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Abstract

The parameters and methods of meat temperature treatment have a significant impact on its quality, biological
value and technical and economic characteristics, which is of particular importance for a modern manufacturer.
The development of new heat treatment modes for the production of high-quality meat products is a priority
direction for the meat processing industry. Aim. Investigation of the use of low-temperature modes of processing
meat raw materials on the physicochemical, technological, organoleptic properties and microbiological safety of
finished cooked and cooked-smoked pork products. Methods. The developed temperature and time parameters of
heat treatment of pork meat were investigated; microbiological and organoleptic studies were conducted, the yield
of the finished product was calculated, amino-ammonium nitrogen, residual activity of acid phosphatase, pH and
acid number were determined. Results. The developed temperature treatment parameters are sufficient for
inactivating the necessary amount of microorganisms and ensuring the safety of the product. The manufactured
products do not contain pathogenic and conditionally pathogenic microorganisms, and the total amount of
microbiota is at a low level. Products made according to the developed thermal processing modes have significantly
lower weight loss and better taste characteristics compared to control samples. The study of residual acid
phosphatase activity showed that all samples underwent the necessary thermal treatment and reached culinary
readiness. Conclusions. Production of whole-muscle pork products under the developed modes results in less
destructive changes in protein and fat components of meat, as well as to less weight loss of the finished product
with effective destruction of microorganisms.

Keywords: temperature treatment; cooking method; pork meat; microbiological characteristics; quality.

BII/IUB HU3BbKOTEMIIEPATYPHOI'O TPUBAJIOI'O OBPOBJIEHHA HA AAKICHI
XAPAKTEPUCTHUKHU TA BE3INNEYHICTD LIJIbBHOM’A30BHX BUPOBIB 31 CBUHUHHA

Oubra B. Cunung, Jlroagmuaa I'. BinaikoBa, 'asinHa B. lllnanak, Avna C. [TanaMmapuyk
Odecbkuli HayioHa bHUTl mexHo102iuHUll yHisepcumem, 8ya. Kanamua, 112, m. Odeca, 65039, Ykpaina

AHoTalist

ITapamMeTpH Ta cIOCOGU TeMIepaTypPHOro 06poGIeHHs M'sica B 3Ha4Hil Mipi BIUIMBawTh Ha iioro sAKicTb, 6iosioriyny
IIHHICTh Ta TeXHiKO-eKOHOMiYHi XapaKTepHCTHUKH, II0 Ma€ 0CO0G/iMBe 3HA4YeHHA AJIs Cy4YacHOro BHPOGHHKA.
Po3po6/1eHH HOBUX peXHUMIB TepMOOGPOGJIEHHS [JA BUIOTOBJEHHA BHUCOKOAKICHUX M'ACHUX NPOJYKTIB €
NpiopUTETHUM HaNpsAMKOM JJi1 M'sAconepepo6HOi mnpomuciaoBocTi. Merta. /[lociifkeHHA BHUKOPHUCTaHHS
HU3BKOTEMIIEPATYPHUX PeXUMIB OGpPOGJEHHS M'SICHOI CHPOBUHM Ha (i3uko-xiMmiyHi, TexHoJIOriYHi,
OpraHoJIeNTU4YHI BJIACTUBOCTI Ta MiKp0G6ioJjoriyHy 6e3meKy roToBHX BapeHHMX Ta KONYeHO-BapeHUX BUPOOGIB 3i
CBMHMHU. BAOCKOHa/IeHHA TeXHOJIOrii BapeHHUX Ta KONYeHO-BapeHHX BUPOGIB 3i CBUHMHHM 3 BMKOPHCTAaHHAM
peXuMiB HM3bKOTEMIIEPAaTypHOro OGpPOGJIEHHS Ta NPOBeAeHHA AOCAiA)KeHHS BIUVIUBY TepMOOOpPOGJeHHA Ha
disuko-ximiuHi, TexHoJIOriyHi, oOpraHojenTHYHi MNOKAa3HUKU Ta MiKpoOGiosOriuHy G6e3meYHicTb TIOTOBUX
LiJIbHOM S1I30BHUX BUPOGiB 3i CBUHUHU. MeToAu. Y po6oTi AocaigkeHi po3po6/ieHi TeMnepaTypHO-4acoBi napaMeTpu
TeMIepaTypHOro 0OGpoGJIeHHsI M'sica CBUHUHU; NpoBeAeHi MiKpoG6iosioriyHi Ta opraHoJienTH4YHI AOCHiJKeHHS,
po3paxoBaHO BHXiJ TOTOBOro MNPOAYKTy, BHM3HaUyeHO aMiHO-aMiaYHMH a30T, 3a/JMIIKOBY aKTUBHICTb KHCJIOL
docharasu, pH Ta kuci0THe 4yucao. PesyabtraTu. Po3po6GieHi mapamMeTpu TeMmepaTypHOro oGpoGJIeHHA €
AOCTaTHIMU AJi1s iHaKTHBanLii Heo6XigHOI KijJBKOCTi MikpoopraHi3miB i 3a6e3neyeHHsA 6e3NeYHOCTI NMPOAYKTY.
BuUrorosJsieHi NIPOAYKTH He MICTATh NAaTOreHHUX Ta YMOBHO IATOT€HHUX MiKpoopraHisMmis, a 3arajbHa KiJIbKiCThb
MiKpOGiOTH 3HaxXxOAUTbCA HA HU3bKOMY PpiBHi. IIpoAyKTH BHrOoTOBJeHi 3a poO3po6GJIEHMMH peXUMaMH
TeMIepaTypHOro 0OGpOGJeHHs, MalTh 3HAYHO MeHIIi BTPaTH MacH Ta Kpalii CMaKOBi XapaKTepUCTUKH Y
NMOPiBHSHHI i3 KOHTPOJIbHUMM 3pa3KaMu.

Karuosi cnosa: TeMmnepaTypHe 06po6JieHHs; CIOCI6 MPUTOTYBaHHS; M'SICO CBUHUHU; MiKp06iosioriyHi IOKa3HUKY; SKiCTb.
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Introduction

The main ways to develop innovative
technologies in the food industry are new food
preparation technologies and the use of modern
equipment, which makes it possible to improve
production efficiency and product quality.

The main goals of applying new technologies
in the food industry are reduction of
technological losses, maximum preservation of
nutritional and biological value of raw materials
during thermal culinary processing, prolongation
of shelf life, and ensuring high consumer
properties of products [1].

In recent years, ready-to-eat foods and dishes
without intensive heat treatment have become
increasingly popular.

The objective of thermal treatment of meat is
to achieve structural and microbiological
alterations that render the meat digestible,
improve its sensory properties, and ensure the
safety of meat products for health throughout
their shelf life [2].

Different methods of cooking meat products,
temperature conditions and types of muscle
result in products of different quality. Meat is
cooked using different heat transfer media, such
as dry-heat methods or moist heat methods such
as boiling or braising. Sometimes a combination
of these methods is used. The chosen heat
treatment method must be appropriate for the
type of meat, the amount of connective tissue,
and the shape and size of the meat [3].

The heating rate of meat depends on its
thermal conductivity coefficient and surface
temperature. The surface temperature of the
meat is influenced by the temperature of the heat
source, as well as air circulation and relative
humidity. [4].

The surface temperature is important for the
smell, colour and taste of meat. The temperature
gradient affects the rate and degree of change in
the structure of proteins in meat, while the
method of heat transfer affects the smell, taste
and colour [3].

The quality of meat for consumers is
determined by many factors, including
tenderness, juiciness, taste, aroma and color of
the meat product. According to most experts,
taste and tenderness are the most important
among these properties, especially for meat with
increased toughness [5].

Improved processing methods that increase
nutritional value, improve consistency and
enhance desirable flavour characteristics are

essential to meat
products.

In general, optimal tenderness and juiciness,
along with minimal losses during meat
processing, are achieved at moderate or low
temperatures. In terms of smell and taste, higher
temperatures create different flavor sensations
compared to  low-temperature  cooking.
Numerous studies have shown that meat
digestibility worsens with increased internal
temperature [6].

A modern trend in this area is the processing
of raw materials at moderate temperature modes
(LT-LT processing), which allows for the
production of various products such as meat, fish,
poultry, gravies, and sauces while maintaining
technological, structural-mechanical, and
organoleptic properties, as well as
microbiological safety indicators [7].

Compared to traditional cooking methods, the
low temperature (50-65 °C) of the LT-LT (low
temperature-long time) technology and its
precise control allow for better preservation of
the food's quality properties [8].

Numerous published studies [8; 9-12] have
shown that LT-LT treatment improves
organoleptic characteristics, reduces weight loss,
and provides high nutritional and biological value
to meat due to reduced losses of protein
substances, vitamins, and better digestibility. It is
important to note that when LT-LT processing is
used, there is significant concern about the safety
of the resulting product.

Our studies [13] on the effect of thermal
processing on model pork samples have shown
that heating the meat to a core temperature of
60°C with an exposure time of 1 hour is the
optimal parameter for achieving a sufficient level
of protein  denaturation, microorganism
inactivation, minimisation of cooking losses and
achievement of culinary readiness.

The aim of this study is to investigate the
influence of low-temperature modes of meat raw
material processing on  physicochemical,
technological, organoleptic properties and
microbiological safety of finished cooked and
cooked-smoked pork products.

increasing demand for

Materials and methods

In the course of the work, experimental and
control samples of cooked and smoked-cooked
pork loins weighing 2.5-2.8 kg and 90-95 mm in
diameter were produced and a comparative
analysis of the quality and safety of the finished
products was carried out.



502

Journal of Chemistry and Technologies, 2025, 33(2), 500-507

The production technology of the "Balyk"

product was used as a basis, which is made from
the dorsal and lumbar muscles of pork half-
carcasses according to DSTU 4668:2006.
The recipe and the ratio of components are the
same for both types of products. Consumption of
raw materials for the production of cooked and
smoked-cooked pork product ‘Balyk’ was carried
out in accordance with the recipe (Table 1).
Based on the literature and previous pilot studies,
the parameters of drying, smoking and cooking of
the prototypes were determined.

The control samples made according to
standard technology [14] were were roasted at
50-110 °C or hot smoked at 38-55 °C, then boiled
in a heating medium at 75-85°C until the
internal product temperature reached 72 °C.

The thermal processing of the experimental
smoked-cooked products was carried out in three
stages. First stage: The meat was heated at a
heating medium temperature of 28-32°C and a
relative humidity of 35-40% until the
temperature at the least heated point of the
product reached 18-22°C. Then, the air
temperature was increased to 45-50°C with a
relative humidity of 50-60 % and maintained for
30-40 minutes. Second stage: The heated meat
was smoked at a temperature of 48-52 °C and a
relative humidity of 50-70 % for 60-80 minutes.

Third stage: The smoked meat was cooked by
placing it in a cooking chamber with water at 45-
50 °C, gradually increasing the heating medium
temperature to 59-60°C until the internal
temperature of the meat reached 60 °C. The
product processed in this way was then aged for
60 minutes.

The experimental temperature treatment
modes were chosen to optimally combine
microbiological safety, high quality, and minimize
technological losses in the finished product.
Drying at 28-32 °C followed by heating to 45-
50 °C will ensure a gradual decrease in moisture
without forming a hard crust, which will
contribute to even smoking and preservation of
juiciness. Smoking at a temperature of 48-52 °C
will maintain the required level of antibacterial
action of the smoking substances without
excessive heating of the product. Cooking with a
gradual increase in temperature to 59-60 °C will
achieve the culinary readiness of the meat and
effectively inactivate pathogenic microorganisms
while minimizing the destruction of the protein
structure. The selected parameters are based on
previous studies of the effectiveness of LT-LT
processing [13] and are aimed at improving the
organoleptic properties (tenderness, juiciness)
and reducing weight loss in the finished products.

Table 1

Recipe for whole-muscle pork products

Name of raw materials

Rate of raw materials

Unsalted Raw Material, kg (per 100 kg)

Pork (the dorsal and lumbar muscles)

100

Spices and Seasonings, g (per 100 kg of unsalted raw material)

Salt 2500
Sugar 300
Black pepper, ground 100
Nutmeg 60
Garlic 20
Sodium nitrite 7.5

The thermal processing of the experimental
cooked products was carried out in two stages.
The first stage of processing is similar to the
technology for the production of experimental
smoked-cooked products with one difference -
processing at a temperature of 45-50°C and
relative humidity of 50-60 % was carried out for
90-120 minutes. In the second stage, the meat
was cooked at a heating medium temperature of
45-50 °C and the heating medium temperature
was gradually increased to 59-60 °C until the
temperature in the middle of the meat reached
60°C and the exposure was carried out for
60 minutes.

After thermal processing, all samples were
cooled with cold water (10-12 °C) for 20 minutes
and then with cold air until the internal
temperature of the products reached 4 °C.

After the production of all samples,
microbiological and organoleptic studies were
conducted, the yield of the finished product was
calculated, and amino-ammonia nitrogen,
residual acid phosphatase activity, pH, and acid
number were determined.

Microbiological studies were conducted at the
Department of "Food Chemistry, Expertise, and
Biotechnology" of Odesa National University of
Technology (ONTU) in accordance with DSTU
8446:2015, DSTU EN 12824, GOST 30518-97,
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DSTU EN 26461-1:2002, and DSTU EN ISO 6888-
1:2022. The rest of the research was carried out
in the laboratories of the Department of Meat,
Fish and Seafood Technology (ONTU).

The residual activity of acid phosphatase was
determined in accordance with DSTU 7382:2013
and pH was determined by the potentiometric
method using a Testo 205 pH meter (Germany).

To measure amino-ammoniacal nitrogen [15],
a 20 g sample of meat was mixed with 100 ml of
distilled water and left to stand for 15 minutes,
stirring every 5 minutes. The mixture was then
filtered and 10 cm? of the resulting extract was
placed in a flask. 40 cm? of distilled water was
added along with three drops of a 1 % alcoholic
solution of phenolphthalein were added. The
extract was neutralized with a 0.1 mol/dm3
sodium hydroxide solution until a faint pink color
appeared. Next, 10 cm® of formalin, previously
neutralized with phenolphthalein, was
introduced into the flask, and the contents were
titrated with a 0.1 mol/dm?® sodium hydroxide
solution until a faint pink tint was observed.

The acid number was determined using a
method based on titration of free fatty acids in an
alcohol-ether fat solution with an aqueous

potassium hydroxide solution until a persistent
pink color appeared for 1 minute, in accordance
with DSTU EN ISO 660:2019.

Results and their discussion

Traditionally, in the production technology of
most meat products, heating to an internal
temperature of 70x2°C is sufficient for
inactivating  the  required number  of
microorganisms. Such processing modes ensure
the inactivation of spoilage-causing
microorganisms (Pseudomonas, Lactobacillus) as
well as dangerous pathogens such as Escherichia
coli, Salmonella, Campylobacter, Staphylococcus
aureus, and Listeria monocytogenes [16; 17].

To verify the safety of the manufactured
products, microbiological studies of the
qualitative and quantitative composition of the
microbiota of whole-muscle pork products made
according to standard and developed heat
treatment modes were carried out (table 2). The
studies were carried out before thermal
processing and after the production of the
finished products, without subjecting them to
packaging.

Table 2

Results of microbiological studies

Experimental samples

Control samples

Before thermal

Name of the indicator .
processing

cooked meat

smoked-cooked cooked meat smoked-cooked

meat meat
1 2 3 4 5 6

MAOAnM, CFUin1lg 7,5-102 2,5-101 <10 1,5-101 <10
ECBGinlg not found not found not found not found not found
Sulfite reducing Clostridia in
1g not found not found not found not found not found
Pathogenic microorganisms
including Salmonella in 25 g not found not found not found not found not found
St.aureusinlg not found not found not found not found not found

The analysis of microbial conditions in raw
materials and manufactured whole-muscle
products showed that the developed temperature
treatment modes are just as effective against
meat-environment microorganisms as traditional
methods. The produced products do not contain
pathogenic and conditionally  pathogenic
microorganisms, and the total viable microbial
count is at a low level.

The samples subjected to smoking have a
lower level of residual microbiota due to the
antibacterial properties of smoking substances.

In the process of heat treatment of meat, its
native properties are lost as a result of changes in

the initial configuration of protein molecules,
which causes changes in hydration and moisture
retention, which in turn affects the juiciness and
tenderness of the finished product [18; 19].

The release of moisture from meat during the
temperature treatment process is accompanied
by the loss of nutrients that pass into the cooking
environment, which negatively affects the
nutritional value of the finished product.

Mass loss during thermal processing is a
critical factor, as it determines the technological
yield and affects the product's cost. Therefore,
comparative studies were conducted to evaluate
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the impact of the developed heat treatment

/

modes on the yield of the final product (Fig. 1).
A

Id of the finished product, %

2
>

J

Fig. 1. Finished product yield after heat treatment: control cooked meat (1); experimental cooked meat (2); control
smoked-cooked meat (3); experimental smoked-cooked meat (4)

Analysis of the results showed that the
products made according to the developed
temperature treatment modes have significantly
lower weight losses compared to control samples
of pork products. This pattern aligns with data
from various studies conducted by foreign
researchers [20; 22]. The experimental cooked
samples are characterised by the highest yield of
the finished product (92.7 %), which is 12.5 %
higher than that of control cooked samples. The
smoked-cooked meats had a slightly lower yield
than the cooked ones.

The lower weight loss observed when using
the developed processing modes is attributed to
the fact that, during slow heating of meat to a
temperature of 59-60°C, protein denaturation
occurs gradually and less intensively. This helps
preserve the structure of muscle fibers and
maintains their ability to retain moisture. In
contrast, traditional heating to 72°C causes
proteins to denature quickly and abruptly,
leading to significant displacement of internal
moisture.

To assess the effectiveness of the developed
modes and compare them with traditional

thermal processing parameters, physicochemical
and technological indicators were determined,
specifically amino-ammonia nitrogen levels,
residual acid phosphatase activity, acid number,
and active acidity (pH) (table 3).

The study of amino-ammonia nitrogen showed
that the samples processed at higher
temperatures had a higher amount of it, which
indicates a deepening of the process of protein
destruction. It was found that the experimental
cooked and smoked-cooked samples of balyks
had a minimal increase in amino-ammonia
nitrogen by 4.6 % and 4.9 %, respectively.

The results of the residual acid phosphatase
activity study showed that all samples underwent
the necessary temperature treatment (phenol
mass fraction not exceeding 0.006 %) and
reached a state of culinary readiness.

The data of Table 3 show that the active
acidity shifts toward the alkaline side during
temperature treatment, but the difference
between the control and experimental samples is
not significant.

Table 3

Physicochemical indicators of whole-muscle pork products

Before thermal

Experimental samples

Control samples

Name of the indicator

cooked meat

smoked-cooked cooked meat smoked-cooked

processing
meat meat
1 2 3 4 5 6

Amino-ammonia nitrogen, 36.240.1 37.9+0.1 38.0£0.2 38.740.2 40.1+0.1
mg/%

Residual acid phosphatase ) 0.0058% 0.0055+% 0.0046+ 0.0049+
activity, % phenol 0.0001 0.0001 0.0002 0.0001
pH 5.82+0.02 5.99:0.01 6.0£0.02 6.08+0.03 6.05+0.01
Acid number, mg KOH/g 1.30+0.03 1.41£0.01 1.39+0.02 1.52+0.02 1.48+0.01
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An important factor in the choice of
technology and processing parameters is the
impact of modes on the fat component of the
product.

Samples processed according to the developed
modes have lower acid number and exhibit less
hydrothermal fat breakdown. Compared to the
original raw material, the acid number of the

0.11 mg KOH/g in the experimental samples. The
acid number of the control smoked-cooked
samples was 6.4 % higher than that of the
experimental ones.

Taking into account the primary importance of
organoleptic characteristics in the formation of
consumer properties, the organoleptic evaluation
of the experimental and control samples of balyks

cooked control samples increased by was carried out on a five-point scale (Fig. 2.)
0.22 mg KOH/g, while it increased by only
~
——1

Fig. 2. Profilogram of control of organoleptic parameters of cooked meat (1); experimental cooked meat (2); control
smoked-cooked meat (3); experimental smoked-cooked meat (4)

The data of the organoleptic analysis showed
that the products made according to the
developed modes had a more attractive
appearance and better taste. This is the reason
for the higher overall scores, which were 4.91
and 4.95 for the cooked and smoked-cooked
experimental samples, respectively, and 4.10 and
4.28 for the control samples.

During the taste evaluation of the products,
the “tenderness” parameter was assessed
separately. The results of the organoleptic studies
showed that the experimental samples were
more tender and juicy, which contributed to their
higher taste scores.

In terms of juiciness, the smoked-cooked
samples had slightly lower scores than the
cooked ones, which can be attributed to a higher
degree of moisture loss during the smoking
process due to the additional effect of
temperature and prolonged contact with air of
lower humidity. However, even the smoked-
cooked and cooked experimental samples were
superior in juiciness compared to the
corresponding control samples, indicating the
effectiveness of the developed processing modes
in preserving the tenderness and juiciness of the
product.

The results of the consistency study of pork
products showed that the control samples had a
tougher consistency compared to the test
products, which is consistent with the results of
similar foreign studies [23-26]. The more tender
consistency of the experimental products can be
explained by less thermal destruction of
structural proteins and connective tissue under
slow heating conditions, which minimized
excessive fiber compaction and contributed to the
formation of a more tender texture in the finished
product.

There were no significant differences in the
intensity of the aroma of the products. Both the
experimental and control smoked-cooked
samples had a pronounced smoky aroma.

Conclusions

The obtained results allow us to conclude
about the superiority of the developed thermal
processing modes, as they resulted in minimal
destructive changes in proteins and fat
component, as well as to less weight loss in the
final product, while ensuring effective elimination
of microorganismes.

It has been established that the use of low-
temperature processing with heating to a
temperature in the middle of the product of 60 °C
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and exposure for 60 min at a temperature of
60 °C of the heating medium leads to:

—production

of microbiologically safe

products;

—reduction of weight loss by 12.5% for
cooked and 12.7 % for smoked-cooked pork
products;

—reduction of residual

acid phosphatase

activity to 0.0058 % phenol for cooked and
0.0055 % phenol for smoked-cooked products;
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