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Abstract

This paper presents the study results of the microbiological composition in the industrial environment at four pork slaughter and
processing plants (MPPs). The sample included plants with various production problems and different process features. The pur-
pose of this study was to determine the priority bacterial groups typical for all studied plants, as well as to identify specific micro-
organisms associated with the individual characteristics of each plant. Representatives of Pseudomonas, Candida, and Escherichia
genera dominated at all four plants, but each plant had its own unique characteristics. Thus, at MPP No. 1, where no preliminary
decapitation was performed, a high level of industrial environment contamination with Escherichia genus microorganisms and
pathogenic microorganisms, Salmonella spp. and Listeria monocytogenes, was observed. At MPP No. 2, which allows the accep-
tance of raw materials with defects, a significant counts of Staphylococcus genus microorganisms were detected. Pseudomonas,
Carnobacterium, and Enterobacteriaceae genera were detected at MPPs No. 3 and No. 4, where systematic spoilage of finished
products was revealed. Analysis results showed that individual technological stages and conditions at different plants create a
unique environment that promotes the development of certain groups of microorganisms. The introduction of expanded microbio-
logical monitoring, changes in technology, and the development of individual recommendations for each plant will reduce the risks
of microbial contamination, improve product quality, and increase its safety for consumers.
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Introduction

Each plant has unique operating conditions, technolog-
ical processes and ecological status, which affects the com-
position and dynamics of microflora. The use of standard
indicators may overlook locally significant pathogens or
opportunistic bacteria that may affect the product quality
and consumer health in a given plant. Even meat process-
ing plants of the same profile may differ in technological
processes, features of slaughter and cutting, and face dif-
ferent problems (spoilage of finished products, ineffective
disinfection). These aspects play a key role in the forma-
tion of a unique microflora inside the plant and, as a result,
in the optimization and customization of sanitary proce-
dures.

Microbiota in food production is often considered as
a possible source of microorganisms that may affect the
quality of meat products [1]. A number of studies have
confirmed that microorganisms found in the product are
often found on plant surfaces and equipment [2,3]. Regular
use of sanitizers helps to eliminate microorganisms, how-
ever, when bacteria are found in biofilms or disinfectants

are ineffective against certain groups of microorganisms,
the risk of food contamination and outbreaks of infectious
diseases increases [4].

According to the European Unions Zoonoses Report
for 2022, Salmonella bacteria were identified in 951.590
meat and meat product samples, while Campylobacter bac-
teria were detected in 107.162 samples. In addition, Listeria
monocytogenes was detected in 135.148 ready-to-eat (RTE)
food samples [5].

In our country, product safety control is traditionally
based on determining the presence of pathogenic micro-
organisms directly in the product. This approach allows
identifying the potential risks of finished products before
they are released to the market. However, this method does
not cover the entire production process and does not take
into account possible sources of contamination at differ-
ent stages of production [6]. It is important to understand
that product safety depends on many factors, from animal
handling conditions to compliance with sanitary standards
at each stage of raw material processing. To ensure com-
prehensive product safety, it is necessary to monitor the
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entire production chain, including regular analysis of the
environment, equipment, surfaces and air [7].

In addition to human pathogens, other groups of bac-
teria that may be present in food products and are poten-
tially dangerous to humans or affect the quality and shelf
life of the product, thereby leading to economic loss and
increased costs for maintaining the sanitary status of the
plant [8] should also be considered. These include spoilage
bacteria and industry-specific bacterial groups, emerging
microorganisms, ESKAPEE, etc.

Spoilage microorganisms. Spoilage microorganisms
include bacteria, fungi, and yeasts that may cause chang-
es in the sensory properties of food products. These mi-
croorganisms may be present even under strict sanitary
conditions, so monitoring them is necessary to prevent
premature deterioration of product quality. The most
common bacteria that cause spoilage of chilled beef and
pork during aerobic storage include Brochothrix thermo-
sphacta, Carnobacterium spp., Enterobacteriaceae family,
Lactobacillus spp., Leuconostoc spp., Pseudomonas spp.
and Weissella spp. The metabolic processes of these mi-
croorganisms may cause defects such as sour taste, color
changes, gas formation, mucus formation, and decreased
pH [9].

Industry-specific bacterial groups. Each food indus-
try has its own specific bacterial species. For example, in
ready-to-eat food production, special attention is paid
to bacteria such as Listeria monocytogenes causing liste-
riosis in humans [10]. In fish processing plants, empha-
sis is placed on preventing the growth of Vibrio spp. and
Aeromonas hydrophila, which are capable of causing food-
borne illnesses [11].

Emerging microorganisms. Emerging microorgan-
isms are new or previously little-known pathogens that are
becoming increasingly important due to changes in agri-
cultural practices, food processing, and globalization of
trade. They are of serious hazard to consumer health and
require special attention from the food industry. Examples
of emerging pathogens include Escherichia coli O157: H7
and Campylobacter jejuni causing serious food poison-
ing [12].

ESKAPE group. According to the US Centers for Dis-
ease Control (CDC), more than 2 million cases of illness
and about 23 thousand deaths are associated with ESKAPE
pathogens every year [13]. To attract the attention of the
scientific community, CDC introduced the term “ESKAPE
pathogens”, which includes six types of microorganisms
that are highly resistant to antibiotics and may cause hos-
pital-acquired infections [14].

There is information about seven types of pathogens
with high resistance to antibiotics, including Escherichia
coli; in this case the abbreviation ESKAPEE is used [15].
Although these microorganisms are more often associ-
ated with medical institutions, they are also found at food
plants. This is due to the uncontrolled use of antibiotics
in animal husbandry and veterinary medicine, which leads

to the emergence of resistant bacteria in livestock. Resis-
tant bacteria can enter the food chain through the use of
contaminated meat, milk, eggs and their processed prod-
ucts [16]. For example, E. coli and K. pneumoniae, com-
monly found in farm animals, may acquire resistance genes
and transmit them to humans through the consumption of
meat products [16].

Sanitary and microbiological study of microbial
contamination of industrial objects at food plants. In
the Russian Federation, bacteriological study of industrial
objects at a food plant involves the determination of only
three indicators: coliforms, S. aureus and total microbial
count (TMC)L.

These groups of microorganisms are considered uni-
versal indicators of food safety and production sanitation.
However, such approaches have limitations. Firstly, they
are usually developed on the basis of general standards
and recommendations applicable to all food industry en-
terprises, without taking into account the specifics of a
particular production. This may lead to the fact that the
studied indicators do not reflect the real microbiological
state of a particular plant.

Thus, a generalized approach to defining a limited
group of microorganisms does not always provide ac-
curate information on the actual conditions of micro-
organism circulation on a specific plant [17]. To obtain
more reliable data, it is necessary to conduct individual
microbiological studies that take into account the charac-
teristics of each individual production, identify priority
bacterial groups and select effective disinfectants based
on these data.

The purpose of this study was to determine the priority
bacterial groups typical for pork slaughter and processing
plants (n=4), as well as to identify specific microorgan-
isms associated with the individual characteristics of each
plant.

Objects and methods

Objects

The objects of the study were swabs (n=113) collected
in different production areas at pork slaughter and pro-
cessing plants (n=4). When collecting swabs, we used
the principles of environmental monitoring and collected
swabs both from surfaces in contact with food products
and from remote abiotic objects [7].

Sampling of swabs was carried out in key areas of the
production cycle: slaughterhouse, primary processing
shop, cold rooms, and semi-finished products shop. The
number of swabs collected in each area is presented in
Table 1.

! MR4.2.0220-20. 4.2. Monitoring methods. Biological and microbio-
logical factors. Methods for sanitary and bacteriological research of micro-
bial contamination of industrial objects. Methodological recommendations
(approved by the Chief State Sanitary Doctor of the Russian Federation on
04.12.2020) Retrieved from https://docs.cntd.ru/document/573595605 Ac-
cessed April 11, 2025
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Table 1. Number of swabs collected in each area of MPP

MPP MPP MPP MPP
No. 1 No. 2 No. 3 No. 4
Slaughterhouse n=8 n=7 n=7 n=7
Primary processing sho
(boningy fnd trimn%ing) b n=7 n=7 n=7 n=7
Cold rooms n=7 n=7 n=7 n=7
Semi-finished products shop n=7 n=7 n=7 n=7

The sample included plants with various production
problems and process features. MPP No. 1 slaughtered ani-
mals without prior decapitation, MPP No. 2 accepted raw
materials with defects (abscesses), while MPP No. 3 and
No. 4 had problems with shelf life and deterioration in the
quality of finished products.

Methods

Sampling the swabs from the objects of the industrial

environment

Swabs from the industrial objects at pork processing plants
were collected using a sponge with a neutralizer (3M Hydra-
Sponge, USA) from 100 cm?, and in case of hard-to-reach
places, using sterile cotton swabs with lethin broth (3M™
Swab-Sampler, USA). The resulting samples were incubated
in Binder thermostat at 30°C for 72 hours. After incubation,
colonies with different morphology were selected from Petri
dishes and identified using mass spectrometric analysis on
Autof MS1000 MALDI-TOF device (Autobio, China).

An aliquot of 100 pl of liquid was taken from the bag
with the sponge, which was distributed using a sterile
spatula onto the surface of non-selective TSA agar (Oxoid,
UK) in a Petri dish. After 72 hours of incubating the inocu-
lations at a temperature of 24 °C, colonies were selected for
species identification.

Detection of pathogenic microorganisms in the objects

of the industrial environment

To detect Listeria monocytogenes, semi-concentrat-
ed Fraser broth was used and incubated in a thermostat
(Binder, Germany) at a temperature of 30.0+£1.0°C for
24 hours. To detect Salmonella spp., buffered peptone wa-
ter was used as a diluent and incubated at a temperature of
37 £1.0°C for 18 to 24 hours. To detect Campylobacter spp.,
an enrichment medium for Campylobacter (3M, USA) was
used and incubated at a temperature of 41.5+1.0°C for 22
to 26 hours. Further studies were carried out in accordance
with GOST 31659 (ISO 6579: 2002)2, GOST 32031-2012°
and GOST ISO 10272-1-2013*.

2 GOST 31659 (IS0 6579: 2002) “Food products. Method for the detection of
Salmonella spp.” Retrieved from https://docs.cntd.ru/document/1200098239
Accessed April 11,2025

3 GOST 32031-2012 “Food products. Methods for detection of Listeria
monocytogenes” Retrieved from https://docs.cntd.ru/document/1200105310
Accessed April 11,2025

4 GOST IS0 10272-1-2013 “Microbiology of food and animal feeding stuffs.
Methods for detection and enumeration of Campylobacter spp. Part 1. Detec-
tion method” Retrieved from https://docs.cntd.ru/document/1200103500 Ac-
cessed April 11, 2025

Microorganism species identification by mass

spectrometry

Species identification of the isolated colonies was per-
formed on Autof MS1000 MALDI-TOF mass spectrom-
eter (Autobio Diagnostics, China). For this, the bacterial
mass of the colonies was applied to a plate and dried at
room temperature. Then, 1.2 ul of formic acid was applied
to each well with the dried bacterial mass for 10 min, dried,
1.2 ul of HCCA matrix (a-cyano-4-hydroxycinnamic acid,
99 %) was applied and dried again. The MALDI target was
placed in the device and the equipment for microorganism
identification was launched using the FlexControl software
(spectra acquisition). The obtained results were analyzed
using the software: if the value was below 6.0, the result
was considered unreliable and was not used in further
work. The result was considered reliable and taken into ac-
count at values of 6.0 to 9.0 at the genus level, and at values
0f 9.0 to 9.5 at the species level.

Results and discussion

Since all four studied plants specialized in pork slaugh-
ter and processing, it was reasonable to assume that they
shared similar production conditions, such as the use of
the same type of raw material (pork) and the same techno-
logical stages: slaughter, bleeding and subsequent cutting
of carcasses. These common factors create conditions for
the formation of stable microflora specific to this type of
meat processing. Consequently, it could be expected that
certain genera of microorganisms would be present on all
four plants, playing a key role in the formation of the gen-
eral microbiota of the industrial environment (Figure 1).

As a result of the microflora analysis at pork slaughter
and processing plants, about 47 genera of microorganisms
were found, of which 24 most common are presented in
Figure 1. Genera composed less than 1% are not shown in
Figure 1.

The most common genera were Pseudomonas (26.3 %),
Escherichia (8.8%) and Candida (8.3 %). Bacteria of Pseu-
domonas genus were predominant and accounted for
26.30% of the total counts of identified microorganisms.
These microorganisms are considered to be one of the
main causes of spoilage of meat, fruits and even beverages
packaged in an aerobic environment [18]. In a study by
Chinese scientists on microflora responsible for the spoil-
age of chilled pork, it was found that bacteria of Pseudo-
monas genus also accounted for the majority of the iden-
tified microorganisms. The average relative abundance of
Pseudomonas in the product was 24.77 %, and the maxi-
mum abundance reached 44.43% on the seventh day of
storage [19]. This may be due to the high adaptability of
pseudomonads to various conditions, including low tem-
peratures, and the ability to effectively use available nu-
tritional sources, which makes them dangerous for many
food products [20]. There is evidence that the nature of
spoilage may depend on both the species and the strain of
Pseudomonas [21]. In a study conducted jointly by Italian
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Figure 1. Predominant genera of microorganisms in the industrial environment of pork slaughter and processing plants

and American scientists, the diversity of Pseudomonas
populations found during the processing of meat and dairy
products was analyzed. It was found that the most com-
mon oligotypes were those belonging to the species P. fragi
and P. fluorescens [21]. In our study at pork slaughter and
processing plants, the diversity of microorganisms of this
genus was represented by 40 species, of which 20.1% were
Pseudomonas brenneri, followed by Pseudomonas fragi
and Pseudomonas gessardi (9.3%), Pseudomonas libanen-
sis (7.2%), Pseudomonas tolaasi (7.1%), and Pseudomonas
fluorescens (5.5 %). The data obtained in our study, as well
as the results of other scientific works, confirm the wide-
spread occurrence of Pseudomonas at meat processing
plants. However, despite this, monitoring of these bacteria
when taking swabs from the surfaces of equipment is not
carried out. Given their high resistance to low tempera-
tures and the ability to cause spoilage of products, regu-
lar analysis of swabs from equipment for the presence of
pseudomonads would allow for their timely detection and
the adoption of appropriate measures for disinfection and
improvement of sanitary procedures.

The high level of Escherichia spp. occurrence (8.80 %)
indicates significant risks associated with food spoilage
and potential risks to consumer health, since the vast ma-
jority of isolated strains belonged to Escherichia coli spe-
cies. It should be remembered that pathogenic strains such
as enterohemorrhagic Escherichia coli (EHEC) may cause
severe food poisoning, accompanied by hemorrhagic coli-
tis, which is life-threatening. The main source of Esche-
richia coli at pork processing plants is animal intestines,
so these microorganisms may serve as an indicator of fecal
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contamination, which indicates the possible presence of
other pathogenic microorganisms inhabiting animal intes-
tines such as Salmonella or Campylobacter. It is worth not-
ing that the distribution of pathogenic bacteria at different
plants was not uniform. The largest counts of them were
found on the plant, where pigs were slaughtered without
prior decapitation.

The presence of yeasts of Candida species is also signifi-
cant as these microorganisms may cause food spoilage and
are of potential hazard to consumer health. Candida yeasts
are important microbiological agents that contribute to prob-
lems in food production, especially in the context of meat
processing, including pork. These microorganisms have the
ability to proliferate under conditions of low pH, moderate
temperatures and the presence of key nutrients such as glu-
cose and amino acids, which determines their role as poten-
tial spoilage agents in meat products. They tend to adhere to
the surfaces of equipment used for meat processing, forming
biofilms that are resistant to standard sanitation and disinfec-
tion methods [22]. This phenomenon may lead to recurrent
contamination of the manufactured products.

The next most common genera were Serratia (5.8 %),
Carnobacterium (4.8 %), and Ewingella (4.7 %). These mi-
croorganisms are also gram-negative bacteria and may be
involved in food spoilage processes and also may be indica-
tors of environmental contamination. Other genera pres-
ent in smaller quantities include Staphylococcus (3.7 %),
Lactobacillus (3.5%), and Brochothrix (3.4%). Staphylo-
coccus spp. are potential pathogens that may cause food
poisoning, while Lactobacillus and Brochothrix may be as-
sociated with fermentation and food spoilage processes.
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The presence of such microorganisms as Carnobac-
terium (4.80%), Lactobacillus (3.50%), and Brochothrix
(3.40 %) may indicate potential problems associated with
spoilage. These bacteria are known to affect the sensory
properties of meat, making their presence undesirable dur-
ing the processing and storage of meat products. Carno-
bacterium is a genus of Gram-positive bacteria that is often
found in chilled food products, including meat. They may
cause changes such as unpleasant odor and taste, as well
as deterioration in the appearance of the product. These
bacteria are able to actively grow even at low temperatures,
which makes them especially dangerous in refrigerated
storage conditions [23].

Lactobacillus is another group of bacteria that can be
present in meat products. Although some lactobacilli spe-
cies are used in food industry for fermentation, excessive
amounts of these microorganisms may alter the sensory
characteristics of meat (acidity), which in turn affects its
quality and shelf life. In recent years, there has been con-
siderable interest in the scientific community in exploring
the possibilities of using lactic acid microorganisms as bio-
protectants to combat spoilage bacteria such as Pseudomo-
nas. Studies have confirmed that difficulties arise when at-
tempting to transfer in vitro data into industrial conditions
due to interactions between bacteria, antimicrobials, and
food matrix structures [24].

Brochothrix is a bacterium known for its effect on the
aroma and appearance of meat. It is capable of produc-
ing specific compounds that cause unpleasant odors and
tastes, which reduces the quality of the final product [25].

In our country, monitoring of the sanitary and micro-
biological state of production is reduced to taking swabs
from the hands of personnel, equipment surfaces, and in-
ventory in contact with products. Abiotic objects not con-
tacting with products are ignored. In addition, swabs are
sampled before work or after proper surface treatment. In
other words, the purpose of taking swabs is to control dis-
infection, and not to identify microorganisms circulating
at the plant.

Proteus Brochotrix

Citrobacter

Macrococcus

Myroides

Escherichia
Staphylococcu

Streptococcus

Klebsiella

Providencia

Yarréwia

Serratia
Pseudomonas

Figure 2. Microflora of the industrial environment at MPP No. 1

Given the prevalence of Pseudomonas, yeasts, and lac-
tic acid microorganisms in the industrial environment, it is
important to include in the monitoring program not only
traditional indicators, but also other groups that are signifi-
cant for the plant. In addition, to obtain an objective picture
of the microbial composition, it is recommended to collect
swabs not only after disinfection, but also during the work
process. This will reveal the real degree of contamination
and circulation of microorganisms at the plant, which will
help to more effectively develop strategies for the prevention
and management of microbiological safety risks [26].

After completing the analysis of the common microbio-
ta at the four studied plants, a detailed analysis of the indi-
vidual microflora at each plant was carried out, taking into
account the features of technological processes and specific
problems in production. This approach allowed to better
understand the structure of the microbiological communi-
ty at each plant and identify the features of microorganism
distribution depending on the nature of production opera-
tions (Figures 2 to 5).

Figure 2 shows the microflora at MPP No. 1, where the
technology of slaughtering animals without preliminary
decapitation is used. This plant showed a high level of bac-
teria of Escherichia genus, which constituted the largest
percentage among all identified strains. Such growth indi-
cates a direct connection between the slaughter technology
used and an increased risk of microbiological contamina-
tion of both the industrial objects and the finished prod-
uct. As described earlier, a high level of Escherichia (a sani-
tary indicator microorganism) serves as an indicator of the
possible presence of other microorganisms that are part of
normal gastrointestinal microflora of animals, including
potentially pathogenic species. This fact was confirmed in
this study: it was MPP No. 1 that had the highest level of
pathogenic microorganisms in the industrial objects.

Figure 3 shows the microflora at MPP No. 2, where raw
materials with defects (abscesses) were accepted, which
subsequently affected the results of microbiological analy-
sis. The high percentage of staphylococci detected (14.5%

Shewanella Candida Enterobacter

Macrococcus

Micrococcus Acinetobacter

Chryseobacterium

Pseudomonas

Aeromonas .
Corynebacterium

Escherichia

Staphylococcus

Figure 3. Microflora of the industrial environment at MPP No. 2
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of all identified strains) in swabs confirmed the contamina-
tion of the industrial objects due to the use of low-quality
raw materials. One of the main causes of abscess develop-
ment is Staphylococcus aureus, which is highly virulent and
can penetrate deep into the body tissues. Staphylococcus
aureus is also a member of pathogenic group known as
ESKAPE, which is characterized by multidrug resistance,
making the treatment of infections in humans extremely
difficult [27,28]. It is worth noting that Staphylococcus au-
reus is very dangerous not only due to its multiple antibiotic
resistance, but also due to its ability to produce enterotox-
ins (A, B, C, D, E), which may cause severe food poisoning
associated with the consumption of raw, undercooked or
improperly processed products [29]. In our previous study,
the microbial composition of minced meat intended for
the production of dry-cured sausages was analyzed. Dur-
ing the study, 2 enterotoxigenic strains of Staphylococcus
aureus were identified [30]. The detection of such strains
emphasizes the importance of strict quality control of raw
materials and compliance with sanitary and hygienic stan-
dards at all stages of production.

At MPP No. 2, the dominant genus of microorganisms
was Acinetobacter. A representative of this genus, Acineto-
bacter baumannii, is also included in the ESKAPE group
of pathogens. The risk of foodborne ESKAPEE infections
is particularly high for hospital patients, as these micro-
organisms may be spread through hospital kitchens [31].
There is a report that strains of Acinetobacter baumannii
causing enterogenous sepsis have been isolated from hos-
pital kitchens in Portugal and Brazil [32].

At meat processing plants No. 3 and No. 4, problems
related to spoilage and shelf life of finished products were
observed. These difficulties negatively affected the quality
of the products, and also led to financial losses and a de-
crease in consumer confidence (Figures 4 and 5). Bacterial
groups responsible for spoilage of chilled meat and meat
products are usually Pseudomonas spp. and Brochothrix
thermosphacta [33]. Microbiological analysis performed
at these two plants showed that the dominant group of
microorganisms at plant No. 3 was Pseudomonas spp., fol-
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Figure 5. Microflora of the industrial environment at MPP No. 4

lowed by Carnobacterium spp. (12%). At MPP No. 3, the
share of Brochothrix genus microorganisms was 6 %, and
at MPP No. 4 it was 2 %. In addition to Pseudomonas spp.,
at MPP No. 3, high levels of other Enterobacteriaceae fam-
ily representatives were revealed: Hafnia genus amounted
to 11%, Serratia genus amounted to 9%, and Ewingella
genus amounted to 6.5%. It is known that enterobacteria
are considered indicator bacteria of the sanitation state of
the production process, since their presence may indicate
poor compliance with hygienic standards, violation of raw
material processing technologies, or improper equipment
disinfection [34].

Hafnia spp. are facultative anaerobes, motile due to fla-
gella. The best-known representative of this genus is Haf-
nia alvei. These bacteria live in soil, water, food products
and the intestines of animals. They rarely cause diseases
in humans, but may sometimes cause urinary infections,
gastrointestinal infections and even sepsis in patients with
weakened immunity [35,36]. In healthy people, they most
often act as saprophytes.

Serratia spp. is a genus of gram-negative bacteria that
can play a significant role in the process of meat spoilage.
These microorganisms are capable of producing proteo-
lytic enzymes destroying proteins that are part of muscle
tissue. Proteolysis leads to changes in the structure of meat,
unpleasant odor and deterioration of the sensory proper-
ties of the product [37].

Ewingella spp. is a genus of bacteria from Enterobacte-
riaceae family, which is represented by only species, Ewin-
gella americana. They are facultative anaerobes and have
low motility [38]. Ewingella americana is found in the en-
vironment, particularly in soil and water. It rarely causes
diseases in humans, although cases of bacteremia and sep-
ticemia have been reported, especially in immunocompro-
mised individuals. Its clinical significance remains poorly
understood. This genus of bacteria is rarely found in meat
products, and its presence may be due to contamination
from equipment, water, or other external sources [39].
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Table 2. Example of individual recommendations for improving sanitation at meat processing plants

Process failure/production

Plant Microbiological consequences Problem solution
problem
Changing slaughter technology (preliminary
MPP No. 1 Slaughter w.1th(.)ut prior Growth of Escherichia spp. decal')ltatlon). Strengtl'lemng sanitation of surfaces apd
decapitation equipment. Introducing tests for enterohemorrhagic
strains of E. coli.
Acceptance of raw materials Growth of Staphylococcus spp. and Separating defective and non-defective carcass
MPP No. 2 . ] S q :
with defects (abscesses) Corynebacterium spp. processing lines. Strengthening sanitary procedures.
Systematic spoilage of Growth of psychrotrophs Using disinfectants effective against biofilms;
MPP No. 3 . (Pseudomonas spp., Lo
finished products . microbiological control of water.
Carnobacterium spp.)
MPP No. 4 Systematic spoilage of Growth of Pseudomonas spp., Using disinfectants effective against yeasts, as well as
’ finished products Candida spp. biofilms; microbiological control of water.

At MPP No. 4, Ewingella genus microorganisms were
also detected, which, along with representatives of Pseu-
domonas, Candida, Escherichia, and Macrococcus genera,
formed a stable microflora. Pseudomonas genus microor-
ganisms accounted for 32% of all identified strains. The
shares of Candida spp., Escherichia spp., Ewingella spp.,
and Macrococcus spp. were 12.3%, 12.1%, 5%, and 4.8 %,
respectively. Macrococcus genus microorganisms are of-
ten associated with the skin of animals or personnel. Their
presence may be due to insufficient processing of carcasses
or violation of sanitation processes [40].

Thus, the microbiological profile of MPP No. 4 re-
flected both the bacteria typical for meat processing plants
(Pseudomonas spp., Candida spp., Escherichia spp.) and the
unique features associated with the presence of Ewingella
and Macrococcus.

The data obtained may form the basis for developing
individual recommendations for improving sanitation at
each plant.

Conclusion

Meat production technology plays a key role in the
formation of microbiota at a plant, since each stage of the
technological process creates unique conditions that pro-
mote the growth of certain groups of microorganisms.
A general trend towards the dominance of Pseudomonas,
Candida and Escherichia genera was revealed at the stud-
ied pork slaughter and processing plants (n=4). However,
each plant had its own unique microbiological character-
istics due to the specifics of technological processes and
production conditions.

Thus, at MPP No. 1, where preliminary decapitation
was not carried out, a high level of industrial objects con-
tamination with Escherichia and pathogenic Salmonella

spp. and Listeria monocytogenes was revealed, indicat-
ing contamination with gastrointestinal microorganisms.
At MPP No. 2 using raw materials with abscesses, signifi-
cant counts of Staphylococcus genus microorganisms were
found. At MPP No. 3 and No. 4, where spoilage of finished
products was observed, Pseudomonas spp., Carnobacteri-
um spp. and Brochothrix spp. were identified.

Given the prevalence of Pseudomonas, yeasts (Candi-
da), and representatives of Enterobacteriaceae family in the
industrial environment of all studied plants, it is impor-
tant to expand the microbiological monitoring program.
In addition to traditional indicators (total microbial count,
coliforms, Staphylococcus aureus), it is necessary to include
priority groups of microorganisms for each plant, such
as Pseudomonas, Candida, Enterobacteriaceae, as well as
pathogens (Salmonella spp., Listeria monocytogenes). This
will allow for more accurate assessment of microbial con-
tamination risks and timely measures to eliminate them.

The data obtained may form the basis for developing
individual recommendations for improving sanitation at
each plant. For example, at MPP No. 1, it is necessary to
strengthen control over cutting carcasses and prelimi-
nary decapitation in order to minimize contamination
with gastrointestinal microorganisms. At MPP No. 2, it
is important to pay attention to the quality of incoming
raw materials and their preprocessing. At MPP No. 3 and
No. 4, it is necessary to optimize the product cooling and
storage system, as well as strengthen equipment disinfec-
tion measures.

Thus, the implementation of advanced microbiological
monitoring and the development of individual recommen-
dations for each plant will reduce the risks of microbiologi-
cal contamination, improve product quality and increase
its safety for consumers.
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