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Abstract

LTHOUGH dairy products are more exposed to mold growth, dairy substitutes are also at
Arisk. The mold contamination issue in dairy products extends beyond quality concerns,

encompassing broader food safety and public health apprehensions. In this regard,
investigation of mold occurrence, identification of prevailing molds, and monitoring of aflatoxins
levels via ELISA were accomplished on 210 samples of different dairy products and dairy substitutes
(30 of each), that were obtained from various markets in El-Fayoum province, Egypt. Molds’ highest
contamination level was found in Ras cheese (73.3%) with the lowest compliance to the Egyptian
Standards (ES), moreover, the lowest one (33.3%) and highest acceptability was found in cream
analogue samples. There was a significant difference (p<0.05) between the mean values of Ras cheese
and cheese analogue samples, alongside the means of plain yogurt and flavored yogurt samples.
Aspergillus spp. was the most isolated mold (54.5%), followed by other species such as Rhizopus
(22.8%), Penicillium (13.1%), Mucor (4.8%), Alternaria (3.4%), and Ulocladium (1.4%). Aspergillus
flavus characterization by PCR revealed that 100.0% of the isolates were confirmed, while 85.3%
harbored the aflatoxin B, afIR gene. Aflatoxin M; was detected in all the analyzed Ras cheese, 70.0%
plain yogurt, 56.7% flavored yogurt, 63.3% milk powder, and 46.7% milk-based cereals samples,
with mean values of 89.05+6.21, 63.4245.04, 48.71+2.65, 51.70+2.55, and 35.22+3.36 ng/kg,
respectively. Total aflatoxins were measured in cheese analogue and cream analogue samples with
mean levels of 12.32+1.58 and 7.46+0.45 ppb, respectively. A great portion of the evaluated samples
contained not only varying levels of Aspergillus spp. contamination, but also their aflatoxins. This
necessitates the frequent monitoring of total aflatoxins in dairy substitutes and AFM; in dairy
products. Moreover, applying strict control measures during various stages of production and
processing of such products, as well as the proper handling and storage of animal feed, would reduce
mold growth.

Keywords: Aflatoxin My, Aspergillus flavus, Dairy substitutes, ELISA, Milk-based cereals, Total
aflatoxins.

Introduction occurs due to post-processing contaminations or
heat-resistance mold spores [3]. The growth of molds
in dairy products is influenced by various
parameters, including temperature, humidity, pH, and
the composition of the product. Although molds are
not foodborne pathogens by themselves, they can
produce secondary toxic metabolites known as
mycotoxins [4].

Aflatoxins are secondary toxic metabolites
produced by certain molds, primarily Aspergillus
flavus and Aspergillus parasiticus. These compounds
pose a significant risk to public health due to their
carcinogenic, mutagenic, and immunosuppressive
properties. This is largely attributed to the metabolic
conversion of ingested aflatoxins in livestock feed
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Dairy products are a vital component of the human
diet, especially for infants and young children, as
they are a rich source of essential nutrients, including
calcium, protein, and vitamins. However, their
inherent nutrient richness and moisture content create
an ideal environment for various microorganisms to
thrive, including molds [1]. There is an increasing
global demand for dairy substitutes, which
constitutes the need for commercial-scale production.
This demand is driven due to its unique flavor and
low price [2].

Mold contamination in milk products is of
particular concern in the food business. It mainly
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into aflatoxin M; (AFM,), a hydroxylated metabolite
that is excreted into milk and consequently
incorporated into dairy products [5, 6]. The
conversion factor of AFB; from animal feed to
AFM; in raw milk is 0.30-6.20%, depending on
genetics, feed received, and lactation stage [7].

When dairy products are manufactured from
contaminated milk with AFM;, the toxin remains
heat-resistant, allowing it to persist in processed
dairy products such as cheese and yogurt [8]. Dairy
substitutes like plant-based cheese are typically not
directly impacted by aflatoxins since they nearly do
not involve animal milk, though contamination may
occur if raw ingredients used in processing are
contaminated [9]. Therefore, the existence of
aflatoxins in dairy products and their substitutes is
particularly alarming owing to their widespread
consumption across age groups, especially among
children who are highly vulnerable to its adverse
effects.

The International Agency for Research on Cancer
(IARC) has classified aflatoxins (AFB; and AFM,)
as carcinogenic to humans. While AFM; exhibits
lower mutagenic and carcinogenic potency compared
to AFB;, the carcinogenic effects of AFM; are still
significant enough to place it in Group 1 of human
carcinogens [10, 11]. In developed countries, the risk
posed by aflatoxins has prompted the implementation
of stringent regulatory limits in milk and dairy
products [12]. Several countries have set up
maximum acceptable limits of aflatoxins in food that
are expected to be safe. European Commission [13]
set at 4-15 ppb, while the United States Food and
Drug Administration (US FDA) [14] at 20 ppb.
Regarding AFM; in milk and its products, limits vary
from 50 ng/kg established by Egyptian Standards
[15] and European Commission [13] to 500 ng/kg set
by US FDA. However, research highlights that these
limits are not always met, particularly in regions with
poor storage conditions or inadequate feed
monitoring [9, 16]. Therefore, this study aimed to
monitor distribution of molds, identify and detect
toxigenic strains producing aflatoxins by DNA-based
detection methods (PCR), in addition, quantitative
assessment of aflatoxin M; and total aflatoxins in
most popular milk products and their substitutes
consumed in Egypt.

Materials and Methods

Samples collection

A total of two hundred and ten samples of Ras
cheese, plain yogurt, flavored yogurt, milk powder,
milk-based cereals, cheese analogues (soft cheese
with vegetable fats), and cream analogues (30
samples each) were analyzed. These samples were
purchased from various marketplaces and retail
establishments in El-Fayoum governorate, Egypt;
while milk-based cereals samples were collected
from different pharmacies. The quantity of each
sample ranged from 250-300 grams. The gathered
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samples were promptly transferred to the laboratory
with the least amount of delay to minimize any
potential contamination.

Samples preparation

Eleven grams of each sample were aseptically
transferred into a sterile blending container. To this,
99 ml of 1% peptone water (Himedia, RM001) or 2%
sodium citrate for cheese samples (Himedia,
GRM255) were added, and the mixture was
homogenized using a sterile blending device (Lab-
Blender/400-Seward, Worthing UK) for a duration of
2 minutes. Subsequently, serial dilutions of the
homogenized mixture were prepared in a tenfold
manner [17].

Mold isolation

Duplicate plates of sterile Sabouraud’s dextrose
agar (SDA) (Himedia, MHO063) supplemented with
0.05 mg/ml chloramphenicol (Himedia, CMS218)
were used for mold isolation by inoculating various
dilutions using the pouring technique. The inoculated
plates were then placed in an incubator set at 25°C
and left to incubate for a period of 5 days [18].

Identification of the isolated mold
Macroscopic and microscopic identification:

The isolates were recognized using macroscopic
and microscopic means. Macroscopic observations
were conducted to assess the color, texture, size,
edges, surface, and reverse pigmentation of the
colonies on Malt extract agar (MEA) (Himedia,
M1913) and Czapek’s Yeast extract agar (CYA)
(Himedia, M1335). For microscopic examination, a
lactophenol cotton blue stain (Himedia, S016) was
utilized. A drop of the stain was carefully placed on a
clean slide free from grease or any contaminants.
Subsequently, the material was gently teased apart,
and a cover slip was placed over the sample to
facilitate microscopic observation [19, 20].

Electron microscopic identification:

Electron microscopy examination was conducted
to visualize the ultrastructure of the mold isolates at
the microscopic level. By employing electron beams
instead of light. Cultured cells were fixed and
washed followed by post-fixation washing and
dehydration. Subsequently, it is situated on stub and
covered with a tiny layer of a conductive substance
using the sputter coating technique [21, 22].

DNA extraction and polymerase chain reaction
(PCR)

Extraction of Deoxyribonucleic acid from the
identified A. flavus isolates was carried out using a
Gene JET purification kit (Thermo Fisher, K0721).
PCR Master Mix: DreamTaq Green PCR Master Mix
(2X) Fermentas Company, Cat. No. K1080, USA
was employed. The Aflatoxin biosynthesis gene
cluster (accession no. AY510455) were amplified
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using the polymerase chain reaction (PCR) technique
for identification of A. flavus, and while the
Aflatoxin B; regulatory gene fragments (aflR)
(accession no. KY769957) was amplified to
determine A. flavus toxigenicity. The specific
sequence of aflatoxin biosynthesis gene cluster
primers was (F: 5
GGTGGTGAAGAAGTCTATCTAAGG 3) and (R:
5 AAGGCATAAAGGGTGTGGAG 3), and the
specific sequence of aflR primers was (F: 5
AACCGCATCCACAATCTCAT 3) and (R: 5
:AGTGCAGTTCGCTCAGAACA 3) [23, 24].

Quantitative determination of AFM; and total
aflatoxins using ELISA assay

The quantitative analysis of AFM; levels in the
samples was carried out using a competitive enzyme-
linked immunosorbent assay based on the
RIDASCREEN® Aflatoxin M; (Art. no.: R1121, r-
biopharm, Darmstadt, Germany) test kit. Most of the
used reagents were provided by the kit manufacturer.
The ELISA test procedure was conducted using the
instructions of RIDASCREEN® test kit according to
I1SO (14675:2003) [25], the limit of detection (LOD)
was 5 ng/kg. For total aflatoxins measurement the
MaxSignal® Total Aflatoxin (By, B,, G;, and G,)
ELISA Kit was implemented following the
manufacturer’s instructions.

Recovery study

For the validation of the method, a recovery study
was achieved by spiking known concentrations (5-80
ng/kg) of AFM; according to the instructions for use
of the RIDASCREEN kit. The mean recovery score
was 99.00%, with a coefficient of variation 1.4%

(Fig. 1).
Statistical analysis

The one-way ANOVA and t-test were used to
examine the outcomes of various parameters through
SPSS version 25. The findings mean values were
expected to be significantly different if the p-value
was less than 0.05.

Results
Mold count, isolation, and identification

The data illustrated in Table (1) showed that the
highest level of mold contamination was found in
Ras cheese (73.3%), flavored yogurt (56.6%), and
cheese analogue (50.0%) samples with mean counts
of 12x10%+ 7.5x10% 49x10° + 18x10°, and 2.9x10°+
2.3x10% CFU/g, respectively. Plain yogurt samples
were contaminated in a percentage of (46.7%), milk-
based cereals (46.7%), and milk powder (40.0%)
with average counts of 27x10% + 9.6x10° 42x10 +
13x10, and 17x10° + 3.6x10? CFU/g, respectively.
Meanwhile, the lowest contamination level was
found in cream analogue samples (33.3%) with an
average value of 4.5x10 + 1.1x10 CFU/g. Based on
the statistical outcomes of the analyzed samples,

there was a significant difference (p<0.05) between
the means of Ras cheese and cheese analogue
samples. In addition, average values of plain yogurt
and flavored yogurt samples showed significant
differences.

The highest frequency was distributed between
10° to <10* CFU/qg for the examined Ras cheese and
flavored yogurt samples. In case of counts between
10? to <10% CFU/g, plain yogurt, milk-based cereals,
and cream analogue samples values were the most
prominent (Table 2).

Furthermore, compliance with the Egyptian
Standards (ES) regarding the mold count, the highest
percentages of acceptability (76.7%) was detected in
cream analogue samples followed by milk powder
samples (60.0%). Ras cheese samples had the lowest
acceptability percentage (26.7%), as displayed in
(Fig. 2).

Aspergillus spp. was the most isolated mold with
54.5%, followed by other species such as Rhizopus,
Penicillium, Mucor, Alternaria, and Ulocladium with
22.8%, 13.1%, 4.8%, 3.4%, and 1.4%, respectively.
Aspergillus flavus possessed the greatest percentage
among the isolated species predominated in Ras
cheese, plain yogurt, and cheese analogue samples in
a percentage of 28.6%, 33.3%, and 38.9%,
respectively (Table 3).

Thirty-four strains of Aspergillus flavus subjected
to macroscopic, microscopic, electron microscopy as
well as PCR identification techniques. Aspergillus
flavus aflatoxin biosynthesis gene cluster was
detected in 100.0% of the tested strains (Fig. 3 and
Fig. 4). Toxin production capability was confirmed
relying on the detection of Aflatoxin B; (aflR) gene
that was detected in 85.3% of the tested strains
(Table 4 and Figure 5).

Incidence of aflatoxin M; and total aflatoxins

The Aflatoxin M; prevalence in the investigated
Ras cheese, plain yogurt, flavored yogurt, milk
powder, and milk-based cereals samples was
summarized in Table 5. All the examined Ras cheese
samples  (100.0%) contained AFM;, with
concentrations ranging from 37.3 to 193.6 ng/kg and
a mean value of 89.05 + 6.21 ng/kg. Regarding the
contaminated yogurt samples, AFM; mean
concentrations were 63.42 + 5.04 and 48.71 + 2.65
ng/kg in plain and flavored yogurt samples,
respectively. The average values of AFM; in milk
powder and milk-based cereals samples were 51.70 +
2.55 and 35.22 + 3.36 ng/kg, respectively. Out of the
Ras cheese samples that were evaluated, 80.0% of
them exceeded EC regulations and Egyptian
Standards limits (<50 ng/kg), whereas 52.4% and
35.3% of the assessed plain and flavored yogurt
samples exceeded those limits. Milk powder and
milk-based cereals samples showed a nearly similar
percentage of unacceptability (42.1% and 42.9%) for
those standards. None of the evaluated Ras cheese,
plain yogurt, flavored yogurt, milk powder, or milk-
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based cereals samples exceeded the US Food and
Drug Administration limit (<500 ng/kg). Regarding
the findings exhibited in Table (6), the highest
frequency distribution of AFM; in Ras cheese
(56.7%) and plain yogurt samples (20%) lies within
the range of 81-120 ng/kg, respectively.

The data illustrated in Table (7) shows that 46.6%
of cheese analogue samples contained total aflatoxins
in a concentration range of 7.41 - 25.13 ppb with a
mean value of 12.32 + 1.58 ppb. Alternatively,
30.0% of cream analogue samples had an average
value of contamination (7.46 + 0.45 ppb) in a
concentration range of 6.23 - 11.21 ppb. Out of the
positive cheese analogue samples containing total
aflatoxins, a percentage of 57.1% was unacceptable
to the total aflatoxins standard limits stipulated by
the EC (4-15 ppb for food) [13] and the US
regulations (20 ppb for food) [14].

Discussion
Mold count, isolation, and identification

Molds commonly contaminate milk products due
to their favorable growth conditions [1]. Our results
of Ras cheese samples were higher than those
reported by Ahmed et al. [26], who detected mold in
Ras cheese with a mean count of 3.54x10° CFU/g.

The tested plain yogurt samples by Worku et al.
[27] showed a coincident finding with this study,
where the average mold count was 1.0 x10* CFU/g.
A greater contamination level (8.0x10° CFU/g) than
our samples was documented by Keta et al. [28].
Concerning flavored yogurt samples, the obtained
results were greater than those reported by Aman et
al. [29], who detected mold with a mean value of
4.25x10% CFU/g. Recently, the growing use of dried
milk has made its microbial quality a primary
concern due to the high susceptibility of consumers
to food-borne diseases [30]. In the current study,
mold count findings of milk powder samples were in
line with those reported by Abdelkhalek et al. [31],
whose tested samples’ mean value was 1.3x10°
CFU/g. Abdel-Hameed et al. [32] revealed lower
results, where mold was detected in an average value
of 5.6x10 CFU/g. Moreover, lbrahim et al. [33]
declared that all the investigated milk powder
samples had a mold level of less than 10 CFU/g. The
milk-based cereals samples analyzed by Aidoo et al.
[34] showed comparable mean values (6.31x10?
CFU/g) to our mold count findings, meanwhile Ajayi
and OKkiti [35] recorded a higher mold value of
4.1x10° CFU/g in the examined milk-based cereals.
The high mold counts in the surveyed products may
be due to inadequate hygiene during processing,
contamination after heat treatment, the heat
resistance of mold spores, or the usage of inferior
flavoring substances [36, 37].

Mycological analysis of cheese analogue samples
mentioned by Hamad et al. [38] showed
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contamination in accordance with our findings, with
a mean value of 3.98x10° CFU/g. Conversely,
Mohamed et al. [39] reported a lower result, where
cheese analogue samples contained mold in a mean
count of 1.6x10 CFU/g. Our cream analogue samples
contained mold count lower than those of El-gendi
and El-shreef [40], where mold was detected in
66.7% of cream analogue samples with average
count of 1.41x10° CFU/g. The reduced mold count in
dairy substitutes is likely due to the usage of various
non-dairy fats and/or proteins in their production,
along with the effective use of preservatives like
potassium sorbate in these products' manufacturing
[41].

The isolated mold strains in this study aligned
with findings from Seddek et al. [42], who identified
Aspergillus as the most common mold in Ras cheese,
with A. flavus and A. niger being the most prevalent.
On matching our results with those obtained by
Fetouh et al. [43], Aspergillus flavus, Aspergillus
niger, Penicillium spp., Rhizopus spp., and Mucor
spp. could be isolated from yogurt samples. Oyeyipo
et al. [44] found that Aspergillus was the most
predominant in powdered milk samples, followed by
Mucor, Penicillium, and Rhizopus. Aidoo et al. [34]
reported that the genera Aspergillus, Penicillium, and
Mucor were isolated from the analyzed milk-based
cereals samples. Salim et al. [45] identified
Aspergillus as the most detected mold in cheese
analogue samples before Penicillium, which is in
accordance with our findings. Further studies are
needed on identifying mold species in cream
analogues as the currently available data is
insufficient.

This study aimed to develop a specific alternative
to traditional aflatoxin quantification methods. PCR
was used to detect the aflatoxin B; regulatory gene
(aflR), indicating whether isolated A. flavus strains
can produce AFB; in contaminated products. The
PCR technique enables the screening of numerous
suspected samples with great accuracy and
sensitivity, allowing for the rapid processing of large
numbers of samples [46]. Conventionally identified
A. flavus strains that were subjected to genomic
analysis contained these targeted gene fragments,
agreed with the PCR results reported by Salim et al.
[45]. The ability to synthesize AFB; was detected in
85.3% of A. flavus isolates from the analyzed
products, reflecting the high risk of contaminated
dairy and non-dairy products by A. flavus.

Incidence of aflatoxin M; and total aflatoxins

Mold counts exceeding permissible limits not
only indicate compromised product quality but also
raise concerns regarding potential mycotoxin
contamination. The aforementioned results linked to
Ras cheese were agreeable with Amer and Ibrahim
[47], who detected AFM; in 100.0% of the tested Ras
cheese samples, ranging from 51.6 to 182 ng/kg. We
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found lower values than those documented by
Ahmed et al. [26], AFM; mean value was 890 ng/kg
and all the samples exceeded the acceptable levels
declared by ES and EC regulations.

Aflatoxin M; mean content in plain yogurt
samples correlate fairly with Camaj lbrahimi et al.
[48] findings. A lower AFM; concentration was
found with respect to those reported by Corassin et
al. [49], who detected AFM; in mean value of 50
ng/kg. Aflatoxin M, exceeded the EC regulations in
40% of yogurt samples analyzed by Camaj Ibrahimi
et al. [48]. Parallel to the current study the examined
flavored yogurt samples were loaded with AFM; in a
mean value of 45.3 ng/kg [50]. We found much
higher values for AFM, than Heshmati et al. [51],
AFM; mean value was 29 ng/kg. The detection of
AFM; in the examined yogurt samples highlighted
the significance of fermented dairy products as
sources of aflatoxins to consumers.

Milk powder results differ to some extent with
Alahlah et al. [52], who detected AFM; in a lower
value (25 ng/kg). On the contrary, the findings were
lower than those observed by Marimon Sibaja et al.
[53], who reported AFM; concentration of 600 ng/kg.
The current study findings of AFM; in powdered
milk were nearly coincided with those recorded by
Igbal et al. [11], AFM; mean value was 57.3 ng/kg.
Residues of AFM; were detected in milk powder
samples at higher concentrations than the maximum
permitted levels by the Egyptian and European
regulations [54].

Aflatoxin M; mean level of milk-based cereals
samples was lower than those documented by
Marimén Sibaja et al. [53], AFM; mean
concentration was 250 ng/kg. While the
investigated samples by Elaridi et al. [55] had
similar levels of contamination (33.7 ng/kg) as
observed in the present study. However,
comparatively lower levels of AFM; in milk-based
cereals (9.38 ng/kg) was detected by Malissiova et
al. [56]. The wvariation in detected AFM;
concentrations in forgoing studies may be related to
different factors, including differences in feeding
systems, farm management practices, changes in
seasons' climates, analytical methods, product
preparation, storage, and packaging [57].

Previous studies showed that AFM; binds
strongly to milk casein, resulting in cheese
containing four times more AFM; than milk.
Therefore, cheese may be the highest source of
aflatoxins among dairy products [58]. AFM; remains
bound to casein throughout dairy production
processes, including those for powdered milk,
cheese, and yogurt. Due to its strong binding and
high heat resistance, AFM; cannot be eliminated by

conventional heat treatments [59]. Remarkably,
breast feeding, milk-based cereals and infant
formulae are the main sources for infant feeding;
consequently, the presence of toxic substances, such
as AFM;, in these food categories may contribute to a
greater exposure comparable to adults [60].

Assessing dairy substitutes by determining the
total aflatoxins may be valuable and preferable,
which is a more practical way to assess the crucial
health risk associated with aflatoxins producing mold
in these products. Embaby et al. [61] reported a
higher result of total aflatoxins (298 ppb) in cheese
analogue samples. Aflatoxin contamination can arise
either from contaminated additives (dried fruit,
spices, and oil seeds), or accidental contamination of
raw materials [62]. The lack of research on mold and
toxins in dairy substitutes makes it challenging to
assess their impact on public health and food safety.
This gap underscores the need for further studies to
understand potential risks and establish safety
standards.

Conclusion

A broad mold diversity and aflatoxins mixture
were found in the locally manufactured dairy
products and dairy substitutes, which denotes the
unhygienic conditions of either processing or
keeping in dairy shops. Aspergillus and Penicillium
species were the most predominant isolated mold
from the examined products. The results showed a
high percentage of the examined dairy products
samples’ that contrasted with Egyptian Standards,
leading to high health risks for consumers. So, it is
recommended to adopt strict control measures during
various stages of production and processing of such
products. Conducting regulatory and monitoring
measures for controlling aflatoxins production and
inhibition of toxigenic mold growth in food and feed
are essential to mitigate the higher levels of AFB;
and AFM; in these products. Protecting dairy
animals from eating contaminated feed with AFB; is
the best way to prevent the generation of AFM; in
dairy products. Efforts to prevent and control AFM;
in milk and its products should be addressed.
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TABLE 1. Statistical analysis results of the total mold count (CFU/g) in the tested samples (n=210)

Type of samples Mold count
Positive samples Values

No. % Min Max Mean + S.E.M
Ras cheese 22 73.3 <10 13x10° 1.2x10% + 7.5x10%
Plain yogurt 14 46.7 <10 10x10* 2.7x10%+ 9.6x10%
Flavored yogurt 17 56.7 <10 30x10* 4.9x10* + 1.8x10%*
Milk powder 12 40.0 <10 60x10? 1.7x10%+ 3.6x10?
Milk-based cereals 14 46.7 <10 57x10? 4.2x10%+ 9.0x10
Cheese analogue 15 50.0 <10 23x10° 2.9x10%+ 1.3x10%
Cream analogue 10 333 <10 12x10 4.5x10+ 1.1x10
n: number of the examined samples Min: minimum, Max: maximum SEM: standard error of mean

 There is a significant difference between the mean values of Ras cheese and cheese analogue samples (p<0.05).
® There is a significant difference between the mean values of plain yogurt and flavored yogurt samples (p<0.05).

TABLE 2. Frequency distribution of total mold count in the examined samples (n=210)

Intervals

Sample type 10 - <10? 10% - <10° 10°% - <10* 10% - <10° 10° - <10°

No. (%) No. (%) No. (%) No. (%) No. (%)
Ras cheese 0(0.0) 7(23.3) 8(26.7) 5(16.7) 2 (6.6)
Plain yogurt 1(3.3) 5 (16.7) 3(10.0) 4 (13.3) 1(3.3)
Flavored yogurt 1(3.3) 4(13.3) 7(23.3) 2 (6.6) 3(10.0)
Milk powder 2 (6.6) 5(16.7) 5 (16.7) 0 (0.0) 0 (0.0)
Milk-based cereals 3(10.0) 9 (30.0) 2(6.7) 0 (0.0) 0 (0.0)
Cheese analogue 8 (26.7) 2 (6.6) 4 (13.3) 1(3.3) 0 (0.0)
Cream analogue 3(10.0) 5 (16.7) 2 (6.6) 0 (0.0) 0 (0.0)

n: number of the examined samples No.: number of the positive samples
Percentages were calculated in relation to the number of each examined product (n=30)

TABLE 3. Incidence of the isolated mold species in the examined samples (N=145)

o Ras Plain Flavored Milk Milk-based Cheese Cream
Identified cheese yogurt yogurt powder cereals analogue  analogue
Lelat N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Aspergillusspp. 79 (545) 20 (57.1) 12(57.1) 10 (435)  7(43.8) 12(750)  12(66.7)  6(37.5)
A. flavus 34(234) 10(286) 7(333)  3(130)  2(125) 2 (12.5) 7(389)  3(188)
A. niger 19(13.1)  5(143)  4(19.0) 2(8.7) 1(6.3) 2 (12.5) 3(167)  2(125)
A. terreus 14 (9.7) 0(0.0) 0(0.0) 5(21.7) 4 (25.0) 4 (25.0) 0(0.0) 1(6.3)
A. candidus 6 (4.1) 2 (5.7) 0(0.0) 0(0.0) 0 (0.0) 4 (25.0) 0(0.0) 0(0.0)
A. penicillioids 5 (3.4) 2(5.7) 1(4.8) 0(0.0) 0 (0.0) 0 (0.0) 2(111)  0(0.0)
A. ustus 1(0.7) 1(2.9) 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0)
Rhizopus spp. 33(228) 6(17.1)  7(333)  3(130)  4(25.0) 4 (25.0) 3(167)  6(37.5)
Penicilliumspp. 19 (13.1)  5(143)  2(9.5) 7 (30.4) 0(0.0) 0(0.0) 1(56)  4(25.0)
Mucor spp. 7 (4.8) 4(114)  0(0.0) 0 (0.0) 3(18.8) 0(0.0) 0(0.0) 0(0.0)
Alternaria spp. 5 (3.4) 0(0.0) 0(0.0) 3(13.0)  2(125) 0(0.0) 0(0.0) 0(0.0)
Ulocladiumspp. 2 (1.4) 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 2 (11.1) 0(0.0)
Total 145(100)  35(24.1) 21(145) 23(159) 16(11.0)  16(110)  18(124) 16 (11.0)

N: number of examined isolates.
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TABLE 4. Incidence of toxigenic A. flavus strains in the examined samples

Type of samples Number of A. flavus isolates Toxigenic A. flavus strains
No. %
Ras cheese 10 10 100.0
Plain yogurt 7 6 85.7
Flavored yogurt 3 2 66.7
Milk powder 2 1 50.0
Milk-based cereals 2 0 0.0
Cheese analogue 7 7 100.0
Cream analogue 3 3 100.0
Total 34 29 85.3
TABLE 5. Existence of AFM, in the examined dairy products (n=150)
Sample type ] Exceed (ES) and
Positive samples Concentration (ng/kg) (EC) reg(u Iat)ions*
No. (%) Range Mean + SEM No. (%)
Ras cheese 30 (100.0) 37.3-193.6 89.05 £ 6.21 24 (80.0)
Plain yogurt 21 (70.0) 32.1-1147 63.42 £5.04 11 (52.4)
Flavored yogurt 17 (56.7) 27.3-80.2 48.71 £ 2.65 6 (35.3)
Milk powder 19 (63.3) 23.2-75.6 51.70 £ 2.55 8(42.1)
Milk-based cereals 14 (46.7) 142 -62.1 35.22 +£3.36 6 (42.9)
n: number of the examined samples SEM: standard error of the mean

*ES: The Egyptian Standards (ES 7136/2010): AFM1 <50 ng/kg.
*EC: European Commission (EC 165/2010): AFM1 <25 ng/kg (infant formulae), <50 ng/kg (dairy products).

TABLE 6. Concentrations of aflatoxin M; in the examined dairy products

Sample type Range of aflatoxin M; (ng/kg)
<50 50-80 81-120 121-150 151-200
No. (%) No. (%) No. (%) No. (%) No. (%)
Ras cheese 6 (20.0) 3(10.0) 17 (56.7) 3(10.0) 1(3.3)
Plain yogurt 19 (63.3) 5 (16.7) 6 (20.0) 0(0.0) 0(0.0)
Flavored yogurt 24 (80.0) 5 (16.7) 1(3.3) 0(0.0) 0(0.0)
Milk powder 22 (73.3) 8 (26.7) 0 (0.0) 0 (0.0) 0 (0.0)
Milk-based cereals 24 (80.0) 6 (20.0) 0 (0.0) 0 (0.0) 0 (0.0)

No.: number of samples.
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TABLE 7. Total aflatoxins concentrations in dairy substitutes contaminated with molds and their conformity with EC
and US regulations

Sample type Total mold- Aflatoxin Concentration (ppb) Exceed (EC) Exceed (US)
positive Positive samples regulations *  regulations **
samples

No. (%) Range Mean + SEM No. (%) No. (%)

Cheese analogue 15 7 (46.6) 7.41-2513 12.32+158 4(57.1) 4 (57.1)

Cream analogue 10 3(30.0) 6.23-11.21  7.46 £0.45 (0.0) (0.0)

SEM: standard error of mean
*EC (EC 165/2010): European Commission regulation: 4-15 ppb for food.
**US (FDA 2021): United States regulations’ maximum level: 20 ppb for food.

0.3 ELISA Standard Curve

¥y =-0.0075x + 0.269
R*=0.9915

Absorbance Mean Log
< &

0 10 20 30 40 50 60 70 80
Concentration (ng/kg)

Fig. 1. Calibration curve for AFM;.

Acceptability %

Ras cheese

Plain yogurt
Flavored yogurt
Milk powder
Milk-based cereals
Cheese analogues

Cream analogues

0 10 20 30 40 50 60 70 80

Fig. 2. Acceptability % of the examined products according to the ES.
Ras cheese [63]: Mold < 10 cells/g.
Plain yogurt and flavored yogurt [64]: Mold < 100 cells/g.
Milk powder [65]: Mold < 10 cells/g.
Milk-based cereals [66]: Mold < 10 cells/g.
Cheese analogues [67]: Mold < 10 cells/g.
Cream analogues [68]: Mold < 100 cells/g.
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Fig. 3. (A) Light microscopy images (40x) of A. flavus conidiophores and conidia stained with lactophenol cotton blue
(left) and observed under wet mount preparation (right). (B) Scanning electron micrographs of A. flavus
conidiophores and conidial heads at different magnifications.

Aflatoxin biosynthesis gene cluster

413 bp

Fig. 4. Agarose gel electrophoresis of PCR products of A. flavus. Lane L: 100bp DNA ladder. Lane P: Control

Positive. Lane N: Control Negative. Lane 1-9: positive isolates of Aspergillus flavus (413bp).

800 bp

Fig. 5. PCR-amplified products of Aflatoxin B; afIR gene. Lane L: 100bp DNA ladder. Lane P: Control Positive. Lane
N: Control Negative. Lane 1-6 and 9: A. flavus isolates harboring Aflatoxin B, afIR gene (800bp). Lane 7 and
8: Absence of amplification of afIR gene.
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