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Abstract

HE OBJECTIVE: to study the incidence, characteristics, virulence factors, and drug

resistance assessment of Yersinia (Y.) Enterocolitica present in cow's milk, sheep milk,
milk powder, and infant formula. Samples were collected between May and October 2024
from street vendors and well-known markets spread throughout Mansoura, Dakahlia,
Egypt. 15 out of 150 samples (10%) tested positive for Yersinia enterocolitica in cow milk,
sheep milk (50 samples each), milk powder, and newborn formula milk (25 samples each);
the frequency was greater in milk powder (20%). According to estimates, significant
phenotypic resistance to amoxicillin-clavulanic acid (100%), cefazolin (93.3%), and
ampicillin (66.6%) were observed in Y. enterocolitica isolates. Interestingly, isolates with
11 distinct resistance profiles and 93.3% multidrug resistance were found. All Y.
enterocolitica strains demonstrated the potential to produce biofilms, with ten strains
exhibiting a moderate capacity and five additional strains exhibiting a weak capacity.The
identification of Y. enterocolitica strains from milk as well as milk products that are
presumably pathogenic suggests a risk to consumer safety, particularly because of the
possibility of pathogenicity and antibiotic resistance, which need the use of control
measures.

Keywords: Yersinia enterocolitica, Biofilm, Antibiotic resistance, Milk, Amoxicillin-clavulanic acid
and Cefazolin.

Introduction milk, besides its products [3]. Additionally,
inadequate hygiene  during manufacturing,
distribution, marketing, and storage can allow Y.
enterocolitica to infect milk. Eating such tainted milk
could cause food poisoning or at the very least
reduce the meal's shelf life [4]. Furthermore,
opportunistic and competitive pathogens like Y.
enterocolitica would profit more from pasteurised
milk than from raw milk when psychrotrophic
bacteria are suppressed by pasteurization [5].

Many foodborne bacteria are very dangerous and
lethal. Foodborne illnesses delay the development of
society through insertion a problem on healthcare
schemes, upsetting national economies, besides
creating harms for travel internationally and trade
[1]. Key zoonotic infections that lead to a variety of
illnesses in together persons as well as animals are
Yersinia species, particularly Yersinia enterocolitica.
One of the Enterobacteriaceae, Y. enterocolitica

remains a facultative anaerobic, Gram-negative lleitis, diarrheal infections besides mesenteric

,psychrotrophic zoonotic bacterium [2]. It results in
yersiniosis, an intestine zoonotic infectious illness
that infects an extensive variety of animals, as well
as persons. This raises the rate of infection. Humans
can contract yersiniosis, a foodborne infection, by
consuming undercooked meat, fresh or pasteurized

lymphadenitis, are the main signs of yersiniosis
illness. Once infected food is eaten, the Yersinia
colonizes in the digestive tract then causes illness.
Furthermore, Y. enterocolitica is a bacterium that can
be fatal and endanger human health. It is difficult to
locate in samples because it develops at a low
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temperature, resembles other bacteria
morphologically, and is difficult to detect by quick
and precise methods [6]. In the 1960s, V.
enterocolitica remained initially a significant human
enteropathogen [7]. Reported to be the greatest
prevalent microbe in milk, this pathogen mostly
comes from animal-based foods, including milk
products [8]. Furthermore, the high-water activity
and rich nutritional profile of milk besides milk
products promote the proliferation of harmful
bacteria, making them an ideal environment for
bacteria that break down food then lead to foodborne
illnesses [9,10].

The progress of a polymerase chain reaction
technique that can classify Y. enterocolitica- samples
that are positive to a specific biogroup has important
effects for clinical analysis, bacteriological research,
besides epidemiological investigates [11]. The
techniques and resources of molecular biology and
functional genomics enable researchers to examine
the molecular machinery and processes that underpin
all biological systems. The molecular identification
of targets in nucleic acids to identify Y. enterocolitica
strains has been developed as a solution to the
problems with traditional culture-based methods.
[12]. Conferring to an EFSA view since 2007 [13],
the discovery of Ye in diet, environmental, besides
clinical specimens must apply molecular analysis
ways. Methods like real-time PCR are very complex
in addition to purpose through amplifying particular
genetic factor fragments [14].

Biofilms, which are extracellular polymeric
materials  composed  of  proteins, lipids,
polysaccharides, and nucleic acids that microbial
cells develop on their own cells and are essential to
their survival, are collections of one or more
organisms adhered to a surface and embedded in an
independent matrix [15]. This matrix can be used for
biological elements (milk, meat, fruits, and
vegetables) or durable surfaces (equipment,
dispensing, transportation, storage surfaces, and soil).
The pathogens in a food industry setting are
significantly impacted by biofilm formation in ways
such as chemical resistance (against chemicals,
disinfectants, and antimicrobials used in the
industry), resistance to motion (against strong water
impulses during washing), and biological resistance
(against dryness) [16]. Additionally, biofilms are
important in chronic infections and exhibit
multidrug-resistant  characteristics, which makes
them more resistant to phagocytes, bacteriophages,
antibiotics, disinfectants, and antibacterial agents
[13]. The phenomena were noted in the food
industry's dairy and vegetable sectors, encompassing
ice cream, soft cheeses, melons, sprouts, and celery
[16].

The misconduct of drugs in farms, antibiotic-
resistant bacterial genes have proliferated across
many species as strains of the current studied Y.
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enterocolitica pathogen in the environment and in
diet. Also when MDR plasmids are transferred from
one Y. enterocolitica to a different one, they
encourage the spread of antibiotic resistance.
Consequently, in settings where bacteria are
constantly in contact with antibiotics, these strains
acquire resistance to many drugs at the same time.
Additionally, MDR hinders efforts to reduce
resistance because so many distinct medications are
selected for the same resistant bacteria or plasmids,
and restricting the use of a single antibiotic type does
not adequately reduce that drug's resistance [17].
Research on the effects of antibiotic confrontation
and the discovery of factors that are virulence has
effected on the clinical evaluation. Penicillin,
amoxicillin-clavulanic  acid,  ampicillin,  and
cephalosporins  (first-generation) are the only
antibiotics to which Y. enterocolitica has previously
been designed to be hypersensitive [18].

According to the best available data, not much is
known about the number of isolated cases of Y.
enterocolitica in Mansoura, Dakahlia, Egypt, from
cow milk, sheep milk, milk powder, and infant
formula. To ascertain the frequency of genes and
antibiotic susceptibility in Mansoura city, Dakahlia,
Egypt, such research on the identified V.
enterocolitica strains was carried out.

Material and Methods

Ethics guidelines

The respective protocols were reviewed and
approved by the ethics committee of Mansoura
University, Egypt, under permit numbers MU-ACUC
(VM.R.25.02.210)

Samples collection

From May 2024 to October 2024, 150 randomly
selected representative samples of cow milk(50),
sheep milk (50), milk powder (25), as well as infant
formula (25) collected from street vendors besides
well-known markets in Mansoura city, Dakahlia,
Egypt (31.0500°N 31.3833°E). From the beginning
of sample collection to the end findings, hygiene
precautions are considered during sample weighing,
labelling, transportation, and storage.

Isolation and identification

Twenty-five grammes of each sample were
incubated in 225 milliliters of phosphate-buffered
saline (PBS, Oxoid, Hampshire, UK) with addition
of 0.15% bile salts (Oxoid, Hampshire, UK) plus 1%
sorbitol (Sigma, Germany). The mixture was then
homogenized for two minutes in a bag mixer
(BagMixer®, Interscience, France). After that, the
bags were incubated for two to three days at 25 °C.
Then the samples were combined with 0.5%
potassium  hydroxide (KOH, Sigma-Aldrich,
Germany) and cultivated for 48 hours at 25°C to
28°C on Yersinia Cefsulodin—Irgasan—Novobiocin
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selective agar (CIN, Oxoid, Hampshire, UK). The
colonies resemble bull eyes with sharp edges and
bright crimson or purple centers, surrounded by a
translucent border that is thought to be suspicious. Y.
enterocolitica [19,20].

Gramme staining, motility testing, and other
biochemical assays, including catalase, oxidase,
triple sugar iron, urease, indole, Voges-Proskauer,
besides methyl-red tests, were performed on fresh
CIN agar after the suspicious colonies were selected
and purified (Oxoid) [21].

Molecular identification of Y. enterocolitica

Y. enterocolitica isolates were examined for a
specific 16s rRNA gene. To extract DNA, a loop of
Y. enterocolitica that had been cultured on CIN agar
(Oxoid) for 18 hours, vortexed, and cooked in a heat
block (BIOBASE, USA) for 20 minutes at 95°C was
mixed with 250 pL of sterile distilled water
(MEPACOMEDIFOOD, Egypt). After that, the
examined tubes were centrifuged for five minutes at
10,000 rpm. Following centrifugation, about 200 pL
of the supernatant was aspirated and sent to a
separate 1.5 mL tube (sterilized) , where it was kept
until analysis at -20°C [22].

In a heat cycler (Applied Biosystem 2720, USA),
the extracted DNA was amplified with a final
volume of 25 pulL made up of 12.5 pL of 2X PCR
master mixture (Emerald Amp GT PCR Mastermix
(Takara), India), 1 pL of every primer (Metabion,
Germany), 5.5 pL of PCR-grade water, and 5 pL of
DNA template. The collected DNA was amplified
using an Applied Biosystem 2720 heat cycler (USA).
They used positive control such as Escherichia coli
ATCC 9610. After the PCR products were amplified,
they were put on a 1.5% agarose gel, discolored by
0.5 g/mL of 1% ethidium bromide, then examined
under a Ultra violet lamp (UV gel documentation
system, Cleaver scientific Ltd, USA) [23].

Biofilms production

The formation of a biofilm on polystyrene was
assessed on the abiotic surface. To put it briefly, five
millilitres of trypticase soy broth (TSB; Becton
Dickinson, Sparks, USA) were used to inoculate a
loopful of each isolate independently. Following a
24-hour incubation period at 28°C, 1 millilitre of the
incubated broth was transferred into a second,
sterilised 4-milliliter TSB and incubated for an
additional 24-hour period at 28°C. The control was a
TSB-inoculated tube. The previously inoculated
broth was carefully disposed of after incubation, and
the tubes were stained for 15 minutes with 1% crystal
violet; any surplus stain was disposed of and cleaned
with deionised water. To assess biofilm formation,
the stained tubes were inverted and allowed to dry
before being photographed. [24].

Antibiotic susceptibility testing

Eleven commercially available antibiotic discs
(Oxoid, Ltd.) were examined using the conventional
disc diffusion method against strains of Y.
enterocolitica on Mueller-Hinton agar (Difco, USA).
considering their usefulness in veterinary and human
medicine. Eleven antibiotic agents were chosen,
including ciprofloxacin (CIP) (5 pg), gentamicin
(GN) (10 pg), ampicillin (AM) (10 pg), ,
trimethrim/sulfamethoxazole  (SXT) (25 pg),
cephalotin (KF) (30 pg), amoxicillin-clavulanic acid
(AMC) (30 pg), cefazolin (CFZ) (30 ng), , ,
doxycycline (DOX) (30 pg), kanamycin (K) (30 pg,
chloramphenicol (C) (30 pg), and fosfomycin (FOS)
(50 pg). The dish was incubated at 30°C for 24
hours. The diameter of the inhibitory zone was then
measured and categorised as resistant, moderate, or
sensitive in agreement with the rules provided via the
Clinical plus Laboratory Standards Institute [25].
Escherichia coli ATCC 9610 was utilized as a
reference strain.

Results

The incidence of Y. enterocolitica in cow milk, sheep
milk, milk powder, and infant formula

Ten percent (n=15) of the 150 samples contained
Y. enterocolitica strains, which were identified and
confirmed using a PCR assay from samples of cow
milk, sheep milk, milk powder, and infant formula.
Regarding sample types, the Y. enterocolitica strains
showed a noteworthy presence of 20% (5/25) in milk
powder, 10% (5/50) in cow milk, 8% (2/25) in infant
formula, and 6% (3/50) in sheep milk.

Biofilms production

The capacity of the harmful Y. enterocolitica
strains to form biofilm was investigated. Table (4)
demonstrates that each strain produces biofilm to a
different extent. Ten (66.6%) strains exhibited a
moderate biofilm producer, derived from milk
powder (4), cow milk (3), and sheep (3). Five
(33.3%) bacteria exhibited weak biofilm, derived
from infant formula and cow milk (2 each) and only
one from milk powder (1). according to Table (4)
and Fig. (2).

Antibiotic susceptibility testing

Y. enterocolitica isolates exhibited great
phenotypic resistance to Amoxicillin-clavulanicacid
(100%), after that Cefazolin (93.3%) and Ampicillin
(66.6%), according to the disc diffusion experiment.
Conversely, Ciprofloxacin and Gentamicin achieved
the highest level of sensitivity (93.3% each),
followed by Chloramphenicol (86.6% each), SXT
(80%), Cephalotin and Kanamycin (73.3% each), and
Fosfomycin (66.6%) (Table 5). Additionally, eleven
resistance profiles varied across the isolates under
study (Tables 6,7). The most common pattern among
these resistance patterns was AMC/CFZ/AM, which
was represented by three strains (20%), followed by
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AMC/CFZ/AM/FOS and AMC/CFZ/AM/DOX,
which were represented by two strains (13.3%).

Remarkably, all examined strain showed a clear
resistance pattern, and 14 of the 15 bacteria (93.3%)
showed multidrug resistance (MDR) to at least two
classes of antibiotics.
Interestingly, different strains of Y. enterocolitica
found in samples of infant formula, cow milk, sheep
milk, and milk powder showed varying patterns of
antibiotic resistance.

Discussion

Food poisoning is caused by broad variety of
microorganisms that are dangerous to people. Y.
enterocolitica is one of the most well-known types of
Gram-negative microbes. It is extensively present in
the environment and in broad range of products, as
meat and its derivatives, milk products, besides
different fruits and vegetables. Compared to adults,
children are more likely to get Y. enterocolitica, and
illness is more common in the winter[26]. The
disease can occasionally be acquired by eating
contaminated food, eating undercooked pork. Other
times, humans get the illness by consuming tainted
milk or unclean water, or by meeting diseased
animals or their excrement [27].

Yersinia  enterocolitica  (Ye) is  often
underreported because of the little concentration of
Yersinia in the specimens and the numerous besides
varied accompanying microorganisms in the
enrichment stage that outgrow the Yersinia, making
finding more difficult besides producing false-
negative results [28].

As demonstrated through the data, the prevalence
of Y. enterocolitica in fresh cow milk samples was
10%, and other researchers assessed the same
percentage to be 10.9% and 10.3%, respectively
[29,30]. However, our results are larger than those of
certain other studies [31], at 7.6% and 4%,
respectively. However, other research found greater
incidence rates of Y. enterocolitica in Egypt (36%),
India (64%), and Egypt [32], where they assessed a
higher incidence of Y. enterocolitica (34%) in cow
milk samples. In contrast, in Egypt had a 5.71%
frequency of Y. enterocolitica in sheep milk seen
[33]. The primary cause of fecal pollution of fresh
milk by Y. enterocolitica is unsanitary conditions on
dairy farms, particularly through milking [34].

The incidence of Y. enterocolitica in powdered
infant formula samples was 8% besides milk powder
samples that was 20%. Sotohy et al. [30], found a
substantially identical result (8.2%, 20%). This study
demonstrated the significant contribution of
powdered milk and infant formula to human Y.
enterocolitica infection. Contamination can happen
when milk is being processed into powder. This
covers air, personnel, and equipment pollution.
Failure to maintain hygienic standards can result in
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post-processing contamination even after heat
treatment. As an organism that is psychrophilic, Y.
enterocolitica may endure and even thrive at
refrigerator temperatures. Because of this, it is
especially problematic for food items that aren't
always kept at high temperatures [35].
Enterobacteriaceae contamination is made possible
by inadequate hygienic practices during the
production of these products [36]. Due to their
insufficient immunity, children who ingest large
quantities of powdered milk and newborn formula
are more vulnerable to digestive system disorders
[37].

Despite being a crucial part of modern treatment,
antibiotics are being less effective because of
bacteria's capability to progress resistance [38]. Our
results showed that all isolated strains were resistant
to AMC, followed by cefazolin (93.3%) and
ampicillin (66.6%), with results that were almost
identical to those of Frazdo et al. [39]. However, the
isolated strains were sensitive to gentamicin and
ciprofloxacin (93.3%), followed by trimethoprim/
sulfamethoxazole (80%), chloramphenicol (86.6%),
and kanamycin and cephalothin (73.3%). These
results are matched with the results of numerous
researchers [39,40]. The way antibiotics are used
around the world needs to alter. A deal to cut back on
unnecessary antibiotic use would give the fight
against antibiotic resistance the global governance it
desperately needs and give all countries a clear way
forward. Interestingly, MDR strains of Y.
enterocolitica bacteria have been linked to higher
infection rates than sensitive bacteria, and they cause
sclerosis when used to treat human and animal
illnesses [39].

The results of the tests on the sensitivity of the
antimicrobials were often in agreement with those of
research from China [17, 41], but different results
were reported in previous studies in Egypt; 70.7%
[42]. Younis et al., [43] found a low incidence of
MDR Y. enterocolitica  strains  (23.33%).
Unfortunately, multidrug resistance for more than
two classes of antimicrobials was found in 14 of 15
strains (93.3%) for ten resistances. Unfortunately, 14
of 15 strains (93.3%) for ten resistances had
multidrug resistance for more than two classes of
antimicrobials.

The formation of biofilms is a vital bacterial
existence method in together natural besides artificial
locations. To recognize and stop systemic illness
caused by microorganisms that procedure biofilms, it
is crucial to identify the attachment of pathogenic
microorganisms to medical roofs. These organised
microbial groups buried in an amorphous medium
exhibit great resilience to ecological stresses,
antibiotics, disinfectants, and the host immune
system [44]. All strains in this investigation had
variable levels of biofilm development, which were
separated into five strains that produced biofilms
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with week and ten strains that produced biofilms
with moderate levels. The finding that isolation
stains can develop biofilm, as described by Ahmed et
al. [45], is somewhat comparable to this one.
However, there are differences in the incidence of
biofilm development; in certain studies, it might
approach 70% of isolated samples [43].

MDR development happens when antibiotics are
administered for longer than is required or when they
are not required. At first, only a small percentage of
bacteria may be resistant to antibiotic therapy. The
likelihood of acquiring antibiotic resistance increases
with the frequency of antibiotic use. The first is when
bacteria acquire genetic traits like virulence and
antibiotic resistance thanks to genes from plasmids.
Since pumping the antibiotic out of the cell is one of
the resistance strategies used by bacteria, the second
theory holds that a single resistance mechanism
confers  resistance to  several antibiotics.
Occasionally, a wide range of chemicals, including
various antibiotic kinds, can be detected by these
pumps. To put it another way, the bacteria produced
a variety of antibiotics using a single pump. Cross-
resistance is another term for this [42].

In this investigation, were found in several Y.
enterocolitica isolates with different patterns of
antibiotic resistance. The dissemination of virulence
characteristics and patterns of antibiotic resistance

among the isolates under investigation is supported
by this study. Plasmid-mediated horizontal gene
transmission is a key contributor to the ongoing rise
of bacterial antibiotic durability [17,46,42].

Conclusion

Information on the incidence of Y. enterocolitica
pathogenic strains in cow milk, sheep milk, milk
powder, and infant formula is now being researched.
These activities could all be sources of drug-resistant
and pathogenic strains of Y. enterocolitica that pose a
threat to our public health in Egypt. Reducing Y.
enterocolitica contamination of milk as well as dairy
products requires the proper application of stringent
sanitary protocols. Important decision-makers in the
health sector will be informed by the study's
conclusions and suggestions to implement the best
preventive measures.
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TABLE 1. Target genes, primer sequences besides amplified segments.

Gene Primer Primer Sequence Amplified Reference
5'-3' product
16S Rrna F27 AGAGTTTGATCMTGGCTCAG 1485bp [47]
R1492 TACGGYTACCTTGTTACGACTT
TABLE 2. The Yersinia enterocolitica 16s rRNA gene amplification cycle.
Gene Primer Primary Secondary Annealing Extension  No. of Final
denaturation . cycles extension
denaturation
168 F27 94°C 94°C 56°C 72°C 35 72°C
rRNA R1492 15 min. 30 sec. 1 min. 1 min. 10 min.

TABLE 3. Prevalence of Y. enterocolitica in different kinds of collected animals milk and dried milk

samples

Examined samples Total No. Positive No. Positive %
Cow milk 50 10%

Sheep milk 50 6%

Milk powder 25 20%

Infant formula 25 8%
Total 150 15 10%
TABLE 4. Biofilms production degree from Y. enterocolitica strains (N= 15)

Biofilms production degree No. of strains Percentage
Moderate 10 66.6%
Weak 5 33.3%
Total 15 100%
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TABLE 5. Antimicrobial resistance test.

No. of Y. enterocolitica isolates (n = 15)

o Sensitive Intermediate Resistant

Antibiotic
N (%) N (%) N (%)

Amoxicillin-clavulanicacid (AMC) (30 pg) 0 0 15 (100)
Cefazolin (CFZ) (30 ug) 0 1(6.6) 14 (93.3)
Ampicillin (AM) (10 pg) 0 5(33.3) 10 (66.6)
Doxycyclin (DOX) (30 ug) 4 (26.6) 4 (26.6) 7 (46.6)
Fosfomycin (FOS) (50 ug) 10 (66.6) 2(13.3) 3 (20)
Cephalotin (KF) (30 pg) 11 (73.3) 2(13.3) 2 (13.3)
Kanamycin (K) (30 ug) 11 (73.3) 3(20) 1 (6.6)
Trimethoprim/sulfamethoxazole (SXT) (25u) 12 (80) 1 (6.6) 2 (13.3)
Chloramphenicol (C) (30 ug) 13 (86.6) 1 (6.6) 1(6.6)
Ciprofloxacin (CIP) (5 ug) 14 (93.3) 1(6.6) 0
Gentamicin (GN) (10 pg) 14 (93.3) 1 (6.6) 0

TABLE 6. Source of isolated strains of Y. enterocolitica and their resistance pattern.

Strain  Serotype Source of isolated Resistance pattern Biofilms production
No. Strain degree

1 Y.enterocolitica Cow milk AMC/ CFz/ AM/ DOX Moderate

2 Y.enterocolitica Cow milk AMC/ CFz/ AM/ DOX/ KF/ C Week

3 Y.enterocolitica Cow milk AMC/ CFz/ AM/ FOS Moderate

4 Y.enterocolitica Cow milk AMC/ CFz/ DOX/ FOS Moderate

5 Y.enterocolitica Cow milk AMC/ CFZ/ AM Week

6 Y.enterocolitica Sheep milk AMC/ CFz/ AM/ DOX Moderate

7 Y.enterocolitica Sheep milk AMC/ CFz/ AM/ FOS Moderate

8 Y.enterocolitica Sheep milk AMC/ CFz/ DOX Moderate

9 Y.enterocolitica Milk powder AMC/ CFz/ AM Week

10 Y.enterocolitica Milk powder AMC/ CFz/ AM/ SXT Moderate

11 Y.enterocolitica Milk powder AMC/ CFz/ AM Moderate

12 Y.enterocolitica Milk powder AMC/ CFz/ DOX/ SXT Moderate

13 Y.enterocolitica Milk powder AMC/ CFz Moderate

14 Y.enterocolitica Infant formula AMC/ CFz/ AM/ KF Week

15 Y.enterocolitica Infant formula AMC/ DOX/ K Week

AMC, amoxicillin-clavulanicacid; CFZ, cefazolin; AM, Ampicillin; SXT, Sulphamethoxazol-Trimethoprim;

DOX,doxycyclin; KF, Cephalotin; K, Kanamycin; C, Chloramphenicol; FOS, fosfomycin

Table 7. Resistance pattern in isolated Y. enterocolitica

Resistant pattern Number of antibiotics Number of isolates

AMC/ CFZ 2 1(6.6%)
AMC/ CFZ/ AM 3 3 (20%)
AMC/ DOX/ K 3 1 (6.6%)
AMC/ CFZ/ DOX 3 1(6.6%)
AMC/ CFZ/ AM/ FOS 4 2 (13.3%)
AMC/ CFZ/ DOX/ SXT 4 1(6.6%)
AMC/ CFZ/ DOX/ FOS 4 1(6.6%)
AMC/ CFZ/ AM/ SXT 4 1(6.6%)
AMC/ CFZ/ AM/ DOX 4 2 (13.3%)
AMC/ CFZ/ AM/ KF 4 1(6.6%)
AMC/ CFZ/ AM/ DOX/ KF/ C 6 1(6.6%)

Egypt. J. Vet. Sci. Vol. 56, (Special issue) (2025)



GENOTYPE AND BIOFILM PATTERNS OF YERSINIA ENTEROCOLITICA ISOLATED FROM MILK... 161

— - w  — 61485bp

Fig. 1. Descriptive agarose gel electrophoresis viewing amplified PCR products in Y. enterocolitica isolated of 16s
rRNA gene (1485bp). Lane M: 100 bp ladder; lane 1: positive control; lane 9: negative control Yersinia
enterocolitica; lanes -Positive samples.

Fig. 2 J Discovery of the grade of biofilm making by tube test. (A) Moderate biofilm maker, (B) Weak biofilm maker,
(C) Non-biofilm maker.
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