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Abstract. In the context of the problem of insufficient consumption of fish products, the possibility
of creating high-quality sausage products based on new types of raw materials is considered.
The development of high-quality fish sausages from new raw materials will expand the range of
sausage products and provide the population with seafood products. The purpose of the study is
to establish the feasibility of using African sharptooth catfish in the technology of fish sausage
products. The study used a complex of generally accepted organoleptic, chemical, physico-
chemical methods of research: moisture content — by drying the sample to a constant weight; fat
content — by the Soxhlet method; protein content — by the Kjeldahl method; ash — by burning the
sample. The penetration stress was determined using a penetrometer; water activity index — using
a hygrometer; the hydrogen index — using a pH meter. As a result of research, the feasibility of
using the African sharptooth catfish as a raw material for making fish sausages is theoretically
substantiated and experimentally confirmed (Clarias gariepinus Burchell, 1822). The effectiveness of
combining catfish meat with other hydrobionts and animal raw materials is shown. New recipes for
raw smoked sausages based on African catfish with the addition of mackerel, scallop, and lard have
been developed. Organoleptic and physico-chemical indicators of quality and nutritional value of
finished products were studied. The results of organoleptic evaluation showed the similarity of
catfish sausages to conventional meat sausages. Fish flavour and aroma were poorly expressed in
sample 2, which included only African catfish meat from fish raw materials, which determined its
consumer preferences. Sample 3 obtained by combining African catfish meat with mackerel and
scallop received high organoleptic scores. The results of a study of the chemical composition show
a high nutritional value of sausage products based on the improved recipe. The moisture content
in all samples did not exceed 50%, which is the standard for raw smoked sausages. The highest
protein content (26.19%) was observed in sample 2, the amount of protein in other sausage samples
exceeded the minimum recommended value of 19%. The fat content in all samples was in the range
of 18.93-21.41%, which does not exceed the recommended standard of 25%. Based on the results of
physical and chemical studies, the indicators were found to be in line with the established standards.
Studies of changes in quality and safety indicators during storage determined the permissible shelf
life of raw smoked fish sausages at temperatures from 0 to +5°C for no more than 15 days
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Introduction

Modern principles of creating high-quality
sausage products are based on the choice of
raw materials, substantiation of the ratio of
ingredients to ensure the appropriate quali-
ty of products, high organoleptic parameters
and certain technological food characteristics
(Rahayu et al., 2022). A valuable raw material
for food production is fish, due to the high nu-
tritional benefits associated with chemical com-
position. Fish meat is at the heart of current
dietary trends and is recommended for con-
sumption, as it is a source of easily digestible

protein, polyunsaturated fatty acids, vitamins
and minerals. Fish processing enterprises in
Ukraine face a limited range of products that
do not meet the growth of demand and high
requirements of consumers. However, with the
help of classification of sausage products and
the possibility of combining different compo-
nents and additional raw materials, fish pro-
cessing enterprises have a chance to expand
their range of goods (Vieira et al., 2019). The
advantage of sausage products is that they are
made based on minced fish, which solves the
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issue of rational use of raw materials, creating
products accessible to all segments of the popu-
lation, with specified taste properties, biological
and structural characteristics. Due to the use of
fish meat in the technology of sausage products
as a structural component of the minced meat
system, it is possible to increase its water bind-
ing capacity and juiciness of finished products.

Technologies for sausage products made
from aquatic organisms are being successfully
developed and implemented in many countries
around the world. Despite the world experience,
the production of fish sausages in Ukraine is
limited. Therefore, the necessary developments
are aimed at using new types of raw materials,
improving technology for further introduction
into production at Ukrainian enterprises.

N. Bozhko et al. (2021) investigated the
use of freshwater fish in sausage technology.
Researchers have proven the positive effect of
combining duck meat (Anas platyrhynchos) and
freshwater fish (Hypophthalmichthys molitrix)
in semi-smoked meat sausages. An increase in
protein content by 17.90-21.34% was observed
in semi-smoked sausages with a different ra-
tio of duck and fish meat, compared to the
analogue. A sample containing 50% duck and
30% fish showed an ideal protein-fat ratio. It is
proved that the addition of silver carp improves
the elasticity of minced meat and increases
the stability of the emulsion. The expediency
of combining meat and fish raw materials is
proved by the high organoleptic characteristics
of sausage products.

The above-mentioned researchers, to-
gether with other scientists, also developed
meat-containing boiled sausage with duck meat
and freshwater silver carp (Carassius gibelio) and
meat-containing semi-smoked sausages with
musk duck and grass carp meat (Hypophthal-
michthys molitrix). It is established that the use
of freshwater fish with duck meat increases or-
ganoleptic, functional, and technological prop-
erties, does not have a negative impact on the
physical and chemical parameters of finished
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sausage products, and allows obtaining prod-
ucts that meet the requirements of the stand-
ard. The results obtained indicate an increase
in the consumer value of sausages and confirm
the effectiveness of using freshwater fish raw
materials with waterfowl meat in the technology
of sausage products (Bozhko et al., 2018). Meat
from various types of fish can be used to make
fish sausages, but it is not recommended to use
dark meat from mackerel and tuna species, as
blackish-red spots appear after heat treatment.
Known technologies of fish sausages made from
cod, pollock, horse mackerel, rainbow trout,
carp, silver carp, sea catfish (Coban et al., 2018).
Sausages made from washed minced fish surimi
are also popular (Liu et al., 2019).

A.M.T. Lago et al. (2019) developed and
investigated the quality of fish sausages made
from filleting waste of Nile tilapia (Oreochromis
niloticus), which were stored frozen at a temper-
ature of -10°C. It was found that the food and
microbiological quality of tilapia sausage was
maintained within the recommended stand-
ards during the established shelf life. A com-
parative analysis of the quality of sausage from
Nile tilapia (Oreochromis niloticus) is covered
by P.C. Alda et al. (2019). Researchers have es-
tablished the advantages of sausage made from
this type of raw fish compared to chicken sau-
sage and pork sausage. Fish sausage had higher
levels of moisture, ash, calcium, and collagen
compared to other species. Tilapia sausage had
a higher pH value and lower water activity. The
texture of the fish sausage was better in terms
of hardness, stickiness, and chewiness.

A decrease in the volume of fish and sea-
food production, changes in the species com-
position of raw materials, make it necessary
to use new aquaculture facilities. Recently,
African catfish (Clarias gariepinus) has been
receiving a lot of attention as a promising ob-
ject of cultivation and processing. It is charac-
terised by high growth rates, the use of inex-
pensive feed, and is undemanding to keeping
conditions (Olopade et al., 2023). African catfish




Menchynska et al.

77

has high-quality meat rich in essential amino
acids, biologically effective lipids, vitamins and
minerals (Adebisi & Oshibanjo, 2019), therefore,
the issue of developing sausage products from
African catfish using an improved recipe and
technology to expand the range and provide the
population with fish products is becoming par-
ticularly relevant.

The purpose of the study was to determine
the quality indicators of sausage products made
from African catfish and establish the feasibili-
ty of using this type of raw material in the tech-
nology of raw smoked fish sausages.

To achieve this goal, the following tasks
were defined:

study organoleptic parameters;

investigate chemical composition and en-
ergy value;

determine physico-chemical parame-
ters and establish their compliance with the
standards;

investigate changes in organoleptic and
physico-chemical parameters during storage.

Literature Review
Fish sausages are products that are increasing-
ly common on the global market. These prod-
ucts have high potential due to their conveni-
ence (ready to eat), lack of bones, good sensory
properties, and they are often used as a model
for testing new ingredients and/or additives
(Rahmanifarah et al., 2023). Therefore, the re-
search by many foreign researchers is devoted
to the development and improvement of the
technology of sausage products made from hy-
drobionts, including African catfish.

To increase organoleptic parameters and
nutritional value, the recipe for fish sausages
includes pork fat, seafood, seaweed, vegetable
components, and spices. The technology of fish
sausages made from sea catfish with the ad-
dition of 30% smoked pork fat was developed,
which improved the sensory properties of smell,
taste, and general perception, increased fat con-
tent, ash content, energy value, and reduced

moisture content and water activity (Vieira
et al., 2019). Fresh sea catfish sausages stored at
low temperatures were manufactured and eval-
uated. Sea catfish sausages had good nutritional
quality, sensory properties, and a shelf life of 21
to 25 days when stored in the refrigerator and
four months when frozen (Veloso et al., 2019).
Smoked catfish sausages are made both by tra-
ditional smoking and using liquid smoking.
The results show that both methods provide
products with good physico-chemical, microbi-
al, and biochemical parameters during storage
(Filho et al., 2021). It is important to ensure the
appropriate texture and consistency of the fin-
ished product (Chattopadhyay et al., 2019). For
this purpose, various types of raw materials and
variations of components are used, protein-fat
emulsions and hydrocolloids are introduced.

In modern technologies of sausage produc-
tion, including those made from hydrobionts,
considerable attention is paid to the quality
and safety of finished products. Researchers
(Estevez et al., 2021) proposed a partial replace-
ment in the NaCl formulation with KCI, which
are suitable solutions for reducing Na levels
while maintaining the quality of sausage prod-
ucts and allowing for a K-rich product, which
can help protect the cardiovascular system. In
order to extend the shelf life of smoked carp
sausages (Cyprinus carpio it is suggested to use
propolis extract (Coban et al., 2018). According
to the results of studies, treatment with 1%
propolis increased the shelf life of sausage by 3
weeks compared to control samples. Research-
ers have also proven the antioxidant and bac-
tericidal effect of using goji berries in smoked
carp sausage recipe (Fadiloglu & Coban, 2019).

Due to the high content of polyunsaturated
fatty acids, fish sausages are a healthier alter-
native to conventional meat sausages. However,
hydrobiont sausages can quickly become rancid
due to oxidation, which leads to a loss of quali-
ty. To reduce the oxidative effects and preserve
the quality of the lipid component, research-
ers suggest using natural antioxidants such as
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polyphenols from spices, herbs, green tea, as
well as tocopherol nanoemulsion. The existing
range and innovations in the technology of fish
sausage products determine the feasibility and
prospects of producing high-quality products
based on global trends (Nikoo et al., 2021).

Materials and Methods
Materials of the study included raw smoked
sausages based on African catfish meat. In
the production of sausages, the following
raw materials were used: live African catfish

(Clarias gariepinus), autumn catch, grown on
a farm in the Hrebinki village, Kiev oblast, ac-
cording to DSTU 2284:2010 (2010); frozen
Alaska pollock (Theragra chalcogramma) and
Atlantic mackerel (Scomber scombrus) accord-
ing to DSTU 4868:2007 (2007); frozen scallop
(Mizuhopecten yessoensis) according to DSTU
GOST 30314:2009 (2009); chilled pork fat, un-
salted according to DSTU 4590:2006 (2006). Ta-
ble salt and spices were used as additional raw
materials. The recipe composition of sausages
is shown in Table 1.

Table 1. Recipe composition of fish sausages

Content of ingredients required for sausage production, %

Raw material name

Experimental samples

Control
No. 1 No. 2 No. 3
Alaska pollock (pieces) 30 - - -
Alaska pollock (minced meat) 30 - - -
African catfish (pieces) 30 40 30
African catfish (minced meat) 45 50 30
Atlantic mackerel (minced) 10 15 - 10
Scallop muscle (pieces) 20 - - 20
Unsalted pork fat 10 10 10 10
Auxiliary raw materials, g/100 g of raw materials
Boiled table salt “Extra” grade 2.0 2.0 2.0 2.0
Ground black pepper 0.1 0.1 0.1 0.1
Whole coriander 0.1 0.1 0.1 0.05
Ground nutmeg 0.1 0.1 0.1 0.05
Dried ground red pepper 0.05 0.05 - 0.05
Dried ground garlic - 0.1 - 0.1
Ground paprika - - 0.1 0.1
Cumin seeds - 0.05 0.05 0.05
Dried ground ginger - 0.1 - 0.1

Source: developed by the authors

The sausage without African catfish meat
was used as a control, the recipe of which is giv-
en in Table 1. The technology of fish sausages
included preliminary preparation of raw mate-
rials (defrosting, washing, cutting into fillets),
dry salting to a salt content of 3%. Part of the
fish raw material was crushed in a grinder, and
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the other part was added to the minced meat in
the form of pieces of 1.0-2.0x10-2 mm in size to
obtain a fibrous structure of the finished sau-
sage products. Unsalted pork fat was cut into
5x5 mm pieces. Food and flavouring additives
were added to the minced meat mixture. Pre-
pared natural shells (salted pork stomachs)
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were filled with ready-made minced meat and
loaves were formed. The resulting loaves were
kept in the maturation chamber at a tempera-
ture of 0°C to 10°C and a relative humidity of
not more than 75% for 12-36 hours to an av-
erage buffering value of at least 70°. Smoking
was carried out by convective method at an air
temperature of 45-60°C until a homogeneous
state and an average humidity of no more than
55% was reached. After smoking, the resulting
sausage products were dried convectively at an
air temperature of 19°C-25°C and a relative hu-
midity of 75-85% to an average moisture con-
tent of no more than 50%.

Determination of organoleptic parameters
was carried out by the profile method using
a 5-point scale (Tkachenko et al., 2020). The
chemical composition of the sausages was stud-
ied using the following methods: mass fraction
of moisture — by drying the product sample to
a constant weight in a SNOL drying oven (La-
bimpeks LTD, Ukraine) at a temperature of 100-
105°C, according to DSTU 8029:2015 (2015);
mass fraction of ash — by weighting, after min-
eralisation of the product sample in a SNOL
muffle furnace (Labimpeks LTD, Ukraine) at a
temperature of 500-600°C, according to DSTU
8718:2017 (2017); mass fraction of lipids — by
the Soxhlet extraction-weight method, accord-
ing to DSTU 8717:2017 (2017) on the SOX 406
Fat Analyser (Hanon Instruments, China); mass
fraction of protein — by the determination of
total nitrogen by the Kjeldahl method, which
is based on the ability of the organic matter
of the product sample to be oxidised by con-
centrated sulphuric acid in the presence of a
catalyst, according to DSTU 8030:2015 (2015),
the ashing of the samples was carried out on a
DK6 digester (Velp Scientifica, Italy) with a JP
vacuum pump, distillation was carried out on a
UDK 129 steam distillation apparatus (Velp Sci-
entifica, Italy). The penetration stress was de-
termined using an Ulab 3-31 M penetrometer,
using a needle indenter at a sample temper-
ature of (20+0.5)°C, converting the indenter

penetration value to stress, in Pa. The active
acidity (pH) was measured using a portable pH
meter. The water activity index was determined
using a highly sensitive Hygro Palm HP23-AW
device (Great Britain). The acid value of lipids
was determined by titration (neutralisation) of
free fatty acids with alkali in the presence of an
indicator, and the peroxide value of lipids was
determined by titration with a solution of sodi-
um thiosulphate. This process was based on the
interaction of fat oxidation products with po-
tassium iodide in a solution of acetic acid and
chloroform, followed by the determination of
the amount of iodine. The mass fraction of vol-
atile basic nitrogen (VBN) was studied by the ti-
trometric method, according to which free and
bound volatile bases were distilled with steam,
the resulting ammonia interacted with sulphu-
ric acid, and the excess sulphuric acid was ti-
trated with alkali (Slobodyanyuk et al., 2018).

Results and Discussion
Organoleptic characteristics of food are an im-
portant criterion for assessing consumer per-
ception of finished products. They depend on
the type of raw material and manufacturing
technology. As a result of organoleptic evalu-
ation, it was found that the addition of minced
meat of fatty varieties, namely mackerel, lard
pieces, and scallop, to minced meat from low-
fat fish increases the taste properties and ap-
pearance, and creates an elastic consistency
and integral structure of the sausage. Taste
and aroma indicators are improved by spices
and seasonings, the addition of cumin, papri-
ka, ginger, and garlic the sausages a spicy and
original taste. The colour of the experimental
samples had a pinkish tint caused by the nat-
ural colour of the catfish, which was their ad-
vantage over the control. Due to the natural
colour of African catfish, there is no need to
use natural or artificial colourings in sausages,
which makes the product healthier. A special
feature of the prototypes was the weakly ex-
pressed taste and aroma of fish, which is due

Animal Science and Food Technology. 2024. Vol. 15, No. 1
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to the practical absence of taste and aroma
characteristics in African catfish. For the pur-
pose of better visual perception of the results

of organoleptic evaluation of samples, in com-
parison with the control, a quality polygon was
constructed (Fig. 1).

Appearance
5
Smell Colour
Taste Consistency
e CONtrol sample Sample 1 e Sample 2 e Sample 3

Figure 1. Organoleptic evaluation of fish sausage samples

Source: developed by the authors

According to the results of the organoleptic
evaluation, sample 1 received maximum points
for the appearance and taste of the product.
Fish taste and aroma were poorly expressed in
sample 2, which included only African catfish
meat from fish raw materials, which deter-
mined its consumer preferences. The maximum
score was also estimated for the consistency of
sample 2, which is due to the high functional
and technological properties of African catfish
meat. Sample 3, made by combining African
catfish meat with mackerel and scallop, re-
ceived high organoleptic scores for taste and

aroma characteristics, appearance, and col-
our. O.F. Adebisi & 0.D. Oshibanjo (2019) also
proved that smoked African catfish sausages
are characterised by high sensory characteris-
tics. R.R. Veloso et al. (2019) showed the colour
preferences of African catfish sausages com-
pared to small carp sausages and minced meat
sausages from Nile tilapia fillet waste.

Nutritional value is one of the main indi-
cators of food quality, which is determined by
their chemical composition. The chemical com-
position and energy value of fish sausages are
shown in Table 2.

Table 2. Chemical composition of fish sausages

Content, % Energy

Sample name value,
moisture fat protein ash kcal/100 g

Control sample 49.92+0.7 21.41%0.3 23.72%0.2 4.95%0.1 287.57

Sample 1 49.83%0.6 21.33+0.2 24.11+0.2 4.73%0.1 288.41

Sample 2 49.95+0.4 18.93%0.5 26.19+0.1 4.93+0.2 275.13

Sample 3 49.84+0.5 20.04+0.2 25.24#0.1 4.88+0.1 281.32

Source: developed by the authors

Animal Science and Food Technology. 2024. Vol. 15, No. 1
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Analysis of the results shows that the
chemical composition of the experimental for-
mulations does not significantly differ from
the control sample. The moisture content in
the experimental samples and control did not
exceed 50%. In terms of protein content, all
study samples exceeded the control. The high-
est protein content (26.19%) was observed in
sample 2. Sufficient protein intake is crucial for
health and development. Due to its amino acid
composition and good digestibility, hydrobiont
proteins are valuable and necessary for the hu-
man body. The developed sausage samples will
complement the human diet with high-quali-
ty easily digestible protein. The fat content in
all samples was in the range of 18.93-21.41%,
which does not exceed the recommended norm.
High protein and lipid content was found due to
the inverse relationship between humidity and
lipid content, as well as moisture and protein.
As aresult of the smoking process, the moisture
content of sausages decreased, thereby increas-
ing the fat and protein content. The addition of
seasonings, mainly salt, resulted in the corre-
sponding ash content in sausages from 4.73%
t0 4.95%.

The obtained chemical composition val-
ues meet the requirements for commercial raw
smoked sausages and are consistent with the
results of previous studies by other researchers.
According to global recommendations, the min-
imum protein content in smoked fish sausages

is 19%, the recommended fat rate is no more
than 25%. The amount of ash is not regulated
by Ukrainian and international standards for
fish sausages, so it is not possible to compare its
content with any established regulations. How-
ever, ash is made up of minerals such as iron,
zinc, and phosphorus, which are important for
achieving a balanced diet (Veloso et al., 2019;
Ernawati et al., 2021).

E. Ernawati et al. (2021) highlighted the
chemical composition of smoked African cat-
fish sausages made using smoking liquid. It was
found that depending on the concentration of
liquid smoke and the duration of immersion,
the protein content ranged from 42.96% to
43.88%, the fat content from 11.34% to 12.89%,
and the average moisture content was 20%. It
is confirmed that the chemical composition of
smoked sausages does not depend on the con-
centration of liquid smoke and the duration
of immersion, and the protein and fat content
changes due to heat treatment and dehydra-
tion. Energy value reflects the amount of ener-
gy provided to the body by the proteins and fats
found in the product. Sample 2 had the lowest
energy value due to its lower lipid content. This
is due to the recipe composition, namely, the
absence of fatty mackerel fish in sample 2. The
physical and chemical characteristics of fish
sausages, which are shown in Table 3, indicate
that the products meet the standards and are
stable during storage.

Table 3. Physical and chemical parameters of fish sausages

Indicators Control Sample 1 Sample 2 Sample 3

pH 6.68+0.09 6.40%0.10 6.37+0.09 6.50+0.08

Water activity indicator 0.88+0.01 0.87%0.01 0.85+0.01 0.83%0.01
Penetration stress, Pa 1.910%0.19 1.670%0.16 1.860%0.17 2.020+0.19

Source: developed by the authors

The results of the pH test are in the range
of 6.37-6.68, which is below the established
value of 6.8 and indicates that the products
are of good quality. The obtained pH values

will be consistent with the results obtained
in the study of fish sausage products from
other raw materials highlighted in the paper
by R.R. Veloso et al. (2019). Thus, the pH of
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chilled catfish sausages during storage for four
days was 6.40. In Japanese bream sausages, the
initial pH value was 6.75.

Water activity (a,) indicates the microbio-
logical stability and shelf life of food products.
This indicator interacts well with the rate of
various destructive processes and can be used
to assess the quality of water in food and its
suitability for chemical and biological chang-
es. The values of the water activity index for
fish sausages range from 0.83 to 0.88, which is
less than the optimal level of water activity for
most microorganisms (from 0.90 to 0.98). This
indicates that sausages are resistant to the de-
velopment of many types of bacteria, but can
promote the growth of mould and yeast.

The obtained values are consistent with
the water activity indicators of African catfish
fish sausages obtained using industrial liquid
smoke and improved technology by treating
with a liquid concentration of 20% for 30 min-
utes (Ergawati et al., 2021). Other researchers
(Fasuan et al., 2022) also noted the influence of
the water activity index on the microbiological
stability of smoked products. Thus, in the sam-
ples of smoked catfish obtained in the conven-
tional and improved way contained traces of
Aspergillus fumigatus, Aspergillus niger, Asper-
gillus flavus and Penicillium. This is due to the
water activity values of these samples of 0.85
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and 0.81, which is higher than the Codex stand-
ard for smoked fish, which is 0.75.

The values of the stress penetration index
indicate the texture density of sausage prod-
ucts due to dehydration of the semi-finished
product during smoking. Sample 3 and control
have higher penetration stress values, which
is explained by the presence of scallop muscle
pieces in their composition, which have a dense
consistency even after heat treatment. The lower
indenter penetration limit of sample 2 compared
to sample 1 indicates a denser consistency of
African catfish sausage without the addition of
mackerel meat. The results of rheological stud-
ies confirm the organoleptic evaluation of con-
sistency. Preservation of quality and safety of
sausage products during storage is determined
by the chemical composition of raw materials,
quantitative and qualitative composition of mi-
croflora, pH level, humidity and surface condi-
tion of the product, type of packaging, presence
of bactericidal agents, and environmental condi-
tions. In the technology of raw smoked fish sau-
sages, the preservative effect is due to salting,
dehydration, and exposure to smoke compounds
that exhibit bactericidal properties (Filho
et al., 2021). Dynamics of changes in organolep-
tic parameters of manufactured sausage samples
during storage at a temperature of 5-6°C for 15
days is shown in Figure 2.

17.2
18.8

14
13.6

I 144
e 164
I 176
. 136
. 156
I 17.2

12 15

Storage time, days

Sample 1

HSample2  ®Sample 3

Figure 2. Organoleptic evaluation of fish sausages during storage

m Control sample
Source: developed by the authors
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During storage, the highest scores of or-
ganoleptic parameters were observed in exper-
imental samples that were stored for 3-6 days.
The overall rating of sausage products after
the 6th day decreased with an increase in the
shelf life. The decrease in sensory parameters
during storage is conditioned by the process-
es of proteolysis and denaturation changes in
proteins, hydrolysis and oxidation of lipids, and
the development of microorganisms. The dis-
colouration of fish sausages during storage may
be due to lipid oxidation and changes in blood

8
7

6

Acid value, mg KOH

0 : 0.524

e CONtrol sample

Sample 1

pigments and heme and sarcoplasmic proteins
(Sadeghinejad et al., 2019).

The developed samples of sausage products
contain an increased content of fish and animal
fats. Therefore, an important indicator is the eval-
uation of the quality of the lipid component of
products during storage. The course of hydrolysis
and oxidation of fats in fish sausages was evalu-
ated by acid and peroxide values. The acid value
of fat characterises the presence of primary prod-
ucts of fat hydrolysis. The dynamics of free fatty
acid accumulation is shown in Figure 3.

9 12 15
Storage time, days

e Sample 2 e Sample 3

Figure 3. Changes in the acid value of fat during storage of fish sausages

Source: developed by the authors

During the storage of fish sausages, there is
a linear trend of increasing the acid value of fat,
which is due to the processes of hydrolysis of
triglycerides. It was noted that from day 6, the
breakdown of complex lipid compounds to sim-
ple ones occurred more intensively. The accu-
mulation of free fatty acids during the storage
of fish products is associated with enzymatic
activity. During the entire shelf life of fish sau-
sages, the acidic number of lipids in all samples
did not exceed the established values for fish
fats for food production — 4 mg KOH/1 g of fat.

K. Rahmanifarah et al. (2023) noted a sim-
ilar trend towards an increase in the acid value

levels during the storage of sausages from
washed minced silver carp in a frozen state.
Along with the lipidhydrolysis, oxidation pro-
cesses also occur. Lipid oxidation negatively
affects not only the sensory, but also the func-
tional characteristics of products. Various pri-
mary and secondary byproducts are formed
during the process, depending on the types
of fatty acids, the presence of oxygen, and the
presence of pro- and antioxidants. Some of
the lipid oxidation products only affect prod-
uct quality, while others affect human health.
Therefore, the study of lipid oxidation process-
es in fish sausages is important for assessing
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their quality, as well as for human health. As a
result of fat oxidation, peroxide compounds, al-
dehydes, and ketones are formed. The presence
of lipid oxidation processes in the initial stages
characterises the peroxide value. This constant
indicates the content of peroxide compounds in
fat, and allows detecting the presence of spoil-
age products much earlier than it can be deter-
mined organoleptically. According to R.R. Veloso
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et al. (2019), lipid oxidation in fish sausages may
be related to the amount of lipids, the type of
fatty acids, the degree of fillet grinding, and
the presence of oxygen. Thus, the inclusion of
minced mackerel, lard, and shredded catfish fil-
lets may have contributed to the lipid oxidation
of sausages in this study. The dynamics of accu-
mulation of peroxides and hydroperoxides dur-
ing storage of fish sausages is shown in Figure 4.
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Storage time, days

== CONtrol sample

Sample 1

e Sample 2 e Sample 3

Figure 4. Changes in the peroxide value of fat during storage of fish sausages

Source: developed by the authors

Lipid oxidation processes were more in-
tense in sample 1, which included the maxi-
mum amount of mackerel meat, compared to
other fish sausage samples. This is due to the
high lipid lability of aquatic organisms. The
obtained peroxide values of fat in sausages
on the 15th day of storage are significantly
lower than the established norm - 10 mmol
(1/2 O)/kg of fat and below the threshold value
for detecting rancid taste, which indicates the
good quality of the lipid component. Fish oil,
especially marine and oceanic fish, is a source
of omega-3 fatty acids, especially eicosapen-
taenoic and docosahexaenoic, which are pol-
yunsaturated and very susceptible to oxida-
tive changes (Nikoo et al., 2021). A significant
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amount of saturated fatty acids present in the
fat added to all fish sausage samples contrib-
uted to the inhibition of lipid oxidation pro-
cesses, which is consistent with the conclu-
sions of S. You et al. (2022). The low content of
fat oxidation products in smoked sausages is
also explained by the presence of antioxidants
in the smoke, in particular phenols, which
can inhibit the oxidation process (Abeyrathne
et al., 2021; Ernawati et al., 2021)

The degree of proteolysis and microbiologi-
cal processes was studied by changes in the vol-
atile basic nitrogen content (VBN). The nitro-
gen content of volatile bases increases during
storage under the influence of enzymatic pro-
cesses and the vital activity of microorganisms
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and is accompanied by the breakdown of ami-
no acids to form ammonia, mono-, di-, and

trimethylamines. The dynamics of VBN content
during storage is shown in Figure 5.
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Figure 5. Changes in volatile basic nitrogen during storage of fish sausages

Source: developed by the authors

The study results show that fresh fish sau-
sages had the lowest VBN values, which in-
creased during storage. At the maximum stor-
age period of the product, after 15 days, the
content of volatile basic nitrogen in the control
sample is 19.8 mg%, in sample 1 - 19.1 mg%, in
sample 2 - 17.7 mg%, in sample 3 — 18.4 mg%,
with an acceptable level of 30 mg%. The highest
content of volatile basic nitrogen in the control
is explained by the presence of trimethylamine,
which is formed as a result of the breakdown of
trimethylamine oxide, which is found mainly in
marine aquatic organisms.

An increase in VBN values in fish products,
according to S. You et al. (2022), is associated
with bacterial metabolism and oxidation of
protein and non-protein components. In oth-
er studies of fish sausages, an increase in VBN
values was also observed during storage. In
particular, in chilled catfish sausages, the VBN
index increased from 14.9 mg% after four days

of storage to 43.1 mg% at the end of 32 days of
storage. There was also a significant increase in
VBN values from 12.2 mg% to 16.5 mg% dur-
ing the four months of frozen sausage storage
(Veloso et al., 2018). Based on organoleptic
evaluation and physico-chemical indicators,
the permissible shelf life for raw smoked fish
sausages at temperatures from 0 to +5°C was
set for no more than 15 days.

Conclusions
Based on the analysis of experimental studies,
it was found that fish sausages based on Afri-
can catfish are characterised by high sensory
characteristics, nutritional value, and meet
the requirements for raw smoked sausages.
Organoleptic parameters indicate the taste
and aroma advantages of African catfish sau-
sages in comparison with sausages made from
other fish raw materials. This is confirmed by
the maximum scores for the taste, aroma, and
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consistency characteristics of sample 2, which
included only African catfish meat from raw
fish. Sample 3, made by combining African cat-
fish meat with mackerel and scallop, received
high organoleptic scores for taste and aroma
characteristics, appearance and colour.

The results of chemical composition stud-
ies indicate a high nutritional and energy val-
ue of sausages from African catfish. The mois-
ture, protein and fat content in all samples
comply with international regulations for raw
smoked sausages. The moisture content in the
experimental samples and control did not ex-
ceed 50%. In terms of protein content, all the
test samples exceeded the control, so the de-
veloped sausages can be considered a source
of high-quality, easily digestible protein. The
fat content in all samples was in the range of
18.93-21.41%. Physical and chemical indicators
are within the established standards and indi-
cate the good quality of the finished product.
According to the obtained values of the wa-

of sausage products due to dehydration of the
semi-finished product during smoking.

During the storage of fish sausages for 15
days, a gradual deterioration of sensory char-
acteristics and quality indicators of protein
and lipid components was observed. The high-
est scores of organoleptic parameters were
observed in experimental samples that were
stored for 3-6 days. During the entire shelf life
of raw smoked sausages, the acid and peroxide
lipid numbers of the prototypes did not exceed
the established values for fish fats for food pro-
duction, which confirms the quality of the lipid
component. The quality of proteins in African
catfish sausages was proved by the obtained
values of the nitrogen content of volatile bas-
es, which did not exceed the permissible level
during the established shelf life. Further stud-
ies will focus on the development of regulato-
ry documents and the implementation of the
technology at fish processing plants.

ter activity index (0.83-0.88), raw smoked fish Acknowledgements
sausages are resistant to the development of  None.
most bacteria, but mould and yeast can devel-
op in the products. The results of the study of Conflict of Interest
penetration stress indicate the texture density =~ None.
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AHoTanig. Y KOHTeKCTi mpo6aeMy HeOCTaTHLOTO CIIOKMBAHHSI PUOGHUX MPOAYKTIB PO3IISTHYTO
MOXK/IUBICTh CTBOPEHHSI BMCOKOSIKICHMX KOBOACHMX BMPOOIB HA OCHOBi HOBUX BUJIiB CUPOBUHIMA.
Po3po6iieHHsT BUCOKOSIKICHMX PUOHUX KOBOAC 3 HOBUX BUIIiB CUPOBUHM JO3BOJUTH PO3IIUPUTHU
aCOPTMMEHT KOBOACHMX BMPOOIB Ta 3a6€31MeunTh HaceJIeHHSI pubHUMM TTpogyKTaMu. Meta po60oTu
TIOJISITA€ Y BCTAHOBJIEHH] JOIII/IbHOCTi BUKOPUCTAaHHS aPpUKaHCHKOTO KJIapi€eBOro COMa y TEXHOIOTi i
pMOHMX KOBGACHMX BUPOOGIB. B po6OTI BUKOPUCTOBYBAIM KOMILIEKC 3arajJbHOIMPUITHITAX
OPraHOMIENTUYHUX, XiMiUHMX, (Pi3UKO-XiMIiUHMX METOMIiB MOCTiAKeHb: BMIiCT BOJIOIM — METOIOM
BUCYIIYBAaHHS 3pa3Ka MO0 IOCTiliHOiI Macu; BMICT skupy — mertogom Cokciera; BMICT 6inka —
MetomoM K’enbmassi; 30/M — CHaJOBaHHAM HaBaXKu. [leHeTpallifiHy Hampyry BM3HaualIu 3a
JIOITOMOTOI0 TIEHETPOMETPA; MOKA3HMK aKTUBHOCTI BOAY BUMipIOBa/IM 3a IOITOMOTI'OI0 TirpOMeTpy;
BOAHEBUI TMOKAa3HUMK — pH-meTpoM. B pe3ynbrari OOCTiAXEHb TEOPETUYHO OOIPYHTOBAHO i1
eKCIIepUMEHTAIbHO ITiATBEPIKEHO [OIIJIbHICTh BUKOPUCTAHHS adpPUKaHCbKOTO KjapieBOro
coma (Clarias gariepinus Burchell, 1822) B SKOCTi CUPOBMHM [JisI BUTOTOBJIEHHSI PMOHMX KOBOac.
[Toka3aHO eQeKTUBHICTb ITOEIHAHHS M’sca COMa 3 IHIIMMM Tigpo6GiOHTaMM Ta TBapUHHOIO
CUPOBMHOIO. P03p0o6sieHO HOBi pelenTy CUPOKOIMUEHMX KOBGAC Ha OCHOBI abpuKaHCHKOTO
coMa 3 JomaBaHHSIM CKyMG6pii, MOPChKOTO IpebiHIs Ta IMUKY. JOCTiIKeHO OpraHoIenTUYHI,
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(isuko-xiMmiuHi TTOKasHMKM SKOCTi Ta XapuoBoi IiHHOCTI roToBOi mpopykiii. PesymbraTu
OPTaHOJIENTUYHOI OLIHKM IIOKa3aau TMoAi6HicTh KOB6AC i3 comMa OO0 TPagMIiHUX M’SICHUX
KOBOAcHUX BUPOOiIB. PMOHMIT cMak i apomaT 6yB ¢J1aOKO BUPaKeHU y 3pa3Kky 2, sIKuii BKIOYAB
3 pUOHOI CUPOBMHM JIUIIIE M>SICO apPUKAHChKOTO COMa, 10 3yMOBWJIO J1OTO CITOXKIMBUYi ITepeBari.
Buicoki 6ay OpraHoIeNnTUYHOI OLiHKM OflepskaB 3pa30K 3, BUTOTOBJIEHMI IIIVITXOM KOMOiHYBaHHS
M’sica appuKaHCHKOrO coMa 3i CKyMOpi€l0 Ta MOPCHKMM TpebiHlieM. Pe3ynbraTy JOCTiIKeHHS
XiMiYHOTO CKJIa[ly TIOKa3yIOTh BMCOKY Xap4yoOBY I[iHHICTbh KOBOACHUX BMUPOOGIB 32 YIOCKOHAIEHOIO
perenTypor. Bmict Bosoru B ycix 3paskax He mepeBuinyBaB 50 %, 110 BifIoBigae HOpPMi IJist
CUPOKOITUeHMX KoBb6ac. HaiBuimii BMicT 6inky (26,19 %) BimmiueHO y 3pa3Ky 2, KiJIbKiCTb Oi/ka
B iHIMX 3paskax KoBOAc IepeBuINyBajia MiHiMajabHE peKOMeHJoBaHe 3HaueHHs 19 %. BmicT
SKMPY B yCiX 3paskax nepebysae B miamasoni 18,93-21,41 %, 1m0 He TiepeBuUIlye PeKOMEH0BaHY
HopMy 25 %. 3a pesyapratamy (isMKO-XiMiYHMX HOCTiIKeHb BCTAHOBJIEHO BiIIOBiAHICTH
ITOKA3HMKIiB BCTAHOBJIEHMM HOpMaM. JIOC/TimKeHHS 3MiH IMOKA3HMKIB SKOCTi Ta 6G€3IMEeYHOCTi B
Tpolieci 30epiraHHs BU3HAYM/IN AOTYCTUMMI TEPMiH 36epiraHHs puOHUX CMPOKOMYEHMX KOBOAC
3a Temmnepatypu Bin 0 1o +5 °C He 6inbiie 15 1i6
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