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This study aimed to investigate the prevalence of Pseudomonas aeruginosa in 60 random yogurt samples (20
each of plain small-scale, plain large-scale, and fruit yogurts) collected from Assiut City, Egypt from December
2023 to March 2024. Identification of Ps. aeruginosa was performed using biochemical and molecular methods.
Pomegranate dibs were applied to evaluate its inhibitory effect on Ps. aeruginosa growth during the manufac-
ture and storage of yogurt in at refrigerator (4°C). Results revealed that Ps. aeruginosa could be isolated from
6 (10 %) of the 60 examined yogurt samples, which were identified by chemical tests. Using PCR, the results
indicated that 2 (3.33%) of the examined yogurt samples were contaminated with this bacterium. Unexpectedly,
Ps. aeruginosa was isolated from large-scale plain yogurt samples with an incidence of 10%. The minimum
inhibitory concentration (MIC) of Pomegranate dibs against Ps. aeruginosa growth was 4%. The results of the
Pomegranate dibs 6% yogurt samples that inoculated with Ps. aeruginosa was the most effective one in which
6% pomegranate dibs sharply reduced the count of Ps. aeruginosa, until completely inhibited at the 7*" day of
yogurt storage, compared to the control group, in which the organism still alive until the end of storage period
(15™ day). The sensory evaluation of yogurt prepared by adding different concentrations of pomegranate dibs
revealed that the manufactured yogurt acquired a higher score for flavor, body, and texture than the control,
using the natural affordable pomegranate dibs as antibacterial against Ps. aeruginosa growth has been found.

Introduction

One of the keys to the global market trend is the acquisition of
unique food ingredients and flavors with enhanced health benefits (Net-
zel et al., 2007). Yogurt is one of these food ingredients, which is classified
as the most specific popular fermented milk product enjoyed all over the
world for its refreshing taste and nutritional and therapeutic health ben-
efits. on the other side, it provides an ideal condition for the growth of
some pathogenic bacteria including Pseudomonas aeruginosa (Ps. aeru-
ginosa) (Mcphee and Griffiths, 2011). This bacterium is a Gram-negative,
ubiquitous rod-shaped psychrotroph (Diggle and Whiteley, 2020). It is a
common pathogen of public health concern associated with nosocomial
infection (Tummler et al, 2014). In humans, it is a potential foodborne
pathogen that can cause food poisoning (Streeter and Katouli, 2016). In
Egypt, several cases of food poisoning linked to Ps. aeruginosa have been
reported due to the consumption of dairy products (Ahmed et al., 1989),
furthermore, it can cause serious infections including pneumonia, endo-
carditis, septicemia, otitis, and keratitis (Bush and Vazquez-Pertejo, 2024).
Moreover, Ps. aeruginosa is a hidden cause of subclinical mastitis in dairy
animals, resulting in considerable economic losses (Fatima et al.,, 2012).

This pathogen poses a challenge for antibiotic therapy owing to its
antimicrobial resistance, in addition to its ability to form a biofilm (Car-
minati et al,, 2019), which exhibits its enhanced survival in adverse en-
vironmental conditions (Melchior et al, 2006). Many studies have been
conducted to control its survival, owing to the problems caused by Ps.
aeruginosa. The use of Pomegranate is one of these ways, as it has been
allocated the topic of some studies it is one of the important medicinal
fruit and is known to have health-promoting properties such as anti-in-
flammatory, antimutagenic, antioxidant, and antimicrobial effects (Mas-
trogiovanni et al,, 2019), In addition to its well documented traditional
use for the treatment of diarrhea, dysentery and respiratory diseases (Dey
et al, 2015), Pomegranate dibs is a highly nutritive product since it is

processed as a concentrate due to the presence of high mineral content,
making it with an exceptional nutritional property, it is used as a garinsh
for desserts and many salad dishes. Pomegranate dibs is rich in poly-
phenols, such as anthocyanin and eilagitanin, which are the major class
of its phytochemicals with antioxidant activity (Pirzadeh et al., 2020), in
addition to citric acid, lactofferin, and lactoperoxidase, which act as an-
timicrobials (Dahham et al,, 2010). The advantages of pomegranate dibs
incorporation in foods of animal origin include its antimicrobial activity,
support for the activity of lactic acid bacteria, shelf-life extension, and
improvement of sensory attributes. Hence, this study aimed to isolate
and identify Ps. aeruginosa in yogurt and to study the effect of Pome-
granate dibs on its viability during the preparation and storage of labora-
tory-manufactured yogurt.

Materials and methods
Isolation and identification of Ps. aeruginosa in yogurt
Collection of samples

Sixty yogurt samples divided into 3 groups (20 each of small- scale,
large scale and fruit yogurt) were collected from different supermarkets in
Assiut City, Egypt, during the period from December 2023 to March 2024
and transferred directly to the laboratory of the Food Hygiene, Safety,
and Technology Department at the Faculty of Veterinary Medicine, Assiut
University, Egypt, under complete a septic condition without delay and
examined as quickly as possible.

Isolation of Ps. aeruginosa from the collected yogurt samples

10 g of each yogurt sample was inoculated into 90 ml of Tryptone
soya broth (Himedia Pvt.Ltd, India) and incubated at 42°C for 24 hrs
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(Oberhofer, 1979), then a loopful of culture was taken and streaked on
the Pseudomonas agar F. base, incubated at 42°C for 48 hrs (King et al.,
1954). The presence of Ps. aeruginosa was identified by the production of
blue-green pigment and a distinctive fruity smell on the media due to 2
amino acetophenone productions.

Morphological and biochemical characterization: The suspected col-
onies on Pseudomonas agar F. base were collected and screened for Gram
staining and biochemical identification, which included the Indole test,
Methyl red test, Voges Proskauer test, Citrate utilization test, Triple Sugar
Iron test, and Catalase test, according to the Protocol mentioned in Med-
ical Microbiology (CruiKshank et al., 1975).

Molecular identification of the isolated Ps. aeruginosa (Lavenir et al., 2007)

This part has been done in the Molecular Biology Unit at Assiut Uni-
versity, Egypt. DNA from Ps. aeruginosa isolates was extracted by the boil-
ing method and used as a template for species specific PCR amplification.

DNA extraction: Isolated Ps. aeruginosa strains were grown overnight
at 37°C in Luria Bertani broth. DNA was extracted from the bacteria and
confirmed biochemically by the boiling method, where 1 ml of the broth
was taken and the sample was centrifuged until a pellet was obtained,
100 pl of PBS (Phosphate Buffer Saline) was added to the pellet, then
placed on a thermal block (Biometra, Germany) at 95°C for 10 minutes.
After incubation, it was centrifuged, and the supernatant was taken,
which is the DNA, and stored at -20°C until use.

PCR Amplification

Conventional PCR was run in a thermal cycler (Veriti™ Thermal Cycler,
Applied Biosystems, USA) using a bacterial primer specific for Ps. aerugi-
nosa; forward (5" ATGGATGAGCGCTTCCGTG 3°), reverse (5’ TCATCCTTCG-
CCTCCCTG 3) to determine the presence or absence of ecfx gene which
is restricted to Ps. aeruginosa and might play a role in virulence. PCR
reactions were carried in a final volume of 25 pl including 12.5 pl of 2x
PCR master mix (Red Master, Cosmo, England), 90 ng of DNA template
(Spectrophotometer, Gene Quant 1300, England), 1 pl of each primer, and
the volume was completed by nuclease-free water. The PCR conditions
were as follows: 95°C for 5 min of initial denaturation; 40 cycles of 95°C
for 45 sec of denaturation, annealing 48°C, 1 min for 72°C of extension;
and final extension 72°C for 5min.

Analysis of PCR products

PCR products were run in a 1% agarose gel in TBE ( Tris Borat Edta)
(pH = 8.3) and amplified using a 110-volt power supply for 1 h. A 120
Amp (VWR-300) was stained using ethidium bromide, and the image was
visualized under UV illumination (UV Band-Elutor 91, Biometra) and a
documentation system (Viber Loumat Kaiser-Viberloument).

Effect of the addition of pomegranate dibs on Ps. aeruginosa viability in
laboratory- prepared yogurt during refrigerated storage

Preparation of the bacterial strain (International Standard, 2019): Ps.
aeruginosa pure strain was obtained from the Reference Laboratory for
Food Safety, Animal Health Research Institute (AHRI), Dokki, Giza, Egypt.
The strain was maintained on tryptic soya agar slants containing 3% Nacl
at 4°C. Directly, before the experiment, fresh microbial culture was adjust-
ed to 0.5 (108 CFU/ml) McFarland and diluted to be equivalent to about
106 CFU/ml with tube dilution methods and considered as the dose to be
inoculated into yogurt samples.

Pomegranate dibs: A bottle of pomegranate dibs (Lebanon, El-Fars Ara-
bian for limited trade was obtained from the local market in Assiut City,

Egypt.

Minimum Inhibitory Concentration (MIC) of Pomegranate dibs (CLSI, 2011).

Different concentrations of pomegranate dibs were prepared using
sterile water. The study in vitro was evaluated to study the antibacterial
activity of the dibs against Ps. aeruginosa using the agar diffusion meth-
od. Where 0.1 ml of the previously prepared bacterial strain was streaked
into Muller Hinton agar plates then, 80 ul of different pomegranate dibs
concentration was added in each well. The plates including the control
were incubated for 24 h at 42°C. MIC was determined by observing the
lowest concentration of pomegranate dibs that could inhibit the visible
bacterial growth, which was (4%).

Yogurt preparation

Yoghurt was prepared according to Kusuma et al. (2010). 500 ml milk
was heat treated at 90°C for 10 min., cooled to 43°C and aseptically inoc-
ulated with the starter culture (mixed culture of Streptococcus salivarius
ssp. thermophilus and Lactobacillus delberkaii bulgaricus 1:1) at a rate of
3% of the milk volume. After gentle stirring, distribute the starter evenly.
Before the addition of the prepared inoculum of Ps. aeruginosa to milk
in a count of 10° CFU/ml, 100 ml milk was kept in a sterile plastic cup to
be the negative control, after that the inoculated milk was divided into 4
parts and different treatments as follows:

Part 1 is the positive control (inoculated milk without any treatment)
and parts 2, 3, and 4 were fortified with 2, 4, and 6 % pomegranate dibs,
respectively, mixed well and incubated at 43°C till curdling, then kept in
refrigerator (4°C) with the control samples and were examined for Ps.
aeruginosa count in the 1%, 2nd, 4t 7t 10%, 13%, and 15% days, 3 trials
were made.

Sensory evaluation of pomegranate yogurt

The sensory evaluation of the fortified yoghurt samples was carried
out as described by Nelson and Trout (1981), who used a quality rating
scorecard for the evaluation of flavor (60 points) and body and texture
(30 points) and appearance (10 points) and overall acceptability 100
points. Yoghurt samples were evaluated by10 experienced food panelists
from the Food Hygiene, Safety and Technology Department, Faculty of
Vet. Medicine, Assiut University, Egypt.

Statistical analysis

Statistical analysis was conducted using the Statistical Program for
Social Science (SPSS Inc., Chicago, IL, USA).

Results and Discussion

Milk and milk products can be referred to as carriers of pathogenic
and spoilage-causing microbes due to their high nutritional content. Raw
milk is cooled as soon as it is collected to preserve its quality. Cooling
retards microbial spoilage but on the other hand, it creates a favorable
growth environment for potential psychrotrophs in the milk system.
These microbial populations can secrete several proteases and lipases,
which are highly heat stable and cannot be degraded using pasteuri-
zation. Several psychrotrophs, including Pseudomonas sp., have the po-
tential to secrete exopolysaccharide, which has a further role in creating
a biofilm across the milk contact surfaces (Saha et al., 2024). Yogurt is a
cultured milk product traditionally prepared using Streptococcus thermo-
philus and Lactobacillus bulgaricus. It is rich in bioactive proteins, hydro-
lyzed proteins, vitamins, and minerals, which contribute to its popularity
among consumers globally (Shishir et al., 2024). The quality of the yogurt
depends on the good quality of the raw material and efficient control at
all processing stages and the manipulation of the curd after fermentation.
Yogurt may be subjected to microbial contamination at various points
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along the supply chain, causing a great risk to human health (Brian, 2024).
Ps. aeruginosa is one of these pathogens that can be found in different
environments and food sources.

As a preliminary survey, the results in Table 1 and Figure 1 indicated
that Ps. aeruginosa could be detected in 3.33% of the examined yogurt
samples. Unexpectedly, it is notable that this bacterium is detected only
in 10% of the examined plain large-scale yogurt samples as the size of
the PCR product obtained from Ps. aeruginosa isolates was 528 bp tar-
geting ecfx gene which encodes an ECF (extracytoplasmic function) sig-
ma factor which confirmed the identity of Ps. aeruginosa and might play
a role in haem-uptake (Lavenir et al, 2007) and could not be isolated
from small-scale and fruit yogurt samples. Comparing the obtained data
with the others, Ibrahim et al. (2022) could isolate Ps. aeruginosa from
16% of the examined plain yogurt samples. Meanwhile, Atia et al. (2023)
revealed that Ps. aeruginosa could be detected in 25% of the examined
yogurt samples. The current study proved that unhygienic handling of
yogurt may lead to its contamination by Ps. aeruginosa. Infection with this

Table 1. Prevalence of Ps. aeruginosa in the examined yogurt samples.

pathogen is difficult to treat because of resistance to antibiotics (Pang et
al., 2019). The consumption of Ps. aeruginosa-contaminated food may be
the main cause of human illness causing severe enteritis.

Yogurt is easily susceptible to bacterial growth during the process-
ing steps. So, an attempt was made to improve its safety by employing
pomegranate dibs to control Ps. aeruginosa growth during its prepa-
ration and storage at refrigerator temperature (4°C). First, the in vitro
preliminary screening of the antibacterial activity of pomegranate dibs
was tested against Ps. aeruginosa. The minimum inhibitory concentration
(MIC) was 4%. In agreement with the present results, Abu El-Wafa et al.
(2020) found that the MIC of pomegranate dibs against Ps. aeruginosa
reached 6.25 mg/ml, while Nozohour et al. (2018) showed that the MIC
of pomegranate peels and seeds were 12.5 and 25 mg/ml, respectively.
Moreover, Edham et al. (2020) found that the MIC of pomegranate dibs
was 12 mm.

Results presented in Table 2 illustrate that the control yogurt sam-
ples (without any treatment) did not show a noticeable change of Ps.

No. of examined

Positive samples by biochemical

Positive samples by PCR

Examined samples

samples No. % No. %
Plain small-scale yogurt 20 - - - -
Plain large-scale yogurt 20 6 30 2 10
Fruit yogurt 20 - - - -
Total 60 6 10 2 3.33

Table 2. Effect of pomegranate dibs on the growth of Ps. aeruginosa during preparation and storage of yogurt.

Treatments (log |, CFU/g)

Storage time/day  Positive control Pomegranate dibs Reduction Pomegranate dibs Reduction Pomegranate dibs Reduction
yogurt (2%) (%) (4%) (%) (6%) (%)
1+t day 6.8 6.5 441 5.8 14.71 53 22.00
2" day 6.6 5.6 15.15 4.8 27.27 4 39.40
4% day 5.9 4.8 18.64 3.8 35.60 2.7 54.24
7" day 5 3.8 24.00 2.6 48.00 - 100.00
10* day 4.7 2.7 42.60 - 100.00 - 100.00
13% day 3.8 - 100.00 - 100.00 - 100.00
15" day 3.6 - 100.00 - 100.00 - 100.00
Table 3. Sensory evaluation of control and fortified yogurt samples with pomegranate dibs.
Parameters Treatments Storage period/day
1 day 20 day 4t day 7% day 10 day 13t day 15" day
Control 54 55 56 56 53 48 45
Flavor 2% 54 56 56 56 55 50 47
(60 points) 4% 56 57 57 57 56 52 51
6% 56 57 58 58 56 53 53
Control 25 28 28 28 28 27 25
Body& texture 2% 26 27 28 28 28 28 26
(30 points) 4% 27 28 29 29 28 28 26
6% 28 28 29 29 29 28 26
Control 7 8 8 8 7 7 7
Color and Appearance 2% 8 8 8 8 7 7
(10 points) 4% 8 8 8 8 8 7 7
6% 8 9 9 9 8 8 7
Control 86 91 92 92 88 82 77
Total score 2% 88 91 92 92 91 85 80
(100 points) 4% 91 93 94 94 92 87 84
6% 92 94 96 96 93 89 86
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aeruginosa counts after milk inoculation with 6.8 (log,/g), untill the 4t
day of storage at the refrigerator, there was a gradual decrease in the
count, reaching 3.6 log/g in the 15% day of storage. Ps. aeruginosa be-
haved differently in yogurt fortified with Pomegranate dibs, which varied
from inhibition to survival depending on its concentration.The obtained
results of the yogurt groups treated with pomegranate dibs indicated
that all concentrations exhibited antibacterial activity against the tested
organism. 6% was the best concentration that inhibited the growth of Ps.
aeruginosa at the 7t day of storage, followed by 4% and 2% concentra-
tions, which completely inhibited the growth of Ps. aeruginosa at the end
of the 10t and 13t days, respectively.

528 bp

Figure 1. Agarose gel electrophoresis of the PCR product of the ecfx gene for the isolated
Ps. aeruginosa.

Lane M: Ladder Marker; Lane 1 and 2: Positive samples for Ps. aeruginosa (528bp); Lane
3-6: Negative samples for Ps. aeruginosa.

The current study results are consistent with Silva et al. (2016) who
found the antagonistic activity of pomegranate dibs against Ps. aerugi-
nosa. The antibacterial effect of pomegranate dibs may be related to its
contents of phytochemicals such as tannins, polyphenols, and alkaloids
(Dahham et al.,, 2010). These results indicated that pomegranate dibs can
be used to aid in the treatment of Ps. aeruginosa infection, which was
in harmony with Howell and Souza (2013). There is a growing market
demand for dairy products with functional health benefits (Ziarno et al.,
2023) tailored to adverse demographic groups, including children, ath-
letes, the elderly, and those seeking immune support (Gupta et al., 2023).

Sensory acceptance plays an important role in consumer acceptance,
Table 3 shows that the sensory evaluation of treated yogurt with pome-
granate dibs was accepted compared to plain (control) yogurt during the
storage period at the refrigerator. This was in accordance with Joung et al.
(2016). EI-Nagga and Abdel-Tawab (2012) revealed that yogurt with 2%
and 3% pomegranate dibs were highly accepted as they had the highest
score for flavor, appearance, body, and texture compared with the con-
trol. In consequence, the yogurts supplemented with pomegranate dibs
were judged to have better sensory properties than plain yogurt.

Conclusion

Yogurt may become a good carrier for pomegranate dibs. Therefore,
the addition of pomegranate dibs is recommended and developed for
consumers as a functional yogurt with desirable properties and long shelf
life.
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