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 Abstract 
 

 

Introduction. The purpose of this publication is to investigate the 
mechanism of the restructuring of fishery products using calcium chloride and 
sodium alginate. 

Materials and methods. Minced fish fillet of carp (protein – 
16.5±0.2%;  fats – 1.2±0.03 %, minerals – 1.3±0.03 %); structure-forming 
agents are sodium alginate, calcium chloride (CaCl2). The method of 
rotational viscometry – rheological characteristics; the method of energy 
absorption in the mid-wavelength range of the infrared spectrum – energy 
substances; spectrophotometry method and X-ray fluorescence method – 
mineral composition; descriptive and profile method – organoleptic 
indicators. 

Results and discussion. Adding to the minced meat to 1.0 % of sodium 
alginate leads to an increase in the effective viscosity of the system to 3.6·10-3 
Pa·s (shear rate ε=1.8 s-1). Increasing the concentration of sodium alginate 
from 2 to 3% leads to a similar increase in the effective viscosity from 6.9·10-

3 to 12.6·10-3 Pa·s. At the same time, it was proved that the addition of sodium 
alginate with a concentration of 2.0 % ensures the complete formation of the 
structure of fishery products in the process of its formation. 

It has been established that the process of structuring fishery products is 
intensified due to the duration of holding the fish mince/alginate system in a 5 
% solution of CaCl2 for (6–7)·60 s at the required level of effective viscosity. 
Increased structuring time (> 7·60 s) and subsequent formation lead to a 
further deterioration of organoleptic characteristics – the appearance of bitter 
taste, in the presence of free calcium ions. 

On the basis of the study it is proved that in the concentration range of 
sodium alginate 1–3% there is an increase of water-holding capacity of fish 
products by 1.27–1.45 times. The maximum value of organoleptic indicators 
– 5 points received fish products with a concentration of sodium alginate 2.0–
2.5 %. Further increase in the concentration of sodium alginate from 2.5 to 
3.0% leads to an increase in the effective viscosity and gel-forming ability of 
the system and characterizes the samples with reduced organoleptic 
characteristics, which are characterized by the rigidity of the structure. 

Conclusions. The obtained experimental data prove the influence of 
technological parameters and their rational values: the concentration of 
sodium alginate in the prescription mixture – 2.0–2.5%; concentration of 
calcium chloride in solution – 5.0%; the processing time of the formed 
samples in solutions of calcium chloride – (6–7)·60 s on the mechanism of 
restructuring of fishery products. 
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Introduction 
 

The above study relates to the food (Kuzmin et al, 2017) [1] and restaurant industry 
(Kuzmin et al, 2017) [2], namely, to the fish processing industry (Santeramo et al, 2018; 
Augustin et al, 2016; Pihlajamäki et al, 2018) [3–5]. An important place in human nutrition is 
taken by the consumption of fish (Anderson et al, 2018; Clark et al, 2018; Fabinyi et al, 2018; 
Skopenko, Tikhonova, 2013; Raišienė, Morkūnas, 2018; Solomianiuk et al, 2019) [6–11] and 
non-fish seafood (Anderson et al, 2018; Clark et al, 2018; Fabinyi et al, 2018) [6–8]. This is 
primarily due to the high nutritional and biological value of this product group and its high 
consumer properties (Popa et al, 2019; Ariño et al, 2013; Leonardo et al, 2016; Aberoumand, 
Ziaei-Nejad, 2015; Krumhout, de Goede, 2014; Raji et al, 2014; Butler et al, 2017; Keskin et 
al, 2019) [12–19]. 

Nowadays, the quality and assortment of fish products consumed in depends on the global 
market trends, most of which are increase prices for traditional fish raw materials (Biloukha, 
Utermohlen, 2000) [20], decrease in the volume of its catch (Martins et al, 2018) [21], 
impossibility of importing new types of fish, which is limited by law. 

Most of the fish species studied are safe to be consumed. Therefore, this study is proposed 
to draw the attention of health and environmental authorities in need for appropriate 
regulatory framework (Jothi et al, 2018) [22]. 

In consequence of the technology of complex processing of raw fish materials (Samsonov 
et al, 2013; Huang et al, 2019; Tolosa et al, 2017; Han et al, 2017; Grassi et al, 2018) [23–
27] from the country's inland water bodies (carps, silver carps, etc.) becomes important, 
whereby there is a reduction of depending on the external market, more rational use of the 
edible part of fish is provided, the range of fish products is expanded, and fuller use of raw 
materials for food purposes is provided. 

Previous works reported the effect of processing methods on different fish types for 
determination of them nutritive values (Aberoumand, Ziaei-Nejad, 2015) [15]. 

In recent years, the processing of fish raw materials for mince and protein preparations has 
become widespread, followed by the formation of structured products based on them, including 
various analogues with a given composition and organoleptic properties, such as crab sticks (Otero 
et al, 2017; Campo-Deaño, Tovar, 2009; Hur et al, 2011) [28–30], crustacean meat analogues, 
and caviar of valuable fish species, etc. However, systematic studies aimed at obtaining a 
restructured fish product from fish in the country's inland waters have not found in the literature. 

So, for today, the processing of carp fish species (Liu et al, 2016; Gao et al, 2019; Xu et al, 
2010; An et al, 2018; Zhang et al, 2018; Abdollahi et al, 2017; Liu et al, 2014) [31–37] into 
structured analogues is hampered by an insufficient level of scientific researches, the lack of 
scientific bases for processing specific types of raw materials. Considering this, the development 
of a scientifically-based competitive technology of structured analogs of carp fillets for cooking 
is extremely important. 

The aim of the publication is to develop a method of minced carp producing and determination 
of the effect of calcium chloride on sodium alginate on the restructuring of fish products. 
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Materials and methods 
 

Materials 
 

The subject of the study was selected mince, which was prepared from carp fillets (Grassi 
et al, 2018) [27]. At the first stage of research, the modes of mechanical processing of fish 
carcasses were justified (Liu, 2016) [31]. 

During the research, gutted frozen carp carcasses with a weight up to 300 g were used. 
Defrosting was carried out in air (Xu et al, 2010) [33]. Fish was washed in running water 

(An et al, 2018) [34]. Flake removal was not performed. The blood kidney located under the 
vertebral bone was removed (Zhang et al, 2018) [35]. Cut off the head, cut carcasses and 
separated the fillets without skin and bones. Received food waste was directed to the 
production of feed products, it is known (Xu et al, 2010; An et al, 2018; Zhang et al, 2018) 
[33-35] that the cost of processing them for food purposes exceeds the profit obtained from 
the increase in production. 

 
Description of methods 

 
Sampling, leaching of mass of dry solids, ash and carried out by conventional methods 

(Horalchuk et al, 2006) [38]. 
The rheological parameter investigated is accessible by the method (Horalchuk et al, 

2006) [38]. With early use of the cylinder system S 2 with a joyful clearance of 1.13·10–3 m 
and a radius ratio of 1.06. A sample volume (30±1.5)·10-3 dm3 was placed into the outer steel 
cylinder, which is a measuring capacity of radius r. An inner cylinder of radius rb and height 
l rotating at a constant velocity ω is connected through a measuring shaft to a cylindrical 
spring, the deviation of which is a measure of the torque M. The measurement system with 
zoom once is thermostatically controlled for 30 min. with the moment of torque activation. 
Measurement results were processed by the method (Horalchuk et al, 2006) [38]. 

Determination in macro and microelements allows us to estimate the X-ray fluorescence 
method on a spectrometer Spectroscan. Protein, fat, ash, and solids content were measured 
on a Bentley-150 device (Moore et al, 2009) [39]. 

The minimum composition was determined by the method of spectrophotometry on the 
atomic absorption spectrophotometer AAS-30 (Almeida, 2016) [40]. 

Sensory analysis of the samples was performed using descriptive and profile methods using a 
five-point scale (Kuzmin et al, 2018) [41]. 

 
Description of research procedure 

 
As a result of the research, data were obtained on the yield of individual anatomical parts, 

are shown in Table 1. 
 

Table 1 
Output of the anatomical parts of the carp 

 
Title Carp with a weight up to 300 g 
Meat 49.0% 

Food waste 47.1% 
Losses 3.9% 
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Studies of the literature (Liu et al, 2016; Gao et al, 2019; Xu et al, 2010; An et al, 2018) 
[31–34] have shown that carp is characterized by a specific "silty" smell, which can be 
removed by flavoring. 

An aromatization mixture was developed, by tasting workings, including mustard (1.2%), 
garlic (0.65%), vinegar (3,0%). 

To substantiate the aromatization regime, the fish fillet was kept in the aromatization 
mixture for 40·60 s at a temperature not higher than 18 ºС. At the same time, the organoleptic 
properties of the fish were controlled, pre exposing its poaching. The results of the research 
are given in Table 2. 

 
Table 2 

Dependence of the organoleptic properties of fillets on the duration of aromatization 
 

Aromatization time, s The presence of "silty" smell 
10·60 Expressed 
20·60 Mild 
30·60 Absent 
40·60 Absent 

 
It is established that the exposure of carp fillet in the aroma mixture for 30·60 s allows to 

completely eliminate the "silty" smell. Thus, finished products palatability increased. 
Milling of fish mass was carried out in two stages. First, the mass was passed through a 

meat grinder with a hole diameter of 3 mm. It was established that the intermuscular bone 
tissue of carp has a small strength and freely crushed to the specified sizes. Re-grinding was 
carried out on the cutter. 

Processing of carp by this technology allows increasing the biological value of finished 
culinary products due to the elements of the chemical composition of bone tissue. 

At the next stage, the chemical composition of the minced meat was investigated. The 
results of the study are given in Table 3. 

 
Table 3 

Chemical composition of minced meat 
 

Indicator Mass fraction to raw weight,% 
Solids, including: 19.0±0,2 

Proteins 16.5±0,2 
Fats 1.2±0,03 

Minerals 1.3±0,03 
 

It is known (Kuzmin et al, 2017) [42] that during the storage of minced meat its structural 
and mechanical properties change significantly, accompanied by compaction of the structure 
due to the appearance of chemical bonds between proteins. At the same time minced meat 
presses moisture (Kuzmin et al, 2017) [42]. Reducing of meat stuffing and moisture loss is 
possible by reducing the concentration of solids (Kuzmin et al, 2017) [42]. 
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Results and discussions 
 

To study the effect of the solids content on the structural and mechanical properties of 
minced meat, drinking water was added to it to a solids content of 9.0 %. The results of the 
study are shown on Figure 1. 

 

 
 

Figure 1. Dependence of the effective viscosity of minced carp (η) from the concentration of dry 
substances (C) 

 
It has been established that a decrease of solids concentration and a protein component in 

particular, leads to viscosity of minced meat decrease. So, decrease of dry substances 
concentration from 19.0 to 9.0 % for minced carp, the viscosity decreases by 29.2 times. 

It was found that during storage, pressing of moisture is not observed in minced carp at a 
humidity of 11.0 %. Therefore, these concentrations of dry substances are rational for 
restructured minced meat, which will ensure the fluidity of minced meat during formation. 

At the same time, due to the protein interaction, the minced meat obtained during cooling 
and heating is not capable of forming homogeneous stable gels that imitating fish meat (Xu 
et al, 2010; An et al, 2018; Zhang et al, 2018) [33–35]. Therefore, it is necessary to attract 
additional gelation factors. 

Regulation of the functional and technological properties of minced meat can be achieved 
by intake into its composition food ingredients that can simultaneously change the structural 
and mechanical parameters and increase the structuring ability (Xu et al, 2010) [33]. Sodium 
alginate meets these requirements, which, at certain concentrations, can increase the viscosity 
and the formative capacity of the prescription mixture, and allows ionotropic gelation to be 
used along with thermotropic ones (Khairou et al, 2002) [43]. At the same time, this makes 
it possible to avoid certain restrictions of prescription mixture of the formulation, in 
particular, the formation of a gel when the concentration of gel-forming protein compounds 
is lower than the critical one (Pérez-Mateos et al, 2002) [44]. 

The choice of sodium alginate as a gelling agent simultaneously takes into account the 
following requirements (Moreno et al, 2010) [45]: 
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− sodium alginate is compatible with the components of meat and can form gels in the 
presence of various nutrients, particular, proteins; 

− it is able to form gels with a complex of physico-chemical parameters that will provide 
the necessary texture of the product, suitability for long-term storage; 

− its using makes it possible to regulate the speed of the gelation process, particular, the 
course of the liquid system in a gel-like state; 

− the absence of toxic and allergic effects, it is has simultaneously low cost. 
It is known (Montero, Pérez-Mateos, 2002) [46] that a sufficient height of gelation of 

minced masses can be achieved with sodium alginate content up to 3 %. 
At the next stage, the dependence of the viscosity of minced fish on the content of sodium 

alginate was investigated at a shear rate ε=1,8 s-1 (Figure 2). 
 

 
 

Figure 2. Dependence of the effective viscosity of the samples on the content of sodium alginate: 
1 – minced carp with a moisture content of 11.0% (control); 2, 3, 4 – minced carp with a moisture 
content of 11.0% with the addition of 1.0%, 2.0%, 3.0% sodium alginate, respectively; 5 – minced 

carp with a moisture content of 19.0% 
 

 
From the data shown on Figure 2, it is seen that the addition of sodium alginate leads to 

an increase in the viscosity of the systems. So, at a sodium alginate concentration of 1.0 %, 
the viscosity of the systems is 3.60·10-3 Pa·s. The introduction of sodium alginate in 
concentrations of 2.0–3.0 % increases the viscosity to (6.9–12.6)·10-3 Pa·s and provides a 
continuous structure of prescription mixture. The best structure is observed when the alginate 
content is 2 %, and the moisture does not precipitate. 

Such minced systems are guaranteed ensure, within a certain time, the retention of a given 
shape when an extruded mass enters the liquid process medium, where the structure is 
consolidated (gelation) (Moreno et al, 2010) [45]. 

The obtained minced systems were subjected to heat treatment, which showed that for all 
the studied concentrations of sodium alginate, minced systems with a solids content of 11.0 
% are not capable of forming thermotropic gels. Therefore, to obtain elastic gels, it is 
necessary to realize the ability of sodium alginate in ionotropic gelation (Khairou et al, 2002) 
[43]. 
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Ionotropic gelation is a purely chemical process (Khairou et al, 2002) [43], so it is 
important to determine the parameters that ensure the progress of this reaction, the dynamics 
and the completeness of its completion. Whereas ionotropic gelation is associated with mass 
transfer of interacting components, it is necessary to determine rational concentrations that 
provide, on the one hand, ion-ion interaction, and on the other, the necessary structure 
indicators in accordance with the requirements of organoleptic indicators. 

Extrusion molding a prescription mixture with sodium alginate content up to 3.0% 
followed by processing samples in calcium chloride solutions always leaves the conditions 
of a more significant concentration excess of Са2+ ions over АlgСОО- ions, which is 
guaranteed to ensure gelation. In the case of high concentrations of Са2+ ions in solutions, 
short exposure to the solution is used; at low concentrations of Са2+ ions in solutions, the 
processing time is increased. As a source of calcium ions, a solution of calcium chloride was 
chosen, the concentration of which was 5.0 %. 

From the point of view of the implementation of technology restructured products is 
important to ensure the necessary organoleptic characteristics of the final products, therefore 
indicators such as the concentration of sodium alginate, calcium chloride and sample 
processing time in solutions of calcium chloride are key parameters of the process. The 
principle fact is in addition to the reaction, it is necessary to ensure the organoleptic 
characteristics of the product. 

The effect of the duration of exposure of meat in a solution of calcium chloride and the 
concentration of sodium alginate on the structural and mechanical properties of meat were 
investigated (Figure 3). 

 

 
 

Figure 3. The dependence of the effective viscosity on the duration of structuring:  
minced meat with the addition of 1, 2, 3% sodium alginate, respectively 
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It was established that under all treatment conditions in СаСl2 solutions with an increase 
the concentration of sodium alginate in the prescription mixture in the range of 1–3%, 
increase the viscosity of the samples occurs. Increasing the processing time of samples in a 
solution of calcium chloride also contributes to viscosity increase. When the concentration 
of sodium alginate in the systems is 2 % and 3 %, the viscosity increases respectively 1.08 
and 1.3 times. With an increase of processing time from 1·60 s to 7·60 s, the viscosity 
increases, respectively, 1.78 and 1.83 and 1.77 times for systems with sodium alginate 
contents of 1, 2, 3 % respectively. With further aging, viscosity growth almost does not occur. 

The described patterns can be explained by the fact that over time the number of calcium 
bridges between the individual chains of sodium alginate molecules increases, which leads 
to their crosslinking and the formation of the spatial structure of the gel; with a low content 
of the amendment in the system, the distance between the macromolecules of sodium alginate 
is significant, so the formation of a solid gel network does not occur (Yong, Mooney, 2012) 
[47]. 

Thus, the most rational concentrations of sodium alginate, the required viscosity level of 
the structured systems is provided, lies in the range of 2.0–3.0 % with a duration of formation 
(6–7)·60 s. 

The increase of structuring time causes the appearance of a bitter taste due to the presence 
of free calcium ions, which did not react with sodium alginate (Senturk Parreidt et al, 2018) 
[48]. 

Along the study of the structural and mechanical characteristics changes, some of its 
functional and technological properties, particular, its water-retaining capacity, was 
determined (Figure 4). 

 

 
 

Figure 4. Dependence of the water-retaining capacity (WRC) of gels from the concentration of 
sodium alginate: (ССаСІ2=5%, τ=7·60 s) 

 
It has been established that sodium alginate in the concentration range of 1.0–3.0 % 

contributes to increase in the water-retaining capacity of samples by 1.45 times – from 64 % 
to 93 %. At a concentration of sodium alginate of 2.0 % (compared to 1.0 %), the water-
retaining capacity of the systems increases by 1.27 times – from 64 % to 81 %. A further 
increase the concentration of sodium alginate also leads to water-retaining capacity increase, 
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the value of which increases 1.15 times. This can be explained by the fact that, all other things 
being equal, with an increase the concentration of the gelling agent, the residual amount of 
sodium alginate, that did not take part in the ion exchange reaction, increases, that causes an 
increase of water-retaining capacity (Tønnesen, Karlsen, 2002) [49]. 

In parallel with the determination of the water-retaining capacity, an organoleptic 
assessment of ionotropic gels was carried out. It was established that the maximum number 
of points (5) correspond to samples with the concentration of sodium alginate 2.0–2.5 %. An 
increase the concentration of the gelling agent to 3.0 % (with a simultaneous increase of the 
water-retaining capacity), the samples are characterized as too rigid. That is, exceeding the 
concentration of sodium alginate with 2.5 % leads to the fact that ionotropic gels become 
uncharacteristic for fish meat that causes a decrease of organoleptic characteristics. 

Thus, the conducted studies and results of organoleptic assessment allowed determining 
the rational values of the technological parameters of the formation of restructured systems 
based on minced fish that are listed in Table 4. 

 
Table 4 

Rational parameters for producing a restructured semi-finished product 
 

Parameters’ title Units of measurement Limiting values 
The concentration of 
sodium alginate in the 
prescription mixture 

% 2.0…2.5 

The concentration of 
calcium chloride in the 
solution 

% 5.0 

The processing time of the 
formed samples in 
solutions of calcium 
chloride 

60, s 6–7 

 
Conducted researches allowed determining the rational content of the main prescription 

components and developing a technological scheme for the production of semi-finished 
products. The technological process is carried out in the following sequence: 
− minced fish, solutions of sodium alginate, salt, sugar, egg powder, starch, sunflower oil 

combine and mix thoroughly, until the components are evenly distributed in the recipe 
mix; 

− prescription mixture formation carrying out by using a pressure press, for which the mass 
is spread on the forms and press the press to seal the structure; 

− formed prescription mixture is fed to the reception bath with a calcium chloride solution 
of 5.0 % concentration and kept at a temperature 8–20 °C for (6–7)·60 s for structuring; 

− structured semi-finished products, that are located in perforated containers, are treated in 
0.15 % sodium alginate solution at a temperature 18–20 °C in order to remove excess free 
Ca2+ ions; 

− semi-finished products processed in sodium alginate solutions are sent to a cooled 
chamber at a temperature 2–6 °С for (0.5–1.0)·602 s for fixing a structure. 
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Conclusions 
 

Fish product from carp, obtained according to that technological scheme, is a semi-
finished product of high degree of readiness, which by its organoleptic properties imitates 
fish meat. This product is new in the existing assortment of restructured fish products; 
therefore it is advisable to investigate its main indicators of quality in the future. 

Conducted researches allowed us to develop recommendations on the use of fish product 
from carp in the composition of culinary products and determine the effect of calcium 
chloride on sodium alginate on the restructuring of fish products. It has been established that 
fish product from carp can be used in the production of cold dishes and snacks, hot snacks, 
soups, fish dishes, etc. 

Summing up the results of research, it should be noted that the use of fish product from 
carp in the composition of culinary products allows to expand its range, offer products with 
new consumer properties, improve the efficiency of the enterprises of restaurant business 
through the use of products in the form of semi-finished products. 
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