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Abstract

The use of pork obtained from intensively growing hybrid animals as the main raw material in meat processing, in particular sau-
sage production, is accompanied by undesirable variability of consumer characteristics of sausage products and a decrease in the
economic indicators of enterprise performance. The main technological disadvantages of processed pork are reduced water-binding
capacity and significant loss of meat fluid, which in practice is usually compensated by the increased use of food additives and
non-meat ingredients. The aim of the study was to assess the possibility of targeted improvement of the technological properties of
minced pork using a proteolytic enzyme of animal origin. Model samples of minced meat were developed and cured for 24 hours at
a temperature of 4 °C. The following control samples were used: minced meat with the addition of 2% edible salt and minced meat
with the addition of 2% edible salt and 0.2% sodium bicarbonate. Moreover, 0.0001% chymotrypsin was added to the test samples
containing similar curing ingredients. During electrophoretic study, in samples with the enzyme, an increase in low-molecular
fractions (20 kDa, 15 kDa and lower) was observed, which indicated the manifestation of proteolytic activity of chymotrypsin in
model systems. Enzymatic treatment led to an increase in pH and water-binding capacity. Cooking loss was reduced by 3 to 6 times,
compared to Control 1. After cooking, histological studies of model systems showed that the test samples subjected to enzymatic
treatment were characterized by a denser arrangement of structural elements, less pronounced cellular components of muscle tis-
sue and the presence of glutin formed as a result of protein breakdown, filling the microcapillaries. Thus, the use of an enzyme
preparation provides an opportunity for targeted improvement of the technological properties of pork obtained from intensively
growing hybrid animals.
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Introduction

The use of proteolytic enzymes is one of biotechno-
logical methods of raw material processing and has great
potential in food production, including meat industry [1].

Currently, enzymes in meat technology are considered
in two main applications. On the one hand, the action of
endogenous tissue enzymes (endoenzymes) during meat
aging after slaughter is being studied in order to create the
best conditions and optimal duration for converting ani-
mal muscles into meat with high consumer value [2]. This
transformation is of great importance for the meat indus-
try. Due to endoenzymes, complex processes of “cell death”
occur in meat, which form new functional and techno-
logical properties of muscle tissue, improving tenderness,
juiciness, taste, flavor, color and texture of meat [3]. At the
same time, a special role in this transformation is given to
the multicatalytical proteinase complex consisting of cal-
pains, lysosomal cathepsins and proteasomes [4]. On the

other hand, an increasing number of studies are devoted
to the use of exogenous proteases of non-meat origin, i. e.
plant proteases [1,5,6], bacterial proteases [6,7] and fungal
proteases [7], including new preparations whose properties
and safety require careful study [8]. Unfortunately, in recent
years, the interest of researchers in the use of proteolytic
enzymes of animal origin (pepsin, trypsin, pancreatin, chy-
motrypsin), even as objects of comparison with enzymes
obtained from other sources, has somewhat decreased.
Obtaining enzymes of animal origin is associated with
the slaughter of animals. The meat industry has large re-
sources of by-product raw materials [9], including those
for the production of enzymes. The production and use of
enzymes of animal origin simultaneously solves the prob-
lems of increasing the demand for low-value types of by-
products, expanding the possibilities for their use, creating
the additional value [10] and, consequently, reducing the
environmental pressure from meat processing plants.

Copyright © 2024, Semenova et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.
org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for any purpose, even

commercially, provided the original work is properly cited and states its license.
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Recent studies show that the use of proteases in meat pro-
cessing has the following main goals: improving the texture
and tenderness of meat [5,6]; obtaining biologically active
peptides, including from low-value by-products [10], reduc-
ing the allergenicity of introduced proteins or meat's own
proteins in the manufacture of meat products [11,12]. At the
same time, a completely justified goal of using proteolytic
enzymes may also be improving the functional and techno-
logical properties of meat raw materials [13]. Currently, this
goal is especially relevant for pork processing.

Pork is the most consumed meat in Asia and Europe,
and in European countries up to 75% of pork is consumed
in the form of processed meat products, which implies a
high need for enterprises to stabilize the quality of this
meat raw material [14]. At the same time, the widespread
breeding of intensively growing hybrid animals in pig
farming leads to undesirable variability in consumer char-
acteristics of both raw materials and meat products, and is
accompanied by a decrease in the economic indicators of
enterprise performance.

The muscle tissue of intensively growing pigs is char-
acterized by a high content of white muscle fibers capable
of forming areas of "hypercontraction”. This feature, which
ensures intensive growth during the life of the animal, leads
to the production of meat with reduced water-binding ca-
pacity, characterized by significant loss of meat fluid [15].
Subsequently, the processing of such meat is accompanied
by a decrease in the yield of finished products. Pork ob-
tained from intensively growing animals is characterized
by such defects as PSE (pale, soft, exudative) and RSE (red
soft exudative), as well as "destructured” meat [16]. In or-
der to stabilize the quality and yield of sausages and other
pork products, enterprises are forced to widely use non-
meat ingredients and food additives in recipes [17]. How-
ever, the use of the latter causes constant concern among
consumers about the composition and health benefits of
such food products [18].

The main reason for the decrease in the functional and
technological properties of pork is denaturation of muscle
proteins [16,19]. For the production of high-quality fin-
ished products, the condition of muscle proteins (especially
myofibrillar proteins), their ability to bind water and form
new protein structures are of exceptional importance. In
the presence of pork defects (PSE, RSE, destructured meat,
muscle fiber damage), the ability of protein structures to
bind water and interact decreases [16]. Their condition is
close to the condition of proteins during thermal denatur-
ation and may be aggravated by a decrease in salt in the
product, a reduction in the curing duration, the absence of
phosphates, protein oxidation and other factors. Already
the initial stages of processing pork with quality defects
are characterized by significant loss of water and salts dis-
solved in it, which affects the activity of endoenzymes in
meat [16]. A decrease in the intensity of proteolysis as a
result of protein denaturation may be an important reason
for the insufficient quality of sausages and other finished

products. However, excessive proteolysis of muscle pro-
teins may also lead to excessive softness and an unpleasant
taste of the meat product [13,16].

The study was based on the hypothesis of the possibility
to use proteases during pork curing and minced meat for-
mulation. In this regard, the choice of an enzyme of animal
origin obtained from meat by-products seemed to be of the
most interest. Thus, the purpose of this work was to assess
the possibility of targeted improvement in the technologi-
cal properties of pork obtained from intensively growing
hybrid animals through the use of a proteolytic enzyme of
animal origin, i. e. chymotrypsin, a preparation made in
Russia.

Objects and methods

Research objects

The objects of the study were model systems based on
minced meat made from pork with a mass fraction of ad-
ipose tissue of no more than 10%, treated and untreated
with the enzyme, not subjected to heat treatment and after
heat treatment.

To obtain the model systems, chilled pork was minced
in a laboratory meat grinder through a grid with 5 mm
hole diameter. Then the minced meat was weighed in
portions of 500+1 g followed by the introduction of pre-
weighed and prepared food ingredients and additives, i. e.
edible salt (extra grade boiled, Russol LLC, Russia), acid-
ity regulator sodium bicarbonate (E500, NaHCO,, Bashkir
Soda Company JSC, Russia), chymotrypsin enzyme prepa-
ration (Samson-Med LLC, Russia). Then the minced meat
was mixed to evenly distribute the components.

The pH value of pork before curing was 5.58 +0.02. Ac-
cording to literature [20,21], chymotrypsin effectively acts
in an alkaline environment with a pH of 7.0 to 8.5 with an
optimum at pH of 7.8 to 8.0. In this regard, to increase the
pH value in the model system, the acidity regulator E500
was used.

The enzyme was pre-diluted with saline in the follow-
ing ratio: 2 ml of saline per 0.01 g of the preparation. The
enzyme was not added to the control samples, but the same
amount of saline was added instead.

In total, two control samples and two test samples con-
taining the following components in the composition of
minced meat were prepared as model systems:

o Control 1-2% edible salt;

« Control 2-2% edible salt and 0.2% sodium bicarbonate;

o Test sample 1-2% edible salt and 0.0001% chymo-
trypsin;

o Test sample 2-2% edible salt, 0.2% sodium bicarbonate
and 0.0001% chymotrypsin.

Model systems were stored in a refrigerator for 24 hours
at a temperature of 4 +2°C. After that, samples were taken
for research of cured minced meat, including determina-
tion of protein fractional composition, as well as the func-
tional and technological characteristics of minced meat,
i. e. pH and water-binding capacity.
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To obtain heat-treated model systems, samples of
100 +1 g were taken. The samples were packed in polyeth-
ylene-propylene bags on Webomatic Easy-pack vacuum
packaging machine (Webomatic Maschinenfabrik GmbH,
Germany) and subjected to heat treatment (cooking) in
PE4310 laboratory water bath (Ekroskhim LLC, Russia)
with a water temperature of 95+1°C. The cooking dura-
tion was 15 minutes. After cooking, losses during heat
treatment were determined and the samples were sent for
histological studies.

Research methods

The molecular weight distribution of protein fractions
was analyzed by one-dimensional electrophoresis [22].
Sample preparation was performed as follows. 50 mg of
each minced meat sample was taken and homogenized in
1000 pl of lysis solution (9 M urea (PanReac, Germany), 5%
B-mercaptoethanol (PanReac, Germany), 2% Triton X-100
(Helicon, Russia), 2% ampholine pH 3-10 (Serva, Germa-
ny)) using Stegler S10 homogenizer (STEGLER, China).
The resulting homogenate was clarified by centrifugation
using Eppendorf 5427 R centrifuge (Eppendorf, Germany)
at 14,000 rpm for 20 minutes. After that, 50 pl of the super-
natant were collected in Eppendorf tubes and 50 pl of pro-
tein buffer (1 ml of 10% sodium dodecyl sulfate (SDS, Pan-
Reac, Spain), 250 pl of concentrated -mercaptoethanol
(PanReac, Germany), 625 pl of 0.5 M Tris-HCI (PanReac,
Germany), 1.5 g of urea (PanReac, Germany) were added.
Then bromophenol blue (Helicon, Russia) was added until
a dark color and a volume was adjusted to 5 ml with dis-
tilled water. The resulting samples were heated in a boiling
water bath for 5 minutes. For one-dimensional electropho-
resis, VE-10 chamber (Helicon, Russia) filled with 12.5%
polyacrylamide gel was used. Visualization and analysis
of the images were carried out by staining proteins with
Coomassie G-250 solution, consisting of 10% acetic acid
(Komponent-Reaktiv; Russia), 25% isopropanol (PanReac,
Germany), 0.05% Coomassie G-250 (Helicon, Russia). To
remove unbound dye, 10% acetic acid (Komponent-Reak-
tiv, Russia) was used. Computer densitometry of the one-
dimensional electropherogram, which was in a wet state,
was performed using Bio-5000 Plus scanner (Serva, Ger-
many) in 600 ppi 2D-RGB mode.

pH was measured by the potentiometric method us-
ing Testo 205 laboratory pH meter (Testo SE and Co.,
Germany).

The mass fraction of moisture was determined in accor-
dance with GOST 9793-2016' by drying to a constant mass
in a drying cabinet at a temperature of 103+2°C;

The water-binding capacity of the samples was deter-
mined by the Hamm and Grau method (pressing method)
modified by Volovinskaya [23].

Cooking loss was determined by the gravimetric
method: after heat treatment, the bags with samples were

L GOST 9793-2016 “Meat and meat products. Methods for determination
of moisture content” Moscow: Standartinform, 2018. Retrieved from https://
docs.cntd.ru/document/1200144231 Accessed April 16, 2024

removed from the water bath and cooled to room tempera-
ture, then the liquid formed in the bag was drained, and a
piece of minced meat was placed on filter paper to drain.
Cooking loss in% was determined by the formula:

Loss=((M,- M,)/M,) x100 1)
where M, is the weight of the sample before cooking;

M, is the weight of the sample after cooking and draining the
liquid.

Histological studies were carried out in accordance
with GOST 31796-2012* with sample fixation in accor-
dance with GOST 31479-2012° The pieces were placed in
a 10% aqueous solution of neutral formalin and kept for
72 hours at room temperature. Then they were washed
with cold running water for 12 hours. The washed material
was first impregnated with a 12.5% gelatin solution, and
then with a 25% gelatin solution in a thermostat at 37°C
for 12 and 24 hours, respectively. To make histological
sections, pieces of 15x15x4 mm were cut from the fixed
samples and placed in the freezer of MIKROM-NM525
microtome-cryostat (Carl Zeiss, Germany) for freezing to
a temperature of minus 20+ 3 °C. Frozen pieces were cut
into 10 to 30 pum thick sections using a microtome knife.
The sections were transferred to a glass slide and stained
with Ehrlich's hematoxylin for 3 to 4 minutes. The sec-
tions were then rinsed with water to remove excess dye,
immersed in a 1% hydrochloric acid solution until a pink
color appeared, then in ammonia water until a blue color
appeared, and rinsed again with water for 2 minutes. Af-
ter this, the sections were stained with a 1% aqueous eosin
solution for 1 minute and rinsed with water. The sections
were then placed under cover slides. The prepared histo-
logical preparations were studied and photographed using
Axiolmaiger Al light microscope (Carl Zeiss, Germany)
with a magnification of x340 using AxioCam MRc 5 vid-
eo camera. The images were processed using AxioVision
4.7.1.0 computer image analysis system adapted for histo-
logical studies.

Statistical analysis

All indicators were determined in 3 to 5 replicates. The
obtained data were processed statistically with the deter-
mination of the mean value and deviation (M + m). When
pairwise comparing samples, the significance of differenc-
es was determined using the Student's t-test.

Results and discussion

After formulation (adding all components and mixing),
the control samples and test samples did not differ in ap-
pearance, color, and texture (Figure 1).

2GOST 31796-2012 “Meat and meat products. Fast histological method of
identification of composition structural components” Moscow: Standartin-
form, 2013. Retrieved from https://docs.cntd.ru/document/1200100067 Ac-
cessed April 16, 2024

3GOST 31479-2012 “Meat and meat products. Method of histological
identification of composition” Moscow: Standartinform. Retrieved from
https://docs.cntd.ru/document/1200097485 Accessed April 16, 2024
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Control 1

Test sample 1

Test sample 2

Figure 1. Appearance of model systems — control samples and test samples after formulation

In the test samples formulated with the addition of the
enzyme preparation, a change in the texture of minced meat
was observed after just 30 minutes. Minced meat became
more viscous and stickier than in the control samples. Thus,
the effect of chymotrypsin was observed already at the very
beginning of the curing process. An increase in stickiness
during the treatment of meat with proteases, e. g. proteases
of microbial origin, was also noted by other authors [13].

Electrophoretic studies of the samples showed a change
in the fractional composition of meat proteins as a result of
exposure to the enzyme preparation (Figure 2).

Mm. kDa Cl T1 T2 c2

Figure 2. One-dimensional electropherogram of control samples
and test samples. St — standard; C1 — Control 1; T1 — Test sample
1, T2 — Test sample 2, C2 — Control 2

Electropherogram at Figure 2 shows that the enzyme-
treated Test sample 1 and Test sample 2 contained more
low-molecular proteins with a molecular weight of 15 kDa
and lower. Also, more intense bands on the electrophero-
gram were observed in the region of about 20 kDa. On the
contrary, in the region of 100 kDa, the intensity of protein
bands in the test samples was reduced. This indicated the
manifestation of the proteolytic activity of chymotrypsin
in model systems, both without an acidity regulator (Test
sample 1) and with an acidity regulator (Test sample 2),
where the pH value of the system was increased.

The decrease in the manifestation of bands, as well as
the presence of a protein background in the test samples,
was due to the fact that the proteolytic activity of chymo-
trypsin degrades most protein fragments to low-molecular
peptides. A similar formation of low-molecular peptides is
observed during prolonged meat aging [24].

Among the decreased bands in the region from 30
to 50 kDa, there may presumably be protein fractions of
myosin heavy chains (36.0 kDa) and actin heavy chains
(41.7 kDa). The protein structure of myosin is sensitive
to the action of chymotrypsin. During the degradation of
myosin, degradation of the actin-myosin complex occurs
simultaneously, which was noted in studies on the effect of
enzymatic treatment on meat digestibility [25,26].

The study of pH, water-binding capacity (WBC) and
cooking loss (Table 1) showed that control samples and test
samples differed in functional and technological parameters.

Table 1. Functional and technological indicators of minced meat

Weight loss during

bl s pH WBC, % cooking, % of initial
(samples) .
weight

Control 1 5.79+0.01° 86.1+3.7 12.2+2.8
Control 2 6.05+0.03* 100.0+0.0 4.1+2.8
Test sample 1  5.83+0.02® 100.0+0.0 2.0+1.4*
Testsample2  6.06+0.07° 100.0+0.0 3.5+£0.7%

Note: a — differences with Control 1 are statistically significant (p <0.05),
b — differences with Control 2 are statistically significant (p <0.05)
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The pH value in the control and test samples of minced
meat after curing was higher than in the original meat
raw material. The highest pH values were observed in
Control 2 and Test sample 2, to both of which the acidity
regulator was added. However, these samples did not have
significant differences in pH.

In the model systems that did not contain the acidity reg-
ulator, the pH values were lower, but the differences between
Control 1 and Test sample 1 were statistically significant
(p<0.05). This means that the action of the enzyme prepa-
ration contributed to an increase in the pH of minced meat.

Thus, the introduction of the enzyme preparation into
the meat system during curing (Test sample 1) led to an in-
significant increase in pH compared to the sample without
the enzyme preparation (Control 1). However, the effect of
the enzyme increasing the pH of minced meat was not ob-
served compared to the addition of the acidity regulator.

After curing and aging for 24 hours, the WBC of three
model systems, i. e. Test sample 1, Test sample 2 and Con-
trol 2, reached the maximum value of 100%. Cured meat
did not release moisture during pressing for 10 minutes.
Only Control 1 had a reduced WBC value of 86.1%. It
should be noted that no differences were found in the mass
fraction of moisture among the model systems. The mass
fraction of moisture in the samples was 64.8 +3.7%.

The data obtained allowed to conclude that the intro-
duction of the enzyme into the system led to an increase in
the WBC of the cured meat to maximum values, as did the
addition of the acidity regulator. This was consistent with
the previously obtained results (using meat by-products),
indicating that enzymatic treatment is accompanied by
swelling of muscle fibers and an increase in WBC [13].

An important property of meat systems is their abil-
ity to retain moisture during heat treatment. Evaluation
of loss during cooking of samples showed that the high-
est losses were typical for the Control 1 model system. In
other samples, the losses during cooking were 3 to 6 times
lower. This indicator also significantly differed in Control 1
compared to all other samples. This indicated that enzyme
treatment and/or the introduction of an acidity regulator
made it possible to reduce cooking loss.

Thus, the study of pH, WBC and cooking loss of model
systems showed that enzymatic treatment with chymo-
trypsin combined with curing is able to improve the func-
tional and technological properties of pork.

P a7 e AN P, E8 Al G A S N

) : .) :
Figure 3. Muscle tissue fragments:
a) Control 1; b) Test sample 1. (Magnification X 340)

The results of the histological examination of the sam-
ples subjected to cooking showed the following.

The microstructure of Control 1 and Test sample 1
(Figure 3) was represented by fragments of muscle, connec-
tive and adipose tissues, and also contained a fine-grained
protein mass formed as a result of mechanical destruction
of raw meat. In Control 1, the muscle tissue fragments in-
cluded non-swollen muscle fibers. The boundaries between
them were well defined. The transverse striation of the fibers
was clearly defined, the fiber nuclei were homogeneous. In
Test sample 1, the muscle tissue fragments contained swollen
round muscle fibers that were tightly adjacent to each other.
The boundaries between them were poorly distinguishable,
the transverse striation was not defined, the nuclei were
shadow-like, and the swollen myofibrils were disintegrated.

In Control 1, the average fiber diameter was 52.7 um,
while in Test sample 1 it was 75.0 um. Test sample 1 differed
from Control 1 in pronounced destructive changes in the
form of multiple microcracks.

In Control 1, the connective tissue layers of the perimy-
sium were characterized by dense bundles of collagen fibers,
and the cell nuclei were clearly visible. In Test sample 1, the
connective tissue layers of the perimysium were swollen and/
or loosened, and the cell nuclei were poorly distinguishable.

In Control 1, the adipose tissue fragments included adi-
pose cells containing fat droplets. The fat was also distrib-
uted in the form of 10-30 um droplets in a fine-grained
protein mass. The membranes of the adipose cells were
not damaged. On the contrary, in Test sample 1, the mem-
branes of the adipose cells were partly destroyed, due to
which the fat was distributed in the fine-grained protein
mass in the form of small 2-10 um droplets.

The microstructure of Control 2 was characterized by
a denser arrangement of structural elements compared to
Control 1. At the same time, as a result of the destruction of
muscle fiber fragments to a fine-grained protein mass un-
der the action of the enzyme preparation, Test sample 2 had
even denser arrangement of meat structural elements (frag-
ments of muscle, connective, and adipose tissue) (Figure 4).

In Control 2, the muscle fibers were swollen, the bound-
aries between them were clearly visible. The transverse stri-
ation of the muscle fibers that retained their integrity was
expressed in most of the fibers. Destructive changes in the
muscle fibers were in the form of transverse cracks with the

Figure 4. Microstructure of the minced meat:
a) Control 2; b) Test sample 2. (Magnification X 340)
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tion areas. In Test sample 2, more pronounced swelling of
the muscle fibers was observed. In some areas, the fibers
merged with each other, and the boundaries between them
were not distinguishable. Transverse striation, on the con-
trary, was not expressed, the fiber nuclei were shadow-like,
destructive changes in the form of multiple microcracks
and transverse cracks were pronounced with the formation
of a fine-grained protein mass in the destruction areas.

Different conditions of the sarcolemma of the muscle fi-
bers were noted. In Control 2, the integrity of the sarcolem-
ma was preserved, while in Test sample 2 it was damaged;
in some areas, small fragments were destroyed to a fine-
grained protein mass, which enhanced the interconnection
of the structural elements that had preserved their integrity.

It was noted that in Test sample 2 sample, the preserved
muscle fibers were also more tightly adjacent to each other.
The average diameter of muscle fibers in this sample was
88.0 um, while in Control 2 it was 73.8 um.

In Control 2, swollen or partly loosened connective tis-
sue layers of the perimysium were observed. In some areas,
a mass of glutin was formed, filling the microcapillaries. In
Test sample 2, the loosening of the connective tissue layers
and the formation of a homogeneous mass of glutin was
more pronounced. Glutin was located in the microcapil-
laries in the form of a homogeneous structureless mass
stained with basic dyes.

Differences in the condition of adipose cells were also
noted. In Control 2, the adipose cell membranes were not
damaged, and the fat was distributed in the fine-grained
protein mass in the form of small 5-10 um droplets. In
contrast, in the Test sample 2, the adipose cell membranes
were destroyed, and the fat was distributed in the form of
1-3 um droplets in the fine-grained protein mass.

Thus, the test samples treated with the enzyme were
characterized by a denser arrangement of structural ele-
ments, a less pronounced cellular components of muscle
tissue, and the presence of glutin, a nitrogenous gelatinous
substance that filled the microcapillaries and was formed
as a result of protein degradation.

In our study, chymotrypsin was selected as the enzyme
preparation. Chymotrypsin is not included in the list of en-
zyme preparations permitted according to TR CU029/2012
"Safety requirements for food additives, flavorings and pro-
cessing aids". However, the current international practice of
assessing the safety of enzyme preparations shows that pan-
creatic enzymes do not raise concerns about their safety un-
der the expected conditions of use for food purposes on the
basis that they originate from edible parts of animals [27].

Chymotrypsin is a serine protease (endopeptidase) and
is found in the pancreas of animals. Chymotrypsin has one
polypeptide chain of 245 amino acid residues and a molec-
ular weight of 25.7 kDa [28]. This enzyme is currently con-
sidered one of the most significant proteolytic enzymes,
which is widely used in the food industry and medicine
[29]. The mechanism of chymotrypsin action is that it acts
on a non-reactive carbonyl (-C=0) using a nucleophile.

This enzyme does not exhibit allosteric effects, i. e. it does
not have an active center that affects the conformational
state of the enzyme [30]. Chymotrypsin exhibits its speci-
ficity by catalyzing the hydrolysis of peptide bonds at the
C-terminal side of tryptophan, tyrosine, phenylalanine
and leucine (the latter to a lesser extent), releasing poly-
peptides. In foreign practice, chymotrypsin is permitted in
protein processing to obtain hydrolysates for use as ingre-
dients in formulas for infants and young children [27].

All the results obtained, i. e. electrophoresis data, func-
tional and technological indicators and histological ex-
amination data, confirmed the positive effect of enzymatic
treatment. Previous studies also showed that treatment
with proteases led to an improvement in the functional
and technological characteristics of pork [13]. This result
is consistent and may be explained by the fact that water
holding capacity by myofibrils improves after enzymatic
cleavage of denatured protein structures due to the forma-
tion of new hydrophilic centers and a change in the charge
of molecules [31]. However, there is another opinion that
denatured proteins, in particular sarcoplasmic proteins,
contribute to the retention of moisture in muscle tissue
[32], which may cast a doubt on the effectiveness of pork
enzymatic treatment. Nevertheless, the most important
functional proteins of meat are myofibrillar proteins, ac-
cordingly, their condition and transformation are most re-
sponsible for the quality of the final product [33].

In our study, parallel control samples and test samples
were presented, differing only in the presence an acidity
regulator. Analysis of the results showed that the presence
of E500 food additive in the model systems was not man-
datory. The use of enzyme treatment made it possible to
achieve the same technological effect as the introduction
of an acidity regulator. This clearly confirms the validity of
the opinion by a number of authors that the use of prote-
ases as an environmentally friendly material has not only
economic advantages, but also far-reaching positive conse-
quences in achieving sustainability [29].

We also noted that the desired technological effect on
improving the functional properties of minced pork was
achieved at an aging temperature of 4+2°C (corresponds
to the temperature conditions in the meat curing cham-
ber), although most exogenously used proteolytic enzymes
of plant origin have an optimal temperature of 50 to 70°C,
which corresponds to the temperatures of heat treatment of
meat products [4]. With regard to chymotrypsin, there is
evidence that its optimal activity begins at 30°C [27]. Our
results show that enzymatic treatment of meat with chymo-
trypsin can be easily integrated into pork processing.

However, other conditions and other proteolytic en-
zymes may obviously be selected for specific technological
solutions. Many authors studying various preparations em-
phasize the importance of the functional state of proteins
and the positive role of enzymes in achieving the required
quality indicators [4,26,34]. Thus, it was reported that pa-
pain treatment had a positive effect on the functional,
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rheological and physicochemical properties of myofibrillar
proteins. Compared with the control samples, the fermented
samples of myofibrillar proteins showed better functionality.
Moreover, papain treatment led to an increase in hydropho-
bic groups on the surface of proteins and a decrease in the
number of a-helix and B-sheet structures, which contrib-
uted to a change in the conformation of proteins, improving
their solubility and emulsifying properties [34].

Thus, in the future, the use of proteolytic enzymes in
the production of meat products may be considered in the
context of creating new effective technological approaches
to improve the functional and technological properties of
meat raw materials.

Conclusion
The results of the studies on model systems showed that
the minced pork treatment with the enzyme preparation

improves its functional and technological properties, con-
tributes to an increase in WBC, reduces the product weight
loss during cooking, and increases the density of the mi-
crostructural components of minced meat. At the same
time, the improvement of the functional and technological
properties of pork is accompanied by a partial degradation
of muscle proteins and formation of low-molecular protein
fractions of 20 kDa and below. The results obtained con-
vincingly proved the targeted improvement of the techno-
logical properties of pork obtained from intensively grow-
ing hybrid animals through the use of a proteolytic enzyme
of animal origin. Nevertheless, for the practical use of pro-
teases in industrial pork processing, further studies are
needed to select the most economically acceptable enzyme
preparation, as well as to determine the optimal duration
and conditions for enzyme treatment, including depend-
ing on the technology and type of the final product.

REFERENCES

1. Troncoso, ED., Sanchez D. A., Ferreira, M.L. (2022). Pro-
duction of plant proteases and new biotechnological appli-
cations: An updated review. ChemistryOpen, 11(3), Article
€202200017. https://doi.org/10.1002/0pen.202200017

2. Abril, B, Bou, R., Garcia-Pérez, ].V., Benedito, J. (2023). Role
of enzymatic reactions in meat processing and use of emerg-
ing technologies for process intensification. Foods, 12(10),
Article 1940. https://doi.org/10.3390/foods12101940

3. Ouali, A., Herrera-Mendez, C.H., Coulis, G., Becila, S., Boudjel-
lal, A., Aubry, L. et al. (2006). Revisiting the conversion of mus-
cle into meat and the underlying mechanisms. Meat Science,
74(1), 44-58. https://doi.org/10.1016/j.meatsci.2006.05.010

4. Singh, P. K., Shrivastava, N., Ojha, B. K. (2019). Enzymes in
the meat industry. Chapter in a book: Enzymes in food bio-
technology. Academic Press, 2019. https://doi.org/10.1016/
B978-0-12-813280-7.00008-6

5. Madhusankha, G.D.M.P, Thilakarathna, R.C.N. (2021). Meat
tenderization mechanism and the impact of plant exogenous
proteases: A review. Arabian Journal of Chemistry, 14(2), Ar-
ticle 102967. https://doi.org/10.1016/j.arajc.2020.102967

6. Arshad, M. S., Kwon, J. -H., Imran, M., Sohaib, M., Aslam, A.,
Nawaz, I. et al. (2016). Plant and bacterial proteases: A key to-
wards improving meat tenderization, a mini review. Cogent
Food and Agriculture, 2(1), Article 1261780. https://doi.org/10
.1080/23311932.2016.1261780

7. Ha, M., Bekhit, A. EI-D., Carne, A., Hopkins, D.L. (2013).
Comparison of the proteolytic activities of new commercial-
ly available bacterial and fungal proteases toward meat pro-
teins. Journal of Food Science, 78(2), C170-C177. https://doi.
org/10.1111/1750-3841.12027

8. Niamah, LK., Al-Sahlany, S.T.G, Verma, D.K,, Singh, S., Trip-
athy, S., Thakur, M. et al. (2024). Enzymes for meat and meat
processing industry: Current trends, technological develop-
ment, and future prospects. Chapter in a Book: Enzymat-
ic Processes for Food Valorization. Academic Press, 2024.
https://doi.org/10.1016/B978-0-323-95996-4.00002-2

9. Liu, R, Xing, L., Fu, Q., Zhou, G.-h., Zhang, W.-g. (2016). A
Review of Antioxidant Peptides Derived from Meat Muscle
and By-Products. Antioxidants, 5(3), Article 32. https://doi.
0rg/10.3390/antiox5030032

10. Toldra, E, Mora, L., Milagro Reig, M. (2016). New insights
into meat by-product utilization. Meat Science, 120, 54-59.
https://doi.org/10.1016/j.meatsci.2016.04.021

1. Fiocchi, A., Restani, P, Riva, E., Restelli, A. R., Biasucci, G.,
Galli, C. L. et al. (1995). Meat allergy: II-Effects of food pro-
cessing and enzymatic digestion on the allergenicity of bovine
and ovine meats. Journal of the American College of Nutrition,
14(3), 245-250. https://doi.org/10.1080/07315724.1995.10718503

12. Dong, X., Wang, J., Raghavan, V. (2020). Critical reviews and
recent advances of novel non-thermal processing techniques
on the modification of food allergens. Critical Reviews in
Food Science and Nutrition, 61(2), 196-210. https://doi.org/1
0.1080/10408398.2020.1722942

13. Ponomarev, V. Ya., Yunusov, E. Sh., Ezhkova, G.O., Reshet-
nik, O.A. (2009). Biotechnological base for application of
microbiological synthesis preparations for processing of
meat raw materials with reduced functional and technologi-
cal properties. Kazan: Kazan State Technological University,
2009. (In Russian)

14. Lebret, B., Candek-Potokar, M. (2022). Review: Pork quality
attributes from farm to fork. Part I. Carcass and fresh meat.
Animal, 16(Suppl 1), Article 100402, https://doi.org/10.1016/].
animal.2021.100402

15. Semenova, A.A., Kuznetsova, T.G., Nasonova, V.V., Nekra-
sov, R.V,, Bogolyubova, N.V. (2019). Myopathy as a destabi-
lizing factor of meat quality formation. Theory and Practice
of Meat Processing, 4(3), 24-31. https://doi.org/10.21323/2414-
438X-2019-4-3-24-31

16. Lebret, B., Candek-Potokar, M. (2022). Pork quality attributes
from farm to fork. Part II. Processed pork products. Animal,
16, Article 100383. https://doi.org/10.1016/j.animal.2021.100383

17. Vasilyeva, M.L, Zlobina, M.V, Kazantseva, N.P. (2021). Fea-
tures of processing pork with different functional and tech-
nological characteristics peculiarities of pork processing with
different functional-and-technological characteristics. The
Bulletin of the Izhevsk State Agricultural Academy, 2(66), 16—
23. https://doi.org/10.48012/1817-5457_2021_2_16 (In Russian)

18. Teixeira, A., Rodrigues, S. (2021). Consumer perceptions to-
wards healthier meat products. Current Opinion in Food Sci-
ence, 38, 147-154. https://doi.org/10.1016/j.cofs.2020.12.004

19. Liu ], Arner, A., Puolanne, E., Ertbjerg, P. (2016). On the wa-
ter-holding of myofibrils: Effect of sarcoplasmic protein de-
naturation. Meat Science, 119, 32-40. https://doi.org/10.1016/j.
meatsci.2016.04.020

20. Mosolov, V.V. (1971). Proteolytic enzymes. Moscow: Nauka,
1971. (In Russian)

218



21.

22.

23.

24.

25.

26.

27.

Semenova et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2024, vol. 9, no. 3, pp. 212-219

Lee, S., Choi, Y. -S,, Jo, K., Yong, H. I, Jeong, H. G., Jung,
S. (2021). Improvement of meat protein digestibility in in-
fants and the elderly. Food Chemistry, 356, Article 129707.
https://doi.org/10.1016/j.foodchem.2021.129707

Laemmli, U. K. (1970). Cleavage of structural proteins dur-
ing the assembly of the head of bacteriophage T4. Nature,
227(5259), 680-685. https://doi.org/10.1038/227680a0
Zhuravskaya, N.K., Alekhina, L.T., Otryashnikova, L.M.
(1985). Research and quality control of meat and meat prod-
ucts. Moscow: Agropromizdat, 1985. (In Russian)

Zhang, R., Yoo, M.]., Farouk, M.M. (2021). Oxidative sta-
bility, proteolysis, and in vitro digestibility of fresh and
long-term frozen stored in-bag dry-aged lean beef. Food

28.

29.

30.

Valetti, N.W., Lombardi, J., Boeris, V., Picé, G. (2012). Pre-
cipitation of chymotrypsin from fresh bovine pancreas us-
ing 1-carrageenan. Process Biochemistry, 47(12), 2570-2574.
https://doi.org/10.1016/j.procbio.2012.09.021
Krasnoshtanova, A.A., Besyaeva, A.D. (2022). A comparative
characterization of the properties of biocatalysts containing
chymotrypsin immobilized on polysaccharide supports. Ca-
talysis in Industry, 22(4), 75-81. https://doi.org/10.18412/1816-
0387-2022-4-75-81 (In Russian)

Gurumallesh, P.,, Alagu, K., Ramakrishnan, B., Muthusamy,
S. (2019). A systematic reconsideration on proteases. Inter-
national Journal of Biological Macromolecules, 128, 254-267.
https://doi.org/10.1016/j.ijbiomac.2019.01.081

Chemistry, 344, Article 128601. https://doi.org/10.1016/j.food- ~ 31. Zeng, Z., Li, C., Ertbjerg, P. (2017). Relationship between
chem.2020.128601 proteolysis and water-holding of myofibrils. Meat Science,
Lee, S., Jo, K., Jeong, H.G., Choi, Y.-S., Jung, S. (2023). 131, 48-55. https://doi.org/10.1016/j.meatsci.2017.04.232
Changes in beef protein digestibility in an in vitro infant di- ~ 32. Liu J., Arner A., Puolanne E., Ertbjerg P. (2016). On the wa-
gestion model with prefreezing temperatures and aging pe- ter-holding of myofibrils: Effect of sarcoplasmic protein de-
riods. Heliyon, 9(5), Article E15611. https://doi.org/10.1016/j. naturation. Meat Science, 119, 32-40, https://doi.org/10.1016/j.
heliyon.2023.e15611 meatsci.2016.04.020
Bhat, Z. E, Morton, J. D., Bekhit, A. EI-D. A., Kumar, S., Bhat, 33. Xiong L. (2018). Muscle proteins. Chapter in a book: Proteins
H. E (2021). Non-thermal processing has an impact on the in Food Processing. Woodhead Publishing, 2018. https://doi.
digestibility of the muscle proteins. Critical Reviews in Food 0rg/10.1016/B978-0-08-100722-8.00006-1
Science and Nutrition, 62(28), 7773-7800. https://doi.org/10.1 ~ 34. Amiri A, Sharifian P., Morakabati N., Mousakhani-Ganjeh A.,
080/10408398.2021.1918629 Mirtaheri M., Nilghaz A. et al. (2021). Modification of func-
EFSA. (2021). Safety evaluation of a food enzyme contain- tional, rheological and structural characteristics of myofibril-
ing trypsin and chymotrypsin from porcine pancreas. EFSA lar proteins by high-intensity ultrasonic and papain treatment.
Journal, 19(1), Article e06369. https://doi.org/10.2903/j.ef- Innovative Food Science and Emerging Technologies, 72, Article
5a.2021.6369 102748. https://doi.org/10.1016/j.ifset.2021.102748

AUTHORS INFORMATION

Anastasia A. Semenova, Doctor of Technical Sciences, Professor, Deputy Director, V. M. Gorbatov Federal Research Center for
Food Systems. 26, Talalikhin str., 109316, Moscow, Russia. Tel.: +7-495-676-95-11 (105), E-mail: a.semenova@fncps.ru

ORCID: https://orcid.org/0000-0002-4372-6448
* corresponding author

Tatiana G. Kuznetsova, Doctor of Veterinary Sciences, Applied and Technological Development Department, V. M. Gorbatov
Federal Research Center for Food Systems. 26, Talalikhin str., 109316, Moscow, Russia. Tel.: +7-495-676-95-11 (277),

E-mail: t.kuznetsova@fncps.ru
ORCID: https://orcid.org/0000-0002-5164-1807

Olga A. Seliverstova, Engineer, Scientific, Applied and Technological Development Department, V. M. Gorbatov Federal
Research Center for Food Systems 26, Talalikhin str., 109316, Moscow, Russia. Tel.: +7-495-676-95-11 (243). E-mail:

o.seliverstova@fncps.ru
ORCID: https://orcid.org/0009-0009-8013-4941

Maria E. Spirina, Senior Laboratory Assistant, Experimental Clinic-Laboratory of Biologically Active Substances of Animal
Origin, V. M. Gorbatov Federal Research Center for Food Systems 26, Talalikhin str., 109316, Moscow, Russia.

Tel.: +7-495-676-95-11 (207). E-mail: m.spirina@fncps.ru
ORCID: https://orcid.org/0000-0003-4544-4433

Marina N. Salikova, Graduate Student, Applied and Technological Development Department, V. M. Gorbatov Federal Research
Center for Food Systems 26, Talalikhin str., 109316, Moscow, Russia. Tel.: +7-495-676-95-11 (105). E-mail: mav_rik@mail.ru

ORCID: https://orcid.org/0000-0002-8372-5490

Yulia M. Bukhteeva, Candidate of Technical Sciences, Docent, Department of Technology and Biotechnology of Meat and Meat
Products, Russian Biotechnological University, 11, Volokolamskoe highway, Moscow, 125080, Russia. Tel.: +7-916-136-39-06,

E-mail: BukhteevaYM@mgupp.ru
ORCID: https://orcid.org/0000-0001-5897-2775

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear the equal responsibility for plagiarism.

The authors declare no conflict of interest.

219



