a)
and the extracts obtained after removal of the plant mass by centrifugation (b).

Table 2
Specific urease activity of homogenized mass of germinated soybean seeds and extracts
depending on germination time

Homogenized mass, Specific urease activity, mM/min-g at time of generation, h
% 24 | 72 | 96
homogenized mass (crude extract)
40 0.6+0.05 0.5+0.03 0.3+0.02
20 0.6+0.03 0.5+0.02 0.5+0.02
10 0.7+0.05 0.5+0.05 0.4+0.03
extract

40 0.4+0.02 0.4+0.02 0.2+0.01
20 0.5+0.05 0.4+0.04 0.3+0.01
10 0.4+0.01 0.4+0.04 0.3+0.02
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Using crude extracts from soybean seeds as a source of urease for the precipitation
of calcium carbonate

To confirm the possibility of using urease of soybean seed for biocementation,
precipitation of CaCOs; was done from a solution of chemical compounds used for
microbially initiated precipitation of calcium carbonate, namely, a mixture of equimolar
solutions of CaCl, and urea, with the addition of crude extracts from soybean seeds or
germinated seeds. 20 ml of a mixture of equimolar solutions of CaCl, and urea with different
molar concentrations were added to the propylene tubes. Prepared 10% crude extracts of soy
seeds and germinated soy seeds without centrifugation, were added in the amount of 5 ml per
tube and incubated at 30 °C for 48 hours. Part of the tubes were placed on a laboratory shaker
at 150 rpm and stirred for 4 h every day. Precipitation of CaCO3 was determined by titration
with the indicator Eriochrome black (Tables 3 and 4).

Table 3
Calcium precipitation using soy seed crude extracts (no agitation)

CaCl; : urea | Initial concentration | Precipitated Ca®" using crude extract
of Ca”*, of
gl Seeds Germinated seeds
g/l % g/l %

0.3M:03 M 12 11.87 98.92 11.78 98.17
0.5M:0.5M 20 16.04 80.20 17.10 85.5
0.7 M:0.7 M 28 17.35 61.96 19.23 68.68
1.OM:1.0M 40 21.18 52.95 22.32 55.80
I.5M:1.5M 60 23.47 39.12 24.79 41.32

Table 4
Calcium precipitation using soy seed crude extracts (with agitation)

CaCl: : urea | Initial concentration | Precipitated Ca?* using crude extract
of Ca?*, of
g/l Seeds Germinated seeds
gl % g/l %

0.3M:0.3 M 12 10.63 88.58 11.92 99.30
0.5 M:0.5M 20 10.35 51.75 17.67 88.35
0.7 M:0.7 M 28 13.69 48.89 29.19 72.11
L.OM:1.OM 40 22.12 55.30 23.73 59.33
1.5M:1.5M 60 25.81 41.68 25.21 42.02

The concentration of dissolved calcium in the liquid under precipitate was determined
by titration with the indicator Eriochrome black. The amount of precipitated calcium was
determined from the difference between the initial content of calcium and that remaining in
the solution, and the percentage of precipitation was calculated. As can be seen, the
precipitation of calcium occurred better with the use of crude extracts from germinated seeds
and with periodic mixing of the solutions, but this difference was insignificant and amounted
to no more than a few percent. The amount of precipitated calcium increased with an increase
in its initial value, but the percentage of removal, on the contrary, decreased. Therefore, when
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carrying out soil biogrouting or biocementation, an equimolar ratio of calcium chloride and
urea above 1.5 should not be used, and application of seeds without germination as a source
of urease resulted in formation of calcium carbonate.

Biocementation of sand using plant urease
Screened river sand was used for biocementation. Particle size distribution and mean

size were measured using a Bettersizer S3 Plus particle size analyser (Bettersize Instruments,
Dandong, China) (Figure 3, Table 5).
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Figure 3. Particle size distribution of screened sand
Table 5
Particle size distribution of screened sand
d, 0- 200- 300- 400- 500- | 600- | 700- | 800- | 900- | 1000-

pm | 200 300 400 500 600 | 700 | 800 |900 | 1000 | 1500
% 18.12 | 30.31 | 23.74 | 1347 | 722 | 344 | 186 | 099 [ 050 | 0.35

Thus, the main sand fractions contained particles ranging in size from 200 to 300 pm
(30.31%) and in size from 300.0 to 400 um (23.74). D10=166.4 pm; Dsp=305.4 pum;
Dgo=553.5 um, i.e. 10% of the sand had particles with diameter less than 166.4 um, 50% less
than 330 um and 90% less than 1600 um. Based on the grain size of the particle, sand is
classified as fine sand (75 to 425 pm), medium sand (425 to 2000 pum), and coarse sand (2000
to 4750 pwm). That is, the sand that was used for biocementation was fine. For comparison,
biocementation studies typically use: ASTM (American Society for Assaying and Materials)
sorted sand with an average grain size of 400 pum; standard round sand (Societe Nouvelle du
Littoral, France) with an average grain size of 420 um; standard Ottawa sand with an average
size of 300 um with a particle size variation from 150 to 1180 pm.

Biocementation of screened sand was carried out in syringes (3 cm diameter and 10 cm
in length). Sand was placed into each syringe in an amount of 60 g. Suspension of
homogenized mass of seeds or germinated seeds (seeds with sprouts) were used as a source
of urease. The efficiency of biocementation was evaluated by the change in the permeability
of the treated sand. The zero point was the rate of water passage in the sand before the start
of biocementation.
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Caputo (2004) defines soil permeability as the amount of water passing through the
pores between particles at different speeds over a certain period of time. Estimating the rate
of water passage is relevant because the water content of any soil zone is related to the
relationship between soil tension and pressure, which depends on the increased amount of
water infiltrating. The coefficient of water permeability (the amount of passing water) is
usually advisable to use for porous media. There were 8 cycles of biocementation, and they
consisted of the following steps: slow feed of the crude extract, 10 ml; exposure for 2 hours;
supply of solutions of calcium chloride and urea with different ratio CaCl, : urea, namely:
0.5M:0.5M; 0.7 M: 0.7 M; 1.5 M: 1.0 M. After each biocementation, the sand was allowed
to stand for 24 hours for calcium carbonate crystals to form, and the water permeability of
the sand was determined. The results are presented in Figure 4.

700

600
500
400
300
200
100

Water permiability, m/s x 106

0 ————
0 2 4 6 8 10
Number of treatments

700

600
500
400
300
200
100

Water permiability, m/s x 10,

0 2 4 6 8 10
Number of treatment

Figure 4. Changes in the water permeability of biocemented sand when using an crude extract
from germinated seeds (a) and seeds (b):
e control;
A - sand, which was treated with a 0.5 M solution of urea and calcium chloride;
m — sand that was treated with a 1.0 M solution of urea and calcium chloride;
¢ —sand, which was treated with a 1.5 M solution of urea and a 1 M solution of calcium chloride.
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In general, during the biocementation of sand using plant urease, the water permeability
decreased from 6-10* m/s to 1-10°® m/s, that is, it decreased by 600 times. The values
obtained correspond to the seepage rates of sand biocemented with conventionally used
urease-producing bacteria (Chu et al., 2013; lvanov and Stabnikov, 2017), and seepage rates
from actual aquaculture ponds (Teichert-Coddington et al., 1988; Weisburd and Laws, 1990).
Thus, due to the action of plant urease, because of the formation of calcium carbonate CaCOs,
the pores in loose sand are filled, the sand particles are bound, the water permeability is
reduced and, as a result, their strength is increased. Similar results were obtained in the work
of Japanese scientists (Al Imran et al., 2021), who used crushed and mixed watermelon seeds
(both dry and germinated) as a source of the urease enzyme for sand biocementation at neutral
pH ~7 and temperature 30 °C. Biocementation assessed with decrease of water permeability
was going faster when solutions with low concentration of calcium chloride and urea were
used and the use of 1M solutions should be considered optimal, which provided a lower final
water permeability of the sand samples. Photos of biocemented sand are shown in Figure 5.

R

Figure 5. Sand after biocementation using soybean seed urease

The advantages of this method of biocementation are evident: (a) there is no need to
grow a microbial producer of urease, that is, the technology is greatly simplified; (b) the
crude extract can be prepared just prior to its use; (c) the cost of the biocementation process
is significantly reduced, since there is no need for a nutrient medium for growing bacteria,
electricity consumption for aeration in the growing process, and the use of highly qualified
personnel to obtain microbial biomass with urease activity; (d) one of the important problems
of biocementation is completely solved — cells of the microbial urease producer do not enter
the environment, and an aqueous solution of homogenized plant biomass does not need
additional determinations of its biosafety. This biocementation method can be used as an
environmentally friendly and sustainable method for solving numerous geotechnical
problems, such as soil stabilization, elimination of the consequences of soil liquefaction
during earthquakes, soil protection from erosion, the atmosphere from dust, and chemical
pollutants.
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Conclusions

1. Screening of seeds of agricultural crops grown in Ukraine showed that soybeans can be
used as a source of urease for biocementation in the form of a crude aqueous extract
from the seed mass itself or germinated within 24-48 hours.

2. The use of a crude soybean seed extract has been shown to be effective in precipitating
calcium carbonate from a mixture of calcium chloride and urea solutions.

3. The use of a crude soybean extract in the biocementation of sand made it possible to
reduce its water permeability and obtain values corresponding to the seepage rates of
sand biocemented with traditionally used urease-producing bacteria.
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Introduction. Due to the worldwide coronavirus
epidemic, models of consumer behaviour related to the
purchase of food need to be revised.

Materials and methods. An empirical study was
conducted with a questionnaire survey. The research
took place in Hungary in the summer of 2020,
involving 724 consumers.

Results and discussion. A high percentage of
consumers in Hungary reacted to the coronavirus crisis
by panic buying. The consumption of healthier foods
has spread in connection with the coronavirus crisis,
and that the demand of Hungarian consumers for dairy
products has also increased. Furthermore, there are
differences between the products consumed by panic
buyers and normal shoppers. The results showed those
who were not afraid of the coronavirus paid less
attention to their eating habits (Pearson's correlation: -
0.119, sign.:0.01). Some 59.9% of respondents said
that it was worth storing large quantities of food
because of the coronavirus epidemic. Females and
males did not differ on this issue (Chi-square 0.160, df:
2, sign.:0.923, p>0.05). Correlation tests showed that
for dairy purchases, butter, cheese, fruit yoghurt and
sour cream were significantly correlated with each
other. By age, respondents aged 40-60 bought the
most dairy products, while consumers aged 30 bought
the least.

Conclusion. The coronavirus pandemic has
seriously affected not only the global economy, but
also the daily life of the world's population. Negative
consequences were also reflected in the attitude to the
purchase of food and there were significant changes in
the composition of consumed products.
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Introduction

Throughout history, infectious diseases have always been present in people's lives. The
coronavirus epidemic is certainly not the first epidemic from the past period. At the same
time, it cannot be denied that this virus has had the biggest impact on the global economy in
the last twenty years. The coronavirus was declared a global epidemic by the World Health
Organization on March 11, 2020.

The coronavirus caused serious economic damage worldwide, affecting not only
national economies, but also people's everyday lives through massive job losses (Grueso-
Hinestroza et al., 2022; Mostenska et al., 2022). Several economic sectors, such as tourism,
hospitality, and retail were extremely negatively affected by the crisis (Nayak et al., 2020).
The epidemic has had different economic impacts in each individual country, the main reason
for this being that the public health and government measures taken to contain the Covid-19
epidemic have varied widely (Post et al., 2021; Ram et al., 2021).

The first waves of the epidemic affected both population centres and economic actors
most unexpectedly (Ruiz Estrada, 2020). In addition to the sectors listed above, the epidemic
also had an extremely negative impact on agriculture and the food industry due to illness and
the loss of employees, government restrictions, changes in customer markets, and reductions
in logistics services (Csiszarik-Kocsir et al., 2021a; 2021b; Gyenge et al., 2021; Khodakivska
et al., 2020; Kitukutha et al, 2021; Reményik et al., 2020; Sokil et al., 2021).

The increase in demand and the appearance of food shortages have launched an
inflationary process in certain sectors affected by the epidemic, including the food industry
(Ghosh, 2021), while in the case of other — primarily convenience and luxury products — a
price drop was experienced due to the sudden decline in demand (Akter, 2020; Victor et al.,
2021). In China, where the epidemic began, the food problem was even more pronounced
due to its large population (Lin and Huang, 2021; Marinova et al., 2022; Yang et al., 2022).
Measures introduced to deal with the coronavirus crisis, such as working from home and
social distancing, also changed people's food purchasing habits (Baarsma and Groenewegen,
2021; Giingordii Belbag, 2021;Kolte et al., 2022; Maryati, 2020; Naz et al. 2020; Naz et al.,
2022).

Panic buying began in stores around the world (David et al., 2021), and this panic
buying fever appeared not only for hygienic products and medicines but also for food, which
resulted in periodic shortages of certain food products (Bozsik et al., 2022; Chang and
Mayerhoefer, 2020; Garai-Fodor and Csiszarik-Kocsir, 2022; Lehberger et al., 2021; Yu et
al., 2020; Alshaabani et al., 2021). In addition to panic buying, another significant change in
consumer behaviour was that fear of the coronavirus led consumers to online shopping,
thereby increasing the number and frequency of online food purchases (Alaimo et al., 2020;
Lu et al., 2021). Szymkowiak et al. (2020) examined shopping habits during the coronavirus
epidemic. During their research, they distinguished eight factors that appeared as consumers'
risk-reduction expectations during the pandemic. Such factors included, among others, the
reduction of shopping opportunities, the emphasis on the importance of social distancing
while shopping, the issue of food safety, the quality of product packaging, and the emphasis
on personal safety. Nowadays, after the "fifth wave", we can no longer detect the panic
purchases experienced in the first wave, but it is clear that online orders have stabilized at a
high level and many people continue to buy less in traditional ways (Gu et al., 2021;
Semeradova and Weinlich, 2022). According to Google Trends (2020) data, the proportion
of online purchases has also increased significantly in Hungary (Figure 1).
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Figure 1. Percentage of searches for the keyword ""Online shopping' in the first half of 2020
(percentage)
(Google search for ‘online shopping' in the first 6 months of 2020)

All of this is well supported by the fact that 9% of the population in Hungary tried online
grocery shopping for the first time in their lives. In addition, behavioural habits related to
food safety have also changed, as for example, it is now less common to check baked goods
by touch (Kasza et al., 2020). Even before the epidemic, supermarkets tried home delivery
of food, but there was not much demand at the time. So6s (2020) in his research highlighted
that 63% of online grocery shoppers liked "this method", but would return to traditional
shopping as soon as possible. 11% of the participants in the mentioned research liked it very
much, while 21% did not like the possibility of online shopping.

Taking into account the trends presented above and in international articles, the first
hypothesis of the current research is as follows:

Hypothesis H1: The coronavirus crisis affected the shopping habits of Hungarian
consumers, and this demonstrated differences in gender, age, and education.

Consumers are increasingly aware of values such as health, quality of life, food safety,
and digital security (De and Giri, 2020; Ivanov et al., 2021; Megits et al., 2020; Bruma et al.,
2021). Several international studies (Hall et al., 2021; Marty et al., 2021) also examined food-
purchasing habits during the coronavirus. The researchers showed that the demand for dairy
products, cereals, vegetables and fruits increased the most, which mainly benefited local
producers (Cappelli and Cini, 2020; Palau-Saumell et al., 2021; Mat¢ et al., 2022). In their
research, Laguna et al. (2020) showed that the most frequently purchased products in Spain
included pasta, vegetables, oil seeds, cheese, and chocolate.

On the other hand, the demand for foods considered unhealthy and fattening, such as
desserts, decreased. In their publication, Xu et al. (2022) pointed out that the health awareness
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of consumers increased during the coronavirus crisis, and the consumption of healthier
products, including dairy products, increased significantly. According to the results of their
research, 79% of consumers were willing to buy more dairy products after the outbreak of
the epidemic, so that the purchase rate of dairy products increased by an average of 17.49%
compared to the period prior to the outbreak of the epidemic.

This tendency is also confirmed by the 2022 study by Hambardzumyan and Gevorgyan,
who found that the demand for dairy products among consumers in Armenia was
significantly increased, especially in the first month after the declaration of the state of
emergency.

Based on the above, the second hypothesis of research is the following:

Hypothesis H2: At the beginning of the outbreak of the coronavirus crisis, Hungarian
consumers bought dairy products regardless of whether they were perishable goods or not.

The 2019 coronavirus epidemic affected not only our health, but also our shopping and
food consumption habits. The current study was carried out in the initial phase of the
emergency, so our goal was to demonstrate how and to what extent the sudden, high-impact
changes affected the food consumption behaviour of Hungarian consumers. The research
clearly illustrates the "circumstances” that characterized food consumption and shopping
habits both in Hungary and globally in 2020.

Materials and methods

The research started in March 2020 and ended in June 2020. Consumers were contacted
with the help of interviewers, who questioned research participants in shopping centres
(Tesco, Metro, etc.), in smaller grocery stores (e.g. Coop), and in other larger stores that sell
food (e.g. Lidl, Aldi). The empirical study was based on a questionnaire survey. The starting
point for compiling the sample taken from the basic population was the most recent 2011
census data of the Central Statistical Office. The sample size, the subgroups formed on the
basis of the various background variables, were the size of the statistical regulations, this
number of elements is common in both international and domestic public opinion research.

When compiling the sample taken from the basic population, the goal was to achieve
an accurate representation, so the authors implemented the following sampling procedure:

Hungary was divided into regions.

—  Based on the population data of each region, it was determined how many of the
724 consumers should participate in the research from each region.

—  Theresearchers selected one county per region, and then based on KSH (Central
Statistical Office of Hungary) guidance, they determined the number of people
living in the county, cities and villages with a smaller population, and their
proportion.

—  The population of the test settlements over the age of 16 was further grouped
according to gender, age and education based on the KSH data, and the quota of
persons to be interviewed was compiled on this basis. With the developed
sampling procedure, the composition of the sample population in terms of
gender, age, education and region is the same as that of the base population.

—  Finally, the quota system of each region was established, and the questionnaire
was divided accordingly.
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Taking advantage of the possibility of random selection, the so-called random walking
method was used, the important feature of which is that each person has the same chance of
being included in the sample, while still striving for randomness. Thanks to the sampling
procedure, 724 consumers were included in the analysis, and all of the questionnaires could
be evaluated. The data of the questionnaire was analysed with the SPSS 28 program. The
methods of analysis were frequency, mean, standard deviation, ANOVA.

The following Table 1 presents the demographic data of the consumers interviewed
during the research.

Table 1
Demographic characteristics of the consumers (%)
Variables | Sample Size | %
By gender

Male 335 46.30
Female 389 53.70
By age

Between 15-29 161 22.20
Between 30-39 149 20.60
Between 40-59 236 32.60
60 and over 178 24.60

By education
Elementary 427 59.00
High school 212 29.30
University 85 11.70
By region
Central Hungary 185 25.60
Central Transdanubia 81 11.20
Western Transdanubia 90 12.40
Southern Transdanubia 84 11.60
Northern Hungary 93 12.80
Northern Great Plain 95 13.10
Southern Great Plains 96 13.30
By settlement type

Capital city 250 34.50
City 242 33.40
Village 232 32.00

20.3% of the females in the sample are under 30 years old, 19.0% are in their 30’s,
35.0% are over 40 years old, while every fourth respondent is over 60 years old. 24.5% of
males are between 15 and 29 years old, 22.4% are between 30 and 39 years old, and 29.9%
are older than 40 but younger than 60, while 23.3% of male respondents are older than 60
years. 55.8% of females have an elementary school education. This ratio is 62.7% for male,
while 32.6% of female, and 25% of males have a high school degree. 11.6% of females and
11.9% of males have university diplomas. The questionnaire also asked about the average
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monthly net income per person. This value was below HUF 20,000 in about 4.3% of the
respondents, 39.9% of them were above HUF 20,000, but no more than HUF 40,000. For
33.6% of them, it was above HUF 40,000, but not more than HUF 60,000, while in the case
of 16.9% it is an amount over HUF 60,000. The majority of people under the age of 20
(26.6%) live with income between HUF 30,000 and 40,000, while the largest proportion
(20%) of people between the ages of 30 and 40 earn a similar amount. Regarding the place
of residence and the average monthly income per capita, about 7% of the people living in the
villages lived on amounts below HUF 20,000 per person, this ratio was only 2.6% in the case
of cities.

Results and discussion
Respondents' opinions about the coronavirus situation and shopping habits

First the respondents had to decide how much they agreed with the given statement.
They had to rate the definitions on a five-point Likert scale (1 — totally do not agree, 5 —
totally agree). The responses to the statements are presented in Table 2:

Table 2
Respondents' opinions about the coronavirus situation and shopping habits
(mean, standard deviation)

Claims N Mean Std.
Valid | Missing Deviation

I am not afraid of the coronavirus 712 12 1.9846 1.56474
I like ready-to-cook products 712 12 2.8975 1.24807
Epidemiological regulations must be 715 9 3.5483 1.42854
observed

What they think of me is important 713 11 3.2903 1.20095
| pay attention to my eating habits 718 6 3.56362 1.07498
My friends often ask me for advice 713 11 3.2202 1.13451
| believe in family traditions 714 10 3.8852 1.08966
| often worry about the future 713 11 3.6830 1.19360
If prices go up, | will buy less, but I will not | 717 7 2.9442 1.17098
go for the cheaper brands

I am one of the first to try new products 712 12 1.9228 1.10666
Comfort is important to me 710 14 3.8056 1.15826
I mostly buy well-known products 715 9 3.3441 1.15674
I usually pay attention to prices 719 5 3.8804 1.06718
I plan every purchase carefully 713 11 3.1683 1.26525

It is clear from the data that at the time of the investigation there was not yet a complete
fear of the epidemic in Hungary. People knew that there would be rules to follow regarding
the coronavirus, such as the wearing of masks, shopping schedules determined by age groups,
digital education, and home office employment. At the same time, the majority were worried
about the future, and this is not necessarily just due to Covid-19. The respondents consciously
paid attention to prices, planned their purchases, and preferred well-known products, but it
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was important for them that the product purchase was also a positive and comfortable
experience. They pay attention to quality, which means that the rise in prices does not
necessarily mean that the respondents will buy products of a lesser quality.

It was shown that those who were not afraid of the coronavirus paid less attention to
their eating habits (Pearson's correlation: -.119 sign.:0.01). Those who believe that the
epidemiological rules should be followed preferred ready-made meals less (Pearson's
correlation: -.126 sign.: 0.00), paid attention to their eating habits (Pearson's correlation: .141
sign.: 0.00), they often worried about the future (Pearson's correlation: .183 sign.: 0.00), paid
attention to prices (Pearson's correlation: .174 sign.:0.00), and planned purchases (Pearson's
correlation: .137 sign.: 0.00). For those who are worried about the future, it was important
what they thought about them (Pearson's correlation: .137 sign.: 0.00), and they mostly
bought well-known brands (Pearson's correlation: .125 sign.: 0.

The authors used a non-parametric test (Mann-Whitney and Kruskal-Wallis) to analyse
whether differences could be identified in the given sample based on gender, age, and
education. In Table 3, the researchers highlighted the cases where any significant differences
could be identified, as well as of which sample group the given statement is most typical.

The data in Table 3 clearly shows that for almost every statement a significant difference
could be identified either according to gender, age, or educational level. According to gender,
women were more afraid of the coronavirus than men were, they believed that the rules would
have to be followed more stringently, they looked at prices and they planned their purchases
more carefully. The younger age group was the least afraid of the coronavirus, while those
over 60 felt greater uncertainty, so they rather measured their purchases and paid attention to
prices. According to the educational level, those with a higher educational level believed that
it was possible to protect oneself consciously by following the rules against the coronavirus,
while those with an elementary educational level believed in well-known products and
conscious price monitoring.

The questionnaire also asked whether it is worth storing large amounts of food due to
the coronavirus epidemic. About 59.9% of respondents said the answer was yes, while 37.9%
said no, and 2.2% could not answer the question. Females and males did not differ on this
issue (Chi-square .160 df: 2 sign.: .923 p>0.05). 60% of females and males believed that food
should be stored now. Based on educational level, 64.7% of those with a higher educational
level, 71.6% of those with a secondary educational level, and 53.2% of those with an
elementary educational level considered purchasing larger amounts of food. In these cases,
the Chi-square test showed a significant difference (Chi-square .21.119 df: 4 sign.: .0.000
p<0.05). The tests did not show any differences in this question either based on where the
respondents live or on the basis of their income.

Based on the results reported above the first hypothesis is accepted, according to which
the coronavirus crisis had an impact on the shopping habits of Hungarian consumers, and this
showed differences in gender, age, and education based on the examined sample.

Another focus of the research was the consumption of dairy products. First, the
respondents had to answer what their habits are when purchasing dairy products. They had
to answer on a five-point Likert scale (1 — not characteristic of me at all, 5 — completely
characteristic of me). The average and standard deviation of the responses to the statements
are summarized in Table 4.
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Table 3

Respondents' opinions about the coronavirus situation and shopping habits in the light of
gender, age, education

Claims No Age Educational level
I am not afraid of the Mann- Kruskal-W:28.959
coronavirus W.:57762. sign.:0.00 15-29-
sign...019 Male | year-olds
I like kitchen-ready, Kruskal-W:14.225
convenient products sign.:0.00 15-29-
year-olds
Epidemiological Mann- Kruskal-W:7.194
regulations must be W.:40955. sign.:0.027 University
observed sign.:.000
Female
What they think of me is Kruskal-W: 7.895 | Kruskal-W:6.920
important sign.: 0.048 40-59- | sign.:0.031 University
year-olds
| pay attention to my Mann- Kruskal-W:21.662
eating habits W.:52571. sign.:0.00 Over 60
sign.:.000 years
Female
My friends often ask me Kruskal-W: 9.997 | Kruskal-W:10.267
for advice sign.: 0.019 15-29- | sign.:0.006 University
year-olds
I believe in family Mann- Kruskal-W:33.026 | Kruskal-W:14.396
traditions W.:57305. sign.:0.00 Over 61 | sign.:0.00 High school
sign.:.021 years
Female
| often worry about the Kruskal-W:6.781
future sign.:0.034 High
school
If prices go up, 1 will buy | Mann- Kruskal-W:10.008
less, but I will not go for | W.:56662. sign.:0.007 University
cheaper brands sign...006
Female

I am one of the first to try
new products

Kruskal-W:43.037
sign..0.00 15-29-
year-olds

Kruskal-
W:11.421sign.:0.003
University

Comfort is important to Kruskal-
me W:10.868sign.:0.004
Elementary
I mostly buy well-known Kruskal-W:23.272 | Kruskal-
products sign.:0.00 Over 60 | W:7.901sign.:0.019
years Elementary

I usually pay attention to

Mann-W.:55112

Kruskal-W:51.454

Kruskal-W:16.044

prices sign...000 sign.:0.00 Over 60 | sign.:0.001 Elementary
Female years

I plan every purchase Mann- Kruskal-W:76.271

carefully W.:54570.5 sign.:0.00 Over 60
sign...001 years
Female
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Respondent statements regarding the consumption of dairy products

Table 4
Respondent statements regarding the consumption of dairy products
(mean, standard deviation)?

Mean Standard
deviation

I would not buy more dairy products even if they were 2.7143 1.60518
cheaper
| prefer to buy lower priced products 3.2881 1.18028
Good quality dairy products are easily affordable 2.0505 1.14912
Dairy products are not very expensive compared to other 2.5676 1.10790
foods
I am willing to pay more for better quality 3.2700 1.15194
I regularly consume functional food 3.7188 1.31244
Homemade products are expensive compared to other foods | 3.2697 1.37502
Organic foods are healthier 4.0328 1.22983
I would rather buy functional food (e.g. probiotic yogurt, 4.0942 1.14129
bread enriched with vitamins)
I consider dairy products healthy 4.4803 0.87127
Butter is healthier than margarine products 3.2645 1.37235
Food of local/regional origin gives me confidence 3.6667 1.46244
| am afraid of unknown diseases 3.1918 1.45248
I like convenience products (e.g. frozen Camembert cheese) | 2.7806 1.04275
I buy branded foods 2.5221 1.12435
Consideration of advertising 2.0648 1.10456
| prefer to buy organic food/food from controlled farms 2.8200 1.64666

From the data in Table 4, it can be seen that the respondents consider foods made from
milk to be healthy. Functional products are preferred, and organic products are also
considered healthy. Dairy products are popular and prices influence the amount consumed.

For the purpose of further analysis, the given statements were compressed into factors
by the authors. One variable was not suitable for factor formation: "I like convenience
products (e.g. frozen Camembert cheese)", this statement was left out of the factor formation.
Based on the KMO and Bartlett test, KMO: .628. Chi square: 956.755 df: 120 sign: .001. The
factors were created with Varimax rotation, and the explained fraction was: 62.198%. 7
factors were created, whose names and component matrix with Cronbach Alpha values are
presented in Table 5.

Table 5 shows that the following factors were formed: the health factor, the brand,
functional foods, pricing, the dairy product is cheap and good, the organic choice, local trust.
In the following, the authors examined whether differences could be identified according to
gender, age, education, and place of residence.

Based on the examination by gender, significant differences could be identified for the
following factors: health factor (F:5.018 sig.: .025 p<0.05), dairy products are cheap and
good (F:10.243 sig.: .001 p<0.05). In both cases, female consumers were more strongly
sensitive than male consumers were.
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Table 5
Rotated component matrix
Component
1 2 3 4 5 6 7
Health  H1 I consider dairy products 0.801
factor  pealthy
H2 Organic foods are 0.778
healthier
H3 1 would rather buy 0.718
functional food
Cronbach's 0.672
Alpha
Brand  B1 Consideration of 0.831
pdvertising
B2 | buy branded food 0.636
Cronbach's 0.555
Alpha
Function F1 I regularly consume 0.774
Foodstuffs functional food
F2 Homemade products are 0.700
expensive compared to other
Cronbach's 0.524
Alpha
Pricing P21 I prefer to buy the lower -0.740
riced product
P2 | am willing to pay more 0.636
for better quality
Cronbach's 0.597
Alpha
Dairyis P11 would not buy more 0.711
cheap dairy products even if they
and good were cheaper
D2 Dairy products are the 0.598
pther foods. They are not very
EXpensive in comparison
D3 Among dairy products, 0.547
good quality ones are easily
pffordable
Cronbach's 0.331
Alpha
Boy BIO1 I am afraid of unknown 0.718
selection  fiseases
B102 | prefer to buy organic 0.724
food/food from controlled
farms
Cronbach's 0.170
Alpha
Local IT1 Food of local/regional 0.680
trust prigin instils confidence in me
T2 Butter is healthier than 0.691
margarine products
Cronbach's 0.175
Alpha
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Based on age, the health factor (F:5.302 sig.: .001 p<0.05), functional foods (F:4.771
sig.: .003 p<0.05), and pricing (F:5.704 sig.: .001 p <0.05) there was a significant difference.
The health aspect is the most important for the over 60 years old respondents, functional
foods for the 40-50 years old, and pricing for the over 60 years old consumers.

Based on educational level, there was a significant difference in pricing (F:12.889 sig.:
.001 p<0.05) and based on the perception of the product (F:5.726 sig.: .003 p<0.05). In both
cases, the question was cardinal for those with university educational level.

Based on place of residence, the organic choice was significantly different (F: 5.126
sig.: .006 p<0.05) and cities were the strongest in this respect.

After that, the authors examined how the intention to accumulate due to Covid-19 is
related to the given factors. ANOVA tests did not confirm the correlations.

Purchases of dairy products during the period

Part of the research was also how much the respondents bought on a given weekend and
by what percentage on average this purchase exceeded a normal weekend purchase. The data
in Table 6 shows that Hungarian consumers typically bought one and a half times more of
the types of dairy products surveyed.

Table 6
By what percentage did purchases change on average during the first wave of the coronavirus
epidemic (mean)?

Products N Mean

Butter 724 72.410
Sour cream 724 74.558
Cheeses (e.g. Trappist, Pannonian) 724 74.572
Fruit yogurts 724 76.107
Liquid milk 724 116,826

The correlation studies proved that dairy products are significantly related to each other
(butter, cheese, fruit yogurt, sour cream). The authors looked at how purchases developed
according to gender, age, education, and place of residence. Men bought more butter, yogurt,
sour cream and cheese than women. By age, the 40-60-year-old respondents accumulated
dairy products the most, while the 30-year-old consumers the least. City residents bought
more of all five dairy products than rural residents. Based on educational level, those with
elementary school educational level and those with university degree bought more dairy
products.

It was also examined which foods are stored differently by those respondents who think
that there is no need to stock up now, and those who decide to stock foods during the
epidemic. Those who did not stock up on dairy products bought significantly less milk and
butter. Overall, it can be concluded that the onset of the coronavirus had an impact on the
procurement of dairy products, so the authors also accept their second hypothesis.
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Conclusion

1. The coronavirus pandemic seriously affected not only economic factors, but also the
everyday lives of consumers. The negative consequences also had an impact on
consumer attitudes, consumer food purchasing habits, and significant changes took
place in the composition of the products consumed. Even today, during crises, many
people try to prepare for unexpected events by panic buying (Sim et al., 2020, Chua
et al., 2021). Fear, panic, and uncertainty are direct human responses to crises, which
depend on many individual and socio-economic factors (Shadiqi et al., 2020, Arafat
et al., 2020). Panic buying is generally seen as a psychological reaction to stress, fear,
and uncertainty (Sikos et al., 2021). According to Wang and Hao (2020), food
stockpiling, as one example of this behaviour, represents an attempt to reduce the
negative consequences caused by the crisis situation and therefore represents a coping
mechanism for individuals (Janssen et al., 2021, Gunter, 2022). The current research
also demonstrated that, like consumers living in other countries, Hungarian consumers
reacted to the shock caused by the coronavirus crisis and the resulting fear by panic
buying, and in this way, they now try to prepare for an uncertain future.

2. Since the epidemic caused by the coronavirus primarily affected people's health,
consumers have become more aware of which foods they buy (Chowdhury and Nandi,
2021, Selvi, 2021). Health awareness and quality food of organic origin became the
focus of consumers' purchases (Nandini, 2021). According to the data received on
some of the products, Hungarian consumers, for example, typically bought one and a
half times more dairy products at the outbreak of the coronavirus crisis than before.
Men bought more butter, yogurt, sour cream and cheese than women did. According
to age, people between 40 and 60 years of age stocked up on dairy products, while
respondents in their 30’s purchased larger quantities the least.

3. The results of current research also highlighted which foods the respondents differ in
cumulating. Customers who did not panic bought significantly less milk and butter,
so they were not fans of storing. The surveyed Hungarian consumers consider foods
made from milk to be healthy and prefer buying functional products when shopping.
Since this study was conducted, there has been a russian invasion of Ukraine, and now
Hungarian clients now have to face new challenges. On the one hand, the drastic
increase in food and energy prices, and on the other hand, in the case of certain foods,
the quantitative restrictions imposed on one-time purchases. In addition, of course, we
cannot forget that Covid-19 is still among us.
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The authoritative international
publishing house of scientific literature
CRC Press Taylor&Francis group
published the book "Bioenhancement
and Fortification of Foods for a
Healthy Diet" under the leadership of
the famous biochemist and nutritionist
Octavio Paredes-Lopez.

The book is dedicated to the
memory of the leading scientist in the
field of biotechnology, Professor
Volodymyr lvanov.

The book is a comprehensive
collection of food science reviews and
covers the technological and nutritional
aspects of the use and processing of
cereals, dairy products, vegetables and
fruits. Developments in the field of
food technology are demonstrated in
the book and an overview of current
knowledge in the field of
biotechnological ~ processing  and
bioimprovement of food products is
provided.

Five parts of the Book are devoted
to bread and confectionery products,
technologies for improving the quality
of grain and dairy products, food
additives and new technological
processes.

The book helps scientists and
engineers to contribute to the
development of high-quality food
products, and is undoubtedly useful for
university teachers, graduate students,
researchers and professionals in the
field of food technology.
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AHoTauii

Xapuosi TexHosnorii
MopesiioBanHsl 3apyM’siHeHHS XJIiOHMX BUPOOIB Ml 4ac BUNIIKAHHA: OIS

Scmina Jlykinak!, lani6opka Koresa Komnenuu?,
Mipena Jlyusan Yonuu®, I'sope Hakos?, Mapko FOxkny?
1 — Ocieyvkuii ynisepcumem, Ociex, Xopeamisi
2 — Texniunuii ynisepcumem Coghii, Cnieencoxuii koneooic, Cuisen, boneapis

Beryn. Po3misiHyTO pe3ynbTaTH HAYKOBUX JOCIIIKSHB II0J0 HASBHOCTI B XJIIOHHUX
BHpoOax He()epMEHTATUBHHX CIIONYK IMTOTEMHIHHS, MeXaHi3My Ta (pakTopiB, 110 BIUIUBAIOTh
Ha TX YTBOPEHHS, a TaKOX MPOTHO3YBaHHS 1 KOHTPONIO PO3BHUTKY 3apyM’sSHEHHS XJIIOHUX
BHPOOIB 32 IOIOMOr0I0 MaTEMaTHYHOT'O MOJIEITIOBaHHSI.

Marepianun i Meroau. AHaIITHYHI JOCHIDKEHHS MeXaHi3My 3apyM’sHEHHS Ha
NOBEpXHI XTIOHUX BUPOOIB, MPOrHO3yBaHHSI 1 KOHTPOJIb PO3BUTKY 3apyM sSTHEHHSI B XJIIOHUX
BHpOOAx 3a JIOMOMOrOH0 MAaTEMAaTHYHOTO MOJICTFOBAHHS HAa OCHOBI BJKe HASBHHUX HAYKOBUX
CTaTe.

Pe3ynbraTn i 00roBopeHHsi. YTBOpEHHs KOJNLOPY B XJIIOHMX BHpoOax miJ 4yac ¢azu
BUITIKAHHS BiJIOMe sIK 3apyM’siHeHHsl. KopuuHeBHil Konip Ha MOBEpXHi XJIIOHMX BHUpPOOIB
3a0e3MeuyoTh MeNaHOIMUH (HEPO3YMHHUKM KOPUYHEBHH IITMEHT) 1 Kapamesb, SKi €
MpoAyKTaMH HepepMEeHTATUBHUX peakuii 3apym’stHeHHs (peakiii Masipa i kapamenizailii).
i peakuii TakoXX MOXYTh YTBOPIOBATH HeOaKaHi MPOJYKTH 3 MOTEHIIMHO MYTareHHUM
edexrom (akpunamin, rigpoxkcuMeTwipypdypoin i Gypdypoi), o npu3BOIUTH 10 BTpATH
MOYKUBHOI LIHHOCTI MPOXYKTY. 3MiHA KOJbOPY MOBEPXHI BUPOOY BBa)KA€THCS ICTOTHUM
rapameTpoM JUIs BU3HAYCHHSI 3aKIHYCHHsI IIPOLIECY BUITIKaHHS XJIi0HUX BUpoOiB. HeoOxinHO
JOKJIACTH 3yCHIIb UL PO3POOKH LIBUAKOIO, HEAOPOrOro, aBTOMaTH30BAaHOI'0, PO3YMHOIO i
00’€KTUBHOI'O METOJY BIJCTEXKECHHS 3MIHM KOJbOPY Il 4Yac BHIIKaHHA. Po3poOreHHs
MaTeMaTH4HOI MOJIeNi 3apyM’SIHEHHS € BKIMBUM U1l IPOTHO3YBAHHS 1 KOHTPOMIO IIEOTO
SIBUIIIA MIJI Yac BUMIKAHHS SIK QYHKIIT poOOYMX yMOB i penentypu mpoaykry. Kinernusi
MOJIeTl ISt 3MIHM KOJBbOPY XJIIOHMX BUPOOIB MOALISIOTHCS Ha JBI rpymu. Ilepmia rpyma
CKJIAJIA€THCS 3 KIHETHYHUX MOJIETIeH 3MIHU KOJIbOPY, JIE HE3aJIeKHOI0 3MIHHOKO € yac. J1o i€l
TPYNH BXOIATh KIHETHYHI MOJENI PeakKiii HyIhOBOTO, MEPIIOr0 Ta APYroro MOpSAKy Ta
eKCIIOHeHIIIaJlbHa eMIipuYHa Mozenb. [Ipyra rpyma ckiragaeTses 3 KiHETHYHHX MOJACIEH
3MiHH KOJIBOPY, JI€ He3aJIeKHOI 3MIHHOIO € BTpaTa MacH.

BucHoBOK. 3apy™m’ iHEHHSI BIUTUBAE Ha 3aralibHY SKICTh XJT1OHUX BUPOOiB 1 MPU3BOIUTH
JI0 3MiH OpPraHOJIENTHYHHX 1 TOXKUBHUX BJIACTHBOCTEH (3MEHIICHHS 01010CTYITHOCTI OLIKIB
1 aMiHOKHCJIOT, YTBOPEHHS aKpwiaMmigy, TigpokcumeTundyppypony, pEHOBHH 3
AQHTHOKCHIAHTHOIO AKTHBHICTIO), TOMY L€ NUTaHHS BHKIMKA€ BENHMKUI iHTepec cepen
TEXHOJIOTIB XapYOBUX MPOIYKTIB.

KuarouoBi ciaoBa: sunikaunsa, xaib, 3apym saHeHHs, KOIp, Kapamenizayis, peaxyis
Maspa, xinemuxa.
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Tersina Kankanapi, Aypika KipcanoBa, €Brenis KoBanbos,
Okxkcana Pany, Ponina CimiHIOK
Texuiunuui ynisepcumem Monoosu, Kuwunis, Pecnybonika Monoosa

Beryn. Po3risiHyTo BUPOOHHITBO KOHAUTEPCHKOTO PiXKKOBOTO COycy 0e3 ToaaBaHHs
LYKPY, BU3HAUEHO HOTr0o YHKIIOHANBHI Ta (Di3UKO-XiMI4HI BIaCTHBOCTI.

Martepianun i meromm. [ oOrpyHTYBaHHS BHKOPHCTaHHSI PIKKOBOI'O JepeBa B
penenTypi Kakao-coJIOJKOr0 KOHJUTEPCHKOr0 COYCy BBEIECHO IOPOLIOK CTPYYKIB i 600iB
pikkoBoro aepeBa. DyHKIIOHANBHI Ta (I3UKO-XIMI4HI BIACTMBOCTI OTPHMAHOIO COYCY
BHU3HAYCHO 3a PCOJOTIYHUMH MMOKA3HUKAMH, XiMIiYHHM CKIQIOM, OpPTaHOJCITHYHHM
aHaJIi30M, aHTHOKCHJJAHTHOIO aKTUBHICTIO Ta BMICTOM 3arajibHUX (hEHOIIB.

Pe3ysibTaTH i 06roBopenHs. BritoueHHS MOP(HONIOriYHUX YaCTHH PIXKKOBOTO JiepeBa
(606iB 200 M’SIKOTI CTPYUKIB) Y pelIeNT KOHAUTEPCHKOTO COYCY ISl 3aMiHH IyKpY Ta KaKkao
3HU3UIIO HOT'0 EHEPreTHYHY HiHHICTh Ha 60% MOPIBHSHO 3 OPUTIHAIBHUM PELENTOoM (3 Kakao
Ta 1ykpom). JlomaBaHHs TIOPOIIKY CTPYUKIiB PIXKKOBOTO JIepeBa 10 CKIIaJy KOHIUTEPCHKOrO
coycy 30inbiryBaio Bmict Ca ta Fe y 2,9 Ta 5,1 paza BiIOBIITHO .

3Bakaroun Ha 1,1-nudenin-2-nikpuiringpaszwry (DPPH) anTHOKCHI@HTHY aKTUBHICTb,
OioJyioriyHa IMiHHICTH COYCY 3 TIOPOLIKOM CTPYYKIB PIXKKOBOTO JiepeBa MiJBUILMINCSA 1O
95,97% mnopiBasiHo 3 60% y koHTpomi. Bmict 3araneHoro ¢enomy 3pic mo 29,12 mr
exBiBasieHTa ranoBoi kuciaotu (GAE) Ha r mopiBasHO 3 5,11 GAE/r a1s KOHTpOIBHOTO
3paska. JlomaBaHHs IOPOIIKY CTPyUYKa PLKKOBOTO JepeBa B PELENTYPHU MO3UTHBHO BILTMBAE
Ha PEOJIOTiYHI BIACTUBOCTI COYCIB, 10 NPU3BOIAMTH 0 MiJIBUIIEHHS 1X B’S3KOCTI, a TAKOX
CTIMKOCTI 3aB/SIKU 301IBLICHHIO HATIPY)KEHHS IIBUIIKOCTI 3CYBY.

OpraHonenTru4Ha oliHKa COyCiB, IPUTOTOBAHUX 3 JIOAABAHHSM MOPOIIKY CTPYYKIB 200
NopoIKy 000iB pi’KKOBOro JepeBa, Mokasaja, 10 BCi COYCH Malld TOHKY Ta OJHOPIIHY
KOHCHUCTEHIIIF0, TPUEMHI CMaKOBI Ta 3araxoBi XapaKTEepUCTHKH JOJAHUX IHIPENi€HTIB:
KOHJUTEPChKHI COYC 13 MOPOIIKOM CTPYYKIB PIXKKOBOTO JiepeBa MaB crieludiuHuii 3anax i
CMaK TEMHOTO IIOKOJaly, a KOHAUTEPChKUI COYC 13 MOpoIKoM 000iB piXKKOBOTO JiepeBa —
BIJITIHOK KapaMeJIbHOI'0 CMaKYy.

BucHoBku. J[lomaBaHHs TOpOIIKY CTPYy4YKiB abo 000iB PpIKKOBOTO JiepeBa 10
KOHJJUTEPCHKHUX COYCIB JUIsl 3aMiHM KaKao Ta I[KpY MOKPAIIIIIO SKiCTh 1 010JI0TYHY I[IHHICTb
COyCcy 3a paxyHOK IIiJIBUIIEHHS BMICTY MIHEpaJIbHUX PEYOBHH, AHTHOKCHIAHTHOI
AKTHBHOCTI, 3arajbHOr0 BMICTy (eHomiB. BomHowyac eHepreTW4Ha IIHHICTh MPOIYKTY
3MEHIINIIACS.

KarouoBi ciaoBa: pixckosi nnoou, QYHKYioHATbHUU, KOHOUMEPCbKUll  COYC,
AHMUOKCUOAHM, PEHOT, OHCUDTHHSL.
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IToxa3HNKH SIKOCTi MOJIKOMIIOHEHTHUX MOJIOYHO-POCIHHHUX KOHIIEHTPATIB

Banepis Ckyii6inal, Onena Ononpiitayk?,
Anna Tumuyk!, Hikita Conositos?, Onena I'pex?
1 — Hayionanenuii ynisepcumem xap4osux mexronoeiu, Kuis, Ykpaina
2 — Cmpameziuna ananimuyna azenyis, Benuxa bpumanis

Beryn. [llnsxamu BupimneHHs TpoOiaeMu OITKOBOI HEZOCTATHOCTI MOXYTh OYyTH
eexTrBHA MepepoOKa MOJIOKA 3 palliOHAILHAM BUKOPHCTAHHSAM HOTO KOMITOHEHTIB, TTOLIYK
HOBHX JDKepelN MPOTEiHy, YaCTKOBA 3aMiHa OiIKiB TBAPHHHOIO MOXO/KEHHS Ha POCIIHHHI.

Marepianu i metoau. MoJOYHO-POCIMHHUNA KOHIIEHTPAT OTPUMYBAIU 3 MOJIOYHO-
POCIIMHHOI CyMiIlli METOJJOM TEPMOKHCIIOTHOI'O OCaDKEHHs OinKiB. Buxin (Macy) Bu3Hauanu
BaroBMM METOJOM — 3BaXyBAJIM 3pa30K MiCIsl CaMOIpECyBaHHS KOHIIEHTpATy, MI0
otpuMyBanu 3 | iM% MOTOYHO-POCTMHHOI CyMili. Bu3sHaYeHHs aKTUBHOCTI BOJM MOJIETBHUX
P00 KOHIIEHTPATIB MPOBOMIM Ha TirpOMETPi.

Pe3yJsibTaTH i 00roBopenHsi. Pe3ynbraTu BU3HaUEHb BUXOY KOHIICHTPATIB, 1X (i3UKO-
XIMIYHHAX Ta OPraHOJIENTHYHHUX IMOKA3HUKIB MiJTBEPIHIN MOXJIHMBICTh YaCTKOBOI 3aMiHM
3HEKMPEHOTO MOJIOKAa Ha CHPOBATKOBO-POCIHHHY CYCIIEH3i10 3 IUIomaMu apaxicy Arachis
hypogaea na piBHi 7:3 B cyMimiax Uit TepPMOKHUCIOTHOTO OCa/DKEHHs OiikiB. Momo4Ho-
POCIIMHHI KOHIIEHTPATH Majk OUIbII PO3BHHEHY MPOCTOPOBY KOH(DIrypalito MOpiBHSIHO 3
koHTposieM. Came «Kapkac» 3pa3KiB, OTPUMaHHX 3 MAaKCHMajbHAM BMIiCTOM POCIHHHOIO
KOAryJisiHTy, OOYMOBIIIOE OUTBINY >KOPCTKICTh CTPYKTYPH 1 TOMY 3a0e3reuye HalKparii
CTPYKTYPHO-MEXaHIUHI XapaKTepPUCTHKU Ta, BiNOBIAHO, BOJIOTOYTPUMYBAJIbHY 34aTHICT.
3a nokazHukoM akTuBHOCTI Bomu (Aw Binm 0,974 no 0,955), mo BigoOpaxkae BILTHB
(epMEHTATUBHUX, MIKPOOIOJIOTIYHUX Ta IHIIUX TPOLECIB IHTEHCUBHOCTI pPeaKIii,
CIPOTHO30BaHI palioHAIbHI yYMOBU 30€piraHHs MOJOYHO-POCIMHHHMX KOHLIEHTPIB —
temrneparypa 4+2 °C i tpuBanicte 72 roj. Bu3HaueHo, 1110 BHIApOBYBaHHS OCHOBHOL
YaCTHHH BOJIOTY 3 O1IIKOBO-POCIIMHHOIO KOHIIGHTPATY BiJ0yBasocs nmoBuibHime Ha 3+0,5 XB
MOPIBHSIHO 3 MOJIOYHO-O1IKOBUM 3aBISKH BMicTy OiKiB i ByrieBoais Arachis hypogaea, siki
3B’S3YIOTh BUIbHY BOJIOTY.

BucHoBku. JloBenmeHa mOIiMBHICTE BuUKOpHcTaHHs TwiomiB Arachis hypogaea vy
cyMilax Juisi TEPMOKHCIIOTHOTO OCaJDKEHHsI OLIKIB 3 OTPHMMAHHSM MOJIOYHO-POCIUHHUX
KOHLIEHTPATIB 3 BIANOBIAHUMU  (YHKIIOHAJBHAMH  BIACTHBOCTSIMH,  IiJIBHIICHOIO
010JIOTTYHOIO HIHHICTIO 32 PAXYHOK OLIBIII 30aJIaHCOBAHOTO aMIHOKHCIIOTHOTO CKIIay.

Kawuosi ciioBa: monoko, apaxic, Arachis hypogaea, koazynsayitinuti KOHYEeHMpam.

334 —— Ukrainian Food Journal. 2022. Volume 11. Issue 2



—— Abstracts ——

IlopiBHsJIbHA XapaKTEePUCTHKA 3MiH i Yac 30epiraHHsi cOPTiB YeperHi,
BupomeHux y I'pysii

Mepab Jlxrentil, Tamap Typmaninze®, Ipma Xopasa?
1 — Hayxroso-0ocrionui yenmp azpoxyavmypu, Toinici, I pysis
2 — Biooin monimopuney sikocmi nogimpst i mexuiunoi niompumku, Toinici, I'pysis

Beryn. Meroto nocnijpkeHHsT OyJiO BUBYEHHS 3MiHM SIKICHUX TIOKa3HHKIB YepellHi,
BupouieHoi B I'py3ii, mix yac ii 30epiranHs.

Martepianu i meTomu. KoHTponmoBany Taki MOKa3HUKH COPTIB YepellHi, sIK BTpara
MacH, TUTPOBaHa KHUCIIOTHICTh 1 BMICT 3arajbHOI PO3YMHHOI PEYOBHHH, 3arajiIbHOI KIJIBKOCTI
(PEeHONTPHUX CIIOJYK 1 aHTOLIaHIB, a TAKO)K aHTHOKCUIAHTHY aKTHBHICTh Ha TIOYaTKY, Yepe3
21 i 42 nobu 30epiraHHs B XONOAWIBHIN kamepi 3a Temmneparypa 0—1 °C i BimHOCHOT
Boyorocti noBiTpst 90-95%.

Pe3yabraTun i odroBopenns. /s jpocnipkeHHsT 00paHO TpH KOMEPLIHHO BHPOILEHI
coptu uepemHi, 30kpema Kopmia, Perina ta Csitxapt. Copt yepemni Kopmuisi micTus
HaHOIIBIIY KiIbKicTh 3aransHoro Bmicty gperomnis (TPC) — 213,95 mr/100 r! ta anronianis
— 145,7 mr/100r, sixuro nopiBHATH 3 iHIIUMH copTaMu. CopT CBITXapT MiCTHB HallMEHIILY
kiibpkicte TPC — 116,0 mr/100 r, anTonianiB — 29,75 mr Ha 100 r. BusiBieHO NO3UTHBHY
KOPEJISALi0 MK BMICTOM (DEHONIB Ta aHTHOKCHUAAHTHOI aKTHBHICTIO JUISl JTOCHIPKYBaHUX
copris. Halikpama kopensiis Bussnena s depemni Perina (R?=0,98), Toni sk mns copTis
Kopnuist Ta Ceitxapt — 0,88 i 0,83 BigmoBinHo. Y mporieci 30epiranHs 3mMiHoBanucs (hizuko-
XIMi4HI BJIACTUBOCTI YEpEeIIHi: IIOCTYIOBO 3HIKYBAaBCA BMICT 3aranbHOi PO3YMHHOL
PEUOBUHH, THUTPOBaHA KHCIIOTHICTh, 3arajibHUH BMIicT ()EHOJNIIB, BMICT AaHTOIaHIB 1
AQHTHOKCHIAHTHA aKTUBHICTb.

3arasibHe 3MEHIICHHS MacH IUIoAiB 4epe3 42 [HI BHMIpIOBAIM pa3oM i3
MikpoOiosoriyaumMu BTpatamu. Y copty CBiTXapT crocrepirajiacsi HaiOlibIa BTpaTta Baru
TIOPiBHSIHO 3 THIIMMHU.

3a TpUpiYHUMU JaHUMHU 3arajbHa BTpaTa Macu depemHi copty Kopais cxinana 10,13%
HANpUKIHII niepioay 30epiranns (42 mui) 3a temmepatypu 0—1 °C i BiJHOCHOI BOJOrOCTI
noBiTpg 90-95%. Lle 3nauenns cranoBuio 13,51% msa copry Perina i 14,49% — s copry
CaiTxapr.

BucnoBok. Tpu mociimpKyBaHi cOpTH YepeliHi Onu3bKi 3a XiMiyHuM ckiiagoM. [Ipote
32 BMICTOM IIIHHUX PEYOBHH 1 CTIHKICTIO 10 30epiraHHs HaWKpail MOKa3HUKUA Y COPTY
Koppisi.

KarouoBi cuoBa: uepewns, Prunus avium L., Kopodia, Pecina, Csimxapm,
aHmuoKcuoanm, 30epicanHs.
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Bniue aMiHOKHCI0THOrO Ta GpaKniifHOro CKJIaAy CyX0oro MoJIOKa Ha
3aCBOI0OBAHICTBL CyXHX MOJIOYHHMX CyMilnei
Haranis ®anegaum’, Kpicrina Beninceka?, Inna Bo6ens?, Ipera Anamunk?
1 — Hayionanenuii ynisepcumem xap4osux mexronoeiu, Kuis, Ykpaina
2 — Incmumym xapuosux mexuoao2itl ma xapuysanns, Kewiyscokuti ynisepcumem,
HKewys, [lonvwa

Beryn. JlociikeHO BIDIMB aMiHOKUCIOTHOT'O 1 PaKIitHOTO CKJIaTy CyXOro MOJIOKa
CCaBIIiB Ha 3/IaATHICTh CYXHUX MOJIOUHHX CYMIllIei 10 TIepeTpaBIIIOBaHHS.

Marepianu i MeTonu. JlociiKyBaid MOJNOKO CyXe: KO3MHE, KOOWIIsUe, OBede, Cyxi
MOJIOYHI CYMIllli TSl IUTSIOrO XapuyBaHHsI. AMIHOKHUCIOTHHI CKIIa] BU3HAYAIH METOOM
10H00OMiHHOT Xpomarorpadii, hpakiiiiHui cKiag — METoOM enekTpodopesy, 3AaTHICTh 110
TepeTpaBIIIOBaHH — B yMOBax in vitro.

Pe3yabraTn i 06roBopenHs. JliMiTyl0O40I0 aMiHOKHCIIOTOIO CyXOro KOpOB’S4Oro Ta
OBEUOr0 MOJIOKA € IMCTHiH, aMIHOKHCJIOTHHI CKOp sKOro craHoBuTh 46,0% Ta 47,0%
BiZMoBiHO. JIiMITYIOUOI0 aMiHOKHCIIOTOK KOOWJISYOTrO Ta KO3MHOTO MOJIOKa € THUPO3HH,
ckop sikoro — 52,0% Ta 57,0% BimnoBigHO. Jluie KOOWIITYE MOJIOKO, SIK 1 JKiHOYE,
BIAHOCUTBHCS 0 anbOymiHOBOro Tuiy. HalOinbily KigbKiCTh 3aXMCHUX (DAKTOPIB MOJIOKa
(iMmyHOrIIOOYIMIHIB 1 JaKTO(EpUHY) MICTUTh MOJIOKO KOOMIIsiue Ta oBedye. KoOuisiue Ta oBeue
MOJIOKO MICTHTh HaOJIMKEHY KUIBKICTB J10 )KIHOYOT 0 MOJIOKa iMyHoriooyiiny A (5,15 % Ta
6,92 % sianoBinHo). CHiBBIJHOIIEHHS Ka3e{Hy O CHPOBATKOBUX OUIKIB y KOOHISYOMY
MoJIolLli CTaHOBHTH 1:1, y KopoB's;tuomy Moronti — 4:1, y KO3WHOMY Ta OBedoMy Mmoo — 3:2.
BigMiHHOCTI CKJIaly MOSICHIOIOTHCSI PI3HUMH T€HOTHIIAMH CCaBIIiB 1 BTpaTamu Oijka MpH
cyuiinHi. HaiiBuiuii cTymninb nepeTpaBioBaHOCT] Y )KIHOUOI'0 MOJIOKA Ta CyMIllll Ha OCHOBI
koOwstgoro Mosioka «Ligansy — 717 mr ta 780 mr aminokuciaor Ha 100 © mpomykTy
BianoBiHO. HaifHK4Mil CTYMiHb MepeTpaBHOCTI OIJKIB y CyMilll HA OCHOBI KOpPOB’SHOIr'0
momoka «Malyutka hypoallergenicy. Husbkuii CTymiHb MEpETPaBHOCTI  MOXYTh
3YMOBJIIOBaTH peakiii MDK aMIHOKHCIIOTaMH, YTBOPEHHS KOMIUICKCIB Ka3eiHy 3
JICHATYPOBAaHHMHU CUPOBATKOBUMH O1JTKaMH TIiJT 4ac CYIIiHHS.

BucHoBOK. AMIHOKHCIIOTHHIA 1 ppakuiliHuii cKitaj] OUTKIB CyXOro KOOWISY0ro MOJIoKa
HaOJIMKEHHUH J10 )KIHOUOTr0, TOMY IIEPETPABHICTh MPOAYKTIB HA HOr0 OCHOBI BiJIOYBAEThHCS 5K
1 B ’KIHOYOMY MOJIOIII.

Kiarouosi cioBa: monoko ogeue, monoko xobuniave, OiIKu, AMIHOKUCTIOMU.

336 —— Ukrainian Food Journal. 2022. Volume 11. Issue 2



—— Abstracts ——

XapuoBa ximin

BruinB ximMiuHoi O0y10BH CIUPTIB HA eKCTPAKILIIO i CTAOLIBbHICTH AHTOLIAHIB
Jronmuna Cane6al, Jliana Capibexopa’, Onexcannpa Kynux?, JIxysenme Jlas3apa?
1 — Xepconcvruil HayionanbHuti mexHivHuil yuigepcumem, Xepcow, Ykpaina
2 — Vuieepcumem Ilanepmo, Ianepmo, Imanis

Beryn. Meta 1poro gociiiKeHHS — OLiHIOBaHHS €)eKTHBHOCTI €KCTPAKIIii aHTOIIaHIB
KiJIbKOMa CIMPTaMH 31 MIKIPKK BUHOTPaAy 3a PI3HUX YMOB, TaKHX SIK TeMmriepaTypa ta pH.

Marepianu i MeTonu. JIOCTiPKEHO BHYABKY SITiJ] YSPBOHOIO BHHOTPATy copty Vitis
Vierul, siki OTpUMYIOTH TiCIIsl IPUTOTYBaHHS BUHA 32 OLIMM CIIOCOOOM 1 BBaXalOTh BIIXOIOM
BiJl BUHOpOOCTBA, a TaKOX BIUIMB 3HaueHHS pH i CTPYKTypH MOJEKYJIH CIUPTOBOTO
eKCTpareHTa Ha e()eKTUBHICTh €KCTpaKIlii aHTOIiaHIB Ta IX CHEKTPaJbHI XapaKTEPUCTHKH.
BusnaueHo cTaOUIBHICTH IMX NMPUPOJTHHX IITMEHTIB B OTPUMAaHUX EKCTpakTax. MacoBy
KOHLIEHTpalilo aHromiaHiB Bix pH orpumyBanu 3a momomoror audepeHiianbHOT
cnekrpodoromerpii pH Ta BUpaxkaau y MI' €KBIBaJIGHTHOT'O I[iaHiJH-3-TIIKO3U1y Ha Irpam
cyxoi peuoBuHH. KOHCTaHTy WIBHAKOCTI Ta Mepiof HamiBpo3maay peakiii po3mangy
aHTOLIaHIB PO3paxoByBalu Mpu Temneparypi 60°C.

Pesynbratn i o6roBopeHHsi. KinbKiCTh TiAPOKCHIBHUX TPYN Y CHHPTI, IO
BUKOPUCTOBYETHCSI SIK EKCTPAareHT, a TaKoX JOBKMHA BYIJIEBOIHEBOro (pparMeHra
BiJlirpaBaJTi KIIFOYOBY POJIb B €(D)EKTUBHOCTI MPOLIECY. 30KpeMa, JJIsi OJTHOATOMHHX CITUPTIB
eexTUBHICTD BiANOBiJa€ TAKOMY MOPAAKY: 2-MeTHIIIponaH-1-o1 < Oyran-1-o1 <npomaH-2-
on <eraHon <MeTaHOJI. 3 iHIIOro 00Ky, 30iibleHHs Kigbkocti Tpyn OH B psiay eranon >
eraH-1,2-mgion > nponas-1,2,3-tpion He nokpaiinye eQeKTHBHICTh BUiIydeHHs. CrieKTpasbHi
XapaKTEePUCTUKK BUIIY4eHb, OJIEp’KaHUX 32 JAOMOMOIOI0 €TaHONIY 1 0araTOaTOMHUX CIUPTIB,
MoAiOHI, MAKCUMYM TOIJIMHAHHS HEYITKWI 1 3HaxoauTbesi B Mexax 530 — 560 um. [lpu
301IBIICHHI JOBKHUHU BYIJICIIEBOTO JIAHIIOTA CIIUPTY €IEKTPOHHI CIIEKTPU MOTJIMHAHHS
XapaKTepU3ylThCS PI3HOK IHTEHCHMBHICTIO 1 IIMPOKHUM, HEYITKUM MaKCHMYMOM
nornuHaHHsA. [IpoBeneHO BU3HAYEHHS TEPMOCTIMKOCTI AHTOI[iaHIB B EKCTpPaKTax 3
BU3HAYEHHSIM KOHCTAHTH IIBHJKOCTI peaKiii qerpaiaiii aHToliaHiB Ta 4acy HamiBpO3Iay.
3umkeHHs: pH ekcTpakTy NpU3BOAMTE 10 30UIBIICHHS] TEPMIYHOI CTaOIIbHOCTI aHTOLIAHIB.
ETtanon € HalikpamM eKCTpareHTOM 3 TOYKH 30py TEXHOJOTIYHOI W EeKOHOMIYHOT
€(EeKTUBHOCTI BWIJIYYCHHSI MPHUPOIHOrO MIrMEHTY Ta MOro 3acTOCYBaHHS B Xap4oBii
npomucioBocti. [lepion HamiBBUBEIEHHS aHTOMiaHIB Onu3bko 10 rox B eraHoni mpu
temnepatypi 60°C CBigu4uTh TpO HOro MPHOATHICTH I (PAKTHIHOI TPOMHUCIOBOL
epepoOKH.

BucnoBku. OTprMani pe3yibTaTH JAIOTh 3MOT'Y OIL[IHUTH €(DEKTHBHICT BHIYYCHHS
AHTOIIIaHIB COMPTAMH 31 MIKIPKH BUHOTPAAY Ta IX TEPMIiUHY CTIHKICTb.

KuarouoBi cnoBa: aumouyianu, eunyuenns, decpadayisi, CmabitbHicms, 8UHOSPAO.
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PyiinyBaHHs 6ioIUIiBOK MiJ BILIMBOM MOBEPXHEBO-aKTHUBHUX pe4oBuH Acinetobacter
calcoaceticus IMB B-7241, cuHTe30BaHMX 32 HASIBHOCTI KOHKYPEHTHHUX
MiKpoOpraHizmiB

Tersna [uport?, Mukuta Isanos?
1 — Hayionanenuii ynisepcumem xap4osux mextonoeiu, Kuis, Ykpaina
2 — Incmumym mixpobionoeii ma sipyconoeii HAHY, Kuis, Yxpaina

Beryn. Metoro crarti Oys10 AOCTiIKEHHS poIi B pyiHYBaHHI 0i0OMITiIBOK TIOBEPXHEBO-
akTuBHUX pedoBuH Acinetobacter calcoaceticus IMB B-7241, cuHTe30BaHHMX 3a HAasBHOCTI
010JIOTIYHUX 1HIYKTOPIB Yy CEPEHOBUIII 3 TIIIIEPUHOM PI3HOTO CTYIEHS OUMIICHHS.

Marepianu i meronu. KynsruyBanus A. calcoaceticus IMB B-7241 3naificHioBanu B
piAKOMYy MiHEepaJbHOMY CEpEIOBHUII 3 BHKOPHCTaHHSIM SIK CYOCTpaTiB OUYMILEHOTO
TIIIEPUHY Ta BiIXO/IB BUpOOHHITBA Oioau3ento. Sk GiomoriyHuil iHAYKTOp (KOHKYPEHTHHH
MIiKpOOpraHi3M) BUKOPUCTOBYBaK Gakrepianbhuii mtam Bacillus subtilis BT-2 y sursiai
CyCIIeH311 )KMBHX Ta IHAKTMBOBAHUX KJIITHH, a TAKOXK Y BUIIIAI cyniepHaTanTy. [loBepxHeBO-
aKTUBHI PEUOBMHH €KCTPAryBalH i3 CylepHAaTaHTy KyIbTYpaJbHOI PIAMHA MOAU(iKOBAHOO
cymimmito ®omya. Crymine pyiiHyBaHHS OlomiiBku 3a HasBHOCTi [IAP BusHauanu
CHEeKTPO(OTOMETPHYHUM METOIOM.

PesysibTaTnn i obroBopenHsi. BcraHOBIIeHO, 1110 HE3aJIeXHO BiJ CyOcTpary, Lo
BHKOPHCTOBYETHCSI, BHECCHHS Y CepeIOBHIIe KyapTHBYBaHHs A. calcoaceticus IMB B-7241
SIK )KUBHX, TaK i iHakTrBOBaHmX Kiitua B. subtilis BT-2 cymposomkysanocs curreszom ITAP,
CTYMiHb pYiHHYBaHHs OIOILTIBOK 3a Aii sIKMX OyB BHIIMM, HDK Y pa3i BHKOPHCTaHHS
MOBEPXHEBO-aKTUBHUX PEYOBUH, OTPHUMaHHX Ha cepenoBuili 0e3 iHgykropa. CrymniHb
JecTpyKuii OakTepiaibHUX 1 JPLKIPKOBUX OiommiBok mij BruBoM ITAP, oxepxanux Ha
OYMINEHOMY IJIILIEPHHI 32 HaABHOCTI KJIITHH 1HAYKTOPiB, CTaHOBUB 36,5-85% 1 OyB y 1,5—
3 pa3u BUIIMM TOPIBHSHO 3 BHKOpHCTaHHsIM [IAP, cuHTe30BaHuMX y cepenoBulii Oe3
innykropa. 3a3naunmo, mo [IAP, cuHTe30BaHi 3a HAsABHOCTI OIOJNOTIYHUX IHIYKTOPIB,
pyiiHyBasH OGIOILTIBKU JIOCIIIKYBAHUX TECT-KYJIBTYpP y AOCUTh HU3bKHX (7,5-960 MKr/mi)
KoHLleHTpawisx. [lomiOHI 3akOHOMIpHOCTI croctepiranu 1 3a Bukopuctanus [IAP,
YTBOPEHUX Ha BIAXOjaX BUPOOHHUIITBA Oioam3ento. Tak, BHECEHHsS B CEPEIOBHIIE 3 LIUM
cybcrparom sxuBux kimituH B. subtilis BT-2 cympoBomKyBamocss CHHTE30M TTOBEPXHEBO-
AKTHBHUX PEYOBHH, 3a il sSKUX y KoHueHTpamii 1,8—960 MKr/mu crymiHb pyWdHYBaHHs
GiomriBok B. subtilis BT-2, Proteus vulgaris ITA-12 ta Enterobacter cloacae C-8 cranoBus
30,1-80,7% 1 OyB BHIIUM, HIXK IPU BUKOPUCTAHHI aHAIOTIYHMX KoHUeHTpamiii [TAP,
oJepKaHUX TiJl Yac KyJIbTHUBYBaHHS Oe3 iHmykropa (24,1-75%). Jectpykuis 0iomiiBoK
Staphylococcus aureus BMC-1, Candida albicans -6 ta Candida tropicalis PE-2 ming
BruuBoM [TAP (1,8-960 Mkr/mit), CHHTE30BaHUX Ha BIIXOJaX BUPOOHHIITBA 010IU3EIIO0 3a
HAsBHOCTI K JKMBHX, Tak i iHakTuBoBaHmx kiituH B. subtilis BT-2, 6yma y 1,5-8 pasis
BHIIOIO TIOPIBHSIHO 3 Takoro 3a 1ii [TAP, cuATe30BaHMX y cepenoBuIi 0e3 iHmayKTOopa.

BucnoBku. OTXe, B pe3ylnbTaTi MPOBEACHOTO IOCIIMHKEHHS JOBEICHO MOXKIUBICTH
peryiroBaHHs 0i0JOTiYHOI aKTMBHOCTI TOBEPXHEBO-aKTHMBHHUX peuoBHH A. calcoaceticus
IMB B-7241 noisixoM BHECEHHS B CEpENOBHINE KYITHTUBYBAHHS KIITHH KOHKYPEHTHHX
Gakrepitt B. subtilis BT-2, sxi e immykropamu cunTesy [TAP 3 BHIIOI 3HaTHICTIO 10
pyHiHYBaHHS SIK OaKTepiadbHUX, TAK 1 IPIKIPKOBUAX OiOTLTIBOK.

KarouoBi cioBa: nosgepxneso-axmusHi peuosunu, Acinetobacter calcoaceticus IMB
B-7241, inoykmop, b6ionnieka.
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IlinBumenHs exoJorivHol 0e3nexu 6i03MilHEHHsS! IPYHTY IPH BUKOPUCTAHHI
POCJIMHHOI ypea3u

Bikrop CrabHikos, JImurpo CrabHikoB, Bikrop Y numoBn4
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. BioniemeHT — HOBHi MaTepiai aj1s OyAiBHHUITBA, CTBOPSHHUI 3 BUKOPHCTAHHAM
MiKpOOHOI ypeas3u. BHKOpHCTaHHS ypea3u POCIMH — NUISAX [0 MIMPOKOrO Ta EKOJOTiYHO
0e31eyHoro 6i03MIITHEHHS IPYHTY.

Marepianu i MeTonu. YpeasHy aKTHUBHICTh NPOPOIICHOTO HACIHHS BHU3HAYAIH 32
3MIHOIO €JIEKTPOINPOBIAHOCTI PO3UMHY CEUOBHMHH, IS/ CM, BHACIIIOK ii TiAPOII3y MiJ Ji€r0
bepmeHTy ypeasn. Konienrpartito KaJIBIIif0 BH3HAYAITH TUTPYBaHHIM
eTUIICHIIaMIHTeTpaaleTaToM 3 BUKOPHCTaHHIM iHAMKaTopa Epioxpom uwopnuit T. Ouinky
cTyneHs OioleMeHTalil mcKy IPOBOJIMIHN 32 3MIHOIO HOT0 BOAOIPOHHKHOCTI.

PesyabraTn i obrosopennsi. Henonikamu mpouecy OioneMmeHTanii € MoTeHIiiHA
OioyoriyHa HeOe3neKka BijJl 3aNpPONOHOBAHMX JIO BUKOPHUCTAHHS Yypea3o-NPOAYKYIUHX
Oakrtepiii 1 HenepenOauyBaHWi e(pEeKT BHECEHHs B HABKOJMIIHE CEPEIOBUILE CYTTEBOI
KIJIBKOCTI JKMBOI OakTepianbHOI OioMacH Mmpu O10YKpiTUIeHHI TPYHTIB. MOXKIIMBOIO 3aMiHOIO
OakTepiaibHOT ypea3un Moke OyTH ypea3a POCIMHHOIO TMOXO/pkeHHs. CKpHHIHT HaCiHHS
CITBCHKOTOCTIONAPCHKUX KYABTYp MOKa3aB, IO HACIHHS COi MOXKJIMBO BUKOPHUCTOBYBATH SIK
JDKepeno ypeasu s OloleMeHTalil y BHIVISAI HEOYHMIEHOrO BOIHOIO EKCTPakTy 3
NOAPIOHEHOT MacH caMoro HaciHHS a00 MPOPOIICHOro MpoTsIroM 24 — 48 romuH. YpeasHa
AKTHBHICTh TOMOI'EHI30BaHOI Macd Oyia BHIIOI, HIK aKTHBHICTh YHCTHX EKCTPAaKTIB.
[Muroma akTUBHICTH (AaKTHBHICTh Ha OJMHUIIO POCIUHHOI CUPOBUHHM) SIK TOMOT€HI30BaHOT
MacH, TaKk 1 B eKCTpakTi Oyia BHILOK TPH 3aCTOCYBAHHS HACIHHS, SIKE MPOPOLIYBAJIOCS
npotsirom 24 — 48 rop, i 3HIKYBasacs Ha 96 Tof MPOPOIyBaHHS.

BukopucTaHHs HEOUHMINEHOrO €KCTPakTy 3 HaciHHS Coi MiATBEpIWIIO  Horo
e(eKTUBHICTh Uil OCA/PKEHHs KapOOHATy KalbI[iI0 3 PO3YMHY XJIOPHIY KaJbI[IO Ta
CeYOBHHH. 3aCTOCYBaHHsI POCIMHHOI ypeas3H Jyis Oi0leMeHTalliil MicKy a0 3MOry 3HU3UTH
fioro BomonpoHukHicTs y 600 pasie Ta orpuMary 3HadeHHs 1-10% m/c, mo miareepmxye
MOXITUBICTh BUKOPUCTAHHS POCIMHHOI ypea3u 3aMiCTh ypea3a-IpoAyKYIUnX OakTepii s
OioneMeHTalii IPyHTY.

BucHoBku. JloBeqeHO MOXKIMBICTH 3aMiHM OakTepiaibHOI  ypeasu ypeasoro
POCIIMHHOTO MOXOKEHHS, 30KpeMa eKCTPaKTOM 3 HaciHHA col. PociuHHa ypeas3a eheKTHBHO
ocapKyBajia KapOOHAT KaJBIiO i3 CyMillli PO3YMHIB XJIOPHIY KajbII0 1 CEYOBHWHH, a il
3aCTOCYBaHHS NPH OioreMeHTaii MiCKy 3HIKYBAIO HOro BOAONPOHHUKHICTH IO 3HAYEHB, 110
BIAMOBIJAIOTh TiApPAaBIIYHI NPOHUKHOCTI MiCKYy OiOIEMEHTOBAHOTO 3 BUKOPHCTAHHIM
ypea3a-npoayKylodnx OaKkTepii.

KarouoBi ciaoBa: pociunna ypeasza, Oioyemenmayis, OIOYKpINieHHs, 2SpPYHM,
eKoa02iuHa besnexa, B000NPOHUKHICIb.
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ExkoHOMiKa i ynpaBniHHs

Bnuiue kpu3u, CIpuYUHEHOI KOPOHABIPYCOM, HA MOBEIHKY CIIOKUBAYIB B YTOpIIMHi
NPH KYMIiBJIi Xap4Y0BUX NPOAYKTIB

Timea FOxac, ITerep ['ymxa, ITerep Kapauonn
1 — Byodanewmcoka 6isnec-wikona, byoanewm, Yeopwuna
2 — Vuieepcumem Iwmeana Ceueni, []otiop, Yeopwuna
3 — Vuieepcumem O6yoa, Byodanewum, Yeopuuna

Beryn. Uepes cBiTOBy emijieMito KOpOHaBipyCy MOJETl CHOXXHUBYOI MOBEIIHKH,
TIOB’sI3aHi 3 KYIIBJICIO Xap4OBHX MPOIYKTIB, MIOTPEOYIOTh TIEpETIIsiny.

Martepianu i metonu. IIpoBeneHo emmipuyuHe MOCITIHKEHHS IUIIXOM aHKETYBaHHS.
Hocnimxenns npoBoauiocst B Yropumusi BiuiTky 2020 poky, B HbOMY B3sUIM ydacts 724
CIIOKUBAYI.

Pe3yabTaTn i 00roBopeHHsi. Bucokuii BiZICOTOK CHOXHBadYiB B YTOPIIUHI
BiJ[pearyBajii Ha KpH3y uepe3 KOpOHaBipyC MaHIYHUMHU KymiBissMu. CIIOXKHBaHHS O1JIbII
3JI0pPOBOI 1K1 TMOUIMPHIIOCS Y 3B’SI3KY 3 KPH30I0, TI0B’s13aHOI0 3 KopoHaBipycoM. Takox 3pic
HONUT YTOPCHKUX CIO’KMBAYiB HAa MOJIOYHI MPOAYKTH. KpiM TOro, iCHYIOTh BiIMIHHOCTI MIXK
NPOAYKTaMH, sIKi CHOXKMBAIOTh TMOKYIIl B MaHilli Ta 3BUYaiHI mokynmi. Pe3ymbraTn
HOKa3aJHd, 10 Ti, XTO He 0O0ABCA KOPOHABipyCy, MEHIIEe 3BEepTajid yBard Ha CBOi XapyoBi
3BuukH (kopessiis Ilipcona: -0,119, sign.:0,01). 59,9% pecrnoHAEHTIB 3asBUIIH, IO YEPE3
emiJIeMil0 KOpPOHaBipycy BapTo 30epiraTé BeNMKY KUIbKICTh MpOayKTiB. [laHi CTOCOBHO
XiHOK 1 uosoBikiB He Biapiswsummcs (Chi-square 0,160, df: 2, sign.:0,923, p>0,05).
KopensiiiiHi TecTH Mokasaiu, 110 KyIiBJIsl MOJIOYHHUX IPOAYKTIB, Macia, CUpY, PPYKTOBOIO
HOrypTy 1 CMETaHU 3HA4YHO KOPEIIOITh MK c000I0. 3a BIKOM HaiOLIbIIe MOJOYHHX
MPOAYKTIB KynyBaiu pecrionienTn 40—60 pokis, HaiimeHie — 30 pokiB.

BucnoBok. [lanzmemisi KOpoHaBIpyCy CEpiO3HO BIUIMHYJA HE JIMIIE HA CBITOBY
€KOHOMIKY, a i Ha MOBCSKICHHE JKUTTSl HACEJICHHs TUIaHeTH. HeraTuBHI HACHIJIKH TaKOXK
BiJIOWJIMCS Ha CTaBIICHHI 10 MPHI0AHHS MPOJYKTIB Xap4dyBaHHs, TAKOXK BiAOYJIUCS 3HAYHI
3MIHH B CKJIa/li CTIOKUBAHUX TPOAYKTIB.

KurouoBi cnoBa: isca, nokynka, kopornasipyc, Yeopujuna, natixa.

340 —— Ukrainian Food Journal. 2022. Volume 11. Issue 2



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 (20-26 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 names of the first author of each
work: for one author, by name of author, then chronologically; for two authors, by name of
author, then name of coauthor, then chronologically; for more than two authors, by name of
first author, then chronologically.

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, 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. DOI:
10.1016/j.jece.2020.103776

The names of all authors should be provided, but in case of long author lists the usage
of “et al” will also be accepted. Journal names should not be abbreviated.

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

Book chapter in an edited book
Coffin J.M. (1999), Molecular biology of HIV, In: Crandell K.A. ed., The evolution of
HIV, Johns Hopkins Press, Baltimore, pp. 3-40.

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.

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.
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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.

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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IHIanoBHi kojern!

PenakuiitHa koneris HaykoBoro nepiogumanoro uaanns «Ukrainian Food Journaly
3anpomrye Bac no myOmikarmii pe3ynbTaTiB HayKOBUX JOCHI)KEHb.

Bumorn 1o opopmiieHHs cTaTei

MoBa crareii — aHTJIHCBKa.

MinimMansauid obcsr cratti — 10 cropinok dopmaty A4 (6e3 BpaxyBaHHS aHOTAIlH i
CIHCKY JIiITEpaTypH).

Jlost BCix enemenrtiB crarti mpudt — Times New Roman, kerns — 14, intepsan — 1.

Bci monst cropinku — 1o 2 cM.

CTpykTypa cTaTTi:

Y K.
. Ha3pa crarri.
. ABTOpHM cTatTi (iM’s Ta Npi3BUILE MOBHICTIO, Mpukia: [denuc O3epsHKo).
. Yemanosa, 6 saxiii euxonana poboma.
. AHoraris. O00B’SI3K0Ba CTPYKTYypa aHOTAIlil:

— Beryn (2-3 psnakn).

— Marepianu Ta MeToau (10 5 psisIKiB)

— PesynbraTn Ta 00roBOpeHHs (I1iB CTOPIHKM).

— BucHoBku (2-3 psaaxu).
6. Kiitouosi ciioBa (3—5 ciiB, ajie He CIIOBOCHIONYYEHbD).

VA WN R

IIyHKTH 2—6 BUKOHATH aHIIIHCHKOIO | YKPailHCHKOI0 MOBaMH.

7. OcHOBHHI TEKCT cTaTTi. Mae BKIIIOYATH TaKi 000B’I3KOB1 pO3/ILIH:
— Beryn
— Marepianu Ta MeTOAN
— PesynbraTi Ta 0OTOBOpPEHHS
— BucnHoBku
— Jlirepatypa.
3a HeoOXiJHOCTI MOXKHA JIOIaBaTH 1HIII PO3/IITU Ta PO30MBATH 1X Ha MMiAPO3ILIH.

8. ABtopchka noBimka (IIpisBume, iM’st Ta To OATHKOBI, BUCHHH CTYIIHD Ta 3BaHHS, MICIIe
pobotu, erekTpoHHa aapeca ado TenedoH).
9. KonrakTHi 1aHi aBTOpa, 10 SKOT'0 32 HEOOXIAHOCTI Oy/Ie 3BepTaTUCh PENaKIlis KypHAaIy.

Pucynku BukoHyrOThCs sikicHO. CKaHOBaHI PUCYHKH He MpUAMaioThes. Po3Mip Tekcty Ha
pucyHKax moBuHeH 0yru cmiBpo3mipauMm (!) Texcry crarti. @oTtorpadii MoKHA BHKOPHCTOBYBATH
JiMie 3a iX 3Ha4HOI HayKOBOI LIHHOCTI.

®on rpadikis, aiarpam — numie 6inuit. Komip enemeHTiB pucyHky (JiHii, CiTKa, TEKCT) — YOPHUIA
(ue cipuii).

Pucynku ta rpadixu EXCEL 3 rpadikaMu 101aTKOBO MOJAIOTHCS B OKpeMHuX (aiinax.

CkopoueHi Ha3BH ()i3UYHHX BEIHMYUH B TEKCTI Ta Ha rpadikax MO3HAYAIOTHCS JIATHHCHKAMU
niTepamu BianoBiaHo 1o cuctemu Cl.

V crmcky niTepaTypu MOBUHHI MepeBa)kaTH aHTTIOMOBHI CTaTTi Ta MOHOrpadii, siki omy0mikoBaHi
micist 2010 poky.
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OdopmiieHHS UTAT Y TEKCTI CTATTI:

Kisbkicts aBTOpiB cTatTi | IlpuKkiaag IUTYBaHHA Y TEKCTI
1 aBTOp (Arych, 2019)
2 i GinbIlie aBTOPIB (Bazopol et al., 2021)

Mpukaan texery i3 uuryBanusam: It is known (Bazopol et al., 2006; Kuievda, 2020), the
product yield depends on temperature, but, there are some exceptions (Arych, 2019).

VY nuTyBaHHAX HEOOXIHO BKa3yBaTH OJHE JDKEPETO, 3BIAKH B3STO iH(OpMAIIiTO.
CrHcoK JTepaTypy COpTyeThCs 3a andaBiToM, JIITEpaTypHi JUKepena He HyMEPYIOThCS.

IIpaBuna ogopmiieHHS CIUCKY JiTepaTypu

B Ukrainian Food Journalg3sto 3a OCHOBY 3arajbHOMPHHHSATE B CBiTI CHIpOIIEHE
o(hOpMIIEHHS CIIUCKY JIiTepaTypu 3rigHo cranmapty Garvard. Bei eneMeHTH mMOCHIaHHS
PO3ALIAIOTHCS JIMIIIE KOMAMM.

1. [Tocuy1aHHS HA CTATTIO:
ABTopn A.A. (pixk Bunanusi), Ha3zsa crarri, Ha3zea scypuany (kypcueom), Tom
(HOMEp), CTOPiHKH.
[HIIiaIM TUITYTHCS MICHS MPi3BHUINA.
Bci eneMeHTH NOCHIaHHSI PO3AUISIOTHCSI KOMaMHU.
1. Tlpuknan:
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.

2. Ilocuj1aHHS HA KHUTY:
ABtopu (pix), Hazea knuzu (kypcusom), Bunapaunrso, Micto.
[Hiliany NUIIyThCs MiCHs NPi3BHINA.
Bci eneMeHTH noCHIIaHHS PO3AUISAIOTHCS KOMaMHU.
IIpuknan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocujanusa Ha eJeKTPOHHHUI pecypce:

BukoHyeTbCsl aHAJIOTTYHO NOCHJIAHHIO Ha KHUTY 200 ctaTTio. [Ticns odopmiteHHs 1aHux
nipo myGuikaito mumryThest coBa Available at: ta BkasyeTbes enekTpoHHa ajpeca.
IIpuknanu:
(2013), Svitovi naukovometrychni bazy, Available at:
http://www.nas.gov.ua/publications/q_a /Pages/scopus.aspx
Cheung T. (2011), World's 50 most delicious drinks, Available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

Crmcok JitepaTypu 0 OpPMITIOEThCS JTUIIIE JaTHHUICI0. ExeMeHTH CiucKy YKpaiHCHKOIO
Ta POCIHCEKOI0 MOBOIO TOTPIOHO TpaHcHiTepyBatd. s TpaHCIHiTepamii 3 YKpaiHCHKOIO
MOBH BUKOPHCTOBYETBCS TACIIOPTHHI CTaHIAPT.

3pyunuii caiit 1yist TpaHciTeparii 3 ykpaincskoi mosu: http://translit.kh.ua/#lat/passport

CTaTTs HaJACHIAETHCA 3a JIEKTPOHHOIO aapecoro: Ufj_nuft@meta.ua
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YK 663/664

Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi CTaTTi, KOpOTKi
TTOB1TOMJICHHS, OTJISZIOBI CTATTi, HOBHHU Ta OTJISAIH JITEPaTypH.

TemaTtuka nyoaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis IIpornecu Ta oOnamHAHHS

XapuoBa XiMis HanorexHororii

Mixkpobiosnoris ExoHoMmika Ta yrpaBiiHHS

@i3nyHi BJIaCTUBOCTI Xap4yOBHX MPOAYKTIB  ABTOMAaTH3allisl IIPOLIECIB

SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB YnakoBKa Uit Xap4OBHX IPOIYKTIB

IMepiognunicTh BUXOAY KYpHAJIY 4 HOMEpPH Ha PIK.

Pe3ysnbraTi qOCIiIKEHB, IPENICTABIICH] B )KypHaJli, TOBUHHI OYTH HOBUMH, MAaTH YiTKUH
3BSI30K 3 Xap4yOBOIO HAYKOIO 1 TIPEJCTAaBIISATH IHTEpeC Ui MIXXHApOIHOTO HayKOBOI'O
CIIBTOBApHUCTBA.

Ukrainian Food Journal iHmekcyeThCsi HAYKOMETPHIHUMH Ga3aMu:

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)

Peuensisi pykonucy crarrti. Marepianu, npencraBieHi mis myomikyBanus B «UKkrainian
Food Journaly, mpoxomsite «IloaBiiiHe citinie pelieH3yBaHHS» IBOMAa BUCHUMH, MPU3HAYCHHUMU
PEeNaKIiiHO KOJIETIE: OJTUH € YICHOM PEKOJICTIT i OUH HE3aIeKHUN YICHHIA.

ABTOpPCBKE NPaBo. ABTOPHU CTATEH rapaHTYIOTh, 1110 pOoOOTa HE € MOPYIICHHAM OYyIb-IKUX
aBTOPCBHKUX IIPaB, Ta BiJIIIKOJOBYIOTh BHABIIO MOPYIICHHsS MaHol rapantii. OmyOnikoBaHi
Martepianu € mpaBoBoro BiacHicTio Buaasiyl «UKrainian Food Journaly, skimo He y3romkeHo

1HIIIE.

HeranbHa indopmanisi npo Kypnau, iHcTpykuii aBToOpam, NpuKkJIagu oh)opMIeHHS

CTATTi Ta aHOTaMili po3mileHi Ha caWTi:

http://ufj.nuft.edu.ua
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