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Editorial

The Ukrainian Food Journal is published in challenging times to present new research
in food science to the world scientific community and contribute to the solving of human
nutrition issues.

Russian terrorists are destroying the chain of production and transportation of grain
products in Ukraine. They are mining fruitful fields, collapsing the agricultural equipment
and plundering harvests. Russian missile and drone attacks are constantly destroying grain
storage facilities and port infrastructure along the Black Sea and Danube coasts. Russian
military blew up the Kakhovka hydroelectric power station, and cargo transportation along
the Dnipro including harvested grain now is impossible. Many food industry enterprises were
damaged or totally destroyed.

In these conditions, Ukrainian scientists continue to work on research related to solving
pressing problems of food production. Ukraine appreciates the support of the civilized world.
We also appreciate the support of the scientific community and thanks to the support of the
Global Harmonization Initiative Association, the updated Editorial Board of the Ukrainian
Food Journal has been operating for a year now, the quality of publications and the influence
of the Journal are increasing. We gratefully accept the constructive remarks and constantly
work on improving of the Journal.

We wish our respected authors, members of the editorial board and readers new creative
achievements, and sincerely thank for support and attention to Ukrainian Food Journal.

We all stand together!

Editor-in-Chief,
Dr. Olena Stabnikova
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Introduction. During the Russian invasion of Ukraine,
numerous industrial facilities were ruined, while food
production in the occupied territories was stopped. This led to
multifaceted consequences both for the overall food security
of the world and for the Ukrainian food industry, as well as for
the historical traditions of this industry. Despite the efforts of
enterprises to update production, many losses are irreversible.

Materials and methods. The methodology is based on the
use of comparative research and contextual analysis.

Results and discussion. The Russian invasion of Ukraine
is a tough challenge in the history of Europe in the 21st
century. Although world politics is still hesitant to call it
World War 111, it is clear that this is a renewal of the Cold War
and a great threat to the issue of global nuclear security, as well
as global food security.

World trade is a single system with mutually influencing,
complex relationships, and Ukraine occupies an important
place in it. Government policies regarding food safety have
always been an integral part of a given country's survival
strategy. Historical parallels are crucial for assessing changes
in food safety from the 20th century to the very beginning of
the 21st — in accordance with new political maps, trade routes,
and the development of modern technologies.

It is hard to estimate all the losses because of occupied
territories and the fact that the war goes on and the situation is
unstable.

Another crucial question is losses in the case of brands that
are the face and proud of Ukrainian food industry. Their
traditions, technologies, and sales markets were distinguished
achievements during the years of Ukrainian Independence.

What is important to realize, this article is a short note only
to show a long-term perspective of future historical research
on the verge of industrial history, genocide history, and the
history of post-colonial studies.

Conclusions. The question of losses during the Russian
invasion in the Ukrainian food industry is an immediate part
of common food safety in the world. Sustainable development
of the food industry, uninterrupted supply of food products
never should be a question of political or war manipulation.
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Introduction

With the beginning of the Russian invasion, Ukraine's food industry faced a difficult
challenge. A full count of losses is currently impossible as the war continues, and the constant
bombings confirm this. Many enterprises were damaged, while others remained in the occupied
territories. Usual chains of supply were interrupted, substantial quantities of finished goods and
raw materials were lost, and the economy found itself in a complicated unsteady position.

Research and analysis of the current situation of losses, experience and adaptation in the
Ukrainian food industry is an important issue from the standpoint of studying the modern history
of Ukraine as a part of Europe.

Materials and methods

The methodology is based on the use of comparative research and contextual analysis.

Results and discussion

The question of food safety is the first important question that authorities have to deal with
during every war. Famine, interrupted ways of supply, and ruined food facilities always were a
part of the militant policy of the Aggressor State. History of the XX century, for the first and
foremost history of both World Wars full of persuasive examples of that policy. Food rationing
system, food dictation of ,,war “communism, and several aspects of the lend-lease, and especially
the food supply of Britain by the USA during the Second World War (WWII) were essential
efforts to reassure the population and to gain control of the situation. Genocide as an immediate
part of colonialism (Dirk, 2008) also used a measures of famine as a strict measure to break down
a resistance.

This is the most important thing humanity has to realize, facing the threat of a new Cold War
(Nehring, 2023) and recreation of the former bipolar world with the right of strength, not
international law.

The question of food safety in Ukraine is immediately connected with the question of world
food safety because of the place of the Ukrainian State in the world sales market of food and
agricultural products.

The issue of the Black Sea grain deal first emerged during the meeting, held by UN
Secretary-General Antonio Guterres and President of Turkey Recep Tayyip Erdogan in April
2022. A series of diplomatic negotiations, including the broad visit of African leaders to Moscow
made obvious that the ability of Ukraine to support usual volumes of export is crucial not only for
the Ukrainian economy.

Walking back to the historical parallels with the Second World War, it is crucial to stress
that parallels could not be full based on two main reasons. First reason is that during the WWII
territories of Ukraine were completely occupied, and then taken back by the Soviet Union. Thus,
safe or partly safe rear territories were only beyond the area of nowadays Ukrainian State.

The second important reason is that the planned economy, which switched off private
initiative and business, made the window of opportunity extremely narrow. It is believed that a
strong feature of a planned economy is the ability of the State to use all, without exceptions,
measures, and sources to renovate required branches. However, the other side of that ability is an
unevenness of industrial development, violation of human rights and freedoms, deformation of
the agricultural sphere, and waves of famine, immediately connected with the transfer of sources
from one direction to another. This approach is brightly exemplified by the famine of 1921-1923
and 1946-1947. In the first case, it is spoken not only about the consequences of military action,
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but about action of special government activities, called «food dictation”, strict monopoly of the
state in mastering of food sources. In the second case, we are talking about Stalin's plan for
industrial renewal after World War I1. It should be noted that the assessment of this as a sure way
of rapid recovery after the war is clearly related to the political worldview of the enemy "New
Course". Given the increasingly high level, their assessment as an example of effective economic
recovery after the war is more a matter of political discourse. Franklin Roosevelt's "New Deal"
and Ludwig Erhard’s social economy contained elements of control over state economic
processes, but did not abolish or replace their basic laws, as happened in the case of the Soviet
Union. Unlike the 40s of the XX century, Ukraine entered the full-scale war as a state with a
market economy and developed private initiative. The strong features of private initiative are
flexibility, adaptability, speed of response, which in the conditions of martial law is one of the key
factors, because exclusively state regulation always has the inertia of a bureaucratic machine.
Thus, the main task of the state is not its own recovery, but the creation of appropriate conditions
and mechanisms, effective interaction with private business, prevention of criminalization typical
of martial law and the emergence of shadow schemes.

As of March 30, 2022, Valeriy Heyets, the director of the Institute of Economics and
Forecasting of the National Academy of Sciences of Ukraine, assessed the current situation as
extremely negative. In the Kyiv, Kharkiv, Sumy, Chernihiv, Donetsk, Mykolaiv, and Kherson
regions, it was practically impossible to conduct economic activities, and more than 72 thousand
people could lose their jobs in the industry (Heyets, 2022).

Compared to other branches of industry, the unprofitability of the food industry ranks third.
The total amount of damages is almost 1,040 million US$. This category mainly includes
warehouses with significant food stocks. Only the Kyiv region lost a fifth of its warehouse space
due to the war, which is about 364,000 m?, including office premises and other buildings on the
territory of the complexes (Heyets, 2022).

20 % of bread factories in Ukraine were destroyed. The high-tech enterprise for the
production of frozen bakery products near Vyshgorod, Kyiv region, is one of such sad examples.
The plant had modern equipment and high hopes for increased capacity in the near future (Lysa,
2022).

The Feraxs enterprise was founded in 2011 and produced sausage products, the production
capacity of the enterprise is up to 35 tons per day. The company has installed new equipment from
leading companies in Austria, Italy, Switzerland and Germany. Because of an enemy projectile
hitting the meat processing enterprise "Feraks", which is located in the village of Gogoliv, Kyiv
region, a fire broke out (Kyiv Regional Military Administration, 2022).

The Makariv Bakery specializes in the production of bakery and confectionery products. On
March 7 2022, Russian troops carried out an airstrike on the territory of the state-owned Makariv
Bakery.

Another loss was the Kherson branch of Danon, a highly efficient factory in Ukraine for the
production of dairy and sour milk products of the modern category. According to Ivan Khanas,
director of operations, the production of key products was transferred to another plant of the
company, located in Kremenchug (Poltava region), as a result of which it was possible to resume
production of the main products at the new location within three to five months. However, taking
into account the limited capabilities of the current plant, the assortment was partially reduced, and
in some cases, the packaging format was changed.

The confectionery factory Mondeléz started operations in Ukraine in 1994. It was located in
the city of Trostyanets, Sumy region, where 900 people worked, but it was destroyed and looted
by invaders (State Environmental Inspection of Ukraine, 2022).

No less vivid example is Artemsil, Ukraine's largest salt producer, located in the city of
Soledar, Donetsk region. Due the ongoing war, Artemsil was forced to shut down its
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production, which capacity in 2020 was 1.2 million tons of salt. Buildings and equipment
were destroyed, the enterprise grew into ruins, and 2,500 local residents linked to the salt
production were left without job (Prasad, 2023).

In addition to the destroyed plants and factories, there are a number of brands lost due
to the occupation. Among them, there are Chumak, Tavria, and Bon Kherson.

Of all the above, it should be emphasized that the situation with Chumak is the most
painful. The main production facilities of Chumak are located in the temporarily occupied
Kakhovka, Kherson region. The manufacturer produced its products under the trademark
Chumak. This company is one of the first brands of already independent Ukraine, which has
its own traditions and production quality, successfully represented the country on the
domestic and import markets. Chumak Company produces ketchup, sauces, tomato paste and
pasta products. Since the beginning of the war, the domestic market of 72,000 tons of tomato
sauces and pastes has collapsed by 40-45%, while the share of Chumak itself has decreased
by 60-70%, since before the war the manufacturer occupied about 20% of the Ukrainian
market. The company was forced to stop supplies to countries in Africa, the Middle East and
Europe, while the share of exports fell from 25% to zero (Stuka, 2023).

Like many other manufacturers from occupied or frontline territories, the company is
trying to find a way out through relocation. "Chumak" manufactures its products at
competitors' facilities throughout Ukraine and even abroad. Some of the tomato pastes,
sauces, and mayonnaises are produced in Lutsk, Kyiv, Zaporizhia, and Ternopil. Despite all
efforts during the year of the war, the company's profit in 2022 on the domestic market
decreased from 33 min USD to 11 min USD (Stuka, 2023).

Production at other people's facilities is an attempt not to lose the recognition of popular
product brands in supermarkets and the employees who remained in the company. The
company has 110 key employees left, out of the 1,200 that worked there before full-scale war
broke out.

At the beginning of the war, there were also significant problems with the products of
other manufacturers. There were no enough tomato paste, ketchups and sauces on store
shelves. "Sometimes we had only one brand that response to the need," recalls Auchan
Ukraine public relations manager Olena Orlova (Stuka, 2023).

One of the reasons is the shortage of tomato paste, which is the basis for the production
of ketchups and sauces. It arose due to the occupation of the Kherson region, where tomatoes
are grown for processing and making tomato paste. The Agrofusion companies cultivated
tomato are also situated on the south of Ukraine in Mykolaiv and Kherson regions. During
the invasion in the Mykolaiv region, three Agrofusion factories were destroyed (Stuka, 2023).

The Coca-Cola Beverages Ukraine plant in Velyka Dymerka near Brovary, Kiev region,
suffered shelling and was under Russian occupation for almost a month. To provide more
than 100,000 retail outlets with at least the company's main drink, Coca-Cola began to import
it from the Czech Republic and Poland. On March 9, the power plant at the enterprise was
destroyed because of shelling. In Ukraine, Coca-Cola has an enterprise where, before the
war, 40 types of soft drinks were bottled: branded sodas, water, juice, iced tea, and energy
drinks. Among the most famous are Coca Cola, Fanta, Schweppes, Sprite, Rich, BotaniQ,
water Bonaqua. More than 5.7 billion liters of beverages come off the lines every year. The
plant supplied them not only to the Ukrainian market, but also to Armenia and Moldova.
Currently, the plant is resuming work; in particular, exports to Moldova have been resumed.

The destruction of Europe's largest poultry farm in Chornobaivka caused huge damage
of over 20 mIn USD and loss more than 4 million chickens (Ukrlandfarming, 2022).
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Figure 1. Mondelez after shelling (State Environmental Inspection of Ukraine, 2022)

Figure 3. Chornobaivka poultry farm lost four million chicken

(Suspilne media, 2022)
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Tavria distillery is located in the temporarily occupied territories in Nova Kakhovka,
Kherson region. Its portfolio includes such brands as Borysfen, Tavria Premium,
Georhiivskyi, Jatone, and AleXX. Tavria's production capacity is 1,400 hectares of vineyard
land in the Kherson region. During the season, the enterprise processed about 17,000 tons of
grapes. The capacity of the plant's bottling line is 1.6 million liters of wine and cognac per
year (Agronews, 2022).

AB InBev Efes is one of the leaders of the Ukrainian brewery market, a joint enterprise
with the world's largest brewing company Anheuser-Busch InBev. InBev EFES produces the
brands Chernihivske, Rogan, Yantar, Staropramen, Stella Artois on the factories located in
Chernihiv, Kharkiv, and Mykolaiv and also imports brands Bud, Corona Extra, Stella Artois,
Hoegaarden, Leffe InBev Efes products occupied 31.7% of the Ukrainian beer market
(Agronews, 2022). Currently, many factories were forced to stop beer production due to
bombing or shelling. The facilities of non-alcoholic beverages production Sandora were also
partially damaged (Ministry of Infrastructure of Ukraine, 2023).

Another recognizable brand that is nowadays not in production is Mivina. The company
is located in Kharkiv and its work is now suspended. Before the war, the assortment included
more than 42 types of products. In addition to vermicelli, the factory produced soy sauces
and seasonings. The products were supplied to all supermarket chains. More than 40% of
products were exported to the countries of the European Union and the whole world. With
the beginning of large-scale shelling, work stopped, products from warehouses were
distributed to volunteers in agreement with the company's management.

According to the Minister of Agrarian Policy and Food of Ukraine, Mykola Solskyi,
470,000 hectares of agricultural land in Ukraine now require inspection and demining. So
far, only 17.5% of the mined territories have been surveyed, of which 57,000 hectares are for
agricultural purposes.

Even more questions are caused by the consequences of the environmental disaster from
the explosion of the Kakhovka Hydroelectric Power Plant. Losses of cultivated areas,
pollution, water supply problems, erosion of cattle burial grounds, soil and water pollution.
Many settlements are still flooded. In many cases, the functioning of enterprises in the front-
line and front-line territories is not possible.

On the left bank of the Kherson region, as a result of the explosion of the Kakhovka
Hydroelectric Power Plant, 107 hydrotechnical structures of the State Agency of Land
Reclamation and Fisheries of Ukraine were flooded and completely destroyed (Ministry of
Agrarian Policy and Food, 2023).

The victim of the disaster was the only state sturgeon farm in Ukraine - Production-
experimental Dnipro Sturgeon Breeding Plant named after Academician S.T. Artichoke
(Pavlysh, 2023).

According to the Institute for Economic Research and Policy Consulting, the food
industry is one of the few industries maintaining production compared to its critical decline
in the metallurgical, chemical, and construction materials industries (Angel and Gulyk,
2022).

The analysis of the current state of the Ukrainian food industry and the conducted
historical analogies allow us to draw the following conclusions. The adaptability and
flexibility of the market system made it possible to avoid total starvation or limited use of
food resources. In most territories, except for the front-line ones, it was possible to preserve
the post-war production volumes and assortment.
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Figure 4. Consequences of Kakhovka Dam destruction
(Ecopolitic.com.ua, 2023; Reuters.com, 2023)

Figure 5. Kherson sturgeon breeding plant
(Ministry of Agrarian Policy and Food, 2023)

At the same time, the situation with the front-line, occupied territories and territories
that suffered the consequences of the explosion of the Kakhovka Hydroelectric Power Plant
remains steadily difficult. A large part of the lost or temporarily non-functioning enterprises,
preserving ancient production traditions, represented Ukrainian products on the world and
domestic markets. Most enterprises try to correct the situation with the help of relocation.
Moral motivation is also of great importance in the reconstruction and functioning of
enterprises, food supply of territories. A significant number of entrepreneurs are involved in
the volunteer movement, and there are a number of examples of direct support for the
population of the frontline areas.
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Introduction. The aim of the study was to determine the influence of
electrochemically activated water application on the rheological
properties of corn starch suspensions and pates prepared with them.

Materials and methods. Corn starch suspensions were prepared on
artesian water, which was activated by electrochemical treatment on a
diaphragm  electrolyzer.  Physico-chemical  characteristics  of
electrochemically activated water were determined using a Palintest 7500
photometer. Morphological studies of starch granules were carried out by
scanning electron microscopy, and granulometric composition was
determined by laser diffraction method. The rheological indicatorss of
starch suspensions and pates were studied using a Kinexus Pro+
rheometer.

Results and discussion. The physico-chemical characteristics of
electrochemically activated water except pH met the requirements of the
European Parliament and Council Directive on the quality of water
intended for human consumption. The water absorption capacity of starch
when preparing its suspensions on a catholyte (obtained by passing a
direct electric current through water in the cathode chamber of an
electrolyzer) decreased by 26%, and when prepared on an anolyte
(obtained in the process of water oxidation reactions on the anode)
increased by 18%. The moisture holding capacity of hydrated starch
decreased by 10% when using catholyte, and increased by 36% when
using anolyte. Electrochemically activated water had a significant effect
on the rheological characteristics of starch suspensions: with an increase
in the percentage of complex shear strain, the shear stress increased
proportionally for samples of suspensions made on electrochemically
activated water. The viscoelastic properties of starch suspensions
prepared using electrochemically activated water both at 25 °C and at
68 °C tended towards an ideally elastic gel, that is, they had more elastic
structure than the control samples. Under the action of shear deformation,
the elastic properties were lost, while the suspensions acquired viscosity
(phase angle values increased). The maximum value of the moisture
binding capacity of pates was observed when using a starch suspension
prepared on anolyte. The best values of rheological characteristics of
pates were obtained when using starch suspension with 2% starch
prepared on anolyte.

Conclusions. Electrochemically activated water had a significant
effect on the physicochemical and rheological properties of semi-finished
products, in particular corn starch suspensions, and pates prepared with
them, and contributed to better structuring of the studied food systems.

—— Ukrainian Food Journal. 2023. Volume 12. Issue 2

207



—— Food Technology ——

Introduction

Water is a part of any raw material used in food industry. It is often the main component
of a food product and determines its properties. Electrochemical treatment of water to give it
new valuable for preparation of food qualities belongs to new environmentally friendly
technologies (lvanov et al., 2021).

When a direct electric current is passing in the cathode chamber of the electrolyzer,
water is saturated with products of electrochemical reactions such as hydroxide ions,
hydrogen, metal hydroxides, which are formed from water-soluble salts, resulting in
activated water, defined as a catholyte (Figure 1).
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Figure 1. Scheme for the process of electrochemical activation of water

At the anode, water is oxidized with subsequent release of oxygen and chlorine gas, and
the resulting liquid is called anolyte (Jiang et al., 2021). The catholyte, which consists of
negatively charged OH" ions and H, molecular hydrogen formed in the electrolysis process,
received a negative potential. Anolyte is obtained in the process of electrolysis near the
positive electrode, the anode, where oxidants are accumulated, and as a result a positive
oxidation-reduction potential (ORP) is formed. These are primarily positively charged ions
(cations) of hydrogen H*, as well as hypochlorous acid HCIO, oxygen O, and hydrogen
peroxide H,O2 (Wulan and Notodarmojo, 2020).

Redox reactions are the basis of life on Earth (Scheibe et al., 2011). Water is responsible
for redox processes, as the main solvent (in the chemical sense) and as the main structural
element of the body (in the biological sense). The redox potential of the internal medium of
a healthy person is always below zero and ranged from -90 to -225 mV (Matsiyevska, 2017),
but for industrially purified artesian water — from +100 to +400 mV. Such differences in the
ORP of water means that the activity of electrons in the internal medium of the human body
is much higher than the activity of electrons in artesian water. To use water rationally in
exchange processes of the body, it must be conditioned according to ORP values, which are
achieved by applying electrochemical activation technologies (Goncharuk et al., 2010).
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In food products, water is used not only for adding to the recipe in its pure form, but
also for the preparation of semi-finished products, such as starch suspensions. Starch is a part
of the most food products; in addition, it is widely applied as an emulsifier. Starch could be
in native or modified forms. Native starch is obtained in the process of wet grinding of grain,
and modified starches are obtained from native starch by chemical or physical methods.
Starch in its native form has certain limitations compared to modified starch: the lower the
hydration level, lower thermal stability, lower shear resistance, and higher retrogradation rate
(Dru et al., 2018; Kaur et al., 2019).

During the preparation of food products, starches are subjected to mechanical action, as
a result of which their rheological characteristics change, which have a significant impact on
the quality of the finished product, in particular on its structural and mechanical properties,
such as consistency, water-retaining and moisture-binding capacity (Montes et al., 2022).

To modify corn starch, its suspension is treated with heat, which means heating the
suspension before the start of gelatinization. As an environmentally friendly modification
method, this method attracts much attention because it involves only water and heat without
the use of chemical reagents (Guo et al., 2020). Compared to native starch, heat-treated starch
is better for use in the recipes of hard-to-digest foods, namely meat and pasta products, and
canned food (Chung et al., 2009).

Meat pates are popular, widely demanded products, the formulation of which includes
corn starch to regulate their structural and mechanical properties (Song and Jane, 2000).

Electrochemical water treatment is used to convert water into a metastable excited state.
This technology is one of the most accessible methods, which is based on a unipolar
electrochemical effect on water (Li et al., 2023).

The use of electrochemically activated water (anolyte or catholyte) to prepare
suspension of thermally modified starch can change its rheological properties, which will
allow it to regulate the quality of food products.

The aim of the present study was to determine the influence of electrochemically
activated water on the rheological characteristics of corn starch suspensions and pates
prepared with them.

Materials and methods
Obtaining electrochemically activated water

Electrochemically activated water was obtained using diaphragm electrolyzer by
electrochemical treatment of artesian water with initial characteristics of pH 6 and ORP +224
mV. After setting the operating mode of the electrolyzer, two experimental water samples
were obtained: catholyte with ORP -542+20, pH 10 and anolyte with ORP +767+15, pH 3.
The required amount of water consumption was set at the level of 18 I/h.

Determination of physico-chemical characteristics of electrochemically activated
water

Samples of waste were taken from containers that were previously washed with the
same water to minimize the error. Physical and chemical parameters were determined using
the Palintest 7500 photometer. Test tubes with a volume of 10 ml were filled with a water
sample and Palintest water test tablets were added for each type of element: Mg, Fe, Mn, Cl,
F, Al, K, NO2, NO3, PO4, and SiO,. After that, it was left at room temperature for a certain
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time to fully develop color. Results were recorded on the photometer display (Al-Mahrabi et
al., 2021).

Determination of pH. Determination of pH of water was carried out using an 1-160MI
ionometer by potentiometric method of measurement. Water was added to a clean, dry glass
up to the mark of 40 cm?, the electrodes were immersed in it, and after 10-15 s the indicators
were taken on the scale of the device (Lahav et al., 2001).

Determination of redox potential. Redox potential was measured using an Oakton ORP
Tester 10 (Cole-Parmer, UK). The principle of the method was based on measuring the
potential difference on two electrodes (Pt-electrode and a reference electrode with a double
Ag/AgCl connection). Resolution was =1 mV with accuracy £2 mV. The electrode was
placed in a fixed position with the sample above the bottom of the container. The output
signal was established within 5 minutes (Tantra et al., 2012).

Determination of electrical conductivity. The electrical conductivity of water was
measured by inducing a small alternating current through a precise volume of the studied
liquid. Readings were recorded with a measuring device (Mccleskey et al., 2011).

Preparation of starch suspensions

Corn starch produced by AS GROUP, LLC (Ukraine) was used for the research.

Suspensions were prepared in the ratio of corn starch: water as 1:10 at water temperature
t = 2342 °C (the temperature at which starch modification began) and kept for 2 hours to
ensure starch hydration. The control was a sample of starch suspension on artesian water.

Water absorption capacity of starch

To determine the water absorption capacity (WAC), 0.5 g of starch was dispersed in 50
ml of distilled water and left for 30 min at room temperature in pre-weighed centrifuge tubes.
The obtained suspension was centrifuged for 30 min at 3500 rpm. The upper layer with water
was removed and dried for 25 min at a temperature of 50 °C to remove excess moisture. Then
it was re-weighed.

WAC was expressed in %, which was determined by the formula:

WAC = [(W2 — W1)/Ws]- 100,

where W1 is the weight of the test tube with a dry sample;
W2 is the weight of the sample with the tube after centrifugation;
Ws is the weight of the sample.

Moisture retaining capacity of starch

To determine the moisture retaining capacity (MRC), 0.5 g of starch was dispersed in
50 ml of distilled water and left for 30 minutes at room temperature in a heat-resistant glass.
The suspension was subjected to heat treatment with constant stirring for 30 min to a
temperature in the center of 9542 °C, cooled to a temperature of 10+2 °C, placed in pre-
weighed centrifuge tubes and centrifuged for 30 min at 3500 rpm. The upper layer with water
was removed and dried for 25 min at a temperature of 50 °C to remove excess moisture and
re-weighed.
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MRC was expressed in %, which was determined by the formula:
MRC = [(W2 — W1)/Ws]-100,

where W1 is the weight of the test tube with a dry sample;
W2 is the weight of the sample with the tube after centrifugation;
Ws is the weight of the sample.

Determination of morphology and granulometric composition of starch grains

Morphology and surface relief of starch granules were studied by scanning electron
microscopy using a Tescan MIRA 3 LMU microscope (Niamat et al., 2019). The sample was
applied to a conductive carbon substrate and coated with a 30 nm layer of gold using a PECS
682 precision sputtering system. When measuring, an area with a field of view of 1.5 mm
was selected.

The study of the dispersed composition of starch powder was carried out using a laser
particle size analyzer (Bettersizer 2600; Dandong Baxter Instrument Co., Ltd., China) in the
dry dispersion mode, using the laser diffraction method (Changgao et al., 2022).

Determination of rheological indicators of starch suspensions

Determination of the rheological indicators of corn starch suspensions was carried out
on a Kinexus Pro+ rheometer. Starch Paddle Plastic 2 Blade geometry was used — a coaxial
cylinder with a paddle stirrer (PC34 SL0007 SS) mounted on a vertical shaft. Suspensions
were analyzed at the temperature at which the modification of starch began — 25 °C, and at
the temperature of gelatinization of corn starch — 68 °C. The suspension was placed in a
cylinder to a height of 70 mm; the stirrer was lowered and brought to a temperature of 25 °C.
The complex shear stress (c), shear viscosity (1), phase angle (6) was determined depending
on the change in the complex shear strain with its gradual increase (0 — 100%). Each step
was maintained until a steady state was reached in a minimum time. Similarly, the experiment
was conducted after heating the suspension to 68 °C (Alvarez et al., 2015).

Preparation of meat pates

Onions and carrots were peeled and sent for grinding; the liver was washed with cold
water and cut into pieces, blanched at a temperature of 98-100 °C for 15-30 minutes, cooled;
wheat flour bread was soaked in milk; chicken eggs were washed, the starch suspension was
prepared in a starch:water ratio of 1:10.

The prepared raw materials were loaded into a mixer and crushed until a homogeneous
mass was obtained. Pates were packaged in glass jars, which were loaded into equipment for
pasteurization. After that, they were cooled and labeled.

Determination of rheological characteristics of meat pates

Determination of the rheological characteristics of pates was carried out on a Kinexus
Pro+ rheometer (Malvern Instruments Ltd., Great Britain). The geometry used was a circular
plate with a diameter of 40 mm (PU40 SR5040 SS: PL61 ST), fixed on a vertical shaft. The
prepared sample was placed on the lower platform; the shaft with the plate was lowered to a
gap of 1 mm. The complex shear stress (o), shear viscosity (1), phase angle (6) was
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determined depending on the change in the complex shear strain with its gradual increase (0
— 100%). Each step was maintained until a steady state was reached in a minimum time
(Marynin et al., 2023).

Determination of the moisture binding capacity of meat pate

To determine the moisture binding capacity of pates, the moisture content in the product
was previously determined. Moisture content was determined by drying 5 g sample to
constant weight at a temperature of 105 °C. The moisture binding capacity relative to the
moisture content (MBCm) and to the weight of the sample (MBCs) was determined by
pressing 0.30 g of minced meat and calculating the ratio of the area of the wet spot to the
weight of the minced meat or moisture in the sample (Strashynskiy et al., 2016).

The size of the wet spot (external) was calculated by the difference between the total
area of the spot and the area of the spot formed by minced meat. It was experimentally
established that one cm? of the area of a wet filter spot corresponded to 8.4 mg of moisture.

The mass fraction of bound moisture in the samples was calculated by the formulas:

MBCs = (M — 8.4S) - 100/mo
MBCm = (M — 8.4S) - 100/M

where M is the total weight of moisture in the sample, mg;
S is the wet spot area, mg;
mo is the weight of minced meat, mg.

Statistical analysis

All experiments were performed in three replicates. Results were shown as mean =+
standard deviation. Statistical analysis was performed using the XLstat software (version
2020).

Results and discussion
Physico-chemical characteristics of electrochemically activated water

Physico-chemical characteristics of water, as a component of food products, were
important from the point of view of its safety and quality. The determined characteristics
were compared with norms for artesian water (The Drinking Water Directive, 2020) (Table
1).

Electrical conductivity was determined as a measure of electrolytic properties of water.
In the catholyte, the value was higher by 19.1% than in the control, in the anolyte it was lower
by 17.0%. These data correlated with water hardness values: in the unfiltered catholyte
obtained after passing artesian water through the electrolyzer, both hardness and electrical
conductivity were higher than for the control. This is explained by the presence of Ca?* and
Mg?* salt ions, which have the ability to conduct an electric current. The level of total
hardness of the water samples correlated with the obtained data on the content of calcium
and magnesium, which, together with other minerals were present in both artesian and
electrochemically activated water (Table 2).
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Table 1
Physico-chemical characteristics of water
Characteristics Type of water
Artesian Catholyte Anolyte
pH 7.34+0.1 10.15+0.1 3.16+0.1
Unfiltered — 4.02+0.1
Total hardness, mmol/Il 2.4240.1 Filtered — 2.12+0.1 2.06+0.1
Total alkalinity, mmol/Il 4.6%0.1 4.7+0.1 4.0+0.1
Electrical conductivity, pS/cm | 470+£1.1 560+10 390+10
RP, mV 246+10 -562+20 767+15
Table 2
Content of mineral substances in water
Content of mineral substances, mg/l, in water
Mineral
substances Artesian Catholyte Anolyte
. Unfiltered — 113.60+0.1
Calcium (Ca) 56.40+0.1 Filtered — 37.600.1 45.60+0.1
Magnesium (Mg) 24.0+0.1 28.0£0.1 22.0£0.1
Total iron (Fe) 0.02+0.0001 Not found 0.01+0.00001
Manganese (Mn) 0.001+0.00001 Not found 0.002+0.00001
Chlorine (Cl) 17.5+0.1 1.7+0.001 15.5+0.1
Fluorine (F) 0.24+0.001 0.19+0.0001 0.38+0.0001
Aluminum (Al) 0.16+0.001 0.097+0.0001 0.16+0.0001
Potassium (K) 3.2+0.01 6.8+0.1 2.3+0.01

The content of total iron in the electrochemically activated water decreased: in the
anolyte by 50%, and it was not detected in the catholyte. Since the content of Ca?* and Mg?*
salt ions in the anolyte was lower than in the control, its electrical conductivity was also lower
(Table 1).

The content of oxides in the studied water samples is given in Table 3.

Table 3
The content of oxides in water

Oxides The content of oxides in water, mg/I
Artesian Catholyte Anolyte
Nitrites (NO;) 0.02+0.0001 | 0.017+0.0001 | 0.007+0.0001
Nitrates (NO3) 2.79+0.01 1.16+0.01 3.34+0.01
Phosphates (POs*) | 0.09+0.0001 | 0.05+0.0001 | 0.15+0.0001
Silicon (SiOy) 12.2540.1 13.0=0.1 16.0+0.1
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The content of nitrites in water after its electrochemical treatment decreased
significantly, namely by 15% in catholyte and 65% in anolyte compared to artesian water.
The content of sulfates in the anolyte was lower by 33.3%, and no sulfates were detected in
the catholyte. Chloride content in catholyte was significantly lower than in artesian water —
by 90.3%, and in anolyte by 11.4%. This was because inorganic compounds, including toxic
ones (nitrites and sulfates), underwent cathodic and anodic oxidative destruction, and strong
inorganic oxidants, including chlorine, were inactivated during chemical reactions (Lu and
Zhang, 2022).

Electrochemically activated water with acidic (anolyte) and reducing (catholyte)
properties will have a positive effect on the rheological indicators of the semi-finished
products with it. When using water for the preparation of starch suspensions and their
subsequent use in the formulation of food products, it was important to determine the
morphological features and relief of the surface of starch grains.

In the study of starch by scanning electron microscopy, lamellar large and rounded
small grains with a porous surface were found in the form of granules of various shapes and
sizes (Figure 2a), which was confirmed by the distribution of particles obtained by laser
diffraction (Figure 2b).
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Figure 2. Scanning electron microscopy of corn starch granules and particle size distribution

To characterize the size distribution of particles, the values D10, D50 and D90 were used,
which were equivalent volume diameters at 10%, 50% and 90% of the total volume,
respectively.

The analysis of the obtained results of particle size distribution indicated the
polydispersity of the system and the wide distance between the D10 and D90 points (Table
4).
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Table 4
Particle size distribution

Sample D10, | D50, D0, Specific surface area SSA, m?/kg
pm nm nm
Corn starch | 102+5 | 270+5 | 136448 11.22+1

Note: Each value is the mean of triplicate measurements + SD.

Depending on the type of water used, hydrated starch will have different functional and
technological properties. So, when using activated water for the preparation of starch
suspensions in the case of catholyte, the water-absorbing capacity of starch decreases by
26%, and when prepared on anolyte, it increases by 18%. Therefore, when using anolyte, the
amount of added water in the formulation for the manufacture of products with starch
suspensions should be increased (Figure 3).

When using catholyte to obtain a suspension of starch, the water-holding capacity of
starch is reduced by 10%, and anolyte is increased by 36%. Such changes are explained by
different acidity of aqueous media, and the salts present in catholyte prevent its absorption
of catholyte by starch granules (Han et al., 2009).
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Figure 3. Functional and technological properties of hydrated starch depending on the water
used

_|anolyte

The use of electrochemically activated water can be effective in controlling the
structure-forming and thickening properties of starch. During the technological processes of
manufacturing food products, mechanical work is applied (transactions of mixing, molding),
as a result of which the structure of starch grains is deformed. The effect of electrochemically
activated water (catholyte and anolyte) on the change in the rheological characteristics of
corn starch suspensions at different temperatures was determined.
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The dependence of the change in the complex shear stress (o) of corn starch suspensions
on the complex shear strain (Y) is shown in Figure 4. It was found that with an increase in
the percentage of shear strain, the shear stress increased proportionally for all samples.
Moreover, for the suspension of corn starch on the catholyte at 25 °C, this change was the
most rapid (0-2.5 Pa), somewhat less on the anolyte (0-2 Pa), and in the control with artesian
water — 0-1 Pa.

When the temperature of gelatinization (68°C) was reached, the change in the complex
shear stress were much lower, but the trend of the change remained: the least rapid increase
in the complex shear stress was observed for the control — 0-0.4 Pa, for suspensions on the
catholyte and anolyte, this indicator was slightly higher, however practically coincided in the
entire range of action of shear deformation — 0-0.6 Pa and 0-0.7 Pa, respectively.

The change in the viscous properties of the starch suspension estimated by the index of
complex shear viscosity during deformation is shown in Figure 5.

It was established that the complex shear viscosity of all samples decreased in the entire
range of deformation influences. The initial values for the samples on the catholyte and
anolyte at 25 °C and at 68 °C were higher than the corresponding values of these parameters
for the control sample. Moreover, this tendency was observed in the entire range of
deformations, because viscous properties were manifested to a greater extent in the case of
preparation of starch suspension on electrochemically activated water. This was explained
by the fact that the nature of the contact of hydrophilic groups changed, namely, the contact
zone between swollen starch granules decreased, which provided more opportunities for
starch to bind water molecules (Chen et al., 2020; Chen et al., 2018).

2.50 4
2.254
2.00 4
1.75 -
1.50 -
1.25 -
1.00 4
0.75 4
0.50 4
0.25 -
0.00 -

Complex shear stress, ¢ (Pa)

0 10 20 30 40 50 60 70 80 90 100
Complex shear deformation, Y (%)
—=— control at 25 °C anolyte at 25 °C —— catholyte at 25 °C

—8— control at 68 °C —¥— catholyte at 68 °C anolyte at 68 °C

Figure 4. Dependence of the change in the complex shear stress (o) of corn starch suspensions at
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68 °C, prepared with electrochemically activated water, on the complex shear strain ()

To characterize the effect of electrochemically activated water on the viscoelastic
properties of starch suspensions, the change in the phase angle was determined, which is the
angle between the light incident on the object and the reflected light (Figure 6).

The phase angle of the suspension on the catholyte at 25 °C is lower than on the anolyte
and with artesian water: 29.13°, 34.28° and 51.29° respectively, in the absence of
deformation. At the temperature of pasteurization, the sample with artesian water also had
the highest value - 55.46°, but the values of the phase angle of the samples on the catholyte
and anolyte coincided - 39.05°, and this trend was observed in the entire range of deformation
influence. The values of the phase angle of the suspensions on the catholyte and anolyte both
at 25 °C and at 68 °C tended to 0 (ideally elastic gel), that is, they had more elastic structure
than the control samples. At the same time, with the effect of shear deformation, the elastic
properties were lost, while the suspensions acquired viscosity (phase angle values increased).

Changes in functional and technological and rheological indicators of starch
suspensions when using electrochemically activated water should affect the properties of
pates with their content, in particular, functional and rheological indicators.

Determination of the moisture binding capacity of the pates in relation to the weight of
the sample (MBCs) and the weight of moisture in the sample (MBCm) showed that the
anolyte had greater influence on the studied indicators (Table 5).
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Moisture binding capacity (MBC) of the pates

Table 5

Moisture binding capacity

Type of water used

Artesian | Catholyte | Anolyte

218

2% corn
MBCs before pasteurization, % 67.61 70.02 100
MBCs after pasteurization, % 66.95 68.66 100
MBCs after 21 days after pasteurization, % 58.65 62.28 93.79
MBCm before pasteurization, % 96.29 96.12 100
MBCm after pasteurization, % 96.59 94.33 100
MBCm after 21 days after pasteurization, % | 90.95 91.45 96.47

5% corn
MBCs before pasteurization, % 70.59 87.57 86.25
MBCs after pasteurization, % 86.36 90.00 73.71
MBCs after 21 days after pasteurization, % 70.88 83.10 71.27
MBCm before pasteurization, % 73.83 88.80 96.70
MBCm after pasteurization, % 98.76 90.00 96.85
MBCm after 21 days after pasteurization, % | 94.90 94.67 96.06
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With the content of 2% starch in the suspension on the anolyte and catholyte, the MBCs
of the pates increased by 32.39% and 2.41% before pasteurization, compared to the control,
and by 33.05% and 1.71% after pasteurization. When using anolyte, this indicator reached a
maximum value of 100%. Electrochemically activated water helped to increase the
hydrophilic properties of starch granules and slowed down their reduction over time (Akua
et al., 2022). An increase in the proportion of starch helped to increase the moisture binding
capacity of the pates in relation to the weight of the sample.

In the samples of pates with 2% starch in the suspension on the anolyte, the moisture
binding capacity of the pate in relation to the mass of moisture in the sample increased by
3.71% before pasteurization, compared to the control, the catholyte almost did not affect the
value of this indicator. After pasteurization of pate on the anolyte, the moisture binding
capacity in relation to the mass of moisture in the sample reached 100%, on the catholyte it
decreased by 2.26% compared to the control.

In the process of storage, MBCs and MBCm decreased in all samples. However,
in pates with electrochemically activated water, the percentage of reduction was lower,
compared to the control, which indicated better moisture binding and preservation of the
texture of the products.

When starch suspension was used in the production of pates, the food system was
partially distorted. Studies of the dependence of the change in the complex shear stress of
pates with a suspension of corn starch on the complex shear deformation showed that with
an increase in the percentage of deformation, the shear stress increased proportionally for all
samples (Figure 7). Moreover, for samples with the suspension with 2% starch, this change
was the most rapid in the control — 33-1623 Pa, somewhat less in the anolyte — 21-1156 Pa,
and in the catholyte — 18-946 Pa.

With an increase in the concentration of corn starch in the suspension, the values of the
complex shear stress of the pates was significantly lower and the trend changed: the least
rapid increase in the complex shear stress was observed for the control — 3-232 Pa, for pates
with suspensions on the anolyte and catholyte this indicator was slightly higher — 5-305 Pa
and 8-596 Pa respectively. The nature of the curves of these samples tended to samples of
pure starch. However, the values of shear stress in the same strain range for pate samples
were much larger: in the range of 3—-1623 Pa compared to 0-2.5 Pa for samples of starch
suspensions. This was explained by a change in the structure of the studied systems, namely
an increase in viscosity and density (Amann-Winkel et al., 2013). In the process of storage,
the complex shear stress decreased in all samples, which was explained by the fact that the
pate structure became less strong over time and broke down faster at smaller deformations.

The change in the viscous properties of pates was determined by the index of shear
viscosity during the deformation process (Figure 8).

Shear viscosity of all samples decreased in the entire range of deformation influences.
The initial values for samples of pates with 2% starch in suspension were higher than the
corresponding values of these parameters for pates with 5% starch in suspension: on artesian
water, anolyte and catholyte — 5290 Pa-s, 3316 Pa‘s and 2925 Pa-s, respectively compared to
472 Pa-s, 878 Pa's and 1409 Pa-s for samples with 5%. In samples with 2% starch, the control
had the highest values of shear viscosity in the entire range of deformations. Moreover, the
systems did not stabilize until the end of the deformation influences both with suspensions
on artesian and electrochemically activated water. This was due to the fact that with a low
starch content, suspensions couldn’t provide a stable pate viscosity, despite their strength
(Montes et al., 2022). However, in this case, electrochemically activated water affected to a
greater extent the nature of the contact of hydrophilic groups, which provided more
opportunities for starch to bind water molecules.

—— Ukrainian Food Journal. 2023. Volume 12. Issue 2 219



—— Food Technology ——

2000
~ 1800
1600
51400

stres

—_ =
S N
S O
S O
Il Il

[eXe
oS O
o O
1 1

Complex shear

0 20 40 60 80 100
Complex shear deformation, Y (%)
—a— control with 2% starch —e— control with 5% starch

—a— with 2% starch on anolyte —v— with 5% starch on anolyte
—&— with 2% starch on catholyte—<— with 5% starch on catholyte

a

2000
1800+
%31600-
14004
£12001

—_
0 O
(=]
(=]
L

Complex shear s
B
[ i N -
o O O
L L L

\*]

S

S
1

[e)
1

0 20 40 60 80 100
Complex shear deformation, Y (%)

—a— control with 2% starch —e— control with 5% starch

—A— with 2% starch on anolyte —v— with 5% starch on anolyte

—&— with 2% starch on catholyte—<¢— with 5% starch on catholyte

b
Figure 7. The dependence of the change in the complex shear stress of pates with different
concentrations of corn starch in the suspension prepared with electrochemically activated water

on the complex shear strain:
a — after pasteurization; b— after 21 days after pasteurization

220 —— Ukrainian Food Journal. 2023. Volume 12. Issue 2——



—— Food Technology ——

5000 1
é 4000
2 3000+ :
&
2 20004
>
=
2 10001
%)

O L L] L] L] L] L] L]
0 20 40 60 80 100
Complex shear deformation, Y (%)
—=— control with 2% starch —e— control with 5% starch

—— with 2% starch on anolyte —v— with 5% starch on anolyte
—— with 2% starch on catholyte—<— with 5% starch on catholyte
a

20004

—

S

S

()
L

Shear viscosity, n (Pas)

()
1

0 20 40 60 80 100
Complex shear deformation, Y (%)

—=— control with 2% starch —e— control with 5% starch
—a— with 2% starch on anolyte —v— with 5% starch on anolyte

—&— with 2% starch on catholyte—<+— with 5% starch on catholyte
b

Figure 8. The dependence of the change in the shear viscosity of pates with different
concentrations of corn starch in the suspension prepared with electrochemically activated water
on the complex shear strain:

a — after pasteurization; b— after 21 days after pasteurization

—— Ukrainian Food Journal. 2023. Volume 12. Issue 2 221



—— Food Technology ——

©504

0 20 40 60 80 100
Complex shear deformation, Y (%)

—=— control with 2% starch —eo— control with 5% starch

—4— with 2% starch on anolyte —v— with 5% starch on anolyte

—— with 2% starch on catholyte—<— with 5% starch on catholyte

0 20 40 60 80 100

Complex shear deformation, Y (%)
—=— control with 2% starch —eo— control with 5% starch

—4— with 2% starch on anolyte —v— with 5% starch on anolyte

—+— with 2% starch on catholyte—<— with 5% starch on catholyte
b

Figure 8. The dependence of the change in the phase angle duting pates investigation with
different concentrations of corn starch in the suspension prepared with electrochemically
activated water on the complex shear strain:

a — after pasteurization; b— after 21 days after pasteurization

222 —— Ukrainian Food Journal. 2023. Volume 12. Issue 2——



—— Food Technology ——

In samples of pates with a suspension with 5% starch, the trend was opposite: the lowest
values of shear viscosity over the entire range of deformation were in the control sample,
slightly higher with suspensions on the anolyte and catholyte. However, the change of the
investigated parameter was not as rapid as for samples with 2% starch. This was explained
by the lower strength of the system (Boonkor et al., 2022). Pates acquired a stable viscosity
after 80% deformation, both with artesian and with electrochemically activated water. In the
process of storage, the shear viscosity increased in all samples, which correlated with the
change values of this indicator depending on the change in the shear rate and was explained
by the decrease in the strength of the pate system over time.

To characterize the effect of electrochemically activated water on the viscoelastic
properties of pates and their internal structure, the change in the phase angle was determined,
which was the angle between the light falling on the object and the light reflected from it
(Figure 9). The curves of changes in the phase angle of pate samples were completely
different in nature from the curves of pure suspensions, which indicated the influence of the
formulation components on this indicator and the influence of electrochemically activated
water on the structure of the pates.

The internal structure of the pate samples changed under the influence of
electrochemically activated water on the starch suspension included in their composition, as
evidenced by the phase angle parameters, because the changes were followed (that is, the
phase angle/shear deformation curves of different dough samples did not match) (Cristiano
etal,, 2019).

In the absence of deformation, the phase angle of all samples was practically the same
and was about 10°. Pates with a suspension with 5% starch prepared on catholyte and anolyte
had a lower phase angle than the control sample in the entire range of deformations and
tended to 0, that is, they provided a more elastic structure to the pates than the control sample.
However, under the action of shear deformation, the elastic properties were lost, while the
suspensions acquired viscosity (phase angle values increased) (Maurice, 2019).

Samples of pates with 2% starch prepared on catholyte and anolyte had a higher phase
angle than the control sample, which indicated that this amount of starch when interacting
with electrochemically activated water due to the much higher strength of the starch system
was not able to ensure the elasticity of the minced meat system and helped to increase their
viscosity. In the process of storage, the phase angle increased for all samples, which was
explained by the increase in the viscosity of the pates and the loss of elasticity at smaller
deformations.

Conclusions

1. Physico-chemical indicators of the quality of electrochemically activated water,
except pH, met the requirements of regulatory documentation for potable artesian
water.

2. When starch suspensions were prepared on the catholyte, the water absorption
capacity of starch was slightly reduced by 26%, and when prepared on the anolyte, it
increased by 18%. The values of moisture retention capacity changed similarly: in the
case of catholyte, it decreased by 10%, and in the case of anolyte, it increased by 36%.

3. Electrochemically activated water had a significant effect on the rheological
indicators of starch suspensions. As the percentage of complex shear strain increased,
the shear stress increased proportionally for all samples on electrochemically
activated water. Moreover, for the suspension on the catholyte at 25 °C, this change
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was the most rapid (0-2.5 Pa), somewhat less on the anolyte (0—2 Pa), with artesian
water (control) — 0-1 Pa. The shear viscosity of all samples decreased in the entire
range of deformation influences. The effect of electrochemically activated water on
the viscoelastic properties of starch suspensions showed that they tended to O
(perfectly elastic gel) at 25 °C and at 68 °C, that is, they had more elastic structure
than the control samples. At the same time, with the effect of shear deformation, the
elastic properties were lost, while the suspensions acquired viscosity (phase angle
values increased).

4. The moisture binding capacity of pates was maximum when preparing starch
suspension on the anolyte. The best values of the rheological indicators of pates were
obtained when the starch suspension prepared on the anolyte with 2% corn starch was
added to the recipe.
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Introduction. Studies of the physico-chemical composition
of the carob beans and the pulp of the pods originating from four
countries are present.

Materials and methods. The physicochemical properties of
carob (Ceratonia siliqgua L.) cultivated in different countries,
Moldova, Algeria, Italia and Spain, were characterized in terms of
mineral (Ca, Mg, and Fe), carotenoids (B-carotene, lycopene, and
zeaxanthin) and chlorophyll (a chlorophyll and b chlorophyll)
content. The antioxidant activity of biologically active compounds
was determined using simulated gastrointestinal digestion.

Results and discussion. The samples of Moldovan carob
compared to those grown in Algeria, Spain, and Italy contain
higher amounts of biologically active compounds, some positions
far exceeding those of carob from the mentioned regions. Thus,
the mineral content in terms of Ca, Mg and Fe in Moldovan carob
samples was 1.1-1.7 times higher. The same trends were recorded
for the content of carotenoids in Moldovan carob beans: B-
carotene, 13.610 mg/100 g of dry matter (DM); lycopene, 19.882
mg/100 g DM, and zeaxanthin, 20.709 mg/100 g DM, which were
much higher in comparison with samples from Algeria, Spain, and
Italy. The differences concerning the amounts of biologically
active compounds between Moldovan and other regions of carob
beans were significant. Samples from Italy were distinguished by
the highest content of chlorophyll and it was up to 1.1 mg/100g
DM. The evolution of the antioxidant activity of biologically
active compounds, which was done via gastrointestinal digestion,
confirmed the functional profile of carob pods and beans. Thus,
the DPPH (2,2-Diphenyl-1-picrylhydrazyl) antioxidant activity of
bioactive compounds in carobs from different regions of the
world, during gastric digestion simulation, increased from 38—
48% to 60-74%.

Conclusions. The studied four carob bean and pod samples
originating from different world regions were similar by their
bioactive potential. Nevertheless, it was found that Moldovan
carob is the best in terms of the content of minerals, f—carotene,
lycopene, zeaxanthin, and antioxidant activity.
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Introduction

Carob (Ceratonia siliqua L.) is a tree that can grow in varied latitudes, from those with
temperate climates to tropical ones (FAOSTAT, 2022) (Figure 1).
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Figure 1. Production share of carob beans by region, sum 1994 — 2021 (FAOSTAT, 2022)

According to the 2022 data of Food and Agriculture Organization, Portugal takes the
first place for carob tree cultivation. The second largest producer in the world is Italy,
although Morocco, Turkey, and Greece also produce carob on a large scale (FAOSTAT,
2022). Among European countries with a Mediterranean climate, Romania, the Republic of
Moldova, and Ukraine are geographically advantageous in terms of favorable climatic
conditions for carob cultivation (Capcanari et al., 2022). Unfortunately, according to the same
report carob production is decreasing around the world (Figure 2).
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Figure 2. Area harvested/ Production quantity of carob beans in the World, 1994 — 2021
(FAOSTAT, 2022)
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This fact is probably caused by several factors, among which those ones can be
mentioned: (1) ignorance of nutritional and biological potential of fruits; (2) reduced
individual consumption; (3) low fruit prices (FAOSTAT, 2022; Sahin et al., 2016).

It was reported that carob fruits (pod pulp and beans) contain biological active
substances, such as polyphenols, vitamins, and minerals (Bouzdoudi et al., 2012; Santonocito
et al., 2020; Vekiari et al., 2012). Carob beans could be considered as a valuable source of
such minerals as K (850.8-1169.3 mg/100 g dry matter (DM), Ca (237.1-350.6 mg/100 g
DM), and Mg (45.30-137.70 mg/100 g DM) (Fidan et al., 2015). According to Fidan and
Sapundzhieva (2015), the content of mineral elements varies from one grade to another,
respecting the following series: K > Ca> Mg> P> Fe> Zn> Mn. Large variations between
results can be caused by environmental factors including climate, soil, and growing region.

Due to its chemical composition, the carob has many nutraceutical uses. The antioxidant
activity of carob is primarily attributed to polyphenolic constituents, including ellagitannins
present mainly in carob pod pulp (Chait et al., 2020). However, most of the existing research
is devoted to the chemical composition, technological properties, transformation processes
and culinary processing of carob beans, while there is much less studies on the pulp of the
pods. Currently, the beans from the carob pods are transformed into flour that closely
resembles cocoa powder, naturally sweet, aromatic and ideal in sweet dishes, being one of
the natural and healthy additives (unfortunately too little used), in bakery products, ice cream,
salad dressings and other food products (Loullis et al., 2018; Stabnikova and Paredes-Lopez,
2023).

It was shown that carob powder has certain advantages over cocoa because it contains a
lower amount of fat and significantly higher amounts of dietary fiber. The lower fat content
adds fewer calories, while the high dietary fiber content with its unique composition along
with the polyphenolic compounds offers numerous health benefits. The key to the potential
of carob in substituting cocoa is the cocoa-like aroma and flavor. Overall, the nutritional and
economic advantages that carob presents make it a great candidate for the substitution of
cocoa (Gunel et al., 2020). There is experience in the incorporation of carbon flour in the
recipes of nutritious snacks for children (Aydin et al.,, 2017), milk and dark compound
chocolate (Akdeniz et al., 2021), pastry sauces (Capcanari et al., 2022), and muffins
(Pawtowska et al., 2018).

The aim of the present paper was to study the bioactive profile of carob cultivated in
European and North Africa agrifood sectors in terms of mineral (Ca, Mg, Fe), carotenoids
(p-carotene, lycopene, and zeaxanthin) and chlorophyll (a chlorophyll and b chlorophyll)
content. The antioxidant activity of biologically active compounds was determined using
simulated gastrointestinal digestion.

Materials and methods
Materials

Carob samples from different world regions (Republic of Moldova, Italy, Algeria, and
Spain) have been used in the study. The unroasted carob bean samples from Spain, Italy and
Algeria were bought from supermarkets in Italy and Romania. The pod pulp is not
commercially available for the above-mentioned samples, as it is considered a by-product.
The Moldovan samples (pods pulp and beans) were collected from different country
geographical regions (Center, South and East).
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a. Industrial powder of carob beans b. Industrial powder of carob beans
originated from Spain originated from Algeria

c. Industrial powder of carob beans d. Powder of carob pods pulp originated
originated from ltalia from Moldova

* ‘ :‘- A
e. Carob pods and beans originated from f. Powder of carob beans
Moldova originated from Moldova

Figure 3. Carob samples used in the present study

In order to avoid major experimental errors in the comparative analysis, Spanish,
Algerian, and Italian unroasted carob samples were selected with the same particles size (<90

pm).
Preparation of carob powder extracts

In order to assess the bioactive profile of carob, hydroalcoholic extracts were obtained
according to the technological scheme shown in Figure 4. It should be noted, that after
Moldovan carob beans and pod pulp grinding, particles with the same particles size (<90 um)
as the bought ones were selected for determination. The extracts were further used as raw
material for laboratory determinations.
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Figure 4. The technological flow of carob extract preparation
Mineral content

The content of minerals, Ca, Mg and Fe, was determined from the resulting solution
using AOAC (Association of Official Analytical Chemists) methods as described by (James,
1995).

Chlorophyll and carotenoid content

Chlorophylls a and b were extracted with refined sunflower oil from carob powder and
the absorbance of the extract solutions was measured in a spectrophotometer (Shimadzu UV-
1800, Kyoto, Japan) at 661.6, 644.8 and 470 nm. Pigment contents were estimated as
described by (Lichtenthaler, 1987). Carotenoids lipid extractions were analysed in the range
of 448 and 480 nm wavelength for determining B-carotene, lycopene and zeaxanthin content
(Meléndez-Martinez et al., 2007).
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Antioxidant activity expressed via gastrointestinal in vitro digestion

Product samples were dissolved in HCI (pH 1.5-2.0), pepsin being added. Similar
product samples were dissolved in NaHCOs (pH 8.2), and trypsin was added. The samples
were incubated at 37°C by continuous stirring at 95 rpm for 60 minutes. Aliquots were
extracted during different incubation periods (0 h, 1 h, 2 h, and 3 h). Each aliquot was
centrifuged for 10 minutes at 6000 rpm then the upper phase was isolated and further used
for the determination of antioxidant activity using DPPH (2,2-Diphenyl-1-picrylhydrazyl)
free radical. DPPH (60 uM) was added to the sample filtrate (0.1 mL). Methanol was used
as a reference solution. The samples with DPPH were incubated for 30 min in a dark place.
The absorbance was recorded on the spectrophotometer LLG uniSPEC-2 at the wavelength
A =515nm (Pavan et al., 2014).

Statistical analysis

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

Results and discussion

Mineral content

For the quantitative analysis of mineral compounds there were selected 10 lots of
Moldovan carob products and 5 lots of carob beans samples from different regions of Spain,

Italy and Algeria (Table 1).

Table 1
Mineral content in carob cultivated in European and
North Africa agrifood sectors, mg/kg dry matter (DM)

Ca Mg Fe
Sample - - -

Min-Max Mean Min-Max Mean Min-Max | Mean
Spanish carob 2519.3- p | 1232.4- b 39.48- b
beans (n=5) 25064 | 202257 | qp394 | 123557 4545 | 4257
Italian carob 2698.7— b 1042.5- a 42.39- b
beans (n=5) | 27054 | 27922 | ‘qospp | 10471 | 47y | P42
Algerian

2174.3— a 1344.7- b 34.89— a
((:r?i%l; beans 21816 2178.5 1352 4 1348.1 43.75 39.65
Carob pods
pulp from 4501.2— q 1860.7— c 75.17- d
Moldova 45115 | #0671 iggep | 18644° | ghg, | 7819
(n=10)
Carob beans

3813.7- c 1483.9— be 58.24— c
ILO:HIOI;AOMOV&I 3819.6 3816.4 14914 1487.7 64 62 61.28

a4 The means in columns followed by the same letter are not statistically different (P < 0.05);
n is number of samples from each region.

232 —— Ukrainian Food Journal. 2023. Volume 12. Issue 2——



—— Food Technology ——

Data concerning the mineral content of carob pods is practically lacking in literature, a
part of Ayaz et al. (2007), who stated that the mineral amount of Ca, Mg and Fe in Anatolian
carob pods was 3000, 600 and 18.8 mg/kg, respectively. Later, the same author reported an
amount of 3040, 554 and 15.1 mg/kg of Ca, Mg and Fe, respectively, in home-prepared carob
pods flour (Ayaz et al., 2009). It is worth mentioning that carob pods pulp had a greater
amount of each determined element, emphasizing once again the importance of the
valorization of these by-products.

The amount of Ca, Mg and Fe in Moldovan carob pods is almost twice higher (4506.7,
1864.4 and 78.19 mg/kg DM, respectively) than Spanish, Italian or Algerian beans (Table 1).

According to studies (Fidan et al., 2020; Musa Ozcan et al., 2007; Pazir et al., 2018), the
amount of Ca, Mg and Fe in carob beans consists 2510—4207 mg/kg, 630-894 mg/kg and
12.5-42.57 mg/kg, respectively. The studies have mainly focused on the mineral content of
Turkish carob, while data for European carob are lacking. Thus, the obtained data are
valuable for the European agrifood sector. Analyzing and comparing the content of the
selected elements in the studied samples the following chains can be formed:

— Cawmp > Cayr > Cags >Capz;
— Mgwmp > Mgbz > Mges >Mair;
— Fewmp > Ferr > Fegs >Fepz,
(MD, Republic of Moldova, IT, Italy, ES, Spain, DZ, Algeria)

Carotenoid content

Table 2 provides data on the carotenoid content of carob cultivated in European and
North Africa agrifood sectors.

Table 2
Carotenoid content in carob cultivated in European and
North Africa agrifood sectors, mg/100 g DM
p—carotene lycopene zeaxanthin
Sample
Min—Max | Mean | Min-Max | Mean | Min—-Max | Mean
Spanish carob 0.534— b 0.639- b 0.712— b
beans (n=5) 0612 | 02| opesg | 0647 5718 | 0715
Italian carob 1.118- b 1.549- b 1.451- b
beans (n=5) 1.161 1.126 1.569 1.558 1.457 1.453
Algerian carob 0.258- a 0.458- a 0.421- a
beans (n=5) 0219 | 9267 | gag3 | 0467 | a3z | 0427
Carob pods pulp
2.648- . 3.874- c 3.787- c
fro_m Moldova 5 841 2.749 3892 3.879 3817 3.804
(n=10)
Carob beans
13.541- 4| 19.869- 4| 20.681- d
ILO:HIOI;/IOMOV&I 13.724 13.610 19.897 19.882 20.735 20.709

a4 The means in columns followed by the same letter are not statistically different (P < 0.05);
n—number of samples from each region.
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Carotenoids are the most common pigments in nature, also known as the source of dietary
vitamin A (Delgado-Vargas et al., 2000). However, data concerning the carotenoid content
in carob are practically lacking. According to Khatib and Vaya (2010), carob pods from the
Mediterranean region contained 0.2 mg total carotenoids/100 g DM, with a- and -carotene
(0.08 mg/100 g DM), lycopene (0.03 mg/100 g DM), and lutein (0.02 mg/100 g DM).

In the present study, major carotenoids present in carob included p-carotene, zeaxanthin
and lycopene. Lycopene was the most abundant carotenoid in Italian carob beans (1.558 mg/
100 g DM), while in Spanish and Algerian samples this indicator had a mean value of 0.647
and 0.467 mg/100 g DM, respectively. Italian carob beans were most abundant in carotenoids
(B-carotene 1.126 mg/100 g DM, lycopene 1.558 mg/100 g DM, zeaxanthin 1.453 mg/100 g
DM), while in Spanish and Algerian samples these indicators had mean values of 0.267
mg/100 g DM B-carotene for Algerian samples, 0.542 mg/ 100 g DM B-carotene for Spanish;
0.467 mg/100 g DM lycopene for Algerian samples, 0.647 mg/100 g lycopene for Spanish;
0.427 mg/100 g DM zeaxanthin for Algerian samples, 0.715 mg/100 g DM zeaxanthin for
Spanish.

The data presented in Table 2 confirm that the difference between Moldovan and rest of
the samples was significant (P < 0.05). The carotenoid content in samples of Moldovan carob
beans was more than 10 times higher than the biological potential of industrial bought
samples, especially in the case of zeaxanthin, which concentration was up to 20.71+0.42
mg/100 g DM.

This can be explained by different conditions of pre-treatment of raw materials.
Nevertheless, it is necessary to mention the biological potential of carob pod pulp originated
from Moldova. Although this product is considered as industrial waste and does not find use
in the food industry, it contains high amounts of -carotene, lycopene and zeaxanthin.

Chlorophyll content

Chlorophyll has antioxidant properties and on a par with vitamins A, C and E could
neutralize the damaging effect of free radicals (Inanc, 2011; Lanfer-Marquez et al., 2005;
Queiroz Zepka et al., 2019). There are two main types of chlorophyll: chlorophyll a and
chlorophyll b, the contents of which in carob samples are shown in Table 3.

Taking into account that chlorophyll is not an essential parameter in carob pods or
beans, its presence in these products has not been studied before. The data presented in Table
3 show that in all beans samples, except for Algerian carob beans, chlorophyll b is more
abundant than chlorophyll a, and its content values ranging within the limits from 0.122 to
0.605 mg/100 g DM.

The content of chlorophyll in Moldovan beans is comparable to the data of other carob
bean samples. However, the content of these compounds is higher in carob pod pulp and is
up to 0.749+0.04 for chlorophyll a and 0.482+0.02 mg/100 g DM for chlorophyll b. This
indicates the antioxidant potential of Moldovan carob, including carob pod pulp. It is worth
mention that in Moldovan carob pods the content of chlorophyll a prevails over chlorophyll
b. The content of a chlorophyll from pods (0.749 mg/100 g DM) was higher than the one
from all beans.

Evaluation of antioxidant activity by simulated in vitro gastrointestinal digestion
In order to evaluate the antioxidant activity of carob samples, a simulation of

gastrointestinal digestion in time was performed. The evaluation of the antioxidant activity
following induced gastric digestion (in acid medium) (Figure 5) shows lower values for the
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Spanish samples (40.00-64.25)+0.1%, Italy (38.15-60.25)+0.2% and Algeria (39.28-
62.61)*0.6% compared to the Moldovan carob samples, which values vary between (47.00—
70.07)£0.05% for carob pods pulp and (48.00-74.24)+0.03% for carob beans.

Table 3
Chlorophyll content in carob cultivated in European and
North Africa agrifood sectors, mg/100 g DM
sample _ Chlorophyll a _ Chlorophyll b

Min—-Max Mean Min—-Max Mean
?npfg)'Sh carobbeans | 4 149 0157 0.152* | 0.231-0.237 0.234°
gla:"g)“ carob beans 0.497-0507 |  0501° | 0.602-0.608 |  0.605"
'(An':gg)”a“ carobbeans | 139 0156 | 046" | 0.1160.120 |  0.122°
Carob pods pulp from | 4 7,5 ¢ 75¢ 0.749° 0.478-0.487 0.482¢
Moldova (n=10)
Carob beans from 0.275-0.283 0.278¢ 0.347-0.359 |  0.352%
Moldova (n=10)

#d The means in columns followed by the same letter are not statistically different (P < 0.05); n—
number of samples from each region.
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Figure 5. Antioxidant activity expressed via gastric digestion of carob powders
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The gradual increase of antioxidant activity in 3 hours is explained by the gradual release
of biologically active compounds in the process of gastric digestion. Another important factor
was the influence of the pH of the solution and the enzymatic interactions in the studied
samples. It was shown that changes in the content of biologically active compounds with
antioxidant capacity, including polyphenols, flavonoids, tannins and other compounds such
as carotenoids and chlorophyll groups can increase the antioxidant capacity of the analyzed
samples. The data showed that gastric digestion did not essentially change the qualitative and
quantitative composition of biologically active compounds with the antioxidant capacity of
the studied carob samples. These compounds demonstrated high stability under low pH
(acidic medium) conditions. The acidic environment along with the digestive enzymes
favored the release of the biologically active compounds, which also affects the increase in
the antioxidant capacity of the studied carob samples.

Following the gastrointestinal digestion process, the simulation of the intestinal digestion
phase induced by incubating the samples in an alkaline environment (pH=8.2) (Figure 6) and
determining the antioxidant activity in time for a period of 3 hours was performed. The data
showed that the antioxidant activity of both types of Moldovan carob samples (from pod pulp
and beans) was higher compared to the carob beans samples from Spain, Algeria and Italy.
The values obtained varied between (40.05-19.89)+0.06% for Moldovan carob pod pulp;
(35.25-18.69)+0.12% for Moldovan carob beans; (31.22—14.65)+0.08% for Italian carob
beans; (30.04-17.47)+0.34% for Algerian carob beans and respectively (32.56—
16.78)£0.58%, for Spanish carob beans.
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Time, h
—O— Spanish carob beans
—a— ltalian carob beans
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—— Carob pods pulp from Moldova
—O— Carob beans from Moldova
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Figure 6. Antioxidant activity expressed via intestinal digestion of carob powders
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Following intestinal digestion, there was a gradual decrease in antioxidant activity
within 3 hours for both Moldovan carob samples and samples from Spain, Italy, and Algeria.
This can be explained by the low stability of biologically active compounds in alkaline
conditions (pH=8.2) and the formation of metabolites that inhibit their antioxidant activity in
the analyzed samples. This is a normal physiological process. Absorption of biologically
active substances occurs within 2—3 hours during the period of their maximum antioxidant
activity.

Conclusions

The obtained results demonstrated the biological profile and antioxidant potential of
carob pods and beans, originating from different world regions. The content of minerals Ca,
Mg, and Fe in Moldovan carob pods and beans was found to be 1.1-1.7 times higher than in
samples from Algeria, Spain, and Italy. The content of biologically active compounds p—
carotene, lycopene and zeaxanthin in Moldovan carob pods, which are usually considered as
food residue, is higher than in carob beans originating from Italy, Spain and Algeria. In the
same time, the content of B-carotene, lycopene, and zeaxanthin (13.610, 19.882 and 20.709
mg@/100 g DM respectively) in Moldovan carob beans exceeds by over 10 times the content
of these substances in Italian (1.126, 1.558 and 1.453 m/100g DM), Spanish (0.542, 0.647
and 0.715 m/100 g DM), and Algerian (0.267, 0.467 and 0.427) carob beans. The biologically
active compounds from carob pods and beans are stable at low pH values, exhibiting an
increase in the antioxidant capacity from 38 - 48% to 60 - 74 % during the simulated gastric
digestion.

Funding. The research was funded by State Project
20.80009.5107.10, nr. PS-62 ‘“Personalized nutrition and
intelligent technologies for my well-being”, running at
Technical University of Moldova.
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Introduction. In the Ukrainian Carpathians, a special
Carpathian liquid milk (CLM) coagulant is used for the production
of traditional soft cheeses such as brynza and budz. Since CLM
coagulant has not been studied before, the aim of the work was to
characterize its milk coagulant and proteolytic properties.

Materials and methods. Milk coagulants were obtained from
farms in Vorokhta, Carpathians. Milk-clotting activity was
examined by the Soxhlet method. The content of proteins was
determined using the Kjeldahl method. Homogeneous as:-, - and
x-casein substrates were separated by preparative electrophoresis.
The concentration of the products of casein substrates proteolysis
was determined spectrophotometrically. The specificity of casein
fractions  proteolysis was  established by analytical
electrophoresis.

Results and discussion. CLM coagulant has high milk
coagulant activity, which is slightly lower than of the standard
rennet enzyme and is close to the solid milk coagulant preparation
Glek. It was found that the activity of CLM coagulant increases
during its storage, which is apparently achieved through the
proteolytic enzyme extraction from calf’s stomach cells. The milk
clotting time for fresh CLM coagulant is 159 min, and after 18
months of storage it is reduced to 49 min. Milk-clotting activity of
the fresh CLM coagulant is 2515 Soxhlet Units (SU), whereas
after storage during 18 months the milk-clotting activity increased
to 8100 SU.

In the production of Carpathian brynza and budz, it is
recommended to use the amount of CLM coagulant, which
provides the beginning of milk coagulation at 33-35 °C after 20—
25 min. The analysis of the casein substrates proteolysis products
by electrophoretic and spectrophotometric methods shows the
high specificity of CLM coagulant to »-casein. Such specificity is
characteristic for the purified natural milk coagulant enzyme -
chymosin. Along with that, CLM coagulant, unlike pepsin and, to
a lesser extent, standard rennet, practically does not cleave osi-
and fB-casein substrates.

Conclusions. Milk-clotting activity of CLM coagulant during
its storage for 18 months increases 3 times. According to the
specificity of asi-, B- and x-casein substrates proteolysis, CLM
coagulant is close to chymosin.
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Introduction

In the Carpathian ecologically clean region of Ukraine, traditional products, which are
able to provide full-valuable nutrition, have been produced since ancient times. The original
waste-free technologies of their production allow the use of all milk components. Such
products have good sensory properties (Cais-Sokolinska et al., 2020; Weichselbaum et al.,
2009), as well as high nutritional and biological value (Blazic et al., 2017; Rybak 2016).
These include guslyanka, pretaned milk, urda, budz, and Carpathian brynza (Braichenko et
al., 2020). The interest in these products has significantly grown (Slyvka et al., 2018). They
can be of great importance for the development of tourism in the Carpathians. Their
production will become highly profitable if they get international recognition and the status
of National Product.

It is worth noting that traditional products are characteristic of many countries. Some of
them are protected by EU regulations (Commission regulation (EC) No 642, 2007;
Commission Regulation (EC) No 676, 2008). In particular, Bryndza Podhalanska (Poland)
was granted the Protected Designation of Origin (PDO) of EU as well as Slovenska Bryndza
was granted the Protected Geographical Indication (PGI) as they are produced in a defined
mountainous regions of Poland and Slovak Republic, respectively (Najgebauer-Lejko et al.,
2022; Semjon et al., 2018).

Traditional soft cheeses are considered to be produced locally or regionally, usually
seasonally, for many generations, and they have an important place in rural regional food
culture (Hernik et al., 2022; Weichselbaum et al., 2009). Furthermore, they reflect the
country’s history, geography, climate and agriculture (Braichenko et al., 2020; Trichopoulou
et al., 2007). In many central European countries varieties of bryndza are made. In different
countries this cheese is designated with different names: Bryndza Podhalanska in Poland
(Nalepa et al., 2023), Bryndza in Slovakia (Ka¢aniova et al., 2020), Branza de burduf in
Romania (Donnelly et al., 2016), tulum cheese in Turkey and Bulgaria (Dimitrova et al.,
2018; Karagozlu et al., 2009).

Another cheese is urda, which has a long tradition of production in mountainous areas
of Montenegro (Rasovic et al., 2017) as well as in high mountainous areas of the region of
Konitsa, Epirus in Greece (Pappa et al., 2016). However, in Bulgaria it is called the izvara,
in Italy ricotta (El-Sheikh et al., 2010; Kamel et al., 2013). Despite this, in different regions
the production of urda is similar and based on warming the whey and separating its proteins
(Law et al., 2010; Rasovic et al., 2017).

It is known that coagulants play an important role in the clot formation, as well as in the
rheological and sensory properties of cheeses (Law et al., 2010; Walstra et al., 2006). In our
laboratory, the milk coagulant properties, as well as the proteolytic activity of the solid milk
coagulant Glek (lukalo, 2015) were studied. The regularities of changes of the coagulant
proteolytic activity during storage and the specificity of its action in relation to the main
casein fractions were established. However, the authors' expedition to the Carpathians
showed that today, for the production of budz and Carpathian brynza, more often is used a
Carpathians liquid milk (CLM) coagulant, but not Glek. This coagulant differs in
manufacturing technology and can be used for cheese production during three years after its
manufacture, and according to some reports, up to five years. The properties of CLM
coagulant have not been investigated for today and required to be studied.

In this regard, the aim of this work was to study the milk coagulant properties,
proteolytic activity and specificity of the Carpathian liquid milk coagulant, which is used for
the production of budz and Carpathian brynza.
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Materials and methods
Materials

CLM coagulants of different life shelf were used for the study. They were obtained from
farms in the urban-type village of Vorokhta, Ivano-Frankivsk region (Figure 1). Also,
standard rennet enzyme and pepsin (Kaunas, Lithuania) were used to compare the proteolytic
action. Skimmed milk (18 °T) for determination of milk coagulant activity and fresh whole
milk for isolation of casein substrates were obtained from the Ternopil Milk Factory. Buffer
solutions and reagents for electrophoresis were prepared from reagents of the Reanal
Company (Hungary) and domestic reagents of a high degree of purification.

2

Figure 1. CLM coagulant of different shelf life:
1, freshly isolated; 2, during 6 months; 3, during 18 months

Characteristics of CLM coagulant

Milk-clotting activity of the CLM coagulant was the Soxhlet method as previously
described in (Hyslop, 2003; Teply et al., 1976).

Determination of moisture content in CLM coagulant was carry out by the drying of
samples to a constant mass at 100 °C.

The protein content of CLMC was determined according to the Kjeldahl method, using
the conversion coefficient 6.25 for the calculation of protein’s content (Fox et al., 2015).

The formation and quality of a milk clot’s structure during coagulation were visually
determined.

Casein fraction proteolysis

Proteolysis of each casein fraction was carried out with enzyme preparations: CLM
coagulant, standard rennet enzyme and pepsin. The amounts of enzyme preparations was
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taken in such way that they had the same milk coagulant activity. At the same time, the
enzyme: substrate ratio for pepsin was set at 1:100.

Proteolysis occurred at a temperature of 35 °C and a pH value of 7.2. The same
conditions were used earlier in the study of the action of the solid preparation Glek (lukalo,
2015). During proteolysis, after 15, 30, 60 and 120 min, samples were taken to determine the
cleavage products of the casein fraction, soluble in 12% solotion of trichloroacetic acid
(TCA). The concentration of proteolysis products was represented as the optical density
determined at a wavelength of 280 nm by a SF-46 spectrophotometer (JSC "Lomo", Russia).
For greater objectivity, when comparing the proteolysis of casein fractions, the difference in
the values of their absorption coefficients at 280 nm was taken into account. Also, at the 60th
min of proteolysis, samples were taken for electrophoretic analysis.

Concentration of total casein and casein fractions and products of their proteolysis

The concentration of total casein and casein fractions was determined
spectrophotometrically by absorption in the ultraviolet region of the spectrum at a wavelength
of 280 nm. The optical density of casein solutions was measured on a SF-46
spectrophotometer. Absorption coefficients (D; %) were used for calculation: for total
casein, 8.2; for »-casein, 9.6; for B-casein, 4.6; for asi-casein, 10.0 (Farrell et al., 2004).

During determining the proteolysis products of as:-, B-, and »-casein substrates, soluble
in 12% trichloroacetic acid, their concentration was represented as the value of the optical
density at 280 nm. For an objective comparison of the concentrations of different fractions
proteolysis products, their optical density values were adjusted to the asi-casein proteolysis
products. At the same time, the value of optical density for B-casein hydrolysates was
multiplied by 2.17 and for »-casein by 1.04.

Isolation of casein from cow milk

Fresh whole milk was skimmed by centrifugation at 4000 g (15 min). The procedure
was repeated twice: the first time at 30 °C, and the second time at 4 °C. In skim milk, caseins
were precipitated at the isoelectric point. The pH value was adjusted to 4.6 by adding a
solution of hydrochloric acid with a concentration of 1 mol/I®. The precipitate was washed
with distilled water and dissolved with 1 mol/I* sodium hydroxide at pH values not higher
than 7.7-7.9. The precipitation procedure was repeated twice. Inactivation of milk proteases
was carried out by casein incubating in acetic acid (pH 4.0) at a temperature of 4 °C for 5
hours.

Electrophoresis in polyacrylamide gel

Analytical electrophoresis of total casein, homogeneous casein substrates and their
proteolysis products was performed in polyacrylamide gel (PAG) plates in an anodic
electrophoretic system in the presence of 4.5 M urea (Fox et al., 2015; Tremblay et al., 2003).
The details of the analytical electrophoresis method of caseins were described by us earlier
(Yukalo et al., 2019).

Preparative electrophoresis of total casein was performed in a Stadier-type apparatus
with an enlarged chamber for homogeneous PAG. The electrophoretic system for the
isolation of electrophoretically homogeneous fractions of asi-, B-, and x-caseins is described
in other works (lukalo, 2014; Yukalo et al., 2018).
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Statistical processing

All analyses were performed on duplicate samples, and the experiment was repeated 3
times. Statistical analysis was performed using the program Statistika 10. Differences were
considered significant at P < 0.05. Standard deviations are indicated in the table or shown as
error bars in the figures.

Results and discussion
Milk-clotting activity of the CLM coagulant
Milk-clotting activity and moisture content were determined for CLM coagulant of

different shelf life time at 4 °C. Clots formed in milk under the action of the preparations
were also evaluated. The results of the research are presented in Table 1.

Table 1
Milk-clotting activity of the CLM coagulant at different storage periods
Enzyme Milk The milk’s |Milk-clotting activity | Moisture
preparation clotting time, | clot quality by Soxhlet, SU content, %
min
Standard rennet 16£1.0 Strong clot 100 000+1000,0 7.240.2
CLM coagulant
(fresh) 159+11.0 Weak clot 2515+70.0 85+3.0
CLM coagulant | 5.4 | strong clot 5790+120.0 84425
(6 months)
CLM coagulant | 505 | strong clot 69374137.0 84432
(12 months)
CLM coagulant
(18 months) 49+3.0 Strong clot 8100+190.,0 8242.7
CLM coagulant
(24 months) 73+4.0 Strong clot 5100+130.0 80+2.5

The milk clotting time and the formation of milk’s clot for the fresh CLM coagulant
sample are quite long and is about 2.5 h (159 min). It takes place due to the low milk-
coagulant activity of the CLM coagulant because of the small amount of enzymes that are
extracted from secretory cells of the calf’s stomach into the surrounding water environment.
During the storage of CLM coagulant, the amount of chymosin and other enzymes increases,
as their extraction time lengthened. Therefore, the clotting time is reduced to 69 min after 6
months of CLM coagulant storage, 59 min after 12 months of storage, and 49 min after 18
months of storage. With these samples of CLM coagulant, a strong clot is formed, which in
its characteristics is similar to the clot formed by pepsin.

It was established that the milk-clotting activity of the freshly prepared liquid coagulant,
when calculated on a dry basis, is close to that of the standard rennet enzyme, as well as the
preparation Glek (lukalo, 2015). This ratio of activity is predictable, taking into account the
high water content in CLM coagulant, which varies within the range of 80 to 85% at different
periods of its storage. Moreover, in contrast to the preparation Glek, in CLM coagulant the
milk-clotting activity increases during storage.
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The milk-clotting activity of fresh CLM coagulant is 2515 SU whereas after 6, 12, 18
months of storage are 5790, 6937, 8100, respectively. CLM coagulant exhibits maximum
proteolytic activity at 18th month of its storage that is caused by the maximum number of
enzymes in the solution, which were extracted from secretory cells of the calf’s stomach.
During further storage, extraction processes stop, only denaturation processes occur, causing
a decrease in the activity of chymosin and other cell’s proteolytic enzymes. In particular, the
milk-clotting activity in the CLM coagulant after 24 months of storage decreased to 5100
SU. At the same time, the milk’s clot becomes a little weaker, although this does not prevent
the use of the preparation in the traditional Carpathian cheese’s production. The decrease in
the milk-clotting activity of CLM coagulant, established after 24 months of storage, requires
its use in a larger amount to ensure the necessary quality characteristics of cheese.

During the expedition to Vorokhta, we discovered and researched CLM coagulant with
a maximum shelf life of 18 months. According to the testimony of local farmers, liquid
coagulants keep their activity for up to three years. It is recommended to use CLM coagulant
in the production of Carpathian brynza and budz no earlier than one month after its
production. Before this period, the preparations do not provide the formation of a strong clot.
Before a clot obtaining, milk is heated to 32-35 °C. Then we add such an amount of CLM
coagulant, which ensures the start of milk coagulation during 20-25 min.

Proteolytic properties of CLM coagulant

An important question in the characteristic of a milk coagulant is the establishment of
its proteolytic properties (Hyslop, 2003). This primarily concerns its proteolytic activity
towards the main casein fractions. To study the specificity of the CLM coagulant proteolytic
action, we obtained as1-, B-, and »-casein fractions by preparative electrophoresis. As known,
the proteolysis of these fractions is of great importance for the process of milk coagulation,
as well as the formation of cheeses' organoleptic indicators (Guinee, 2003; Law et al., 2010).
In Figure 2 it is shown the PAG plate after preparative fractionation of total casein, as well
as the areas from which casein substrates were isolated. The obtained electrophoretic
fractions of as1-, B- and »-caseins were used to establish the specificity of the CLM coagulant
proteolytic action.

Figure 2. Preparative electrophoresis of cow's milk total casein
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The results of proteolysis studies are shown in Figures 3-8. It can be seen that CLM
coagulant, on the background of the identical milk-clotting activity, showed at the same time
a lower proteolytic activity against asi- and f-caseins compared to pepsin and close to, but
also lower than the standard rennet enzyme.

Q 044
[9\]
L
1
0.3 -
0.2 -
2
0.1 -
3
O T T T
o 15 30 60 90 120
Duration, min
Figure 3. The course of the as;-casein substrate proteolysis:
1, pepsin; 2, standard rennet enzyme; 3, CLM coagulant
S 0.3 4
[9\]
L
0.2 -
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0 T T T T T
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Duration, min

Figure 4. The course of proteolysis of the B-casein substrate:
1, pepsin; 2, standard rennet enzyme; 3, CLM coagulant
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Figure 3 shows that the optical density (Ezso) of cleavage products of the asi-casein
substrate by CLM coagulant (0.05) at the end of proteolysis is 6 times lower compared to
pepsin (0.32). It indicates a lower proteolysis products’s concentration, caused by the low
activity of CLM coagulant proteases in relation to asi-casein. During the B-casein substrate
proteolysis (Figure 4), optical densities (Ezso) are 0.02 and 0.2, respectively for CLM
coagulant and pepsin. Such specificity of proteolytic action in relation to asi- and B-casein
fractions is typical for the natural milk-coagulant enzyme — chymosin (Barbano et al., 1992;
lukalo, 2015). This may be due to the high content of chymosin (EC 3.4.23.4) in the CLM
coagulant. The slightly higher proteolytic activity of standard rennet (Figures 3 and 4),
compared to CLM coagulant, is caused by the presence in it of two minor proteases: pepsin
A (EC 3.4.23.1) and gastricsin (EC 3.4.23.3) in small amounts, in addition to chymosin
(Corredig et al., 2016).

These results are confirmed by electrophoretic analysis (Figures 5 and 6).

1 2 3 4 1 2 3 4

Figure 5. Analytical electrophoresis: Figure 6. Analytical electrophoresis:
1, as1-casein substrate after proteolysis by 1, B-casein substrate after proteolysis by pepsin
pepsin (60 min); (60 min);
2, as1-casein substrate after proteolysis by 2, B-casein substrate after proteolysis by
standard rennet enzyme (60 min); standard rennet enzyme (60 min);
3, asi-casein substrate after proteolysis by 3, B-casein substrate after proteolysis by CLM
CLM coagulant; coagulant;
4, as1-casein substrate 4, B-casein substrate

Figure 5 shows that the asi-casein substrate remained almost completely unchanged
during proteolysis by CLM coagulant enzymes (sample 3), while it was completely cleaved
when pepsin was used — absent in sample 1. Similar results are visible in Figure 6: the B-
casein substrate in sample 3 (after CLM coagulant proteolysis) is the same as in sample 4,
which was not subjected to proteolysis. It apparently indicates a weak enzymatic activity of
CLM coagulant in relation to this casein fraction. Similar results are noticeable for standart
rennet enzyme (sample 2, Figure 6). Only after proteolysis with pepsin (sample 1, Figure 6)
the B-casein substrate was cleaved almost completely.

When analyzing the results of %-casein proteolysis, a certain divergence can be noted
between the results of determining the concentration of peptides and polypeptides soluble in
TCA (Figure 7) and the data of analytical electrophoresis (Figure 8). This is due to the
separation’s peculiarities of the main products of ®-caseins proteolysis by lactic coagulation
enzymes (glycomacropeptide and para-»-casein) in the anode electrophoresis system (Fox et
al., 2015).
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Figure 7. The course of proteolysis of the »-casein substrate:
1, pepsin; 2, standard rennet enzyme; 3, CLM coagulant
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3 4

Figure 8. Analytical electrophoresis:
1, »-casein substrate after proteolysis by pepsin (60 min);
2, x-casein substrate after proteolysis by standard rennet enzyme (60 min);
3, x-casein substrate after proteolysis by the CLM coagulant;
4, »-casein substrate

According to electrophoresis, »«-casein is completely splited under the action of all three
milk coagulants. This is fully consistent with literature data (Hyslop, 2003). However, the
concentration of x-casein proteolysis products is much lower than in the case of other casein
substrates. Obviously, this is related to the features of the primary structure of »-casein and
the specificity of its proteolysis by milk coagulants. In all three cases, para-x-casein (f 1-105)
and glycomacropeptide (f 106-169) are formed. Both of these fragments are absent in the
PAG plate. Para-x-casein has a positive charge and is not included in the PAG of the anode
electrophoretic system (Sharma et al., 2021). Glycomacropeptide (GMP) is not fixed in the
gel plate. Thus, the cleavage of only one peptide bond (105-106) produces two proteolysis
products that are not fixed in the gel plate (Figure 8). On the other hand, during precipitation
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with a 12% TCA solution, GMP and low-molecular-weight products of x-casein proteolysis
remain in the solution. At the same time, para-x-casein is precipitated. It should be noted
here that GMP does not contain aromatic amino acid residues in its composition and does not
absorb at 280 nm (Fox et al., 2015). Only the breakdown products of para-»-casein can be
absorbed. Such products can be formed to a large extent by the action of pepsin and to a
lesser extent by the action of standard rennet, which contains impurities of pepsin. This is
also evidenced by the formation of casein bands on electropherograms of as:- and -casein
proteolysis under the action of pepsin and standard rennet (Figures 3 and 4).

A low level of cleavage of »-casein (mainly one peptide bond 105-106) is characteristic
under the action of purified chymosin, the main component of the standard milk coagulation
enzyme (Hyslop, 2003). A similar low level of »-casein proteolysis is shown by the CLM
coagulant.

Conclusion

1. Carpathian liquid milk (CLM) coagulant is characterized by relatively high coagulant
activity, which increases during its storage. CLM coagulant exhibits maximum
proteolytic activity 8100 SU at 18-th month of its storage. During further storage,
CLM coagulant reduces its activity, therefore, in order to ensure the required quality
characteristics of cheeses, it is necessary to use the coagulant in a larger amount.

2. To form a strong clot, CLMCP is recommended to be added to milk heated to a
temperature of 32-35°C, in an amount that ensures the beginning of coagulation within
20-25 minutes.

3. Analysis of the concentration and composition of proteolysis products of
homogeneous asi-, B- and »-casein fractions indicates that the main enzyme in the
composition of CLM coagulant is chymosin. It is confirmed by the high specificity
for the »-casein cleavage and the lowest activity among the studied milk-clotting
preparations in relation to osi- and P-casein substrates. In further studies, it is
important to study in more detail the structure and biological activity of proteolysis
products, as well as their influence on the product's taste properties.
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Introduction. Degumming is a crucial stage in the production of
refined vegetable oil. Enzymatic degumming has been applied as a
mean to improve process efficiency, and currently, many new lipase
preparations are available. The present study aimed to assess the
efficiency of their application on the degumming process of
sunflower oil.

Materials and methods. Enzyme preparations Lecitase® Ultra,
Quara® Boost, and Quara Low P were received from Novozyme
(Denmark). Phosphorus content in oil ash was detected
photometrically. Acid, peroxide, and saponification values were
determined by standard methods. Antioxidant properties of the oil
were estimated based on 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging capacity.

Results and discussion. Enzymatic degumming of sunflower oil
results in an increase in oil yield compared with water degumming.
Degumming with Quara® Boost preparation results in 98% oil yield,
which was 1.5% higher than in the case of water degumming. Using
Lecitase® Ultra and Quara Low P increased oil yield by 1 and 0.5%,
respectively, compared with water degumming. The phospholipid
content decreased from 0.4% in crude oil to 0.2% after water
degumming, meanwhile, the application of enzyme preparations
Lecitase® Ultra and Quara Low P reduced the content of
phospholipids to 0.08% and 0.06%, respectively. The lowest
phospholipid content, 0.04%, was in the sunflower oil after
degumming with phospholipase C (Quara® Boost), which
corresponds to 16 mg of phosphorus per kg of oil. The saponification
value of sunflower oil degummed with phospholipase C preparation
proved the formation of diacylglycerols in oil, 191.5 mg KOH/g. The
highest free fatty acid content in sunflower oil was after degumming
with Lecitase® Ultra: the acid value increased from 0.86 mg KOH/g
in crude oil to 2.7 mg KOH/g in degumming oil. However, Quara
Low P preparation also has phospholipase Al activity, so, the acid
value decreased slightly compared with crude oil. Degumming with
Quara® Boost preparation did not affect the free fatty acid content in
sunflower oil, and the acid value was even lower than in the oil
degummed with water. The peroxide value of sunflower oil was <1
meq O/kg after enzymatic degumming, meanwhile the peroxide value
of sunflower oil after water degumming was 2.6 meq O/kg. All oil
samples had a similar antioxidative capacity that was 30-36% of
scavenged DPPH' radical.

Conclusions. The most effective enzyme preparation for
sunflower oil degumming was Quara® Boost with phospholipase C
activity. Application of Quara® Boost results in the highest oil yield,
the lowest content of phospholipids and free fatty acids, low peroxide
value, and high antioxidant capacity of oil.
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Introduction

Phospholipids of vegetable oil are valuable substances, which can positively impact
human health when included in a diet (Xie, 2019). They also have outstanding functionality
and could be used as emulsifiers in food systems. Depending on the kind of vegetable oils and
the method of their production, they contain 0.3-2.5% phospholipids (O’Brien, 2004). The
solvent-extracted oils contain more phospholipids than the pressed oils (Wang and Johnson,
2001). However, the presence of phospholipids negatively affects such stages of oil processing
as neutralization, bleaching, deodorization, and hydrogenation (Hamm et al., 2013).

The phospholipids are polar lipids and their solubility is not sufficiently stable and
depends on their hydrophilicity. The solubility of a phospholipid molecule in oil decreases as
its hydrophilicity increases. In addition, the phospholipids may lose their solubility and form a
precipitate in vegetable oils during crude oil storage (Hamm et al., 2013).

While phospholipids are typically considered undesirable in oil processing, they can still
be utilized as valuable additives in food or feed production. Thus, modern processing of
vegetable oils includes the stage of phospholipid removal, which is also known as oil
degumming. Traditionally, phospholipids are removed by water or acid degumming followed
by alkaline refining. Only part of the more polar phospholipids is removed by water treatment.
Such a group of phospholipids is called hydratable. The other part of the phospholipids could
not be removed by water treatment, and therefore, acid degumming is required to remove
hydratable and non-hydratable phospholipids from oil. Nonetheless, acid degumming is not a
sustainable method of oil processing (Hamm et al., 2013).

The use of enzymes in the food industry is noted as ongoing a developing area in advanced
food production technology (Ivanov et al., 2021). The Lurgi Company first proposed enzymatic
degumming Aalrust et al., 1992). This method allows converting of non-hydratable
phospholipids into hydratable ones increasing oil yield and reducing the application of
chemicals, generation of wastes, consumption of energy, and overall costs compared with
traditional degumming (Loren et al., 2014) as well as ensures low phospholipid content in the
treated oil.

Enzymes such as phospholipase A (PLA), phospholipase C (PLC), and mixtures of
phospholipase C and A (PLC/PLA) currently are used for enzymatic degumming (Dijkstra,
2010). Phospholipases of the A type hydrolyze phospholipids producing lysophospholipids and
free fatty acids (Heinze et al., 2013). Phospholipase Al (PLAL) and phospholipase A2 (PLA2)
remove the fatty acid from positions 1 and 2 respectively with respect to glycerol (Figure 1,
adapted from Guiotto et al., 2015). Phospholipases of the C type hydrolyze phospholipids into
diacylglycerol and phosphoric esters (Semproli et al., 2021).

Initially, only two enzyme preparations, such as Lecitase® 10L (porcine pancreas) with
PLA2 activity and Lecitase® Novo (microbial lipase produced by fungi Fusarium oxysporum
and Thermomyces lanuginose) with PLA1 activity were used in the industry for oil degumming
(Guerrand, 2017). Recently, phospholipase C (Purifine®) and lipid acyl transferase
(LysoMax®) with PLA2 activity have also become commercially available. These enzymes
have different specificities (Dijkstra, 2010). The Lecitases® and the LysoMax® enzymes
catalyze the hydrolysis of all common phospholipids and differ in this respect from the
Purifine® enzyme, which is specific for phosphatidyl choline and phosphatidyl ethanolamine.
These phospholipids are hydrolyzed to oil-soluble diacylglycerol and water-soluble phosphate
esters. Since diacylglycerols remain in the oil during refining, they contribute to the oil yield.
The sterol and stanol esters formed as a consequence of the phospholipid hydrolysis catalyzed
by the LysoMax® enzyme. In addition, all enzymes result in less oil being emulsified by the
gums, which also contributes to an oil yield increase.
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Figure 1. Action of different types of phospholipases (Adapted from Guiotto et al., 2015)
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The Lecitase® Ultra enzyme is a microbial lipase (E.C.3.1.1.3) from Thermomyces
lanuginosus/Fusarium oxysporum, which exhibits phospholipase Al activity maximally at
pH5.0 and can hydrolyze phospholipids as well as triacylglycerols. When the temperature is
over 40°C, the phospholipase activity predominates, and the lipase activity is partly
suppressed (Yang et al., 2006). It was shown that degumming of rapeseed and soybean oil
with Lecitase® Ultra for 5 hours at 50 °C resulted in a phospholipids content of less than 10
mg/kg. Similar results were obtained by Sampaio et al., (2015) during enzymatic degumming
of the same oil with a Lecitase Ultra®. The phosphorus content in a degummed oil was less
than 10 mg/kg at an enzyme dosage of 30 mg/kg and a treatment time of 10—120 min. While
a good degumming efficiency can already be obtained after a relatively short reaction time,
it was observed that a longer reaction time, 1-2 hours, is required for the degradation of all
phospholipids, which results in an oil yield increase. It was shown that Lecitase Ultra® has
no specificity for phospholipids, but the rate of different phospholipids conversion is various.
After 60 min, 80% of phosphatidylethanolamine was hydrolyzed to its lysoform, while only
40% of phosphatidylinositol was converted during the same time.

Contrary to common belief, it was suggested that the enzymes were incapable
catalyzing the hydrolysis of non-hydratable phosphatides under industrial conditions
(Dijkstra, 2010). However, the subsequent study did not confirm this suggestion and indeed
demonstrated the decrease of phosphorus content in crude oil to <10 mg/kg during the
enzymatic degumming trial (Yang B. et al., 2006; Yang et al., 2008).

An enzymatic degumming of soybean oil was carried out at a capacity of 400 tons/day
by applying microbial phospholipase Al from Thermomyces lanuginosus/Fusarium
oxysporum (Yang et al., 2008). The phosphorus content in oil was less than 10 mg/kg when
the pH was in the range of 4.8-5.1, and the oil loss was minimal under these conditions. It
was shown that content of glycerophospholipids and lysophospholipids in the gums was 45.7
and 54.3%, respectively.

Similar results were obtained for rapeseed oil at the degumming plant (YYang B. et al.,
2006). Response surface methodology was used for the optimization of the enzymatic
degumming process. Enzyme dosage, temperature, and pH were important determining
factors, affecting oil degumming. The optimal set of variables was an enzyme dosage of 39.6
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mg/kg, a temperature of 48.3°C, and a pH of 4.9. The phosphorus content could be reduced
to 3.1 mg/kg at the optimal levels of the tested factors. At the enzymatic degumming plant,
when the pH was 4.6 to 5.1, the corresponding phosphorus content of degummed rapeseed
oil could be reduced to less than 10 mg/kg, which met the demands of the physical refining
process. In another study, the efficiency of enzymatic degumming was assessed using the
same Lecitase®-Ultra with different qualities of crude rice bran oil. The phosphorus content
in the oil was reduced to ~10 mg/kg from an initial level of 390 mg/kg after 2 h of incubation
at 50°C (Manjula et al., 2011).

A comparison of enzymatic degumming of screw-pressed crude jatropha oil with
Lecitase Ultra (phospholipase Al) and LysoMax (phospholipase A2) demonstrated that
degumming with phospholipase A2 was less effective (Gofferjé et al., 2014). Phospholipase
Al showed the highest reaction rate at 50 °C, 700 rpm stirring, 3 mL of water per 100 g of
oil, and with 75 mg/l of added phospholipase, the pH was adjusted to 5. Laboratory
experiments showed that enzymatic degumming of jatropha oil with phospholipase Al at the
adapted parameters enables the phosphorus content to be reduced to a level below 4 mg/l.

For industrial applications enzymatic activity of phospholipase Al was improved by
protein engineering (An et al., 2017). Obtained mutants had higher phospholipase activity
and identical optimal pH values with wild-type, while the optimal temperature was decreased
to 50°C, and the kcat/Km was improved. Modified lipases decreased phosphorus content
lower than 8.3 mg/kg within 3 h, which was highly improved compared with the wild-type.
One mutant decreased phosphorus content to less than 5 mg/kg within 5 h.

Recently, new lipase preparations appeared on the market, particularly Novozyme
Quara® Boost (phosphoinositide phospholipase C and phospholipase C) and Novozyme
Quara Low P (phospholipase Al). Since every enzyme has a specific affinity for different
types of phospholipids, it is necessary to study the peculiarities of oil degumming by each
lipase preparation, taking into account the properties of the oil, such as the composition of
phospholipids. However, there is currently a lack of information regarding the effectiveness
of enzyme preparations in degumming sunflower oil. Therefore, this study aimed to
investigate the influence of a new lipase preparation on the degumming of sunflower oil.

Materials and methods

Enzyme preparations and oil sample

Enzyme preparations Lecitase® Ultra, Quara® Boost, and Quara Low P were received
from Novozyme (Denmark). The properties of each enzyme are presented in Table 1.

Table 1
Characteristics of enzyme preparations
Enzyme Characteristics
Lecitase® A lipase produced by the genetically modified filamentous fungus
Ultra Aspergillus oryzae; has phospholipase Alactivity.

Quara® Boost | A lipase produced by the spore-forming bacterium  Bacillus
licheniformis; consists of two types of phospholipase C:
phosphoinositide phospholipase C and phospholipase C.

Quara Low P | A lipase produced by ascomycetous fungus Talaromyces leycettanus;
has phospholipase Alactivity.
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For enzymatic degumming, 0.5% enzyme solutions were prepared by dispersing the
phospholipase in distilled water.

Enzymatic degumming

Crude sunflower oil was purchased from the local market. Crude sunflower oil, 100 g,
was placed into a 250-ml conical flask. The oil was heated to about 60 °C followed by the
addition of 5% of 0.5% enzyme solution in distilled water. The mixture was thoroughly
mixed for 1 min and stirred at 60 °C for 1 h. The enzymatic degumming reaction was
followed by enzyme inactivation at 80 °C for 10 min. After that reaction mixture was kept
for 30 min at room temperature. The 10 ml of the reaction mixture was put into a graduated
centrifuge tube and the gums were separated from the oil by centrifugation at 2000 rpm for
10 min. The control sample was prepared in the same way using 5% water for degumming
instead of enzyme solution.

Oil yield analysis

The volume of degummed oil was measured after gums separation and oil yield (X, %
of crude oil) was calculated as:
X =(b/9.52) - 100,
where 9.52 was the volume of the crude oil in 10 ml degumming mixture before
centrifugation in ml, and b was the volume of separated oil in ml.

Phosphorus content analysis

The oil samples were ashed for phosphorus content determination according to (Yang.
et al., 2006). 0.7 g of MgO and 0.6 to 0.7 g of oil were weighed and heated in the oven at 110
OC for 10 min. After that, the samples were carbonized by heating on the hot plate and then
ashed in an electric muffle furnace at 600 °C until a constant mass was achieved.

The phosphorus content of the ash was determined according to American Oil Chemists'
Society (AOCS) method Ca 12-55 (1997). Cold ash was transferred to a 100 ml flask, 10 to
12 ml water, and 20 ml 2N H,SO, were added. The solution was heated to dissolve the
residue. After that 20 ml molybdenum reagent was added and the solution was heated in
boiling water bass for 30 min. The volume of the cold solution was adjusted to 100 ml.
Photometric analysis was carried out on photometer KPhK-3 (AS ZOME) at 750 nm.

A standard solution of KH;PO4 (concentration 10 pg/ml) was used for the calibration
curve obtaining. The calibration solution set was prepared in the same condition as the ash
samples. The concentration of KH,POy, in the calibration solution set was adjusted from 0.05
to 2.0pg/ml.

Phosphorus content (P, % of oil mass) was calculated as follows:

P =0.01 d/m,
where d was the phosphorus content in ash solution according to a calibration curve, pg/ml;
m was oil mass, g.

The content of phospholipids as stearoiloleil phosphatidylcholine (PC, % of oil mass)
was calculated as follows:

PC=254P

where P was the phosphorus content,% of oil mass; 25.4 was a coefficient for calculation of
the stearoiloleil phosphatidylcholine mass on the base of phosphorus content.
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Chemical parameters of oils

The acid value of oil samples was determined by the titrimetric method according to
ISO 660:2020.

The oil's peroxide value was determined using the iodometric method according to
1SO3960:2017.

The saponification value of the oil was determined by the titrimetric method according
to 1SO 3657:2020.

Antioxidant activity

The radical scavenging capacity was determined by the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) method (Uluata et al., 2012). For the DPPH test, DPPH was dissolved in a small
volume of ethyl acetate and diluted with ethyl acetate by adjusting the absorbance to 0.700 +
0.020 at 520 nm. 100 mg of oil was weighed in a test tube, and 15 ml DPPH" free radical
solution was added. The sample was agitated and absorbance was measured at 520 nm against
ethyl acetate. After 30 min of incubation in darkness absorbance was measured at 520 nm
against ethyl acetate.

The results of the DPPH test were expressed as% of DPPH" free radicals that were
scavenged by antioxidants in 100 mg oil (A, %):

A =(1- Di/Dy) 100,
where Do- was the absorbance of the reaction solution at 520 nm before incubation, and D;-
was the absorbance of the reaction solution at 520 nm after incubation.

Statistical analysis
Each sample was analyzed in triplicate, and the results were reported as mean + standard
deviation. Differences were considered to be significant at validity 0=0.95.

Results and discussion
Effect of enzymatic degumming on the sunflower oil yield

The oil yield is a crucial factor for determining the efficiency of the degumming process
and overall oil refining. The yield of refined oil determines the profitability of vegetable oil
production. The quantity of oil loss with gums is directly correlated with the oil yield,
meaning that a higher oil yield results in less oil loss with gums.

According to our findings, the use of water as adegumming agent resulted in the lowest
oil yield (Figure 2).

Enzymatic degumming results in higher oil yield compared with water degumming. The
highest oil yield was found from the degumming process with the enzyme Quara® Boost
(98%), followed by Lecitase® Ultra (97.5%) and Quara Low P (97%).

Our results do not completely agree with the Novozyme company data which had
reported about 0.9 and 0.6% higher yield of soybean and rape seed oil, respectively, after
degumming with Quara Low P compared to Lecitase® Ultra degumming. Different results
of Lecitase® Ultra and Quara Low P action on sunflower oil degumming could be explained
by the composition of phospholipids in this oil (Lilbek et al., 2017).
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Figure 2. Effect of enzyme degumming on the sunflower oil yield

The increase of oil yield under degumming with phospholipase C (Quara® Boost) is
due to diacylglyceride formation and their remaining in the oil. Degumming with
phospholipase Al (Lecitase® Ultra and Quara Low P) results in free fatty acids release.
Despite the same enzyme activity, mainly phospholipase Al activity, the advantages of Quara
Low P are its thermal stability (denaturation temperature is around 80 °C) and an optimal
low pH range of around 4. In addition, the increase in oil yield was due to a decrease in oil
quantity in gums as a result of emulsification for both types of phospholipase.

Effect of enzyme degumming on the content of phospholipids in sunflower oil

The content of phospholipids in degummed oil is an indicator of the efficiency of the
degumming capacity. The content of phospholipids in all oil samples decreased as a result of
degumming (Figure 3).

Obtained results demonstrated, that about half of the phospholipid content in sunflower
oil is hydratable phospholipids. The phospholipids content decreased from 0.4% in crude oil
to 0.2% in water-degummed oil. Adding enzyme preparation decreased phospholipids
content significantly. The lowest phospholipids content was in the sunflower oil after
degumming with phospholipase C (Quara® Boost), that is 0.04% of stearoiloleillecitin,
which, in turn, corresponds to 16 mg phosphorus /kg of oil. The degumming with Lecitase®
Ultra and Quara Low P reduced phospholipids content to 0.08% and 0.06%, respectively.

Previously, even lower phosphorus content was shown in soybean and rape seed oil
after Lecitase® Ultra enzyme degumming (Sampaio et al., 2015; Yang B. et al., 2006; Yang
et al., 2008). The phosphorus content in these oils was less than 10 mg/kg after Lecitase®
Ultra enzymatic degumming. Moreover, the authors (Yang B. et al., 2006) received rape oil
with content 3.1 mg phosphorus /kg after optimization of degumming parameters.
Noteworthy, the time of enzyme treatment was very different in this research, reaction time
varied from 5 hours to 1 hour. According to our results, it was obvious that a duration of 1-2
hours is sufficient for phospholipid content decrease.
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Figure 3. Effect of enzymatic degumming on phospholipids content in sunflower oil

Significant decrease of the phospholipid content in sunflower oil din the presence of
phospholipase C is due to production of the hydrophobic diacylglycerols (they remain in oil),
and hydrophilic phosphate esters, which are moved to the gums. At the same time, it is
possible that not all lysophospholipids, which are forming under the action of phospholipase
AL, have high hydrophilicity and are moving to the gum precipitate. Such lysophospholipids
contain fatty acid residuals and accordingly have some affinity to triacylglycerol. This can
be the reason for higher phospholipids content in sunflower oil after enzymatic degumming
with phospholipase Al preparation.

Higher effectiveness of new phospholipase Al preparation Quara Low P corresponds
to Novozyme data. According to these data phospholipids content in soybean oil was in the
range of 3.1 to 4.6 mg/kg phosphorus after enzyme degumming in the presence of Quara Low
P (Lilbak et al., 2017).

The formation of diacylglycerols in oil after degumming with phospholipase C
preparation was proved by the decrease in the saponification value of sunflower oil (Table
2). This sample of sunflower oil had the lowest saponification value which is the lowest
content of ester bounds. The saponification values of sunflower oil after degumming with
phospholipase Al preparations were lower than the oil sample after water degumming.

Table 2
Saponification value of sunflower oil
Oil sample Saponification value, mg KOH/g
Crude ail 220.543.4
Water degumming 204.1+£2.4
Lecitase Ultra degumming 195.8+3.7
Quara Boost degumming 191.5£3.2
Quara Low P degumming 196.6+4.4
—— Ukrainian Food Journal. 2023. Volume 12. Issue 2 259




—— Food Technology ——

Effect of enzyme degumming on the free fatty acids content in the degummed oil

It is known that water degumming can remove acid phosphatides from oil and, as a
result, acid value of oil decreases (O’Brien, 2004). According to our data acid value of
sunflower oil was reduced after water degumming (Figure 4).

It is obvious that phospholipase Al enzymatic degumming will increase free fatty acids
content in the oil. Indeed, our results revealed that acid value had increased significantly after
degumming with Lecitase® Ultra, which means acid value increased from 0.86 mg KOH/g
in crude oil to 2.7 mg KOH/g after Lecitase® Ultra degumming. Remarkably, under the
action of Quara Low P preparation, which has also phospholipase Al activity, the acid value
decreased slightly compared with crude oil.
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Figure 4. Effect of enzymatic degumming on the acid value of sunflower oil

It could be suggested that such a remarkable increase of oil acidity under Lecitase®
Ultra degumming could be due to the activity of this preparation toward triacylglycerol
hydrolysis. Although the phospholipid content of two oil samples after phospholipase Al
degumming was very close, triacylglycerol hydrolysis can be responsible for that big acidity
difference between these oil samples.

Degumming with Quara® Boost preparation resulted in the lowest free fatty acids
content in sunflower oil: the acid value had decreased twice compared with crude oil. We
suggest this is due to removing of acid phosphatides from the oil.

Effect of enzymatic degumming on the oxidative stability of the oil
The important property of vegetable oils is their oxidation stability, which depends on

many factors such as the composition of fatty acids, the content of antioxidants, and the
content of oxides and peroxides (Demidova et al., 2019, Nosenko et al., 2019).
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The important indicator of oil oxidation degree and peroxide content is the peroxide
value. The peroxide values of sunflower oil after degumming with studied enzyme
preparations were significantly lower. The peroxide value of sunflower oil after water
degumming was almost two times lower compared with crude oil (Figure 5).
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Figure 5. Effect of enzymatic degumming on peroxide value of sunflower oil

Peroxide content had reduced heavily in oil samples due to enzymatic degumming. The
peroxide value of enzymatic degummed oil samples was <1 meq O/kg, which means a very
low content of peroxides. The peroxide value of water-degummed sunflower oil was
significantly higher compared with oil samples after enzymatic degumming.

At the same time, other data about the influence of enzymatic degumming on the oil's
oxidative stability had been reported. The authors had shown an increase in the peroxide
value of sunflower oil after treatment with phospholipase Al (Lamas et al. 2014) and a
decrease in oxidative stability of rapeseed oil after degumming with phospholipase C (Ye et
al., 2016) and soybean oil with phospholipases Al and C (Jiang et al., 2014).

But it is known that non-hydratable phospholipids contain phosphatidic acids and their
salts as well as other salts and complexes with metal ions (O’Brien, 2004). After water
degumming oil will contain non-hydratable phospholipids and substantially metal ions such
as only hydratable phospholipids are removed. In turn, metal ions, especially Cu?*, Fe** can
promote fatty acid oxidation and increase peroxide content. We suggest, that removing all
phospholipids by enzymatic degumming resulted in the higher oxidation stability and low
peroxide value of sunflower oil.

Oxidative stability also depends on the antioxidant capacity of oil. The antioxidative
properties of sunflower oil samples were 30-36% of scavenged DPPH radical (Figure 6).
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Figure 6. Effect of enzymatic degumming on antioxidant capacity of sunflower oil

The oil sample after Quara® Boost degumming had a slightly higher radical scavenging

capacity, which was about 36%. On the contrary, the oil sample after water degumming had
the lowest, 30%, radical scavenging capacity. Probably, this radical scavenging capacity
decrease was due to the loose of some antioxidants in gums as a result of oil emulsification.
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Conclusions

Enzymatic degumming is a highly effective tool for removing phospholipids from
sunflower oil. The most effective enzyme preparation for degumming sunflower oil is
Quara® Boost, which has phospholipase C activity. Quara® Boost degumming results
in the highest increase of oil yield, the lowest phospholipid content (16 mg/kg
phosphorus), and free fatty acids content, low peroxide value, and high antioxidant
capacity of ail.

. Lecitase® Ultra degumming of sunflower oil resulted in a 1% higher oil yield compared

to water degumming, 32 mg phosphorus /kg of oil, the lowest peroxide value, and the
high antioxidant capacity of oil. However, this preparation has the disadvantage of
significantly increasing the oil acidity. The acid value was increased by three times
compared to crude oil.

. The use of Quara Low P with phospholipase Al activity for sunflower oil degumming

showed lower efficiency with only a 0.5% higher oil yield compared to water
degumming. However, the advantages of Quara Low P degumming were a higher
degree of phospholipid removal (24 mg phosphorus/kg of oil ), a low increase of oil
acidity compared to Lecitase® Ultra, high oxidation stability of the oil, as well as
thermal stability and low pH optimum of this preparation.

—— Ukrainian Food Journal. 2023. Volume 12. Issue 2——



—— Food Technology ——

Acknowledgment The authors gratefully acknowledge the financial
support provided by the Ministry of Education and Science of Ukraine
(Contract No M/51-2022, 24. 05. 2022).

The authors appreciate the Novozyme Company (Denmark) for
providing enzyme samples for research.

References

Aalrust E., Beyer W., Ottofrickenstein H., Penk G., Plainer H., Rainer R. (1992), An enzymatic
method for reducing the amount of phosphorus-containing components in vegetable and
animal oils, European patent 0513709.

An Q., Wang F., Lan D., KhanF. I., Durrani R., Yang B., Wang Y. (2017), Improving
phospholipase activity of PLA; by protein engineering and its effects on oil degumming,
European Journal of Lipid Science and Technology, 119(2), pp. 110-133,
https://doi.org/10.1002/ejlt.201600110.

Demidova A., Nosenko T., Shemanska E. (2019), Tocopherol concentrates obtaining from
deodorizer distillates of sunflower oil, Ukrainian Journal of Food Science, 7(2), pp. 198-
206, https://doi.org/10.24263/2310- 1008-2019-7-2-4.

Demidova A., Nosenko T., Bahmach V., Shemanska E., Molchenko S. (2021), Study on
antioxidants extraction from oak bark and their use for oxidation stability of sunflower oil,
Ukrainian Food Journal, 10(3), pp.552-563, https://doi.org/10.24263/2304- 974X-2021-10-
3-9.

Dijkstra A.J. (2010), Enzymatic degumming, European Journal of Lipid Science and Technology,
112(11), pp. 1178-1189, https://doi.org/10.1002/ejlt.201000320.

Gofferjé G., Motulewicz J., Stibler A.,Herfellner T., Schweiggert-Weisz U., Floter E. (2014),
Enzymatic degumming of crude jatropha oil: Evaluation of impact factors on the removal of
phospholipids, Journal of American Oil Chemistry Society, 91(12), pp. 2135-2141,
https://doi.org/10.1007/s11746-014-2559-2.

Guerrand D. (2017), Lipases industrial applications: focus on food and agroindustries, Oilseeds
and Fats Crops and Lipids, 24(4), pp. D403, https://doi.org/10.1051/0cl/2017031.

Guiotto N.E., Tomas M.C., Diehl B.W.K. (2015), Sunflower lecithin, In: Polar Lipids, pp. 57-
73, https://doi.org/10.1016/B978-1-63067-044-3.50007-8.

Hamm W., Hamilton R. J., Calliauw G. (2013), Edible oil processing, John Wiley & Sons, Ltd,
The Atrium, Southern Gate, Chichester, UK.

Heinze M., Roos W. (2013), Assay of phospholipase A activity, Methods of Molecular Biology,
1009, pp. 241-219, https://doi.org/10.1007/978-1-62703-401-2_22.

Ivanov V., Shevchenko O., Marynin A., Stabnikov V., Gubenia O., Stabnikova O., Shevchenko
A., Gawva O., Saliuk A. (2021), Trends and expected benefits of the breaking edge food
technologies in  2021-2030, Ukrainian Food Journal, 10(1), pp. 7-36.
https://doi.org/10.24263/2304-974X-2021-10-1-3.

1ISO 3960:2017, International Organization for Standardisation, Animal and vegetable fats and
oils: determination of peroxide value.

1SO 660:2020, International Organization for Standardisation, Animal and vegetable fats and oils:
determination of acid value and acidity.

1SO3657:2020, International Organization for Standardisation, Animal and vegetable fats and
oils: determination of saponification value.

Jiang X., Chang M., Wang X., Jin Q., Wang X. (2014), A comparative study of phospholipase A;
and phospholipase C on soybean oil degumming, Journal of American Oil Chemistry
Society, 91(12), pp. 2125-2134, https://doi.org/10.1007/s11746-014-2555-6.

—— Ukrainian Food Journal. 2023. Volume 12. Issue 2 263


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=An%2C+Qun
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Wang%2C+Fanghua
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lan%2C+Dongming
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Khan%2C+Faez+Iqbal
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Durrani%2C+Rabia
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yang%2C+Bo
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201770021
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201770021
https://doi.org/10.1002/ejlt.201600110
https://doi.org/10.1002/ejlt.201600110
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201770021
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201770021
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Dijkstra%2C+Albert+J
https://onlinelibrary.wiley.com/toc/14389312/2010/112/11
https://doi.org/10.1002/ejlt.201000320
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Gofferj%C3%A9%2C+G
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Motulewicz%2C+J
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=St%C3%A4bler%2C+A
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Herfellner%2C+T
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Schweiggert-Weisz%2C+U
https://doi.org/10.1007/s11746-014-2559-2
https://doi.org/10.1007/s11746-014-2559-2
http://dx.doi.org/10.1016/B978-1-63067-044-3.50007-8
https://doi.org/10.1007/978-1-62703-401-2_22
https://doi.org/10.1007/s11746-014-2555-6

—— Food Technology ——

Lamas D.L., Crapiste G.H., Constenla D.T. (2014), Changes in quality and composition of
sunflower oil during the enzymatic degumming process, LWT — Food Science Technology,
58(1), pp. 71-76, https://doi.org/10.1016/j.lwt.2014.02.024.

Lilbeek H.M., Nielsen P.M. (2017), Expanding the enzymatic degumming toolbox with a new
phospholipase C, 2017 AOCS Annual Meeting: Abstracts of 2017 AOCS Annual Meeting,
Processing, April 30- May 3, 2017, Orlando, Florida, USA, p. 7,
https://www.aocs.org/attend-meetings/archives/2017-aocs-annual-meeting-and-short-
courses?SSO=True.

Loren C., Dayton G., Galhardo F. (2014), Enzymatic degumming, In: Farr W.E. and Proctor A.,
eds., Green Vegetable Oil Processing, Bunge Global Innovation, White Plains, New York,
USA, pp. 107-145.

Manjula S., Anju Jose A., Soundar Divakar S., Subramanian R. (2011), Degumming rice bran oil
using phospholipase-As, European Journal of Lipid Science and Technology, 113(5), pp.
658-664, https://doi.org/10.1002/ejlt.201000376.

Nosenko T., Koroluk T., Usatuk S., Vovk G., Kostinova T. (2019), Comparative study of walnut
and pumpkin seeds oil biological value, Food Science and Technology, 13(1), pp. 60-
65, https://doi.org/10.15673/fst.v13i1.1311.

O’Brien R.D. (2004), Fats and oils: formulating and processing for applications, CRC Press,
Boca Raton, USA.

Official Methods and Recommended Practices of the American Oil Chemists’ Society, AOCS,
Champaign (1997), Ca 12-55.

Sampaio K.A., Zyaykina N., Wozniak B., Tsukamoto J., De Greyt W., Stevens C.V. (2015),
Enzymatic degumming: Degumming efficiency versus yield increase, European Journal of
Lipid Science and Technology, 117(1), pp. 81-86, https://doi.org/10.1002/€jlt.201400218.

Semproli R., Robescu, M. S., Cambo M., Mema K., Bavaro T., Rabuffetti M., Ubiali D., Speranza
G. (2021), Chemical and enzymatic approaches to esters of sn -glycero-3-phosphoric acid,
European Journal of Organic Chemistry, 29, pp. 4027-4037,
https://doi.org/10.1002/ejoc.202100235

Uluata S., Ozdemir N. (2012), Antioxidant activities and oxidative stabilities of some
unconventional oilseeds, Journal of American Oil Chemistry Society, 89(4), pp. 551-559,
https://doi.org/10.1007/s11746-011-1955-0.

Wang T., Johnson L.A. (2001), Survey of soybean oil and meal qualities produced by different
processes, Journal of American Oil Chemistry Society, 78(3), pp. 311-318.
https://doi.org/10.1007/s11746-001-0262-7.

Xie M. (2019), Phospholipids, In: Encyclopedia of Food Chemistry, Elsevier, pp. 214-217.
https://doi.org/10.1016/B978-0-08-100596-5.21597-7.

Yang B., Wang Y., Yang J. (2006), Optimization of the enzymatic degumming process for
rapeseed oil, Journal of American Oil Chemistry Society, 83(7), pp. 653-658,
https://doi.org/10.1007/s11746-006-1253-4.

Yang B., Zhou R., Yang J., Wang Y., Wang W. (2008), Insight into the enzymatic degumming
process of soybean oil, Journal of American Oil Chemistry Society, 85(5), pp. 421-425,
https://doi.org/10.1007/s11746-008-1225-y.

Yang J. G.,, Wang Y., Yang B., Mainda G., Guo Y. (2006), Degumming of vegetable oil by a
new microbial lipase, Food Technology and Biotechnology, 44(1), pp. 101-104,
http://www.fth.com.hr/images/pdfarticles/2006/January-March/44-101.

Ye Z., Qiao X., Luo Z., Hu C., Liu L., He D. (2016), Optimization and comparison of water
degumming and phospholipase C degumming for rapeseed oil, CyTA-Journal of Food,
14(4), pp. 604-612, https://doi.org/10.1080/19476337.2016.1182218.

264 —— Ukrainian Food Journal. 2023. Volume 12. Issue 2——


https://www.aocs.org/documents/Meetings/AM17/PRO_Abstracts.pdf
https://www.sciencedirect.com/science/article/pii/B9780988856530500091?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/B9780988856530500091?via%3Dihub#!
https://www.sciencedirect.com/science/book/9780988856530
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Manjula%2C+Sarode
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Jose%2C+Anju
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Divakar%2C+Soundar
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Subramanian%2C+Rangaswamy
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201190013
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201190013
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201190013
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201190013
https://doi.org/10.1002/ejlt.201000376
https://doi.org/10.1002/ejlt.201000376
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201190013
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201190013
https://doi.org/10.15673/fst.v13i1.1311
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Zyaykina%2C+Nadezhda
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Wozniak%2C+Bogumila
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Tsukamoto%2C+Junko
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Greyt%2C+Wim+de
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Stevens%2C+Christian+V
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201570002
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201570002
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201570002
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201570002
https://doi.org/10.1002/ejlt.201400218
https://doi.org/10.1002/ejlt.201400218
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201570002
https://onlinelibrary.wiley.com/doi/10.1002/ejlt.201570002
https://doi.org/10.1007/s11746-011-1955-0
https://doi.org/10.1007/s11746-011-1955-0
https://aocs.onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Wang/Tong
https://aocs.onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Johnson/Lawrence+A.
https://doi.org/10.1007/s11746-001-0262-7
https://doi.org/10.1007/s11746-001-0262-7
https://www.sciencedirect.com/science/article/pii/B9780081005965215977
https://www.sciencedirect.com/science/referenceworks/9780128140451
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yang%2C+Bo
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Wang%2C+Yong-Hua
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yang%2C+Ji-Guo
https://doi.org/10.1007/s11746-006-1253-4
https://doi.org/10.1007/s11746-006-1253-4
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yang%2C+Bo
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Zhou%2C+Rong
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yang%2C+Ji-Guo
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Wang%2C+Yong-Hua
https://aocs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Wang%2C+Wei-Fei
https://doi.org/10.1007/s11746-008-1225-y
https://doi.org/10.1007/s11746-008-1225-y
https://doi.org/10.1080/19476337.2016.1182218

—— Food Technology ——

Analysis of the milk raw materials used in the
production of Dorna Swiss cheese in different seasons

Necula Doru'2, Tamas-Krumpe Octavia!, Fenesan Daria?!,
Madalina Ungureanu-Iuga?3, Ognean Laurentiu?

1 = University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca, Romania
2 — "Costin C. Kiritescu” National Institute of Economic Researches (INCE), Romanian
Academy, Vatra Dornej, Romania

3 — Stefan cel Mare University of Suceava, Suceava, Romania

Keywords:

Emmental
cheese
Dorna Swiss
cheese
Dorna area
Traditional
Biodiversity
milk

Article history:

Received
01.08.2022
Received in
revised form
11.05.2023
Accepted
30.06.2023

Corresponding

author:

Madalina
Ungureanu-luga
E-mail:
madalina.iuga@
ce-mont.ro

DOI:
10.24263/2304-
974X-2023-12-
2-9

Abstract

Introduction. The objective of this work consists of the analysis of the
chemical and hygienic-sanitary properties of the milk used in the production
of Dorna Swiss cheese in two seasons, along with the documentation of the
technology particularities.

Materials and methods. The milk samples used in Swiss cheese
manufacturing were analyzed in two seasons (summer and winter) for the
chemical composition, pH, and hygienic-sanitary parameters. Correlations
and Principal Component Analysis were employed to study the relationships
between variables.

Results and discussion. The main particularity in the processing of
Dorna Swiss cheese can be summarized as the coagulation in copper tanks
of a mixture of unpasteurized milk (70%) with slow pasteurized milk at 65
°C (30%). The chemical composition and the hygienic-sanitary indices of
the milk raw material are crucial for obtaining a high-quality Swiss cheese
product. The evolution of the main chemical properties of milk raw material
revealed important variations in the summer and winter seasons, regarding
the fat, total protein, and casein content. The total somatic count values were
higher in the summer season than in winter (201.75x103 vs. 78.45x10°
cells/mL). The total bacteria count also presented low values, with very tight
oscillations in the summer and winter seasons (81.70x10° vs. 87.65x10°
cfu/mL), which were lower compared to those presented in the European
standards. The fat content in summer ranged from 3.32 to 4.67% and in
winter from 3.86 to 3.25%. Significant differences (p < 0.05) regarding the
protein and casein contents were observed between seasons (3.15% and
2.55%, respectively, in summer vs. 3.32% and 2.68%, respectively, in
winter). The lactose content was higher in the summer (4.62%) compared to
the winter period (4.25%). The total dry matter and non-fat dry matter of
milk registered lower values in summer compared to winter (11.98% and
8.54%, respectively vs. 12.86% and 8.95%, respectively). The milk samples
showed lower pH values in the summer (6.37) compared to winter (6.60),
the difference being significant at p < 0.05. According to the results,
significant correlations (p < 0.05) were obtained between the chemical
characteristics of milk and season. The overall analysis of the main chemical
compounds and sanitary indices of milk raw material revealed small
individual variations, which eliminates any risk of affecting the producer,
processor, or consumer.

Conclusion. The evolution of hygienic-sanitary parameters of milk
showed that they are in agreement with the current standards. The
particularities of the Dorna Swiss cheese production are a mix of milk raw
material quality and the use of copper tanks, along with slow partial
pasteurization which contributes to the unique final product characteristics.
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Introduction

Emmental cheese is known throughout the world as "Swiss-type™ cheese, a name found
in the United States, Canada, New Zealand, and Australia (Thierry et al., 2010). The Codex
Alimentarius (CODEX STAN 269-1967) of the United States defines Emmental cheese as a
mature cheese of hard consistency in the form of wheels, weighing 40 kg or more, with an
elastic texture and with holes ("eyes") having sizes varying from those of a cherry to of a
walnut (FAO, 2007). Emmental cheese production dates back to the 13th century, having
been obtained for the first time in the valley of the Tal mountain, on the river Emme, in the
Swiss canton of Bern. Currently, "Swiss" type cheese is internationally recognized (Frohlich-
Wyder and Bachmann, 2004) and is frequently considered a traditional product in many
European countries, such as France, Germany, Austria, Ireland, and Finland (Bisig et al.,
2010). In Romania, this variety of cheese is mainly represented by Dorna Swiss, produced in
the mountainous area of Dorna, an area where Pinzgau cattle and a great diversity of pastures
and hayfields still exist. This product also contains biologically active compounds originating
from soils rich in deposits of manganese, iron, and copper which pass through the soil-plant-
animal chain into milk and dairy products and provide the high nutritional value of Emmental
cheese.

Swiss cheese is an extremely valuable assortment of matured cheese, obtained from
cow's milk, which is presented in the form of a hard paste, with a sweet, pleasant taste and
specific aroma, with a very long shelf life (Necula and Babii, 2012). The production of a
high-quality Swiss cheese depends on the quality of the milk, the climatic conditions of the
area, the professional training and experience of the processor and the staff involved, as well
as some specific spaces, equipment, and installations. The quality of the fodder is also
essential, with the best milk coming from cows raised in mountain areas located at over 800
m altitude, where the basic fodder is grass, grazed during the summer, or administered as hay
during the stable period. This constitutes a very good feed, aromatic, easily digestible, and
rich in protein, mineral salts, and vitamins, which ensures superior quality of the milk
obtained (Leniuc, 2015). It is also important that fresh milk gets processed as quickly as
possible and is not allowed to be transported over long distances, which can lead to its
depreciation and, as a consequence, a decrease in the quality of the final product (Leniuc,
2015).

Dorna geographic area has a tradition in the processing of cheeses, especially Swiss
cheese. Historical documents attest to the fact that in 1827, in Vatra Dornei, a Swiss
industrialist, Otto Stacker, established the "Alpina" cheese factory equipped with high-
performance machinery for that period, which is presented in an article in the local Vatra
Dornei newspaper, since 1936. It had the capacity to process 10,000 L of milk/day, in
different assortments of cheeses, including 3 types of Emmentaler, 3 types of Holland, Petit-
Gryere, Blockfromage, Trappist, Gervais, and Camembert, intended for the domestic market
and for export (the Dorna monitor August 23, 2017). We also mention that in 1937 a
developer established the "Nufarul" cheese factory in Vatra Dornei, which processed
Emmentaler as the main product. In 1948, the Enterprise for the Collection and
Industrialization of Milk was established, being founded with the equipment from the Alpina
and Nufarul factories and developed through national investment funds.

Among the basic conditions necessary to obtain a high-quality Swiss cheese, it should
be mentioned that the cows' feed must not contain fermented fodder, and the maturation
period of the cheeses must be at least 90 days. The rules of good practice must also be
respected: the distance and time of transport as well as the storage time should fall within a
maximum of 24 hours, in the case of the Swiss cheese. An element of safety is also the
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veterinary sanitary control carried out by the Romanian Veterinary Sanitary and Food Safety
Agency (ANSVSA), which analyzes from a microbiological point of view the water, milk
and cheese samples every month. The analysis of the samples consists in evaluating the
presence and count of Esherichia coli, coliform bacteria, Clostridium perfringens, and
intestinal enterococci. In the case of milk, compliance with the current European norms
regarding total somatic cell count and total bacteria count is evaluated. The examinations of
the cheese are focused on establishing the degree of contamination regarding the load with
coagulo-positive staphylococci.

Nowadays, mountain agriculture in the Dorna area is reduced compared to the
communist period (1947-1989), with the main producers being small farms or familial
households (Jujea, 2023). However, there are two certified producers in the Dorna area trying
to resurrect the Swiss cheese production tradition. Their main problem in the manufacturing
process is the quality of milk raw material. To our knowledge, there are no papers presenting
the processing technology of Dorna Swiss cheese and the quality parameters of the milk raw
material used.

Considering the above-mentioned facts, the aim of research was to document the
technological process of Dorna Swiss cheese production and to evaluate the chemical and
microbiological characteristics of the milk raw material.

Materials and methods
Materials

The research was carried out between June 2021 and April 2022 on dairy products
obtained in a factory authorized for the production of Swiss cheese and Raclette in the Dorna
geographic area. The research consisted of conducting documentation and investigations on
the compositional and hygiene-sanitary indices of the milk raw material, as well as the
technological procedures for processing an assortment of Dorna Swiss cheese, specific to this
commercial unit.

Description of the studied factory

The factory was sanitary and veterinary authorized (based on law 84/1998) and
registered in the Trade Register (under the I.I. Taranu Cristian brand), being regulated to use
the Cdlimani "Mountain Product" logo. In the Dorna area, there is a cooperative called "Cas
ca Sarul Dornei", which gathers milk from most farmers to deliver it to the major processors
in the country. From this, the processors first select the milk necessary for the production of
the Swiss cheese. At the reception of the milk, an expeditious summary analysis is made of
each can, with 70% alcohol to detect acidified milk and with R-mastitest reagent to detect
milk provided by cows with mastitis. The milk that meets the standards at the first preliminary
examination is submitted to the analysis with the Eco Milk device, for the evaluation of some
compositional parameters (fat and total protein) and physical parameters (density, cryoscopic
point, and acidity), and the antibiotic content with the Biokom device. In the end, the milk
samples with increased acidity remain at the cooperative to be directed to the processing of
other products, and the ones with antibiotic content are returned to the farmers.
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Methods
Technology documentation

The technological process of Dorna Swiss cheese was analyzed by observing the
production steps and by underlying the particularities.

Milk characteristics

Samples of milk raw material (n = 20) were collected, from cans selected from the
Cooperative intended for Swiss processing, which were investigated at the Foundation's Milk
Control Laboratory in Cluj Napoca. The tests were carried out on milk samples collected in
2 seasons (summer, 2021 and winter, 2021-2022), using equipments such as: Milkoscan
(model 7 RM, FOSS Analytical, Denmark) for the determination of physico-chemical
parameters, Fossomatic (FOSS Analytical, Denmark) for the determination of total somatic
cells count and BactoScan FC (model 73710, FOSS Analytical, Denmark) for the
determination of total bacteria count. Thus, in the case of the investigated raw milk samples,
the content of fat, total protein, lactose, non-fat dry matter, total dry matter, respectively the
pH values, total somatic cells count, cellsfmLx10% and total bacteria count colony formed
units, (cfu)/ mLx103, were determined.

The principle of the Fossomatic 7DC method for the total somatic cells is to color the
cells with a fluorescent dye Dye DC, after which the cells are counted automatically (llea,
2019a). BactoScan FC device colors the milk bacteria with a fluorescent dye, reduces and
disperses the milk components, so that the bacteria can be counted (llea, 2019b).

Milkoscan is a high capacity, fully automatic, mid-range infrared FTIR (Fourier
Transformation Infrared Spectroscopy) analyzer and is used to determine the parameters of
milk samples. The determined parameters are: fat, protein, casein, lactose, urea, dry matter,
pH (llea, 2019c).

Statistics
The statistical analysis of the obtained data was performed by using XLSTAT software
for Excel 2022 version (Addinsoft, New York, NY, USA). The variation coefficient (VC)

was calculated using Equation 1 and the standard error (SE) was calculated using Equation
2.

VC(%) = |S_| 100 (1)
where s is the standard deviation and X is the mean value of the data.
-5
SE=— 2
where s is the standard deviation and n is the number of samples.

The differences among samples considered significant at p < 0.05 were underlined by
means of the Student t test, and the relationships between variables were evidenced by
Principal Component Analysis (PCA) with varimax rotation.
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Results and discussion
Documentation regarding the technological process of Dorna Swiss cheese

The Swiss cheese factory processes 600—1000 L of milk daily, reaching approximately
14.000 L of milk per month. From a quantity of approximately 600 L of milk, 420 L is used
to obtain a piece of Swiss (approximately 35-40 kg), and the remaining 180 L to obtain 4
pieces of Raclette (of 4-5 kg). By processing 1000 L of milk, 840 L is used to obtain two
pieces of Swiss cheese, and the rest to obtain Raclette. The processing is traditionally done
in a Copper tank (Figure 2A, B) with a capacity of 430 L, on a hob heated with wood (Figure
2C) going through the stages described below (Figures 1 and 2). The processing steps of the
technological flow implemented by the factory to obtain the Dorna Swiss, are presented in
Figure 1. In Figure 2, some images that capture details from the steps implemented in the
processing procedure of this assortment of cheese are shown.

Processing steps for Dorna Swiss cheese production:

— Slow pasteurization of 30% of the milk quantity at 60 °C for 35 min (Figure 2C, D);

— Addition of 70% raw milk, manual mixing for normalization at 30 °C (Figure 2E);

— Proceeding with the normalization, with the extraction of the cream, so that the fat
content reaches 3.2%;

— Addition of thermophilic culture of propionic bacteria and mesothermophilic culture of
lactic bacteria, continuing manual homogenization (Figure 2F);

— Addition of the rennet, coagulation taking place in 30-40 minutes (Figure 2G);

— Cutting the curd by going through the steps of mixing with the sieve (from the bottom
of the tank to the surface to homogenize the temperature of the entire curd) (Figure 2H),
cutting it into prismatic columns (Figure 21, J), perpendicular cutting to form cubes,
shredding with the harp until it reaches the size of rice grain;

— Manual homogenization for dehydration and drying of the curd grains, for 20-30
minutes, depending on the consistency (Figure 2J);

— Stop homogenization and remove 30% of the whey (Figure 2K), following a new
heating, also called scalding (Figure 2L), in which the temperature must reach 54 °C.
During all this time, it is continuously homogenized, the tank is removed from the hob
and the manual stirring continues, with short breaks (40-60 minutes), to dry and
dehydrate the curd grains. At the same time, a manual test of the grains is done by
squeezing them by hand, and if the grains stick together, the homogenization continues
for complete dehydration, followed by a new evaluation, where if the grains break into
pieces, it means that the process is over (Figure 2M);

— Sedimentation and removal of the remaining whey, until it reaches a few centimeters
above the formed curd (Figure 2N);

— Removing the curd, and placing it into the press, where a rounded piece of
approximately 35-42 kg is formed (Figure 20, P, Q, R);

— Turning the curd for 6-7 hours (about 7-8 times), at first more often and then less often,
with the time increasing with the rise of pressing force, so that the last turning is done
in the evening at the end of the program and the curd should remain in the press until
the next morning;

— The curd is removed from the press the next day and the edges that have extravasated
after pressing are cleaned, giving them a conical shape to avoid pinching and
contamination;

— Brining, at a temperature of 16 °C, for 3 days, in 26% brine;
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— Whipping and placing on the shelf in the first chamber for pre-fermentation, about 14—
21 days, at 14 — 160 °C and 85% humidity, during which the curd is turned every day
(Figure 2S);

— Continuing maturation for about 6 weeks, in the 2™ room, at 23-25 °C and 85%
humidity;

— Airing and washing the curd pieces, with brine, 2—3 times a week, during maturation in
the first and second rooms, to prevent the appearance of mold,;

— Drying again, after placing the pieces of cheese on the shelf, during this time the shelves
are sanitized for maturing;

— Storage of the cheese, at 1012 °C and 80-85% humidity, for 30 days in the 3" room,
where the humidity is kept, to maintain the rind moistly and favor the release of excess
gases, thus perfecting the quality of the Swiss cheese (Figure 2T);

— The total maturation time is 90 days, after which the Swiss cheese can be consumed,
(Figure 2U), and if it remains in storage beyond this period, its sensory qualities
increase.

The last images (Figures 2T and U) show the detailed appearance of the Dorna Swiss,
with 90 days of fermentation, which is presented in the form of cylindrical pieces, with a
slightly grainy side surface, with a diameter of 65-68 cm and a height between 16-17 cm.

Chemical composition and hygienic-sanitary characteristics of the milk raw
material

The evolution of the chemical composition and hygienic-sanitary characteristics of the
milk raw material fell within the Romanian and European standards SR2418/2008 and
Romanian Government decision no. 954/2005 for milk physicochemical and microbiological
characteristics (Tables 1 and 3). The comparative evolution of the compositional parameters
of raw milk in the summer-winter period showed that their average and individual values
presented more or less important variations.

According to the data presented in Tables 1, 3 and 5, the fat reached similar values
(3.86%) in the two seasons, but with different individual oscillations (3.32—4.67% in summer
and 3.25-4.63% in winter). The total protein content values were lower in summer (3.15%;
variation between 2.74-3.50%) than in winter (3.32%; variation between 2.91-4.19%). Total
casein values were also lower in summer (2.55%, varying between 2.23 and 2.80%) than in
winter (2.68%, varying between 2.29 and 3.41%), and in the case of lactose, the decreases
from the summer season were even more important (4.62%; 4.00-4.91% in summer and
4.90%; 4.25-5.67% in winter). Summer milk presented higher values compared to winter in
terms of non-fat dry matter (8.95%; 7.75-10.76% in winter, and 8.54%; 7.32-8.68% in
summer) and total dry matter (12.86; 11.81-15.48% in winter and 12.35%; 11.19-13.54% in
summer). The pH was characterized by significant differences between seasons (6.32 in
summer, 6.60 in winter). The evolution of total somatic cell count and total bacteria count,
hygienic-sanitary indices with a major impact in monitoring udder health and implicitly milk,
revealed low average and individual values in line with the Romanian and European
standards. The standard SR2418/2008 mentions that the minimum content of fat and protein
in milk must be 3.2%, while the non-fat dry mater must be at least 8.5%. The Romanian
Government decision no. 954/2005 for the approval of the specific rules of hygiene for food
of animal origin specifies that the total bacteria count for milk intended for the manufacture
of products obtained from raw milk through a process that does not involve heat treatment
must be lower that 500x10° cfu/mL, while the total somatic cells must be below 400 x10°
cells/mL.
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Figure 1. Representation of the technological processing flow of Dorna Swiss cheese
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h

Figure 2. Representative steps from the technological processing flow, materials, and
equimpents used in the manufacturingof Dorna Swiss cheese
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Continue of Figure 2.
Representative steps from the technological processing flow, materials, and equimpents used

in the manufacturingof Dorna Swiss cheese
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Continue of Figure 2.
Representative steps from the technological processing flow, materials, and equimpents used in
the manufacturingof Dorna Swiss cheese

a, copper tank;
b, milk for pasteurization (30% of the total
quantity);
¢, fireplace heated with wood;
d, pasteurization at 60°c;

e, addition of 70% unpasteurized raw milk;
f, addition of propionic and lactic acid bacteria
culture;

g, coagulation of milk;

h, mix of the curd;

i, cutting the curd;

j, manual homogenization;
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k, elimination of 30% of the whey;
I, scalding at 54°c;
m, annual testing;
n, elimination of the remaining whey;
0, curd removing;
p, removal of the curd by using a pulley;
g, placing the curd in the press;
r, pressing;
s, refermentation room;
t, storage room;
u, swiss cheese final product

2023. Volume 12. Issue 2——



—— Food Technology ——

Table 1

Physico-chemical and hygienic-sanitary parameters of milk in the summer season

° Non-fat Total dry Somatic cells b;c?ctezﬂia
o |Fat|ProteinCaseinlLactose  dry pH count
E o) (%) | (%) | (%) | matter | TRUEr (cellymL | count
n (%) (%) <109) (cfu/TL
x10%)
1 3832 345 | 271 | 443 8.60 12.00 6.57 169 77
2 352 2.86 | 241 | 4.85 8.562 12.06 6.51 17 100
3 3.92 3.08 | 2.50 | 4.61 8.44 12.44 6.56 185 82
4 3.58 292 | 247 | 4.89 8.58 12.12 6.51 56 80
5 3.72 2.74 | 223 | 4.00 7.32 11.19 6.43 144 91
6 3.93 3.09 | 2.60 | 4.61 8.70 11.36 6.52 162 31
7 3.93 33 | 262 | 461 8.67 11.75 6.58 222 70
8 [3.71 3.27 | 2.62 | 4.64 8.68 12.47 6.56 330 45
9 3.84 3.15 | 2.49 | 4.43 8.35 12.28 6.35 339 101
10 4.08 3.2 | 2.58 | 4.56 8.54 12.70 6.57 333 96
11 4.44 3.08 | 253 | 4.74 8.62 13.14 6.62 399 95
12 3.79 3.01 | 242 | 4.32 8.03 11.90 6.49 379 100
13 4.44 3.10 | 2.54 | 4.77 8.62 12.04 6.08 69 73
14 3.64 3.01 | 243 | 455 8.33 12.05 6.61 307 84
15 3.69 3.17 | 2.58 | 4.87 8.85 12.56 6.67 357 68
16 |45 3.4 | 270 | 4.70 8.92 13.39 6.70 46 71
17 |3.5] 3.13 | 251 | 435 8.17 11.75 6.57 248 69
18 [4.6] 3.5 | 280 | 4.80 8.95 13.40 6.24 28 99
19 4.67 3.16 | 2.60 | 4.83 8.82 13.54 6.65 187 61
20 |4.2| 3.33 | 2.67 | 4.91 9.04 12.99 6.67 58 76
VC
(%)[0.10 0.06 | 0.05 | 0.05 0.04 0.05 0.02 0.64 0.24
SE [0.09 0.04 | 0.03 | 0.05 0.09 0.15 0.03 28.80 4.19

VC — variation coefficient, SE — standard error of the mean.

Pearson correlation coefficients between variables in the summer season are presented
in Table 2. Significant positive correlations (p < 0.05) were observed between casein and
protein content (r = 0.95), between protein and non-fat dry matter (r = 0.70) and total dry
matter (r = 0.55). All the chemical parameters studied were positively correlated (0.55 < r <
0.72, p < 0.05) with the total dry matter content and with the non-fat dry matter (0.46 <r <
0.87, p < 0.05). The casein content was positively correlated (r = 0.51, p < 0.05) with the
lactose content of milk in the summer season.
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Table 2
Pearson correlations coefficients between variables in the summer season
Non- | Total Somatic| Total
Variables | Fat |Protein|Casein|Lactose |fatdry| dry pH cells |bacteria
matter| matter count | count
Fat 1
Protein 0.36 1
Casein 0.44 | 0.95 1
Lactose 0.41] 0.30 0.51 1
Non-fat dry
matter 0.46 | 0.70 0.85 0.87 1
Total dry
matter 0.72 | 0.55 0.60 0.61 0.67 1
pH -0.17| 0.10 0.10 0.12 0.20 0.23 1
Somatic
cellscount |-0.21| -0.09 | -0.21 | -0.33 | -0.24 | -0.07 | 0.27 1
Total
bacteria
count 0.00| -0.20 | -0.32 | -0.18 | -0.33 | 0.13 | -0.26 | 0.05 1

Values in bold are different from 0 with a significance level alpha = 0.05

The first two principal components explained 62.88% of the total data variance, of
which 46.42% was attributed to the first component (PC1) and 16.46% to the second one
(PC2), as can be depicted in Figure 3.
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0.75

0.50

matter
dry matter

PC2 (13.62 %)
o
o
o

o
N
(3]

-0.50

-0.75

-1.00
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

PC1 (67.58 %)

Figure 3. Principal component analysis variables plot for the summer season
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The first component (PC1) was associated with the chemical components of milk —
protein, casein, non-fat dry matter, total dry matter, lactose, and fat, while the second one
(PC2) was associated with the microbiological and pH characteristics — total bacteria count,
somatic cells count, and pH. It can be seen that an opposition occurs between the total bacteria
count and pH (Figure 3).

The data registered in Tables 1, 3, and 5 show that during the summer season, the total
somatic cell count presented average values of 201.75x10° cells/mL, with oscillations
between 17x10° and 399x10° cells/mL, which exceeded the values recorded in the winter
season, when the average levels were 78.45x10° cells/mL, with oscillations between 70x10°
and 320x10° cells/mL. The total bacteria count also highlighted low and very close average
levels in the two seasons, with oscillations between 31x10° and 101x10° cfu/mL in the
summer period, and with oscillations between 36x10° and 101x10° cfu /mL during the winter
period.

Table 3
Physico-chemical and hygienic-sanitary parameters of milk in the winter season

o Non-fat| Total Somatic cell Total bacteria
g- Fat|ProteinCaseinlLactose| dry dry | pH count count
g (%) (%) | (%) | (%) | matter | matter (cells/mL (germs/mLx10%)
? (%) | (%) x10°) |

1393 33 |262| 461 | 867 | 11.75 | 6.57 113 95
2 3.28 291 | 229 | 425 | 7.75 | 11.18 | 6.52 216 93
3393 330 | 262 | 461 | 8.67 | 11.75 | 6.58 139 99
4 3.25 3.06 | 244 | 4.57 8.27 11.67 | 6.56 165 101
5 44.15 3.70 | 298 | 5.04 | 9.52 | 13.81 | 6.58 125 100
6 |3.95 3.13 | 254 | 485 | 8.70 | 12.82 | 6.59 85 100
7 13.98 3.10 | 257 | 488 | 8.60 | 12.78 | 6.57 103 87
8 4.07 3.08 | 250 | 4.76 | 856 | 12.80 | 6.56 320 100
9 354 3.05 | 242 | 447 | 8.14 | 1181 | 6.56 299 43
103.85 3.48 | 2.83 | 526 | 9.55 | 13.51 | 6.66 114 75
11394 3.62 | 294 | 536 | 9.79 | 13.85 | 6.66 163 36
12 14.10 3.64 | 291 | 490 | 9.32 | 13.70 | 6.60 112 100
133.60 297 | 240 | 469 | 832 | 11.85 | 6.54 164 92
14 3.45 3.17 | 257 | 482 | 8.68 | 12.27 | 6.59 106 64
1513.87 3.49 | 284 | 5.3 9.61 | 13.61 | 6.66 159 100
16 4.05 3.43 | 2.77 | 495 | 9.13 | 13.33 | 6.59 101 100
17 4.04 3.53 | 2.86 | 5.04 | 9.35 | 13.55 | 6.59 78 70
18 13.84 3.09 | 253 | 499 | 8.83 | 12.82 | 6.63 111 100
19 4.63 4.19 | 3.41 | 5.67 | 10.76 | 15.48 | 6.68 189 100
20 3.84 3.09 | 253 | 499 | 8.83 | 12.82 | 6.63 116 98
VC

(%)[0.08 0.10 | 0.10 | 0.07 | 0.08 0.08 |0.01 0.44 0.23
SE |0.07] 0.07 | 0.06 | 0.07 | 0.15 0.23 |0.01 14.61 4.42

VC — variation coefficient, SE — standard error of the mean.
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Significant positive correlations were obtained between the physico-chemical
composition and hygenic-sanitary indices of the milk in the winter season (Table 4). Thus,
the fat content was correlated with all the other chemical compounds content and pH (0.54 <
r < 0.85, p < 0.05), similar to the protein content (0.68 < r < 0.99, p < 0.05) which showed
strong correlations with the other variables, to the casein (0.80 < r < 0.97, p < 0.05), to the
lactose content (0.71 < r < 0.95, p < 0.05), to the non-fat dry matter (0.79 < r <0.79, p <
0.05) and to the total dry matter (0.78 < r < 0.95, p < 0.05). The pH variable was positively
correlated with all the other studied characteristics (0.54 < r < 0.91, p < 0.05).

Table 4
Pearson correlations coefficients between variables in the winter season
Non- | Total Somatic| Total
Variables | Fat |Protein|Casein|Lactose [fat dry| dry pH cells |bacteria
matter |matter count | count
Fat 1
Protein 0.78 1
Casein 0.80 0.99 1
Lactose 0.71 0.79] 0.86 1
Non-fat dry
matter 0.79 0.94| 0.97 0.95 1
Total dry
matter 0.82 0.88] 0.92 0.93] 0.95 1
pH 0.54 0.68| 0.72 0.91] 0.85] 0.78 1
Somatic
cells count -0.17]  -0.20] -0.23] -0.27] -0.26] -0.20] -0.26 1
Total
bacteria
count 0.23] -0.01] -0.01] -0.06] -0.02] 0.02] -0.11] -0.19 1
Values in bold are different from 0 with a significance level alpha = 0.05

The plot of the Principal component analysis (PCA) for the variables in the winter
season is shown in Figure 4. The first two components explained 81.20% of the data
variation, with 67.58% being explained by the first one (PC1) and 13.62% by the second one
(PC2). The physicochemical characteristics (fat, protein, casein, total dry matter, non-fat dry
matter, lactose and pH) were associated with the PC1, while the hygienic-sanitary properties
(total bacteria count, total somatic cells count) were associated with PC2.
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Figure 4. Principal component analysis variables plot for the winter season

Discussion

The set of positive results obtained in the physicochemical and hygienic-sanitary
examinations of the milk intended for the Dorna Swiss cheese (Table 5), reveals an important
concern of the farmers for its quality, of the processor for its suitability for the specific
processing and of the consumer for food safety.

In recent decades, the globalization of food markets has taken a large scale and
diversification, thus favoring the industry of milk and dairy products. Thus, the circulation
of food products has greatly increased, at the same time intensifying the exchanges produced
between the most distant regions of the globe (Silanikove et al., 2015). This globalization
also represents a great challenge for processors, who must increase the quality and safety of
the products sold, respectively satisfy the growing demands of consumers (Somesan et al.,
2016; Svederberg, and Wendin, 2011). Current cheese production technologies ensure a wide
variety of assortments, which respond to the needs and preferences of consumers. These
considerations explain the classification of dairy products into: conventional products,
obtained according to conventional recipes and technologies; traditional products, processed
in a certain geographical area, based on traditional recipes; and ecological products, obtained
from raw materials generated by ecological agriculture (De Pasquale et al., 2014; Ercolini et
al., 2003). For all these products, a common characteristic is the quality of milk as a raw
material, which must reach a high degree of compliance with regard to the compositional and
sanitary parameters.

The analysis of the data obtained during the investigation of the seasonal evolution of
the physicochemical parameters of milk, the raw material for Swiss cheese processing,
revealed a slightly lower concentration of some milk parameters in the summer season
compared to the winter. Lower levels of total dry matter (12.35 vs. 12.86%), total protein
(3.15 vs. 3.32%), lactose (4.62 vs. 4.90%), and non-fat dry matter ( 8.54 vs. 8.95%) were

—— Ukrainian Food Journal. 2023. Volume 12. Issue 2 279



—— Food Technology ——

obtained in summer compared to winter. The changes in hygienic and sanitary parameters
values were marked by important increases in total somatic cell count in the summer season
(201.75 x x10° cells/mL), compared to those recorded in the winter season (78.45x10°
cells/mL) and very close levels values of total bacteria count (81.7 and 87.65x10° cfu/mL,
respectively). Similar results were reported by other researchers in the field (Cziszter et al.,
2012; Dobranic¢ et al., 2008).

Table 5
Average values and variations of the physicochemical and hygienic-sanitary characteristics of
the milk used in the processing of Dorna Swiss cheese

Parameter Summer Winter

Mean value Variations Mean value Variations
Fat (%) 3.95+0.40 ® 3.32-4.67 3.86+0.322 3.25-4.63
Protein (%) 3.15+0.19 P 2.74-3.50 3.32+0.322 2.91-4.19
Casein (%) 2.55+0.13 2 2.23-2.80 2.68+0.26 2 2.29-3.41
Lactose (%) 4.624+0.23 " 4.00-4.91 4,90+0.332 4.25-5.67
Non-fat dry matterf 8.54+0.38° 7.32-9.04 8.95+0.69 @ 7.75-10.76
(%)
Total dry matter (%) | 11.98+0.67° | 11.19-13.54 | 12.86+1.032 11.18-15.48
pH 6.37+0.15°P 6.08-6.70 6.60+0.04 2 6.52-6.68
Somatic cells count] 201.75+12.872 17-399 78.45465.34 P 78-320
(cells/mLxx10° )
Total bacteria count 81.7+18.75% 31-101 87.65+19.77° 36-101
(cfu/mLx10°% )

ab _ different letters in the same row indicate significant differences between means (p <
0.05).

Soil-plant-animal transfer of nutrients depends on the quality of the soil and its rich
mineralization, and the great floristic diversity of pastures and mountain meadows will lead
to a milk rich in biologically active substances (terpenes, carotenoids, lactic bacteria,
propionic and compounds high-quality volatiles) (Kilcawley et al., 2018; O'Callaghan, et al.,
2016; Necula, et al., 2021; Noziére et al. 2006). The propionic bacteria existing in raw milk
play an essential role in the production of Emmental cheese, because the fermentation of
propionic acid during maturation gives a specific flavor to this type of cheese and causes the
formation of holes in a controlled manner (Fréhlich-Wyder et al., 2017).

Among the producers of Dorna Swiss cheese, the studied factory is currently the only
one that processes Swiss cheese in copper tanks and vats, similar to those used to obtain the
traditional Swiss Emmental. According to the literature, the copper in these tanks has the role
of inhibiting the uncontrolled generation of lactic and propionic acid, thus slowing down the
explosive propionic fermentation. It also inhibits the sporulated germination of C.
Tyrbutyricum and implicitly the late swelling of the curd during maturation (Rodriguez and
Alatossava 2010; Rodriguez et al 2011). The copper in these tanks forms complexes with the
sulfurous compounds resulting from amino acid catabolism, having a positive effect on the
production of cheese flavor (Sieber, et al. 2006). Another particularity is the formation of the
well-known holes that appear during maturation when propionic bacteria consume lactic acid
and release CO;, and the bubbles formed give holes (Chen et al., 2009; Frohlich-Wyder et
al., 2017; Ji et al., 2004; Rehn et al., 2011).
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From an organoleptic point of view, the quality of the Swiss cheese in terms of color,
fermentation holes aspect, consistency, smell, and taste is appreciated (Necula and Babii,
2012). The curst must be smooth, elastic, thick (about 1 cm), golden — yellow to reddish —
yellow in color, and slightly greasy in fully matured cheese. Golden — yellow paste, lighter
in winter and more intense in summer, with a smooth, glossy inner surface and fermentation
meshes, 1-2 cm, evenly distributed. The consistency is elastic, fine, not crumbly. The smell
and taste are slightly sweet, and the aroma is similar to green walnut core. Salt also influences
the organoleptic properties of this cheese assortment, contributing to ensuring the specific
flavor and its preservation (Diisterhoft et al., 2017; Guinee and Fox, 2017). Strict compliance
with the temperature and humidity conditions in the maturation and storage areas has a major
role in perfecting the biologically active and sensory qualities of the Emmental type cheese.

Conclusions

Dorna Swiss cheese is part of the large brand of "Emmental” type cheeses, or as is also
called "Swiss type" cheese. This type of cheese is made in Romania in Dorna geographic
area. All traditional Emmental hard cheeses made from raw milk enjoy an excellent food
safety record from a veterinary health point of view as those made from fully pasteurized
milk, due to the fact that pathogens are annihilated by the initial culture of propionic bacteria,
the long period of curd scalding at 54°C and the long maturation period of three months. The
main characteristic of Swiss cheese is given by its unique texture, taste, aroma, and the well-
known image of the holes that make it different from any other type of cheese.

The factory studied is the only one in the Dorna area that still uses the traditional Swiss
processing procedure, in copper tanks, on a hob heated with wood, and from milk obtained
predominantly from Pinzgau cows, raised in mountain conditions.

The evolution of the compositional parameters of raw milk in the summer-winter
period, revealed no significant differences (p < 0.05) in fat content, lower values in summer
than in winter for the total protein and casein, and significant decreases in lactose in the
summer season. Higher values of non-fat dry matter and total dry matter of milk were
obtained in winter compared to the summer season.

The evolution of the hygienic-sanitary indices revealed the low values, in agreement
with the Romanina and European standards. The total somatic cell count was slightly higher
in the summer season compared to the winter, while the total bacteria count showed low and
very close levels in the two seasons.
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Introduction. The aim of the research was to study the
process of dehydration of zinc-cobalt(ll) phosphates during heat
treatment.

Materials and methods. Zinc-cobalt(ll) phosphate
tetrahydrates were used as the main research objects. The content
of ingredients in the composition of phosphates was as follows, %
mass.. Zn, 41.8-23.5; Co, 2.3-12.8; P, 13.6-13.8; H.0, 16.1-
16.3. Spectral methods were used to study the process and
products of dehydration. Infrared absorption spectra were
recorded at 20 °C and —190 °C, as well as in the process of heating
phosphates. X-ray phase analysis was performed.

Results and discussion. In the structure of zinc-cobalt(Il)
phosphates there are two types of crystallographically non-
identical water molecules, the OH groups of which form a rigid
system of hydrogen bonds of different strength and directionality
(from 29.35-30.48 kJ'mol? in the OH---OPO; group to 12.48—
13.31 kJ'mol? in the OH---H,O group). The energy of H-bonds,
cation-water bonds and the asymmetry of water molecules
increase with an increase in the cobalt content from 2.3 to 12.8 %
mass., which is associated with a stronger polarizing effect of
cobalt on water molecules that make up the nearest coordination
environment of the cation. Zinc-cobalt(ll) phosphates are
thermally stable up to 85-90 °C. Upon further increase of
temperature, their dehydration occurs with the pairwise removal
of four water molecules and the formation of one hydrated form
as an intermediate product — zinc-cobalt phosphate dihydrate. The
temperature regimes of the process of dehydration of phosphates
of different cationic composition correlate with the energy state of
water molecules and are maximal in phosphate containing 12.8 %
mass. cobalt. It is stable during heat treatment up to 90 °C. In the
interval from 90 to125°C two water molecules are removed with
the formation of zinc-cobalt (Il) phosphate dihydrate. This
compound is stable in the temperature interval from 125 to 250
°C. A further increase in temperature is accompanied by the
release of the last two moles of water and the formation of
completely dihydrated zinc-cobalt(ll) phosphate. Temperature
intervals of thermal stability of zinc-cobalt(ll) phosphates and
products of their dehydration are by 15-20 °C higher than
phosphates with a higher cobalt content.

Conclusions. Zinc-cobalt(ll) phosphate, containing the
maximum amount of cobalt, is the most termostable form. Zinc-
cobalt(Il) phosphate dihydrate formed as a result of the release of
two water molecules at 90—125 °C is the only stable product.
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Introduction

Production of food with an increased content of microelements is an effective way to
compensate their deficiency in the human diet (Damodaran et al., 2012; Stabnikova et al.,
2021). The one of the most common methods to obtain food products enriched with
microelements is their supplementing with individual salts or their mixtures (Damodaran et
al., 2012). The use of phosphates of zinc, cobalt, manganese, magnesium, iron, calcium, and
potassium to enhance food nutritional quality is known (Miller, 2010, 2017; Zimmermann et
al., 2011). Phosphates are more often used to improve the quality meat and chicken products,
as well as seafood (Bach, et al., 2011).

It was shown that the presence of phosphates in the meat products stabilized the pH
value (Xu et al., 2021), increased the moisture-holding capacity, reduced the loss of moisture
during the preparation, and improved the taste of the finished product (Wang, 2009). An
improvement of the sensory properties of the finished product was also found in the case of
adding 0.2% phosphate to chicken sausage (Stabnikova et al., 2022). A reduction of
phosphate content leads to increasing cooking loss, and a deterioration of sensory properties
of the finished meat products (Pinton et al., 2019).

Most technological processes of food preparation include heat treatment. Under heating
the properties of treated material change, namely the moisture content and composition, not
only of the raw materials, but also of additives that were incorporated in food product to
enhance its nutrition value (Shao et al., 2016). To preserve the useful properties of
biologically active additives, knowledge of the temperature ranges of their stability, the
composition and properties of the products formed during their heat treatment is necessary.

Thermal properties of hydrated phosphates are determined by the energy state of water
molecules included in their crystal lattice (Antraptseva et al., 2020). Therefore, the correct
choice of the heat treatment mode of raw materials with the addition of phosphates of trace
elements is possible only taking into account the process of their dehydration (Tiwari et al.,
2015).

Knowledge about the processes occurring with phosphates of microelements used as
additives during thermal processing of food, as well as information about the products formed
from them under heating is extremely limited (Bila et al., 2016). As for zinc-cobalt
phosphates, it is known that during heating they gradually lose water of crystallization with
the formation of partially dihydrated phosphates (Bach et al., 2015). The formation of other
hydrate forms and rehydration processes, which change the entire dehydration process, have
not yet been studied.

The purpose of this work is to investigate the process and products of dehydration of
food additive zinc-cobalt(l1) phosphates during heat treatment.

Materials and methods

Zinc-cobalt(11) phosphates of the general formula ZnzxCox(PO4)2-4H,0 (0<x<1.00), in
particular, Zn,Co(PO4)2-4H,0, phosphate of the composition Zn,sCogs (PO4).-4H,O and
Zn3(POa4)24H20 was used as research objects. The content of ingredients in their composition
varies within the range, % mass.: Zn, 41.8-23.5; Co, 2.3-12.8; P, 13.6-13.8; H,0, 16.1-16.3.

Zinc hydroxocarbonate, ACS reagent; cobalt hydroxocarbonate, ACS reagent;
phosphoric acid, ACS reagent; magnesium sulfate MgSO4-7H,O, purified grade;
manganese(ll) sulfate MnSO4-5H,0, purified grade; cobalt(II) sulfate CoSO4-7H,O, purified
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grade; zinc sulfate ZnSO4-7H,0, purified grade, were used as initial substances for synthesis
zinc-cobalt(11) phosphates.

Synthesis Zinc-cobalt(11) phosphates

The synthesis of zinc phosphate tetrahydrate and zinc-cobalt(l1) phosphates was carried
out by the interaction of a mechanical mixture of hydroxocarbonates of zinc and cobalt(I1)
with a solution of phosphoric acid, using recommendations of (Antraptseva et al., 2022). For
this, a 45-87% HsPO4 solution was added to a reaction vessel thermostated at 40-70 °C
containing distilled water until the pH was within 2.9-3.1. A homogenized mixture of zinc
hydroxocarbonates with a zinc oxide ZnO content of 77.25 % mass. and cobalt with a CoO
content of 68.32 % mass. was added to the resulting solution in parallel with constant stirring
(ratio K = Zn/Co = 50.0-2.0, atomic) and a 45-87% HsPQO, solution maintaining pH 2.9-3.1.
The precipitate was filtered, washed with water, dried at 40 °C and analysed. The
characteristics of the received phosphates are given in the Table 1.

Table 1
Characteristics of the obtained zinc-cobalt(l1) phosphates
(55% H3PO4, 70 °C)
_ Composition of Phase composition
K= phosphates, % mass . - (according to the
Zn/Co, ’ ' Chemical composition
atomic | zn | ¢ p H,0 results of X-ray and
0 2 IR spectroscopy)
10.00 | 4261| - | 1352|1570 |  Zns(POu), 4H,0* Zn3(P0O4)2'4H,0
9.00 | 30.73 | 4.62 | 13.72 | 16.19 |Zn23C00.37(PO4)2"4H,0 | Phase composition
400 | 28.29| 754 | 13.76 | 16.20 |ZnyaiCoosa(POs)yas,0 | 2MxCOx(PO)z4H:0
(0<x<1.00)
2.33 24.49 [ 11.65| 13.75 | 16.32 an,loCOO,go(PO4)2‘4Hzo structures
Zn3(PO4)2’4H20

2.00 23.46 | 12.84| 13.78 | 16.30 an,oocol,oo(PO4)2'4Hzo

Note: * zinc phosphate obtained under these conditions contains Zn, P, H,O, the content of which
corresponds to the known calculated values for Zn;(PO4),-4H,O (Antraptseva et al., 2022).

Chemical analysis

Phosphorus content was determined similarly (Antraptseva et al., 2022) by the weight
quinolinemolybdate method (error 0.2 % relative). The total content of Zn%* and Co?*—
cations by complexonometric titration (back titration, trilon B, standard zinc sulfate solution,
eriochrome black T indicator, ammonia buffer solution with pH 10.0) analysis error 3 %
relative (Scoog et al., 1992). The content of Co?* was by the spectrophotometric method
(Spectrophotometer SF—46, light absorption wavelength A = 510 nm) in the form of a
complex with surfactant (1-(2-pyridylazo)-resorcinol). The pH of the solution is 6.5-9.0
(citrate-ammonia buffer solution), the optimal concentration of cobalt ions — 0.1-4.0pg'ml?,
the optimal concentration of surfactant is 60 pg'ml?, the error is 0.5% relative (Antraptseva
et al., 2022). The zinc content was calculated as the difference between the sum of cations
and the content of Co?*. Water content was according to the loss of mass of samples when
heated to 800 °C, determination error 1% relative (Derivatograph Q-1500 D).
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Physico-chemical analysis

Spectral methods. IR absorption spectra were recorded at 20 °C and —190 °C in the
frequency range 400-4000 cm?, as well as in the process of heating phosphates
(Spectrometers Nexus — Nicolet 470 with Fourier transform and software Omnic and Specord
75 JR).

X-ray phase analysis. X-ray diffraction patterns were recorded using a DRON-4-M X-
ray diffractometer in continuous shooting mode using Cu Ko, Fe Kq radiation. The speed of
movement of the counter was 1 degree-min™. In order to reduce the systematic error, an
internal standard was introduced — NaCl.

X-ray structural analysis was performed by full-profile analysis according to the
Rietveld method using the FullProf Suite software package. For this, we used an array of
diffraction data obtained from radiographs taken in the range of angles from 15 to 140° (26).
The scanning step was 0.05°.

The thermal properties were studied in the temperature range of 25-900 °C under the
conditions of dynamic and quasi-isothermal (labyrinth crucible, heating rate 3.0 degree'min
1) heating regimes (Derivatograph Q-1500 D).

Study of the process and products of dehydration of zinc-cobalt(11) phosphates

Spectral methods as are IR and CR spectroscopy, which are recognized as the most
widespread and informative for assessing the state of OH groups and their functional
connection in the crystal lattice of crystal hydrates, were chosen as the main research methods
(Nakamoto, 2009).

Spectral studies were performed using two different IR spectroscopic techniques.
According to the first of them, IR spectra of tetrahydrates and products of their partial and
complete dehydration were recorded at 20 °C and —190 °C in the range of 400-4000 cm™ on
Specord-75 IR and Nexus-470 spectrometers with Fourier transform and software Omnic.
The samples were prepared by pressing a fixed amount (0.05 % mass.) into a KBr matrix as
in article (Koleva et al., 2019). The absorption spectra in the region corresponding to the
oscillations of the water of crystallization (1400-4000 cm™) were obtained using a
suspension of phosphates in butyl alcohol applied to a neutral fluorite substrate. Vaseline oil
was added to the suspension to improve band resolution and reduce the overall absorption
background.

The according to the second method, recording of IR spectra was used during the
heating of the samples. Measurements of zinc-cobalt(ll) tetrahydrate phosphates were ground
with butyl alcohol, the suspension was applied to a neutral fluorite substrate. After drying the
sample, the substrate was placed in the oven, which was in the cuvette compartment of the
spectrophotometer, and heated. Dehydration of hydrated phosphate was assessed by changes
in the intensity of absorption bands of valence vibrations of water molecules during heating.

Changes in the intensity of the v(OH) absorption bands during heating were recorded in
two ways. First, the spectrum was recorded at a constant frequency corresponding to the
maximum of the absorption band being studied, while fixing the heating temperature. After
each sharp drop in intensity, which was registered by the deviation of the curve from
horizontality and the appearance of steps of different heights, the spectrum was recorded in
the entire absorption range of v(OH) — 3700-3000 cm* at a temperature corresponding to the
step under consideration. If in the spectrum of the original tetrahydrate, the valence vibrations
of the OH-groups of water molecules were characterized by several maxima, then the changes
in the intensity of each of them were studied separately.
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The use of this technique of spectroscopic study of the dehydration of crystal hydrates
made it possible to trace the sequence of water removal and the formation of all intermediate

hydrate forms, including those unstable at room temperature.

Results and discussion

State of water molecules and phosphate anion in the structure of zinc-cobalt(l1)
phosphates

The state of water molecules in the structure of zinc-cobalt(ll) phosphates

Analysis of the IR spectra of zinc-cobalt(ll) phosphates of composition Zn,Co(PQ.),-4H;0,
Zn,5C00.5(P0O4)2-4H,0, the phosphate-matrix, Znz(POa.).-4H,0, and their deuteroanalogues
was writing at 20 °C and —190 °C (Figure 1) shows that at room temperature in the region of
valence vibrations of OH groups of water molecules (3000-3600 cm™) (Nakamoto, 2009),
two absorption bands are observed (the values of their maxima are given in Table 2) and one
— in the region of deformation vibrations (1550-1750 cm2).

Absorption, %

1 1
40 35 30 25 20 15 10 5
v-100, cm™

Figure 1. IR absorption spectra of Znz(PO4)2-4H20 (1), ZNn25C005(PO4)2-4H20 (2),
Zn2CO(PO4)2'4H20 (3), Zn2CO(PO4)2'4Dzo (4),
recorded at 25 °C and -190 °C (marked with a dotted line)

At the temperature of liquid nitrogen, four maxima are clearly registered in the range of
valence oscillations, and two in the area of strain oscillations, which indicate the presence of

non-equivalent types of water molecules in their structure (Antraptseva et al., 2020).
The study of the IR spectrum of the deuteroanalogue of the composition

Zn,Co(P0O4)2-4D,0 made it possible to reliably identify the absorption bands due to the
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presence of librational vibrations of water molecules, which indicate their rigid attachment
to both Oxygen and Hydrogen (Bernardino et al., 2022). The nature of the configurations of
the v(OH) absorption bands also indicates the presence of hydrogen bonds in the structure of
zinc-cobalt phosphates (Figure 1, Table 2).

Table 2
Characteristics of H-bonds in the structure of zinc-cobalt(ll) phosphates
Wave Characteristics of H-bonds
numbers of E, kJ-mol ™
Composition of absorption R o0 nM
phosphates oand | OH--0PO; [OH-+H.0 [(PO:)O-+O(H:0)

v(OH), em™
ZNn280C00.20(PO4)2-4H,0 | 3264 | 3518 | 29.35 12.48 0.274
ZNn260C00.40(PO4)2 4H,O | 3260 | 3515 | 29.41 12.51 0.274
ZNn250C0050(PO4)2-4H,0 | 3254 | 3510 | 29.50 12.60 0.274
ZNn230C00.70(PO4)2-4H,0 | 3247 | 3504 | 30.34 12.94 0.274
ZNn220C00.80(PO4)2-4H,0 | 3244 | 3503 | 30.36 12.96 0.274
ZN200C01.00(PO4)2-4H,0O | 3240 | 3500 | 30.48 13.31 0.274

The simultaneous presence of narrow high-frequency and wide low-frequency
absorption bands in the spectra of zinc-cobalt phosphates indicates the different loading of
each OH-group of water molecules and their participation in the formation of H-bonds of
different strength and direction. This is consistent with the results of a study of IR spectra of
cobalt phosphates (Koleva et al., 2019).

A comparative analysis of the IR spectra of phosphates with different contents of zinc
and cobalt(ll) shows that the frequencies of valence vibrations of OH-groups of water
molecules depend on the ratio of zinc and cobalt in the octahedral of the phosphate crystal
structure. With an increase in the content of cobalt(l1) in the coordination polyhedron, there
is a natural shift of the maxima of the v(OH) absorption bands to the low-frequency region,
both in the M?* — OH,---OPO3 group and in the M?* — OH,---OH; group. It is especially
clearly registered in the IR spectra of samples deposited on CaF, (Figure 2 a).

For Zn3(PQOa4)2-4H,0, the maximum of the long-wave band corresponds to the frequency
of 3280 cm; for phosphates, in which half of the octahedral are filled with cobalt
(Zn25Co05(PO4)2-4H,0), a broad maximum of 3180-3300 cm™ is noted; replacing zinc with
cobalt in all octahedral positions (Zn,Co(PO4),-4H,0) leads to a shift of v(OH) to a frequency
of 3150 cm™. A similar effect is also mentioned in the study (Petersen et al., 2022; Wu et al.,
2015).

The energy of hydrogen bonds, estimated according to (Bartl, 2009) according to this
shift, increases when going from Zn3(POa)2-4H,0 to Zn,Co(PO.),-4H,0. At the same time,
the difference in the charge of OH-groups in the same water molecule also increases (Table
2). Thisis consistent with work (Grabowski, 2016) and is explained by the stronger polarizing
effect of cobalt on water molecules that make up the nearest coordination environment of the
cation (Petersen et al., 2022).

290 —— Ukrainian Food Journal. 2023. Volume 12. Issue 2——



—— Food Chemistry ——

3
2
© 3280 ©
c c
S o e
= )
o o
B 3240 ’6
1%)] (%]
o o)
< <
3150 ]
] ] ] ]
36 34 32 30
v-10%, e’ V
] ] =
400 300 200
v, M’
a b

Figure 2. IR spectra of Zn,Co(PO4)2-4H,0 (1), ZNn25C005(PO4)2-4H,0 (2) and Zn3(POa)2-4H,0:
a —in the v(OH) region, b — in the low-frequency spectral regions
(samples were applied to CaF>).
3150 cm?, 3240 cm, 3280 cm™ — the maximums of the long-wave band v(OH).

Fluctuations of the cationic sublattice

In addition to the shift in the frequencies of the valence vibrations of the OH groups of
water molecules in the IR spectra of zinc-cobalt phosphates of the composition
Zn3xCox(PO4)2-4H0 in the low-frequency region (350-180 cm™?), a shift of the absorption
bands is recorded, which, according to (Bernardino et al., 2022), characterize the oscillations
of the -cationic sublattice (Figure 2b). When going from Zn3(PO.)2-4H,O to
Zn,Co(P0O4)2-4H,0, a shift in absorption frequencies is observed from 310, 270, 255, 210,
195 cm™ to 320, 275, 260, 225, 210 cm™, respectively, which agrees with the decrease in
atomic mass phosphates, which is 458.11 for Zn3(PO4).-4H,O and 451.69 for
Zn2Co(PO4)2-4H20.

State of the phosphate anion in the structure of zinc-cobalt(l1) phosphates

In the region of skeletal vibrations (400-1200 cm™) in the IR spectra of Zns.
«C0x(PO4)2-4H,0 phosphates, valence (800-1200 cm™) and deformation (500-650 cm™)
vibrations of the PO, anion are well separated (Bartl, 2020). The effect of the nature of the
cation on the internal vibrations of the phosphate tetrahedron is practically not revealed,
since, according to the structural data (Whitaker, 1995), only two oxygen vertices of each
octahedron are common with PO, tetrahedral. Phosphorus atoms and all its coordinating
oxygen atoms are in general positions, that is, the local symmetry of the anion PO4— Cs. The
correlation scheme constructed for the PO, anion taking into account the D2, factor group
(Zn3xCox(PO4)2-4H,0 crystallizes in the space group D21 or Pama) looks like this (Figure 3):
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Figure 3. Correlation scheme for PO4 anion (factor group D2n'6)

Based on this scheme, the number of frequencies that correspond to the internal
vibrations of the PO, anion should be equal to 27. At room temperature, it was possible to
register 9 bands, at —190 °C — 13; of them, 5 are in the v3 bands (out of 9 calculated), 2 are in
v1 (out of 3 calculated), 2 are in va4 (out of 9 calculated), and 4 are in the v, band (out of 6
calculated) (Figure 1). The discrepancy between the calculated and experimental number of
bands for the vibrations of the PO, tetrahedron is explained by the coincidence of some
vibration frequencies of different bonds (Bartl, 2020).

Quite significant splitting of the main absorption bands of the phosphate anion, the
appearance of fully symmetric oscillation vi(A;) — 940, 930 cm™ and v, (E) — 500 and 420
cm™L, usually inactive in IR spectra (Koleva et al., 2018), indicates significant distortions of
the tetrahedron in the lattice zinc-cobalt phosphates. This is confirmed by the data of X-ray
structural analysis and the interaction of anions with each other due to the presence of
hydrogen bonds (Petersen et al., 2022).

Study of process and products of dehydration of zinc-cobalt phosphates during
heating

Process and products of dehydration of zinc phosphate tetrahydrate

The heating of Zn3(PO,).-4H,0 is accompanied a decrease in the intensity of the band
of valence vibrations of OH-groups of water molecules (3250 cm™). That occurs in three
stages corresponding to the temperature ranges: 65-80, 85-115, and 210-250 °C (Figure 4
b, curve 1). In the spectrum obtained at 85 °C, the intensity of the band with a maximum at
3540 cm* decreases, and the frequency of the main absorption band (3250 cm™) shifts to
3390 cm'* in the high-frequency region of the spectrum (Figure 4 a, I1).
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Figure 4. IR spectra of Zn3(PO4).-4H,0 and its dehydration products:
a — v(OH) bands of water molecules recorded at 25(I), 85(1I), 115(I1I), 210(IV) and 250 °C (V);
I1 a— v(OH) of the sample (25 °C) cooled to 85 °C,
Il band Il c—v(OH) 1 and 2 hours after cooling;
b — change in intensity of bands v(OH) 3250 (1), 3450 (2), 3240 (3), 3250 (4), 3420 cm™ (5)

After cooling the sample to room temperature, the maximum of the main absorption
band v(OH) broadens and again shifts towards low frequencies (3280-3380 cm™). From the
side of the high-frequency wing of the absorption curve, a shoulder at 3540 cm™ is clearly
visible, which becomes even more evident in the IR spectrum recorded 1 and 2 hours after
the sample has cooled to room temperature (Figure 4a, lla, llb, llc). The main absorption
band of 3280-3380 cm™ narrows, and a maximum of 3320 cm™ is more clearly registered.
Similar changes in the spectrum of heated to 85 °C and cooled Zn3(PO4)2-4H20 indicate,
according to (Anushya et al., 2021), that water removal does not occur in the range of 65-80
°C. This correlates with the results of the study (Bach et al., 2015), in which it is determined
that zinc phosphate is stable when heated to 90-100 °C (depending on the heating conditions).

The second stage of a fairly sharp drop in absorption intensity begins at 90 °C (Figure
4 b). The spectrum of Zn3(POa);'4H,0, recorded at 115 °C, the temperature corresponding
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to the beginning of the section of almost constant intensity v(OH), differs sharply from the
spectrum of the original tetrahydrate in the configuration of the absorption band as a whole
(Figure 4, curve 1, 3). Itis characterized by a maximum at 3420 cm™ and a broad shoulder at
3250 cm* on the low-frequency side of the spectrum. Its identification, made according to
known spectroscopic data (Nakamoto, 2009), showed that the product of partial dehydration
of Zn3(PO4)2-4H,0 is its dihydrate (Anushya et al., 2021).

Therefore, in the range of 90115 °C, two molecules of the least tightly bound water
are removed. The formed dihydrate is stable in a wide range of temperatures (115-210 °C),
as evidenced by the IR spectra recorded under these conditions (Figure 4, curves 3, 4, 1ll,
IV). This is also mentioned in the work (Bach et al., 2015).

Removal of water from the dihydrate begins at 210 °C and ends at 250 °C. On the curve
reflecting changes in the absorption intensity of peaks 3420 and 3250 cm™, this process
corresponds to one step in the range of 210-250 °C (Figure 4 b, curves 3-5). The IR spectrum
recorded in the entire range of v(OH) at 250 °C indicates that heating Zn3(PQOa)2-4H,0 to 250
°C leads to its almost complete dehydration. This correlates with the results of
thermoanalytical studies (Bila et al., 2016), according to which during the heat treatment of
zinc phosphate tetrahydrate in the range of 260—280 °C, anhydrous zinc phosphate is formed.

Therefore, the process of dehydration of Zns(PO4).-4H,0 occurs in two stages with the
formation of one stable hydrated form as an intermediate product is the dihydrate of the
composition Znz(POa4),-2H>0.

Process and products of dehydration of zinc-cobalt phosphates

Dehydration of phosphate of composition Zn,Co(PQO4)2-4H.0, in the crystal lattice of
which all octahedral positions are occupied by cobalt, in general, occurs analogously to
thermal dehydration of Zn3(PQ.)2-4H.O (Figure 5). However, in the course of the curve,
which registers the change in the intensities of the maxima of the absorption bands v(OH)
3150 and 3530 cm during the heating process, cancellations are observed.

The intensity of both bands present in the v(OH) region in the IR spectrum of
Zn,Co(P0O4)2'4H20 at 90 °C begins to decrease almost simultaneously and ends at 125 °C. A
sharp change in absorption intensity occurs in one step, which is equal in magnitude to the
first two steps, which are registered in the case of Zn3(POa.)2-4H,0O dehydration.

The spectrum of Zn,Co(PO4)2:4H,0, recorded in the v(OH) region at 125 °C, is
characterized by a maximum at 3400 cm™ and a shoulder at 3180 cm™ (Figure 5 a, II). It is
similar to the spectrum of Zn,Co(PO4).-2H,O dihydrate obtained under thermography
conditions and recorded at room temperature (Anushya et al., 2021). That is, in the interval
of 90-125 °C, two water molecules are removed with the formation of a dihydrate of the
composition Zn,Co(P0.).-2H,0, which corresponds to one degree on the curve of change in
absorption intensity v(OH).

The same process during the dehydration of Zns(POa.)2-4H20 is registered by two
degrees of decrease in absorption intensity, the first of which is associated with the breaking
of H-bonds in the structure preceding the removal of water (Bernardino et al., 2022).

The absence of such a degree when Zn,Co(PO.),-4H,0 is heated is explained by the
greater strength of H-bonds realized by OH-groups of water molecules in its structure. The
energies of these bonds in Zn,Co(PO.),-4H,0 are most likely close to the energy of bonds
between water molecules and the cation (Bartl, 2020). That is why, during the removal of
water from Zn,Co(PO4),-4H,0 tetrahydrate, there are no differences in the breaking energy
of hydrogen bonds of OH groups and Me-OH; bonds.
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Figure 5. IR spectra of Zn,Co(PQO4),-4H,0 and its dehydration products:
a — v(OH) bands recorded at 25(I), 125(1I), 250(IIT) and 300 °C (IV);
b — change in intensity of band maxima v(OH) 3150 (1), 3532 (2), 3400 (3),
3180 (4), 3400 cm* (5)

The formed Zn,Co(PO4).-2H,0 dihydrate is stable in a wide range temperature (125-
250 °C), as evidenced by the spectra taken at these temperatures (Figure 5 a, 11, Il1).

Further heating of Zn,Co(PO4),-4H,0 (above as 250 °C) causes the appearance of a
second, less sharp decrease in the intensity of the absorption bands in the range of 250-300
°C (Figure 5 a, curves 3, 4). The v(OH) bands in the IR spectrum of the sample recorded at
300 °C are practically absent. That is, the removal of two water energy state of water
molecules differs insignificantly (Bartl, 2020).

Influence of the nature of the cation on the process and products of dehydration
of zinc-cobalt phosphates

In full compliance with the above, dehydration of Zn,sC0os5(POa)2-4H,O occurs, a
tetrahydrate whose coordination polyhedral in the unit cell contain equal amounts of zinc and
cobalt. The nature of the curve of changes in the intensities of the main absorption bands in
the v(OH) region during its heating contains elements characteristic of the dehydration of
both Zn3(PO4),-4H,O and Zn,Co(PO.),-4H,O. A similar effect was noted in work
(YYagofarov et al., 2023)

The first stage of water removal is characterized by two degrees of decrease in the
absorption intensity of v(OH) that are less clear than for Zns(POs)'4H20. One of them
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characterizes the rupture of hydrogen bonds in the Zn,5C0o5(POa).-4HO structure (75-90
°C) and is analogous to the dehydration of Zn3(PO.),-4H,O. The second stage is associated
with the breaking of Me-OH; bonds and the removal of two water molecules (Bartl, 2020).
The IR spectrum of the sample obtained at 120 °C and 220 °C is similar to the spectra of
dihydrates obtained in the work (Anushya et al., 2021).

The second stage of water removal is registered on the curve of intensity drop v(OH)
by one step. The spectrum of the sample heated to 260 °C corresponds to the completely
dehydrated product. It is similar to the IR spectrum of the known anhydrous zinc phosphate
(Bach et al., 2015) except for the temperature regimes of formation.

The effect of the nature of the cation is manifested in the stronger polarization effect of
cobalt(ll) on coordinatively bound water (Antraptseva et al., 2020). As a result, in
tetrahydrates, the breaking energy of H-bonds realized by OH-groups of water molecules and
M-OH; bonds becomes comparable.

The thermal stability of phosphates correlates with the energy state of water molecules
and is maximum in phosphates of the composition Zn,Co(PQO.).-4H,0 and products of its
partial and complete dehydration. The temperature ranges of their formation and thermal
stability are 15-20 °C higher than those of phosphates with a lower cobalt content.

So, it was shown that the dehydration of zinc-cobalt phosphate tetrahydrates of the
composition Zn3.xCox(PO4)2-4H,0 (0<x<1.0) occurs in two stages with the formation of one
hydrate form as an intermediate product is a stable dihydrate of the composition
Zn3.XCOX(PO4)2'2H20.

Conclusions

1. In the structure of the zinc-cobalt(ll) phosphates of the composition
ZNn3.,Cox(P0O4)2-2H,0 (0<x<1.00) there are two types of crystallographically non-
identical water molecules, the OH-groups of which form a rigid system of hydrogen
bonds connections of different strength and direction.

2. The energy of H-bonds, M"-O (OH;) and P-OH bonds and the asymmetry of water
molecules increase with increasing cobalt content in zinc-cobalt phosphates.

3. Dehydration of zinc-cobalt phosphates occurs in two stages with the pairwise removal
of water molecules and the formation as an intermediate product of one hydrated form
— a stable dihydrate of the composition Zns;.xCox(PO4)2-2H20.

4. Dehydration temperature regimes correlate with the energy state of water molecules and
are maximal in phosphate of the composition Zn,Co(PQa)2-4H,0 and products of its
partial and complete dehydration. The temperature intervals of their formation and
thermal stability are 15-20 °C higher than those of phosphates with a lower cobalt
content.
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Introduction. In this mini-review some technologies
proposed by Ukrainian scientists for utilization of plant
processing waste to enrich bakery and confectionery products are
present.

Material and methods. The use of cereal, vegetable, fruit
and oil processing wastes in the manufacturing of bakery and
confectionary products was proposed. The effects of partial
replacement of wheat flour with plant additives on technological
parameters and sensory characteristics of food products are
described.

Results and discussion. Partial replacement of wheat flour
with plant additives allowed to increase nutritional value of food
products. Thus, replacement of wheat flour with 5-20% of
pumpkin seed flour resulted in an increase of protein content by
13.9-55.5% and fiber content by 12.07-48.7% in bread in
comparison with control one without additives. Replacement of
wheat flour, 5-15%, with pumpkin cellulose increased the
content of protein 1.1-1.4 times and dietary fiber in 1.4-2.2 times
in comparison with control bread. Bread supplemented with oat
bran, 5-15% instead of wheat flour had higher by 19.5-52.2%
score of lysine than bread without plant additives. Waste from
grape processing containing protein, lipids, fiber, minerals and
polyphenols, could be successfully used in preparation of flour-
based confectionery products. Grape seed powder could serve as
a substitute of cocoa powder in confectionery coatings
technologies. Grape seed cake powder and grape skin powder
being used for partial replacement of wheat flour in biscuits
enriched the product with dietary fiber, polyphenolic compounds,
minerals and vitamins. Addition of flour from extruded
sunflower seed kernels in preparation of gingerbread allows to
enrich it with valuable nutrients and improve its technological
characteristics.

Conclusions. Wastes from the processing of plant materials
contain valuable substances and can be used in the preparation of
functional products. It is essential to maintain and preferentially
increase the high quality of products; thus, it is necessary to
replace wheat flour with a plant additive in amounts not
exceeding 10%.
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Introduction

Processing of plant materials generates a large amount of waste with a high content of
valuable substances, which with common improper deposition causes nowadays pollution of
the environment. Meanwhile, these wastes can be a source of useful compounds such as
proteins, dietary fiber, lipids, starch, minerals, vitamins and antioxidants. The Food and
Agriculture Organization of the United Nations declares that reducing food waste is an
important way for increasing efficiency of the food system and for contributing to
environmental sustainability (FAO, 2019).

In Ukraine, the agricultural sector is quite developed and there is a wide range of plant
products, the processing of which generates a significant amount of waste. This mini-review
aims to describe some technologies that are being developed in Ukraine for the use of plant
processing waste in food production to protect the environment from potential pollution by
minimizing the waste itself, and by increasing the nutritional value of food products,
supplemented with additives based on these wastes; this strategy may be useful in other
regions of the world as well.

These technologies are presented in more detail in the books of the series Food
Biotechnology and Engineering published by CRC Press, Taylor & Francis Group in 2022
and 2023 (Figure 1).
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Edited by
Octavio Paredes-Lopez « Oleksandr Shevchenko Olena Stabnikova, Oleksandr Shevchenko,
Viktor Stabnikov « Volodymyr Ivanov Viktor Stabnikov and Octavio Paredes-Lopez

Edited by

Figure 1. Books “Bioenhancement and fortification of foods for a healthy diet”
(https://doi.org/10.1201/9781003225287)
and “Bioconversion of wastes to value-added products”
(https://doi.org/10.1201/9781003329671).
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Utilization of plant processing wastes in bakery products

Ukraine ranks third in the world in growing pumpkins with 1 346 160 tons of production
per year (Atlas Big, 2023). Processing of pumpkin (Cucurbita pepo) generates a large amount
of waste including seeds and peels. Pumpkin seeds could serve as a source of proteins,
carotenoids, minerals, dietary fiber, omega 3 and omega 6 fatty acids, and polyphenols, and
all these substances turn into seed flour, which is characterized by high biochemical,
nutritional, and functional properties (Stabnikova et al, 2021; Vinayashre et al., 2021).
Pumpkin seed flour contains 3.8 times more protein and 3.5 times more fiber than wheat flour
(Figure 2, Table 1).

Replacement of wheat flour with 5-20% of pumpkin seed flour resulted in an
improvement of nutritional value of final bakery products due to increase of protein content
by 13.9-55.5% and fiber content by 12.07-48.7% as compared with control bread without
additive (Shevchenko et al., 2022). However, as the size of particles in pumpkin seed flour
is much larger than wheat ones, the change of the structural and mechanical properties of
dough and bread prepared from the flour mixture is predictable. Pumpkin seed flour has 1.5-
fold higher water absorption capacity than wheat flour, and the viscosity of the dough
prepared with replacement of 5-20% of wheat flour with pumpkin seed flour increased by
3.8—15.3%, respectively. The gas forming capacity of dough with pumpkin seed flour added
to replace wheat flour from 5 to 20% decreased by 1.9-7.4%, which can be explained by the
formation of protein complexes of pumpkin seed flour with wheat flour starch, which reduces
its availability to amylolysis and resulted in a decrease of fermentation activity of yeast and
decrease of the amount of formed sugars by 7.6-16.2% depending on the amounts of
pumpkin seed flour. Finished product had crumbs with slightly increased acidity, specific
volume decreased by 3.6-38.4% whereas porosity decreased by 1.4-4.1%; changes likely
due to swelling of pumpkin fiber (Pereira et al., 2018). However, the bread did not change its
shape. Sensorial analysis showed improvement of taste and smell of bread, which acquired a
pleasant pumpkin hue. The bread crumb was elastic and well fluffed. Authors recommended
10% replacement of wheat flour with pumpkin seed flour, as this percentage does not cause
any technological changes but provides an increase in the nutritional value and sensory
properties acceptable to consumers of bread (Table 2).

Pumpkin cellulose is obtained after oil extraction from pumpkin seed flour (Atuonwu
and Akobundu, 2010). The defatted mass is ground, sieved, and dried. The final product is a
greenish flake with an average size of 0.67 mm, which contains 4.0 times more protein and
9.1 times more dietary fiber than wheat flour ( Figure 1). The content of amino acid lysine in
pumpkin cellulose is 1.35 g/100 g, meanwhile in wheat flour it is only 0.23 g/100 ¢
(Shevchenko et al., 2023). Replacement of wheat flour, 5-15%, with pumpkin cellulose
allowed to increase the content of protein 1.1-1.4 times and dietary fiber in 1.4-2.2 times in
comparison with control bread prepared from wheat flour only (Table 2). A portion of 277 g
of wheat bread represents a recommended daily intake, for the Ukrainian population
(Stabnikova et al., 2023), 29% of the need for dietary fiber, but bread with 15% replacement
of wheat flour with pumpkin cellulose increases this percentage to 65. Meanwhile, bakery
products enriched with fibers are useful in the diet for people with diseases of gastrointestinal
tract, especially irritable bowel syndrome (Loponen and Génzle, 2018). Replacement of 5—
15% of wheat flour with pumpkin cellulose reduced gas forming capacity of dough by 10.5-
12.5% and the specific volume of bread by 7.7-41.0%, porosity and shape stability were also
negatively affected, and at the end caused the greenish shade of the crumb and crust of the
bread as well as pumpkin taste and aroma. So, to produce bread with high quality,
replacement of wheat flour with pumpkin cellulose should not exceed 7%.
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Figure 2. Chemical composition of plant processing wastes, g/100 g (wet basis)
(Grevtseva et al., 2023; Shevchenko, 2023; Shevchenko et al., 2022; Tsykhanovska et al., 2023).
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Table 1
Chemical composition of plant processing wastes, g/100 g (wet basis)
Component| High Bran Pumpkin Grape powder |FESSK”
grade buckwheat|  oat seed |cellulose| seed cake
wheat flour
flour
Water 11.5-14.3 15.0+0.1 | 17.3+£0.1| 15.6+0.1| 6.4+0.1 | 6.0+0.4 | 6.0+0.4 | 4.7+0.2
Protein 10.3+0.1] 10.8+0.1 | 17.0+0.1| 40.0+0.3] 42.0+0.2| 9.5+0.5 | 11.80+0.5] 2.3+2.1
Lipids 1.1£0.1 | 3.240.05 | 7.0£0.1 | 9.0+£0.1 | 6.0+£0.2 | 18.1£0.9| 8.26+0.3 | 5.3+0.3
Fiber 2.6-3.5 | 42.1+0.1 | 15.4+0.1| 12.24+0.1| 32.0+0.1| 47.1+2.2| 51.3£2.5| 12.9+0.7
Ash 0.75 N.D.” N.D. | 0.8+0.0 2.9+0.1| 3.10+0.1 | 8.0+0.4
*FESSK is flour from extruded sunflower seed kernels, ““N.D., not determined.
Table 2
Production of food products using plant processing wastes
Food product | Plant waste Amount and technological stage, Reference
effects
Bakery products
Wheat bread Pumpkin seed | Replacement of wheat flour, 10%, | Shevchenko
flour increased protein content by 27.8%, fiber | etal. 2022
content by 12.5% and improved taste and
aroma
Pumpkin Replacement of wheat flour, 7%, | Shevchenko
cellulose from | increased protein content by 20.7%, fiber | etal., 2023
defatted content by 57.0% and allowed to obtain
pumpkin seeds | high quality bread
Oat bran, Replacement of wheat flour, 7%,
waste from oat | increased protein content by 4.4%, fiber
milling content by 23.8% and allowed to obtain
high quality bread
Bakery Buckwheat Addition in the amount of 7.3% to the | Shevchenko,
product with | bran, waste wheat flour increased fiber content by | 2022
fructose from buck 14.0% and allowed to obtain high quality
wheat milling | bread
Flour confectionary
Cookies, Grape seed Replacement of cocoa powder, 20%, in | Greviseva et
gingerbread, powder from | coating helps better preservation of test | al-2023
and waffles grape pomace, | and aroma, an increase of shelf life from 8
waste of to 12 months
winemaking
Butter biscuits | Grape skin | Replacement of wheat flour, 16%,
powder, waste | increased content of dietary fiber in 81.7,
of winemaking | Vvitamin PP in 2.4, magnesium by 3.4, iron
by 4.2 times and allowed to better shape
preservation
Gingerbread Flour from | Replacement of wheat flour, 10%, | Tsykhanovska
defatted (in an | reduced the time of formation of | etal. 2023
extruder) gingerbread dough by 1.8 min, heat
sunflower seed | treatment losses by 1.15 times, increased
kernels protein content by 84.3%, decrease
carbohydrate content by 11.6%
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Wastes from the cereal processing industry are often underestimated, but they contain
valuable chemical compounds, in particular a high content of proteins and dietary fibers
(Ilvanov et al., 2021; Safaripour et al., 2021). Cereal bran, a main by-product from grain
milling, has often been used as animal feed, but more often is discharged. For example, wheat
bran consists form 14.5 to 25% of wheat (Triticum aestivum L.) grain, but only 10% of it is
used in bakery and in breakfast cereals (Safaripour et al., 2021). One of the reasons that such
wastes still remains underutilized is the lack of easy-to-use techniques for processing and
application.

Oat bran, which is obtained as waste after processing oat (Avena sativa L.) into flour,
has a creamy color, and consists of small particles with an average size of 0.44 mm ( Figure
1). It contains 1.6 times more protein and 4.4 times more dietary fiber than wheat flour, and
a significant amount of the amino acid lysine, 0.76 g/100 g (Shevchenko et al., 2023). The
replacement of wheat flour with oat bran, 5-15%, allowed to increase the amino acid score
of lysine in bread by 19.5-52.2%.

A portion of 277 g of bread with 15% replacement of wheat flour with oat bran ensured
consumption of 44.4% of the daily need for dietary fiber. However, a high amount of soluble
dietary fibers and p-glucan in the composition of oat bran may lead to an increase of effective
viscosity of aqueous solutions. The infrared spectra of the dough at a wavelength of 2100 nm
showed that the presence of the dietary fiber of oat bran delays the development of the gluten
network, and the structure of the protein matrix of the dough with bran will be less stable and
more weakened than that of the control sample (Shevchenko and Litvynchuk, 2022). This is
in agreement with Wang et al. (2017) results, who showed that an excess of oat bran caused
a decrease of processing characteristics of dough and reduced its stability.

In the same time, replacement of 5-15% of wheat flour by oat bran led to a decrease in
gas forming capacity of dough compared to the control by 1.8-10.2%, and a decrease of
specific volume of bread by 0.0-25%, and porosity by 4-14%. Meanwhile, sensorial
properties of bread assessed on a scale of 0 to 100, with 100 being the best quality, showed
that bread with wheat flour replacement by 5 and 7% with oat bran had 97.4 and 96.2 points,
which is almost the same as for control, 97.2 points. These observations are consistent with
those obtained by Astiz et al. (2023), who used oat bran as supplement to wheat flour up to
25% of weight and produced breads of good technological quality.

Buckwheat bran, a byproduct of buckwheat (Fagopyrum esculentum) milling, shows
brown particles with an average size of 0.53 mm ( Figure 1). The content of fiber in
buckwheat bran is 16 times higher than that in wheat flour. Addition of buckwheat bran to
wheat flour, in quantities of 7.3, 10.9 and 14.6% provides 20, 30 and 40% of the
recommended daily amount for dietary fiber by consuming 277 g of bread (Shevchenko et
al., 2022).

Introduction of buckwheat bran in the recipe of wheat bread resulted in an increase of
total gas formation during fermentation from 1276 to 1334 cm?® of CO,/100 g of dough in
comparison with 1192 cm® of CO,/100 g of dough in the control, which indicates an
intensification of the fermentation activity of yeast.

Meanwhile, addition of buckwheat bran led to change of structural and mechanical
properties of dough, which augmented its water absorption capacity, duration of formation,
springiness and extensibility, and decreased elasticity and stability. Interestingly, at the
dosage of buckwheat bran of 7%, related to weight of wheat flour, all parameters were almost
the same as for control. Thus, addition of buckwheat bran in an amount of 7% to wheat flour
allowed to increase nutritional value of bread while keeping its high quality.
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Utilization of plant processing wastes in confectionery products

Grapes (Vitis vinifera) are one of the world's largest fruit crops with production of 73.5
million tons in 2021 (Statista, 2023a). Approximately 75% of produced grapes is used in
wine-making, and 25 — 30% of this amount is waste (Beres et al., 2017). This waste called
grape or wine pomace includes seeds, skins, pulp residues and stalks (Antoniéet al., 2020).
Waste from wine production is used as fertilizer or animal feed, but very often it is left in
open fields causing environmental pollution (Dwyer et al., 2014). Meanwhile, grape pomace
has valuable chemical composition and in recent years there is a lot of research considering
its application as an ingredient in the food production (Garcia-Lomillo et al., 2017).

Flour-based products, the most popular and the most frequently consumed ones among
the confectionery, have high energy value due to containing ef wheat flour, sugar, and fat,
meanwhile their nutritional value is low (Oruéevié Zuljevié and Akagi¢, 2021). Thus, these
products are needed to be enriched with ingredients that have high biological value. In
Ukraine 124.2x10° tons of grapes were used for production of wine in 2019 generating 3.7
x10° tons of seeds, and 12.1x10°® tons of skins (Osipova et al., 2021). Application of grape
seeds and skin, containing protein, lipids, fiber, minerals and polyphenols, in preparation of
flour-based confectionery products, were proposed (Grevtseva et al., 2023). Three value-
added products from grape seeds and skin were produced. Grape seeds and skin were
separated, then dried at temperature of 60 °C and then grinding to obtain grape seed powder
(particles with size 20-30 um), and grape skin powder (particles with size 30-50 um). A
third byproduct, grape seed cake powder, was obtained from grape seed powder by cold
pressing to produce grape oil followed by grinding to particles with a 2030 pm size.

Grape seed powder was proposed as a substitute of cocoa powder, which is traditionally
used in confectionery coatings technologies. Confectionary coating is made from sugar, fat,
cocoa powder, emulsifiers (lecithin), stabilizers, flavoring substances (vanillin), and powder
milk, which largely determines the appearance of the flour confectionery products.
Altogether, coating reduces the rate of fat oxidation, could improve the product flavor and
taste, and enhances product nutritional value. It was shown that chemical compositions of
grape seed powders are richer with polyphenols, dietary fiber, minerals, and vitamins than
cocoa powder. Thus, grape seed and grape seed cake powders contained total phenols 1.8
and 2.0 times, fiber 1.1 and 1.2, and vitamin PP 1.5 times higher than cocoa powder,
respectively. Amounts of B-group vitamins (thiamine, riboflavin, and pyridoxine) were also
higher in grape powders. In addition, they contain vitamin B12 (cobalamin), which is
completely absent in cocoa powder. It has been shown that the replacement of 20% cocoa
powder with grape seed powder increases the stability of the finished product during storage
by suppressing fat oxidation and microbial activity due to the increased content of
polyphenols in the coating. Cookies, gingerbread and waffles with coating with grape seed
powders crumbled less and were characterized by better preservation of taste and aroma, as
well as an increased shelf life due to inhibition of oxidation and hydrolysis of fats.

Grape seed and grape skin powders were used in preparation of butter biscuits, which
have as main components wheat flour, butter, and sugar; thus, they contain a lot of fat and
carbohydrates and few bioactive compounds. Partial replacement of wheat flour with grape
seed cake powder, 20%, or grape skin powder, 16%, enriches the product with dietary fiber,
polyphenolic compounds, minerals and vitamins (Table 2) (Grevtseva et al., 2023). Plant
additives were added during the emulsification step with oil as antioxidants. Addition of plant
supplements did not change physicochemical and sensorial properties except the colors,
which changed from golden to chocolate in case of grape seed cake powder, and chocolate
with a purple tint in case of grape skin powder applications. Meanwhile, the content of the
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dietary fiber with the addition of grape seed powder increases from 0.3 to 31.2%, and grape
skin powder from 0.3 to 24.5%. Incorporation of grape powders in dough ensured its texture;
strengthening resulted in increased stability during the formation of biscuits and a better
preservation of their shape.

Ukraine is the world's leading exporter of sunflower (Helianthus annuus) oil, which
produced 4.08 million tons of sunflower oil in 2022/2023 (Statista, 2023b). After extracting
oil from sunflower seed kernels in an extruder, the remaining cake is grinded to obtain a
fraction with a particle size of 350-400 microns, used as animal feed, and a fraction with a
particle size of 90-110 microns can be used in flour confectionery (Tsykhanovska et al.,
2023). This fraction, flour from extruded sunflower seed kernels (FESSK), has low moisture
content, 4.7%, which will protect it from rapid mold development during storage. It contains
4 times more protein, 5 times more fat and fiber than wheat flour. The content of unsaturated
acids in FESSK fat is 84.78+4.18% from total fatty acids, and the main acids are linoleic,
C18:2(w-6), 65.05%, and oleic, C18:1(w-9), 19.32%. FESSK could be used in flour
confectionery for partial replacement of wheat flour. High soluble protein content, 32.31
9/100 g of FESSK, ensures its emulsions properties and helps in foam stabilization. Thus,
replacing 10% of wheat flour with FESSK in the recipe of traditional gingerbread resulted in
improving technological parameters, for instance by increasing viscosity and improving
emulsification and gelation of the four systems. The amount of bound water in gingerbread
with FESSK increased by 20% which allows improving wetting by 20%, chewing by 11%,
crumbling by 33% and prolonging the shelf life of the final product. Incorporation of FESSK
in wheat flour resulted in activation of biochemical processes that leads to decrease density,
increase porosity, and improvement of texture of the gingerbread. Altogether with higher
quality properties, gingerbread enriched with FESSK had higher contents of protein, minerals
and fiber (Table 2). Thus, the use of secondary products from the sunflower oilseed industry
in preparation of flour confectionery allowed to convert waste to value-added products
increasing their nutritional and sensory characteristics and it is in line with an eco-friendly
strategy for organic waste minimization.

Conclusions

Food waste is a big global challenge and its reduction is a way to a better preservation
of food resources, protection of the natural environment, and at the same time increasing the
productivity of the food system. Meanwhile, plant processing waste, which is usually
disposed of or partially used for animal feeding, contains valuable substances that can be
involved in preparation of different food products, particularly in bakery and confectionery.
This strategy is especially relevant for regions of the world with developed agriculture
systems.

It was shown that different wastes from cereal, fruit, and vegetable processing such as
oat and buckwheat brans, pumpkin flour, and pumpkin cellulose could be successfully used
in production of bakery goods by increasing their nutritional value and functionality;
meanwhile waste from winery and oilseed could find their application in confectionary. It is
essential to maintain and preferentially increase the high quality of products; thus, based in
different previous studies, it is necessary to replace wheat flour with a plant additive in
amounts not exceeding 10%.

In brief, future research should involve the importance of increasing the level of plant
wastes while producing new food products of high quality and high level of acceptability.
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AHoTauii

XapuoBi TexHonorii

®@i3uko-xXiMivHi Ta peoJIoriyHi BI1aCTHBOCTI M’ICHUX MAIITETIB 3 BUKOPUCTAHHAM
cycrneH3iil KyKypya3siHOro KpOoXMaJji0, BUTOTOBJIEHUX HA eJIEKTPOXiMiuHO
AKTHBOBaHiii Boai

Awnnpiit Mapunin, Bnagucnas lnak, Bacuns [Maciunmi,
Poman Cesaruenko, €Brenis [yoina
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. Meroto nociikeHHs 0yi10 BU3HaUEHHS BIUIUBY €JIEKTPOXIMIYHO aKTUBOBAHOI BOAU
Ha PEOJIOTIYHI XapaKTEPUCTHKH CYCIICH31H KyKypyI3sSHOr0 KPOXMAJIO Ta MAIITETIB 3 IX BMICTOM.

Marepiaiu i metogu. CycneHsii KyKypya3ssHOIO KpaxMalllo FOTYBaJId Ha apTe3iaHChKii
BOJIi, IKY aKTUBYBAJIU €JIEKTPOXIMIYHOIO 00pOOKOI0 Ha AiadyparMoBoMy enekTpodizepi. Dizuko-
XiMiYHI MTOKAa3HMKHM aKTHBOBAHOI BOJM BHU3HAYaiM 3a gornomoror ¢oromerpa Palintest 7500.
Mopdomnoriusi  TOCHI/PKEHHS KPOXMAJbHHX TpaHyJd TIpPOBOIMIM METOIOM CKaHyBaJbHOI
€JIEKTPOHHOI MiKPOCKOIIi1, a TPaHyJIOMETPUYHUH CKJIa] BU3HAYAIHM METOIOM J1a3epHOI AudpaKiii.
Peostoriuni BIacTUBOCTI KPOXMaIbHUX CYCIICH31H 1 AIITETiB BUBYAJIM 32 JONOMOIOI0 PEOMETpa
Kinexus Pro+.

PesyabraTtu i o0ropopennsi. ®Oi3uKo-xiMiuHi NOKa3HUKU SIKOCTI aKTHBOBAHOi BOIH 3a
BciMa XapakTepuCcTHKamH, OkpiM pH, BiamoBimaroTh BuMoram JIMpeKTUBU E€BpOIEHCHKOrO
mapiaMeHTy Ta Paau momo SKOCTI BOAM, IPU3HAYCHOI [UIS CIIOKHMBAHHS JIIOJHUHOIO.
BononornuHanbHa 3IaTHICTH KPOXMaJIIO TPH NPUTOTYBaHHI HOro CyCHEH31 Ha KaToJiTi
(OTpUMYIOTH NIPH MPOIYCKaHHI MOCTIHHOTO EJIEKTPHUYHOTO CTPYMY Yepe3 BOIly B KaTOIHIN Kamepi
eNIeKTpoIIizepa) 3HIKYETbesl Ha 26%, a IpU MPUroTyBaHHI Ha aHOMNITI (OTPUMYIOThH y NPOLECI
peakiiii OKHCIEHHs BOAM Ha aHOAI) HmiaBHUIIyeThcsl HA 18%. 3HaUeHHS BOJIOTOYTPHUMYBAJIBHOT
3JIaTHOCTI TiIPaTOBAHOTO KPOXMAJIO MPHU 3aCTOCYBAHHI KaTOMITy 3HMXKYeTbes Ha 10%, a mpu
BHUKOPHCTaHHI aHOJITY MiABUINYeThCS Ha 36%. [TokazaHo, 1110 eNeKTPOXiMiYHO aKTHBOBAHA BOAA
Ma€ 3HAYHUI BIUIMB HA PEOJIOTIYHI TMOKAa3HUKH KPOXMAIBHHUX CYCHEH31H: 31 30LIbLICHHAM
BIJICOTKa KOMIUIEKCHOI AedopMalii 3cyBy Hampyra 3CyBY IMPOMOPLIHHO 3pOCTa€e Ajs 3pasKiB
CyCIeH3iil, BUTOTOBJICHUX Ha aKTUBOBaHiil BoAi. B’s3k0-enacTU4Hi BIACTUBOCTI KPOXMaJIbHUX
CyCIeH31i, BUTOTOBJICHUX i3 3aCTOCYBaHHIM €JICKTPOXIMIYHO aKTHBOBaHOI BoAM siK mpu 25°C,
Tak 1 npu 68°C, TOKIIOTH 0 iN€abHO €MACTUYHOTO Tellt0, TOOTO MalTh OiIbII ENACTUYHY
CTPYKTYpPY, HDK KOHTpOJbHI 3pa3ku. [lix nmiero medopmarii 3cyBy enacTHuYHI BIACTHBOCTI
BTpPAvarOThCs, NPU IHOMY CYyCIeH3ii HaOyBarOTh B’A3KOCTI (3HaueHHs (a3oBoro Kyra
30IBIIYIOThCST). MakcUMajabHEe 3HAUCHHS  BOJIOTO3B'S3YBalbHOI  3[aTHOCTI  MAMITETIB
CIIOCTEPIranocs MpH 3aCTOCYBaHHI KPOXMaJbHOI CYCIEH3ii, MpUroToBIeHol Ha aHomiTi. Kpamri
3HAYCHHS PEOJIOTIYHUX TOKA3HUKIB TMAIITETIB OTPUMAHO TIPU 3aCTOCYBaHHI KPOXMaJbHOI
cycneHsii 3 2% KpoXMairo Ha aHOJITI.

BucHoBkH. ENekTpoxiMiuHO aKTMBOBaHa BOJAa Ma€ 3HAYHHUN BIUIMB Ha (Di3MKO-XIMIuHI i
PEOJIOTIYHI XapaKTepPUCTHKK HamiBpaOpHKATIB, 30KpeMa CYCIICH31l KYKYpYI3sHOr0 KPOXMAIIO,
Ta MAIITETIB 3 iX BUKOPHCTAHHAM, 1 CIIPHSIE KPAIIOMY CTPYKTYPOYTBOPEHHIO IOCIIIKYBaHUX
XapyOBUX CHUCTEM.

KuarouoBi cioBa: xkpoxmans, nawmem, M ’sco, peonois, 8 A3KiCmb, aKMueosama 600d,
enekmpoximiune 00poOIeHHsL.
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BioakTuBHuii mpodine pizkkoBoro aepea (Ceratonia siliqua L.), KyJIbTHBOBaHOT 0 B
arponpogoBoabuoMy cekropi €sponu ta IliBHiuHOI Adpukn

Tatsira Kamkanapa, €erenist KoBanboBa, Aypika UipcaHoBa,
Bionina [TonoBuu, Okcana Pany, Ponina CimiHrok
Texuiunuii ynieepcumem Monoosu, Kuwunis, Pecnybonika Monoosa

Beryn. IIpoBeneno mocmimpkenHs (i3nko-XiMIi4HOTO CKJIaay 0001B 1 M’SIKOTI CTPY4KiB
PIXKKOBOTO JiepeBa, IO MOXO/SATh 3 YOTHPhOX KpaiH.

Martepianu i merogn. Oxapaxrepn3oBaHo (i3MKO-XIMI4HI BJIACTUBOCTI PIXKKOBOTO
nepeBa (Ceratonia siliqua L.), KyTbTHBOBAHOTO B Pi3HUX KpaiHax — MomnoBi, Aypkupi, [Tamii
ta Icmanii, 3a BMmicTom MiHepaniB (Ca, Mg, Fe), kaporuHOiniB (B-KapOTHH, JiKOIEH,
3eaKCaHTHH) 1 BMicToM Xjopodiny (a-xmopodin 1 b-xymopodin). AHTHOKCHIAHTHY
AKTUBHICTh OIONOTiYHO AKTUBHHMX CIOJNYK BH3HAYAIM MOJCTIOBAHHSIM ILTYHKOBO-
KHUIITKOBOT'O TPABJICHHSL.

Pe3yabraTn i 06roBopenns. [lopiBHsHO 3 BupoieHUMH B AJpkupi, Icnawii Ta Itanii,
3pa3Kd IUIO/IIB MOJJIABCHKOTO PIXKKOBOTO JiepeBa MICTATh OUIbIIY KUIBKICTH 010JIOTYHO
AKTHUBHUX CIIONYK, Y ACIKUX HOSI/ILIiﬂX 3HAYHO NEPEBUITYIOYHN [TOKAa3HUKH pi)KKOBOFO JACpeEBa
13 3a3HaUeHNX perioHiB. Tak, BMICT MiHepalbHIX PEUOBHH y nepepaxyHky Ha Ca, Mg i Fey
MOJITABCHKUX 3pa3kax piXKOBOro nepesa OyB BummM y 1,1-1,7 paza. Taki xx TeHneHuii
3aikcoBaHi 11010 BMIiCTY KapOTHHOIIB y 600ax piXKKOBOro JepeBa MoioBu: -KapoTHH
13,610 mMr/100 r cyxoi peuoBunu (CB); mikoneny 19,882 mr/100 r cyxoi peuoBuHH Ta
3eakcanTiHy 20,709 mr/100 r cyxoi peuoBWHH, sIKi OyJM 3HAYHO BHIIMMH TMOPIBHSHO 3i
3paskamu 3 Amkupy, Icnanii Ta Itami. BigmiHHOCTI 32 BMicTOM O0i0JIOTiYHO aKTHBHHX
PEYOBUH MIX IIJIOIAMH PIXKKOBOTO AiepeBa 3 MOJIZIOBH Ta HIIMX PErioHiB OYJIM CYTTEBHMHU.
Haii6inpimum BMicToM xsiopodiny BigzHauanucs 3pasku 3 Iranii — go 1,1 mr/100 r cyxoi
peuoBuHH. EBONIOLIS aHTHOKCHIAHTHOI aKTUBHOCTI OIOJIOTIYHO AKTUBHUX CIIONYK, SKa
BigOyBanacsi d4epe3 IUIYHKOBO-KMIIKOBE TPABIICHHS, MiATBEpAWIa (QYHKIIOHATBHUNA
npodisab CTpyuKiB piXKKoBOro jepeBa ta 0600iB. Tak, aHTHOKcHAaHTHA akTHBHICTH DPPH
(2,2-nudenin-1-mikpuiriapasun) 610aKTUBHUX CIIONYK Y TUIOJaX 3 PI3HUX PETiOHIB CBITY ITi[
Yac MOJIENIOBaHH: ITYHKOBOT'O TpaBJIeHHs 3pocia 3 38—48% no 60-74%.

BucnoBku. Yotupu nociipKyBaHi 3pa3ku 000iB 1 CTPYYKIB PIKKOBOTO JepeBa, IO
MOXOMATh 3 PI3HUX PErioHIB CBITYy, OYJU CXOXKHMH 32 CBOIM OlOAKTHBHHM ITOTEHIIIAJTIOM.
PixkoBe nepeBo 3 MoJ110BH € HalKpaliM 3a BMICTOM MiHEpaJIbHUX PEYOBHH, [3-KapOTHHY,
JIKOIeHY, 36aKCaHTHHY Ta AaHTUOKCHIAHTHOI aKTUBHOCTI.

KunrouoBi ciioBa: piosickose depeso, cmpyyok pisncko6020 depesa, MiHepaIbHa CHOYKA,
KapomuHoio, X10poghin, anmuoKCUOAHMHA AKMUBHICb.
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XapakTepucTHKA NPOTEOTITHYHOI AKTHBHOCTI KapnaTchbKOro TpaAuLiiiHOro pigkoro
MOJIOKO3TrOPTAJILHOT 0 Npenapary

Bononumup HOxano, Onsra Kpyna, Karepuna Jammmus, Jlroamuna Ctopox
Tepnoninbcokuil HayioHATLHUL MeXHIYHUL YHieepcumem imeni leana I1ymos

Beryn. B Vkpaincekux Kapnarax anst BUpOOHHMITBA TPaJWIIHHUX M SKUX CHpIB
BHUKOPHCTOBYIOTH CIIEIiaJIbHUI piakuii Mosoko3ropransHuii npenapat (KPMII). Beaxkarots,
mo KPMII 3abe3neuye xapakTepHi OpraHOJIENTHYHI BIACTHBOCTI TPAAMIIIITHUX KapraTChKUX
cHpiB, Takux sik OpuH3M 1 Oyn3y. Ockinpku KPMII paninie He BUBYaBCsl, METOIO JIOCIDKEHb
€ XapaKTEePHUCTHKA HOr0 MOJIOKO3TOPTAIBHHX 1 MPOTEONITHIHUX BJIaCTHBOCTEH.

Martepianu i metonu. [Ipenaparu KPMII pizHoro repminy 30epiranss Oynu oTpuMai
3 (epMmepchkux rocrogapcts BopoxTtun. Mosjoko3ropranbHy aKTHBHICTh BHU3HAuyalld 3a
meronoM Cokcnera. Bwmict 6inkiB y 3paskax KPMII nmocmimxyBamu 3a K’emppanewm.
I'omorenHi osi-, B- 1 ®-Ka3eiHOBI cyOCTpaTH BHAUISUIM 32 JIOTIOMOTOK TpENnapaTHBHOIO
enexktpodope3y. KoHIeHTpalito IpoayKTiB MPOTEOITi3y Ka3eTHOBUX CYOCTpaTiB BU3HAYAIH
cnekrpodoromerpuuno. CnenudiyHicTh MPOTEONi3y Ka3eiHOBUX (pakiliii BCTAHOBIIOBAIN
AQHAJIITUYHUM EJIeKTPOPOPE3OM.

PesyabTatn i odrosopennsi. J{ns KPMII xapaktepHa BHCOKa MOJIOKO3rOpTajbHA
AKTHMBHICTB, SIKa JICIIO HWXKYa, HDK y CTaHAAPTHOIO CHYY)KHOTO (hepMEeHTY, 1 Oau3bKa 110
TBEPJIOr0 MOJIOKO3ropTabHOro Ipenapary «I'nek». BeraHoBneHO, 1110 MOJIOKO3ropTalibHa
aktuBHicTh KPMII 3pocrae Ginbin Hixk y 3 pa3u mpH ioro 30epiraHHi, o 00yMOBJIEHO
npolecaMy eKCTPAaKIii MPOTEOTITUYHNUX €H3UMIB 3 KIITHH HUTYHKIB TBapuH. TpHBaiicTh
koaryisiuii cBixkoro KPMIT cranoButh 159 xB, a micis 18 MicsiiiB 30epiraHHsi CKOPOUy€eThCs
10 49 xBuiIMH. MOJIOKO3ropTaibHa aKTUBHICTB ISl CBIKOTO Ipenapary cranoButh 2515 SU,
Tofi sk micist 18 micsuiB 30epiranns 3pocrae qo 8100 SU.

[Ipu BHUpOOHMLTBI KapraTchbkoi OpWH3M 1 OyA3y AOLIJILHO BUKOPHUCTOBYBATH TaKy
kinbkicte KPMII, sika 3a0e3neuye movaTok 3ropranHs monoka mnpu 33-35 °C uepe3 20—
25 XBWIMH. AHali3 MPOAYKTIB MPOTEOJi3y Ka3eiHOBUX CyOCTpPaTiB €NeKTPOPOPETHYHHUM i
CHEeKTPO(OTOMETPUUHUM METOJAMH CBIIYHMTH Mpo BHCOKY crenudiunicte KPMII no -
kazeiny. Taka  crmenugiuHicTh  XapakTepHa Ui OYHIIEHOTO  MPHPOAHOTrO
MOJIOKO3TOpTaJIbHOTO (hepMeHTy — XiMo3uHy. Bognouac KPMII, Ha BiaMiHY Bif IENCUHY i
MEHIIIO0 MIPOFO — BiJl CTAHIAPTHOI'O CHUYXKHOTO (PePMEHTY, IPAKTHIHO HE PO3IICILIIOE 01~
1 B-ka3eiHoBI cyOcTpaTy.

BucnoBku. BusiBieHo mio monokosropranbHa aktuBHicTe KPMII y mporeci iioro
30epiranas 10 18 micamiB 3poctae BTpuui. 30epiraHHs moHan 18 MicAmiB HE MMiABHILYE
akTuBHICTH eH3uMiB KPMII, OCKibKY 3yNHHSAETHCS IXHS €KCTPAKIIIS 13 CEKPETOPHHUX KITITHH
IUTYHKIB, IPOXOISATH JIUIIE MPOIeCcH AeHaTypallii. 3a crerudiuHiCTIO IPOTeomi3y ds1-, B- 1
x-kazeiHoBuX cyOctparie KPMII Omm3pkuii 10 XIMO3MHY 1 € BHCOKOSKICHUM
MOJIOKO3TOPTaJIbHUM IIPENapaToM.

KalouoBi cioBa: monoko, Koacynamm, npomeoniz, KaseinHogi cybcmpamu,
enexmpogopes.
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IlopiBHsJIBHE XOCTIZKeHHS JINIA3HUX NPENAPAaTiB /15l €eH3UMHOI0 JeTryMiHTy
COHSIIIIHMKOBOI OJIii

Tamapa Hocenxko, Jliana XKymanosa
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. Bunydennst ¢ocdonimigiB 3 pOCIMHHUX ONIH € BaXIJIMBOIO CTa/i€l0
BUpOOHMUTBAa padiHoBaHMX oniil. EH3MMHMI JgerymiHr pociauHHHX —oOmiid  OyB
3alporOHOBaHUK ISl MiJABHINEHHS e(QEeKTUBHOCTI BuiIydeHHS (ocdomimiai. Meroto
JOCII/DKEHHsI € BHM3HAYEHHS BIUIMBY HOBHX JIIMIA3HMX NpernapariB Ha e(eKTUBHICTh
JIETYMIHT'Y COHSIIIHUKOBOI OJIi.

Marepianu i merogu. ®epmentni npenapatn Lecitase® Ultra, Quara® Boost Ta
QuaraLowP, oxmepxani Big xommnanii Novozyme ([lanis). Bmict docdopy B 3011 omii
BU3HAYATH (DOTOMETPUYHUM METOAOM. KHCIOTHE, MEPOKCHUIHE Ta YHCIO OMHJICHHS
BU3HAYAIN CTaHJIAPTHUMH METOJaMH. AHTHOKCHJIAHTHI BJIACTHBOCTI OJil BH3HAYAIH 32
peakuiero racinis paaukanis 2,2-audenin-1-nikpinrigpazmry (DPPH).

Pe3yabraT i 00ropopennsi. EH3UMHUI AeryMiHT COHAIIHUKOBOI OJii MPUBOIUB 10O
301IBIIEHHST BUXOAY OJIil MOPIBHAHO 3 BOAHHUM JAEryMyBaHHSAM. Buxia rigpartoBaHoi ool
craHoBMB 98% IIpH BUKOpUCTaHHI eH3uMHOro npenapaty Quara®Boost, mo Ha 1,5% Bumie
NOpIBHSHO 3 BOAHUM JieryMiHroM. Bukopucranus Lecitase® Ultra ta QuaraLowP
30inburyBao Buxia omii Ha 1 1 0,5% BiqmoBiIHO TOPIBHSHO i3 BOJHOO Tijgparaiieto. Bmict
¢docdomnimigiB 3menmryBaBess 3 0,4% y cupiii onii g0 0,2% micns BOAHOTO NETYMIHTY.
JlonaBaHHA €H3MMHHMX INpENapaTiB CYTTEBO 3MEHIIYBAJIO BMICT (ocoinmiaiB, eH3UMHHN
neryminr 3 Lecitase® Ultra i QuaraLowP 3meniyBaB BmicT ocdomniniais go 0,08 Ta 0,06%
Bianmosinuo. Tiaparanuis ¢pochoninigis i3 pochoninazoro C (Quara®Boost) Mana HaiiBuILy
eeKTUBHICTh, 3aTUIIKOBUI BMicT (ocdomininiB cranosuB 0,04% y nepepaxyHKy Ha
CTEapOoOJICONCLUTHH, 1110 BiAnoBigae 16 mr/kr BmMicty pocdopy. 3MeHIIeHe 3HaUSHHS YK
omumieHHs (191,5 mr KOH/r) 3pa3kiB COHSIIIHUKOBOI OJIii, TiZIpaTOBaHUX 3a JOIOMOTOI0
¢docdomninazu C, miaTBEpIUSIO YTBOPSHHS AiaunumiriineponiB. HalBummii BMICT BUIBHUX
JKUPHUX KUCIIOT Y COHSILIIHUKOBIN 0ii OYB miciisi geryminry 3 npernaparom Lecitase® Ultra,
KUCIIOTHE 4mciio 30utbmryBasioch Bin 0,86 B cupiit omii mo 2,7 mr KOH/r. ITlpenapar
QuaralLowP, sikumii Takok Mae akTuBHICTH (ocdoninazu Al, HecyTTeBO 301NbIIyBaB
KHCJIOTHE YMCIIO OJIii HOPiBHSAHO i3 cuporo omieto. Jleryminr i3 mpenapatom Quara®Boost He
BIUIMBAB HA BMICT BIJIbHUX YXHPHUX KHCIIOT, KHCIOTHE YUCIIO OYNIO HaBiTh HWXYE, HIK Y
3pa3Ky ouii micis BOJAHOrO JeryMiHry. IlepokcujHe 4HCIO OJii BHACHIJOK E€H3UMHOI'O
JEeryMiHTYy Oyino HWK4MM 3a 3HadeHHs 1 MMonb 1/20/kr, BogHO4Yac MiCisi BOJHOTO
JETYMIHTY 1I€ 3Ha4eHHs CTaHOBWIO 2,6 MMonb 1/2 O/kr. Bei 3pa3ku COHSIIHUKOBOT OIii
MaJu noAiOHy aHTHOKCHIaHTHY 37aTHicTh — 30—-36% mnoraiennx BinbHUX paaukanis DPPH
npotsaroM 30 XBIIJIHH.

BucnoBku. Omxe, HaiiBuia e(peKTUBHICTh ACTYMIHI'Y COHSIIHHKOBOI omii Oyrna 3
npenaparoM Quara®Boost, skuii Mae akTuBHicTH pocdoninazu C. JleryMiHr 3a JOIOMOIOKO
Quara®Boost cynpoBoIKYBaBCs HAMBMIIMM BUXOJOM OIIii, HaliMeHIIMM BMicToM (ocdopy
Ta BUIBHUX JXHPHHUX KHCIIOT, HU3BKMM 3HAYCHHSM IEPOKCHIHOIO YHCJIa Ta BHCOKOIO
AHTHOKCHIAHTHOIO 3AaTHICTIO OJIEPXKAHO]I OIii.

KuarouoBi ciioBa: ensumu, decymine, pocghoninasa, coHAWHUKOBA OIS
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AHaJ1i3 MOJI0YHOI CHPOBHMHH, 1110 BHKOPUCTOBY€EThCS VI BUPOOHUIITBA
HIBeHIapchKOro cupy «JopHa» B pi3Hi ce30HH

Hekyna lopy'?, Tamac-Kpymne OxkraBis', ®eneman Jlapial,
Mapnanina Yarypsany-Ora?3, Ornsu Jlaypenuiy*
1 — Vuisepcumem acpapuux nayx i semepuraproi meouyuru Knyoc-Hanoxa, Pymynis
2 — Hayionanohutl incmumym eKoHOMIYHUX docaiodcensb, Bampa [lopueii, Pymynis
3 — Vuieepcumem «lllmeghana uen Mapey, Cyuasa, Pymynis

Beryn. Meroto gociikeHb € aHaii3 XIMIYHUX 1 TiTi€HIYHO-CaHITapHUX BJIACTHBOCTEH
MOJIOKA, 10 BUKOPHCTOBYETHCS y BHPOOHMIITBI INBEHIIApChKoro cupy «JlopHa» 3a maBa
CEe30HH, a TAKOX JOKYMEHTYBaHHSI OCOOIMBOCTEH TEXHOJOTII.

Martepianu i Merogm. 3pa3ku MOJOKa, HIO BUKOPHCTOBYIOTHCS Y BHPOOHHIITBI
LIBEHIIAPCHKOTO CUPY, TOCIIIKYBaM JJBa CE30HU (BIITKY Ta B3UMKY). BuzHauamm xiMiuyHui
cknaj, pH Ta ririeHiuHO-caHITapHI ITOKa3HUKH.

Pe3yabraTn i 06roBopenns. OCHOBHOIO OCOOJIMBICTIO 00pOOJIEHHS IIBEHIIAPCHKOTO
cupy «JlopHay € koarymdiis B MiIHHX pe3epByapax CyMilli HENacTePH30BAHOTO MOJIOKA
(70%) 3 nOBiBHO MACTEPU30BAHUM MOJIOKOM 3a Temrepatypu 65 °C (30%). XimiuHuii ckian
1 Tiri€eHIYHO-CaHITApHI MOKa3HUKW MOJIOYHOI CHPOBMHH MAarOTh BHpIIIAIbHE 3HAUSHHS VIS
OTPUMaHHS BHUCOKOSAKICHOI'O MIBEHIIAPCHKOTO CHUPHOro MpOAYKTy. EBoimiomis OCHOBHHX
XIMIYHHX BIIACTUBOCTEH MOJIOYHOI CUPOBMHH BUSIBHJIA 3HAYHI Bapiamii B JIITHINA 1 3MMOBHI
CE30HH I110/I0 BMICTY JKHPY, 3arajibHOro 0iKa 1 Ka3eiHy. 3HaueHHs 3aralbHOro COMaTHYHOTO
yucna Oylno BUIIMM Yy JITHIA CE30H, SIKIIO TOPIBHATH 13 3MMOBHUMH IIOKa3HHKaMH
(201,75x10° mporu 78,45x103 xmiTum/Mi). 3arajgbHa KiUIBKICTH OakTepiii  Takox
JIEMOHCTPYBaJla HU3bKi 3HAYCHHsI 13 Jy)Ke LIUIbHUMH KOJIMBAHHIMU B JITHIN 1 3UMOBHIA
cesonu (81,70x10° mporu 87,65x10° KYO/mn), sxi OyaM HUKYUMM TOPIBHSHO 3
MIOKa3HUKaMH, IPEACTABICHUMH B €BPONEHCHKUX CTaHgapTax. BMicT Jxupy BIITKY
konuBaBcs Bif 3,32 1o 4,67%, a B3umky — Biag 3,86 no 3,25%. Bigminnocri (p<0,05) mono
BMicCTy Oiika 1 Ka3eiHy croctepiranucs Mk cesoHamu (3,15% 1 2,55% BiAnoBiAHO BIITKY
npotu 3,32% i 2,68% B3uMmKy). Bmict makro3u OyB BuumM y mitHiit nepion (4,62%), y
3umoBuit —4,25%. Bmict 3aranbHoOi cyxol peuoBHHH 1 3HEXKHUPEHOI CyXOl pPEeYOBHHH MOJIOKA
BJITKY OYJIM HIDKYMMU IOPIBHSHO 13 3MMOBHUMH Toka3HuKamu (11,98% ta 8,54% BinmoBigHo
npotu 12,86% Ta 8,95% BianoBiaHO). 3pa3ky MOIOKa NOKa3aIM HIKY1 3HaueHHs pH BIiTKY
(6,37) mopiBusiHO 3 3uMoBUMH (6,60), pizHuIs Oyna gocroBipHoo npHu p<0,05. Otpumano
JOCTOBIpHI KopersiiHi 38’s3ku (p<0,05) Mik XIMIYHUMH XapaKTEpPUCTUKAMHM MOJIOKA i
CE30HOM. 3arajbHU{ aHali3 OCHOBHHX XIMIYHHX CKJAQIiB 1 CaHITApHO-TITi€HIYHUX
MTOKAa3HHUKIB MOJIOYHO! CHPOBHMHH BHSIBHB HEBEJIHKI 1HAWMBITyallbHI KOMMBAHHS, 110 BUKITFOYAE
Oynb-sSKWH pU3UK BIUIMBY HAa BUPOOHUKA, IIEpepOOHHKa a00 CIIOKHUBAYA.

BucHoBok. /[nHaMiKa Tiri€HIYHO-CaHITAPHUX MTOKa3HUKIB MOJIOKA ITOKA3aJia, 110 BOHH
BiMOBIAIOTH 3aralbHONMPUAHITIM BUMOraM. OcoOnMrBOCTI BUPOOHHUIITBA MIBEUIAPCHKOTO
cupy «JlopHay MOJNATAIOTH Y HOEXHAHHI SKOCTI MOJOYHOI CHPOBHMHM Ta BHKOPHCTAHHS
MiTHUX pe3epBYapiB, a TAKOXK MOBITHHOI YaCTKOBOI MACTEPH3allii, 0 CHPHUSIE YHIKATbHIM
XapaKTePUCTUKAM KiHIIEBOT'O IIPOAYKTY.

KuarouoBi ciioBa: cup «Emenmansy, weetiyapcokuti cup, cup «opHay, MoaoKo.
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XapuoBa Xximisi

Buznauenns ¢popmu xap4uoBoi nodaBku nuHk-k06anbT(Il) docdary, criiixoi xo aii
BHCOKHX TeMIlepaTyp

Hanis Antpanmesa’, Onena ITono6iit?, Tanuna bina?
1 — Hayionanvhuii ynieepcumem 6iopecypcis i npupoooxopucmysanus Yxpainu, Kuis, Ykpaina
2 — Hayionanvruil yHigepcumem xap1oeux mexuonoeiu, Kuis, Yxpaina

Beryn. JlocnmimpkeHo mporiec 3HEBOAHEHHS IMHKY-KoOanbTy(Il) docdartie mix dac
TEIUIOBOI 00POOKH.

Martepianu i MeToau. SIk OCHOBHI 00’€KTH JOCIIIKEHHS! BUKOPHUCTOBYBAIM LIUHKY-
kobanbTy(Il) pocharTu Terparigparu. BmicT iHrpenieHTiB y cknazi ¢pocdariB Takuid, % mac.:
Zn —41,8-235; Co — 2,3-12,8; P — 13,6-13,8; H,O — 16,1-16,3. JTocmimkeHHs mporecy i
MPOYKTIB Jeriapartaiii BUKOHYBaIU CIEKTPATBHUMH MeTomaMu. [U CreKTpu MOrTHHAHHS
sancyBai ripu 20 °C 1 =190 °C, a takox y mpotieci HarpiBaHHsi ¢ocdati. Bukonysanu
PEHTIeHIBChKHIT (ha30BHI aHAaI3.

PesyabraTu i 06roBopenns. B ctpykrypi npHky-kobansTy(Il) dhocdaris icHyroTs 1Ba
BUM KpUcTasorpadiuHo HEIJeHTHYHHX Moliekyn Bomu, OH-Tpynu sKuX yTBOPIOIOTH
JKOPCTKY CHCTEMY BOJHEBHUX 3B’s3KiB, PI3HMX 3a MIIHICTIO 1 cripsiMoBaHicTiO (Big 29,35—
30,48 x/x/monp y rpymi OH...OPOs mo 12,48-13,31 x/[x/Monb y rpyni OH...H20).
Enepris H-3B’s3kiB, 3B’s13KiB KaTiOH-BOJa Ta aCUMETPisi MOJIEKYJ] BOJH MOCHJIIOIOTHCS 3i
30UIBLICHHSAM BMIiCTYy KoOanbTy Big 2,3 mo 12,8 % mac., 1m0 nmoB’si3aHo 3 OUIbII CHIBHOIO
MOJISIPU3ALIHHOI0  JII€l0 KOOANbTy Ha MOJEKYJIH BOIM, SIKI CKJIaJaroTh HaHOmmK4e
KOOp/IMHALlIHE OTOYEHHSI KaTioHa.

[Tix gac reroBoi 00pooku nuHK-kob6aNbT (I11) pochatn Tepmiuno criiiki go 85-90 °C.
[Ipu nmojanbiioMy HarpiBaHHi BiIOYBa€ThCS iX 3HEBOAHEHHS 3 IOMAPHUM BHIAJICHHIM
YOTUPHOX MOJIEKYJT BOJHM 1 YTBOPEHHSIM SIK IPOMIKHOTO MPOAYKTY ONHI€T rigpaTHoi hopmu
— nUHKY-Ko0aneTy (ocdary aurigpary. TemmepaTypHi peXHMH IMPOLECY 3HEBOJHEHHSI
¢docdariB pi3HOro KaTIOHHOTO CKIIaAy KOPEIIOIOTh 3 eHEPreTUYHUM CTAaHOM MOJIEKYJI BOJIH 1
MakcuMaibHi y ¢ocdaty, mo mictute 12,8 % wmac. kobanbry. BiH crifikuii minx uac
TepMoobpobku 10 90 °C. B intepBam 90-125°C BinOyBaeThCs BUAAICHHS JABOX MOJICKYJ
BOJIM 3 YTBOPEHHSM Yy MPOIYKTaX TepMooOpoOkH 1uHKy-ko0aneTy(Il) docdary aurigpary.
OcranHiii crilikuit y temnepatypHoMy iHtepBam 125-250 °C. Ilopmanplue miBUIICHHS
TEeMIIEPAaTypH CYNPOBODKYETHCS BHIUICHHAM OCTaHHIX IBOX MOJb BOXM M YTBOPEHHSIM
MOBHICTIO  3HeBOXHEHOro nuHKYy-ko0anmsTy(Il) docdhary. Temmeparypri iHTEpBaNIH
TepMiuHOI cTabimpHOCTI IMHKY-K00ansTy(Il) dpocdaTiB i mpoayKTiB iX 4aCTKOBOTO i TOBHOTO
sHeBoaHeHHs Ha 15-20 °C Buii y ¢ocdati 3 OLIBIIMM BMICTOM KOOATBTY.

BucunoBku. Huak-ko6anst(Il) dhocdat, mo MicTUTh MAKCUMANBHY KiTBKICTh KOOATIBTY,
€ HalOLIbII TepMOCTaOLIbHOI (opMOr0. BHACHIZOK BHIAICHHS ABOX MOJIEKYJ BOAU TPU
90-125 °C yTBOpIOETHCS JHINE OJWH CTiHKWiA mpoaykT — uHK-ko0anbT(Il) docdar
JTipaT.

KuarouoBi cioBa: ghocham, yunx, kobanem, mennosa obpobka, oeciopamayisi.
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is not under consideration for publication anywhere else. Submission of the manuscript
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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
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Manuscript requirements

Authors must prepare the manuscript according to the guide for authors. Editors reserve
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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.
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Materials and methods briefly describe the materials and methods used in the study
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Results and discussion describe the main findings (20-26 lines).

Conclusion provides the main conclusions (2—3 lines).
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articles.
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References
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— 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
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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
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a short Conclusions section.
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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
poboTH, eJIEKTPOHHA ajpeca abo 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
JMie 3a iX 3HaYHOI 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 BEIMYUH B TEKCTI Ta Ha rpadikax MO3HAYAIOTHCS JTATUHCHKHUMHU
niTepamu BianoBiaHo 1o cuctemu Cl.

V crmcky niTepaTypu MOBUHHI MepeBa)kaTH aHTTIOMOBHI CTaTTi Ta MOHOrpadii, siki omy0mikoBaHi
micist 2010 poky.
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Od¢opMiIeHHSI HUTAT Y TEKCTi CTATTI:

Kisbkicts aBTOpiB cTatTi | IlpuKiIag IUTYBAHHA Y TEKCTI
1 aBTOp (Arych, 2019)
2 aBTOpa (Kuievda and Bront, 2020)
3 i OispIIe aBTOPIB (Bazopol et al., 2022)

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

VY 1UTyBaHHAX HEOOXITHO BKA3yBAaTH OIHE JPKEPENIO, 3BIIKU B3ATO iHPOpMAIIito.

CrmcoK JiTepaTypy COpTyeThCs 3a andaBiToM, JIiTepaTypHi Jpkepesaa He HyMepYyIThCs.

IIpaBuna ogopmiieHHS CIUCKY JiTepaTypu

B Ukrainian Food Journale3sito 3a OCHOBY 3araJbHONPHMHSATE B CBITi CIpOIICHE

o(hOpMIIEHHS CIUCKY JIiTepaTypu 3rigHo cranmapty Garvard. Bei eneMeHTH MOCHIaHHS
PO3ALISAIOTHCS JIMIIIE KOMAMM.

1. ITocuiaHHS HA CTATTIO:

ABTopn A.A. (pixk Bunanusi), Ha3zsa crarri, Ha3zea scypuany (kypcueom), Tom
(Homep), cropinku, DOI.

[HIIiaIKM TUITYTHCS MICHS MPi3BHUINA.

Bci eneMeHTH nocHIIaHHS PO3IUISIOTHCS KOMaMHU.

IIpuknan:

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

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

Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108,
https://doi.org/5533.935-3.

2. [TocunaHHA HA KHUTY:

ABtopu (pix), Hazea knuzu (kypcueom), Bunapaunrso, Micto.
[Himiany NIy ThCS MICIs MPi3BHUIIA.

Bci eneMeHTH MOCUIIaHHS PO3IUISIOTHCS KOMaMHU.

IIpuknan:

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

3. IlocuiaHHs Ha Po31iJ y peqaroBaHiii KHu3i:

Astopu (pix), Hassa rmaBu, In: Pegaxropu, Hazsea knueu (kypcusom), BumaBHULTBO,
MicTo, cTOpiHKH.
IIpuxnan:

Fordyce F.M. (2013), Selenium deficiency and toxicity in the environment. In: O.
Selinus (Ed.), Essentials of Medical Geology, Springer, pp. 375-416,
https://doi.org/10.14453/10.1007/978-94-007-4375-5_16

4. Te3u nonoBineii koHdepeHmii:
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Arych M. (2018), Insurance's impact on food safety and food security, Resource and
Energy Saving Technologies of Production and Packing of Food Products as the Main
Fundamentals of Their Competitiveness: Proceedings of the 7th International Specialized
Scientific and Practical Conference, September 13, 2018, NUFT, Kyiv, pp. 52-57,
https://doi.org/5533.935-3.

5. [locuiaHHS HA eJIEKTPOHHUIT pecypc:

BukoHyeTbCsl aHAIOTIYHO NMOCHJIAHHIO HAa KHUTY abo crartTio. [licns odopmieHHs
JaHUX Tpo myOmikamiro muryThes ciaoBa Available at: ta Bka3yeTbes enekTpoHHa ajpeca.

[puxnan:

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

CruHCOoK JTiTepaTypu 0QOPMITIOETHCS JIUIIE TATHHUICKO. ENeMeHTH CIIUCKY YKPaiHCHhKO0
Ta POCIHCHKOI0 MOBOIO MOTPIOHO TpaHcHiTepyBatd. JJis TpaHCiTepalii 3 YKpaiHCHKOIO
MOBH BUKOPHCTOBYETHCS TTACTIOPTHHIN CTAHAAPT.

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

Crarra HAJACUJIACTHCA 3a €JICKTPOHHOIO a1peCo10:
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 XapuyoBUX NPOAYKTIB YnakoBKa Uit Xap4OBHX IPOIYKTIB

IMepiognunicTh BUXOAY KYpHAJIY 4 HOMEpPH Ha PIK.

Pe3ysnbraTi qOCIHiKeHb, PEICTABIIECH] B )KypHaIli, IOBUHHI 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, npeacraBieHi mis myomikysanus 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 pOOOTa HE € MOPYIICHHSIM OYAb-IKUX
aBTOPCBHKUX IIPaB, Ta BiJIIIKOJOBYIOTh BHABIIO MOPYIICHHsS MaHol rapantii. OmyOnikoBaHi
Martepianu € mpaBoBoro BiacHicTio Buaasiyl «UKrainian Food Journaly, skimo He y3romkeHo

1HIIIE.

HeranbHa indopmanis npo KypHau, iHcTpyKuii aBTOpam, NpuKkJIagu oh)opMIeHHS
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CTATTi Ta aHOTaMili po3mileHi Ha caWTi:

http://ufj.nuft.edu.ua
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PepakuiiiHa koneris
I'onoBHUIT pexakTop:
Ouaena CrabuikoBa, 1-p., HayionanbHuil ynisepcumem xapiosux mexnonoait, Yxpaina
YiieHn MikHAPOIHOI peJaKIiiiHOl KoJIerii:

Arora I'enpe Paiimene, n-p., Jlumoscokutl incmumym azpapnoi exonomixu, Jlumea

B. I. Bepnaocvkozo HAH Yxpainu

bao Txu Bypour, n-p., Yuisepcumem Mexoney, B'emuam

Bikrop Cra6uikoB, n.T.H., pod., Hayionarpnuil yHieepcumem Xapuoux MexXHON02il,
Yrpaina

Toxein . Hmocci, mpodecop, Memopianvuuii ynieepcumem Xybepma Katipyxi, Hap-ec-
Canam, Tanzanis

Jopa Mapinosa, npodecop, Vuisepcumem Kepmina, Ascmpanis

Eron Hlniuyep, a-p, npodecop, Jeporcasuuii ynisepcumem Ilonma I poccu, bpazunis
Eiipin Mapi Ckitonnan bap, 1-p., npodecop, Hopsesviuii ynisepcumem nayku i mexmixu,
Tponxetim, Hopgezis

WMopnanka Credanosa, 1-p, [l106discokuii ynisepcumem "Ilaiciii Xinenoapcxi”, Boneapis
Kipcren Bpaunnar, npodecopp, Yrisepcumem Hviokacaa, Beruxobpumatis

Kpicrina Jlyiza Mipanana CinBa, a-p., npodecop, [lopmyzanrscokuil KamoauybKuti
yHieepcumem — biomexuonoeiunuii konedoc, [lopmyeanis

Kpicrina IlonoBuy, 11-p., nouent, Texuiunuil ynigepcumem Mondosu

JleaiBenwa Xy0, acoyiayis «Mixcnapoona eapmonizayitina iniyiamusay, Hidepranou
Mapis C. Tamnia, npodecop, Llenmpanvuuii ynisepcumem Benecyenu, Kapakac, Benecyena
Moiizec Bypauuk, na-p., Incmumym cinbcvkozocnooapcokoi  6iomexnonocii  Ilokanio
(INDEAR), IToxanio, Apeenmuna

Mapk llamusig, a1-p., A0LEHT, YopHomopcvKa acoyiayis 3 Xapuo8oi HayKu ma mexHoaozii,
Pymynia

Hyp 3agipa Hyp Xacuan, nokrop dinocodii, Vuisepcumem Ilympa Manaiizii, Cenaneop,
Manaiizia

Oxrasio [lapenec Jlonec, 1-p., npod, L{enmp nepchexmugnux oocnioxcenv Hayionanornozo
noaimexuiuno2o incmumymy, Mexcuxka.

Ounexcangp lleBuyenko, 1.1.H., ipod., HayionanvHuii yrigepcumem xapuo8ux mexHono02i,
Yxpaina

Pana Mycrada, n-p., [nodbanvuuti incmumym npooosonvyoi Oesnexu, YHieepcumem
Cackauesana, Kanaoa

Cewmix OT1aec, 1-p., npogh, Yuisepcumem Eee, Typeuuuna

Couns Amapei, 1-p., npog, Yuieepcumem «IlImegpan uen Mapey, Cyuaea, PymyHis
Cranka [lam'siHoBa, N.T.H., Tipod., Pycencokuii yHisepcumem «Aucen Kawnuesy, ¢hinis
Pasepao, Fonreapia

Credan Credanos, 0.1.H., ipod., Vrieepcumem xapuosux mexuonozii, boreapis

Tersina IMupor, 10.1.1., ipod., Hayionanvruil yHieepcumem xapuosux mexHonoeitl, Yxkpaina
Ywmesypyiike Jlinye Omnapa, mpodecop, Cmenrenbouwicokuti yHigepcumem, KetinmayH,
Iligoenna A¢puxa
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Ileitna Kinonsi, Yuiseepcumem Kapamina, Kenisn

KOunis [35136K0, 1-p. XiM. HaYK, C.H.C., [Hcmumym 3a2anbHoi ma Heopeaniunoi Ximii imeni
KOu-Xga Ierri Xci, 1-p, mpodecop, Yuisepcumem Dropuou, CLLIA

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

Scmina Jlykinak, n.1.H., mpodecop, Vrieepcumem Ociexa, Xopsamis

Scmina Jlykinak, n-p, npod., Ociexcovkuil yuigepcumem, Xopsamisi.

Yuienn pegakuiiHoi KoJierii:

Arorta I'enpe Paiimene, 1-p., Jlumoscokutl incmumym azpapuoi exonomixu, Jlumea

bao Txu Bypour, n-p., Yuisepcumem Mexoney, B'emuam

Banepiiit MupoHuyk, &I-p. TexH. Hayk, npod., Hayionanwhuii yHisepcumem Xapuosux
mexuonozit, Ykpaina

Bikrop CrabuikoB, n.T.H., pod., Hayionarpnuil yHisepcumem Xapuoux MexXHONO02Il,
Yrpaina

Bosomumup Koso6aca, n-p. TexH. Hayk, npod., Hayionanvuuil yrigepcumem Xapyoeux
mexuonoait, Ykpaina

Il'anuna Cimaxina, a-p. TexH. Hayk, npod., Hayionamvnuil yuigepcumem Xapuoeux
mexuonoait, Yrpaina

I'onsin JI. Huocci, npodecop, Memopianvnuii ynisepcumem Xybepma Kaiipyxi, /{ap-ec-
Canam, Tanzanis

Jopa Mapinosa, npodecop, Vuisepcumem Kepmina, Ascmpanis

Eron Hlniumep, a-p, npodecop, LJepocasnuii ynisepcumem Iouma I poccu, bpaszunis
Eiipin Mapi Ckiionnan bap, 1-p., npodecop, Hopgeszvkuii ynieepcumem nayku i mexixu,
Tponxeiim, Hopsezis

HMopnanka Crepanosa, 1-p, [Tnosdiscoruii yuicepcumem "[aiciii Xinenoapexi", Boreapisa
Kipcren Bpaunnar, npodecopp, Yrisepcumem Hviokacaa, Beruxobpumatis

Kpicrina Jlyiza Mipanaa CinBa, a-p., npodecop, [lopmyzanrscokuil KamoauybKuti
yHieepcumem — biomexuonoeiunuii konedoc, [lopmyeanis

Kpicrina IlonoBu4, 1-p., noneHt, 7exuiynuil yHisepcumem Monoosu

Jlana UlepinsH, a-p. ekoH. Hayk, npodecop., Hayionamvnuil yHigepcumem Xapyoeux
mexHonozill, Yxpaina

JeniBeawa Xy0, acoyiayis « Misicnapoona eapmonizayiiina iniyiamueay, Hioepranou
Mapis C. Tamnia, npodecop, L{enmpanvhuii ynisepcumem Benecyenu, Kapakac, Benecyena
Moiizec Bypauuk, 1-p., IHcmumym cinbcokoeocnooapcewvkoi 6biomexnonoeii  Ilokanio
(INDEAR), Ioxanio, Apeenmuna

Mapk lamusig, 1-p., A0UEHT, YopHomopcvKa acoyiayis 3 Xapuo8oi HayKu ma mexHono2ii,
Pymynis

Hyp 3adipa Hyp Xacnau, noktop ¢inocodii, Yuisepcumem Ilympa Manaiizii, Cenaneop,
Manaiizia

Oxrasgio [Iapenec Jlonec, 1-p., mpod, Llenmp nepcnexmugnux 0ocuioxcens Hayionanvnozo
noaimexuiuno2o incmumymy, Mexcuxka.

Onexcanap lleBuenko, 1.1.H., ipod., Hayionanvruil yrigepcumem xapuo8ux mexHono2it,
Yxpaina

Oabra Pubak, KaHA. TEXH. HAYK, JOL., [epPHONIIbCbKUL HAYIOHANbHUL MeXHIYHUL
yuiepecumem imeni leana Ilymos, Yxpaina

Pana Mycrada, n-p., [nodanvuuti incmumym npooosonvyoi Oesnexu, YHieepcumem
Cackaueeana, Kanaoa

Cemix Otitec, 0-p., npogh, Yuieepcumem Eze, Typeuuuna
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Counst Amapei, 1-p., npog, Vuieepcumem «IlImegpan uen Mapey, Cyuasa, Pymyris
Cranka [lam'siHOBa, 1.T.H., Tipod., Pycencokuii yHisepcumem «Aneen Kawnueey, ¢hinisa
Pasepao, bonreapis

Credan Credanos, 0.1.H., npod., Vrieepcumem xapuosux mexuonoeiii, boreapis

Tersina IMupor, 10.1.1., npod., Hayionanshuii ynisepcumem xap4o8ux mexnonoziu, Yrpaina
Tersina [Mupor, a1-p. 6ion. Hayk, pod., Hayionanvruil yHieepcumem xapio8ux mexHoa02i,
Yrpaina

Ywmesypyiike Jlinye Omnapa, npodecop, Cmenrenbowicokuii yHisepcumem, KetnmayH,
ITisoenna Agppuxa

I eitma Kinonsi, Yuiseepcumem Kapamina, Kenisn

KOunist [I3936K0, 1-p. XiM. HAYK, C.H.C., [HCmumym 3a2aneHoi ma HeopeaniuHoi Ximii imeni B.
1. Bepnaocvkoco HAH Vkpainu

KOn-Xga Ierri Xci, 1-p, mpodecop, Yuisepcumem @ropuou, CILLIA

Scmina Jlykinak, n-p, npod., Ociexcovkuil yruigepcumem, Xopeamisi.

Ounexciii I'ybensi (BiOmoBimanpHUN CeKpeTap), KaHI. TEXH. HAyK, NOU., HayiowmanrvHuil
YHIgepcumem xap4osux mexuonoziu, Ykpaina.
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