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Abstract

One of the microorganisms that cause spoilage of meat during its storage is the bacteria Pseudomonas. To prevent contamination of
the finished products with these bacteria, it is important to find the places at the enterprise where they aggregate. Within the frame-
work of this study, the objects and premises of the production facilities at meat processing factories and poultry farms were explored
to detect their contamination with bacteria of Pseudomonas spp. The potential reservoirs of those bacteria were defined at these
plants. In addition, the species diversity of Pseudomonas was established at the production facilities environment at the enterprises.
27 production facilities environments (structures, equipment, package containers) were examined for the presence of bacteria with
the method of washings. The samples were examined to detect Pseudomonas bacteria, with their subsequent identification with
the method of time-of-flight mass spectrometry MALDI-Tof-MS. 487 strains of bacteria of the genus Pseudomonas were isolated,
which strains are represented by 47 species. As a result of the study it was found that all 27 production facilities were contaminated
with various species of Pseudomonas. From two to fourteen species of Pseudomonas bacteria were detected at all facilities. 12 facili-
ties of the enterprise for slaughter and processing of broiler chickens were contaminated with Pseudomonas gessardii. Pseudomonas
bacteria spp. (identification is traced down only to its genus) were found at 10 objects. Pseudomonas tolaasii and Pseudomonas
brenneri were found at 9 and 8 objects, respectively. The surfaces of 6 objects demonstrated contamination with Pseudomonas
chlororaphis ssp chlororaphis and Pseudomonas koreensis. Other Pseudomonas species were found at 1-5 sites. Pseudomonas fluo-
rescens were detected at 8 pork processing plant sites, Pseudomonas gessardii were found at 5 sites. 4 sites were contaminated with
Pseudomonas chlororaphis ssp. chlororaphis and Pseudomonas koreensis, 3 objects contained Pseudomonas tolaasii, Pseudomonas
spp., Pseudomonas rhodesiae, Pseudomonas libanensis and Pseudomonas extremorientalis. The remaining species of Pseudomo-
nas were found at one or two sites in the territory of the pork processing plant. It was found that all production environment sites,
regardless of their distance from the raw materials and the finished products, were contaminated with Pseudomonas bacteria. At
the same time, the sites that had no contact with the food products showed wider diversity of Pseudomonas species than in the
places where the contact took place. Thus, all the explored objects of the production environment at the pork processing enterprises
and the facilities for slaughter and processing of broiler chickens are the potential reservoirs of Pseudomonas bacteria.
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Introduction

Modern technologies of food production and saniti-
zation have changed the distribution and spatial arrange-
ment of bacteria within the enterprises, and have led to
circulation and contamination of the objects with micro-
organisms in the production sites. This is particularly acute
issue for the production environment objects and facilities.
Some are very difficult to sanitize, and due to it the organic
residues and moisture accumulate and build up there for a
long time. Such objects serve as reservoirs of various mi-
croorganisms, and upon contact with them, food products
are contaminated [1]. Microorganisms at processing plant
facilities can be either accidental contaminants or can be

those microorganisms that have survived after sanitation
due to their resistance to various factors.

Scientists around the world keep studying reservoirs of
bacterial contamination in the food processing plants.

It is necessary to take into account that the objects of the
meat processing flow line (equipment, auxiliary inventory,
structures, etc.), which are made mainly of stainless steel
(pipelines, hooks, knives), plastic (teflon), (e. g. conveyor
belts) and polymers (polymer self-leveling floors) can be
colonized by microorganisms. Microorganisms contami-
nate solid objects or the areas inaccessible for cleaning,
both inside and outside of the equipment, like cracks, slots,
holes and hollow parts, gaskets, unpolished or worn mate-
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rials. They are the potential hideouts for the microorgan-
isms and the reservoirs of resistant bacteria [2,3].

When studying the surface of the objects of the produc-
tion environment in a meat processing plant, a high level of
microorganisms of the phyla Proteobacteria, Bacteroidetes,
Firmicutes and Actinobacteria was observed. It is necessary
to clarify that the phyla Proteobacteria, Bacteroidetes and
Firmicutes include cold-resistant microorganisms that cause
food spoilage. Despite various hygiene practices, the micro-
biota in standard rooms and in the premises which require
high level of hygiene, had no significant differences [4].

166 resistant mesophilic and psychrotrophic strains of
Pseudomonas spp. were isolated from the surfaces of pro-
duction environment objects (sinks, drains, walls, tables,
equipment and floors) in a goat and sheep slaughter and
processing premises (Jaén, Spain), in the cattle reception
areas, slaughter premises, and all cold storage and cutting
rooms [5].

The most contaminated objects in the production en-
vironment are the walls and floors. Floors are one of the
main sources of microbial contamination, since their mi-
crobiota is transferred to various areas of the enterprise
with the shoes of constantly moving employees, with the
wheels of carts, and also during sanitization by high-pres-
sure washing equipment. This method of floors cleaning
spreads microorganisms because it sprays them into the air
of the room in the form of aerosols [6].

Wastewater traps in the industrial premises is another
hideout of microorganisms, in particular Pseudomonas
spp. and Aeromonas spp., as these traps provide a favorable
environment for microorganisms growth [7].

Another reservoir of microorganisms are the water
supply hoses used for a long time at the enterprise (e. g.
in meat processing ones). They contained biofilms with a
complex and unique microbial community, represented by
bacteria of the genus Pseudomonas, Microbacterium and
Psychrobacter. The microbial composition of the biofilms
in the hoses collected from one room was diverse and dif-
ferent. Opportunistic pathogens Neochlamydia, Legionella
and Pseudomonas were detected. In two hoses Pseudomo-
nas and Microbacterium were detected, and in water from
them they found bacteria of the genus Pseudomonas. Very
often the microbial composition of water (n = 5) corre-
lated with the microbial composition of the water hoses
internal surfaces. It is very important at food enterprises
to ensure the supply of high-quality and safe water, since it
is used at many stages of processing and for sanitization of
food production facilities [8,9,10].

The constantly replenishable depots of microorganisms
at the meat processing plants are the dirty skins of animals
delivered for slaughter. Visually dirty skins and hides pro-
vided a large number of indicator microorganisms (total
microbial count and Enterobacteriaceae) on the carcasses.
Skins, in particular the cattle skins, are the main source of
microbial contamination not only for the carcasses (during
their skinning), but also of every object located within the

animal slaughter line. It has been established that 1 cm? of
cattle skin can contain up to 11log, CFU of aerobic bacte-
ria [2].

Microbiome mapping at pigs processing premises has
shown that bacteria like Pseudomonas, Acinetobacter, Psy-
chrobacter, Stenotrophomonas, Brevundimonas, Acidovo-
rax and Microbacterium dominate among the others. This
microbiota is common to all studied objects and indoor
structures of the premises [11].

Hundreds of various species may be found at a one food
enterprise, but only a few taxa of resident microorganisms
dominate. The taxonomic profile of various objects in the
production environment was studied for over 18 months
long. Bacteria of the genus Pseudomonas, which were the
most numerous, gradually became secondary, although
they still remained among the main microorganisms found
in drain waters in the traps, on the equipment and on the
tables. Bacteria of the genus Pseudomonas are of interest
due to their acknowledged role in food spoilage processes.
They were often detected after sanitization on the surfaces
of the objects. Moreover, their resistance is probably ex-
plained by their low requirements for growth factors, their
ability to grow at low positive temperatures and to form
biofilms, as well as their ability to resist to biocides. Gram-
negative bacteria, especially Pseudomonas spp., followed
by Enterobacteriaceae and Acinetobacter spp., dominate
over the surfaces of many objects in the production prem-
ises of food processing enterprises [12].

As for the pork processing, it is critical to understand
on the example of slaughtering and processing poultry
how the microflora of the final product is affected along
the various stages of the production process. High mi-
crobial load is defined at a plant at the moment when the
poultry is slaughtered. Microorganisms are distributed
throughout the plant through various objects, staff and the
air flows. All this factors, require continuous sanitization
of equipment and the air environment. However, the pro-
ducers consider speeding up the poultry processing line as
a main priority, because it’s necessary to satisfy consumers’
increasing demand; this reduces the frequency of sanitiza-
tions at the plant. Broiler chicken meat can be contami-
nated with more than 280 microorganisms geni [13,14,15].

The next object that can be a reservoir of a large number
of microorganisms is scalding vats water. On the surface of
carcasses about 20 phyla of microorganisms still survive
even after carcass scalding in hot water, respectively these
same microorganisms remain in the water. About 60-70%
of all types of microorganisms found in water were the
phyla Firmicutes, Proteobacteria and Actinobacteria. High
microbial contamination of scalding vats water was ob-
served at the beginning of the working day. After several
hours of water using, phylum-specific changes occurred.
The number of microorganisms of the phylum Proteobac-
teria remained stable (it did not change), the number of
microorganisms of the phylum Bacteroidetes decreased,
the number of microorganisms of the phylum Firmicutes,
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on the contrary, increased. It should be remarked that mi-
croorganisms of the phylum Proteobacteria, i. e. Pseudo-
monas and Acinetobacter, provided particularly negative
effect on the poultry meat quality [16].

The hard rubber fingers of the carcass feather removal
equipment serve as a depot for physical contaminants (fae-
ces, dust and dirt) and the microorganisms they spread
around. Feather removal can be considered one of the two
main ways of poultry carcasses contamination, when bac-
teria from one poultry carcass are transferred to another
one. The second way of contamination is poultry carcass
evisceration. All objects of the production environment in-
volved in these operations can be considered reservoirs of
various microorganisms [16,17].

When carcasses are air-cooled, condensation drops
are formed on the walls, which flows down onto the floor
bringing along with them the microbial contaminants, in
particular psychrophilic lactic acid bacteria, Pseudomo-
nas and pathogenic Listeria. spp. During sanitization of
the floor, they are spread around the room in aerosols.
At the stage of cutting up the poultry carcass, employees
and equipment serve as vectors of cross-contamination for
these microorganisms [14,18].

The most common bacteria found on poultry meat
while its storage under aerobic conditions are proteolyt-
ic species of Pseudomonas spp., which account for up to
58.5% of all isolated geni of microorganisms. More than
111 species of Pseudomonas have been identified on poultry
meat [19,20].

Bacteria of the genus Pseudomonas are considered as
the most heterogeneous group of gram-negative bacteria,
they are represented by aerobic, motile, catalase-positive
and non-spore-forming rods. These bacteria are all-per-
vasive and are found in soil, fresh water, humans, on the
surface of the plants and animals, and in the animal and
plant products. Bacteria of the genus Pseudomonas are op-
portunistic microorganisms. They cause various infectious
diseases in humans and animals [21,22,23,24,25], as well
as plants [26]. In addition, these bacteria cause spoilage of
food products, including chilled ones [27,28]. They cause
taste deterioration, rotting, rancid odor, liquefaction of the
food product and the mucous deposits formation, for ex-
ample on the cheese surface. They give an unpleasant taste
to protein products with high water activity (meat, dairy
products) and fish products due to the volatile compounds
formation and amino acids breakdown; change the color
of minimally processed vegetables due to their pectinolytic
activity, and also start lipolysis and proteolysis of processed
milk due to heat-resistant enzymes. Pseudomonas fragi,
Pseudomonas putida and Pseudomonas fluorescens are par-
ticularly active in causing spoilage.

Based on the analysis of scientific publications, it was es-
tablished that there is interest to studying the main sources
of microbial contamination of food products at the food pro-
cessing plants. The main foci of these researches are the study
of a wide range of microorganisms, while only few publica-

tions are devoted to studying of a particular genus that causes
spoilage and reduces the shelf life of the food products.

The purpose of this study is to explore the objects in
the production environment of meat processing plants
and poultry farms for their contamination with bacteria
Pseudomonas spp., and to detect the potential reservoirs of
these bacteria in these production facilities.

Objects and methods

Production environment objects of a pork

processing plant

Wall in the receiving bin for pig half-carcasses; Wall of
the raw material workshop (opposite the conveyor with
half-carcasses); Conveyor (metal) for cutting pig half-car-
casses next to the band saw; Band saw body (raw material
workshop); Saw blade (metal) of the band saw in the raw
material workshop; Trap/conveyor (metal) at the point of
sawing half-carcasses into the cuts; Conveyor (polymer ma-
terial) for clean containers delivery; Belt (polymer material)
of the finished product feeding line; Manual pallet forklift
(metal) for transporting pallets; Wall (metal) of the elevator
in the container washing room for lifting dirty containers.

Objects of the production environment at the enterprise

for slaughter and processing of broiler chickens (BC)

The outer surface (stainless steel) of the water cool-
ing vat for chicken carcasses; The underside of the steps
of the cooling vat trap (stainless steel); The ceiling above
the cooling vat for BC carcasses, painted with paint; Roller
(teflon) of the conveyor for moving BC carcasses during
their cooling; Chain (metal) of the conveyor for hanging
BC carcasses after water cooling; The frame (stainless steel)
of the machine for weighing and re-hanging BC carcasses;
Fixed parts (stainless steel) of the machine for deboning
BC thighs, contaminated with meat juice; The frame of the
machine for deboning BC thighs without visible contami-
nation with meat juice; Chain (metal) of the machine for
BC carcasses evisceration; Belt (polymer material) of the
equipment for BC meat packing; Container (plastic) for
collecting BC carcasses; Wall (tile) at a distance of 1.60 m
from the floor; Table (stainless steel) for shaping and ar-
ranging BC carcasses before packaging; Two-tier trolley
(stainless steel); Wheel (polymer material) of a floor trolley
for transporting raw materials; Trap (stainless steel) in the
BC carcasses evisceration workshop; Trap (plastic) in BC
carcasses evisceration workshop.

Bacterial strains Pseudomonas spp. isolated from the
objects in the production environment.

Swabs sampling

The swabs were sampled during the work process. In
order to study objects for the presence of bacteria of ge-
nus Pseudomonas, the swabs were taken from 100 cm? area
of the surface. In case of uneven surfaces, the swabs were
collected without reference to the area. The swabs were
sampled with sterile sponges (3M Dry-Sponge, USA), pre-
moistened in 10 cm® of buffered peptone water. The spong-
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es were transported to the lab study site in sterile packages
at a temperature of 1°C to 4 °C to prevent contamination.

Isolation and identification of strains

From a sponge bag aliquot of 100 pl of liquid volume
was taken and distributed with sterile spatula onto the sur-
face of CFC agar (cephalothin-sodium fucidin -citrimide
agar) (Oxoid, UK) in a Petri dish. After 72 hours of cul-
turing the crops at a temperature of 24 °C, colonies were
selected for their species identification using the MALDI-
Tof-MS time-of-flight mass spectrometry method on Autof
MS1000 mass spectrometer (Autobio Diagnostics, China).
For this purpose, the bacterial mass of colonies was applied
onto a plate/target and dried at room temperature. Then,
1.2 pl of formic acid was applied to each cell with the dried
bacterial mass for 10 min, dried up, 1.2 ul of the HCCA ma-
trix (a-cyano-4-hydroxycinnamic acid, 99%) was applied
onto dry mass and dried again. The MALDI target was
placed in the device and the equipment for identification
of microorganisms was launched using the FlexControl
program (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 for the
further study. The result was considered as reliable and was
taken into consideration when the values accounted for
6.0-9.0 — at the genus level, 9.0-9.5 — at the species level.

Results and discussion

To establish the presence of bacteria of the genus Pseu-
domonas at enterprises processing meat of the slaughtered
animals (pigs) and poultry, the objects of the production
environment were selected both being in direct contact
with raw materials and finished products, and quite remote
from them. At the pork processing enterprise 10 objects
were assessed, at the BC slaughtering and processing en-
terprise — 17 objects. Microorganisms isolated from these
objects were identified, and for the further analysis only
data on bacteria of the genus Pseudomonas were used. The
fact of the presence of the sought microorganisms was es-
tablished on the basis of detection of 487 strains of genus
Pseudomonas bacteria. Each of them was identified up to
the species, or to the genus if the species profile of the iden-
tified strain in the device database was absent.

The study established that the bacteria Pseudomonas
spp. were present in a pork processing plant and a poultry
slaughter and processing plant, and were represented by
47 species.

Researches of many scientists show that pseudomonads
may be present at the enterprises for several reasons. First
of all, it happens due to constantly replenishable sources
of these bacteria, such as animal skins, bird feathers, water
and biofilms on various surfaces (e. g. in hoses, in hard-
to-reach places) [2,8,9,10]. In addition, there are resistant
“industrial” strains of these microorganisms. The mecha-
nism of microorganisms’ transmission is the presence of
contaminated objects and/or their sanitization with high-
pressure equipment, when microorganisms are transferred

via long distances due to aerosols. In addition, after saniti-
zation, the surface of the equipment remains wet, and wa-
ter is the main reservoir of Pseudomonas genus bacteria.

To determine the sources of which species of Pseudo-
monas spp. is some particular object, a list of species iso-
lated from the surface of each object was drawn up. The
results are presented below in the Tables 1 and 2.

Table 1. Species diversity of Pseudomonas at the production
facilities of a pork processing plant

Pseudo-
Objects of research Pseudomonas species monas
species
number
1 Wallin areceiving Pseudomonas brenneri n=7
bin for pig half- Pseudomonas fluorescens
carcasses Pseudomonas fragi
Pseudomonas
frederiksbergensis
Pseudomonas gessardii
Pseudomonas mandelii
Pseudomonas spp.
2 Wall of the Pseudomonas cedrina n=6
raw materials Pseudomonas fluorescens
workshop Pseudomonas koreensis
(opposite the Pseudomonas rhodesiae
conveyor with half Pseudomonas spp.
carcasses) Pseudomonas tolaasii
3 Conveyor for Pseudomonas fluorescens n=4
cutting pig half- Pseudomonas gessardii
carcasses next to a Pseudomonas graminis
band saw Pseudomonas rhodesiae
4 Bandsawbody  Pseudomonas extremorientalis n=3
(raw materials Pseudomonas fluorescens
workshop) Pseudomonas proteolytica
5  Band saw blade Pseudomonas azotoformans n=38
(raw materials Pseudomonas chlororaphis
workshop) Pseudomonas extremorientalis
Pseudomonas fluorescens
Pseudomonas
frederiksbergensis
Pseudomonas gessardii
Pseudomonas libanensis
Pseudomonas putida
6 Trap/conveyor at Pseudomonas brenneri n=4
the point of cutting  Pseudomonas chlororaphis
half-carcasses into Pseudomonas koreensis
the cuts Pseudomonas tolaasii
7 Conveyor for clean  Pseudomonas chlororaphis n=>5
containers delivery Pseudomonas fluorescens
Pseudomonas koreensis
Pseudomonas libanensis
Pseudomonas taetrolens
8  Finished product Pseudomonas chlororaphis n=6
feed line belt Pseudomonas extremorientalis
Pseudomonas fluorescens
Pseudomonas gessardii
Pseudomonas grimontii
Pseudomonas libanensis
9 Manual pallet Pseudomonas fluorescens n=2
forklift Pseudomonas fragi
10  Wall of the lift Pseudomonas aeruginosa n=7
in the container Pseudomonas gessardii
washing room Pseudomonas jinjuensis
for lifting dirty Pseudomonas koreensis
containers Pseudomonas rhodesiae

Pseudomonas spp.
Pseudomonas tolaasii
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Out of the 10 objects studied at the pork processing
plant, only 5 had direct contact with raw meat and finished
products. One of them was a band saw blade located in
the raw materials workshop. It was found to contain the
most types of bacteria Pseudomonas (n = 8). The saw blade
may be a potential source of contamination, since it is not
sanitized after each carcass cutting. On the body of the
same band saw there were significantly fewer Pseudomo-
nas species (n = 3). In similar studies by Japanese scientists,
Pseudomonas spp. were also found in the swabs taken from
the handle of a brisket saw, from the hooks and from the
aprons of the staff in the boning workshop. At some sites
they were found even after sanitization [29]. A conveyor
for delivery of clean containers, which should be free of
all types of contamination, was found to be contaminated
with five species of Pseudomonas.

On objects that had no direct contact with raw materi-
als, such as the wall of the storage bin, the wall of the el-
evator for lifting dirty containers to the container washing
room, Pseudomonas (n = 7) was detected in lesser amounts,
but not significantly lesser. Among the bacteria detected
in the elevator, the bacteria pathogenic for humans were
found — Pseudomonas aeruginosa. On the wall opposite
the conveyor with pig half-carcasses, 6 species of Pseudo-
monas were found, including those that generate pigment
when growing on meat. Pseudomonas bacteria were also
found on the belt of the finished product feed line and on
the conveyor for cutting up half-carcasses near the band
saw and on the trap/conveyor of the point where half-car-
casses are cut into the cuts.

Exploration at the pork processing plant found that all
10 production objects were contaminated with various spe-
cies of Pseudomonas bacteria, which fact meant they were
all sources of microbial contamination.

According to the research data presented in the work
[30], the number of Pseudomonas spp. varies depending
on the type of industrial activities of the enterprise. The
samples collected from the dairy industry demonstrated
the highest average count of Pseudomonas spp. among all
other industries studied, followed by the samples taken
from pork and poultry processing plants (P < 0.05).

We have obtained very interesting results of bacterial
colonization by Pseudomonas spp. not only at pork pro-
cessing plants, but also at the poultry processing ones,
which proves the diversity and abundance of microorgan-
isms in these industries.

The results of the study of the production environment
objects at the enterprise for BC slaughter and processing
are presented below in the Table 2.

To establish a deep fundamental understanding of bac-
terial relationships and changes in poultry meat and at
production facilities (from breeding to distribution), it is
necessary to have data on the microbiota along the entire
poultry production chain.

Our findings can help in developing quality and safety
management measures in poultry processing plants. It is

Table 2. Pseudomonas species diversity in the production
environment at the enterprise for BC slaughter and processing

No Objects of research Types Pseudomonas Pseudonfo—
nas species
External surface Pseudomonas brenneri n=>5
(stainless steel) of Pseudomonas fluorescens
the vat for water Pseudomonas gessardii
cooling of BC Pseudomonas graminis
carcasses Pseudomonas spp.
Underside of the Pseudomonas lundensis n=>5
stairs (stainless Pseudomonas poae
steel) of the Pseudomonas proteolytica
cooling vat Pseudomonas spp.
Pseudomonas trivialis
Ceiling above the Pseudomonas chlororaphis n=2
cooling vat of BC ssp chlororaphis
carcasses, painted Pseudomonas lundensis
with paint
Roller (teflon) Pseudomonas corrugata n=3
of the conveyor Pseudomonas gessardii
for moving BC Pseudomonas veronii
carcasses during
their cooling
Chain (metal) Pseudomonas azotoformans n=10
of the conveyor Pseudomonas brenneri
for hanging BC Pseudomonas chlororaphis
carcasses after Pseudomonas gessardii
water cooling Pseudomonas grimontii
Pseudomonas koreensis
Pseudomonas marginalis
Pseudomonas proteolytica
Pseudomonas spp.
Pseudomonas tolaasii
Frame (stainless Pseudomonas corrugata n=4
steel) for BC Pseudomonas mendocina
carcasses weighing Pseudomonas putida
and re-hanging Pseudomonas spp.
machine
Fixed parts (metal) Pseudomonas brenneri n=10
of the BC thigh Pseudomonas chlororaphis
deboning machine Pseudomonas gessardii
contaminated with Pseudomonas koreensis
meat juice Pseudomonas libanensis
Pseudomonas lundensis
Pseudomonas putida
Pseudomonas synxantha
Pseudomonas syringae
Pseudomonas tolaasii
Frame (without Pseudomonas azotoformans n=10
visible Pseudomonas brenneri
contamination  Pseudomonas extremorientalis
with meat juice) Pseudomonas flavescens
of the machine Pseudomonas fragi
for BC thighs  Pseudomonas frederiksbergensis
deboning Pseudomonas gessardii
Pseudomonas lundensis
Pseudomonas putida
Pseudomonas rhodesiae
Chain (metal) Pseudomonas chlororaphis n=>5
of the machine Pseudomonas corrugata
for BC carcasses  Pseudomonas extremorientalis
evisceration Pseudomonas marginalis
Pseudomonas spp.
Tape (polymer Pseudomonas brenneri n=38
material) for BC Pseudomonas koreensis
meat packaging Pseudomonas gessardii
equipment Pseudomonas libanensis

Pseudomonas mandelii
Pseudomonas savastanoi ssp
savastanoi
Pseudomonas spp.
Pseudomonas tolaasii
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Table 2. End

No Objects of research

Container (plastic)
for collecting BC
carcasses

Wall (tile) at a
distance of 1.60 m
from the floor

Table (stainless
steel) for shaping
and arranging BC

carcasses before

packaging

Two-tier trolley
(stainless steel)

Wheel (polymer
material) of a
floor trolley for
raw materials
transporting

Trap (stainless
steel)
in the BC
evisceration
workshop

Trap (plastic)
in the BC
evisceration
workshop

Types Pseudomonas
Pseudomonas azotoformans n=9
Pseudomonas brenneri
Pseudomonas fluorescens
Pseudomonas fragi
Pseudomonas gessardii
Pseudomonas graminis
Pseudomonas orientalis
Pseudomonas synxantha
Pseudomonas tolaasii
Pseudomonas aeruginosa n=14

Pseudomonas brenneri
Pseudomonas frederiksbergensis
Pseudomonas fuscovaginae
Pseudomonas gessardii
Pseudomonas grimontii
Pseudomonas koreensis
Pseudomonas libanensis
Pseudomonas mendocina
Pseudomonas mosselii
Pseudomonas proteolytica
Pseudomonas putida
Pseudomonas spp.
Pseudomonas tolaasii

Pseudomonas azotoformans n=5
Pseudomonas brenneri
Pseudomonas gessardii

Pseudomonas mucidolens
Pseudomonas putida
Pseudomonas agarici n=>5

Pseudomonas corrugata

Pseudomonas gessardii
Pseudomonas spp.

Pseudomonas tolaasii

Pseudomonas brenneri n=13
Pseudomonas chlororaphis ssp
aurantiaca
Pseudomonas corrugata
Pseudomonas extremorientalis
Pseudomonas fluorescens
Pseudomonas fragi
Pseudomonas gessardii
Pseudomonas koreensis
Pseudomonas libanensis
Pseudomonas proteolytica
Pseudomonas spp.
Pseudomonas stutzeri
Pseudomonas tolaasii

Il
=]

Pseudomonas fragi n
Pseudomonas frederiksbergensis
Pseudomonas gessardii
Pseudomonas libanensis
Pseudomonas lundensis
Pseudomonas spp.
Pseudomonas tolaasii
Pseudomonas trivialis
Pseudomonas veronii

Pseudomonas chlororaphis n=>5
Pseudomonas corrugata
Pseudomonas fulva
Pseudomonas koreensis
Pseudomonas tolaasii

Pseudomo-
nas species
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important to prevent cross-contamination during slaugh-
ter and processing via management of the employees’ hy-
giene and the production environment.

Pseudomonas bacteria (n = 14) was found in wall swabs
collected at the evisceration site at a height of 1.6 m from
the floor at BC slaughter and processing plant. This prem-
ise does not come into contact with products, but its mi-
crobial composition may serve as a source of Pseudomonas
spp. spreading over the other objects through high-pres-
sure washing. Among the 14 species of Pseudomonas, two
species pathogenic to humans were found: Pseudomonas
aeruginosa and Pseudomonas mendocina [31]. It is possible
that this object is not sanitized regularly and efficiently. In
the case of condensation on the wall, along with the drops
14 species of Pseudomonas spp. will move down to the
floor, and when the floor is sanitized with high-pressure
washing, they will move up in aerosols through the air and
spread over equipment and finished products. Pseudomo-
nas bacteria can also move along the floor on the wheels of
a cart, both inside and outside of the premises.

Pseudomonas bacteria (n = 13), predominantly from the
group of Pseudomonas fluorescens, were also found on the
wheel of the floor trolley used to transport the raw mate-
rials.

Third place in species diversity of Pseudomonas spp.
in the slaughterhouse and processing plant is occupied by
the chain of the conveyor for BC carcasses hanging (after
water cooling), the stationary parts of BC thigh deboning
machine contaminated with meat juice, and the frame of
BC thigh deboning machine. On their surfaces 10 species
of Pseudomonas were found, of which two were common
to all three sites: Pseudomonas brenneri and Pseudomonas
gessardii. Pseudomonas brenneri features proteolytic acti-
vity and when growing on a protein matrix generates an
unpleasant odor of aldehydes, ketones and esters. Pseudo-
monas gessardii conduct lipolytic and proteolytic activity
[27,28]. In case of cross-contamination of poultry products
containing large amounts of protein and fat with these
Pseudomonas species, spoilage processes are possible.

An analysis of the production environment confirmed
our assumption about the possibility of contamination
of food products upon their contact with the industrial
objects. Nine species of Pseudomonas were found in the
container for collecting BC carcasses, most of which are
the microorganisms that contribute to spoilage process.
This means that collecting BC carcasses into this container
will contaminate them.

Two species of Pseudomonas were also found in the
swabs from the ceiling above the cooling vat, which vat was
painted with paint. If condensation formed on it, there was
a risk of contamination of the food products.

The remaining 10 objects in the production environ-
ment of the slaughterhouse and processing plant were also
contaminated with various species of Pseudomonas. These
objects can be considered as potential depots of Pseudomo-
nas spp.
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If to sanitize only the objects of production environ-
ment that contact with raw materials and finished prod-
ucts, then the objects that do not come into contact can
become depots of various microorganisms.

By analyzing the frequency of various species of Pseu-
domonas occurrence, it was found that out of 487 strains
collected from industrial environment objects, 28 spe-
cies of Pseudomonas were detected in no more than 1.0%
(n = 50) of each. Among them were strains of bacteria
pathogenic to humans — Pseudomonas aeruginosa (0.62%,
n = 3) and Pseudomonas mendocina.

The remaining 19 species of Pseudomonas showed more
strains. For example, the share of Pseudomonas mosselii,
Pseudomonas synxantha, Pseudomonas azotoformans, Pseu-
domonas frederiksbergensis, Pseudomonas mandelii and
Pseudomonas rhodesiae accounted for 1.03-1.85% (n = 44) of
the total number of strains (n = 487). Pseudomonas lunden-
sis, Pseudomonas putida, Pseudomonas extremorientalis and
Pseudomonas koreensis were found in quantity of 2.26-2.87%
(n = 50) of strains. Pseudomonas proteolytica, Pseudomonas
fluorescens and Pseudomonas libanensis showed slightly big-
ger quantity — 4.11-4.93% (n = 67) of strains. The species of
Pseudomonas fragi, Pseudomonas tolaasii and Pseudomonas
chlororaphis represented 5.13-5.54% (n = 78) of the strains.

Most of the isolated strains were represented by two
species: Pseudomonas gessardii (12.53%, n = 63) and Pseu-
domonas brenneri (20.53%, n = 100). However, for 7.19%
(n = 35) of the strains, it was not possible to determine the
species affiliation, since the device’s software reliably iden-
tified them only down to the genus Pseudomonas spp.

Pseudomonas tolaasii
Pseudomonas taetrolens
Pseudomonas spp.
Pseudomonas rhodesiae
Pseudomonas putida
Pseudomonas proteolytica
Pseudomonas mandelii
Pseudomonas libanensis
Pseudomonas koreensis

Pseudomonas gessardii

¢
§ Pseudomonas jinjuensis w1
S Pseudomonas grimontii e |
'% Pseudomonas graminis w1
3
_

Pseudomonas frederiksbergensis
Pseudomonas fragi
Pseudomonas fluorescens
Pseudomonas extremorientalis
Pseudomonas chlororaphis
Pseudomonas cedrina
Pseudomonas brenneri
Pseudomonas azotoformans
Pseudomonas aeruginosa

o

All 47 Pseudomonas species were distributed across fa-
cilities, thus making it possible to determine which facili-
ties in the enterprise are the reservoirs of certain Pseudo-
monas species.

According to foreign authors, bacteria of Pseudo-
monadaceae family, consisting of the genus Pseudomo-
nas dominated over the place at the slaughter stage by an
average of 14.71%, at the processing stage — by 29.05%,
and at the sales stage — by 30.54%. They were detected
in 27.23% of the floor swabs samples analyzed. The rela-
tive abundance of Pseudomonas remained high at the
stage of poultry rearing, slaughter, processing and sale
stages. Some Pseudomonas species, such as P. fragi, now
are widely recognized as the dominant species associated
with spoilage of meat products and are found in BC mi-
crobiota [30].

For assessing the frequency of particular species detec-
tion on the objects, the data on Pseudomonas species from
the Tables 1 and 2 were presented in the form of diagrams.
It was not possible to find a similar assessment of the data
in the studies of the other researchers.

Figures 1 and 2 show the diagrams Pseudomonas spe-
cies distribution over the objects of the production envi-
ronment at enterprises.

In result of study of ten objects in the production envi-
ronments of pork processing plant, it was found that eight
of them (80.0%) were contaminated with Pseudomonas
fluorescens, five (50.0%) — with Pseudomonas gessardii.
Four objects (40.0%) were infected with Pseudomonas
chlororaphis ssp. chlororaphis and Pseudomonas koreensis.

3

2 4 6 8 10
Objects, pcs.

Figure 1. Distribution of various Pseudomonas species (n = 22) among the production objects of a pork processing plant
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Pseudomonas syringae
Pseudomonas synxantha
Pseudomonas stutzeri
Pseudomonas spp.
Pseudomonas savastanoi ssp savastanoi
Pseudomonas rhodesiae
Pseudomonas putida
Pseudomonas proteolytica
Pseudomonas poae
Pseudomonas orientalis
Pseudomonas mucidolens
Pseudomonas mosselii
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Pseudomonas lundensis

Pseudomonas libanensis

Pseudomonas koreensis
Pseudomonas grimontii
Pseudomonas graminis

Pseudomonas species

Pseudomonas gessardii
Pseudomonas fuscovaginae
Pseudomonas fulva
Pseudomonas frederiksbergensis
Pseudomonas fragi
Pseudomonas fluorescens
Pseudomonas flavescens
Pseudomonas extremorientalis
Pseudomonas corrugata

12

Pseudomonas chlororaphis ssp chlororaphis
Pseudomonas chlororaphis ssp aurantiaca
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Pseudomonas brenneri
Pseudomonas azotoformans
Pseudomonas agarici
Pseudomonas aeruginosa
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Objects, pcs.

Figure 2. Distribution of various Pseudomonas species (n = 39) among the production objects of BC slaughtering and processing plant

Three objects (30.0%) contained Pseudomonas tolaasii,
Pseudomonas spp., Pseudomonas rhodesiae, Pseudomonas
libanensis and Pseudomonas extremorientalis. The rest of
Pseudomonas species were detected at one or two sites,
which made up 10.0 to 20.0% of their occurrence. At this
pork processing facility Pseudomonas fluorescens, Pseudo-
monas gessardii, Pseudomonas chlororaphis ssp. chlorora-
phis and Pseudomonas koreensis were the most predomi-
nant species.

Out of 17 objects in the production objects of the en-
terprise for BC slaughtering and processing, 12 of them
(70.6%) were contaminated with Pseudomonas gessardii.
On the surface of 10 (58.8%) objects some strains could
be identified only down to the genus Pseudomonas. Pseu-
domonas tolaasii were detected on 9 (52.9%) objects, and
Pseudomonas brenneri were found on 8 (47.1%) objects.
The surface of 6 (35.3%) objects contained Pseudomonas
chlororaphis ssp chlororaphis and Pseudomonas koreensis.
Other Pseudomonas species were detected at 1-5 (5.9% —
29.4%) sites.

At this slaughterhouse and processing plant most of the
objects were contaminated with Pseudomonas gessardii,
Pseudomonas spp., Pseudomonas tolaasii and Pseudomo-
nas brenneri.

Conclusion

The results of the study showed that all 27 objects of the
production environment at meat processing and poultry
enterprises were contaminated with 47 species of bacteria
of Pseudomonas genus. Many of these bacteria species af-
fect the organoleptic properties of food products, even if
the food products are stored in full compliance with stor-
age conditions, and in this case meat products become a
source of bacteria of Pseudomonas genus. The obtained data
showed that Pseudomonas gessardii is the common Pseu-
domonas species among the industrials objects of the pork
processing plant and BC slaughtering and processing enter-
prise. In addition to this microorganism, the pork process-
ing plant features the dominating presence of Pseudomonas
fluorescens, Pseudomonas chlororaphis ssp. chlororaphis and
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Pseudomonas koreensis; at the slaughtering and processing
plant Pseudomonas spp., Pseudomonas tolaasii and Pseudo-
monas brenneri dominate. It should be noted that all objects
of the production workshops, regardless of their distance
from raw materials and the finished products, are contami-
nated with Pseudomonas bacteria. At the same time on the
surface of the objects that did not come into direct contact

10.

11

with the products the diversity of Pseudomonas species was
higher than at those objects which had direct contact. The
obtained data prove the necessity to revise the sanitization
program in terms of the list of objects for sanitization, and

to

include the microbiological parameter “Pseudomonas

spp. bacteria” into the check list of the production control
program for the finished products monitoring.

REFERENCES

Martin, B., Perich, A., Gémez, D., Yangiiela, J., Rodriguez, A.,
Garriga, M. et al. (2014). Diversity and distribution of Listeria
monocytogenes in meat processing plants. Food Microbiology,
44, 119-127. https://doi.org/10.1016/j.fm.2014.05.014

Buncic, S., Nychas, G.-J., Lee, M. R. E, Koutsoumanis, K.,
Hébraud, M., Desvaux, M. et al. (2014). Microbial patho-
gen control in the beef chain: Recent research advances.
Meat Science, 97(3), 288-297. https://doi.org/10.1016/j.meat-
s§¢i.2013.04.040

Carpentier, B., Cerf, O. (2011). Review — Persistence of Lis-
teria monocytogenes in food industry equipment and prem-
ises. International Journal of Food Microbiology, 145(1), 1-8.
https://doi.org/10.1016/j.ijfoodmicro.2011.01.005

Hultman, J., Rahkila, R., Alj, J., Rousu, J., Bjorkroth, K. J.
(2015). Meat processing plant microbiome and contamina-
tion patterns of cold-tolerant bacteria causing food safety
and spoilage risks in the manufacture of vacuum-packaged
cooked sausages. Applied and Environmental Microbiology,
81(20), 7088-7097. https://doi.org/10.1128/ AEM.02228-15
Lerma, L.L., Benomar, N., Gélvez, A., Abriouel, H. (2013).
Prevalence of bacteria resistant to antibiotics and/or bio-
cides on meat processing plant surfaces throughout meat
chain production. International Journal of Food Microbi-
ology, 161(2), 97-106. https://doi.org/10.1016/j.ijfoodmi-
cro.2012.11.028

Barros, M.D., Nero, L.A., Monteiro, A.A., Beloti, V. (2007).
Identification of main contamination points by hygiene indi-
cator microorganisms in beef processing plants. Food Science
and Technology International, 27(4), 856-862. https://doi.
0rg/10.1590/50101-20612007000400028

Hood, S.K., Zottola, E.A. (1997). Isolation and identification
of adherent gram-negative microorganisms from four meat-
processing facilities. Journal of Food Protection, 60(9), 1135-
1138. https://doi.org/10.4315/0362-028X-60.9.1135

Voglauer, E.M., Zwirzitz, B., Thalguter, S., Selberherr, E.,
Wagner, M., Rychli, K. (2022). Biofilms in water hoses of a
meat processing environment harbor complex microbial
communities. Frontiers in Microbiology, 13, Article 832213.
https://doi.org/10.3389/fmicb.2022.832213

Bhagwat, V.R. (2019). Safety of water used in food produc-
tion. Chapter in a book: Food Safety and Human Health,
Academic Press, 2019. https://doi.org/10.1016/B978-0-12-
816333-7.00009-6

Chan, S., Pullerits, K., Keucken, A., Persson, K. M., Paul, C.
J., Radstrom, P. (2019). Bacterial release from pipe biofilm in
a full-scale drinking water distribution system. NPJ Biofilms
and Microbiomes, 5(1), Article 9. https://doi.org/10.1038/
$41522-019-0082-9

Cobo-Diaz, J. E, Alvarez-Molina, A., Alexa, E. A., Walsh, C.
J., Mencia-Ares, O., Puente-Gomez, P. et al. (2021). Microbial
colonization and resistome dynamics in food processing en-
vironments of a newly opened pork cutting industry during
1.5 years of activity. Microbiome, 9(1), Article 204. https://doi.
0rg/10.1186/540168-021-01131-9

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

312

Moretrg, T., Langsrud, S. (2017). Residential bacteria on sur-
faces in the food industry and their implications for food
safety and quality. Comprehensive Reviews in Food Science
and Food Safety, 16(5),1022-1041. https://doi.org/10.1111/1541-
4337.12283

Casaburi, A., De Filippis, E, Villani, E, Ercolini, D. (2014).
Activities of strains of Brochothrix thermosphacta in vitro and
in meat. Food Research International, 62, 366-374. https://doi.
org/10.1016/j.foodres.2014.03.019

Samapundo, S., de Baenst, L., Aerts, M., Cnockaert, M., Dev-
lieghere, E, Van Damme, P. (2019). Tracking the sources of
psychrotrophic bacteria contaminating chicken cuts dur-
ing processing. Food Microbiology, 81, 40-50. https://doi.
0rg/10.1016/j.fm.2018.06.003

Kim, S. A,, Park, S. H,, Lee, S. I., Owens, C. M., Ricke, S. C.
(2017). Assessment of chicken carcass microbiome responses
during processing in the presence of commercial antimicro-
bials using a next generation sequencing approach. Scientif-
ic Reports, 7, Article 43354. https://doi.org/10.1038/srep43354
Marmion, M., Ferone, M. T., Whyte, P.,, Scannell, A. G. M.
(2021). The changing microbiome of poultry meat; from farm
to fridge. Food Microbiology, 99, Article 103823. https://doi.
org/10.1016/j.fm.2021.103823

Hutchison, M. L., Taylor, M. J., Tchorzewska, M. A, Ford, G.,
Madden, R. H., Knowles, T. G. (2017). Modelling-based iden-
tification of factors influencing campylobacters in chicken
broiler houses and on carcasses sampled after processing and
chilling. Journal of Applied Microbiology, 122(5), 1389-1401.
https://doi.org/10.1111/jam.13434

Chen, S. H., Fegan, N., Kocharunchitt, C., Bowman, J. P,
Dufty, L. L. (2020). Changes of the bacterial community di-
versity on chicken carcasses through an Australian poul-
try processing line. Food Microbiology, 86, Article 103350.
https://doi.org/10.1016/j.fm.2019.103350

Lee, H. S., Kwon, M., Heo, S., Kim, M. G., Kim, G. -B. (2017).
Characterization of the biodiversity of the spoilage microbi-
ota in chicken meat using next generation sequencing and
culture dependent approach. Korean Journal for Food Science
of Animal Resources, 37(4), 535-541. https://doi.org/10.5851/
kosfa.2017.37.4.535

Wang, G. -y, Wang, H. -h., Han, Y. -w., Xing, T, Ye, K. -p., Xu,
X. -1, Zhou, G. -h. (2017). Evaluation of the spoilage poten-
tial of bacteria isolated from chilled chicken in vitro and in
situ. Food Microbiology, 63, 139-146. https://doi.org/10.1016/].
fm.2016.11.015

Wickramasinghe, N. N., Ravensdale, J., Coorey, R., Chandry,
S.P, Dykes, G.A. (2019). The Predominance of psychrotro-
phic pseudomonads on aerobically stored chilled red meat.
Comprehensive Reviews in Food Science and Food Safety,
18(5), 1622-1635. https://doi.org/10.1111/1541-4337.12483
Morin, C. D., Déziel, E., Gauthier, J., Levesque, R. C., Lau, G.
W. (2021). An organ system-based synopsis of Pseudomonas
aeruginosa virulence. Virulence, 12(1), 1469-1507. https://doi.
0rg/10.1080/21505594.2021.1926408



23.

24.

25.

26.

27.

Bataeva et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2024, vol. 9, no. 4, pp. 304-313

Tang, M., Liao, S., Qu, ], Liu, Y., Han, S., Cai, Z. et al. (2022).
Evaluating bacterial pathogenesis using a model of human
airway organoids infected with Pseudomonas aeruginosa
biofilms. Microbiology Spectrum, 10(6), Article e02408-22.
https://doi.org/10.1128/spectrum.02408-22

Azam, M. W, Khan, A. U. (2019). Updates on the pathogenic-
ity status of Pseudomonas aeruginosa. Drug Discovery Today,
24(1), 350-359. https://doi.org/10.1016/j.drudis.2018.07.003
Abd El-Ghany, W. A. (2021). Pseudomonas aeruginosa infec-
tion of avian origin: Zoonosis and one health implications.
Veterinary World, 14(8), 2155-2159. https://doi.org/10.14202/
vetworld.2021.2155-2159

Gutiérrez-Barranquero, J. A., Cazorla, E M., De Vicente, A.
(2019). Pseudomonas syringae pv. syringae associated with
mango trees, a particular pathogen within the “hodgepodge”
of the Pseudomonas syringae complex. Frontiers in Plant Sci-
ence, 10, Article 570. https://doi.org/10.3389/fpls.2019.00570

28.

29.

30.

Food Hygiene, 12(1(45)), 17-31. https://doi.org/10.30495/
jth.2022.1959723.1357 (In Arabic)

Tirloni, E., Bernardi, C., Stella, S. (2021). Pseudomonas spp.:
Are food grade organic acids efficient against these spoil-
age microorganisms in fresh cheeses? Foods, 10(4), 891.
https://doi.org/10.3390/f00ds10040891

Nakamura, A., Takahashi, H., Kondo, A., Koike, F, Kuda, T.,
Kimura, B. et al. (2022). Distribution of psychrophilic mi-
croorganisms in a beef slaughterhouse in Japan after clean-
ing. PloS One, 17(8), Article e0268411. https://doi.org/10.1371/
journal.pone.0268411

Tadielo, L. E., Dos Santos, E. A. R., Possebon, E. S., Schmiedt,
J. A, Juliano, L. C. B., Cerqueira-Cézar, C. K. et al. (2023).
Characterization of microbial ecology, Listeria monocyto-
genes, and Salmonella sp. on equipment and utensil surfac-
es in Brazilian poultry, pork, and dairy industries. Food Re-
search International, 173(Part 2), Article 113422. https://doi.

Jafarzadeh, H., Mirzaei, H., Hanifian, S., Javadi, A., Shayegh, J. 0rg/10.1016/j.foodres.2023.113422
(2022). Isolation and identification of some phenotyp-  31. ABSA (Risk Group Database) Retrieved from https://my.absa.
ic features of Pseudomonas in poultry slaughter line. org/Riskgroups Accessed September 17, 2024

AUTHOR INFORMATION

Dagmara S. Bataeva, Candidate of Technical Sciences, Leading Researcher, Laboratory of Hygiene of Production and
Microbiology, V. M. Gorbatov Federal Research Center for Food Systems. 26, Talalikhin str., 109316, Moscow, Russia.

Tel.: +7-495-676-95-11 (409), E-mail: d.bataeva@fncps.ru
ORCID: https://orcid.org/0000-0002-1374-2746
* corresponding author

Yuliya K. Yushina, Doctor of Technical Sciences, Head of the Laboratory of Hygiene of Production and Microbiology,
V. M. Gorbatov Federal Research Center for Food Systems. 26, Talalikhin str., 109316, Moscow. Tel.: +7-495-676-95-11 (410),

E-mail: yu.yushina@fncps.ru
ORCID: http://orcid.org/0000-0001-9265-5511

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

Elena. V. Zaiko, Candidate of Technical Sciences, Junior Research Assistant, Laboratory of Hygiene of Production and
Microbiology, V. M. Gorbatov Federal Research Center for Food Systems. 26, Talalikhin str., 109316, Moscow, Tel.: +7-495-676-

95-11 (407), E-mail: e.zaiko@fncps.ru
ORCID: http://orcid.org/0000-0002-5048-9321

Maria A. Grudistova, Candidate of Technical Sciences, Researcher Laboratory of Hygiene of Production and Microbiology,
V. M. Gorbatov Federal Research Center for Food Systems. 26, Talalikhin str., 109316, Moscow, Russia. Tel.: +7-495-676-95-11

(404), E-mail: m.grudistova@fncps.ru
ORCID: https://orcid.org/0000-0002-8581-2379

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

313



