TexHosnoezis i 6e3nexka npodykmie xapuyeaHHsa / Technology and safety of food products

UDC 637.5.033:637.5.037:664.951:637.07

STUDY OF USE OF ANTISEPTIC ICE OF PLASMA-CHEMICALLY ACTIVATED
AQUEOUS SOLUTIONS FOR THE STORAGE OF FOOD RAW MATERIALS

DOI: https://doi.org/10.15673/fst.v15i4.2260

Avrticle history

Received 03.07.2021
Reviewed 18.08.2021

Revised 24.10.2021
Approved 01.12.2021

Correspondence:

0. Kovalova
E-mail: livre@i.ua

Cite as Vancouver style citation

Pivovarov O, Kovalova O, Koshulko V. Study of use of
antiseptic ice of plasma-chemically activated aqueous
solutions for the storage of food raw materials. Food science
and technology. 2021;15(4):95-105. DOI:
https://10.15673/fst.v15i4.2260

[ntyBanus 3rigno JACTY 8302:2015

Pivovarov O., Kovalova O., Koshulko V. Study of use of
antiseptic ice of plasma-chemically activated aqueous
solutions for the storage of food raw materials // Food
science and technology. 2021. Vol. 15, Issue 4. P. 95-105.
DOI: https://doi.org/10.15673/fst.v15i4.2260

Copyright © 2015 by author and the journal
“Food Science and Technology”.
This work is licensed under the Creative Commons
Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0

fert | ONAFT
Bzl Open Access

0. Pivovarov, Doctor of Technical Science, Professor

0. Kovalova, Candidate of Technical Science, Assistant Professor
V. Koshulko, Candidate of Technical Science, Assistant Professor
A. Aleksandrova, undergraduate

Department of the technology of storage and processing

of agricultural products

Dnipro State Agrarian and Economic University

25, Serhii Yefremov, Dnipro, Ukraine, 49600

Abstract. Scientists and specialists of food processing industry
are increasingly focused on the technology of storage of raw materials
of animal origin in antiseptic ice. The paper presents the peculiar
features of plasma-chemical activation of solutions to produce antiseptic
ice and their further use in the storage of meat and fish. The process of
treatment leads to formation of micro-particles of hydrogen peroxide,
which in contact with the raw materials are capable of generating active
oxygen, allowing to disinfect the raw material surface. Concentration of
hydrogen peroxide in the solutions further used to produce antiseptic ice
has been determined. Study of the features of use of antiseptic ice made
of plasma-chemically activated aqueous solutions showed unchanged
organoleptic properties of raw materials after using the presented
antiseptic agent. Suppression of viable microflora owing to
antimicrobial action of plasma-chemically activated aqueous solutions
was recorded. Antiseptic ice contributes to long-term disinfection of raw
materials. For example, the samples show absence of microflora of
mesophilic aerobic and facultative anaerobic microorganisms and
bacteria of the Escherichia coli group, which allows improving the
quality of stored food raw materials. At the concentration of peroxides
at the level of 600-700 mg/l, pathogenic microflora in meat and fish
samples is not present at all. When meat and fish raw materials are
stored in ice for 30 days, pathogenic microflora does not appear, and it
confirms the long-term disinfecting action of antiseptic ice. Slower
accumulation of amino-ammonia nitrogen is observed during long-term
storage of meat and fish raw materials. The use of plasma-chemically
activated aqueous solutions for the production of antiseptic ice and
storage of meat and fish raw materials in it can partially prevent the
processes of protein breakdown and, accordingly, increase the product
shelf life. The paper describes technological parameters of the process
of storage of meat and fish in antiseptic ice, which can be used in the
industrial storage of raw materials, and provides the guidance for use of
ice of plasma-chemically activated aqueous solutions in the process of
storage of raw materials of animal origin.

Key words: plasma-chemical activation,
hydrogen peroxide, antiseptic ice, meat, fish.

aqueous solutions,

Introduction. Formulation of the problem

Modern technologies for the storage of fish and
meat involve the use of low temperatures. However, it
is impossible to improve the process of food raw
materials’ storage by varying the temperature
parameters only. Currently, the innovation methods,
which would provide sufficiently long shelf life,
depending on a large number of contributing factors,
are being sought. Bacterial contamination with various
microorganisms is one of the most common problems
during storage. The modern food industry employs a
large number of novel approaches to improve the
safety of fresh meat and fish: freezing with antibiotics
added, preparation of crushed ice, obtaining of
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electrochemically activated solutions followed by
mixing with raw materials, obtaining of ice of the
frozen activated water using millimeter-range
electromagnetic radiation, obtaining of antiseptic ice
from acidified aqueous ozone solutions and so on [1].
Absolutely all methods have their strengths and
weaknesses. For example, application of antibiotics is
rather expensive method having a negative impact on
the consumer health.

At present time, the use of water treated by
electro-physical methods of influence in meat and fish
industries is a promising area, which solves a number
of pressing technological problems. Aqueous solutions
activated in different ways are used in many industries,
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in particular, in food production. Study of changes in
the properties of water and aqueous solutions in the
process of activation can expand the diversity of
techniques in food production. Certain properties of the
activated aqueous solutions can improve quality and
safety of food products [2-4]. The use of ice made of
specially prepared aqueous solutions is of great interest
to scientists and industrial operators, since the
introduction of such preserving material can improve
the process of long-term storage of food raw materials
without addition of harmful chemicals.

Analysis of recent research and publications

The technology of storage of food raw materials
stipulates the preservative effect of low temperatures,
but it is not enough to ensure long-term storage, which
depends on a variety of related factors. Bacterial
contamination with pathogenic microorganisms is one
of the main causes of rapid spoilage of food products
and raw materials [1,5]. Currently, a humber of new
methods to increase safety of fresh meat and fish are
used. The use of various techniques for cooling of meat
in storage in the food industry is the best way to
prevent or slow down the spoilage of these products.
Cold treatment neutralize the activity of
microorganisms and suppresses the chemical and
biochemical processes occurring in the product under
the action of enzymes, atmospheric oxygen, heat and
light. The depth and nature of changes in raw materials
during cooling and storage depend on the derived
parameters of the product, i.e. type and quality of raw
materials, conditions, modes of storage, antiseptic
treatment and other factors of influence [6]. Physico-
chemical methods used for processing of raw materials
and solutions for their storage can significantly
improve the existing technologies.

Particular attention in the innovative technologies
is paid to the use of effects of low-temperature plasma
on the chemical and physico-chemical processes in the
environments under study. Low-temperature plasma is
an advanced technology attracting a lot of attention due
to its ability to disinfect food raw materials of various
origins [7]. Plasma-activated water contains different
high-reactive forms of oxygen and reactive forms of
nitrogen. Much attention is given to the introduction of
plasma-chemical technologies to improve biological
and chemical safety of food products [7]. Plasma-
chemically treated water has its effect on food product
quality (chemical, physical and sensor properties).
Plasma-chemically treated aqueous solutions are used
as a medium for thawing and preserving of products in
combination with the other traditional processing
methods. The mechanism of microbial inactivation by
plasma-ctivated water is divided into three main stages
(Fig.1), including destruction of the cell membrane and
intracellular components and release of intracellular
materials and components [7].

XapuoBa Hayka i Texuosiorist / Food science and technology

The difference in the technology of use of low-
temperature plasma [7] is the presence of free forms of
active nitrogen, which may have unpredictable effect
on the processed raw materials.

Ice cooling is one of the most commonly used
methods for the food product storage under the
influence of low temperature, since it can delay the
development of bacterial contamination [8]. Production
of safe edible ice featuring universal antimicrobial
properties is important for the safety of food products
and consumer health and it has been of great interest in
recent years. The results of the latest technological
research conducted by G. Katsaros indicate the
possibility of use of the activated ice containing
bactericidal substances as a potential disinfectant for
the storage of raw food products such as fresh
vegetables, seafood and various fish products [9].

Treatment of aqueous solutions with cold
atmospheric plasma and acid electrolysis of water
represent two technologies proposed in [9] for
treatment of water, which became the basis for ice
production. In addition, scientists [9] proposed to use
ultraviolet LEDs to treat ice by irradiation.

Cold plasma is one of the most promising methods
for the food industry since it involves minimal
processing. However, until recently, limited studies
reported on the effects of cold plasma on processed
seafood. Scientists Soni A., Choi J., Brightwell G.
recorded the positive effect of plasma treatment onto
microbiological quality, physico-chemical and sensory
properties and oxidation rate of processed fish and
seafood and other food raw materials [10-11].
Moreover, cold plasma can also be used as a method of
food processors’ wastewater treatment [2].

The effect of electrolyzed water ice, compared to
the traditional ice obtained from tap water, on the
microbiological and chemical indicators of quality of
fish (Pacific saury) has been recorded. Ice is prepared
with the addition of active chlorine at the concentration
of 34 mg/kg of weakly acidic electrolyzed water.
Microbiological analysis showed that this ice
significantly inhibited the growth of bacteria in the
saury pulp during its storage in the refrigerator,
primarily due to the action of active chlorine. Chemical
analysis proved that ice under study slowed down the
generation of volatile basic nitrogen and substances
reacting with thiobarbituric acid, and reduced the
accumulation of alkaline compounds in the fish meat
compared to ordinary ice. Organoleptic analysis
confirmed that saury stayed fresh 4-5 days longer
compared to fish stored with the addition of ice made
of ordinary water [12].

To produce antiseptic ice, a number of agents are
commonly used. For example, extracts of plants such
as thyme (Thymus serpyllum) have a positive effect on
the preservation of fish raw materials. Stable
preservative effect of such ice has been proved [13].
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Fig. 1. Mechanism of microbial inactivation by plasma-activated water [7]
PAW — plasma-activated water; ROS — highly reactive oxygen species; RNS — reactive nitrogen species;
DNA — deoxyribonucleic acid; pH — potential of hydrogen; ORP — oxidation-reduction potential; HNE — 4-hydroxynonenal,
forms protein adducts during oxidative stress; MDA — malondialdehyde DNA

The products, which could slow down the
microbial damage and lipid oxidation, are being
sought. To ensure high-quality long-term storage of
fish, the effect of chemicals used alone or in
combination in the traditional water ice glazing was
studied. Nisin, chitosan, phytic acid and combinations
thereof were added to water used for freezing.
Inclusion of natural chemicals in the ice glaze could
prevent microbial spoilage and oxidation of lipids and,
therefore, preserve the freshness of saury when stored
frozen. Studies have shown that combined treatment
with natural chemicals could be used commercially to
preserve freshness and increase shelf life of fish [14]. It
allowed using the proposed technology for industrial
glazing of fish.

An important aspect of research is the use of
activated water ice in the preservation treatment of
shrimps. This ice showed significant advantage for
inhibition of microbial growth, extending the shrimp
storage time by 4-8 days. The pH of shrimps treated
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with ice remained below 7.7 during storage. Besides,
changes in color characteristics and hardness of
shrimps were delayed by the ice treatment, and protein
composition of the product remained unchanged. All
this confirms the viability of using activated water ice
in preservation of fresh seafood [15].

Possibility of plasma technology use for the
treatment of chicken breasts was studied as well [16].
Conclusions were made on the effective use of this
technology to improve the microbiological safety of
chicken breasts, leading to minor changes in sensory
properties of the product. For example, pronounced
disinfecting action of the activated water, especially
towards pathogenic microflora, such as pathogens of
salmonellosis, was recorded, as well as minor
organoleptic changes in the raw material, namely,
change in the meat color.

All these studies allow us to speak of the prospects
of using plasma-chemical activation of aqueous
solutions. Plasma-chemical activation of water and
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aqueous solutions is the first step to usage of the
properties of water without its forced treatment with
foreign chemicals. All processes during activation take
place directly in water without addition of any foreign
chemical components. Reactogenic properties of the
activated water are of great interest to scientists, since
the properties of water arising after activation can be a
starting point in the development of the new area of
nanotechnology. Water activated under the action of
non-equilibrium contact plasma exhibits antiseptic and
antibacterial properties. However, it should be noted
that this water being a cluster structure after plasma
treatment may have some new properties, previously
little studied, but interesting from a practical
standpoint [17]. The resulting activated water has a
specific  composition. The reaction products
determining the reactivity of this water are the most
easily detectable ones. This mainly applies to hydrogen
peroxide and superoxide compounds, excited particles
and radicals, which play an important role in redox
processes [18-20]. It should also be noted that such
water after plasma treatment may exhibit some new
properties, previously little studied [21]. A special role
in this case is given to the study of influence of
activated water on the parameters of some processes in
food, biochemical and biotechnological industries [22].
When it comes to the final components of water and
aqueous solutions after treatment with non-equilibrium
contact plasma, they can be represented as a mixture of
hydrogen peroxide, superoxide components and active
radicals and particles [23]. However, their quantitative
characteristics (mkg and parts per million) cannot
cause damage to human health. Such components act
in several ways.

Plasma-chemically activated aqueous solutions
have a specific composition: they contain hydrogen
peroxide and superoxide compounds, excited particles
and radicals, which play an important role in redox
processes. Hydrogen peroxide is an antiseptic; getting
into cells under the action of enzymes, it breaks down
into water and oxygen having antimicrobial action, but
no harmful chemicals remain in the cells. That is,
products of redox reactions in contact with food
products are converted into substances being a part of
aqueous solutions before their plasma-chemical
activation.

The phenomenon of activation of the aqueous
solutions causes a number of specific physical and
chemical effects [23-28], which may serve as starting
points for advanced technologies. The use of plasma-
chemical activation in many cases facilitates the
production and reduces its cost, taking into account
energy costs and time for activation. The shelf life of
standard plasma-chemically activated aqueous solution
is 6 months from the date of production under
conditions of storage in closed containers.

Therefore, the further study of use of plasma-
chemical activation of aqueous solutions with their
subsequent freezing and production of antiseptic ice is
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an important area of research. The crucial but
insufficiently explored aspect is the study of effect of
plasma-chemically activated aqueous solutions on the
microbiological parameters of raw materials stored for
a long time.

The purpose of this work consists in studying of
the effectiveness of plasma-chemically activated
aqueous solutions used as antiseptic ice in the storage
of meat and fish.

Objectives of the work:

1. Study of the effect of antiseptic ice from
plasma-chemically activated aqueous solutions on the
change in organoleptic indicators of meat and fish after
long-term storage.

2. Study of the modes of plasma-chemical
activation for the maximum disinfection of raw
materials and extension of shelf life and preservation
of marketable condition of fish and meat raw materials.

3. Study of the content of amino-ammonia
nitrogen during storage of raw materials in
antiseptic ice.

Research materials and methods

Raw materials taken for research are as follows:
meat (chicken fillet, pork carbonade, and beef
tenderloin), fish (common carp). To determine the
effect of antiseptic ice on the organoleptic indicators of
fish and meat raw materials, samples were subjected to
cooling and storage for 5-30 days in ice.

For the experiments, we used antiseptic ice
obtained from plasma-chemically activated aqueous
solutions [23]; they differed in the concentration of
peroxides (300-700 mg/l) in the derived activated
solutions. Water activation was performed with the use
of the laboratory plasma-chemical unit (Fig. 2).

To the atmosphere

3 Treated

Fig. 2. Diagram of the laboratory
three-arc plasma-chemical unit:
1 — reactor; 2 - anodes; 3 — cathode; 4 — reflux
condenser; 5 — power supply; 6 — vacuum pump

Tap water was activated in plasma discharges of
reduced pressure (0.08 KPa) with the voltage of 1000-
1200 V and current of 30.0-200.0 mA (the current was
changed in steps of 20 mA) with the subsequent
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transition to the mode of non-equilibrium contact
plasma of 400 to 600 V voltage and current of up to
150 mA, according to the electrical conductivity
increase.

Hydrogen peroxide content was determined by
permanganatometry method based on the principle of
oxidation of hydrogen peroxide with the strong oxidant
(potassium permanganate) to free oxygen.

In order to establish the most effective method of
storage, the methods of meat and fish processing such
as cooling and storage in pieces of ice of different sizes
(meat, fish) were used. Meat was cooled to the
temperature from 0 to +4°C, and fish from —1 to +5°C;
after that the pieces of ice obtained from activated
aqueous solution were added to the raw materials.
Microbiological studies of raw materials at different
stages of storage were performed as well.

Ice scales of the temperature varying within —
(6-12)°C (the coldest form of ice) were used as the ice.
This form of ice is very dry, with the residual moisture
content of about 2%, and looks like broken glass. The
fraction of 1-2 mm was used for meat and fish. In
large hypermarkets, ice thickness of 2.0-2.2 mm is
used to display fish, and for seafood and meat display
it is 1-1.2 mm. Ice scales was obtained using JIT'-
2504-01 ice generator designed for scale ice
production. It is used for making of semi-finished
products and sausages, as well as storage of vegetables,
fruits, meat, fish and other raw materials.

The fish was mixed in trays with antiseptic ice
obtained from plasma-chemically activated aqueous
solutions (with or without addition of salt) with
peroxide concentration of 300-700 mg/l. Ice
temperature during storage varied within f —(6-12)°C.
The products were stored in the laboratory in a special
refrigerator.

Chicken meat, pork and beef were mixed with the
bactericidal ice, packed and stored at the temperature
of —(0-2)°C in the refrigerator where the specified
temperature was maintained.

Microbiological indicators of raw materials were
determined using conventional procedure. Microbial
count of QMAFANM was determined according to
DSTU 8446:2015 by comparison of the effectiveness
of bactericidal ice action on samples of raw materials
cooled and stored in ice scales of tap water (control
sample) and plasma-chemically activated aqueous
solutions  (experimental samples). After that,
QMAFANM was determined. To determine the
indicators, Petri dishes were washed in accordance
with the aseptic rules.

We determined the coliform bacteria on the
surface of raw materials, conducting the research in
compliance with the standard methods of DSTU
8381:2015. They were based on the inoculation of a
certain amount of product on the liquid selective
medium containing lactose to determine the
fermentation properties of acid and gas generation and,
whenever necessary, re-inoculation of the enrichment
culture on the surface of special dense agar media, to
confirm the affiliation of the isolated colonies with
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coliform bacteria by their cultural and biochemical
characteristics.

The amino-ammonia nitrogen content was
determined by titration using phenolphthalein. The
method is based on the ability of water-soluble
nitrogen-containing non-protein compounds of meat
(amines, ammonium salts, amino acids, etc.) to be
neutralized by alkali, which in the presence of the
indicator gives a certain coloring [1].

Results of the research and their discussion

Antiseptic ice produced by freezing of aqueous
solutions differs in the fact that it freezes plasma-
chemically activated aqueous solutions at the
temperature of —(5-40)°C. Characteristic of the
activated water used for the production of antiseptic ice
is given in Table 1.

Table 1 — Characteristics of water activated
by non-equilibrium contact plasma

L Concentration
Experiment Water ﬁ?}g’a;:?r? of hydrogen
' peroxide, mg/l
Tap
1 (control) water - -
2 Activated 10 300
water
3 Activated 20 400
water
Activated
2 water 30 600
Activated
4 water 40 650
Activated
5 water 60 700

Concentration of peroxides in the solutions
depends on the time of their processing and ranges
from 300 to 700 mg/l. The longer the water is activated
in the reactor, the higher the peroxide content in the
solution.

Plasma-chemically activated aqueous solutions
were frozen in special block molds or ice generator at
the temperature of —(5-40)°C. The JII'-2504-01 ice
generator allowed obtaining ice of up to 1-2 mm; this
fraction is generally accepted as optimal one for
storing raw materials.

Further processing of the food product took place
by its storing (possibly by mixing) in ice scales
obtained on the basis of plasma-chemically activated
aqueous solutions.

At the initial stage, the effect of antiseptic ice on
the change in organoleptic indicators of meat and fish
was studied. Antiseptic ice was taken with the
maximum peroxide concentration of 700 mg/l (sample
No.5), so it was possible to identify any violations of
organoleptic indicators of raw materials, which could
lead to melting of plasma-chemically activated
solutions. It is found that with the use of proposed
antiseptic agent organoleptic properties of the raw
materials were unchanged, as evidenced by the results
in Table 2.
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Table 2 — Organoleptic indicators of raw materials after the use of antiseptic ice

Indicator Raw materials _
Meat Fish
Before the experiment: Red color typical for muscle tissue Grey color typical for skin cover
Color (chicken meat — pink)
Odor Typical for meat raw materials Typical for fish raw materials
After cooling with the addition Control Experiment No.5 Control Experiment No.5
ofice (storage in (storage in
antiseptic ice) antiseptic ice)
Color
1 day typical typical typical typical
5 days typical typical typical typical
10 days color change typical color change typical
15 days color change typical color change typical
30 days color change typical color change typical
Odor
1 day typical typical typical typical
5 days typical typical typical typical
10 days odor change typical color change typical
15 days odor change typical color change typical
30 days odor change typical color change typical

When we analyze the data of Table 2, it should be
noted that owing to use of antiseptic ice obtained from
plasma-chemically activated aqueous solutions, there was
almost no unpleasant odor typical for meat and fish raw
materials. With the use of antiseptic ice, the color remained
unchanged for the long period, namely, for 30 days.

After receiving of the results of organoleptic
evaluation, microbiological analysis was performed. It
should be noted that resistance of modern strains of
microorganisms to disinfectants and growth of their
antibiotic resistance requires the development of new
disinfectants [29-30].

The use of antiseptic ice of plasma-chemically
activated aqueous solutions is aimed at increase in the
shelf life of food products (meat and fish) [32] and
suppression of viable microflora [31], causing damage
to products, without the use of chemicals and
antibiotics, due to antimicrobial action of aqueous
solutions formed during melting of bactericidal ice and
possible decrease in its melting point. Results of the
microbiological study of the sanitary condition of fish
and meat are given in Tables 3-4. The experiments
were performed three times; the tables show the
average result.

The use of antiseptic ice significantly reduces the
microbial contamination of the product during its shelf

life, and the product shelf life increases by 4-5 times.
This is due to reduction of the number of mesophilic
aerobic and facultative anaerobic microorganisms
(QMAFANM) on the surface of the fish body (Table
3). For example, at the peroxide concentration of 600-
700 mg/l, complete absence of microorganisms was
observed, indicating the pronounced disinfectant
properties of antiseptic ice. At lower concentrations,
the remains of microorganisms were detected, but with
the low dynamics to increase their number during
storage, compared to the control sample. Similar
dynamics was observed in the study of meat. No smell
was recorded in the experimental samples before the
end of the experiment.

The use of antiseptic ice of plasma-chemically
activated agqueous solutions increases the shelf life of
chicken meat 2-4 times owing to reduction of total
number of microorganisms on the surface of chicken
meat (Table 4). Pathogenic microflora dies under the
impact of pathogenic microflora. Moreover, the
optimal concentration of hydrogen peroxide, which is
critical for the microflora in all experiments, is
constant, indicating the possibility of using antiseptic
ice with such hydrogen peroxide indicators for the
large commercial batches of raw materials.

Table 3 — Study of microbiological condition (QMAFANM) of fish when stored in antiseptic ice obtained from plasma-
chemically activated aqueous solutions, CFU/g (n=3)

Days of Concentration of peroxides in plasma-chemically activated aqueous solutions,
storage Control mg/I
9 100 [ 200 [ 300 | 400 [ 500 | 600 [ 700
Fish
1 3.1*102 2.5%107 1.0%107 <10 0 0 0 0
5 6.2*10° 6.1%107 1.3*10° <10 0 0 0 0
10 4.5%10° 1.1%10° 1.7*10° <10 0 0 0 0
15 5.3*10" 4.3*10° 2.3*10° 1*10° 0 0 0 0
20 8.7*10° 1.3*10° 3.5*10° 2*10? 0 0 0 0
25 9.3*10™ 2.3*10° 5.1%10° 4*10° <10 0 0 0
30 3.1%10%7 5.3*10° 6.7*10° 5*107 <10 <10 0 0
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Table 4 — Study of microbiological condition (QMAFANM) of meat when stored in antiseptic ice obtained from plasma-
chemically activated aqueous solutions, CFU/g (n = 3)

Concentration of peroxides in plasma-chemically activated aqueous solutions,
Days of Control mg/l
storage 100 | 200 | 300 | 400 | 500 | 600 | 700
Chicken meat
1 4.3*10° 1.6*10° 1.0*10° <10 0] 0] 0 0
5 8.6*10" 1.0*10° 1.3*10° <10 0 0 0 0]
10 4.3*10° 5.4*10° 1.7*10° <10 0 0 0 0]
15 9.3*10’ 4.6*10° 2.3*10° 1*10° 0 0 0 0]
20 5.7%10° 9.1*10* 3.5%10° 2*10° <10 0 0 0]
25 7.3*10% 5.4*10% 5.1*10° 4*10° <10 <10 0 0
30 7.1%10% 9.3*10% 6.7*10° 5%10° <10 <10 0 0
Pork
1 3.6*10° 2.1*10° 1.3*10° <10 0 0 0 0
5 7.3*10% 2.4*10° 2.4*107 <10 0 0 0 0
10 3.2*10° 3.6%10° 5.1*10° <10 0 0 0 0
15 6.1*10" 5.4*10% 3.4*10° 2*10° 0 0 0 0
20 8.4*10° 7.3*10% 6.1*10% 3*10° <10 0 0 0
25 6.1*10™" 8.5%10% 7.7%10° 5*10° <10 <10 0 0
30 4.5%10™ 6.4*10% 8.5%10° 7*10° <10 <10 0 0
Beef

1 7.1%107 2.3*10° 1.4*10° <10 0 0 0 0
5 6.5%10" 1.5*10° 3.3*10° <10 0 0 0 0
10 5.7%10° 4.4%10° 6.5*10° <10 0 0 0 0
15 8.6*10" 6.1*10" 1.2*10° 2*10° 0 0 0 0
20 9.1*10° 5.8%10% 7.1%10° 3*10° <10 0 0 0
25 4.7%107 7.4*%10% 6.8*10° 5*10° <10 <10 0 0
30 5.4*10™ 8.2*%10% 8.7*10° 6*10° <10 <10 0 0

When we analyze the dynamics of changes in the  concentration of 400 mg/l, indicating good

microflora in the meat samples under study, the
pronounced disinfectant effect should be noted. Quality
of meat raw materials during storage depends both on
the sanitary-and-hygienic condition of the environment
and the degree of its initial microbiological
contamination [6]. In the process of raw materials’
storage in the refrigerated state, the number of
microorganisms is changed. For example, the amount
of microflora in the control gradually increases, since
at low temperatures the development of mesophilic
microorganisms on the meat surface is stopped. With
regard to experimental samples stored in antiseptic ice,
inhibition of microflora was observed with the increase
in concentration of peroxides in the solutions. For
example, after reaching of peroxide concentration of
600 mg/l, the existing pathogenic microflora was
completely neutralized and surface of the raw material
became conditionally sterile. Moreover, stable
antiseptic effect was maintained throughout the period
of experiment, as evidenced by the results shown in
Tables 3-4.

Bacteria of the Escherichia coli group do not die
during cooling; as a rule, they do not cause the meat
spoilage, but may result in food poisoning [6]. Their
presence in samples was monitored, and results are
given in Table 5.

When we analyze the results given in Table 5, it is
necessary to note the effectiveness of the proposed
antiseptic ice in disinfection of raw materials from
E.coli. For example, all samples are fully
decontaminated from coliform bacteria at the peroxide
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perspectives for using this ice in the storage of fish and
meat raw materials. In addition, long-term antiseptic
effect of ice was observed during storage for 30 days.
It is necessary to note the increased sensitivity of
coliform bacteria to antiseptic ice based on plasma-
chemically activated solutions, namely, E.coli on the
surface of raw materials under study are completely
inactivated. However, we observe pronounced
resistance of bacteria of the Escherichia coli group to
low concentrations of peroxides: at the concentration
of 100-200 mg/l coliform bacteria do not undergo any
changes, even after prolonged contact with ice.
Nevertheless, even at the concentration of 300 mg/l we
can see the antiseptic effect of ice at the 10-15™ day of
storage, but this is not enough for high-quality
preservation of raw materials. Pronounced antiseptic
effect is observed at the concentration of 400 mg/l.
Besides, consistency of this result is recorded
throughout the storage period.

This antimicrobial effect is explained by the fact
that activated aqueous solutions, as mentioned above,
contain hydrogen peroxide and superoxide compounds.
Hydrogen peroxide is a common classical antiseptic;
getting into cells under the action of enzymes
(peroxidase and catalase), it breaks down into water
and oxygen having antimicrobial action, but no
harmful chemicals remain in the cells, so there is no
chemical contamination of food raw materials. Plasma-
chemically activated aqueous solutions do not bring
unwanted odors and tastes and allow not to use
chemical preservatives [33].
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Table 5 — Study of presence of coliform bacteria in meat
and fish when stored in antiseptic ice obtained from
plasma-chemically activated aqueous solutions
(in0.001g) (n=3)

Concentration of peroxides in plasma-

Days | Control | chemically activated aqueous solutions, mg/l

100 | 200 | 300 [ 400 [ 500 [ 600 | 700

Chicken meat

1 + + - - - -

5

+
10 + | - | - [ -1 -1-

15

20

25

+ [+ ||+ ]|+
+| [+ |+ ||+ +

30

Pork

1

5

10

15

20

25

[+ || +]+
[+ |+ +]+

30

1

5

10

15

20

25

+| [+ [+ |+
||+ [+ +]|+

I

I

I

I

I

I

30

1

5

10

15

|+ ]+ ]+ |+
I
I
I
I

20

25

[+ [+ +
[+ [+ ]+ +

30

Note: “+” — found; “-” — not found.

One of the possible mechanisms of action of the
activated aqueous solutions on bacteria is the change in
outer layers of the cell, which makes receptors
accessible for reactogenic enzymes, such as lysozyme.
Free radicals form a gap in the cell wall, causing the
loss of selective permeability. Hydrogen peroxide as a
part of activated aqueous solutions causes the
destruction of surface structures and internal
membranes in microorganisms [34]. The integrity of
cytoplasmic membrane disrupts a number of
membrane-related enzymes, such as dehydrogenases,
and reduces the efficiency of DNA repair systems.
Bactericidal activity of hydrogen peroxide and
activated aqueous solutions is connected, primarily,
with high oxidative capacity and action of toxic
products occurring during lipid peroxidation. Peroxide
oxidation affects ribosome proteins, causing their
destruction. Besides, destruction of membrane
structures is facilitated by the formation of peroxide
compounds. The action of hydrogen peroxide or
activated water causes local destruction of the integral
cell wall and disruption of the permeability of bacterial
cells during the first minutes of contact. However, low
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concentrations of peroxides may not have an
immediate effect, i.e. a small dose of peroxides in ice
takes a long time for starting to act on the microflora.
Consequently, peroxides as a result of gradual melting
of ice will accumulate on the surface and show the
expected disinfecting effect over time. However, the
time spent can have a negative impact on the raw
materials, so it is rational to use ice with the
concentration of peroxides being critical for coliform
bacteria, i.e. at least 400 mg/I.

During storage of meat and fish raw materials,
protein substances are broken down under the action of
proteolytic enzymes of bacteria to produce ammonia
compounds in the form of its salts and free amino
acids, the amount of which can indicate the product
freshness or spoilage. Therefore, we analyzed the
changes in this indicator during storage in all presented
samples of raw materials. The results are shown in
Fig. 3. Changes in the indicator were recorded from the
first day of storage.

When we analyze the data of Fig. 3, it is necessary
to note that despite complete suppression of the vital
activity of the microflora with the use of some
experimental ice samples, growth of amino-ammonia
nitrogen still occurs. This is due to the fact that the
decay processes continue but at a slower rate, and even
with complete sterility it is not possible to completely
stop the destructive processes in the tissues and
muscles.

Dynamics of changes in the content of amino-
ammonia nitrogen in the control and experimental
samples during storage is shown in Fig. 3. The studies
indicate the increase in this indicator during storage. It
is the expected result because proteins are broken
down in the process of storage. However, we should
say that during storage of raw materials in antiseptic
ice of plasma-chemically activated aqueous solutions,
accumulation of amino-ammonia nitrogen is slower at
the concentration of peroxides in antiseptic ice varying
from 300 to 700 mg/l. That is, protein breakdown
occurs more intensely in samples stored in ice made of
ordinary tap water. The use of plasma-chemically
activated aqueous solutions for the production of
antiseptic ice and storage of meat and fish raw
materials can partially prevent the processes of protein
breakdown and, accordingly, increase shelf life of the
product, as evidenced by the research results. It allows
us to speak of the possibility of long-term storage of
the raw materials under study.

The use of plasma-chemically activated aqueous
solutions maintains the microbiological stability of
food raw materials during storage, completely
replacing the traditional antiseptic agents, food acids
and acidifiers. Therefore, the presented technology for
using antiseptic ice in the industrial production can be
reasonably introduced and may be of interest to the
processing industry and retail chains in the processes
of cooling and storage of meat and fish.
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Fig. 3. Effect of concentration of peroxides of plasma-activated aqueous solutions
during storage on the content of amino-ammonia nitrogen in samples:
A — chicken meat; B — pork; C — beef; D — fish.

Consequently, the use of plasma-chemically
activated aqueous solutions in the preparation of
bactericidal ice can significantly increase the shelf life
of food products from 10-15 to 30 days without the use
of chemicals and pharmaceutical agents by
significantly reducing the amount of microflora on the
product surface in contact with water formed during
melting of antiseptic (bactericidal) ice. Bactericidal ice
obtained by freezing of plasma-chemically activated
aqueous solutions has the reduced melting point due to
presence of free active radicals; it can maintain the low
temperature of the raw materials for longer.
For example, antiseptic ice with the temperature of —
(6-12)°C is capable of maintaining stable temperature
indicators of raw materials for the minimum 15 days
on average, instead of 10.

Results of the work show that antiseptic ice
obtained from plasma-chemically activated aqueous
solutions increases the shelf life of products of animal
origin, without compromising the environmental safety
of the products themselves and the environment.

Conclusions

1. We analyzed the effect of antiseptic ice of
plasma-chemically activated aqueous solutions with
the hydrogen peroxide concentration of 300—700 mg/I
on the change in organoleptic indicators of meat and
fish after long-term storage. In accordance with our
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results, with the use of antiseptic ice there was almost
no unpleasant odor typical for meat and fish raw
materials, and the color remained unchanged for
30 days.

2. We determined the most effective modes of
plasma-chemical activation for the maximum
disinfection of raw materials and extension of shelf
life, that is, concentration of peroxides in solutions
used for ice production ranged from 300 mg/l and
more. Accordingly, the complete destruction of
microflora at the stage of processing and subsequent
storage was observed at peroxide concentration of
600 mg/I.

3. Study of the microbiological condition of raw
materials during storage with the use of antiseptic ice
of plasma-chemically activated aqueous solutions
allowed us to speak of provision of the product
microbial safety. The use of ice with peroxide
concentration of 600-700 mg/l allowed obtaining
completely decontaminated raw materials during their
processing, and further maintaining the
microbiological stability of raw materials for one
month of storage. Moreover, the decontamination
effect was maintained throughout the storage period,
i.e. the surface of meat and fish was almost sterile for
30 days.

4. During storage of meat and fish raw materials
in antiseptic ice of plasma-chemically activated
aqueous solutions, slower accumulation of amino-
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ammonia nitrogen is recorded (with the decrease 2
times for beef, 3 times for pork, 4 times for fish and
chicken). Therefore, the use of the proposed antiseptic
ice during storage of raw materials under study can
partially prevent the protein breakdown and,
accordingly, increase the shelf life of all considered
raw materials to 20-30 days on average, since during
this period it is possible to significantly slow down the
processes of protein breakdown.

5. The paper proves the viability of use of
antiseptic ice of plasma-chemically activated aqueous
solutions during storage of meat and fish raw materials,
since the obtained results indicate a pronounced
disinfecting action of ice under study with
peroxide concentration of 600 mg/l towards the raw
materials. In addition, long-term effect of antiseptic
ice on the raw materials during 1 month of storage
is recorded.

5/10(107): 26-35. hitp://dx.doi.org/10.15587/1729-

2018; 24 (1): 1-21.
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Kadeapa TEXHOJOTIT 30epiraHHs i mepepoOKU CiTbCHKOTOCTIOAAPCHKOT MPOAYKIIIT,

JIHIIpOBCHKMIT IepiKaBHUN arpapHO-eKOHOMIYHHMIT yHiBepcuTeT, By1. Ceprist €ppemosa, 25, M. [Hinpo, Ykpaina, 49600

Amnoranisi. TexHomoriss 30epiraHHs CHPOBHHM TBapWHHOTO IIOXOJDKEHHS B AHTHCENTHYHOMY JIBOJI CTana 00’€KTOM
TiIBUIIIEHOI YBaru BUCHUX Ta (axiBLiB XapuonepepoOHOi MPOMHUCIOBOCTI. Y poOOTI HaBeIEHO OCOOIMBOCTI IIA3MOXiIMIYHOT
aKTHBAILlil PO3YMHIB /I BUPOOHHUIITBA AaHTHCENITHYHOTO JIbOY Ta TXHE MOJANIbIIIC BUKOPUCTAHHS MPH 30epiranHi M’sca i puoH.
VY mpoueci Takoi 0OpOOKH YTBOPIOIOTHCS MIKPOYACTKU MEPOKCHIY BOJHIO, SIKi MPU KOHTAaKTi 3 CUPOBHUHOIO 3[]aTHI YTBOPUTH
aKTUBHHAH KHCEHBb, IO JO3BOJISE Ne31H(IKYBATH MOBEPXHIO CHPOBHHH. BH3HAYEHO KOHICHTPAII0 MEPOKCHAY BOJHIO B
PO34YHMHAX, SIKi B MOJANBIIOMY BHKOPHCTOBYBAJIMCH JUIS OTPUMAHHS AHTHCENTHYHOrO JbOAY. JIOCITiKEHHS 0cOoOMMBOCTEH
BUKOPHCTAHHS aHTHUCENTHYHOTO JHOAY 3 IIa3MOXIMiYHO aKTHMBOBAHHX BOJHHX PO3YMHIB MOKA3ayo, IO NMPH BUKOPHCTAHHI
MPEICTABICHOTO AHTUCENTHKA OpPTaHOJIENTUKA CHPOBHHM Oyina He3MiHHA. BinMideHO mpUTHIYEHHS >KUTTE3JAaTHOI
Mikpodiopy, 3a paxyHOK aHTUMIKPOOHOI Jii IJIa3MOXIMIYHO aKTHMBOBAaHHMX BOJHHMX PO3YMHIB. AHTHCENTHYHHUI JIiA CIIpuUsie
TPUBAJIOMY 3HE3aPAKCHHIO CHPOBHHHU. Tak B 3pa3kax BiAMIYa€ThCs BiJACYTHICTH MIKpodiIopu Me30(iIbHUX aepoOHUX i
(aKkyIbTaTHBHO-aHAEPOOHUX MIKPOOPTraHi3MiB Ta OaKTepiii TpymH KHUIIKOBOI MAJMYKH, IO JO3BOJISE MOKPAIIUTH SKICTh
XapuoBOi CUPOBUHH, 10 30epiraeThes. [Ipu KoHIeHTpallil mepokcuaiB Ha piBHi 600—700 Mr/a BigMidaeThCs MOBHA BIICYTHICTh
MaToTeHHO1 MikpoduiopH y 3pa3kax M’sica i pudn. [Ipu 30epiranHi B 16041 M'ICHOI Ta puOHOI cupoBuHH TpoTsroMm 30 mib
MaToreHHa MiKpo(iiopa He 3 SBISETHCS, IO MIATBEPIXKYE TPHBATY Ne3iH(IKyOUy Aif0 aHTHCENTHYHOTO Jboxmy. Ilim gac
TpHUBaJOTO 30epiraHHs M SCHOI Ta PHOHOI CHPOBWHH BiAMideHE OLTBII MOBUIPHE HAKONHMYECHHS aMiHO-aMiadyHOTO a3oTy.
BukopuctaHHS I1a3MOXIMIYHO aKTHBOBAaHHWX BOJHHUX PO3YHHIB IJIi BUPOOHHITBA aHTHCENTHYHOTO JHOAY 1 30epiraHHs B
HBOMY M’SICHOI i pOHOT CHPOBHHH TO3BOJISIE YACTKOBO MOMEPEIUTH MPOIECH PO3KIIAJaHHs O1JIKIB i, BiMOBIAHO, 301IBIINTH
CTPOKM 30epiraHHs MpPOIYKTy. Y poOOTi BHUCBITJICHO TEXHOJIOTIYHI NapaMeTpH Ipolecy 30epiraHHs M’sca Ta pubM B
AQHTUCENTUYHOMY JIbOJI, SIKi MOXKYTh OyTH BHKOPHCTaHI IpU MPOMHUCIOBOMY 30epiraHHi cCMpoBHHH. HaBeeHO TeXHOJIOTi4HI
peKoMeH ANl 111010 BUKOPUCTAHHS JIbOY 3 IJIa3MOXIMIUHO aKTHMBOBaHHMX BOJHHMX PO3UHMHIB B Ipolieci 30epiraHHs CHPOBHHH
TBAPUHHOTO HOXO/IKEHHSL.

Kaiwouogi ciioBa: mia3mMoximMiuHa akTHBaIlis, BOJHI PO3UMHH, TIEPEKUC BOIHIO, aHTHCETITUIHUI JTi I, M 5icO, prda.
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