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Background
Public health risks result from the consumption of baladi eggs due to the Egyptian
consumer’s demand and preference for baladi chicken eggs that might be
contaminated with bacteria and/or mycotoxins that might affect eggs quality and
results in food-borne intoxication or infection to consumers.
Objective
The current study aimed to investigate the presence of certain bacteria (mainly
Staphylococcus aureus, Escherichia coli, Klebsiella pneumonia and Salmonella)
and shed light on the virulence genes and also detection of mycotoxins in baladi agg
content, which act as potential public health problems for providing safe eggs
suitable for human consumption.
Materials and methods
A total of 150 Baladi chicken eggs from backyard were arbitrarily collected from El-
Behera Governorate, Egypt at 2022–2023 for recognition of S. aureus, E. coli, K.
pneumonia, Salmonella and mycotoxins. Molecular detection of some bacterial
virulence genes by Polymerase Chain Reaction (PCR), including some
enterotoxins and hemolysin genes for some S. aureus isolates as (sea, seb,
sec, sed and see, hla and hlb) and E. coli isolates virulence genes for (shiga
toxin1, shiga toxin2, eaeA and astA). Quantification of ochratoxin A (OTA) and
aflatoxins (AFS) in the eggs by a low-cost, high-recovery fluorescence detector
(FLD) in conjunction with a straightforward, specific, and created High-Pressure
Liquid Chromatography (HPLC) assay in accordance with green chemistry.
Results and conclusion
Bacteriological examination revealed isolation of S. aureus, E. coli and K.
pneumonia at percent 26.6%, 58%, and34%, respectively. It was found that
aflatoxin B1 (AFB1) is the predominant detected toxins (18%), and OTA amount
was found to be lower than the of aflatoxins found. It was found that AFs and OTA
were determined to be below the maximum allowable threshold in 98% of the egg
samples examined.
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Introduction
Eggs offer a distinctive, nutritive, easily absorbed
source for humans at all ages, because they are the
most abundant source of necessary minerals and
vitamins as well as offering greater amounts of
nutrients rather than calories in the food that
humans consume [1,2]. also act as source of high-
quality protein which contain all the amino acids
needed for human diet [3]. making them a
significant meal in the human diet and attractive to
consumers.

Despite their small size and high retail price, baladi
chicken eggs are preferred by Egyptian customers
because they contain more nutrients than red and
Wolters Kluwer - Medknow
white farm eggs. Protein, vitamins, minerals,
cholesterol, phosphorus, vitamin B12, vitamin B5,
zinc, omega-3 fatty acids, in addition vitamin A are
among the substances found in baladi eggs that act as
supportive and enrichment mediums for various
microbes to grow, to avoid any potential public
health problems by providing safe eggs suitable for
human consumption, control measures should not
ignore home-produced eggs, as there is a risk of
infection from their consumption [4].
DOI: 10.4103/epj.epj_141_23
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Normally, there are no organisms in newly laid eggs.
However, contamination may occur transovarian route
as contamination with Salmonellae may occurs directly
from an infected ovary of a laying hen [5]. After
oviposition, contamination could occur at any point
until consumption [6] through exposure to the
different environment factors such as (dirt, dust, and
bad storage condition), leading to contamination of egg
shell then egg contents either by penetration or
withdrawal through pores of the shells [7], and thus,
enhance the infection and spoilage of egg [8].

Egg quality could be decreased by microbial
contamination, which could result in deterioration
and subsequent financial losses, or infections could
be transmitted to consumers, creating a public health
problem by causing cases of food-borne illness or
intoxication. The severity of these illnesses might
range from minor symptoms to potentially fatal
circumstances [9,10]. In addition, the poultry sector
is significantly impacted by the microbic pollution of
eggs by a lot of microorganisms as S. Typhimurium, E.
coli, and Pseudo. aeruginosa, which have flagella that
allow them to penetrate through the pores [11].

One of the primary triggers of food-borne illness is S.
aureus because it produces thermo-stable enterotoxins
that could persist in the food circumstances and result in
food-borne illness. stayprotected in the foodenvironment
andcause food-borne illness.The third-leading reason for
food-borne infections globally is staphylococcal food-
borne illness [12]. Approximately fifty percent of
S. aureus isolates yield enterotoxins, culminating in
consumer food poisoning [13]. Numerous infections,
including food poisoning, endocarditis, osteomyelitis,
skin infections, and pneumonia, are brought on by
Staphylococcus aureus [14]. Eggs and egg-derived
products were responsible for around 11% of
staphylococcal food-borne sickness cases [15].

S. aureus possesses many virulence factors and the most
notable are the five major classical types of
staphylococcal enterotoxins (SEs: SEA to SEE), the
non-classical SE-like toxins (SEl: SEG to SEU), and
other virulence genes such as toxic shock syndrome
toxin 1 (TSST-1), exfoliative toxins and cytolytic
toxins (leukocidin and hemolysins hla, hlb [16,17].

Also, eggs have been the source of many
gastrointestinal infections, including Escherichia coli

and Salmonella [18,19].

E. coli considered a pointer for both food quality and
sanitation, when found in eggs, acts as a sign of
inadequate or bad hygiene and results in egg
spoilage [20].

Escherichia coli is a typical microbial flora of the
chicken and human gastrointestinal tracts. Resistant
E. coli strains from the gut frequently induce
contamination of eggs during lay with multiresistant
E. coli [21].

Klebsiella spp. can result in a range of illnesses acquired
in the community and nosocomially, including
infections of the soft tissue and wounds, the
respiratory tract, and the urinary tract [22,23].

Poultry feed may contain fungi and their toxic
byproducts (mycotoxins), especially in tropical
regions. Since mycotoxins are substances that occur
naturally, they cannot be avoided. It easily
contaminates feed at harvesting, processing, transfer,
or storing [24,25].

Consumer health could be affected by the aflatoxins in
eggs, to which children are more vulnerable than
adults. Aflatoxins were already linked to many
human cancer cases and considered carcinogenic
[25]. The furthermost conventional technique for
assessment of AFS quantities in feed and food is the
HPLC method, which, based on mycotoxins’ physical
and chemical characteristics, provides a precise,
accurate, and specific way to quantity the
mycotoxins levels in contaminated feed and food.
Numerous investigations clarify genetic and
analytical processes [26].

Table eggs are considered a rich source of protein fit
for human consumption; therefore, it is essential to
ensure that these eggs follow the food quality
standards and are free from any food poisoning
issues. Furthermore, due to the lack of studies
conducted on baladi eggs compared to many studies
on commercial eggs (white and brown), this current
study has focused more on bacteriological and
mycotoxin examination in baladi eggs using
advanced techniques with the alignment of the
necessary recommendations for providing safe eggs
suitable for human consumption.
Materials and methods
Samples collection
From a backyard, 150 unbroken baladi chicken eggs
(no cracks) were chosen at random from El-Behera
Governorate, Egypt. Samples were kept at 4áµ C until
analysis.
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To remove the egg content aseptically the eggshell was
disinfected at first with 70% alcohol; they were broken,
and content were homogenized for 30 s.
Bacteriological examination
In a sterile beaker glass, each sample of albumen and
yolk were blended to yield one sample. The egg content
was enriched in BPW (Oxoid) at 37°C for 24 h, then
culture them in cultural media prepared following the
manufacturers instruction and sterilized as:

S. aureus was isolated on Baird parker agar and
Mannitol Salt Agar (MSA) later recognized by
biochemical identification rendering to [27]. E. coli
isolation was achieved on MacConkey and Eosin
Methylene Blue (EMB) then confirmed by
biochemical tests (IMVIC) as stated by [27].
Serotyping of the identified isolates was done with
polyvalent E. coli antisera (provided by Animal Health
Research Institute, Dokki, Egypt).

K. pneumonia was isolated on MacConkey agar then
determined through biochemical tests (lactose
fermentation test, Indole production test, Voges-
Proskauer test, Citrate utilization test) as stated by
[28]. Salmonella was isolated and recognized according
to [29,30].
Molecular identification of bacterial isolates virulence
gene by PCR
DNA extraction

DNA was extracted from the identified bacterial
colonies (from eight S. aureus isolates (randomly
selected) and E. coli isolates (as one isolate from
each detected serotype) by the QIAamp DNA Mini
set (Qiagen, Germany) according to the instructions of
manufacturer with few alterations. Briefly, 200 μl of
colony suspensions were incubated for 10min at 56°C
with 200 μl of lysis buffer and 10 μl of proteinase K.
Add to the lysate 200 μl of pure ethanol. Wash DNA
with washing solution and centrifuged following the
manufacturer’s recommendations, then DNA was
eluted with 100 μl of elution buffer supplied in the kit.
Oligonucleotide primers

Different primers used in PCR were supplied from
Metabion (Germany) and are listed in (Table 1).
Nucleic acid amplification

DNA amplification of seven S. aureus virulence genes
including enterotoxin gene (sea, seb, sec, sed, see) and
hemolysin genes(hla and hlb) E. coli virulence genes
including shiga toxin 1-2 (stx1, stx2,), E. coli
attaching–envasive A (eaeA) and stable toxin A
(astA) genes were identified. a 25-μl reaction
containing 12.5 μl of Emerald Amp Max PCR
Master Mix (Takara, Japan), 1 μl of each primer,
4.5 μl of water, and 6 μl of DNA template. A
thermocycler model 2720 from Applied Biosystems
was used to carry out the reaction.
Analysis of the PCR products

PCR products were separated via electrophoresis on
1.5% agarose gel (Applichem, Germany, GmbH) in 1×
TBE buffer at room temperature using gradients of
5V/cm. For gel analysis, 20 μl of the PCR products
were loaded in each gel slot. Generuler 100 bp ladder
(fermentas, Thermo) was used for determination of
fragment sizes. The gel was then photographed by a gel
documentation system (Alpha Innotech, Biometra)
and the data was analyzed through computer software.
Investigation of mycotoxins

To estimate the existence of total aflatoxins (AFT)
[sum of AF- B1, −G1, −B2, and −G2], and OTA, egg
specimens’ analysis was done using HPLC in
conjunction with FLD.

Chemicals

Aflatoxins and Ochratoxin-certified references in
acetonitrile solution (3 μg/ml), and Trifluoroethanoic
acid (TFA) were obtained from The Sigma-Aldrich,
Steinhaus, Germany. Immunoaffinity cartridges (IAC)
for the clean-up step (AFLAPREP® and
OCHRAPREP®) are from R-Biopharm Rhône
Ltd., UK. Methyl cyanide (MeCN), Ethanoic acid
(EA) and Methyl hydroxide (MeOH) of
chromatography ultrapure grade, phosphate buffer
saline (PBS), and the other used chemicals bought
from Merck, Darmstadt, Germany, are analytical
grade. and. A Milli-Q-system (Millipore, Mosheim,
France) provided deionized water (DW); For the OTA
analysis, the mobile phase (Mph) was DW, MeCN,
and EA (51:47: 2), and for the AFs analysis, it was
MeCN, MeOH, and DW (20:20:60) [36].

Sample extraction

The procedures of extraction were done according to
Iqbal et al. [36] with slight alterations. The extraction
was achieved in three steps before LC injection: sample
preparation, purification, and derivatization.
(1)
 Preparation: A 3 g sample was homogenized for
10min with 0.3 g sodium chloride and 10ml of
MeCN: DW (45:55) and then centrifugated at
3000 rpm at ambient 2min Two mL of the filtrate
mingled with 2ml of DW for AFs extraction and
for OTA extraction with 2ml of PBS.
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(2)
 Purification: The sample was passed slowly via a
specific immunoaffinity cartridges at a flowrate of
1 drops/s then splashed at the same flow rate with
water (1ml). Elusion with 1ml of MeOH for AFs
and OTA residues. At last, the elute evaporated at
40°C under nitrogen stream. For OTA analysis,
the residues were redissolved in 600 μl of the Mph
before injection into HPLC, but for AFs analysis
derivatization was done.
(3)
 Derivatization: After drying up, the derivatization
of AFs was carried out with 100 μl of TFA in a
dark environment for 15min at ambient
temperature with the vials’ caps on. Then, add
500 μl of the mixture of MeCN: DW (1 : 9)
mixture to the vials.
Chromatography separation

Twenty μl was injected to HPLC system (Agilent,
1200, USA). The flow rate of the isocratic Mph was
1ml/min. The mycotoxins were separated on reversed-
phase column (250mm, 4.6mm i.d., 5 μmparticle size,
LiChrospher C18 ODS column, Agilent) at 40°C
equipped with a FLD (Japan) The excitation wave
lengths were 360 nm, the emission wave lengths
were 440 nm [36].
Quality control for chromatographic analysis (Intra-lab

verification)

According to [37,38] guidelines, validation criteria,
including linearity, recovery, Limit of detections and
quantifications (LOD and LOQ), and precision of
AFs, and OTA were established. With three
replicated analyses of fortified samples, method
precision was decided in terms of inter-day precision
at 6 days and repeatability (intra-day precision) on
three levels (low, medium, and high). For all
examined toxins, the calibration plot was
concentration versus area under peak (AUP) with
coefficient of determination. The accuracy and
recovery were done by fortifying at three distinct
levels ½ X, 1 X, and 2 X MRL of AFs and OTA in
non-contaminated eggs.
Table 2 Incidence of isolated bacteria from examined
specimens
Statistical assessment
Data were expressed as mean±S.D. using the
commercially available software package (SPSS Inc.,
version 22.0, Chicago, IL, USA) to analyze the
obtained data [39].
Total No. of examined
samples

S.
aureus

E.
coli

K.
pneumonia

Salmonella

150 NO.
(%)

NO.
(%)

NO. (%) NO. (%)

40
(26.6)

87
(58)

51 (34) 0 (0)
Results and discussions
Bacteriological investigation
Staphylococcus spp. was isolated at 70% (105/150)
among them S. aureus represent as 38.1% (40 /105)
while coagulase negative isolates represent as 61.9%
(65/105) (Table 2). Eid et al. [40] reported a prevalence
rate of 40% overall of coagulase-positive Staphylococci in
both shell and contents of the eggs; our isolation rate
was lower at 15% (7.5%), compared to theirs. Also,
Stepień et al. [41] reported S. aureus at a percent of
45.7% from eggs, of which 38.7% and 2.5% were
detected in the yolk and white, respectively, while
Abdullah [13] documented Staphylococcus

contamination of eggs on the shell, white, and yolk
contents. Lower rate was reported by Ballah et al. [42]
as prevalence rate was 25% for eggs gathered from
various markets in Bangladesh. A significantly
decreased rats found in baladi, white, brown farm
hens’ and duck egg by El-Kholy et al. [43] as the
detection rate was 7(9.3%) and 4(5.3%) from white
and brown poultry farms eggs shells, respectively while
in egg contents rates was 2.7% and 1.3%, respectively,
about 1(14.3%) of white poultry farms eggshells were
contaminated with S. aureus.

S. aureus enterotoxins molecular analysis demonstrated
that enterotoxin A (sea) and D(sed) were not detected
at any of examined isolates, while enterotoxin b(seb)
and e(see) were found only at one isolate 1/8 (12.5%),
and enterotoxin c (sec) was found at 2 isolates 2/8
(25%). These enterotoxins are dangerous because they
resist hydrolysis by stomach and jejunal enzymes and
are heat-stable at 100°C for 30min This might explain
why staphylococcal food poisoning is the major cause
of food-borne microbial intoxication globally [44].
Detection of hemolysin encoding gene (hla) and
hemolysin encoding gene (hlb) were 4/8 (50%) and
7/8 (87.5%), respectively, (Table 3, Fig. 1).

Alpha-Hemolysin (encrypted by the Hla gene), water-
soluble monomer secreted by most pathogenic strains
of S. aureus, targets nearly all mammalian cells by
forming stable, amphiphilic transmembrane pores
[45,46]. Beta toxin coded by the hlb gene. One of
the activities of this toxin in clinical conditions can be
described as human lung, eye infection (cornea) and an
ability to prevent the ciliary of nasal epithelium cells has
been described [47,48].



Table 3 Occurrence of some virulent genes and enterotoxins
of S. aureus

Staph isolates No. Sea Seb Sec Sed See hla Hlb

1 − − − − − − −

2 − − + − − + +

3 − − − − − − +

4 − − − − − + +

5 − − + − − − +

6 − − − − − + +

7 − + − − − − +

8 − − − − + + +

Figure 1

Electrophoresis of some investigated virulence genes and enter-
otoxins of S. aureus isolates, Lane (L):100 bp DNA ladder, Lane
(P): Positive control, Lane (N): Negative control and tested isolates
represent as 1 to 8 as: A:multiplex PCR of enterotoxin genes for sea
(102 bp), seb (164 bp), sec (451 bp), sed (278 bp) and see (209),
lanes (1, 3, 4, and 6): Negative for examined genes, lanes (2, 5):
Positive sec gene, lane (7): Positive seb gene and lane (8) Positive
see gene. B: Agarose gel electrophoresis of hla (704 bp) gene, lanes
(1,3,5,7): Negative hla gene, lanes (2,4,6,8): Positive hla gene. C:
Agarose gel electrophoresis of hlb (496 bp) gene, lane (1): Negative
hlb gene, lanes (2, 3, 4, 5, 6, 7, 8): Positive hlb gene.

Figure 2

Electrophoresis of some E. coli virulence genes, Lane (L): 100 bp
ladder (DNA marker), Lane (P): Control positive, lane (N): Control
negative as:D: duplex PCR of stx1 (614 bp) and stx2 (779 bp) genes,
lane (1): Positive stx1 gene, lane (6): Positive stx2 gene, lanes
(2,3,4,5,7,8): Negative stx1 and stx2 genes. E: uniplex PCR of
eae gene (248 pb), lanes 1 to 8: Positive eae gene. F: uniplex
PCR of astA gene (110 pb), lanes (1,4, 6,7): Positive astA gene,
lanes (2,3, 5,8): Negative astA gene.
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The results of S. aureus hemolysin genes were so
interesting, as 87.5% of the isolates were positive for
hlb, while 27.27% were positive for the hla gene.
Diverse virulence gene profiles were also reported
from different food categories worldwide, such as
milk products in South Africa [49]. and retail
chicken in Egypt [50]. According to the findings of
this study and previous published papers, different
toxins contribute to S. aureus’ pathogenic potential
and pose a health concern to consumers.

E. coli incidence was 58% (87 /150) that 8 different
serotypes namely O93(11 isolates), O85 (10 isolates),
O2 (9 isolates), O77(8 isolates), O142 (7 isolates),
O154 (5 isolates), O11(3 isolates) and O21 (2
isolates) were identified while (32 isolates) were
untypal. The occurrence of E. coli in our research
was 58%, which is near the results of Gole et al.

[51], with an incidence of 60.78%. Also it approach
to the results of Hanaa [52] which revealed that out of
150 examined egg samples, 63 (63%) was positive forE.
coli from hen of which the incidences in egg shell, egg
albumin and egg yolk were 40%, 8% and 15%,
respectively. A different result was noted by
Sabrinath et al. [53], who determined that 13.3%,
45.8%, and 45.8%, respectively, E. coli was present
in egg contents gathered from both small and large
farms. A lower incidence (19%) was found by
Ghasemian Safaei et al. [54], while siriphap et al.

[55] determined low prevalence of E. coli as 12% in
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hen’s egg collected from supermarkets in Thailand to
found only 91 isolates out from 750 examined egg.
EPEC strains‘ refers to eae-haboring diarrheagenic E.
coli that lacks the Shiga toxin genes yet can cause severe
damage to intestinal cells [56].

Our investigation revealed that molecular
identification of E. coli (Figure 2) virulence genes
eaeA were detected at a rate of (100%). As 8/8 of
tested E. coli isolates were positive (Table 4). These
completely adverse results were reported by others
[57,58], as none of the isolates analyzed included
the eae A gene. The eaeA gene (attaching and
effacing of enterocyte gene gene) was evaluated to
speculate the virulence of the isolated E. coli strains.
There were 100% positive results for this gene in all
tested isolates. This result assured the virulence of
these isolates because the eaeA gene encodes for
intimin protein which act as a bacterial adhesion
molecules that result in the emersion of the A/E
lesions [59]. The high incidence rate of eaeA gene
detection was reported by many authors as [60] who
detected eaeA gene in 95.9% of the tested E. coli

O157:H7 isolates.

Also our investigation revealed that stx1 gene was
detected at a rate of 12.5%, as only 1/8 of the
examined isolates have been positive for stx1, and
the same result was reported for stx2. This agrees
with Galal et al. [61] who detected either stx1 or
stx2 with eaeA gene in 3/19 (15.78%) of the
Table 4 Presence of some virulence genes of E. coli isolates

virulence genes

E. coli sample Serotype Stx1 Stx2 eaeA astA

1 O93 + − + +

2 O85 − − + −

3 O2 − − + −

4 O77 − − + +

5 O142 − − + −

6 O154 − + + +

7 O11 − − + +

8 O21 − − + −

Table 5 Intra-Intralab verification sheet of analyzed mycotoxins

AFB1 AFB2

RT (min.) 1.979 1.071

Range (ppb)

Correlation coefficient (R2) 0.99997 0.99998

LOD (ppb) 0.011484 0.009015

LOQ (ppb) 0.034452 0.027044

Accuracy 97.9±5 98.5±3.5

Intra-day precision (CV%) 0.12 0.33

Inter-day precision (CV%) 0.62 0.87
samples. but Zahraei Salehi et al. [62] reported a
reduced stx1 detection rate, with just 1 (8.33%) of
the 12 tested isolates being positive, but higher rates for
stx2 were found in 9 (75%) isolates. A higher rate was
found by Elafify et al. [63] as out of 20 isolates (20%)
positive for stx1, all tested isolates (5 out of 5) were
positive for stx2, and both stx1 and stx2 genes were
found by Samanta et al. [64].

While astA gene was detected at a rate of 50%, as 4/8
evaluated isolates were positive the gene. astA gene
encodes a heat-stable toxin of enterotoxigenic e. coli
(ETEC) that result in the inhibition of ion exchange
and sodium reabsorption, contributing to the release of
water and salt into the gut and hence net fluid loss,
leading to watery and secretory diarrhea [65,66].

K. pneumonia was found in 51/150 with percent 34%,
while Salmonella was not detected in our samples. S.
aureus was detected in our investigation at a rate of
26.6%, which is lower than the results of [67], who
isolated S. aureus from the content of baladi eggs in
percentages of 74.4%.

Salmonella spp. was not isolated during this study; this
agrees with Awny et al. [68], and Yenilmez [69], but
disagrees with Marek et al. [70] who claimed that 11%
of table eggs had Salmonella in them.

The incidence of K. pneumonia was 34%, resembling
the rate of 31% declared by Fatima Zahra et al. [71]
during a study of table eggs from the informal sector,
while a lower rate of 20%was found in the formal sector
from egg content, and a lower rate of 15% of Klebsiella
spp. was reported by Al Momani et al. [72].
Detection of mycotoxins
Intra-lab verification

The mycotoxins method qualification results were
shown in (Table 5), the intra-day precision
coefficient of variance (CV%) not exceed 0.47% (2%
that set by USP, 2019) [73] and the inter-day precision
does not surpass 1.2% (6% that set by ICH, 2005) [74]
AFG1 AFG2 OTA

0.591 0.451 11.214

0.15-6

0.99985 0.99971 0.99970

0.024965 0.012764 0.005287

0.074895 0.038291 0.01586

96.7±18.2 93.9±12.4 94.5±12

0.18 0.32 0.47

1.1 1.2 0.94
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of the used assay, which is highly precise and
exceptionally accurate.

Analysis using the linear least square method
showed that concentrations and AUP are linearly
related. In the range 0.50–20.0 μg/ml it has been
found to be linear for all analyzed mycotoxins with
a correlation coefficient more than 0.99 as shown in
(Fig. 3).

The retention times (RT) of the Afla −G2, −G1,
−B2, −B1, and OTA standards at 0.451, 0.591,
1.071, 1.979, and 11.214min as shown in (Figs 4
and 5) demonstrate the great resolution of the
chromatograms.

Specificity and selectivity: As shown in (Figs 4 and 5),
HPLCChromatograms of pure standards and fortified
blank eggs at the same levels, demonstrating no
invasive peaks were separated at the same retention
times (RT) of the toxins peaks and no matrix
interventions were visible on the chromatograms.
Figure 3

Caliberation plots for AFS (A–D) and OTA (E).
Concentrations of mycotoxins

The incidence and concentrations of mycotoxins
residues in examined baladi chicken eggs were
summarized in (Table 6 and Figs 6–8), showing that
AFB1 is the predominant detected toxin (18%).

In the current investigation, 150 chicken baladi eggs
were gathered, and the prevalence of AFs and OTA
was examined. According to the findings, AFs and
OTA were present in egg samples in 18% and 8%,
respectively. AFT (total of AFB1, AFG1, AFB2, and
AFG2) and OTA reached maximum values of 6 and
0.39 ppb, respectively. The mean AFB1 concentration
in the eggs was 1.02 ppb, with values ranging from 0.02
to 4.5 ppb.

Restricted information about AFs or OTA presence in
eggs was reported in numerous studies. According to
Iqbal et al. [36], AFs and OTA were present in 28 and
35%, respectively, of the 80 eggs (n=80) that were
obtained from Pakistan. In a paper by Amirkhizi et al.
[75], AFB1 was present in 58% of Iranian egg samples



Figure 4

Chromatograms of aflatoxins at a conc. of 0.15 ppb in acetonitrile
solvent (a) and in blank egg (b).

Figure 5

Chromatograms of OTA at a conc. of 0.15 ppb in acetonitrile solvent
(a) and in blank egg (b).

Figure 6

Incidence of mycotoxins in eggs.
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at an average concentration of 0.30–16.36 ppb.
Herzallah [76] demonstrated AFs pollution with an
average of 1.23 ppb in 10 eggs. According to Shehata
et al. [77], there were 30%, 16.6%, and 20%,
respectively, of baladi, brown farm eggs, and white
farm eggs that assessed positive for AFT residues. The
average AFs residue levels in baladi were 6.7 ppb, with
a range of 0.9–14.3 ppb. An average level of AFs
residues in farm brown eggs was 3.2 ppb, with a
range of 0.34–7.3 ppb, while the average levels in
farm white eggs were 4.34 ppb, with a range of
0.75–9.1 ppb, respectively. Our findings, however,
showed a lower occurrence, which the ration’s nature
is to blame for.

Different plant species, fungal species, and ecological
variables like temperature, moisture, and the presence
Table 6 Concentrations of mycotoxins (ppb) in 150 baladi chicken

Conc. +ve samples mean±SD LOD-0.499 0.5–0

AFB1 27 (18%) 1±1.27 14 4

AFB2 18 (12%) 0.3±0.37 15 0

AFG1 15 (10%) 0.14±0.16 14 1

AFG2 15 (10%) 0.058±0.056 15 0

AFT 27 (18%) 1.3±1.7 14 2

OTA 12 (8%) 0.049±0.04 12 0

*LOD for AFB1 0.0115, AFB2 0.009, AFG1 0.025, AFG2 0.013, OTA 0.
OTA (EC 1881/2006). ***US FDA MRL 20 ppb for AFT.
of insects all play a role in the fluctuations in
mycotoxins’ occurrence and levels in eggs [78]. The
type and concentration of mycotoxin in the eggs are
influenced by the sort of feed that the birds consume.
eggs

.99 1–2.99 3–6 ≥EU MRL** ≥US FDA MRL***

6 3 5 (3.3%) 0

3 0 0 0

0 0 0 0

0 0 0 0

8 3 3 (2%) 0

0 0 0 0

016 ppb. **EU MRL 2 ppb for AFB1, 4 ppb for AFT, and 2 ppb for



Figure 7

Chromatogram of egg sample with 6 ppb of AFT.

Figure 8

Chromatogram of egg sample with 0.39 ppb of OTA.
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Since grains and legumes make up the majority of the
ingredients in poultry diets, the concentration of
mycotoxins varying according to the degree of
contamination [79]. The amount of OTA in the
eggs was found to be lower than the amount of
aflatoxins found; these findings concur with those of
[80] who informed that the amount of OTA was
substantially lesser than that of AFB1 and zearalenone.
Conclusion
From our study, we found the presence of some
bacteria in egg contents, which may be the result of
unsanitary production and handling practices, poor
storage conditions, or careless cleaning before
marketing, this may allow germs to spread to the
egg’s contents by penetrating the eggshells’ pores
and reaching the inside surface. A public health
problem occurs if eggs are handled, eaten raw,
unpasteurized, or exploited in egg-related products.
Therefore, egg consumption should be approached
with caution to prevent or at the very tiniest
minimize food-borne infection. Preventive measures
must be followed to avoid bacteria development on or
within eggs, the storage and marketing procedures
must also adhere to high hygiene standards. Despite
the fact that AFs and OTA were determined to be
below the maximum allowable threshold in 98% of the
egg samples examined, according to the health risk
assessment, AFB1 and OTA exposure put both adults
and children at risk for health problems. It is suggested
to implement control and monitoring strategies to
reduce the content of mycotoxins in chicken eggs in
Egypt given the rise in poultry egg consumption in that
country and the possible dangers of mycotoxin
exposure, particularly for youngsters.
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