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Virulence Genes of Multi-drug Resistance Pseudomonas species 
Isolated from Milk and Some Dairy Products

Pseudomonas species is one of the psychotropic bacteria that can survive in low-tempered milk and dairy 
products besides producing heat-resistant spoilage enzymes. In this study, one hundred and fifty samples of 
milk and some dairy products were analyzed. The overall prevalence of Pseudomonas spp. was 44.66% (0% 
pasteurized milk, 16% butter, 20% pasteurized cream, 48.5% Talaga cheese, 50% bulk milk tank, 66.6% 
raw market milk, and 70% in raw cream). From 67 positive samples, eighty-three isolates were confirmed 
biochemically as Pseudomonas spp. The most prominent species were P. aeruginosa, then P. fluorescence, 
P. Fragi, P. psychrophile, P. proteolytica, P. alcaligens, P. lundensis, and P. brenneri by a percent of 38.5%, 
37.5%, 10.8%, 6%, 2.4%, 2.4%, 1.2%, and 1.2%, respectively. Fourteen antibiotic discs were selected to mea-
sure the antimicrobial susceptibility of 59 isolates of Pseudomonas spp. The higher antimicrobial resistance 
was against Ampicillin (100%) followed by Colistin (98%), while the antibiotic sensitivity was higher against 
Imipenem (96.6%) then Meropenem (91.5%). The average MAR index of isolated Pseudomonas spp. was 
0.462. Ten isolates of antimicrobial resistance serotypes of P. aeruginosa were O11: E, O8: C, O5: B, O4: 
F, and O2: B. Molecular identification of P. aeruginosa, P. fluorescence, and P. Fragi was carried out using 
polymerase chain reaction (PCR) to determine their virulence genes (LasB, ExoS, pilB for P. aeruginosa, aprX 
for P. fluorescence and carA gene for P. Fragi). High levels of antimicrobial-resistant (AMR) Pseudomonas 
spp.  threaten public health and cause global concern. The economic and public health impacts were discussed.
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INTRODUCTION

Pseudomonas spp. is the most prominent bacterium detected 
in cold raw milk worldwide that produces heat-resistant spoilage 
enzymes (Jay et al., 2005; Machado et al., 2017). They are isolat-
ed with high concentrations from milk following cold reports or 
immediately after milking and are inhabitants of plants, soil, and 
surface water (Dogan and Boor, 2003).

In the coming three decades, it is expected that the Egyptian 
population to grow by 65%. Hence, between 2015 and 2050, the 
predicted changes in demand for livestock products are remark-
able, as milk consumption increases by almost 300 percent (FAO, 
2017). Liquid milk has resembled 34.8 % of the marketable milk, 
of which unhealthy is 54 % and supplied through the informal 
sector 70% where no awareness about the hygienic condition 
during milking and transportation of milk. The health impact 
of the direct sale of informal milk will be dangerous for human 
health (ECES, 2020; ILO, 2020).

Pseudomonas spp. have a public health hazard as it is an op-
portunistic pathogen that can affect any part of the body (Bhar-
gava, 2020). Endotoxin is present in all strains and is a prominent 
virulence factor in bacteremia and septic shock (Baron, 1996). 

Public health was threatened by microbial multidrug resistance 
(MDR) which resulted from antibiotic abuse and antibiotic gene 
transfer between bacteria (Quintieri et al., 2019). Antimicrobial 
resistance (AMR) bacteria cause untreated diseases in 700,000 
people every year globally, which is expected to cause the deaths 
of 10 million people every year by 2050 (Strathdee et al., 2020).

However, in the animal, there were economic losses due to 
intramammary infections that lead to mastitis. Its virulence is 
conducted in several antibiotic resistance as ceftriaxone, enro-
floxacin, and levofloxacin (Ahmed et al., 2014; Ameen et al., 2019).

In terms of quality, psychotropic bacteria are considered the 
leading reason for spoilage that causes huge financial losses 
for the food sector (Samaržija et al., 2012). They cause apparent 
spoiling characteristics (discolorations, structural loss, rheology 
changes) as well as non-visual defects (protein breakdown, off-
odors, and off-flavors), which severely decrease the quality and 
shelf-life of dairy products (Quintieri et al., 2021).

One of the virulent genes of P. fluorescens is aprX which caus-
es proteolysis of milk and dairy products due to the degrada-
tion of extracellular proteins (Marchand et al., 2009a). Also, from 
P. aeruginosa virulence genes were the Pili gene (pilB) which is 
important for biofilms formation, initiation of colonization, and 
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adherence of the bacteria. The Exoenzyme S gene (ExoS gene) 
is cytotoxic (Fadhil et al., 2016). The elastase B gene (LasB) has 
an elastolytic activity and destroys the structural proteins of the 
cell (Benie et al., 2017). In addition, P. Fragi participates in food 
spoilage through the carbamoyl phosphate synthase gene (carA 
gene) one of its virulence genes (Ercolini et al., 2007).

Even though these bacteria are rendered inactive following 
pasteurization and sterilization of milk, they produce a large 
number of thermo-tolerant lipolytic and proteolytic enzymes 
during the storage of raw milk reducing both the shelf life and 
quality of processed milk (Wiedmann et al., 2000).

So, this research was done to determine the prevalence, vir-
ulence genes, and antimicrobial resistance pattern of Pseudomo-
nas spp. in 150 samples of refrigerated market milk (raw and pas-
teurized), farm bulk milk tank (BMT), Talaga cheese, butter, and 
cream (raw and pasteurized) in Dakahlia, Egypt.

MATERIALS AND METHODS

The methods for sample collection were recommended by 
American Public Health Association (APHA, 1992 ). One hundred 
and fifty samples were collected in the period between April till 
July 2021(30 market raw milk, 20 BMT of dairy farms, 35 Talaga 
cheese, 10 pasteurized milk, 20 raw cream, 10 pasteurized cream, 
and 25 butter) from different supermarkets, dairy shops, and 
dairy farms in Dakahlia, Egypt. The collected samples are kept in 
an insulated icebox (4±1oC) to be transport to the laboratory of 
food hygiene and control department, faculty of veterinary med-
icine, Mansoura University for examination.

Preparation of samples

The samples were prepared following APHA (2004), 25ml of 
milk and 25 g of cheese (homogenized for 3 min) were obtained, 
while 25 g of butter and cream (melted in a water bath at 40ºC) 
were thoroughly mixed and added to 225 ml of buffered peptone 
water. 

Isolation and identification of Pseudomonas spp.

An amount of 0.1 ml of suitable dilution of each sample 
was spread on Pseudomonas selective agar base media (HIME-
DIA) supplemented with glycerol and CFC supplements (Cetrim-
ide, Fusidic Acid, and Cefaloridin) and incubated aerobically at 
25±1oC for 48 h. Plates showing white, circular, moist, 1.2 mm in 
diameter, with or without pigment production, and convex sur-
faces of the suspected Pseudomonas colonies were counted. Sus-
pected Pseudomonas colonies (4-5) were purified for biochemical 

identification.
Confirmation of isolates was achieved microscopically (ISO, 

2013) and biochemically according to Garrity and Holt (2001).
P. aeruginosa isolates were identified serologically according 

to Glupczynski et al. (2010) using four polyvalent and sixteen 
monovalent antisera (Bio-Rad, France). While the detection of P. 
aeruginosa groups was dependent on the International Antigen 
Typing Scheme (IATS) following Legakis et al. (1982).

Molecular detection of virulence genes: for some isolates of P. 
aeruginosa (elastase B (LasB), exoenzyme S (ExoS), and pili (PilB)), 
P. fluorescens (alkaline metalloprotease (aprX) and P. Fragi (carba-
moyl phosphate synthase gene (carrA)) were done using primers 
as mentioned in Table 1, where DNA extraction was performed 
following Sambrook (1989).

Amplification of virulence genes of P. aeruginosa, P. fluo-
rescens, and P. Fragi was carried out following Machado et al. 
(2013); Benie et al. (2017) and Hilario et al. (2004), respectively.

Antibiotic Resistance of Pseudomonas species (Antibiogramme)

Antimicrobial susceptibility for Pseudomonas spp. was exam-
ined by the single diffusion technique following Luczkiewicz et al. 
(2015). The antimicrobial discs and their concentrations and the 
inhibition zone diameters are demonstrated in Table 2.

Determination of Multiple antibiotic resistance (MAR) index

MAR index = Number of resistance (Intermediate isolates 
were considered to be MAR index sensitive) / Total Number of 
tested antibiotics.  

   
Statistical Analysis

Results were analyzed as numbers and percentages in ad-
dition to MAR (Multiple Antibiotic Resistance) indexes for each 
isolate and the average is calculated through SPSS (Statistical 
Package for Social Science) software version 16.

RESULTS

Prevalence and count of Pseudomonas spp. in milk and some dairy 
products

The total prevalence of Pseudomonas spp. was 44.66% in all 
examined samples. Raw cream recorded the highest prevalence 
of 70%, while the raw market milk, bulk milk tanks from different 
dairy farms, Talaga cheese, pasteurized cream, and butter record-
ed 66.6%, 50%, 48.5%, 20%, and 16% respectively, however, the 
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Table 1. Primer sequences for virulence factors of Pseudomonas species:

Target gene Oligonucleotide sequence (5′ → 3′) size (bp) References

LasB (F) 5′ GGAATGAACGAGGCGTTCTC ′3
300 Mehri et al. (2013).

LasB (R) 5′ GGTCCAGTAGTAGCGGTTGG ′3 

ExoS (F) 5′ CTTGAAGGGACTCGACAAGG ′3
504

Strateva et al. (2008).
ExoS (R) 5′ TTCAGGTCCGCGTAGTGAAT ′3 

pilB (F) 5′ ATGAACGACAGCATCCAACT ′3
826

pilB (R) 5′ GGGTGTTGACGCGAAAGTCGAT ′3 

aprX (F) 5′ TAYGGBTTCAAYTCCAAYAC ′3
194 Bach et al. (2001).

aprX (R) 5′ VGCGATSGAMACRTTRCC ′3

carX (F) 5′ AAAGTCGTCAGCACCGAAGCC ′3
370 Ercolini et al. (2007).

carX (R) 5′ CGTCAGCACCGAAAAAGCC ′3
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pasteurized milk recorded 0%. The Maximum count of Pseudo-
monas species was 2.8×107 CFU/g in Raw cream. While the mini-
mum count was 3×103 CFU/g in pasteurized cream (Table 3).  

Frequency distribution of Pseudomonas species detected in milk 
and some dairy products

Culturally, one hundred more characterized isolates were 
identified as suspected Pseudomonas spp. Biochemically, eighty-
three isolates were identified as Pseudomonas species (P. aerugi-
nosa 38.5%, P. fluorescence 37.3%, P. Fragi 10.8%, P. psychrophile 
6%, P. proteolytica 2.4%, P. alcaligens 2.4%, P. lundensis 1.2% and 
P. brenneri 1.2%). The most prevalent type was P. aeruginosa, fol-

lowed by P. fluorescence (Table 4). There were 17 competitor bac-
terial isolates isolated from Pseudomonas selective agar media 
(Klebsiella spp. 47% (8/17), Proteus spp. 35% (6/17), Serratia spp. 
11.7% (2/17), and Citrobacter spp. 5.8% (1/17)) 

P. aeruginosa was found in 34% (11/32) of the Talaga cheese 
samples. While P. fluorescence showed the highest incidence in 
retail market milk at 35% (11/31). P. Fragi showed the most prev-
alence in cheese, at 44% (4/9). P. psychrophila was detected more 
in raw cream and retail market milk with the same percentage of 
40% (2/5). P. alcaligens was detected only in retail market milk. 
However, P. proteolytica was found in both BMT and retail market 
milk with the same values. Lastly, P. lundensis and P. brenneri were 
found only in butter and pasteurized milk, respectively (Table 4). 
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Table 2. Concentration of antimicrobial discs and their effect on bacterial isolates.

Antimicrobial agent Sensitivity disc content (ug) Resistant (mm) Intermediate (mm) Susceptible(mm)

Amikacin (AK) 30 12 or less 13-15 16 or more

Azithromycin (AZ) 15 18 or less 19-21 22 or more

Ipipenem (IPM) 10 18 or less 19-21 22 or more

Ceftazidime (CE) 30 14 or less 15-18 19 or more

Gentamicin (G) 10 12 or less 13-14 15 or more

Colistin (C) 25 10 or less 15-Nov 16 or more

Ampicillin (AM) 10 13 or less 14-17 18 or more

Piperacillin (P) 30 14 or less 15-17 18 or more

Cefepime (FEP) 30 18 or less 19-24 24 or more

Aztreonam (AT) 30 17 or less 18-22 23 or more

Ciprofloxacin (CP) 5 15 or less 15-19 20 or more

Amoxicillin (AMX) 30 14 or less 15-18 19 or more

Meropenem (M) 10 9 or less 12-Oct 13 or more

Tobramycin (T) 10 13 or less 14-22 23 or more

Table 3. Pseudomonas spp. prevalence and count (CFU/ml) in tested samples.

Type of samples No. of examined samples No. of positive samples % Minimum Maximum Mean ± SE

Raw cream 20 14 70 2x105 4.40x107 4.11x106±3.07x106

Talaga cheese 35 17 48.57 6.6 x 103 1 x107 2.14x106±6.40x105

Market raw milk 30 20 66.66 2 x104 6 x105 1.68 x105±3.57x104

Bulk milk Tank 20 10 50 8 x103 2.30 x107 3.70 x106±2.32x106

Butter 25 4 16 1.20 x106 2.80 x107 9.95 x106±6.19 x106

Pasteurized cream 10 2 20 3 x 103 1.6 x104 9.500 x103±6.50 x103

Pasteurized milk 10 Zero Zero - - -

Total 150 67 44.66

Table 4. Frequency distributions of Pseudomonas species obtained from milk and some dairy products

Isolates
Sample types

Butter Farm BMT Raw cream Talaga cheese Market milk Pasteurized cream No %

P. aeruginosa 1 5 5 11 9 1 32 38.5

P. fluorescence 1 4 6 7 11 2 31 37.3

P. Fragi 1 1 1 4 2 9 10.8

P. psychrophila 1 2 2 5 6

P. proteolytica 1 1 2 2.4

P. alcaligens 2 2 2.4

P. lundensis 1 1 1.2

P. brenneri 1 1 1.2

Total 4 12 14 22 27 4 83 100

417



Antimicrobial susceptibility of Pseudomonas species

Fourteen antibiotics were selected to detect the AMR in only 
59 isolates of Pseudomonas spp., which were chosen from the 
previously identified 83 isolates. The higher antimicrobial resis-
tance was against Ampicillin (100%) followed by Colistin (98%), 
Amoxicillin (93%), Azithromycin (79%), Gentamicin (66%), Ami-
kacin (55%), Ceftazidime (44%), Tobramycin (33%), Piperacillin 
(23%), Aztreonam (20%), Ciprofloxacin (18%), Cefepime (8.5%), 
Meropenem (3.4%), and Imipenem (1.7%) (Table 5). The average 
MAR index of isolated Pseudomonas species was 0.462. 

Serotyping of Pseudomonas aeruginosa

Ten isolates of antimicrobial resistance P. aeruginosa were se-
rotyped and classified into various serotypes (O2, O4, O5, O8, 
and O11) and groups (B, C, E, and F). The serotypes O11E, O5B, 
and O8C were found in cheese samples, while O2B was detected 
in raw cream, O11E and O4F were found in bulk milk tanks, and 
O2B, O11E, and O4F were detected in raw market milk.

Molecular identification

Multiplex PCR method was used to identify virulence factors 
(LasB (300 bp), ExoS (504 bp), and pilB (826 bp)) in ten isolates 
of antimicrobial resistance P. aeruginosa. The incidence of LasB 
(Elastase B gene), ExoS (Exoenzyme S gene), and pilB (Pili gene) 
were 10 (100%), 8 (80%), and 4 (40%), respectively. 

 The incidence of (alkaline protease X) aprX (194 bp) as a viru-
lent gene for the characterization was found in the four examined 
isolates of P. fluorescens, While the (carbamoyl phosphate syn-
thase gene) carA gene (370 bp) was found in the two examined 
isolates of Pseudomonas fragi. 

DISCUSSION

Pseudomonas species pose a great danger to human health 
and animals, resulting in economic losses. They can be trans-
mitted to customers through fresh dairy products, in particular, 
due to unhygienic practices during manufacturing and handling 
(Quintieri et al., 2019). This danger lies in cheeses as they are 
ready-to-eat food products (Vrdoljak et al., 2016), and other 
dairy products that are made from raw milk, such as raw cream 

(Friesland Campina Institute, 2015).
The prevalence of Pseudomonas species varied depending on 

the type of sample according to the results shown in Table 3. 
Higher results in cheese samples were shown by Hammad (2015) 
who detected Pseudomonas species in 70 samples of examined 
Domiattie cheese with a percent of 87.5 %. On the other hand, 
a lower result was reported by Arslan et al. (2011) who exam-
ined 140 homemade white cheese samples with 22.9% (32) of 
Pseudomonas spp. The results of butter samples were matched 
with (Al-Ashmawy and El-Dyasety, 2008). who detected 20% of 
Pseudomonas spp. from 25 samples of table butter unlike Me-
shref (2010) who was not detected Ps. aeruginosa in any butter 
samples, which may be due to the effect of high acidity and salt 
content. While in milk samples, Dogan and Boor (2003). detected 
Pseudomonas isolates in raw and pasteurized milk from 4 dairy 
processing plants. While Meng et al. (2017) and Condé et al. 
(2022). detected them in refrigerated bulked raw milk.

In comparison with the Pseudomonas count in Table 3, 
El-kholy et al. (2008). detected 72% Pseudomonas species in 25 
samples of Talaga cheese with a count of 7.6×104±5.2×104. How-
ever, Eleboudy et al. (2015) examined 50 samples of Damietta 
cheese with a 68% prevalence of Pseudomonas spp.  with a mean 
count of 9.02x104±2.87x104. When the count of bacteria reaches 
more than (106 CFU/mL), the bacteria produced hydrolytic en-
zymes in their stationary phase of growth and can be introduced 
into milk without bacterial dissociation from biofilms (Teh et al., 
2014). Flavor problems in processed milk usually appear when 
the bacterial population of the milk exceeds 107 CFU/ml (Dogan 
and Boor, 2003).

At the start of storage, raw milk may be contaminated with 
larger amounts of bacteria, up to 107 CFU/mL depending on the 
hygienic conditions (Machado et al., 2015). On a farm level, the 
bulk milk tank is contaminated through external surface contam-
ination (Murphy and Boor, 2000). The main sources of milk con-
tamination are air, feed, water, feces, grass, and soil (Vacheyrou et 
al., 2011). In addition to the milking system and milking hygienic 
practices have a role (Monsallier et al., 2012).  In contrast, there 
is no existence of Pseudomonas spp. in pasteurized milk because 
of the thermal effect of pasteurization (Wiedmann et al., 2000). 

It is scientifically proven that protease activity and production 
in Pseudomonas species are induced by milk fat (Decimo et al., 
2017; Zhang et al., 2020). This is achieved in full-fat cream and 
butter, which have a fat content of about 35% and 80%, respec-
tively, (Friesland Campina Institute, 2015). However, various fac-
tors may harm the incidence of these bacteria in butter samples, 
such as the effect of high acidity and salt content (Meshref, 2010). 
Gram-negative bacteria found in pasteurized cream indicate 

Table 5. Antimicrobial susceptibility of Pseudomonas species (n=59).

Sensitive Intermediate Resistant

Antimicrobial agent NO % NO % NO %

Ampicillin (AM) - - - - 59 100

Colistin (C) - - 1 1.7 58 98.3

Amoxicillin (AMX) 1 1.7 3 5.1 55 93.2

Azithromycin (AZ) 8 13.6 4 6.8 47 79.7

Gentamicin (G) 14 23.7 6 10.2 39 66.1

Amikacin (AK) 25 42.4 1 1.7 33 55.9

Ceftazidime (CE) 29 49.2 4 6.8 26 44.1

Tobramycin (T) 37 62.7 2 3.4 20 33.9

Piperacillin(P) 40 67.8 5 8.5 14 23.7

Aztreonam (AT) 44 74.6 3 5.1 12 20.3

Ciprofloxacin (CP) 46 78 2 3.4 11 18.6

Cefepime (FEP) 52 88.1 2 3.4 5 8.5

Meropenem (M) 54 91.5 3 5.1 2 3.4

Imipenem (IPM) 57 96.6 1 1.7 1 1.7
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contamination after pasteurization or inadequate pasteurization 
(Dogan and Boor, 2003).

Cheeses are cold-stored dairy products that spoil due to an 
incidence of Pseudomonas spp. The variations in bacterial inci-
dence are attributed to hygienic practices during the preparation 
of dairy products (Sospedra et al., 2009). Pseudomonads were 
discovered to be implicated in the proteolysis of spoiled cheeses 
as well as fresh cheese discoloration, particularly blue discolor-
ation, which is a global issue (Del Olmo et al., 2018).

There are noticeable variations of Pseudomonas spp. isolated 
from milk and its dairy products as shown in Table 4. There are 
14 species identified from 143 isolates from 87 samples of BMT 
(Meng et al., 2017). Another variable incidence was 8% P. aeru-
ginosa, and 8% Ps. Alcaligenes, 6% Ps. Fluorescence (El-kholy et 
al., 2008). Pseudomonas spp. are implicated in the proteolysis of 
milk, leading to spoilage such as milk creaming, sediment forma-
tion, gelation, and bitterness. While rancidity, off-flavors, soapy 
strawberry flavor, and bitterness in milk are due to lipolysis (De 
Jonghe et al., 2011).

P. fluorescens was identified in 51 % of the 338 Pseudomo-
nas isolates obtained from raw and pasteurized milk (Dogan and 
Boor, 2003). Moreover, the predominant bacteria of the genus 
Pseudomonas were more than 80% P. fluorescens from the ex-
amined refrigerated bulk raw milk (Condé et al., 2022). In addi-
tion, the predominant species in refrigerated raw cream was P. 
fluorescens (6/14) 43%. This proved that the P. fluorescens spe-
cies group was the most predominant and variable in refriger-
ated milk and dairy products (Mulet et al., 2010). P. fluorescence 
occupies the first incidence with a percentage of 45% in Domi-
attie cheese (Hammad, 2015). In another study, the most prev-
alent types were P. fluorescens (35%), and P. aeruginosa (21.6%) 
(Eleboudy et al., 2015). While in white cheese, the predominant 
isolate was P. alcaligenes (5%), P. aeruginosa (1.4%), P. fluorescens 
(0.7%) (Arslan et al., 2011).

On another level, Pseudomonas species detected in butter 
were (10% P. Fragi, 6% P. fluorescence, and 2% P. aeruginosa) 
(Al-Ashmawy and El-Dyasety, 2008).

Enterobacteriaceae was identified as a competitor bacterium 
to Pseudomonas spp. Their existence in dairy products indicates 
an unhygienic condition (Sobeih et al., 2020). and causes a variety 
of severe infections in human health (Sheu et al., 2019).

Antimicrobial resistance bacteria pose a serious threat to 
human health. In this study, 59 isolates of Pseudomonas species 
isolates show resistance to fourteen antibiotics shown in Table 5.  
Antimicrobial resistance was widespread in the most prevalent 
bacterial infections including P. aeruginosa worldwide in 2018, 
according to the World Health Organization (WHO, 2018). In the 
Arab region, previous studies between (2010 – 2018) in most 
countries analyzed P. aeruginosa which produces β-lactamase re-
sistant to 35 antibiotics (Nasser et al., 2020). In Egypt, fifty isolates 
of P. aeruginosa with a high incidence of MDR (El-Shouny et al., 
2018).

In 2011, Pseudomonas spp. was susceptible 100% to Ceftazi-
dime, Ciprofloxacin, Amikacin, Gentamicin, and Imipenem (Arslan 
et al., 2011). Furthermore, in 2015, Imipenem, Meropenem, Ami-
kacin, Gentamycin, and Tobramycin sensitivity was 100 percent in 
all P. aeruginosa strains, followed by 69.23 percent for Ciprofloxa-
cin and Moxifloxacin sensitivity (Eleboudy et al., 2015).

Several Pseudomonas spp. strains obtained from dairy prod-
ucts are resistant to the four structural types of beta-lactams 
(penicillins, cephalosporins, carbapenems, and monobactams) 
(Quintieri et al., 2019). Because of their resistance to all available 
antibiotics, Pseudomonas spp. was the leading cause of nosoco-
mial infections (Lupo et al., 2018). P. aeruginosa was the most 
often detected pathogen (17%) causing healthcare-associated 
pneumonia (Nasrin et al., 2022).

Ten isolates of antimicrobial resistance P. aeruginosa were 
serotyped by an antibody-based agglutination technique in this 
study. In another study, P. aeruginosa serotypes O1:11 are the 
most common serotypes of P. aeruginosa among the 20 sero-
types (Nasrin et al., 2022).

Molecular characterization of P. aeruginosa was detected by 
multiplex PCR. In the case of the ExoS gene lower result was de-
tected by Younis et al. (2015) (17.14%) and (Banerjee et al., 2017). 
(36.8%). Also, Younis et al. (2015) showed lower results in the las 
B gene (14.7%).

Detection of aprX virulent gene for P. fluorescens was done 
in this study. As aprX is the most important proteolytic enzyme 
which causes milk and dairy products spoilage because the prod-
uct of this gene degrades extracellular proteins (Marchand et al., 
2009a; Marchand et al., 2009b). Also, this gene was detected by 
Hammad (2015) and Meng et al. (2017). 

The virulent gene (carA) of P. Fragi was detected. Also, Ercolini 
et al. (2007) utilized the carA gene for confirmation of P. Fragi.

The economic cost of Pseudomonas spp. spoilage is around 
one-third of the edible sections of produced food that are lost or 
wasted globally. The dairy industry accounts for around 25–30% 
of the losses, depending on the product kinds (Quintieri et al., 
2019).

Bacterial adaptation increased at low temperatures due to 
increases in cellulose production, biofilm biomass, motility, and 
pigment production (Rossi et al., 2018). These bacteria cause dis-
coloration (blue color in cheese, grayish color in milk, and black 
color in butter), loss of structure, and off-flavors based on both 
the bacterial enzymatic activities and their numbers, with fatal 
implications for the shelf-life and quality of products (Quintieri 
et al., 2021).

As psychrotrophic species belonging to the P. fluorescens lin-
eage cause great food spoilage potential identified as Specific 
Spoilage Organisms (SSO) (Andreani and Fasolato, 2017).

As a result, applying microbial contamination control mea-
sures in the bulking process should be highlighted because even 
under refrigeration, microbial contamination can occur (Condé 
et al., 2022).

CONCLUSION

The prevalence of Pseudomonas spp in raw milk and its dairy 
products indicates an unhygienic condition. Thus, these bacteria 
have a public health hazard due to their wide existence and mul-
tidrug resistance. So, milk should be properly pasteurized and 
proper hygienic measures, such as the implementation of HACCP, 
and applying GMPs during the dairy products’ manufacture. Ap-
plying ISO 22000 in dairy shops will prevent spoilage of food and 
extend the dairy products’ shelf-life. Personal hygiene education 
for food handlers is critical for food safety.
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