CHAPTER 15

Technology improvement of cooked sausage products
with the addition of non-traditional raw materials

Nataliia Holembovska
Natalia Slobodyanyuk
Valentyna Israelian
Vladyslav Dorozhko
Sergii Gryshchenko
Mykola Gruntkovskyi
Vita Mykhalska

Petro Drozd

Abstract

The growing interest in functional meat and fish-based foods has driven the de-
velopment of novel formulations enriched with biologically active and nutritionally
beneficial ingredients. This research explores the impact of incorporating unconven-
tional components - such as chicken meat, spelt flour, dried vegetables, cuttlefish
ink, and red caviar - into the composition of cooked fish sausages made primarily
from hake. Three experimental formulations were created by substituting 10% of
the fish meat with chicken and adding 6% spelt flour. Additionally, each variant in-
cluded one of the following: bell pepper, olives, or garlic.

The study evaluated various parameters, including proximate composition (mois-
ture, protein, fat, ash), water-holding and moisture-binding capacities, texture-relat-
ed properties (shear stress), oxidative stability (acid and peroxide values), and sen-
sory characteristics. Protein content in the modified products increased by 8-10%
relative to the control (17.2 vs. 15.1 g/100 g). Among the samples, the first exhibited
the highest water-holding capacity (86.3%), while the second and third demon-
strated a notable 18-20% enhancement in structural density.

Over a 10-dayrefrigerated storage period, the third sample maintained superior ox-
idative stability, as its acid value increased only slightly (from 1.7 to 2.3 mg KOH/g fat).
Sensory evaluation revealed improved acceptability: Sample 1 achieved a score of 4.6,
and Sample 3 received 4.5, both outperforming the control 3.8.
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Overall, the integration of chicken meat, spelt flour, and dried vegetable inclu-
sions into fish sausage formulations resulted in improved nutritional quality, func-
tional-technological performance, and organoleptic appeal. These findings support
the potential use of alternative raw materials in the production of value-added,
health-oriented fish sausages. Further research is recommended to assess microbial
stability over extended storage periods and to determine consumer preferences for
potential market introduction.

Keywords

Hake, vegetable raw materials, cuttlefish ink, red caviar, sausage products.

15.1 Introduction

In recent years, a new direction in the food industry has been widely recognized
all over the world - the so-called functional nutrition, which refers to the use of such
products of natural origin, which, when used systematically, have a regulatory effect
on the human body.

At the same time, the analysis of domestic and foreign literature shows that today
little attention is paid to the development of technologies for specialized food prod-
ucts with targeted physiological and biochemical properties, increased nutritional
and biological value. Therefore, the development of technologies for combined fish
products (cooked sausage products) for functional nutrition is an important and rel-
evant direction of scientific research.

The production of fish sausages has been successfully developed in many coun-
tries over the past few years. This started in Japan. The expansion of this production
is stimulated by an increase in the catch of small fish and fish with low palatability,
which can be successfully used to produce fish sausage products [1, 2].

Moreover, as experts note, fish sausage is more useful for human health than its
meat and chicken counterparts due to the saturation of easily digestible protein and
essential amino acids, such as lysine and tryptophan. Another advantage of fish sau-
sage is that, with the initial raw materials, it is possible to establish its production at
a specialized fish factory and a regular meat processing plant.

The technology for producing sausage products has been developed and imple-
mented in many countries, but production in Ukraine remains limited.

Fish and fish processing products have traditionally been essential in the hu-
man diet due to their high nutritional value and remarkably complete animal pro-
tein, vitamins, and macro and microelements [3]. In modern conditions, there is an
increasing interest in developing new types of fish products, including those with
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functional purposes, which contribute to maintaining public health and ensuring
high-quality nutrition.

A separate niche in the food market is occupied by fish sausages - an innova-
tive product that can serve as an alternative to traditional meat. The technology of
their production involves the use of minced fish combined with components that im-
prove structural-mechanical and organoleptic properties: lard, eggs, dry milk, starch,
spices, salt, stabilizers, and food additives (such as phosphates, nitrites, etc.) [4].

Among the current directions in improving meat product technologies, special
attention is given to using mineral components to enhance their nutritional value.
In the study by I. Shurduk et al. [5], the feasibility of using a protein-mineral sup-
plement (PMS) as a source of calcium in the formulations of emulsion-type meat
products was substantiated. According to the study results, adding 7-8% PMS has
a positive effect on the water-binding, fat-retention, and emulsifying properties,
as well as the structure of the meat system. Improved microbiological stability and
sensory characteristics of the final product were also observed, without negatively
affecting its taste. The authors particularly emphasize that more than 60% of the
calciumin the final product is present in the form of organically bound compounds,
ensuring a high degree of absorption. The proposed technology enables the cre-
ation of functional meat products with enhanced biological value and health-pro-
moting effects.

O. Shtonda [6] developed recipes of combined meat-vegetable and fish-vegeta-
ble cooked sausage products with the taste and smoke aroma using CO, extract of
the smoke liquid. In this work, the effect of added plant components (carrots, egg-
plants, onions and peas in meat-vegetable sausages, carrots, eggplants, onions and
peas, in fish-vegetable sausages - carrots, potatoes, onions and rice) on the nutri-
tional properties of the product, the yield of the finished product and determina-
tion of the sanitary and hygienic properties of the finished product due to the use
of CO, smoke extract.

X. Zhao et al. [7] investigated the possibility of using such non-traditional ad-
ditives as a structuring agent from fish skin, lotus seeds, water, and water-alcohol
infusions from Sargentodoxa cuneata (Sargentodoxa cuneata Rend. et Wils) in the
technology of making fish sausages, which made it possible to obtain sausages with
high organoleptic indicators.

N. Bozhko et al. [8] investigated the possibility of using squid and shrimp to pro-
duce cooked sausages. The study demonstrated that incorporating these seafood
ingredients enhances the nutritional value and taste of the final product. Along
with other authors, he investigated using protein-containing raw materials, such
as soy protein, to produce boiled-smoked sausages. The use of such additives
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allows for reducing the production cost and improving the nutritional value of
the product [9].

O. Fursik [10], in her dissertation, substantiated the feasibility of using pro-
tein-containing functional compositions that include both plant and animal proteins
to improve cooked sausage technology. Using such compositions makes it possible to
enhanceenables the enhancement of the amino acid profile and the functional and
technological properties of the product.

I. Martyniuk [11] investigated the possibility of using amaranth as an unconven-
tional plant-based raw material to produce cooked sausages. The results showed
that the addition of amaranth improves the organoleptic, physicochemical, and mi-
crobiological properties of the product.

Other authors, M. Paska and |. Markovych, investigated the use of lentil plant
material and lentil flour in the technology of cooked sausages. They found that the
addition of lentil flour improves the structure and consistency of sausage, as well as
reduces production costs [12].

Other studies have been conducted using protein compositions that include
both plant and animal proteins to improve cooked sausage technology. These com-
positions allow for the enhancement of the amino acid profile and the functional and
technological properties of the product [13].

One of the promising raw materials for producing such products is African
catfish (Clarias gariepinus), which is characterized by rapid growth rates, efficient
feed conversion, low maintenance requirements, and high nutritional value of its
meat. According to literature sources, African catfish meat contains, on average,
75% moisture, 16.9% protein, and 6.7% fat. In comparison, 100 g of the product pro-
vides over 40% of the daily selenium requirement and more than 20% of the phos-
phorus requirement. Studies on the water-holding capacity of the raw material indi-
cate that African catfish meat can ensure a stable sausage mince structure, juiciness,
and a tender texture in the final products [14].

The article by V. Tyshchenko et al. [15] discusses using fish mince as a raw mate-
rial for sausage production. The study demonstrated that fish mince exhibits high
functional and technological properties, enabling the production of high-quality and
nutritious products.

The study by A. Tayeva et al. [16] investigates the potential for enhancing the
functional and technological properties of cooked sausages by incorporating camel
fat and chicken fillet. The effect of pumpkin shell powder on lipid oxidation and the
functional and technological properties of sausages made from mixed meat was in-
vestigated. It was found that adding pumpkin shell powder enhances the taste and
organoleptic characteristics of the product.
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K. Elavarasan et al. explore the possibility of using millet and coconut flour to
formulate fish sausages in their research. It was found that adding millet flour is an
ideal healthy substitute for traditional wheat flour [17-19].

Critical studies have been conducted on incorporating textured soy pro-
tein (TSP) into surimi products, particularly fish sausages. It was found that adding
15% TSP improves gel strength, water-holding capacity, and organoleptic prop-
erties of the product while maintaining its quality for up to 120 days when stored
at-18°C[19-21].

Critical studies have been conducted on incorporating textured soy protein (TSP)
into surimi products, particularly fish sausages. It was found that adding 15% TSP
improves gel strength, water-holding capacity, and organoleptic properties of the
product while maintaining its quality for up to 120 days when stored at -18°C [18].

The analysis of scientific research suggests a high potential for enhancing the
technology of cooked fish sausages using unconventional raw materials. Including
components such as pumpkin shell powder, millet flour, textured soy protein, camel
fat, and fish milt enhances the products' functional and technological properties.
In particular,improvements have been observed in texture, gel strength, water-hold-
ing capacity, and the organoleptic characteristics of the sausages.

Moreover, using unconventional raw materials increases the biological value
of the products by boosting the content of high-quality protein and beneficial fats,
while also extending shelf life through the reduction of lipid oxidation. A significant
advantage is the economic feasibility and environmental sustainability of these inno-
vations, aligning with current trends in the development of the food industry.

Therefore, integrating unconventional raw materials into the production of
cooked fish sausages effectively improves product quality and competitiveness
while meeting the demands of healthy nutrition and sustainable development.

At the same time, the nutritional and biological value. Therefore, developing
technologies for combined fish products (cooked sausage products) for functional
nutrition is an essential and relevant direction of scientific research.

15.2 Characteristics of the nutritional and biological value of fish and
meat raw materials

The primary raw materials for the production of cooked sausage products are
minced hake (in a frozen state) and chicken fillet (in a chilled state). According to or-
ganoleptic indicators, frozen fillet must meet the requirements and standards spec-
ified in Table 15.1.
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Table 15.1 Organoleptic characteristics of frozen fish fillets

Indicator name Characteristic and standard
Appearance: Clean, dense, with a flat surface without significant differences
blocks individually in block height.
frozen fillets Clean, even, whole, without significant deformation. May exhibit:

slight loosening of the muscle tissue along the edge of the fillet
block; presence of scale residues on the surface of the fillet with
skin without scales; skin damage in horse mackerel and sturgeon
fillets at the sites where scutes have been removed

Placement procedure  The fillets are placed into molds in uniform layers: in the bottom
layer with the skin or subcutaneous side facing downward, and
in the top layer with the skin or subcutaneous side facing upward

Flesh consistency: Firm, typical of this type of fish
after defrosting

After boiling Tender, juicy, brittle, typical of this type of fish. It may be slightly
dry, fibrous, but not hard, rubbery, jelly-like

Flesh color Typical of this type of fish
Odor (after defrosting) Typical of fresh fish, without any foreign odor

Taste and smell after ~ Typical for this type of fish, without any foreign taste or smell
cooking

The primary raw materials for cooking sausage products are minced hake (in
a frozen state) and chicken fillet (in a cooled state).

The size and mass characteristics of fish are an important criterion for assessing
its biological condition, marketable quality and technological suitability.

The aim of the study was to establish the average indicators of length, body
weight, carcass weight, head, viscera, skin and scales, which allows for a reasonable
assessment of the yield of finished products and the efficiency of raw material use.

The dimensional composition of the fish is given in the Table 15.2.

Table 15.2 Dimensional composition of hake

L,cm L,cm L,cm L,cm L,,cm h,cm b,cm

- - - - 25.2 6 4

Note: initial weight of gutted carcass - 356 g

The length of the carcass is 25.2 cm, the height of the fish body is 6 cm, and the
width of the fish body is 4 cm (average size of the fish). The mass composition of hake
is presented in Table 15.3.
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Table 15.3 Mass composition of hake, %

Weight, Content to the total weight of fish, %
kg fillet skin bones fins scales
0.356 82+1.9 5.3+0.3 7.57+0.9 0.76+0.3 0.03+0.01

Note: initial weight of gutted carcass - 356 g;n =5, p <0.05

The data obtained are the starting point for further physicochemical, technolog-
ical and organoleptic studies, as well as for comparative analysis between different
types of fish raw materials.

The output of fish meat is 301.3 g, waste - 48.4 g, losses - 6.3 g. The chem-
ical composition of fish raw materials was determined during the study, as shown
in Table 15.4.

Chicken provides moderate energy and contains highly digestible proteins with
low collagen, offering good nutritional quality. It is also a source of unsaturated fats,
primarily in the skin, which can be easily removed, and B vitamins such as panto-
thenic acid and thiamine. Consumption of chicken is associated with a lower risk of
overweight and obesity, as well as cardiovascular diseases and type 2 diabetes. The
chemical composition of chicken is given in Table 15.5.

Table 15.4 Chemical composition of hake, %

Indicator Content
Protein content 18.31+0.6
Fat content 1.31+£0.22
Moisture content 78.9+2.83
Mineral content 1.48+0.15

Note:n =5,p<0.05

Table 15.5 Chemical composition of chicken, %

Indicator Content

Calories, kcal 202+4.0
Protein content 18.5+0.17
Fat content 14.31£0.21
Moisture content 3.7+£1.26
Mineral content 70.9+2.25

Note:n=5,p<0.05
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The combination of fish and meat raw materials enables the production of a new,
fully developed product, specifically a cooked sausage, utilizing various types of
raw materials.

The nutritional value of salmon roe used for the production of cooked sausage
products is given in Table 15.6 [17].

Table 15.6 Nutritional value of salmon roe

Indicator Content per 100 g of product
Calories, kcal 249
Protein, g 26.0
Fat, g 13.2
Water, g 62.0
Carbohydrate, g 1
B,, ug% 1800
B,, ug% 2100
Folic Acid, ug% 1300
PP, ug% 21
Pantothenic Acid, ug% 1.3
Vitamin C, ug% 93

Salmon caviar is a highly nutritious product with a significant biological value.
100 g of the product contains 249 kcal, which indicates its energy saturation. Caviar
is rich in proteins (26.0 g), which makes it a valuable source of easily digestible amino
acids necessary for maintaining muscle mass and cellular metabolism. The fat com-
ponent (13.2 g) provides the body with beneficial fatty acids that play a key role in the
functioning of the nervous and cardiovascular systems.

The high content of B vitamins (in particular B, - 1800 mcg%, B, - 2100 mcg%, fo-
lic acid - 1300 mcg%) contributes to the normalization of metabolism, maintenance
of nervous system functions and hematopoiesis processes. Caviar also contains vita-
min C (93 mcg%), which is an antioxidant and supports immunity.

Given these indicators, salmon caviar can be considered a functional product
that combines high nutritional value, vitamin richness, and health benefits when
consumed in moderation.

Given the limited data on the chemical composition of spelled flour grown
in Ukraine, it is possible to investigate the composition of this flour (Table 15.7).

Spelt is notable for its high protein content. Research has shown that spelt
contains 28% more protein, 1.6 times more fat, and 22% more minerals (ash) than
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common wheat. Additionally, it has 7.6% fewer carbohydrates overall, including
20% less starch. While the total dietary fiber content in spelt is higher than in wheat,
it contains less crude fiber.

Table 15.7 Chemical composition of spelled flour, % on dry matter

Indicator Spelled flour

Protein, g 17.46

Fat, g 3.17

Carbohydrate, g 75.92

Includes Starch, g 52.49
Total Sugars, g 3.62

Dietary Fiber, g 14.34
Includes Roughage, g 2.1

The advantages of adding spelt flour to sausages: increased protein value, en-
richment with dietary fiber, improved structure and water-binding properties, re-
duced starch content, improved mineral composition.

Therefore, adding spelt flour to sausage recipes allows to create functional prod-
ucts with improved nutritional properties, increase their dietary appeal and meet the
needs of consumers focused on healthy eating.

Cuttlefish ink is a natural coloring agent that provides a deep black hue and
comes in a convenient single-use package containing two 4 g sachets. Its compo-
sition includes: cuttlefish ink (40%), water, salt, and sodium carboxymethylcellu-
lose stabilizer. It is gluten-free but may contain shellfish and traces of crustaceans,
celery, and milk.

Cuttlefish ink is increasingly valued in the food industry not only for its nat-
ural pigmentation but also for its content of bioactive substances that may offer
health-promoting effects. M. Gémez-Guillén et al. [22] noted that this ingredient
contains melanin, peptides, and amino acids that contribute antioxidant, antimi-
crobial, and anti-inflammatory activities. These properties position cuttlefish ink as
a multifunctional additive that supports visual enhancement and improved func-
tional attributes of food products.

Incorporating natural colorants, such as cuttlefish ink, aligns with the modern
trend toward clean-label ingredients and the increasing consumer preference for
natural alternatives to synthetic additives [23]. In contrast to artificial colorants, it is
considered a safer and more consumer-friendly option.
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In addition, the intense black color and distinct flavor profile of cuttlefish ink
make it a novel and appealing component in formulating premium and health-
oriented foods, including fish-based sausages and alternative meat products [24].
Its use in cooked sausages made from unconventional raw materials is justified from
a technological standpoint, as it improves product appearance, enriches flavor, and
supports innovation in food development.

15.3 Recipes for cooked sausage products with the addition of
non-traditional raw materials

Samples from the manufacturer Savin Product were used to produce cooked sau-
sage products made from non-traditional raw materials. The recipe of the control
sample is presented in Table 15.8.

Table 15.8 Sausage recipe Squid ink & Red roe and meat turkey, from the manufacturer
Savin product

Prescription composition of the control

Components name sample, g/100 g of product

Turkey meat 48.3

Refined sunflower oil 28

Red caviar 6.5

Cow's powdered milk 6

Kitchen salt 1.3

Sugar 04

Spice extracts (nutmeg, black pepper, allspice) 0.5
Color fixative: sodium nitrite 0.008
Drinking water 8.492

Cuttlefishiink 0.5

In the formulated recipes for cooked sausage products, various vegetable ingre-
dients were incorporated to enhance flavor characteristics, while the inclusion of
natural color sources aimed to achieve a more visually appealing final product. Ad-
ditionally, fish-based raw materials and modifications to animal-based components
were incorporated to enhance taste and better align with daily nutritional needs.
A novel water-binding agent was also introduced to enhance product stability and
maintain shape. The finalized cooked sausage formulations are detailed in Table 15.9.
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Table 15.9 Sausage recipes Squid ink & Red caviar and bell pepper, Squid ink & Red caviar
and olives, Ink Cuttlefish & Red Caviar & Garlic

Recipe composition, g/100 g of products

The name of the components

Sample 1 Sample 2 Sample 3
Hake meat 42 47 45
Chicken meat 10 10 10
Refined sunflower oil 20.5 20.5 20.5
Red caviar 6.5 6.5 6.5
Potato starch 2 2 2
Spelled flour 6 6 6
Kitchen salt 1 1 1
Sugar 04 0.4 0.4
Spices (basil, oregano, thyme) 5.55 3.55 5.55
Cuttlefish ink 1.05 1.05 1.05
Dried Bulgarian red pepper 5 - -
Dried olives - 2 -
Dried garlic (granulated) - - 2

The development of formulations for cooked sausages incorporating plant-based
raw materials, natural colorants, unconventional types of meat, and water-retaining
components aligns with current trends in the food industry, which aim to improve
product quality, safety, and functional properties.

According to I. Markovych research [24], the use of plant components, particu-
larly lentil flour, contributes to the improved structure and consistency of sausage
products while also helping to reduce production costs. The addition of natural col-
orants, such as cuttlefish ink, not only provides a rich color but also imparts antiox-
idant properties, as noted by M. Gémez-Guillén et al. [21], which positively affect
product stability during storage.

Including fish raw materials in the formulations of cooked sausages enhances
the nutritional value of the product due to its high content of complete pro-
teins, polyunsaturated fatty acids, and minerals, as confirmed by the research of
N. Bozhko et al. [8]. Replacing traditional meat ingredients with more easily di-
gestible protein sources (e.g., African catfish or poultry meat) allows products to be
better adapted to the needs of modern consumers, particularly those who follow
healthy eating habits [26-28].
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Additionally, incorporating water-retaining components, such as dietary fiber or
stabilizers, enhances the texture, juiciness, and shape of the finished product. This is
consistent with the findings of I. Shurduk et al. [5], who highlight the effectiveness
of protein-mineral additives in enhancing the technological properties of emul-
sion-type meat systems.

Thus, comprehensive improvement of formulations by incorporating unconven-
tional ingredients and enhanced structural components is a justified step toward de-
veloping cooked sausages with increased nutritional and functional value.

The obtained samples of cooked sausage products are shown in Fig. 15.1-15.3.

Fig. 15.2 Cutball ink & red caviar & olives (Sample 2)

Fig. 15.3 Squid ink & red caviar & garlic (Sample 3)
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Thus, by developing the aforementioned recipes, it is possible to obtain a cooked
sausage product enriched with B-group vitamins, vitamin PP, vitamin A, and vita-
min E, as well as mineral elements such as iron, iodine, phosphorus, calcium, and
essential Omega-3 fatty acids. This product is easily digestible and aligns with the
principles of healthy nutrition.

15.4 Properties of mince for the production of cooked sausage products

To assess the use of dried plant raw materials and to determine the optimal
amount of additives in the production of cooked sausage products containing
non-traditional raw materials, a study was conducted on the properties of the added
components within a multi-component system, as the structure, composition, and
production conditions of the final product directly depend on the properties of the
mince. Indicators such as water-retaining capacity (WRC) and water-binding capac-
ity (WBC) of the experimental mince affect the juiciness, density of the products,
and the yield of the finished product. Results of the study of the WRC (Fig. 15.4) and
WBC (Fig. 15.5) of the mince.

The influence of functional food additives on the technological characteristics
of cooked sausage products is given in Table 15.10.

According to the data obtained, an increase in the mass of the sausage is ob-
served after cooking. This is due to the swelling of dried plant components as a result
of moisture release during the boiling-down process of the combined meat and fish
raw materials, which constitute the main part of the product - the mince.
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Fig. 15.4 Changes in the water-retaining capacity of mince
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Fig. 15.5 Changes in the water-binding capacity of mince

Table 15.10 The influence of functional food additives on the technological characteristics
of cooked sausage products

Sample Mass of sausage prior to boiling, g Mass of sausage after boiling, g
Sample 1 57.0942 59.7426
Sample 2 61.2023 62.8742
Sample 3 55.3214 56.1327

Based on the data presented in Table 15.10, it can be concluded that functional
food additives have a positive effect on the technological characteristics of cooked
sausage products, in particular, on the preservation or even increase in mass after
heat treatment.

All three samples demonstrate an increase in the mass of sausages after boiling,
which is an important indicator of technological efficiency and economic feasibility
of using functional ingredients. In particular:

- Sample 1: the mass before boiling was 57.09 g, after boiling - 59.74 g, which
indicates an increase of 2.65 g, or about 4.64%;

- Sample 2: mass before boiling - 61.20 g, after - 62.87 g, the increase was
1.67 g (= 2.73%);

- Sample 3: the mass increased from 55.32 g to0 56.13 g, i.e. by 0.81 g (~ 1.46%).

The greatest increase in mass after boiling is observed in Sample 1, the smallest
in Sample 3, which may be due to both differences in the recipe and the properties
of the functional additives used.
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The increase in mass after boiling is attributed to the swelling of functional
food components, including dried plant components that actively bind moisture.
This is also partly due to the reduction of losses during heat treatment, resulting
from the formation of a stable gel-like matrix that retains moisture within the
product. In addition, the combination of meat and fish raw materials provides a bal-
anced protein-fat structure of the mince, which enhances moisture retention dur-
ing cooking.

Thus, the presented data confirm that the use of functional additives allows not
only to increase the nutritional value of sausage products, but also to improve their
technological properties, in particular, water-holding capacity water-retaining ca-
pacity and mass stability after heat treatment, which is an important factor in the
production of quality products.

15.5 Research on the organoleptic evaluation of cooked sausage products

The tasting evaluation of vegetarian ice cream was carried out with the involve-
ment of specialists with experience in the field of food technology. 5 people aged
25 to 45 years were selected as tasters, who had higher education in the field of
food technology and experience in evaluating the organoleptic properties of food
products for at least 3 years.

Before the start of the study, the tasters underwent a brief briefing, which in-
cluded familiarization with the method of organoleptic evaluation on a five-point
scale according to ISO 11036:1994, as well as a repetition of the criteria for evaluat-
ing appearance, taste, consistency, color and aroma.

In order to ensure the objectivity of the results, the tasting was carried out by
blind evaluation, without prior informing the tasters about the composition or origin
of the samples.

A quantitative evaluation of the cooked sausage products was conducted using
a set of organoleptic indicators, comparing them to the control sample. Based on the
overall organoleptic assessment, experimental formulations No. 1 and No. 3 demon-
strated superiority over the control, which exhibited a very dense texture and an
unpleasant taste with no distinct sausage flavor.

In formulation No. 1, the taste, aroma, and juiciness were enhanced by adding
red bell pepper, which increases juiciness and imparts a pleasant sweet flavor due
to its high moisture content. In formulation No. 3, the flavor profile was enhanced
by incorporating dried garlic, resulting in a subtle and mild taste. Although formu-
lation No. 2 scored lower overall compared to No. 1 and No. 3, it still outperformed
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the control sample due to the inclusion of dried olives and herbs, which enhanced
the texture and added a distinctive aroma.

To determine the qualitative differences in the organoleptic evaluation of the
developed product, the construction of profilograms was added, allowing for the
visual demonstration of the complete picture of the comparative assessment of
the samples. The graphically obtained indicators are presented in Fig. 15.6-15.8.

Summarizing the results of the comparative evaluation of organoleptic proper-
ties, it can be concluded that adding plant-based raw materials enhances these sen-
sory attributes. All developed formulations received higher overall scores than the
control sample, although each showed improvements in specific indicators depend-
ing on the type of plant material used.

=== Control === Recipe 1

Appearance
5
Succulence 3 Colour
Consistence Scent
Taste

Fig. 15.6 Comparative analysis of Sample 1 with the control sample

e Control| ===Recipe 2

Appearance
5
Succulence Colour
Consistence Scent
Taste

Fig. 15.7 Comparative analysis of Sample 2 with the control sample

333



Innovative approaches in food processing and sustainability

== CoONtrol === Recipe 3

Appearance
5
Succulence S Colour
Consistence Scent
Taste

Fig. 15.8 Comparative analysis of Sample 3 with the control sample

The addition of plant-based raw materials to meat and fish products is an effec-
tive way to enhance the organoleptic properties of these products. According to the
research by I. Markovych [24], soy protein in sausage formulations contributes to
enhanced texture, taste, and overall consumer perception of the product. Similarly,
the findings of showed that the inclusion of amaranth in cooked sausages increases
their organoleptic appeal, as evidenced by higher ratings for flavor, aroma, and con-
sistency [29-35]. Furthermore, the study by |. Bayram et al. [36-39] demonstrates
that using pumpkin peel powder in sausage products significantly improves taste
and textural characteristics, positively influencing the end consumer's perception
of the product.

15.6 Research on structural and mechanical properties and chemical
composition of cooked sausage products

Due to the incorporation of fish and additional plant raw materials in dried
form (in particular, in the form of pieces, granulated spice particles) into the reci-
pes of boiled sausages, a study was carried out on the influence of new ingredients
on the consistency characteristics of the finished product. In order to quantitatively
determine changes in the structure of the studied samples, the penetration method
was used, which enables the evaluation of the density and elasticity of the product.

Spot samples were taken from one batch of mince at three different points,
with a total mass of at least 250 g. A composite sample was used for measurement.
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The sample was placed in a container after removing air by tapping the bottom and
sealing with a spatula. After that, the container with the sample was kept in a water
bath at a temperature of 20°C until the temperature equilibrium within 20 + 5°C was
reached. Temperature control was provided using a thermometer.

The indenter penetration depth was determined for ready-made boiled sausages,
which are characterized by a firm-elastic consistency. For this purpose, a needle in-
denter weighing 2 g was used. Measurements were performed on the open surface
of the sample, no closer than 10 mm to the edge and at the maximum distance from
the places of previous punctures. In this case, zones with air inclusions, visible de-
fects or inhomogeneous structure were avoided, which could affect the objectivity
of the results.

When using a needle indenter, measurements were made at five points along the
length of the product for each sample. In Fig. 15.9, the results of the ultimate shear
stress for cooked sausage products are given.
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Fig. 15.9 Boundary shear stress of cooked sausage products

According to the diagram, Samples 2 and 3 exhibited statistically significant
improvements in structural and mechanical properties (p < 0.05), with shear force
values increased by 18-20% compared to the control, which can be attributed to
the increased content of fish raw materials (an increase of 5 gin Sample 2 and 3 g
in Sample 3) and variations in the ratio of spices to dried vegetable raw materials.
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Although the amount of dried vegetable raw materials was the same in both sam-
ples (2 g each), Sample 2 contained a reduced quantity of spices compared to Sample 3.
Relative to the control sample, the density of Samples 2 and 3 increased by 18-20%.
This improvement was due to the substitution of the binding agent, replacing pow-
dered milk with a mixture of potato starch and spelled flour in a 2:6 ratio, and the
incorporation of smaller pieces of plant material compared to Sample 1.

The study of the plasticity of the product was conducted using a method based on
the separation of moisture from the sample during pressing by a load weighing 1 kg,
sorption of the separated water by filter paper and determination of the released
moisture by the size of the spot area formed on the paper. The results obtained are
presented in Fig. 15.10.

Based on the data presented in the diagram, it can be concluded that the plas-
ticity of the test samples differs significantly from that of the control. The plastici-
ty of Samples 1 and 2 remains almost unchanged, but the plasticity of Sample 3 is
2 times less than the previous samples. This is due to the different types and sizes of
plant raw materials introduced (Sample 1 - dried sweet pepper in pieces 6 x 6 mm;
Sample 2 - dried olives in pieces 3 x 3 mm; Sample 3 - granulated garlic 8 x 16 mm).

In laboratory conditions, chemical composition studies were conducted to eval-
uate the quality of ready-made cooked sausage products from non-traditional raw
materials. The comparative characteristics of the chemical composition depend-
ing on the introduced auxiliary raw materials are presented in Fig. 15.11-15.13.

The obtained results indicate that the developed formulations contain a lower
protein level due to the partial substitution of fish raw materials with plant-based
ingredients, a reduced fat content across all samples, and a higher mineral content
compared to the control sample.
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Fig. 15.10 Plasticity of cooked sausage products
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Fig. 15.11 Comparative analysis of the chemical composition of cooked sausage
products (Sample 1)
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Fig. 15.12 Comparative analysis of the chemical composition of cooked sausage
products (Sample 2)
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Fig. 15.13 Comparative analysis of the chemical composition of cooked sausage
products (Sample 3)
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The energy value of the product was calculated according to MU 4287-86. The
obtained data are presented in the Table 15.11.

Table 15.11 Energy value of cooked sausage products, %

Boiled sausage products from non-traditional raw

Indicator materials
Control Sample 1 Sample 2 Sample 3
Energy value, kcal 148.3+0.54 143.7 +£0.67 149.5+0.63 134+0.71

Note:n=5,p<0.05

An analysis of the obtained data shows that the energy value of the experimental
samples is generally comparable to that of the control sample. This similarity is at-
tributed to only minor differences in their chemical composition.

The acid number serves as a key quality indicator reflecting the freshness of fats,
as it measures the content of free fatty acids, including those produced through the
oxidation of fish fat during storage.

Determining the acid number is one of the primary methods for assessing the
quality and freshness of fat, particularly in meat and fish-based products. It reflects
the accumulation of free fatty acids (FFA) formed due to lipid hydrolysis caused
by tissue or microbial lipases. An increase in the acid number in fish raw materials
during storage is a reliable indicator of lipid hydrolytic spoilage [37]. It is estab-
lished that FFA accumulation indicates not only hydrolysis but may also serve as
a secondary marker of fat oxidation, which negatively affects the organoleptic
properties of the product [38].

15.7 Research on the fatty acid composition of cooked sausage products

The fatty acid spectrum was determined according to DSTU ISO 5508-2001 [39]
by gas chromatography of fatty acid methyl esters. Sample preparation was carried
out according to DSTU ISO 5509-2002 [40]. Chromatographic analysis of fatty acids
was performed on a Trace Ultra gas chromatograph with a flame ionization detector,
on a capillary column SP-2560 (Supelco). The method limit is < 0.01%. The results
of the studied samples are presented in Tables 15.12-15.14, and the total amount
of fatty acids is presented in Fig. 15.14-15.16.

The comparative characteristics of the amount of fatty acids of the studied sam-
ples are presented in Table 15.15 and Fig. 15.17.
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Table 15.12 Fatty acid composition in cooked sausage product (Sample 1)

Fatty acids Content, g/100 g of fat
Caproicacid (C6:0) 0.11
Capric acid (C10:0) 0.26

Mpyristic acid (C14:0) 0.42
Pentadecanoic acid (C15:0) 0.11
Palmitic acid (C16:0) 10.00
Palmitoleic acid (C16:1) 1.07
Stearic acid (C18:0) 3.37
Oleic acid (C18:1n9c¢) 23.93
Linoleic acid (C18:2néc) 54.19
Arachidic acid (C20:0) 0.13
Cis-11-eicosenoic acid (C20:1n9) 0.56
Linolenic acid (C18:3n3) 0.52
Geneicosanoic acid (C21:0) 0.17
Behenic acid (C22:0) 0.16
Cis-8,11,14-eicosatrienoic acid (C20:3n6) 041
Erucic acid (C22:1n9) 0.32
Lignoceric acid (C24:0) 1.58
Cis-4,7,10,13,16,19-docosahexaenoic acid (C22:6n3) 2.69
¥ saturated fatty acids 16.31
¥ unsaturated fatty acids 83.69
¥ monounsaturated fatty acids 25.88
¥ polyunsaturated fatty acids 57.81
w 6 fatty acids 54.60
w 3fatty acids 3.21
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Table 15.13 Fatty acid composition in cooked sausage product (Sample 2)

Fatty acids Content, g/100 g of fat

Caproic acid (C6:0) 0.03

Capric acid (C10:0) 0.05
Undecanoic acid (C11:0) 0.03

Lauric acid (C12:0) 0.09

Mpyristic acid (C14:0) 0.45
Pentadecanoic acid (C15:0) 0.06
Palmitic acid (C16:0) 10.17
Palmitoleic acid (C16:1) 1.12

Stearic acid (C18:0) 3.52

Oleic acid (C18:1n%c) 27.99

Linoleic acid (C18:2néc) 48.17
Arachidic acid (C20:0) 0.16
Cis-11-eicosenoic acid (C20:1n9) 0.75
Linolenic acid (C18:3n3) 0.59
Geneicosanoic acid (C21:0) 0.16
Cis-11,14-eicosadienoic acid (C20:2n6) 0.24
Behenic acid (C22:0) 0.23
Cis-8,11,14-eicosatrienoic acid (C20:3n6) 0.36
Cis-11,14,17-eicosatrienoic acid (C20:3n3) 0.33
Lignoceric acid (C24:0) 1.90
Cis-4,7,10,13,16,19-docosahexaenoic acid (C22:6n3) 3.60
¥ saturated fatty acids 16.85

¥ unsaturated fatty acids 83.15

¥ monounsaturated fatty acids 29.86

¥ polyunsaturated fatty acids 53.29

w 6 fatty acids 48.77

w 3fatty acids 452
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Table 15.14 Fatty acid composition in cooked sausage product (Sample 3)

Fatty acids Content, g/100 g of fat
Caproic acid (C6:0) 0.04
Caprylic acid (C8:0) 0.04
Capric acid (C10:0) 0.17
Mpyristic acid (C14:0) 042
Pentadecanoic acid (C15:0) 0.07
Palmitic acid (C16:0) 9.23
Palmitoleic acid (C16:1) 1.06
Stearic acid (C18:0) 3.68
Oleic acid (C18:1n9c¢) 24.16
Linoleic acid (C18:2n6c) 55.75
Arachidic acid (C20:0) 0.13
Cis-11-eicosenoic acid (C20:1n9) 041
Linolenic acid (C18:3n3) 0.53
Geneicosanoic acid (C21:0) 0.18
Cis-11,14-eicosadienoic acid (C20:2n6) 0.08
Behenic acid (C22:0) 0.10
Cis-8,11,14-eicosatrienoic acid (C20:3n6) 0.49
Cis-11,14,17-eicosatrienoic acid (C20:3n3) 0.20
Lignoceric acid (C24:0) 1.31
Cis-4,7,10,13,16,19-docosahexaenoic acid (C22:6n3) 1.95
¥ saturated fatty acids 15.37
¥ unsaturated fatty acids 84.63
¥ monounsaturated fatty acids 25.63
¥ polyunsaturated fatty acids 59.00
w 6 fatty acids 56.32
w 3 fatty acids 2.68
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Fig. 15.16 Total fatty acid content in Sample 3
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Table 15.15 Comparative characteristics of the amount of fatty acids in the studied samples

Indicator Sample 1 Sample 2 Sample 3
SFA 16.31 16.85 15.37
UFA 83.69 83.15 84.63
MUFA 25.88 29.86 25.63
PUFA 57.81 53.29 59.00
né 54.6 48.77 56.32
n3 3.21 452 2.68
Rationé/n3 17.01 10.79 21.01
90
80
70
60
50
40
30
20
10 I I
0 -
SFA UFA MUFA  PUFA né n3 Ratio
né/n3
H Sample 1 16.31 83.69 25.88 57.81 54.6 3.21 17.01
Sample 2 16.85 83.15 29.86 53.29 48.77 452 10.79
Sample 3 15.37 84.63 25.63 59 56.32 2.68 21.01

B Sample 1 Sample 2 Sample 3

Fig. 15.17 Comparative characteristics of fatty acid content

The total amount of SFA remains almost unchanged. The content of SFA in the
obtained samples does not exceed the daily intake. The total amount of UFA does not
change significantly in the studied samples. The total amount of MUFA remains al-
most unchanged. A high indicator is observed in Sample 2. The total amount of PUFA
remains almost unchanged. A high indicator is observed in Sample 3. The indicator
of the quantity of Omega-6 prevails in Sample 3 over Samples 1 and 2. The indicator
of the quantity of Omega-3 prevails in Sample 2. The result obtained in Sample 3 is
twice as low as in Samples 1 and 2.

343



Innovative approaches in food processing and sustainability

15.8 Dynamics of physicochemical quality indicators of cooked sausage
products during storage

The evaluation of organoleptic indicators for cooked sausage products was con-
ducted over 6 days at temperatures ranging from 0°C to 5°C using a five-point scale.
The results of changes in organoleptic indicators of cooked sausage products during
storage over 6 days are presented in Fig. 15.18.
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Fig. 15.18 Dynamics of organoleptic evaluation indicators during storage

When conducting an organoleptic assessment, it was found that the most optimal
storage period for cooked sausage products is 3 days. During this period, cooked sau-
sage products correspond to high taste properties. When storing cooked sausage prod-
ucts (tested samples) for more than 4 days, a decrease in organoleptic properties (loss
of saturated color, appearance of a strong fishy odor, deterioration of taste) is observed
due to the absence of a color fixative (sodium nitrite and quality indicators due to de-
terioration of the muscle tissue of the raw material compared to the control sample.

The physicochemical properties of cooked sausage products were studied over 6
days at temperatures ranging from 0°C to 5°C. The results of changes in moisture con-
tent in cooked sausage products over 6 days during storage are presented in Fig. 15.19.

From the data presented in Fig. 15.19, it can be observed that the moisture con-
tent of cooked sausage products decreases during storage. The greatest dynamics
of changes in moisture content is observed in Sample 3 due to the high moisture
content in the product compared to the control. In Samples 1 and 2, less pronounced
dynamics of changes in moisture during storage are observed.
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Fig. 15.19 Dynamics of changes in the moisture content of cooked sausage
products during storage

Acid value is one of the main quality indicators that characterize the degree
of freshness of fat, as it determines the amount of free fatty acids, including those
formed during the oxidation of fish fat during its storage.

During storage, free fatty acids accumulate as a result of lipid hydrolysis in mus-
cle tissues, catalyzed by tissue lipases. The extent and direction of this hydrolytic
process were assessed based on the buildup of free fatty acids in the lipids of fish
muscle tissue. Changes in the acid number of lipids during cold storage of both
experimental and control cooked sausage samples are illustrated in Fig. 15.20.

The content of peroxide compounds in fat was judged by the value of the per-
oxide number, which is a reasonably sensitive indicator that characterizes the begin-
ning and depth of oxidative deterioration of fat.

The change in the peroxide number of lipids during the storage of experimental
and control samples of cooked sausage products is presented in Fig. 15.21.

Measuring the peroxide value enables the early detection of oxidation processes
and the formation of spoilage products, well before they can be identified through
organoleptic assessment. As illustrated in Fig. 15.21, the peroxide value, like the acid
value, increases throughout storage, though it remains within acceptable limits by
the end of the storage period.

As noted by F. Shahidi and Y. Zhong [33], the early stage of lipid oxidation is
a highly sensitive indicator of the initial phases of autoxidation. It is widely used to
assess the oxidative stability of food products.
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Fig. 15.21 Dynamics of changes in the peroxide value of cooked sausage
products during storage

Research by R. Dominguez et al. [31] indicates that the peroxide value is closely
related to storage duration, the quality of the lipid raw material, and the presence
of antioxidant compounds in the product. A gradual increase in this indicator sig-
nals the activation of oxidation processes. In contrast, slower growth in specific
samples (such as Sample 3) may result from the inclusion of components with pro-
nounced antioxidant properties or a more stable fatty acid composition.

Determination of peroxide value is one of the key methods for assessing the ini-
tial stages of lipid oxidation in meat and fish products. This indicator allows to quickly
detect the development of oxidative processes long before the appearance of charac-
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teristic changes that can be recorded by organoleptic methods [35-38]. Since perox-
ide compounds are the primary products of the autocatalytic oxidation of fats, their
content directly indicates the stability of the lipid fraction under storage conditions.

The increase in peroxide value during product storage is an expected phenome-
non, which confirms the activation of oxidation processes, especially in the presence
of unsaturated fatty acids inherent in fish raw materials. However, in cases where
natural antioxidants or more stable fat components are used, as in Sample 3, the rate
of peroxide accumulation is significantly reduced (p < 0.05 compared to control), as
confirmed by the Tukey test results. This indicates the effectiveness of functional
ingredients that act as oxidation inhibitors [36].

AsS. Lee notes, the peroxide value is an extremely sensitive indicator of the initial
stages of autooxidation, making its monitoring a reliable tool for predicting the shelf
life and quality control of products. In addition, according to R. Dominguez et al., this
indicator is closely correlated with the duration of storage, the quality of the fatty
raw material and the presence of antioxidant substances. Thus, the gradual increase
in the peroxide value in the tested samples, which remains within the regulatory
values, confirms the proper technological stability of the product and the effective-
ness of the developed formulation [37].

15.9 Microbiological indicators of cooked sausage products

For food safety, cooked sausage products must comply with microbiological con-
trol. The regulated compliance indicators are presented in Table 15.16.

Table 15.16 Microbiological quality indicators of cooked sausage products

productgroup uTer o sl s s facutatve sere Accptatle
Control 2.4x10° Not more than
Sample 1 1.5x 10° Lo
Sample 2 0.7x10°
Sample 3 0.9x10°

According to Table 15.16, it can be concluded that the number of mesophilic aer-
obic and facultative anaerobic microorganisms CFU in 1 g/cm® should not exceed
2.5 x 10%, bacteria of the coliform group - 1.0, S.aureus - 1.0, bacteria of the genus Pro-
teus - 0.1, pathogenic microorganisms, including bacteria (Salmonella), viruses - 25.
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Based on the results obtained, it can be concluded that the microbiological indi-
cators of the sausages remained within acceptable limits over a period of four days.

Based on the results of the research and the developed recipe, a new type of
boiled sausage was introduced into production under the "Savin Product" trade-
mark. The recipe was adapted to the conditions of industrial production, taking
into account modern requirements for quality, nutritional value and product safety.

After the launch of production, the sausage product aroused interest among
consumers who prefer more natural and functional meat products. The addition
of spelt flour contributed to the enrichment of the sausage with protein, dietary
fiber and microelements, which had a positive effect on its perception by buyers.
Consumers noted the improved texture, pleasant taste and health benefits. Today,
the product demonstrates stable demand and is actively sold through retail chains,
which indicates its successful positioning in the market of functional meat products.

15.10 Conclusion

The conducted research confirmed that the incorporation of 10% chicken meat,
6% spelt flour, and selected dried vegetables significantly improved the quality charac-
teristics of cooked fish sausages based on hake. Experimental samples demonstrated
anincrease in protein content to 16.4-17.2 g/100 g, representing an 8-10% improve-
ment compared to the control (15.1 g/100 g). The moisture-holding capacity increased
to 86.3% (in the bell pepper sample), enhancing juiciness and texture. Structural and
mechanical testsrevealed that the shear forcein Samples 2 and 3increased by 18-20%,
indicating an improvement in the density and cohesiveness of the product matrix.
During 10 days of refrigerated storage, Sample 3 exhibited the lowest increase in acid
value (from 1.7 to 2.3 mg KOH/g fat) and peroxide value (from 1.6 to 2.1% lodine),
suggesting enhanced oxidative stability due to the presence of natural antioxidants.

The results support the initial hypothesis that the proposed formulation has
a positive impact on the physicochemical, structural, and sensory properties of
cooked fish sausages. These findings suggest the potential for scaling up the devel-
oped formulation in pilot-scale production and integrating it into functional food
product lines within the fish and meat processing industry.

Nonetheless, the current study is subject to certain limitations, including the lack
of extended microbiological stability data and a limited assessment of shelf life under
variable temperature conditions. Future work should focus on broader screening of
plant-based functional ingredients, long-term storage evaluation, and consumer pref-
erence testing to further optimize the formulation and ensure commercial viability.

348



Chapter 15 Technology improvement of cooked sausage products with the addition

10.

of non-traditional raw materials

References

Israelian, V., Palamarchuk, I., Sevin, S., Holembovska, N., Prokopenko, N., Iva-
niuta, A. et al. (2022). The effect of vibration massage on the salting process
of ostrich meat. Potravinarstvo Slovak Journal of Food Sciences, 16, 530-544.
https://doi.org/10.5219/1775

lakubchak, O., Adamenko, L., Taran, T., Sydorenko, O., Rozbytska, T., Tvere-
zovska, N. et al. (2023). The study of the cytotoxic effect of disinfectants.
Potravinarstvo Slovak Journal of Food Sciences, 17, 82-95. https://doi.
org/10.5219/1822

Stukalska, N. M., Niemirich, O. V., Hrytskevych, A. O. (2024). Study of the func-
tional and technological properties of fish semi-finished products with the addi-
tion of hydrobiont processing products. Taurida Scientific Herald. Series: Techni-
cal Sciences, 2, 209-217. https://doi.org/10.32782/tnv-tech.2024.2.25
Prylipko, T. M., Kostash, V. B., Kuzminska, |. M. (2024). Improvement of the ele-
ments of the technology of manufacturing fish battle with the use of biologically
active additives. Herald of Lviv University of Trade and Economics Technical Sci-
ences, 37,42-48. https://doi.org/10.32782/2522-1221-2024-37-06

Shurduk, ., Serik, M., Antonenko, S., Fedak, N. (2014). Effect of protein and min-
eral additive on consumer characteristics of meat emulsion products. Ukrainian
Food Journal, 3 (4), 524-665.

Shtonda, O. A. (2004). Rozrobka tekhnolohii kovbasnykh vyrobiv z vyko-
rystanniam horokhu. [Extended abstract of PhD thesis; National Univer-
sity of Food Technologies]. Available at: https://dspace.nuft.edu.ua/han-
dle/123456789/7509

Zhao, X., Zhang, Z., Cui, Z., Manoli, T., Yan, H., Zhang, H. et al. (2022). Quality
changes of sous-vide cooked and blue light sterilized Argentine squid (Illex ar-
gentinus). Potravinarstvo Slovak Journal of Food Sciences, 16, 175-186. https://
doi.org/10.5219/1731

Bozhko, N. V,, Tyshchenko, V. I. (2014). The use of antioxidants in technology of
production of the boiled sausage. Bulletin of Sumy National Agrarian University.
The series: Livestock, 2 (2), 154-159.

Geredchuk, A., Pasichnyi, V., Matsuk, Y., Kostenko, V. (2023). Development of
technology of fish cutted semi-finished products with vegetable enrichers. Sci-
ence Bulletin of Poltava University of Economics and Trade. Series "Technical
Sciences", 2, 31-35. https://doi.org/10.37734/2518-7171-2022-2-5

Fursik, O. (2020). Improving the technology of coocked sausage products us-
ing composition containing protein. [Doctoral dissertation; National Uni-

349



Innovative approaches in food processing and sustainability

11

12.

13.

14.

15.

16.

17.

18.

19.

versity of Food Technologies]. Available at:https://dspace.nuft.edu.ua/han-
dle/123456789/31891

Martyniuk, I. O. (2008). Particularity of microstructure of boiled sausages with
amaranth flour. Scientific Bulletin of the S. Z. Gzhytsky Lviv National University
of Veterinary Medicine and Biotechnology, 10 (2-5 (37)), 86-89. Available at:
https://cyberleninka.ru/article/n/osoblivosti-mikrostrukturi-varenih-kovbas-
nih-virobiv-z-amarantovim-boroshnom/viewer

Paska, M., Markovych, I. (2015). Use of plant raw materials in the production
technologies smoked sausages. State and prospects of food science and industry,
82-83. Available at: https://elartu.tntu.edu.ua/bitstream/123456789/6458/2/
FSI_2015_Paska_M-Use_of_plant_raw_materials_82-83.pdf

Bernyk, I. M., Novgorodska, N. V., Ovsienko, S. M. (2024). Technology of the
boiled-smoked sausage products is for the use of side foods of processing of
oil-bearing production. Scientific Messenger of LNU of Veterinary Medicine
and Biotechnologies. Series: Food Technologies, 26 (101), 26-34. https://doi.
org/10.32718/nvivet-f10105

Kalyna, V. S., Lutsenko, M. V. (2022). Study of the properties of pumpkin seed
processing products. Science, Technologies, Innovation, 1 (21), 22-28. https://
doi.org/10.35668/2520-6524-2022-1-04

Tischenko, V., Bozhko, N., Pasichnyi, V., Bozhko, S., Marynin, A. (2024). Study
of oxidative processes of semi-cooked sausages in modified casings. Scientific
Works of National University of Food Technologies, 30 (1), 161-170. https://doi.
org/10.24263/2225-2924-2024-30-1-16

Tayeva, A., Kozhakhiyeva, M., Jetpisbayeva, B., Tlevlessova, D., Samadun, A.,
Valiyv, A. (2023). Development of technology of boiled sausage from non-tra-
ditional raw materials. Eastern-European Journal of Enterprise Technologies,
2(11(122)), 15-23. https://doi.org/10.15587/1729-4061.2023.277494
Elavarasan, K., Malini, M., Ninan, G., Ravishankar, C. N., Dayakar, B. R. (2024). Mil-
let flour as a potential ingredient in fish sausage for health and sustainability. Sus-
tainable Food Technology, 2 (4), 1088-1100. https://doi.org/10.1039/d4fb00067f
James, R. M., Krishnamoorthy, E. (2025). Coconut Flour as a Novel Functional
Ingredient in Tilapia Fish Sausage: Effect on Textural and Sensory Properties.
Food Safety and Health. https://doi.org/10.1002/fsh3.70004

Umesha Bhatta, B., Prabhu, R. M., Manjunatha Reddy, A., Elavarasan, K. (2015).
Biochemical Changes in DressedPriacanthus hamrur(Bull's Eye) During Frozen
Storage and Its Effect on Physical and Sensory Quality of Fish Sausage. Inter-
national Journal of Food Properties, 18 (4), 897-908. https://doi.org/10.1080/
10942912.2013.837062

350



Chapter 15 Technology improvement of cooked sausage products with the addition

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

of non-traditional raw materials

You, S., Yang, S., Li, L., Zheng, B., Zhang, Y., Zeng, H. (2022). Processing Technolo-
gy and Quality Change during Storage of Fish Sausages with Textured Soy Pro-
tein. Foods, 11 (22), 3546. https://doi.org/10.3390/foods11223546
Gomez-Guillén, M. C., Giménez, B., Lépez-Caballero, M. E., Montero, M. P.
(2011). Functional and bioactive properties of collagen and gelatin from alter-
native sources: A review. Food Hydrocolloids, 25 (8), 1813-1827. https://doi.
org/10.1016/j.foodhyd.2011.02.007

Ranasinghe, R. A. S. N., Wijesekara, W. L. |, Perera, P. R. D., Senanayake, S. A,,
Pathmalal, M. M., Marapana, R. A. U. J. (2020). Functional and Bioactive Prop-
erties of Gelatin Extracted from Aquatic Bioresources - A Review. Food Re-
views International, 38 (4), 812-855. https://doi.org/10.1080/87559129.
2020.1747486

Zang, E., Jiang, L., Cui, H., Li, X,, Yan, Y,, Liu, Q. et al. (2022). Only Plant-based
Food Additives: An Overview on Application, Safety, and Key Challenges in the
Food Industry. Food Reviews International, 39 (8), 5132-5163. https://doi.org/
10.1080/87559129.2022.2062764

Markovych, I.1.(2015). Investigation of fatty acid smoked sausages with use len-
tils, juniper and thyme. Journal of Food Science and Technology, 9 (1). https://doi.
org/10.15673/2073-8684.30/2015.38383

Novais, C., Molina, A. K., Abreu, R. M. V,, Santo-Buelga, C., Ferreira, I. C. F. R,,
Pereira, C. et al. (2022). Natural Food Colorants and Preservatives: A Review,
a Demand, and a Challenge. Journal of Agricultural and Food Chemistry, 70 (9),
2789-2805. https://doi.org/10.1021/acs.jafc.1c07533

Pasichnyi, V., Shevchenko, O., Tischenko, V., Bozhko, N., Marynin, A., Strashyn-
skyi, I., Matsuk, Y. (2024). Substantiating the feasibility of using hemp seed
protein in cooked sausage technology. Eastern-European Journal of Enter-
prise Technologies, 4 (11 (130)), 56-66. https://doi.org/10.15587/1729-4061.
2024.310668

Leonov, O. A,, Shkaruba, N. Z. (2021). Quality and safety monitoring production
of boiled-smoked sausages. IOP Conference Series: Earth and Environmental
Science, 677 (2), 022089. https://doi.org/10.1088/1755-1315/677/2/022089
Ren, Y., Huang, L., Zhang, Y., Li, H., Zhao, D., Cao, J., Liu, X. (2022). Application of
Emulsion Gels as Fat Substitutes in Meat Products. Foods, 11 (13), 1950. https://
doi.org/10.3390/foods11131950

Buzhanska, M. V., Oshchypok, I. M. (2022). Physico-chemical properties of
starch and starch products as an advantage of their use in food industry. Scien-
tific Works of National University of Food Technologies, 28 (1), 145-153.
https://doi.org/10.24263/2225-2924-2022-28-1-14

351



Innovative approaches in food processing and sustainability

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Dominguez, R., Pateiro, M., Gagaoua, M., Barba, F. J., Zhang, W., Lorenzo, J. M.
(2019). A Comprehensive Review on Lipid Oxidation in Meat and Meat Prod-
ucts. Antioxidants, 8 (10), 429. https://doi.org/10.3390/antiox8100429
Ashakayeva, R., Assenova, B., Tumenova, G., Nurgazezova, A., Zhumanova, G.,
Atambayeva, Z. et al. (2022). A Pumpkin-Based Emulsion Gel as a Texture Im-
provement of Mixed Horsemeat Semi-Smoked Sausages. Foods, 11 (23), 3886.
https://doi.org/10.3390/foods11233886

Shahidi, F., Zhong, Y. (2010). Lipid oxidation and improving the oxidative sta-
bility. Chemical Society Reviews, 39 (11), 4067-4079. https://doi.org/10.1039/
b922183m

Ahmed, I, Jan, K., Fatma, S., Dawood, M. A. O. (2022). Muscle proximate com-
position of various food fish species and their nutritional significance: A review.
Journal of Animal Physiology and Animal Nutrition, 106 (3), 690-719. Portico.
https://doi.org/10.1111/jpn.13711

Valentim, J., Afonso, C., Gomes, R., Gomes-Bispo, A., Prates, J. A. M., Bandar-
ra,N. M., Cardoso, C. (2024). Influence of cooking methods and storage time on
colour, texture, and fatty acid profile of a novel fish burger for the prevention of
cognitive decline. Heliyon, 10 (5), e27171. https://doi.org/10.1016/j.heliyon.
2024.e27171

Statkevych, O. I., Kolomiiets, Y. V., Holembovska, N. V., Israelian, V. M.,
Babych, O. A., Slobodyanyuk, N. M. et al. (2024). Effects of nutrient medium
on various-age larvae of Hermetia illucens (Diptera, Stratiomyidae). Regula-
tory Mechanisms in Biosystems, 15 (4), 907-911. https://doi.org/10.15421/
0224131

Bayram, I., Decker, E. A. (2023). Underlying mechanisms of synergistic antioxi-
dant interactions during lipid oxidation. Trends in Food Science & Technology,
133,219-230. https://doi.org/10.1016/j.tifs.2023.02.003

Feng, L., Tang, N., Liu, R., Gong, M., Wang, Z., Guo, Y. et al. (2021). The relationship
between flavor formation, lipid metabolism, and microorganisms in fermented
fish products. Food & Function, 12 (13), 5685-5702. https://doi.org/10.1039/
d1fo00692d

DSTU ISO 5508-2001. Animal and vegetable fats and oils. Analysis of fatty
acid methyl esters by gas chromatography. General specifications. Quality
management systems - Requirements.

STU ISO 5509-2002 Animal and vegetable fats and oils. Preparation of fatty
acid methyl esters. General specifications. Quality management systems - Re-
quirements.

352



