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Abstract. The paper presents a study of the quality parameters of
fish pastes and confirms their value as food products with optimised
nutritional and biological characteristics. Sensory evaluation of fish
pastes has shown that the samples developed have higher consumer
properties compared with the control sample. The results of the profile
analysis by the flavour method show that the paste Ikrynka is the closest
to the ideal taste profile. The findings on the chemical composition
characterise fish pastes as products with high nutritional value due to
the significant content of proteins and lipids. The paste Ikrynka contains
12.68% of proteins, and the paste Zakusochna 13.43%, which is at the
level of the control sample (13.05%). The mass fraction of lipids in the
experimental samples exceeds the control: in the paste Ikrynka, the lipid
content is 40.06%, in Zakusochna, it is 36.64%, and in the control
sample, the proportion of lipids is 11.41%. The results of studying the
amino acid composition of proteins show that in the test samples, all
essential amino acids are present. They are well-balanced, which
indicates their high biological value and makes the pastes easily
assimilated by the human body. The study of the fatty acid composition
of lipids present in the fish pastes shows that in the samples developed,
polyunsaturated fatty acids predominate: their share in the paste
Zakusochna is 44.23%, and in lkrynka, 48.42%. By the ratios of the
fatty acids Cig:Cig.1, Cig:2:C1g:3, and wg 3, both samples of pastes are
equivalent to ideal fat, which indicates high biological effectiveness of
lipids in fish pastes. It has been found that the pastes lkrynka and
Zakusochna are high in vitamin E (1.83 mg/100 g and 1.64 mg/100 g
respectively) due to a significant amount of vegetable oil in their
composition. Ikrynka contains quite a lot of carotenoids (3.47 mg/100 g)
due to the presence of carrots in its composition. The results of studying
the mineral composition show that the samples of pastes developed are
a source of zinc.

Keywords: fish paste, roe, silver carp, common carp, flavour
method, chemical composition, fatty acids, vitamins.

farming. It becomes important to develop food

Introduction. Formulation of the problem

Today’s diet of Ukrainian people lacks many

products based on available domestic raw materials.
Analysis of the market of fish raw materials and
products in Ukraine shows a significant share of fresh

indispensable nutritive factors. A promising direction
in providing proper nutrition is the development of
multicomponent products based on combining raw
materials of plant and animal origin, with the adequate
human needs taken into account in accordance with
modern requirements of food science.

Ukraine’s fisheries make a significant contribution
to the country’s food security. At present, Ukraine has
80.0% of its own raw materials represented by
freshwater fish, namely aquaculture products. Food
technology has to adapt to changes in the raw material
base and in the species composition of fish raw
materials, to the development of freshwater fish
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and chilled freshwater fish, which is represented
mainly by the common carp and the silver carp. In
places where these raw materials are sold, a significant
amount of cooled and frozen roe of these species of
fish is accumulated. Roe contains highly digestible
complete proteins, lipids, with unsaturated fatty acids
and a lot of phospholipids dominating in their
composition. Roe is also rich in vitamins, macro- and
microelements [1]. Even so, freshwater fish roe looks
unattractive, tastes and smells of ooze, that is why it is
hardly popular with consumers. However, it is a
valuable raw material for the development of food
products with improved organoleptic characteristics,
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increased nutritional and biological value. These
products can be fish pastes based on a combination of
fish and vegetable raw materials.

Analysis of recent research and publications

The technology of paste products allows
developing products with a wide range of flavours and
aromas, depending on the type of raw material,
ingredients and flavourings added. They are a
convenient structural and aggregate modification to
create products of a required composition, balanced by
the main ingredients, and enriched with bioactive
substances. Fish paste products include pastes, patés,
creams, mousses.

Fish pastes are made from herring, mackerel,
salmon fish, rejected as mechanically damaged, as well
as from small and low-value species of fish. Besides,
the technology of pastes combines different types of
fish raw materials. Raw materials used are mainly
salted or blanched. The technology of making paste
from salted herring and Atlantic salmon (RF
No. 2537502) involves preparation of raw fish and
auxiliary materials (butter, cheese, broccoli, bell
peppers, carrots, and pokeberries), grinding,
packaging. There are fish pastes with blanched Alaska
pollock and mince from low-value and conditionally
edible parts of Norwegian salmon with boiled carrots
and fried onions added [2]. These technologies provide
fish pastes rich with a diverse composition and bright
taste.

Paste products made from comminuted flesh of
fresh sea or ocean fish or from fish mince are common,
too. Their technology involves grinding the meat of
fresh fish to obtain a homogeneous mass, adding
additional ingredients, homogenising the mixture,
packing, and ordinary heat-treating or smoking.
Finished products have high taste properties [3]. In
Korea and Japan, pasty products made from washed
mince surimi are especially popular. The quality and
functionality of surimi pastes are usually improved by
using various food additives from seafood, vegetables,
fruit, and animal raw materials [4].

There are recipe of pastes that, besides fish meat,
include milt and liver [5]. The food products obtained
have high nutritional and biological value, a peculiar
taste. The disadvantage of these products is the low
mechanostructural and antibacterial properties.

Roe is a valuable raw material for the
manufacturing of paste products. Fish roe pastes and
oils are made from capelin, herring, salmon, flounder,
merluccius roe. A traditional Greek snack is cod roe
paste, tarama. The technology of paste products allows
using substandard roe, thus provides a comprehensive
use of raw materials [6, 7]. The main disadvantage of
the existing technologies of roe pastes is not using the
valuable and available fish raw materials, freshwater
fish roe and meat. In the study of the quality of fish
roe-based pastes, considerable attention is paid to the
sensory  properties and oxidation of lipids.
Development and improvement of the quality of paste
products based on freshwater fish roe need theoretical
and practical research.
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A significant part of fish paste products is patés
due to their nutritional properties and unique sensory
characteristics. The key issues of the fish paté
technology, too, are the improvement of organoleptic
and rheological parameters [8]. The studies in this area
include the development of salmon paté, where the
sodium content is reduced by replacing table salt
without loss of the quality and safety of finished
products [9]. Many scientists focus on expanding the
raw material base for the manufacture of paste
products, on replacing traditional raw materials with
others, including freshwater fish species [10,11].

Fish and roe oils, creams, mousses are also
popular paste products. The peculiarity of these
products is the combination of high nutritional value
and a light, pleasant texture. That is why the selection
of a fatty base (butter, oil, mayonnaise), available fish
raw materials, and their ratio to ensure the appropriate
rheological and sensory characteristics are the object of
research by domestic and foreign scientists [12-14].

In the technology of paste products, there are
trends that are still of current importance. They include
the development of multicomponent products by
combining different raw materials, in order to increase
the nutritional and biological value. The value of paste
products is increased by adding non-fish raw materials
of aquatic origin, animal and vegetable raw materials,
including fruit and vegetables, spicy-aromatic root
crops, high-protein secondary products of plant
processing [3,15-17]. There is a technology of fish paté
from pike and bream, which additionally contains
pumpkin, vegetable oil, and algae [15]. Two recipes of
patés from smoked tench meat were developed (one
included olive oil, and the other contained mascarpone
cheese), and their safety, nutritional and sensory
properties were studied [16]. The positive effect of red
ginseng powder on the sensory properties and lipid
oxidation of fish pastes was established [17].

Analysis of paste products technologies showed
that aromatic plants or their extracts were used as
ingredients in their recipes. This improved not only the
taste and aromatic characteristics of finished products,
but also their quality and safety [18-20]. It was studied
how oregano essential oil helped extend the shelf life
of the roe paste tarama stored at 4°C [21].

In recent years, lactic acid microorganisms have
been used in the technology of paste products. It has
been proved that their use promotes the formation of
harmonious smell and taste in minced products, and
they also act as preservatives. There are technologies
of fish pastes and patés, including those from
freshwater fish, using different protective cultures for
biopreservation [22-26]. The disadvantage of these
technologies is the increased cost of manufacture of
paste products.

An important task in developing paste-like
emulsion products is ensuring a stable structure and
appropriate consistency of the finished product. In
order to improve the rheological properties of paste
products, emulsifiers and thickeners are used, along
with the appropriate technological processes and
conditions of their preparation. Hydrocolloids from
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plants and seafood (carob gum, pectin, maize
phosphate starch, carboxymethyl starch, sodium
alginate, agar-agar, carrageenan, chitin, chitosan) are
used to regulate the consistency and improve the
functional properties of paste products [27-29].
Gelatine extract and milk concentrate [30], carotenoid
extract [31] can be used as additives.

Some researchers believe that stabilisation of
minced  products, including pastes, requires
simultaneous use of emulsifiers or thickeners of
different chemical nature. Technologies of low-fat
emulsions and moulded fish products based on binary
compositions have been developed: chitosan — soya
protein isolate; homogenised laminaria — soya protein
isolate; minced fish muscle tissue — starch. It was
found that the simultaneous use of emulsifiers and
thickeners of different chemical nature expanded the
functional and technological properties of a binary
structurant, increased the water-retaining, water-
absorbing and fat-absorbing capacity of minced fish,
the vyield of finished moulded products, allowed
obtaining stable emulsions with the fat content not
more than 35% [27-29].

According to the patent (US No. 20070254066),
the consistency of fish pastes can also be regulated by
adding enzyme preparations of animal, microbial, and
vegetable origin. They break down the biopolymer
components of the raw materials and improve the
mechanostructural, taste, and aromatic characteristics
of the products.

It is known that the protein and lipid components
of fish roe have emulsifying and structuring properties
[32-34]. This encourages using roe in the technology of
paste products without the additional introduction of
structure regulators to ensure the appropriate
consistency of the finished product.

Despite the wide global range of paste products
and experience in their production, their manufacture
in Ukraine is still a problem. Our country lacks

developments of fish pastes of high biological value
based on a combination of fish and vegetable raw
materials.  Therefore, the  development  of
multicomponent pastes based on freshwater fish roe
with vegetable ingredients is a task of current
importance. It will help to solve the problem of fuller
use of domestic fish raw materials, providing
Ukrainian people with high-quality fish products of
increased biological value and efficiency, and
expanding the range of fish products.

The purpose of the work is to determine the
nutritional and biological value of multicomponent fish
pastes based on roe, freshwater fish meat, sea fish roe,
and vegetable raw materials. To achieve this purpose,
the following research objectives were set:

— to study the organoleptic characteristics of the
fish pastes and evaluate their taste by the method of
flavour profile;

— to study the chemical, amino acid, fatty acid,
vitamin, and mineral composition of the fish pastes.

Research materials and methods

The materials of the study were pastes based on
roe, freshwater fish meat, sea fish roe, and vegetable
raw materials. The following raw materials were used
to make the pastes: live silver carp
(Hypophthalmichthys) and common carp (Cyprinus
carpio), according to DSTU 2284-2010, chilled and
frozen raw roe of silver carp and common carp, refined
sunflower oil (DSTU 4492:2005), fresh carrots (DSTU
7035:2009), fresh beetroots (DSTU 7033:2009), onions
(DSTU 3234-95), table salt Extra (DSTU 3583-97),
white granulated sugar (DSTU 4623:2006), apple
vinegar (DSTU 2450:2006), and mustard (DSTU
1052:2005). The compositions of the pastes (Table 1)
have been developed by mathematical modelling to
form a food product providing 10% of the daily human
requirement for essential nutrients.

Table 1 — Composition of the recipes of the pastes based on freshwater fish roe

Ingredients Content of the ingredients required to make paste, %
Control Ikrynka Zakusochna

Minced fish 70.0 — 15.0
Common carp roe — 40.0 —
Silver carp roe — — 40.0
Capelin roe — 15.0 -
Fresh carrots - 9.0 —
Beetroots — — 7.0
Onions 5.0 — 15
Sunflower oil 6.8 30.0 30.0
Salt 3.0 3.0 3.0
Sugar 0.5 1.0 15
Apple vinegar — 1.0 2.0
Acetic acid 9% 0.2
Mustard — 1.0 —
Tomato paste 30% 10.0
Spices 0.1
Water 4.4
Total 100.0 100.0 100.0
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The control was the roe-free fish paste. Its recipe
is given in Table 1. The technology of fish pastes
includes the addition of pre-prepared raw materials
(salted, heat-treated, and finely ground roe and fish
meat, heat-treated and ground vegetable raw materials)
and gradually emulsified oil.

The following reagents were used for the study:
petroleum ether (excise, AR grade, Khimlaborreaktyv

LLC, Ukraine), nitric acid (brand A, CP,
Khimlaborreaktyy =~ LLC,  Ukraine),  potassium
dichromate (AR grade, Khimlaborreaktyv LLC,

Ukraine), hydrochloric acid (brand A, AR grade,
Khimlaborreaktyv LLC, Ukraine), sodium hydroxide
(brand A, AR grade, Khimlaborreaktyv LLC, Ukraine),
sodium  tripolyphosphate  (technical, p 85%
Khimlaborreaktyv LLC, Ukraine), sulphuric acid
(brand A, CP, Khimlaborreaktyv LLC, Ukraine),
chloroform and methanol for chromatography (Merck,
Germany).

The organoleptic parameters were determined by
the profile method using a 5-point scale, the flavour
analysis was carried out by the flavour method
according to ISO 11036:1994. In order to study the
taste of fish pastes, descriptors of the sensory profile
were chosen, and the “ideal” sensory profile (standard)
was determined. To create an “ideal” sensory profile, a
consumer tasting was conducted to obtain data on the
desirability of the descriptors by the five samples of the
scale of their intensity. The sensory studies were
performed by a group of trained tasters consisting of 20
people aged 18 to 30. The results of the studies have
formed the flavour profile of the paste samples
developed and of the control.

The chemical composition of the pastes was
studied by the following methods: mass fraction of
moisture by drying the product sample to a constant
weight in an oven SNOL (Labimpex LTD, Ukraine) at
100-105°C (DSTU 8029:2015), mass fraction of ash
by the weight method after the mineralisation of a
portion of the product in a muffle furnace SNOL
(Labimpex LTD, Ukraine) at 500-600°C (DSTU
8718:2017), mass fraction of lipids by the Soxhlet
extraction—weight method (DSTU 8718:2017) with a
SOX 406 Fat Analyser (Hanon Instruments, China),
mass fraction of protein by the Kjeldahl method of
determining total nitrogen, which is based on the
ability of organic matter of a sample to be oxidised
with concentrated sulphuric acid in the presence of a
catalyst (DSTU 8030:2015); the samples were reduced
to ash using a DK6 digester (Velp Scientifica, Italy)
with a vacuum pump JP, and distillation was carried
out using a steam distillation apparatus UDK 129
(Velp Scientifica, Italy).

The mass fraction of amino acids was determined
by ion-exchange liquid-column chromatography with
an automatic analyser T 339 (Microtechnics, Czech
Republic), that of tryptophan by colourimetry preceded
by alkaline hydrolysis [35]. The fatty acid composition
of lipids was studied by the chromatographic method
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(DSTU ISO 15304:2007) using a gas chromatograph
HRGC 5300 (Carlo Erba Instruments, Italy). Lipid
extraction was performed by the methods of Folch and
of Bligh and Dyer [36].

The vitamin composition of the pastes was studied
by the following methods: mass fraction of retinol by
the anhydride method (DSTU 4940:2008), that of
carotenoids by spectrophotometry (DSTU ISO 6558-
2:2004) on a spectrophotometer SF-26 (Russia), mass
fraction of tocopherol by thin layer chromatography
(DSTU EN 12822:2005), mass fraction of thiamine
(B4) by oxidation of thiamine to thiochrome, extraction
of the latter into an organic solvent and measurement
of the fluorescence intensity at 273 nm (DSTU
7988:2015) on a spectrofluorometer LS-50 (Perkin
Elmer, USA). The mass fraction of riboflavin (B,) was
measured using riboflavin-binding apoprotein from
chicken egg white (DSTU 7988:2015), mass fraction
of niacin (PP) by the photometric method using acid
hydrolysis (DSTU 2117-93) on a spectrophotometer
SF-26 (Russia).

The mineral composition was determined by
atomic emission spectrometry with inductive plasma
(DSTU ISO 11885:2005) on the IRIS Interpid Il XSP
(Thermo Elemental) (USA).

Results of the research and their discussion

The sensory characteristics of food products are an
important criterion for assessing consumer perception
of finished products. They depend on the type of raw
materials used in their manufacturing and on the
cooking technology.

According to organoleptic evaluation, the pastes
Ikrynka and Zakusochna received a higher overall
score compared to the control sample (22.1, 21.7, and
19.5 respectively) due to their improved appearance,
colour, consistency, taste, and aroma. The colour of the
pastes was uniform and was determined by the addition
of vegetable components. The samples had a pleasant,
moderately intense smell and taste, characteristic of
this product, depending on the components added. Fish
taste and smell were barely noticeable in the
experimental samples, compared with the control. The
consistency of the test samples was pasty,
homogeneous. The taste of the paste products can be
described as harmonious, pleasant, characteristic of a
product of this type, depending on the components
added, without off-flavours. To characterise the taste of
the fish pastes, a profile analysis has been performed
by the flavour method based on selected descriptors. In
order to visualise better the results for each of the
samples, detailed organoleptic profiles of the flavour
were developed, and a comparison with the “ideal”
profile was performed (Fig. 1-2).

The results of the profile analysis show that the
sensory profile of the paste Ikrynka is the closest to the
“ideal” profile and confirm the sensory assessment.

One of the main parameters of food quality is
the nutritional value, which is characterised primarily
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by the chemical composition of a product. The chemical
composition and calorific value of the fish pastes are
given in Table 2.

Analysis of the research results shows that the
chemical compositions of the experimental formulations
differ significantly from that of the control sample: they
have high calorific value due to the decreased moisture
level and increased fat content. Ikrynka contains 12.68%
of proteins, and Zakusochna 13.43%, which is at the
level of the control sample (13.05%). The mass fraction
of lipids in the experimental samples exceeds that in the
control: the lipid content of lkrynka is 40.06%, of
Zakusochna 36.64%, and in the control sample, the
proportion of lipids is 11.41%. The calorific value
reflects the amount of energy the body receives from
proteins and fats in the product. Ikrynka is characterised
by a higher calorific value (411.26 kCal/100 g),
compared with Zakusochna (383.48 kCal/100 g) and
with the control sample (154.89 kCal/100 g), due to its
higher lipid content.

An important parameter that characterises the
biological value of protein is the amino acid score,

introduced vegetables

o= == == Standard ¢+ e ¢ "Tkrynka"

Fig. 1. Profilogram of the flavour and texture of the paste

which shows the equivalence of its amino acid
composition to the ideal protein (Table 3).

The data in Table 3 indicate the presence of
limiting amino acids in the proteins of the fish pastes
under study. Tryptophan limits in all the samples,
Ikrynka is inferior to the ideal protein in the isoleucine
content, Zakusochna is inferior in the valine content, and
in the control sample, these amino acids are both below
the recommended norm. According to the research
results, the amino acid composition of proteins of the
experimental paste samples is more equivalent to the
ideal protein, compared with the control. The increased
content of amino acids in the experimental samples, as
compared with the control, is due to the peculiarities of
the chemical composition of the raw materials, namely,
roe of carp and capelin [1].

To assess the nutritional adequacy of the protein
components of the pastes as for the potential degree of
their digestibility, the biological value parameters and
criteria have been calculated. They are presented in
Table 4.

Typical

= = = Standard

e e eee "Zakusochna"

Fig. 2. Profilogram of the flavour and texture

Ikrynka of the paste Zakusochna
Table 2 — Chemical composition of the fish pastes (n=5, p<0.05)
Paste Content, ¢/100g _ Calorific value,
moisture protein lipids mineral kCal/100 g
substances
Control 72.49+0.84 | 13.05+0.18 | 11.41+£0.20 | 3.05+0.09 154.89
Ikrynka 44.32+0.19 | 12.6840.16 | 40.06+0.26 | 2.94+0.10 411.26
Zakusochna | 46.86+0.15 | 13.43+0.19 | 36.64+0.21 | 3.07+0.09 383.48

Table 3 — Amino acid score of the fish pastes

Amino acid Amino acid score of the fish pastes, %
Control Ikrynka | Zakusochna
Valine 81 109 96
Isoleucine 84 91 100
Leucine 120 143 156
Lysine 107 120 119
Methionine + cystine 114 228 109
Threonine 104 108 124
Tryptophan 84 99 97
Phenylalanine + tyrosine 1315 120 100
Xapuosa Hayka i Texronorist / Food science and technology 56 Volume 15 Issue 3/ 2021
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Table 4 — Biological value parameters of proteins of the pastes

Parameter Biological value of proteins of the pastes Recommended
Control Ikrynka Zakusochna values [37]

Potential biological value, % 68.27 72 85 100
Coeff|C|_e_nt of differences of the amino acid 3173 28 15 0
composition, %
Coefflm_e_nt of utilisation of the amino acid 07 07 0.8 U 1.0
composition
Coefficient of comparable excess,
4/100 g of protein 0.16 0.15 0.08 6. — 0

The results of the calculation of the biological
value parameters show a high level of amino acid
balance, high utilisability and good absorption of fish
paste proteins by the human body. The potential
biological value of the pastes is characterised by high
values, 72% and 85% respectively, which indicate a
high level of amino acid balance. According to the
coefficient of amino acid differences, proteins of
Zakusochna will potentially be utilised to a greater
extent. They have a smaller value of this parameter,
compared with proteins of lkrynka and the control
(15% v 28% and 31.73% respectively). The utilisation
coefficient of the amino acid composition of the

control and the experimental samples is 0.7 and 0.8,
which indicates that amino acids of these products are
highly utilisable by the body. The low comparable
excess values of the control and the experimental
samples (0.16 ¢g/100 g, 0.15 g/100 g, and 0.08 g/100 g
of protein) show that proteins are well absorbed by the
body.

The functional features and biological
effectiveness of food lipids are determined by their
fatty acid composition. Table 5 shows how the content
of fatty acids of lipids in the pastes complies with the
recommended norms of their consumption.

Table 5 — Compliance of the fatty acid composition of lipids in the pastes
with the recommended norms of their consumption (n=3, p<0.05)

Fatty acids Mass fraction of fatty acids, % of the amount of fatty acids| Recommended amount,
Control Ikrynka Zakusochna g/day [38]

1 2 3 4 5
Saturated, including 37.33 18.64 22.95 25
Myristic (Cy4:0) 7.08 2.51 0.30 —
Pentadecanoic (Cys.) 1.63 0.12 0.11 -
Palmitic (Cyg:0) 12.94 10.41 13.38 —
Heptadecanoic (Cy7.) 1.99 0.27 0.29 —
Stearic (Cyg.) 11.05 3.62 6.68 -
Isostearic (Cig.giso) 0.54 0.03 0.04 -
Arachinic (Cyq.) 0.50 0.33 0.35 —
Geneicosanoic (Cpy.) 0.54 0.18 0.20 -
Behenic (Cyp,) 0.79 1.17 1.19 —
Lignoceric (Cy4) 0.27 — 0.41 -
Monounsaturated, including 39.01 32.94 32.79 30
Myristoleic (Cy4:1) 0.53 0.04 0.02 -
Pentadecenoic (Cys.1) 0.03 0.02 0.03
Palmitoleic (Cy6:1) 1.04 0.90 1.20 —
Heptadecenoic (Cy7.1) 1.79 0.13 0.14 -
Oleic (Cyg1) 35.62 30.17 30.84 -
Gondic (Cyg) — 1.68 0.43 —
Nervonic (Cy4.1) — — 0.13 —
Polyunsaturated, including 17.66 48.42 44.23 11
Hexadecadienoic (Cyg0) [g 0.45 0.09 0.08 —
Linoleic (Cyg) (g 12.84 39.10 38.20 —
Linolenic (Cyg:3) [3 1.11 2.87 3.54 —
Eicosotrienic (Cyg:2) — 0.05 0.06 —
Arachidonic (Cy.4) (g 2.88 1.60 0.65 —
Eicosapentaenoic (Cygs) [ 13 — 1.15 0.60 -
Docosotrienic (Cyy.3) 0.05 0.05 0.03 —
Docosapentaenoic (Cp,:5) [3 0.19 0.03 0.07 -
Docosahexaenoic (Cp.6) (3 0.14 351 1.00 -
Not identified — — 0.03 —
Xapuopa Hayka i Texnonoris / Food science and technology 57 Volume 15 Issue 3/ 2021
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Analysis of the fatty acid composition has
shown that in the paste products developed by us, the
predominant fatty acids are polyunsaturated fatty acids,
or PUFA (44.23% of them in Zakusochna and 48.42%
in Ikrynka), and w; fatty acids, which indicates high
biological effectiveness. In the control sample,
monounsaturated fatty acids (MUFA) predominate. In
all samples, the main fraction of PUFA is essential
linoleic acid. Its content in the experimental pastes is
almost at the same level, which is three times as high
as it is in the control sample. A significant proportion
of PUFA is biologically effective linolenic and
docosahexaenoic fatty acids. The experimental samples
of pastes, unlike the control one, contain valuable
eicosapentaenoic acid. The content of arachidonic acid
in the control sample is by 1.8 times higher than in
Ikrynka and by 4.4 times higher than in Zakusochna.

The main representative of MUFA is oleic acid.
Its content in both samples of pastes is about 30%, and
in the control sample, 35.62%. Among the saturated
fatty acids, palmitic acid predominates, and stearic
fatty acid makes up a significant proportion.

For the absorption of lipids, important
parameters are not only the content of certain groups of
fatty acids, but also their ratios, which characterise the
biological effectiveness of lipids (Table 6).

The ratios of SFA:MUFA:PUFA in the
experimental samples and in the control do not meet
the requirements for ideal fat. In both samples of the
pastes developed, the PUFA content exceeds the
recommended ratios according to the daily needs [39].
By the ratios of fatty acids Cig.»:Cigq and Cig:Cigia,
both samples of pastes are equivalent to ideal fat. The
ratio of fatty acids wg:w3 for the paste Zakusochna is

7.5:1, for the paste lkrynka, it is 5.4:1, and for the
control sample, 11:1, with the recommended value
4:1-10:1. This indicates the high biological
effectiveness of lipids in fish pastes. Thus, pastes based
on freshwater fish roe and meat are a source of PUFA
and of wg and w3 fatty acids for the human body and
are products with functional ingredients for the
correction of lipid metabolism.

Indispensable nutrients in the human diet are
vitamins. The human body synthesises almost none of
them, so they should be regularly supplied in quantities
that meet the body’s daily physiological needs. The
vitamin compositions of the pastes based on fish roe
are given in Table 7.

The pastes Ikrynka and Zakusochna are high in
vitamin E, slightly higher than the adequate
consumption level (by 1.2 and 1.1 times respectively),
due to the significant amount of sunflower oil in their
recipe. The content of vitamin PP in the control and in
the paste Zakusochna is perfectly equivalent to the
recommended level, and the consumption of Ikrynka
satisfies the need for niacin by 81%. Ikrynka contains a
significant amount of carotenoids (3.47 mg/100 g) due
to the presence of carrots in its composition. Therefore,
when consuming the paste lkrynka, 10% of a person’s
daily need for carotenoids is met by 231%.

One of the important criteria for the nutritional
value of fish roe-based pastes is the study of the
content of the main macro- and microelements in their
composition. According to the content of mineral
elements, it has been calculated how well the pastes
satisfy the daily need for macro- and microelements
(per 100 g of product) (Table 8).

Table 6 — Parameters of biological effectiveness of lipids in the pastes

Lipids Ratio
SFA:MUFA:PUFA PUFA:SFA Clg:ziclg:l ClB:Z:ClB:B -3
Ideal fat [39] 1:1:1 0.2-0.4 >0.25 >7.0 10:1-4:1
Control 1:1.04:0.47 0.47 0.36 11.57 11:1
Zakusochna 1:1.42:1.92 1.93 1.24 10.79 7.5:1
Ikrynka 1:1.7:2.6 2.6 1.29 13.62 5.4:1
Table 7 — Vitamin compositions of pastes based on fish roe (n=3, p<0.05)
Vitamins Adequate consumption level, mg; Vitamin content, mg/100 g of product
10% of daily needs [38] Control Ikrynka Zakusochna
Thiamine (B,) 0.17 0.09 0.06 0.09
Riboflavin (B2) 0.20 0.07 0.05 0.06
Niacin (PP) 2.00 2.00 1.62 2.01
Vitamin E 1.50 0.77 1.83 1.64
Vitamin A 0.10 0.03 0.03 0.01
Carotenoids 1.50 0.01 3.47 0.02

Table 8 — Degree of satisfying the daily need for macro- and microelements by the pastes (n=3, p<0.05)

Mineral Adequate consumption level, mg; Content, mg/100 g of product
elements 10% of daily needs [38] Control Ikrynka Zakusochna
Calcium 125 21.160+0.480 11.528+0.370 17.120+£0.410
Potassium 250 36.584+0.542 87.000+0.810 38.422+0.630
Iron 1.5 -women; 1.0 — men 0.24540.005 0.54240.005 0.544+0.005
Zinc 1.2 1.604+0.005 1.246+0.006 1.802+0.007
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According to the data in Table 8, consuming 100 g
of Ikrynka satisfies the 10% adequate level of daily
need for zinc by 104%, and consuming Zakusochna by
150%, which is within acceptable levels. Zinc protects
cell membranes from oxidation, ensures calcium
transport through them and normal functioning of the
endocrine system, which confirms the value of the
pastes. The presence of roe in the experimental
samples increases their degree of supplying the body
with iron, as compared with the control. Consumption
of the pastes Ikrynka and Zakusochna satisfies the need
for iron by 36% for women and by 54% for men.

Conclusion

Based on the analysis of the experimental findings, it
has been established that fish pastes based on common
carp and silver carp roe, silver carp meat, capelin roe, and
vegetable raw materials are characterised by increased
nutritional and biological value.

According to sensory evaluation, the pastes Ikrynka
and Zakusochna received a higher overall score compared
with the control sample (22.1, 21.7, and 19.5 respectively)
due to their improved appearance, colour, consistency,
taste, and aroma. Profilograms of the flavour and texture

The high nutritional value of the fish pastes is due
to the high content of proteins and lipids.

The results of studying the amino acid
composition of the samples indicate the presence of
all essential amino acids, confirm the high biological
value of proteins of the pastes developed, their great
utilisability, and good assimilation of fish paste
proteins by the human body.

Study of the fatty acid composition of lipids of
the fish pastes shows that in the samples developed,
polyunsaturated fatty acids are predominant. A
significant proportion of them is made up by
biologically effective linolenic and docosahexaenoic
fatty acids. The ratios of fatty acids Cig,:Cigi1,
C1g0:Cig:3, and wg:3 are equivalent to ideal fat, which
indicates the high biological effectiveness of lipids in
the fish pastes.

The vitamin composition of the pastes developed
is characterised by the increased content of vitamin E
and carotenoids in comparison with the control. The
results of studying the mineral composition show that
the samples of pastes developed are a source of such
macro- and microelements as zinc, calcium,

potassium, and iron.
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'Kadenpa TexHOMOTIi M SICHIHX PUGHHX Ta MOPEIIPOLYKTIB

HarmionanpHuUit yHiBepcuTeT O6iopecypciB 1 MPUPOAOKOPHCTYBAHHS YKpaiHu

15, Byn. I'epois O6oponu, M. Kuis, Ykpaina, 03041

Kadespa TeXHOIOTIi M’sica, pHOH Ta MOPETPOIYKTIB

Opnechka HalliOHAJIbHA aKa/IeMisi XapuoBUX TexHouorii, Byn. Kanatha, 112, M. Oneca, Ykpaina, 65039

AHoTanisi. Po60OTYy MpHCBAYEHO IOCTIHKEHHIO MOKA3HUKIB SKOCTI PHOHMX MAcT, MO MiATBEPIXKYE IXHIO IIHHICTB, K

ONITHMI30BaHMX 3a MOKa3HWKAaMHU XapuoBOi Ta O10JOTIYHOI MIHHOCTI MPOJYKTIB XapuyBaHHS. Y pe3ysbTaTi OPraHOJIEHTHIHOI
OLIIHKM PUOHMX TacT BCTAHOBJICHO, 10 PO3POOIICHI 3pa3Ku XapaKTepHU3yIThCs OUTbII BHCOKHMH CIIOKHBHUMH BJIaCTHBOCTSMHU
MOPIBHAHO 3 KOHTpoJieM. Pe3ynbTath mHpodiabHOro anamizy 3a MerogoM ¢uieliBopa cBiquath, 1m0 mnacrta «IKpHHKa»
HalOLTBIIOI MIPOI0 BIAINOBiAAE igeanbHOMY MNPOQITI0 CMAaKOBUTOCTi. Pe3ynpTaTH [OCHIDKEHHS XIMIYHOTO CKIIaay,
XapakTepHU3yloTh PUOHI MacTH SIK MPOIYKTH 3 BUCOKOIO XapyOBOIO LIHHICTIO 32 PaXyHOK 3HAYHOTO BMICTy OLNKiB Ta JIMifiB.

Xapuora Hayka i Texnosorist / Food science and technology 60 Volume 15 Issue 3/ 2021


https://doi.org/10.1007/s00203–019–01690–4
https://doi.org/10.1139/o59-099
mailto:menchynska@ukr.net
mailto:manoli.tatiana68@gmail.com
mailto:ltishchenko@ukr.net
mailto:pilipchuk_os@ukr.net
mailto:ivanyta07@gmail.com
mailto:natashagolembovska@gmail.com
mailto:msnikolaienko@gmail.com

Ximis xap4osux npodyxkmis i mamepianie. Hosi sudu cuposuru / Chemistry of food products and materials. New raw materials

IMacta «Ixkpunka» mictuth 12,68% OinkiB, macta «3akycouna» — 13,43%, 1m0 3HaXOIUTHCA Ha PiBHI KOHTPOJBHOTO 3pPasKy
(13,05%). MacoBa yacTka JimiAiB B JOCTIAHMX 3pa3Kax MEPEBHIIYE KOHTPOIBHHM, Tak y macTi «[KpWHKa» BMICT JimmiiB
cknazae 40,06%, y macti «3akycoqHa» — 36,64%, a B KOHTpOJIBHOMY 3pa3Ky Ha 4acTKy Jimifis npumaznae 11,41%. Pesynpratn
JOCIHIPKEHHSI aMiHOKUCIIOTHOTO CKIaay OUIKIB MOKa3yIOTh MPUCYTHICTD Y AOCIIAHUX 3pa3kax yCiX He3aMiHHHUX aMiHOKHCIOT,
ix 30aJaHCOBAHICTH, IO CBIYaTh IPO BHCOKY Oi0JOTIYHY HIHHICTH Ta 100pe 3aCBOEHHS PUOHMX MACT OPTaHi3MOM JIFOJHHH.
JlocTmipKkeHHsT JKUPHOKHCIIOTHOTO CKJIAmy JIMiAIB PUOHMX TIacT IIOKa3ye, IO Yy PO3POOJEHHX 3pa3kax MepeBakaroTh
TIOJTiIHEHACHYeHI JKUPHI KHUCIIOTH, YacTKa SKAX y HacTi «3aKycouHa» cTaHOBHTH 44,23%, y macti «[kpuHka» — 48,42%. 3a
MMOKa3HUKAMH CIiBBiTHOIICHHS KUpHUX KucioT C18:2:C18:1 1 C18:2:C18:3 Ta >xupHUX KUCIOT POAMH 06:03 00uIBa 3pa3sku
MacT BiANOBINAIOTH iEANBHOMY MDY, LIO CBITYHUTH IPO BHCOKY Oi0JIOTiYHY €QEeKTUBHICTH JiMiAiB PUOHMUX MAacT.
Bcranoneno, 1o nacra «IlkpuHka» Ta macra «3aKycouyHa» XapaKTepU3ylThCs BUCOKUM BMicToM Bitaminy E (1,83 mr/100r Ta
1,64 mr/100r, BiAMOBIAHO) Yepe3 BUKOPUCTAHHS 3HAYHOI KIJIBKOCTI Y pelienTypHOMY CKJiafi pocauHHOI oil. [Tacta «IkpuHKa»
MICTUTh 3HAYHY KiJIbKiCTh KapoTHHOiAiB (3,47 mr/100r) 3aBmsiku PUCYTHOCTI y 11 ckiagi MOpKBU. Pe3ympraTit MOCHiIKeHHs
MIHEpaJILHOTO CKJIay CBIAYATh, IO PO3POOIIEH] 3pa3Ku MacT BUCTYIAIOTh [DKEPENIOM IIHHKY..

Kumiouosi ciioBa: pnbHa macra, ikpa, TOBCTOJIOOMK, KOPOII, METOX (ieiBoOpyY, XIMITHUH CKJIa[, )KUPHI KUCIIOTH, BITAMIHH.
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