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1. Introduction

ABSTRACT

The necessity of developing new energy-saving technologies for integrated deep pro-
cessing of fish raw materials is substantiated. The results of a study of functional tech-
nological indicators of fish minced systems using protein supplements based on salmon
skin are presented. Rational parameters of drying fish raw materials are determined,
which allow to maintain its high nutritional and biological value. The technology of fish
snacks based on dried fish raw materials using a protein supplement from salmon skin
has been developed.

Object of research: development of a technology for the production of fish snacks with
protein supplement.

Investigated problem: obtaining an affordable food product with an increased amount
of protein.

The main scientific results: possible ranges of the concentration of protein supplements
in the technological process are identified and the parameters of the production process
are determined. It is shown that increasing the concentration of protein supplements
reduces the duration of the sublimation process for the production of fish snacks. In par-
ticular, increasing the concentration of protein supplements to 15 % makes it possible to
increase the amount of mineral and protein substances.

Scope of practical use of the research results: food industry enterprises specializing in
the processing of fish raw materials.

Innovative technological product: the technology for the production of fish snacks en-
riched with protein raw materials can prevent the development of peritonitis and chronic
exacerbations in patients with the gastrointestinal tract.

Scope of the innovative technological product: fish processing complex in the field
of food production, clinical practice of using fish snacks for the prevention of chronic
diseases of the gastrointestinal tract.

© The Author(s) 2020. This is an open access article under the CC BY license http://creativecommons.org/licenses/by/4.0).

In the context of the aggravated environmental situation, the issue of public health is partic-

ularly acute. It is known that human health is almost 40 % dependent on the quality of food prod-
ucts, in particular, their nutritional, energy and biological value. For several decades, humanity has
been suffering from a lack of complete protein, the source of which, as it is known, is mainly raw
materials of animal origin, in particular meat, fish, milk and eggs [1, 2].
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Food products, namely fish raw materials, can play a positive role in the treatment of post-
operative patients, especially for patients with acute chronic pathology of the abdominal organs.

Improper nutrition and inadequate daily diets affect the intestines, forming ulcers, which in
turn can lead to peritonitis.

If the daily diet is not followed, chronic diseases become aggravated, Crohn’s syndrome
occurs, when ulcers appear throughout the intestines, which leads to surgical pathology.

So, fish and fish products, which are rich in high-grade proteins, lipids, polyunsaturated
fatty acids, micro- and microelements, positively affect the condition of patients and help to help
align the diet in preventive measures.

1. 1. Object of research

The object of research is the technology for the production of fish snacks enriched with
protein raw materials for preventive measures to prevent the development of disorders of the gas-
trointestinal tract.

1. 2. Problem description

Studies by many scientists have shown that the rational use of fish raw materials involves
its waste-free processing. Wastes from the fish processing industry, represented mainly by colla-
gen-like raw materials, can be a source of valuable proteins [3—5].

Studies of a number of scientists [6—8] have formed several ways out of this situation:

— increase in fish growing and production of fish products;

— attraction of unprofitable fish species to the technological process;

—use of protein concentrates, isolates, emulsions and protein supplements based on fish
collagen and raw materials in fish technology.

Today, there is a problem of insufficient implementation of highly effective modern
technologies for processing low-value secondary raw materials and waste from the fishing
industry; they have significant potential in the creation of food products and additives. In
addition, the processing of such raw materials has an environmental and economic aspect,
since the use of secondary resources is one of the conditions for the environmentally friendly
development of the economy.

In the fish processing industry, several trends are observed: an increase in demand for
delicious seafood, including frozen shrimp; narrowing of the market for natural fish products
due to their high cost; increase in the assortment of semi-finished products of high degree of
readiness and finished culinary products from fish; and also the rapid development of structured
and molded products based on minced surimi and minced fish (minced fish products, sausages,
fish snacks) [8—10].

1. 3. The proposed method of solving the problem

One of the new and promising directions of processing fish raw materials is the production
of minced fish on its basis [11, 12] with the aim of obtaining fish snacks based on them.

Thus, the urgent tasks of the fishing industry in Ukraine are determined by the following
promising areas of hydrobiont technology:

— scientific justification and development of integrated technologies for raw materials of wa-
ter origin, providing for the deep processing of raw materials to produce traditional food products,
products prepared to the maximum extent possible (multicomponent minced products, quick-fro-
zen culinary products, fish snacks, etc.);

— development of energy-saving latest technologies that ensure high economic efficiency of
their use, quality and safety of products.

The possibility of obtaining a wide range of products from fish raw materials is determined
by its chemical composition. Important indicators include fat, protein, enzyme activity, and quali-
tative lipid composition. Given the protein-water coefficient and the fat content of the fish, all raw
materials are classified into groups that are recommended for use for a certain type of product.
Thus, it is advisable to use fatty, high-fat and high-protein fish varieties for freezing, drying and
smoking; low-protein, low-fat fish should be processed into fodder flour, and low-fat protein fish —
for the production of frozen and dried products [13—15].
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In recent decades, the search and development of new areas of using low-value fish raw mate-
rials for obtaining dried products has been actively conducted, due to the possibility of extending the
shelf life of food products, as well as the popularity of these products on the Ukrainian market [3, 16].

The aim of this research is development of the technology of dried fish snacks based on
minced fish with low-value fish raw materials using protein supplements based on fish skin.

2. Materials and Methods

To introduce the technology, a study was conducted of water-binding [27] and emulsifying
ability [28]. The studies were carried out in laboratory conditions and carried out by the follow-
ing methods: moisture content — drying the sample to constant weight at a temperature of 105 °C
according to GOST 4288-76 [27]. Determination of the water-binding capacity of the test samples
was carried out using the pressing method. It was experimentally established that 1 cm? of the wet
spot area of the filter corresponds to 8.4 mg of moisture. The content of bound moisture, % of total
moisture was determined by the formula:

wBC =384 100 %, (1)
S

where s — total moisture content in the sample, %; w — wet spot area, cm? [27].

Drying of the samples was carried out by the method of studying thermal stability and was
determined with a Kett JE-400 thermogravimetric infrared moisture meter, which determines the
moisture content and dry residue (%) in the sample after the change in the mass of the sample
after it was dried with an infrared lamp. The principle of measuring Kett JE-400 moisture meters
is based on the ability of water contained in a controlled product to absorb light flux energy with
wavelengths lying in the near infrared zone. If necessary, the following parameters can be changed:
indication (moisture content or dry residue), drying temperature from 65 °C to 195 °C, drying time
up to 90 min with a step of 60 s was 45x60 s, as well as the measurement mode. Moisture (2) and
dry residue (3) were determined by the formulas:

w-w,
M, = -

%100 %; )

D =(100-M) %, ©)

where W — initial mass of the sample; W —mass of solids.

The chemical composition [30] was defined as the quality of food products, taking into
account indicators such as the energy value of the product is calculated by the mass fraction of
digestible proteins, fats and carbohydrates; biological value, which is characterized by the mass
fraction of essential amino acids, polyunsaturated fatty acids, vitamins, mineral salts, tonic sub-
stances and other biologically active compounds; organoleptic properties: form, appearance, color,
texture, smell and taste of the product. The quality of the product as a whole is equal to the sum of
all indicators, taking into account the significance coefficient of each of them.

2. 1. Experimental procedures

The technology of protein supplements based on fish skin using biotechnological techniques
are developed [17]. Salmon skin was used as fish skin, and collagenase was used as an enzyme
preparation. Protein supplement is characterized by high water-binding and emulsifying ability. In
addition, the protein supplement from salmon skin is similar in its organoleptic characteristics to
minced fish systems, which makes it promising to use it in fish products technologies, especially
based on minced fish.

The developed protein supplement was introduced into the composition of minced fish with
blue whiting in the amount of 15 % by weight of the fish. The choice of fish raw materials was
primarily determined by its chemical composition. Blue whiting is characterized by a high mass
fraction of water and protein, which is 79...80 % and 17.3...18.5 %, respectively, of the total mass of
fish, as well as low fat content, does not exceed 1.2...1.5 % [18, 19].
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Significant protein content in blue whiting meat determines the high biological value of
this fish raw material, since fish proteins are easily digestible proteins (92...98 % digestible by
the human body) and are characterized by a high efficiency ratio of 1.88...1.90 [15, 19, 20]. At
the same time, blue whiting meat is characterized by a low fat content, facilitates the drying
process of this type of fish raw material. In addition, a developed protein supplement is also
characterized by a high protein content, and its moisture content is close to that of fish stocks.
In terms of dry matter, the protein fraction of the developed additive is 90.1 %, the lipid
fraction is 6.1 %, and the mineral is 3.8 %, which makes it possible to classify the developed
additive as protein [21].

3. Results

The chemical composition of fish minced systems using 5...15 % protein supplements is
given in Table 1. This level of replacement is due to the fact that the introduction of a protein
supplement in an amount of less than 5 % does not significantly affect the technological and
organoleptic characteristics and biological value of the finished product, and the introduction
of more than 15 % leads to a deterioration in organoleptic characteristics and the appearance of
limiting amino acids.

Table 1
The chemical composition of the model minced systems

No. 3 (68), 2020

Samples Moisture, % Protein, % Fat, % Ash, %

Minced fish (control) 75.1£0.9 22.2+0.5 1.10+£0.05 1.6+0.1

Minced fish with 5 % protein supplement 72.7+0.9 21.8+0.5 1.00+0.05 1.5+0.1
Minced fish with 10 % protein supplement 76.1+0.9 21.4+0.5 1.00+0.05 1.540.1
Minced fish with 15 % protein supplement 76.5+0.9 21.1+0.5 1.00+0.05 1.4+0.1

As can be seen from the data given in Table 1, with an increase in the mass fraction of the
protein supplement in the composition of the minced systems, there is a slight increase in the mass
fraction of moisture and, as a result, a decrease in the amount of solids. These changes are due
to the difference in the chemical composition of fish raw materials and protein supplements. The
data obtained indicate that the experimental samples do not have significant differences compared
with the control sample, confirms the possibility of using the developed protein supplement in the
composition of minced systems.

It was found that the BS content of 15 % in minced fish systems makes it possible to obtain
softer and more supple systems. This is confirmed by an increase in such indicators as compli-
ance (by 0.25x107 Pa™) and plastic viscosity (by 6.4x107 Pas), as well as a decrease in condi-
tional elasticity (by 73 Pa) in experimental samples from 15 % protein supplements compared to
controls [22]. In further studies, a stuffing system with a mass fraction of protein supplement of
15 % was used, since this sample is characterized by the best structural and mechanical indica-
tors, in particular, plasticity and ductility.

The main preservative factor during drying, which determines the stability of the food
product during storage, is the degree of its dehydration. During drying, the taste improves, be-
coming more expressive and concentrated, as well as the consistency and appearance of the
products. Products dried to a final mass fraction of moisture of 5...12 % and protected from
re-wetting do not deteriorate for a long time, since most microorganisms are not able to grow and
multiply actively at low values of water activity. Under such conditions, only spores of bacteria
and microscopic fungi can survive. Thus, drying at high temperatures (above 100 °C) allows to
get almost sterile products, but at the same time it leads to the destruction of proteins, tissue en-
zymes and the decomposition of fats. Considering the above, 2 methods of drying were chosen,
namely: drying in an oven at a temperature of 115 °C, as well as drying under mild conditions by
the method of mixed heat supply (STP-drying), which will allow to maintain high nutritional and
biological value of fish raw materials.
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Minced fish with 15 % protein supplement with moisture content of 76.5+1.0 % was dried to
a residual moisture content of 5.0+0.2 %. The drying operation was carried out at various tempera-
tures of the drying agent, namely: 50, 75, 90 and 115 °C.

As can be seen from the data shown in Fig. 1, the duration of the drying of minced fish at
various temperatures of the drying agent was 110, 100, 80, and 6060 s, respectively.

The drying results are shown in Fig. 1.
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Fig. 1. The dependence of the moisture (W) of minced fish over time (t) at various temperatures
of the drying agent: 1 — 115 °C; 2 —-90 °C; 3 — 75 °C; 4 — 50 °C

An analysis of the obtained data indicates that the drying rate at a temperature of 90 °C
is 1.2 times higher than at a temperature of 75 °C, and 1.6 times higher than at a temperature
of 50 °C. At the same time, the drying rate at a temperature 115 °C 1.3 times more than at a
temperature of 90 °C; 1.7 times more than at a temperature of 75 °C and 1.8 times more than at
a temperature of 50 °C.

Thus, studies have confirmed that increasing the temperature of the drying agent leads to a
reduction in the drying time, but at the same time, energy costs increase. In addition, the high drying
temperature negatively affects the protein components of the lipids contained in minced fish. Under
such conditions, to better preserve the biological value and organoleptic characteristics of the finished
products, it is advisable to use the temperature of the drying agent, not exceeding 50 °C.

When modeling the recipes of fish snacks used fish mass and protein supplement in appro-
priate proportions. The last components were introduced according to technological necessity at
the last stage of the process. Recipe for fish snacks using protein supplements based on fish skin
are presented in Table 2.

Table 2
Fish snack recipe
Name of raw materials Net weight, g
Blue whiting 1284.0
Protein supplement based on fish skin 230.0
Salt 15.0
Ground black pepper 1.0
Prefabricated mass 1530
Mass of finished products, g 100

The studies allow to develop a conceptual scheme for the production of fish snacks using a
protein supplement based on fish skin (Fig. 2).

As can be seen from the circuit diagram shown in Fig. 2, it includes the following sub-
systems:

—block C — preparation of prescription components;

— block B — preparation of the recipe mixture, including portioning, formation;

—Dblock A — heat treatment and storage of finished products.
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Fig. 2. Schematic diagram of the production of fish snacks using protein supplements

4. Discussion

This technology allows to solve the problem of protein deficiency and to carry out preventive
measures to spread diseases of the gastrointestinal tract. So, T. Lebska [10] in her study noted the pros-
pects of using fish skin, however, processing took a considerable amount of time and energy, the tech-
nology proposed in the article minimizes the complexity of the initial stage of the process, although it
relies on the proposed research. N. Dunchenko [11] suggested using more fish raw materials for chil-
dren’s and preventive nutrition, outlining the areas of interest, so it was decided to use snacks. And
A. Dvoryaninova [15] proposed an interesting adsorption method, which, in combination with the
T. Lebska method, allowed to get fish snacks for smoking with protein raw materials. In contrast, the
authors began to study [23, 24], which examined the patterns of assimilation and digestion of second-
ary fish raw materials in the context of the worldwide problem of food shortages, thus the technology
mentioned in the article allows partially solving this problem without additional labor and energy costs.

The authors of [25, 26] conducted a detailed study of biological and physicochemical studies
of a wide range of fish raw materials, which allowed, based on the above data, to concentrate our
research on increasing shelf life.

It is also shown that the use of protein supplements in fish snack technology allows develop-
ing resource-saving technology for a new product with a long shelf life.

A limiting factor in the use of a protein supplement is a quantitative factor, since adding
more than 25 % leads to deterioration in the organoleptic characteristics of the finished product
through a pronounced aftertaste of obsolete fat and fish.

Studies of ready-made in-vitro fish snacks in the intestinal model system are planned to
confirm the hypothesis of the prophylactic effect of products enriched with protein raw materials.

Further research will be aimed at determining the functional-technological, physico-chem-
ical and safety indicators of fish snacks.

5. Conclusions

Comprehensive analytical studies of the current state and development trends of the fish
processing industry, innovative developments of domestic and foreign scientists have made it pos-
sible to justify the feasibility and promise of using protein supplements in fish snack technology.

The choice of blue whiting as a fish raw material for the production of fish snacks is justi-
fied, which is due to the peculiarities of its chemical composition and biological value.

The regularities of changes in the physicochemical and structural-mechanical properties of
minced fish systems using protein supplements were studied, on the basis of which its rational mass
fraction was determined — 15 % of the mass of fish raw materials.
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The optimal drying parameters of fish snacks by the method of heat transfer were deter-
mined: drying time — (105...110)x60 s, temperature — 5042 °C.
The technology of fish snacks based on fish raw materials using a protein supplement from
salmon skin has been scientifically substantiated and developed.
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