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The influence of a biologically inert protective coating on the basis of low-esterified pectin substances (LEPS) on the
qualitative indicators of frozen fish and its lipids is studied in this paper: organoleptic, physico-chemical, structural-
mechanical and biochemical changes in fish of various methods of freezing during 240 days of cold storage. The limit-
ing periods of storage of a silver carp (Hypophthalmichthys molitrix) of different ways of freezing are established. The
prolongation of the shelf life of refrigeration and the higher quality indices of frozen fish with the use of a protective
coating based on low-esterified pectin substances is due to the reduction of shrinkage and inhibition of hydrolytic de-
composition and oxidative damage of lipids by preventing the contact of the surface of frozen fish with oxygen in the
air. In addition, when freezing fish in a calcium chloride solution, the LEPS-based coatings exhibit barrier properties,
preventing the diffusion of calcium ions into the muscle tissue of the product. Such a mechanism of influence on the du-
ration of fish storage of various methods of freezing during prolonged cold storage allows to obtain frozen fish with
high quality indices and to substantially reduce losses during refrigerated storage.
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1. Introduction

Freezing is one of the most reliable and widely used
methods of conservation, both onshore enterprises and on
ships, which allows the maximum preservation of the nutri-
tional and biological value of raw materials, flavor charac-
teristics and significantly extend the storage time [1].

The quality of frozen fish and the period of cold stor-
age depend on many factors and, first of all, on the degree
of freshness of the raw material, the method of freezing, the
temperature of cold storage, the degree of protection of the
product from drying and oxidation of lipids, and also from
the type of fish. It is known that slow air freezing degrades
the quality of fish and shortens the duration of its cold stor-
age. However, this method of freezing is universal and
allows to freeze a large mass of fish simultaneously, which
differs significantly in size-mass characteristics [1].

Studies of recent years have shown the economic and
energy efficiency of freezing fish in cryogenic liquids,
however, these methods require special equipment and
large material costs. Today much attention is paid to the
most accessible methods of freezing, for example, contact
freezing in salt solutions (mainly sodium and calcium chlo-
rides) [2, 3].

The processes of storing frozen fish are also improved
in the direction of the use of glazing, packaging, and the
application of various coatings. In the process of refrigera-
tion, the fish undergoes a number of biochemical and phys-
ical changes associated with enzymatic and biochemical

processes and the evaporation of part of the moisture con-
tained in the muscle tissue. The main changes leading to a
deterioration in the quality of the product are lipids oxida-
tion and fish dehydration (shrinkage). One of the most
common ways to prevent dehydration and oxidative deteri-
oration of lipids in frozen fish is glazing, which is used for
fish and fillet blocks or for large fish frozen in undivided
form. The application of the glaze layer is carried out by
immersion in water or watering the frozen product with
water. Glaze is formed in the form of ice crust, which
should evenly cover the surface of the block or fish. The
amount of ice formed on the fish during glazing depends on
the temperature of the block or the individual frozen fish,
the duration of glazing, the number of dives and other fac-
tors. With a long dive and repetition of diving, the mass of
the glaze on the fish can reach 10% of fish mass. However,
in industrial conditions, the glaze weight is usually varies
from 2 to 7%. The crust of ice formed in different places of
the surface of the block or fish has a different thickness,
which leads to different sublimation of water in different
parts of the product. Water glazing is effective only for a
short period of time, since glaze can be sublimated up to
1% monthly. Losses of glaze significantly increase, and
protective properties deteriorate with temperature fluctua-
tions during storage and transportation of frozen fish [1].

The use of only glazing with water only without pack-
ing the product into a polymer film and without the addition
of antioxidants allows to obtain an insignificant protective
effect only [1].
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Recently, the researches are conducting in many
countries aimed at creating biologically inert protective
coatings formed directly on the product. It was found that
using of acetoglycerides for glazing provides a better pro-
tective effect for frozen fish due to reducing shrinkage and
fat oxidation than when glazed with water.

Works are carried out in two directions. In the first di-
rection, types of protective films based on synthetic poly-
mers are sought, coatings of which are formed in the cold
conditions from aqueous dispersions of polymers. Before
use, this coating should be removed from the surface by
consumers. Works on the second direction are associated
with the creation of edible films based on natural polymers.
Work is underway to create protective coatings of two types
- soluble in cold or hot water and insoluble, but non-
harmful and easily absorbed by the human body.

Thus, not only the intensification of freezing process-
es, but also the use of inexpensive moisture-, vapor-, gas-
tight protective coatings is a promising direction of improv-
ing the quality and prolonging the shelf life of frozen fish.
The use of protective coatings based on natural biopoly-
mers not only makes it possible to prevent a decrease in the
quality of the product, but also creates a number of ameni-
ties for its culinary processing. The introduction of protec-
tive edible and inedible films applied directly to the prod-
uct, is important for improving the methods of preserving
the quality of frozen fish products. In this case, it is possible
to combine individual methods (glazing with packaging in a
film, cardboard packaging, etc.) to select the most econom-
ically feasible method [1].

2. Main part

The procedure for carrying out the experiments was as
follows: freezing was carried out by air and by contact
brine process with preliminary deposition of a protective
coating on the surface of fish. As a biologically inert pro-
tective coating, a film based on a natural biopolymer - low
esterified pectin was used [2-4]. The applied protective
coating does not affect the color, smell and taste of the
product, it can be easily removed from the surface of the
frozen fish during defrosting.

Control samples were the fish of air and brine freez-
ing without applying a protective coating. The freezing
temperature is minus 25°C, the final temperature in the fish
body is minus 18°C. After freezing, the fish was packed in
cardboard boxes and stored at minus 18°C for 240 days.
Determination of changes in the quality of fish was carried
out every 30 days of storage after thawing in water at a
temperature of 20 + 2 ° C to a temperature in the product
0 ° C at a fish-water ratio of 1: 3.

It has been established that samples of fish frozen in
calcium chloride solution using a protective coating on the
basis of LEPS have received the highest quality rating for
organoleptic parameters at all duration of cold storage
(Fig. 1).

The highest ball score for organoleptic characteristics
was obtained by samples of fish frozen with using a protec-
tive coating based on LEPS with all methods of freezing
and all duration of cold storage.

With prolonged refrigerated storage of fish in a frozen
form, there is a decrease in the mass of the product, i.e.
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shrinkage. The amount of shrinkage depends on a variety of
factors, such as the type, condition and size of the product,
the kind of packaging, the way of packing and the location
of the product in the refrigerator.
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Figure 1 — Organoleptic evaluation of silver carp of brine
and air freezing: a) after 180 days of cold storage; b) after
240 days of cold storage

The amount of shrinkage during refrigeration storage
is also significantly affected by the freezing method and the
temperature at which the freezing process is carried out. As
studies have shown, the amount of shrinkage is significantly
affected by the method of freezing, and the dependence is
found at all times of cold storage.

The lowest losses in refrigerated storage for 240 days
are observed in samples of fish frozen in a solution of calci-
um chloride with coating — 0.95% (Fig. 2b), while shrink-
age of fish samples frozen in air reaches 5.2% (Fig. 2a).

The use of a biologically inert protective coating on
the basis of LEPS allows to reduce the amount of shrinkage
by 2.3 and 2.8% with air and brine freezing respectively for
the same period of cold storage. The analysis of the ob-
tained data showed that the shrinkage increases with the
increase in the duration of the refrigerating storage with all
freezing methods, the main part of the moisture (up to 70%
of the evaporated moisture) sublimates in the first 120 days
of storage.
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Figure 2 — Influence of the freezing method on the shrink-
age of silver carp as a function of the duration of cold stor-
age: a) air freezing; b) brine freezing

The data obtained are consistent with the organoleptic
evaluation, as well as with the data on moisture determina-
tion in the muscle tissue of samples of silver carp frozen
with different methods of freezing (Table 1).

Table 1 — Changes in the moisture content in muscle tissue
of frozen silver carp

c . Method of freezing

% g § _ @ Using protective coating

529 '3 ‘= . )

0° g = air brine
30 73,2 75,0 75,3 75,3
90 71,3 74,3 75,3 75,3
180 70,6 73,4 75,2 75,2
240 70,2 72,5 75,2 75,2

The initial moisture content in the muscle tissue of
silver carp is 75.4%.

Such differences are explained by the fact that the pec-
tin substances on the basis of which the coating is obtained
have the ability to hold a large amount of moisture and,
forming a film on the surface of the fish, reliably protects
the samples from contact with oxygen in the process of
refrigeration, thereby reducing the loss of moisture during
the storage process.

Significant reduction in mass loss during storage of
fish samples frozen in a solution of calcium chloride with-

out the use of a protective coating compared with fish of air
freezing is due to a minimum dryness of 0.045% during
freezing, whereas in samples of fish in air freezing, the
mass loss during freezing is more than 2, 0%.

Cold storage of frozen fish is accompanied by hydrol-
ysis and oxidation of lipids of muscle tissue.

The greatest changes were noted in lipid samples of
fish frozen in a solution of calcium chloride without the use
of protective coating, as evidenced by an increase in the
values of acid numbers, which is explained by the predomi-
nant hydrolysis of phospholipids (Fig. 3).
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Figure 3 — Influence of the freezing method and the dura-
tion of cold storage on the accumulation of free fatty acids
in the silver carp muscle tissue

The initial value of the acid number of silver carp li-
pids was about 2.8 mg KOH / 1 g of fat, peroxide number -
0.0191% iodine / 100 g of fat, and aldehyde number 0.57
mg cinnamaldehyde / 100 g of fat.

The highest value of acid numbers is observed in li-
pids of silver carp frozen in calcium chloride solution with-
out using a protective coating after 90 days of cold storage -
11.6 mg KOH / 1 g of fat, which is 1.3 mg KOH / 1 g of fat
more than after freezing in the air. The use of a protective
coating on the basis of LEPS for all methods of freezing
makes it possible to reduce the values of the acid number
by 26.7 and 21.2% in both air and brine freezing respective-
ly.

It was found that the greatest changes were observed
in lipids of silver carp frozen in calcium chloride solution
without the use of protective coating, and the smallest -
when freezing in calcium chloride solution using a protec-
tive coating based on LEPS 0.277 and 0.145% iodine/100 g
of fat (fig. 4).

For samples frozen in air using a protective coating on
the basis of LEPS, a reduction in the peroxide value was
observed in comparison with the samples of air freezing
without the use of a protective coating on average by 25.0%
during the whole period of cold storage.
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Figure 4 — Changes in the peroxide number of lipids of
silver carp muscle tissue, depending on the duration of cold
storage and the method of freezing

Values of aldehyde numbers steadily increased during
the entire storage period and were 0.304, 0.40; 0.491; 0.627
mg cinnamaldehyde / 100 g of fat, respectively, when fro-
zen in a solution of calcium chloride and in air using a
protective coating based on LEPS, freezing in air and brine
freezing without the use of a protective coating.

The nature of changes in the degree of oxidation and
the stability of lipids to the development of oxidative dam-
age processes are determined by the type of fish, as well as
by the temperature and duration of refrigeration.

Analyzing the data obtained, it should be noted that
the nature of changes of the lipid quality indices during
refrigeration is similar at all stages, but a wave-like changes
in values are observed. Thus, for example, the peroxide
number of fish of all methods of freezing changes little
during the first 60 days of storage, after reaching the end of
90 days storage reaches its maximum values, then there is a
rapid decrease after 120 days of storage, and after 180 days
of storage the value of the peroxide number increases again.
The question of the existence of rhythmic vibrations in
physical, chemical and biological processes is widely dis-
cussed in modern literature. In relation to frozen fish, one
should speak of tissues in the transitional state, because the
processes which are characteristic to a living organism
continue for a long time and low temperatures do not stop
them, but only reduce the rate of these reactions.

In addition, the wave-like changes in the content of
various compounds can be explained both by the features of
the interaction of various oxidation-reduction systems, and
by the peculiarities of the course of the various chemical
reactions that make up this system. The rate and direction
of the reaction, all other conditions being equal, are deter-
mined by the concentration ratios of the reacting substances
and the products formed. In view of the foregoing, it is
quite natural that the reduced or oxidized forms of the con-
stituent elements of different oxidation-reduction systems
will be formed and accumulate unevenly.
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Signs of oxidative damage to lipids are felt organolep-
tically at peroxide values greater than 0.19-0.20% io-
dine/100 g of fat, and aldehyde numbers more than 0.56 mg
cinnamaldehyde / 100 g of fat.

The first signs of lipid oxidation were organoleptical-
ly detected in samples of brine frozen fish after storage at a
temperature of minus 18 ° C for 120 days, for fish frozen in
air using a protective coating on the basis of LEPS after 240
days; for samples of air freezing - after 210 days of storage
and in fish frozen in a solution of calcium chloride using a
protective coating on the basis of LEPS after 240 days of
storage. The results of the organoleptic evaluation are con-
sistent with the results of determination of peroxide and
aldehyde numbers of lipids of silver carp.

Comparison of the peroxide and aldehyde numbers of
the silver carp freezed with different methods of freezing
shows that the degree of oxidation of lipids in muscle tissue
of fish samples frozen in a calcium chloride solution is
greater than when frozen in air or brine frozen using a pro-
tective coating based on LEPS.

This can be explained by the penetration of calcium
ions into the muscle tissue of fish during freezing, leveling
the beneficial effect of high-speed freezing. In addition,
diffusing into muscle tissue, calcium ions activate the ac-
tion of endogenous enzymes, lipases and lipoxygenases in
particular, which promote acceleration of hydrolytic de-
composition and oxidative damage to fats. The smallest
changes associated with hydrolytic decomposition and
oxidative deterioration undergo lipids of fish samples fro-
zen in calcium chloride solution using a protective coating
based on LEPS during the whole period of cold storage
(Table 2).

This is apparently due to a decrease in the rate of hy-
drolysis of lipids as a result of minimal disruption of the
histological structure due to the high rate of freezing and
the protective properties of the coating, which prevents both
diffusion of calcium ions during the freezing process and
eliminates the contact of the surface of the fish sample with
air oxygen during refrigeration.

Table 2 — Influence of the freezing method on the changes
in muscle tissue lipids of silver carp after 240
days of cold storage

Method of freezing
Using protective
Index | 2 coating
(] =
< air air
Acid number,
mg KOH / 1g of fat 727|842 i i
Peroxide number,
% iodine / 100g of fat 02110281 0,145 0,134
Aldehyde number,
mg cinnamaldehyde / 0,49 |063| 0,40 0,304
100 g of fat

The carried out researches have shown that the quality
characteristics of a silver carp in the case of freezing in
calcium chloride solution using a protective coating on the
basis of LEPS is higher in comparison with the qualitative
characteristics of fish of the traditional method of freezing,
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as well as brine frozen without the use of protective coating
at all duration of cold storage.

As a result the use of a protective coating during brine
freezing inhibits the development of lipid oxidation and
promotes better preservation of its nutritional value, since it
slows the breakdown of biologically active polyunsaturated
fatty acids.

The results of microbiological studies have shown that
trends in changes in the total bacterial contamination of
silver carp for 240 days of cold storage are similar. Micro-
bial count of fish samples of all freezing methods is re-
duced by an average of 0.8% of the initial value. The de-
crease in the number of bacteria in the cold storage of
silver carp is explained by the death of microorganisms at
negative temperatures.

Conclusions

The conducted studies show that for such an unstable
system as a fish, technologies that allow preserving aroma
and flavor components, microstructure, hydrophilic proper-
ties, as well as reduce their bacterial contamination, the
degree of denaturation and aggregation of proteins, the
intensity of proteolytic transformations of proteins, hydro-
Iytic decomposition and oxidation of lipids. The use of new
biologically inert coatings on the basis of natural biopoly-
mers applied directly from water solutions to products
closely adhering to the surface and filling all cavities capa-
ble of significantly reducing shrinkage and inhibiting oxida-
tive damage of lipids during refrigeration is a promising
direction for improving the refrigerated storage of frozen
fish.

The advantage of using a biologically inert protective
coating on the basis of LEPS with all methods of freezing is
obvious at all times of cold storage of a silver carp. Analy-

sis of the experimental data showed that the highest quality
was achieved in fish samples frozen using a protective
coating based on LEPS.

The use of protective coatings allows to implement a
highly effective method of contact brine freezing, to length-
en the shelf life of fish by reducing the shrinkage and inhi-
bition of hydrolytic decomposition of lipids and oxidative
damage of PUFA and reducing the loss of food raw materi-
als, as well as further preventing the growth of the micro-
flora of silver carp due to the bactericidal properties of
pectin substances.
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BnnuB GionoriyHo iHEPTHOro 3aXMCHOro NOKPUTTA Ha OCHOBI HU3bKoeTe-
pudikoBaHUX MEKTUHOBUX PEYOBMUH Ha AKICTb MONliHEHACUYEHUX XUPHUX
KUCNOT i TepMiHM 36epiraHHA MOpOXeHOoI pnowm

1 1 2
A. I'epacum ™ . Hamioxos', H. Hamiokosa
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B pobomi docridscyemvbcs 6naug 0ion02iuHO IHEPMHO20 3AXUCHO20 NOKPUMMS HA OCHOBI HU3bKOemepUuDiko8anux nek-
munosux peuosun (HIIP) na AKicHi NOKA3HUKU MOPOINCEHOL pubu: opeanoienmuyni, Qisuko-ximiuni, Oioximiuni ma mik-
pobionociuni 3minu pudu pizHux cnocoois 3amopoxcysanisi npomseom 240 0i6 xonodunvhoeo 36epicanns. Becmanosieno
epaHuuni mepminu 30epicants 6i1020 MOBCMON0OUKA Pi3HUX cnoco0ie 3amopoxcysants. TIpononeyeanus mepminis xo-
JI00UNbHO20 30epieants | OLnbUL BUCOKI AKICHI NOKAZHUKU MOPOACEHOT pubU npu GUKOPUCMAHHKE 3AXUCHO20 NOKPUMMSL HA
OCHO8I HU3bKOemepu@iKo8aHux NeKMUHOBUX PEYOSUH 00YMOGIEHO SHUINCCHHIAM VYCYUIKU MA 2ANbMYGAHHAM 2I0POIIMUY-
HO20 po3nady i OKUCTIO8AIbHO20 NCYB8AHHL INIOI6 3a PAXYHOK 3aN00ieaHHs KOHMAKMY NOBEPXHI MOPOICEHOI pudu 3 Ku-
cnem nogimps. Kpim mozo, npu 3amoposicysanni pubu 6 posuuni Xaopudy xauvyiro, nokpumms Ha ocrhosi HIIP npose-
asromy 6ap'epui eracmugocmi, wjo 3anobieac oughysii ioHie Karbyio 6 M'a308y mranuHy npooykmy. Taxuu mexauizm
6NIUBY HA MPUBANICIb 30epieanHs pubu PI3HUX CNOCO0I8 3AMOPOIICYBAHHS NPOMA2OM MPUBATOZ0 XOJIOOUTbHO20 30epi-
2aHHA 00380JAE OMPUMYBAMU MOPOICEHY PUDY 3 BUCOKUMU AKICHUMU NOKAZHUKAMU MA ICIOMHO 3HUSUIMU 8MPAmu i
10008AHCUMU MEPMIHU XOLOOUTLHO20 30epicanHsl.

Knwuoei cnosa: 3axucne noxkpumms, Huzvkoemepughixosanuii nexmun, 3amopooicysanus, Xonoouivhe 30epicanis,
Opeanonenmuuni nokasnwuku, Ycywxka, I'ioporimuunuii po3nad, OKuciosaivhe ncysanHs.
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