ANIMAL
SCIENCE

AND FOOD Journal homepage: https://animalscience.com.ua/en
TECHNOLOGY Animal Science and Food Technology, 15(4), 132-149
[ o | % ? Received 13.06.2024 Revised 29.10.2024 Accepted 27.11.2024

W@%ai ; ( oy

UDC 637.5.034:636.2
DOI: 10.31548/animal.4.2024.132

Development of technology for extended-shelf-life meat products

Larisa Bal-Prylypko’

Doctor of Science, Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-9489-8610

Oleksandr Kanishchev

Postgraduate Student

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0009-0006-5034-3695

Mikhailo Mushtruk

PhD in Technical Sciences, Associate Professor

National University of Life and Environmental Sciences of Ukraine

03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-3646-1226

Bogdana Leonova
PhD in Technical Sciences, Associate Professor
National University of Life and Environmental Sciences of Ukraine

03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-3004-8318

Abstract. The development of new technologies to preserve the quality of meat products is of
significant relevance in light of the growing global demand for safe, durable, and functional
food products that meet modern healthy eating standards. This is particularly important given
the challenges associated with ensuring global food security. This study aimed to design an
innovative production technology for meat products that ensures an extended shelf life without
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compromising their organoleptic properties. The research employed contemporary methods
of physicochemical and microbiological analysis, along with biotechnological approaches,
particularly the use of starter cultures of lactic acid bacteria and bifidobacteria. The findings
confirmed the positive influence of probiotic cultures on the biochemical processes occurring
in meat raw materials. Specifically, these cultures facilitated fermentation, maturation, and
the development of stable organoleptic characteristics. Furthermore, it was established that
the use of probiotics reduced water activity and pH levels, thereby significantly enhancing the
microbiological stability of meat products. The analysis of technological parameters, such as
salting, maturation, and drying periods, demonstrated their critical role in shaping the flavour
and aroma profiles, texture, and colour of the final product. As a result of this study, innovative
production technology for meat products was developed, enabling the creation of items with high
protein content,low fat content, and stable microbiological safety, with an extended shelflife of up
to 45 days. The practical value of this research lies in the potential for wide-scale implementation
of the developed innovative technology in the food industry for the production of high-quality
dry-cured and fermented meat products. These products meet contemporary standards of safety
and nutritional value. The use of probiotic cultures contributes to the creation of products with
enhanced organoleptic properties and additional functional benefits, aligning with healthy eating
trends and addressing consumer demand for natural and environmentally friendly products

Keywords: biotechnology; dry-cured meat products; safety; expiration date; quality

Introduction

The most pressing global challenges (energy,
environment, food) are particularly relevant to
the food industry, and their solutions require
fundamentally new approaches to raw material
processing. The development and implementa-
tion of highly efficient equipment and technol-
ogies, as well as the creation of new-generation
products, are priorities for the food industry.
The current state and growth of specialised
enterprises in Ukraine necessitate the optimi-
sation of relationships between farms and the
agro-industrial processing sector, as well as the
improvement of the pricing mechanism for the
formation of raw material and finished product
markets. The rapid growth of the global pop-
ulation has led to food shortages, stimulating
the development of technologies for growing
agricultural products and raising livestock, and
consequently, the production of food (Chered-
nichenko & Bal-Prylypko, 2019).

According to K. Pushparaj et al. (2024),
cured meat products have a low tendency to

lose fat during processing, which positively
affects their appearance and visual appeal. A
significant advantage of such products is their
high storage stability due to the reduced rate
of oxidation of bound fats, preventing rancid-
ity. Their flavour profile is distinctive and in-
tense, characteristic of mature meat products.
An additional benefit of cured meat, used in the
production of dry-cured meat products, is the
preservation of all the nutritional and benefi-
cial properties inherent in fresh meat. Moreo-
ver, a long shelf life (approximately 6 months)
increases the convenience of its use. Such
products become an optimal food option in
conditions of limited access to traditional food,
particularly during business trips, travel, or at
work, providing a complete and nutritious diet.

O. Cherednichenko et al. (2021) noted a
growing interest in organic food and healthy
lifestyles in Ukraine. The development of func-
tional food product formulations should be
based on modern principles of balanced and
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nutritious diets. In this context, the produc-
tion of dry-cured meat products holds signifi-
cant potential, as this product category meets
the requirements of healthy eating, character-
ised by high protein content and low fat levels.
Moreover, due to specific processing technolo-
gies, such products contain virtually no flavour
enhancers, trans fats, colourants, flavourings,
or other harmful chemical components, further
enhancing their nutritional value and safety.

J. Wang et al. (2020) assert that starter cul-
tures play a pivotal role in the production of
drycured and fermented sausages, providing
controlled fermentation to achieve the desired
texture, flavour, and colour of the final prod-
uct. They also reduce the risk of undesirable
microbial growth during ripening and storage.
Globally, the primary criterion for selecting mi-
croorganisms for starter cultures is their impact
on the sensory characteristics of the product
under conditions of intensified and modernised
production processes. The use of such cultures
is crucial for ensuring the high quality and safe-
ty of meat products. B. Laszkiewicz et al. (2021)
described a series of experiments on colour sta-
bilisation of meat products using sodium nitrite
(E250). This substance plays a significant role
in the formation of colour, flavour, and aroma,
and partially influences microbial stability dur-
ing storage. However, sodium nitrite is a toxic
compound, and excessive consumption can lead
to serious adverse health effects. For instance,
the pharmacological toxic dose of sodium ni-
trite is 0.3 g. Even small amounts of free nitrite
can cause the formation of methaemoglobin in
the blood, leading to anaemia and serving as a
precursor for carcinogenic nitrosamines. This
highlights the need for strict control over the
use of nitrites in the food industry to minimise
risks to consumer health.

M. Shakil et al. (2022) investigated the chal-
lenges of reducing sodium nitrite content in
meat product technology, highlighting its sig-
nificance for public health. The current lack of
full substitutes for sodium nitrite complicates
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its complete removal from formulations, ne-
cessitating the search for alternatives that can
provide similar functionality while reducing
the concentration of this compound in the final
product. One promising solution is the use of
beetroot extract (BE) in combination with deni-
trifying bacteria. Beetroot, due to its rich chemi-
cal composition, contains natural bioactive sub-
stances that not only bind and eliminate toxic
compounds but also contribute to stimulating
the body’s immune system (Jha & Sit, 2022).
This approach allows for the simultaneous pres-
ervation of product quality, reduced health risks
for consumers, and increased functional value.

Therefore, the integration of plant-based
additives into meat product manufacturing,
combined with modern biotechnological meth-
ods, can serve as an effective alternative to
chemically synthesised components. This paves
the way for the creation of a new generation of
products that meet modern requirements for
safety, taste, and nutritional value. The devel-
opment of such approaches requires further
technological advancements and the imple-
mentation of innovative solutions in industrial
practice. This research aimed to provide a sci-
entific rationale and develop a comprehensive
technology for producing meat products using
probiotic cultures, ensuring their microbiologi-
cal stability, extended shelf life, and high sen-
sory quality, following modern food safety and
functionality requirements.

Literature Review

Starter cultures have gained significant atten-
tion in the production of meat products. They
are used in traditional products worldwide, in-
cluding Turkey, Croatia, Romania, Greece, Italy,
Spain, Portugal, Thailand, and China (Vakevai-
nen et al., 2020; Munekata et al., 2023; Liu et
al., 2023). The application of these cultures is
a crucial and sustainable method for preserving
certain foods, offering recognised technological
advantages. According to research by Y. Liu et
al. (2023), various types and strains of micro-
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organisms are used as starter cultures to inhibit
the growth of pathogenic microorganisms and
suppress the development of spoilage organ-
isms. Depending on technological requirements
and consumer preferences, different strains
are used in various products. According to
M.Fuka et al.(2020), the most widely used starter
cultures in meat products are LAB (Gram-pos-
itive, catalase-negative cocci or bacilli), Gram-
positive, catalase-positive cocci, mainly CNS,
and Micrococcaceae, moulds, or yeasts, whose
metabolism produces several compounds with
antimicrobial activity. These microbial cultures
can be used as individual or mixed cultures.

According to S. Smaoui et al. (2024), LAB
used as starter cultures in fermented meat
products are typically facultative anaerobes
and primarily belong to the genera Lactobacil-
lus, Leuconostoc, Pediococcus, Lactococcus, and
Enterococcus. Among CNS species most fre-
quently used for meat fermentation, facultative
anaerobes Staphylococcus carnosus and S. xylo-
sus are commonly employed (Stavropoulou et
al., 2018). In the Micrococcaceae family, Kocuria
spp., which are aerobes, are primarily used for
sausage fermentation (Ding et al., 2021). Re-
search by M. Fuka et al. (2020) has shown that
the most common yeasts used as meat starter
cultures are Debaryomyces spp. and Candida
spp., which can exhibit aerobic or facultatively
anaerobic metabolism. Both bacterial and yeast
starter cultures were inoculated into the meat
batter by researchers.

Mould starters, being strict aerobes, are in-
oculated on the surface and primarily belong to
the species Penicillium nalgiovense and P. glad-
ioli (Fuka et al., 2020). Reuterin (3hydroxypro-
pionaldehyde) is a well-known broad-spectrum
antimicrobial compound produced by Lacto-
bacillus reuteri during anaerobic fermentation
(Mu et al., 2018). According to S. Soltani et
al. (2021), reuterin can be converted into var-
ious compounds, making it challenging to
pinpoint the exact mechanism behind its an-
timicrobial activity. Reuterin spontaneously

converts to acrolein, a cytotoxic electrophile,
but it is reuterin, not acrolein, that is respon-
sible for the antimicrobial effect. S. Bennett et
al. (2021) and H. Yehia et al. (2022) investigat-
ed the potential use of reuterin as a food ad-
ditive to prevent food spoilage and the growth
of pathogens in various food matrices. Reuterin
also demonstrated its effectiveness in reducing
viable cells of E. coli O157:H7 and L. monocy-
togenes in pork over a storage period of 1 week.

Finally, it has been demonstrated that cer-
tain LAB possess a nitrite reductase enzyme
system, which under anaerobic conditions re-
duces nitrite, a preservative used in some meat
products, suggesting that LAB contribute to ni-
trite depletion in many foods (Liu et al., 2023).
This is a significant finding for food safety, con-
sidering the EFSA recommendations to reduce
the use of nitrates and nitrites in food preser-
vation. The presence of nitrite reductase and
heme-dependent nitrite reductase, capable of
converting nitrite to NO, NO,, and N, 0, has also
been described in Lb. sakei (Liu et al., 2023). In
fact, nitrite concentrations were significantly
lower in fermented sausages inoculated with
Lb. sakei compared to control sausages, likely
due to its nitrite reductase, which is responsi-
ble for nitrite depletion. In the scientific man-
uscript by M. Daneshniya et al. (2023), it is es-
tablished that several factors have a significant
impact on combating L. monocytogenes and
C. botulinum, and require low concentrations of
enzymes for rapid nitrite metabolism. There-
fore, developing technology for long-shelf-life
meat products, such as cured meats, using bac-
terial preparations and reducing sodium nitrite
content is relevant for food safety.

Materials and Methods
Experimental research was conducted in the
laboratories of the Department of Technologies
of Meat, Fish and Marine Products at the Nation-
al University of Life and Environmental Scienc-
es of Ukraine (NULES) and the Institute of Food
Resources of the National Academy of Agrarian
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Sciences of Ukraine (NAAS) during the period
from 2019 to 2022. The developed technology
was tested under the conditions of the produc-
tion and research laboratory of NULES Ukraine.

The development of dry-cured meat prod-
uct technology involved three main stages. The
first stage focused on investigating the impact
of starter cultures on biochemical processes in
meat raw materials during salting, as well as
justifying the use of beetroot extract (BE) as a
substitute for reducing the sodium nitrite con-
tent in the formulation of extended-shelf-life
meat products. The second stage examined the
quality and safety indicators of the meat raw
materials, including the structural-mechanical
and physicochemical properties of beef used for
experimental samples. The third stage involved
the industrial testing of the developed biotech-
nology. Comprehensive quality and safety indi-
cators of the final products were assessed, in-
cluding physicochemical, microbiological, and
organoleptic parameters.

Standard analytical methods were em-
ployed to ensure the accuracy and objectivity of
the research. Moisture content was determined
by drying the sample to constant mass at a tem-
perature of 103 + 2°C (DSTU ISO 1442:2005).
The protein content was measured using the
Kjeldahl method (DSTU ISO 5983:2003), fat
content was determined with a Soxhlet extrac-
tion apparatus (DSTU ISO 1443:2005), and table
salt content was assessed using the Mohr meth-
od (DSTU ISO 9297:2007). The energy value of
the product was calculated according to DSTU
4590:2006. Active acidity (pH) was measured
following DSTU ISO 2917:2001.

The oxidation-reduction potential (ORP)
was measured using the multifunctional “Com-
bo” device. Water activity (a,) was assessed
using the HygroPalm HP23-AW device (UK)
based on the “dew point” principle (DSTU ISO
21807:2007). Sensory evaluation was conduct-
ed according to DSTU 4823.2:2007. Water-hold-
ing capacity (WHC) and meat plasticity were
determined using the Grau and Hamm method
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modified by Volovinska (DSTU ISO 1442:2005).
The ultimate shear stress was measured using
an Ulab 3-31 penetrometer. Drying loss histo-
grams were calculated using Multitab software.
The yield of the final product was determined
by weighing the item on analytical scales with a
precision of 0.001 g, both before and after ther-
mal processing. This approach allowed for the
assessment of weight changes during produc-
tion (Mushtruk et al., 2023).

The quantitative evaluation of colour char-
acteristics was conducted using the RGB system
(Standard Practice for Calculating Yellowness
and Whiteness Indices from Instrumentally
Measured Colour Coordinates: E 313-20, 2020)
and a multifunctional Epson Stylus TX400 de-
vice. Colour codes were identified with the
Adobe Photoshop CS6 software package. The
obtained RGB colour coordinates were used to
calculate L°, a°, and b° coordinates (colour in-
tensity, redness, and colour saturation) within
the international CIE colourimetric system.
Based on these values, the colour hue (H (Red-
ness index)) and chroma (C (the level of colour
of the sample relative to the brightness of an
absolutely white object)) were calculated to
determine the redness index and the sample’s
colour saturation relative to the brightness of
a purely white object (Standard Practice for
Calculating Yellowness and Whiteness Indices
from Instrumentally Measured Colour Coordi-
nates: E 313-20, 2020) using the following for-
mulas (1), (2):

a
H = E y

M
@)

where a is the redness coordinate, b is the col-
our saturation coordinate.

Microbiological safety indicators were
determined following the DSTU EN ISO
15189:2015 methodology. The formulations
of the experimental samples incorporated sea
salt, which possesses unique properties due
to its enrichment with macro- and microele-
ments of oceanic origin. Compared to rock salt,

C=a*+1?,
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sea salt contains less sodium chloride, offers a
milder flavour, and includes approximately 80
additional components such as calcium, mag-
nesium, potassium, iodine, and other elements.

One of the objectives of the study was to
eliminate sodium nitrite from the formula-
tion of extended-shelf-life meat products. To
achieve this, beetroot extract (BE) was em-
ployed as an organic substitute for sodium
nitrite, in combination with denitrifying mi-
croorganisms and a starter culture. To develop
the desired product properties and establish an
effective barrier against pathogenic microflora
during salting, the preparation B-LC-78, con-
taining Pediococcus acidilactici and Staphylococ-
cus carnosus, was utilised. Optimal conditions
for their growth included oxygen availability,
a minimum temperature of +6°C, and a limited
salt concentration (up to 10% in water).

The salting process was conducted using
a dry method at a temperature of 4-6°C with
unrestricted oxygen access. To assess the effec-
tiveness of this approach, three samples were
developed and studied: control sample — beef
sticks without the addition of starter cultures
to the salting mixture; experimental sample
1 — beef sticks with the addition of the starter
cultures B-LC-78 and CS-300, along with sea
salt; experimental sample 2 — beef sticks with
the addition of the starter cultures B-LC-78,
CS-300, sea salt, and beetroot extract.

Results and Discussion
The detailed composition of the curing mixtures
for each sample is presented in Table 1. This
allowed for a comparison of the classical and
experimental production technologies, assess-
ing their impact on product quality and safety.

Table 1. Composition of the curing mixture for the control sample per 100 kg of raw material

Ingredients ‘ Amount, kg
for the control sample
NacCl (sodium chloride) 3.5
E 250 (sodium nitrite) 0.015
Glucose (dextrose) 1
Spices 1.2
Sodium isoascorbate (E 316) 0.07
for experimental sample No. 1
Sea salt 3.3
Sodium nitrite (E 250) 0.015
Glucose (dextrose) 1
Spices 1.2
Sodium isoascorbate (E 316) 0.07
Preparation B-LC-78 (bacterial) 0.025
Preparation CS 300 (bacterial) 0.025
Sea salt 3.3
for experimental sample No. 2

Sea sodium salt 3.3
Beetroot extract 2
Glucose (dextrose) 1
Spices 1.2
Sodium isoascorbate (E 316) 0.07
Preparation B-LC-78 (bacterial) 0.025
Preparation CS 300 (bacterial) 0.025

Source: authors’ development

Animal Science and Food Technology. 2024. Vol. 15, No. 4
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Lactic acid bacteria, which are a compo-
nent of the typical microflora of meat raw ma-
terials, are mostly capable of developing during
salting. Therefore, in this study, the amount of
“extraneous” lactic acid microflora in the con-
trol samples was also determined.

The results of the experiment (Fig. 1)
demonstrated a rapid growth of the viable cell
population in the experimental samples.

Thus, in experimental sample No. 1, the
number of viable lactic acid bacteria (LAB) in-
creased from 6.11 to 7.02 log CFU/g within 24
hours. In a similar sample No. 2, an increase

2 4

Number of log, CFU/g
O = DN W 1O\

from 6.09 to 7.01 log CFU/g was observed. The
control sample showed a slower growth rate
of the microflora - from 2.03 to 2.9 log CFU/g.
These results are consistent with previous
studies, which confirm the accelerated growth
of beneficial microflora under conditions of
adding starter cultures, changing the level of
acidity and redox potential (ORP). Together,
these factors help assess the stability of Pedi-
ococcus acidilactici under the conditions of the
raw cured product manufacturing process and
support its potential use for fermenting meat

raw materials.
8 24 Duration, hours

Control
m Experiment 1

m Experiment 2

Figure 1. Dynamics of the number of lactobacilli
in control and experimental meat samples during salting

Source: authors’ development

Analysis of the dynamics of changes in
pH and redox potential (ORP) of meat samples
(Fig. 2) indicated the influence of the activity of
the microflora that was introduced into the raw
material. The vital activity of this microflora
contributes to the fermentation process of dex-
trose (added to the curing mixture) and meat
carbohydrates, which causes the formation of
organic acids and, as a result, a decrease in the
pH of the medium. In the control samples, a
tendency towards a decrease in pH was also ob-
served, but this process developed more slowly
than in the experimental samples.

In the experimental samples, the pH de-
creased from 5.67 to 5.53 within 24 hours, which
is a result of the enzymatic activity of lactic acid
bacteria, which process dextrose and carbohy-
drates, forming organic acids (including lactic
acid), thus lowering the pH level. It is known

Animal Science and Food Technology. 2024. Vol. 15, No. 4

that at this stage, when the pH of the meat
reaches the range of 5.5-5.7, tenderisation of
muscle fibres, partial denaturation of proteins,
and the formation of flavour compounds occur,
affecting the organoleptic characteristics of the
product. The decrease in ORP in the experimen-
tal samples is explained by the production of an-
tioxidants by microorganisms. As shown in Fig-
ure 2, the ORP in the control samples increases
from 150 to 239 mV after 24 hours of incuba-
tion, which may be due to oxidative processes
and the development of indicator microflora.

The salting process, along with the redistri-
bution of salt components, also causes changes
in the moisture content of meat, accompanied
by changes in WHC. These changes are of sig-
nificant technological importance as they af-
fect the product yield and its quality, including
juiciness, texture, colour, taste, and aroma. The
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WHC of meat products was investigated to as-
sess the ability of the meat raw material to bind
and retain moisture during processing and to
ensure the yield of the finished product. The
250
225

200
175

150
125
100
75
50
2 mm - —
0 4 8
5,65
5,6
5,55
5,5
545
5,4
0 4 8

ORP, mV

Value, pH

dynamics of WHC changes were studied after
the introduction of the curing mixture with
starter cultures into the meat raw material over
the first 24 hours (Fig. 3).

14 24

12

Experiment 2
M Experiment 1
u Control

Duration, hours

Control
m Experiment 1
m Experiment 2

12 14 24

Duration, hours

Figure 2. Variation in the oximetric (ORP) and pH values of control
and experimental meat samples throughout the salting process

Source: authors’ development

71
70
69 .
e 6 Experiment 2
; 67 m Experiment 1
m Control

8
o
9]
66
65
64
63
62
0 4 8 12 14 24

Duration, hours

Figure 3. Dynamics of the change in water-holding capacity

Source: authors’ development

During the salting of meat, an increase
in WHC was observed in all samples. This is
due to the fact that sodium chloride promotes
the formation of a tissue fluid concentration
that is close to the optimum for the solubility
of the actomyosin fraction of proteins. As a
result, the number of hydrophilic centres of
myofibrillar proteins increases, which in turn
leads to an increase in the amount of adsorp-
tion-bound water and an increase in the WHC
of meat. It should be noted that the level of

WHC is also influenced by factors such as the
pH and redox potential of the meat system.
The vital activity of Pediococcus acidilactici
and Staphylococcus carnosus leads to the for-
mation of organic compounds that affect meat
proteins, in particular through a decrease in
pH. As shown in Figure 3, the experimental
samples, in which a bacterial preparation was
used during salting, are characterised by a
higher WHC value compared to the control
sample. In experimental sample No. 1, the
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140

Development of technology for extended-shelf-life meat products

WHC increased from 64.41% to 69.42% within
24 hours, while in the control sample, a slow-
er increase in this indicator was observed —
from 64.41% to 68.32%.

Reducing water activity in food products
is an effective method of preventing microbial
spoilage and several chemical reactions that

0.944

0.942 | | I I I I
70
68
67
66
65
0 4 8

0.96
0.958
0.956
0.954
0.952

0.95
0.948
0.946

Aw

Moisture content, %
(o))
O

can degrade product quality during storage. To
investigate the effect of a bacterial preparation
on the amount of water activity in meat raw ma-
terials, changes in water activity and moisture
content dynamics in meat were studied over 24
hours from the beginning of salting. The results
of this study are presented in Figure 4.

24 Duration, hours
12

Control
H Experiment 1

m Experiment 2

Experiment 2

m Experiment 1

I I I I m Control

24  Duration, hours

Figure 4. Change in moisture content and water activity (Aw) during the salting process

Source: authors’ development

In traditional salting methods, regardless
of the brine concentration, including dry salt-
ing, at the initial stage, the osmotic pressure of
the brine is significantly higher than the osmot-
ic pressure of the tissue fluid of the meat. This
causes tissue dehydration. However, as salts and
products of the breakdown of meat components
accumulate by diffusion, the osmotic pressure
in the meat increases, while in the brine it de-
creases. Such dynamics of processes lead to an
increase in the water-holding capacity of meat
and a transition from the dehydration phase to
the hydration phase (Mushtruk et al., 2023).

Meat texture is a crucial parameter for as-
sessing product quality and determining the
duration of processing. It reflects structur-
al-mechanical characteristics such as plastici-
ty, elasticity, and strength. Research has shown
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that the presence of organic acids during salt-
ing enhances proteolysis, positively affecting
the meat’s plasticity (Sun et al., 2022). The in-
fluence of acidic compounds also leads to the
swelling of collagen bundles and the weakening
of intermolecular cross-links, resulting in a soft-
er and more tender texture. The change in meat
plasticity during salting is depicted in Figure 5.

According to the obtained data (Fig. 5), the
plasticity of the samples increases proportion-
ally with ripening time in both experimental
and control samples, which is due to changes in
the colloidal-chemical state of proteins and the
activation of tissue enzymes during salting. The
highest plasticity was observed in the experi-
mental samples, reaching a value of 2.95x10-* m?
after 24 hours of salting. For the control sam-
ple, this value was 2.69x10* m? after the same
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period. These changes can be explained by
biochemical processes, in particular the pro-
teolytic activity of lactic acid bacteria and the

0 4 8

[S]

Plasticity, x10-4m?
_C) —
QO Ul = U1 N U1 Wl

accumulationoftheirmetabolites,whichcontrib-
ute to changes in the surface tension of the meat
raw material and affect soluble meat proteins.

12 14

24 Duration, hours

Experiment 2
m Experiment 1

m Control

Figure 5. Alterations in the plasticity of meat raw materials during the salting process

Source: authors’ development

The ultimate shear stress in both experi-
mental and control samples exhibited a decreas-
ing trend. Throughout the salting process, the
values for the experimental samples remained
lower than those of the control samples. The
dynamics of changes in ultimate shear stress
during meat salting are depicted in Figure 6.

[+

400
350

300
250
200
150
100
50
0
0 4 8

Ultimate shear stress, kP

After 24 hours, the experimental samples
reached anultimate shearstressof 161 kPa,while
the control samples had a value of 177 kPa. This
confirms that the proteolytic activity of bacte-
ria and the accumulation of their metabolites
affect the soluble proteins in the meat and alter
the surface tension of the meat raw material.

12 14

Experiment 2

H Experiment 1

I I m Control

24 Duration, hours

Figure 6. Change in ultimate shear stress of meat raw materials during the salting process

Source: authors’ development

The results of the conducted research con-
firm the positive impact of adding bacterial
preparations to meat raw materials during salt-
ing. This allows for improving the structural and
mechanical properties of the product, reducing
losses during heat treatment, and increasing
water-holding capacity, which collectively pos-
itively affects the quality of the finished prod-
uct and contributes to increasing the micro-
biological stability of the process. M. Shakil et
al. (2022) stated, that sodium nitrite, due to its
versatility and effectiveness, is indispensable in

the meat industry, but its use is associated with
certain risks, as it can be a precursor to carcino-
genic nitrosamines. Given these risks, modern
meat processing technologies involve the use of
beetroot extract (BE) together with denitrifying
bacteria to reduce the nitrite content in the
product and also to improve colour formation.
Beetroot contains betaine and betanin,
which have healing properties. It is known that
these compounds contribute to strengthening
blood vessel walls, and are effective means of
preventing colds, overloads of the body and
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immunodeficiency states, in particular in con-
nection with carcinogenesis and the effects of
radiation. Betanin and betaine also belong to
lipotropic substances that are involved in fat
metabolism, due to their chemical similarity to
choline and lecithin (Zheplinska et al., 2020).
Nitrates, which are naturally found in beet-
root, can only be reduced to nitrites by a mi-
crobiological pathway, thanks to the actions of
nitrate-reducing bacteria. Thus, the use of veg-
etable extracts can be a key step in preserving
the high-quality characteristics of the product,
ensuring its safety for the consumer.

The starter culture Bactoferm CS-300,
containing Staphylococcus carnosus bacte-
ria capable of nitrate reduction, and SafePro

B-LC-78, which includes both Staphylococcus
carnosus and Pediococcus acidilactici, actively
influence the nitrate reduction process. The
efficiency of this reaction depends on the pH
of the environment, with reduction reactions
occurring more intensely at lower pH val-
ues (Guimaraes et al., 2022). The optimal pH
range for colour formation is between 5.0 and
6.0. Studies have shown that the addition of
starter cultures containing lactic acid bacteria
significantly accelerates the decrease in pH.
For a more accurate determination of the col-
our characteristics of the samples, a sensory
analysis was conducted, supplemented by ad-
ditional studies, the results of which are pre-
sented in Table 2.

Table 2. Colour characteristics of control and experimental samples
of long-term stored beef products (n=3, p >0.95)

Indicator Studied samples
Beef
Control sample Experiment 1 Experiment 2
*L Colour Intensity 157.22+0.540 157.19+0.424 157.23+0.375
*a Redness 8.5%0.22 8.4+0.25 8.4%0.64
Redness index (H) 0.868*0.342 0.877+0.541 0.876*0.223
*C Colour Level relative to
Brightness of Absolute White Object 169+0.45 1710.38 1720.11

Source: authors’ development

Analysing the data presented in Table 4,
it can be concluded that the use of starter cul-
tures in combination with beetroot extract
(BE) during the colour formation of long-term
stored meat products has a positive impact on
their colour characteristics. Using beef prod-
ucts as an example, it can be seen that exper-
imental sample No. 2, treated with BE, has col-
our indicators that are not inferior to either the
control sample or experimental sample No. 1,
where sodium nitrite was used. This confirms
the assumption that beetroot contains enough
nitrates to ensure the colour formation process
of the meat product.

In addition, experimental sample No. 2
demonstrates the best results in terms of colour
intensity, redness index, and chroma, indicat-
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ing the high efficiency of using BE. This proves
that reducing the level of residual sodium ni-
trite in the product contributes to a more active
formation of nitrosopigments, which in turn
improves the colour indicators of the finished
meat product. Starter cultures are an impor-
tant tool for ensuring the safety of fermented
meat products, as they contribute to reducing
the growth of microorganisms that can cause
spoilage or be pathogenic. This process oc-
curs through the production of metabolites or
the competitive exclusion of other microbes.
Thanks to starter cultures, the need to use
chemical additives such as nitrites and nitrates
is reduced. Moreover, starter cultures are able
to metabolise these compounds, which reduces
their residual content in finished products.
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Starter cultures not only positively impact
product safety but also improve batch-to-batch
consistency, reduce production time, and en-
hance sensory properties. Due to these effects,
starter cultures play a multifunctional role in
the technology of fermented meat product pro-
duction. Experimental studies have shown that
the addition of the bacterial preparation B-LC-
78 and the additive CS-300 in combination with
beetroot extract (BE) to the curing mixture sig-
nificantly improves the structural-mechanical,
physicochemical, and sensory characteristics of
the finished meat product. This has allowed for
the improvement of the technology for produc-
ing long-term stored dry-cured meat products,
increasing their biological and nutritional value.

Preparatory operations, disinfection of
equipment, work surfaces, tools

v

Acceptance of raw materials, weighing

v

Cleaning of raw materials, and
weighing of raw materials and
trimmings after cleaning

Cutting raw meat into plates
(thickness — 5 cm)

The improved technology involves the ad-
ditional introduction of a mixture of bacterial
preparations B-LC-78 and CS-300, as well as
BE, in doses that meet the requirements of the
technological process. This allows for a reduc-
tion in production time, improvement of the
product’s sensory properties, and an increase
in its shelf life. As a result of the experiment,
dry-cured products were produced using the
improved technology, applying a technological
scheme that was implemented in the research
laboratory of the National University of Life
and Environmental Sciences of Ukraine. The
improved technological scheme for the produc-
tion of dried meat products with an extended
shelf life is presented in Figure 7.

| Preparation of the salting mixture |
| (using a starter culture)

Ripening (at temperature from 2 to 4°C

¥ o _[ ________
Dry salting (t < 4°C) <
|
v Drying (at t from 40-50°C and air
—» rying (

humidity 70-80%, 5-10 hours)

and air humidity 70-80%, 5 days) ¥
v Cooling down
Cutting and forming meat sticks (from 40 minutes to 1.5 hours)
(weight=12-13g) -
v Vacuum packaging
Treatment with a mixture of spices (net weight of 40 g)
(12 g of the mixture per 1 kg of meat
sticks) v
v Storage according to the standards
Laying meat sticks on a mesh tray for TU U 10.1-33601824-005:2015
drying

Figure 7. An improved technological scheme for the production
of cured meat products with an extended shelf life

Source: authors’ development
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The production process involved preparing
the meat (receiving, weighing, cleaning), minc-
ing, salting, ripening, and drying. High-quality
beef (longissimus dorsi muscle) was used and
sliced into 5 c¢cm thick plates. The meat was
dry-salted using specialised curing mixtures.
After salting, the raw material was aged for 3-4
days at a temperature of 2-4°C, after which the
plates were cut into sticks (12-13 g) and treated
with spices. Drying was carried out at a tem-
perature of 40-50°C for 5-10 hours, depending
on the type of raw material. After drying, the
product was cooled, which took from 40 min-
utes to 1.5 hours depending on the microcli-
mate in the production area. An innovation
in the technology development was the intro-
duction of bacterial preparations B-LC-78 and
CS-300 directly into the curing mixture, which
contributed not only to improving the quality
of the product but also to maintaining its safe-
ty and increasing its shelf life.

The advanced biotechnology employed for
producing extended-shelf-life meat products
has resulted in a product of superior quality,
particularly in terms of nutritional value, mi-
crobiological stability, and safety. The substitu-
tion of sodium nitrite with extracts from bio-
technological starter cultures has significantly
reduced the use of chemical preservatives while
preserving all organoleptic characteristics. The
introduction of the bacterial preparations B-LC-
78 and CS-300, along with beetroot extract, has
not only enhanced the final product’s quality
but also ensured adequate microbiological sta-
bility. The use of sea salt, another component
of the technological scheme, has contributed
not only to preservation but also to increasing
the product’s nutritional value. Compared to
traditional technologies that relied on nitrites
and nitrates, these innovations have achieved
a reduction in residual chemical compounds,
positively impacting product safety.

The implementation of new technologies
in production laboratories is particularly sig-
nificant, allowing for controlled conditions of
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ripening, drying, and storage, as well as vacu-
um packaging, which ensures a long shelf life
without compromising quality. Considering all
these factors, it is possible to significantly im-
prove the final quality indicators of the prod-
uct and make it more appealing to consumers.
These results support the feasibility of intro-
ducing bacterial cultures and environmentally
friendly technologies into the production of ex-
tended-shelf-life meat products, aligning with
contemporary demands for healthy eating and
environmental safety. They also open up pros-
pects for further research and expanding pro-
duction capabilities in this field.

Conclusions

Through a study of the chemical composi-
tion, production technology, and bioprotective
and colour-regulating properties of bacterial
preparations, their significant impact on the
physicochemical and microbiological charac-
teristics of meat raw materials has been estab-
lished. Specifically, the introduction of bacte-
rial preparations at a rate of 25 g per 100 kg of
raw material provided a complex effect, includ-
ing increased water-holding capacity, plastici-
ty of the raw material, and a rapid decrease in
pH and redox potential (ORP). Experimental
studies have shown that 24 hours after the
introduction of the preparations, the concen-
tration of viable lactic acid bacteria increased
2.4 times compared to the control. As a result
of the activity of these bacteria, a decrease in
the pH of the medium from 5.67 to 5.53 was
observed, which is due to the fermentation of
dextrose and carbohydrates with the formation
of carboxylic acids, in particular lactic acid.
This process is effective for controlling the pH
of meat raw materials, which positively affects
the stability of the product.

In experimental samples containing bac-
terial preparations, water-holding capacity
increased by 1.01 times compared to control
samples, while shear stress decreased 2.3 times
after 24 hours. This indicates an improvement
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in the structural and mechanical properties of
the meat, reduced cooking losses, and an en-
hancement in the quality of the final product.
Additional data confirms the importance of
using natural beetroot extract in combination
with denitrifying bacteria as an effective al-
ternative to sodium nitrite. This combination
allows for the complete elimination of sodium
nitrite in the production of dry-cured meat
products while maintaining colour stability,
which is critical for producing high-quality
meat products. Thus, the results of the study
highlight the significant potential of bacterial
preparations for improving the quality of meat
products, stabilising their colour characteris-
tics, and reducing the use of chemical preserv-
atives. These innovations contribute to the de-
velopment of safe and efficient technology for
producing extended-shelf-life meat products.
Future research in this area should focus
on a detailed study of the impact of various
types of probiotic bacteria on fermentation
processes in meat raw materials, aiming to

optimise technological parameters such as salt-
ing time, ripening, and drying. Further atten-
tion should be paid to the development of new
compositions of natural extracts with increased
antioxidant and bioprotective activity, which
can provide additional protection against ox-
idation and microbial spoilage. A significant
direction is the scaling up of proposed tech-
nologies for industrial use and the evaluation
of their economic efficiency. It is also advisable
to expand research to other types of meat prod-
ucts to verify the universality of the proposed
approaches, as well as to study their impact on
the organoleptic properties, safety, and func-
tionality of the final products in the context of
modern consumer demands.
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Anoraris. Po3po0ieHHS HOBUX TEXHOJOTii s 36epeXkeHHsT SIKOCTi M’SICHUX TIPOAYKTIiB
€ HaI3BMYAMHO aKTyaIbHMM y KOHTEKCTi 3pOCTalyoro ro6aJbHOrO IOMUTY Ha Ge3leuHi,
JIOBroBiuHi Ta (QYHKI[iOHAJIbHI XapuyoBi IMPOAYKTH, IO BiAIMOBiZalOTh CydyaCHUMM CTaHOapTam
3I0POBOTO XapuyBaHHS, OCOGIMBO 3 ypaxyBaHHSIM BUK/IMKIB, TMOB’SI3aHMX i3 3a0e3MeyeHHIM
MPOJOBONIBbYOi Ge3MeKu Yy CBiTi. MeTOI0 IbOTO MOCTiMKeHHS OyJI0 CTBOPEHHS iHHOBaLiifHOI
TEXHOJIOTii BUPOGHMIITBA M SICHUX ITPOAYKTIB, sSIka 3a0e3Ieuye ix MomoBKeHMIT TepMiH 30epiraHHs
6e3 BTpaTU OPraHOJENTUYHUX XapaKTepUCTUK. Y DPOGOTi 3aCTOCOBYBAIUCS CydYacHi MeETOAM
(isMKko-xiMiyHOTO Ta MiKpOG6iONOTiYHOTO aHasi3y, a TakoX 6iOTeXHOJOriuHi MiAXomy, 30KpeMa
BUKOPUCTAHHS CTapTOBMX KYJIbTYP MOJIOUHOKMCAMX OGakrepiit i 6idimobakrepiit. ITpoBemeHi
IOC/iIKEHHS MiATBEPAUIN TTO3UTUBHUIA BIUIMB MPOOIOTUUHMX KY/IbTYp Ha GioxiMmiuni mporecn,
sIKi BimOYBaIOTHCS Y M’SICHii CMpOBUHI. 30KpeMa, BOHM CIIpusiiM (pepMmeHTarlii, Jo3piBaHHIO Ta
(hopMYBaHHIO CTiliKMX OPraHOJENTUYHUX XapaKTepucTuK. OKpiM I1[bOTO, GYJI0 BCTAHOBJIEHO,
10 BUKOPUCTAHHS MPOGIOTUKIB AO3BOJISIE 3HU3UTYU aKTUMBHICTh BOAM Ta piBeHb pH, 110 CyTTEBO
MOKpaIlllye MiKpoG6iosoriuHy cTabiibHICTh M’SICHMX TIPOAYKTIB. AHaMi3 BIUIMBY TEXHOJOTiUHUX
rapameTpiB, TakMX $IK IepioAyu 3aconly, A03piBaHHS Ta CYLIKM, T10Kas3ap, 110 BOHM MaloTh
KJIIOUOBE 3HAaueHHS AJi1 GOPMyBaHHS CMaKOBMX i apOMaTMYHUX BJIACTUBOCTEN, TEKCTYPU Ta
KOJIbOPY KiHIIEBOTO MPOAYKTY. Y pe3ynbTaTi po6oTu 6y/0 po3pobiaeHO iHHOBAIiifHY TEXHOJOTI0
BUPOOGHUIITBA M’SICHUX TTPOAYKTIB, SIKa JO3BOJIIE OTPUMATV BUPOOGHM 3 BMCOKUM BMiCTOM 6inka,
HMU3BKMM BMICTOM >XMpPY Ta CTabiTbHOI0O MiKpoG6ionoriuHow 6e3MevuHicTIo, i3 MOmOBKEHUM
TepMiHOM 36epiraHHst 1o 45 nmi6. [IpakTUYHA IiHHICTP MPOBEIEHOTO AOCTIIKEHHS MOJSITaE y
MOXK/IMBOCTI IIMPOKOTO BIIPOBAIKEHHS pPO3p0biieHoi iHHOBalliifHOT TeXHOJIOri] Ha MigIPUeEMCTBAX
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XapuoBOi TMPOMMCIOBOCTI /i1 BUPOOHMIITBA BMCOKOSIKICHMX CUMPOKOMYEHUX i CUPOB’STIEHUX
M’SICHUX BUPOOiB, $IKi BifNOBiMalOTh Cy4yacHUM CTaHAApTaM Oe3MeyHOCTi Ta KOPUCHOCTI
XapyOBUX MPOMAYKTiB. BUROPUCTAHHS MPOBGIOTUYHMX KYJABTYP CIPUSITUME CTBOPEHHIO MPOMYKTIB
i3 TOKpaleHMMM OpraHOJENTUUHUMM BIACTUBOCTSIMU Ta HONATKOBUMM (QYHKIIIOHATbHUMM
repeBaramu, II0 BiMOBiZalOTh TEHIEHIIiSIM 3IOPOBOTO XapuyBaHHSI Ta 3aJI0BOJbHSIIOTH MOIUT
CIIOXXMBAYiB Ha HATYpasbHi Ta €KOJIOTiYHO YMCTi MPOLYKTHU

KiiouoBi cs1oBa: 6i0TeXHOJIOTiS; B'sSUIeHa M'ICHA TIPOAYKITisi; 6e3MeYHiCTb; TepMiH MPUAATHOCTI;
SIKiCTh
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