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ABSTRACT

This study was conducted to assess the distribution of mold and mycotoxins in raw camel’s
milk and water samples and to evaluate the fungicidal activity of three disinfectants and the
detoxification capabilities of LAB towards aflatoxin M1 in camel’s milk. Molds were isolated
from 56 and 64% of water and raw camel milk samples, respectively. Aspergillus spp. were
the most abundant species isolated from water and raw camel milk samples with 10.9 and
11.6%, respectively, followed by Penicillium and Fusarium spp. The concentrations of
aflatoxin-B1 (AFB1) and ochratoxin-A (OTA) in the examined water samples were 7.97 and
8.28 ug/l, respectively. Furthermore, the concentrations of aflatoxin-M1 (AFM1) and
ochratoxin-A (OTA) in the examined raw camel milk samples were 1.89 and 1.69 pgll,
respectively. Quaternary ammonium/glutaraldehyde based disinfectant was the most efficient
disinfectants against the isolated fungal species. On contaminated dairy surfaces; exposure of
A. flavus to Quaternary ammonium/glutaraldehyde based disinfectant for shorter contact times
less than one-hour exhibited reduced efficacy with log reduction not exceed 2.6 log, while for
A. ochraceus, a minimum of 15 minutes’ exposure time was required to induce good efficacy
with 3.2 log reduction. Adjusting exposures time for one hour showed good efficacy for both
A. flavus and A. ochraceus with 4.5 and 4.6 log reduction, respectively. The AFM1
concentration in prepared yoghurt from camel's milk was reduced to 24.6% after the first 5
days of incubation; and after incubation for 15 and 20 days, further reduction to 45.9 and
55.7% was observed, respectively.
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INTRODUCTION

Camel's milk is packed with a variety
of health nutritional elements, as well as
possible anticarcinogenic, antihypertensive,
and glycemic regulating properties and
treatment of various infectious diseases
(Solanki and Hati, 2018). As camel milk is
of great economic and nutritional value, its
safety is of special importance to farmers,
producers and consumers. It is liable to be
contaminated with mold at suitable
conditions of temperature, moisture and
storage under unhygienic  conditions
(Barrois et al., 1997). Molds can cause a
variety of spoilage and the production of a
wide range of metabolic by-products,
resulting in off-flavor, change the color, and
texture of food product and raise pH as well
as visible growth of mold (Muir and Banks,
2000; ledenbach and marshall, 2010). As a
result, mold and yeast counts are considered
the industry benchmark for determining the
shelf life and sanitary state of food (Foster
etal., 1983).

Fungal contamination of food and water
play a significant role in
gastrointestinal troubles which negatively
impact human health (Ahmed et al., 2020).
In water distribution municipal networks
and tap water, molds are a mutual member
of the flora (Kelley et al., 1997; Paterson
and Lima, 2005). In some features of its
ecology, Aspergillus species are
comparable to  Legionella  species,
recognized to be water pathogens, including
ability to form biofilms in water pipelines
networks (Warris et al., 2003).

Mycotoxins are fungal secondary toxic
metabolites  produced under certain
conditions to achieve a competitive
advantage for mold over other species and
bacteria. Those substances are resistant to
heat treatment, high degree of toxicity,
carcinogenic in nature and has mutagenic
and teratogenic features (Adams and Moss,
2000; Martins et al., 2001). Various sources
can lead to mycotoxin contamination of

76

dairy product. Of those, indirect pathway
through ingestion of contaminated feeding
stuff which resulted in release of
mycotoxins into milk. On the other hand,
direct contamination due to mold growth on
dairy products still paly important role
(Seddek et al., 2016). It is advisable to
monitor the concertation of mycotoxin
poses major public health hazard and
eradicate the source for incursion of fungal
contamination into the water sources
(Paterson, 2006).

Aflatoxigenic molds, comprising mainly A.
flavus, A. parasiticus, and A. niger (Cary et
al., 2005; Frisvad et al., 2005). B1, B2, G1,
and G2, as well as two additional metabolic
products, M1 and M2, are the four primary
aflatoxins. (Doyle et al., 1997; Sengun et
al., 2008). Both AFB1 and AFML1 are
internationally classified as carcinogenic
toxins belong to groupl and group 2 human
carcinogens; respectively (IARC, 2002).
Hepatocellular  carcinoma (HCC) s
significantly correlated to Aflatoxins
exposure (IARC, 2002). Chronic exposure
to carcinogenic AFB1 and AFML1 in milk,
especially for babies and young children, is
of public health concern (Colak, 2007; Aiad
and Abo El-Makarem, 2013). Many fungal
species  like  Aspergillus  niger, A.
ochraceus, A. alliaceus, A. carbonarius
have the ability to produce Ochratoxin A
and Penicillium spp such as P.
chrysogenum, P. verrucosum, P. nordicum
(Gonzélez-Salgado et al., 2005; Clark and
Snedecker, 2006). Ochratoxin A (OTA) the
most abundant and the most toxic one
(Awad et al., 2012). OTA hepatotoxic,
nephrotoxic, teratogenic, immunogenic and
carcinogenic effects are well documented
by Pattono et al. (2011) and has been
classified as group 2 human carcinogenic
toxin (IARC, 2002; Pattono et al., 2011).
The heat resistance of AFM and OTA is
unaffected by the manufacture, preparation,
and storage of various dairy products (Lin
et al., 2004). According to European Union
Regulations  (2004) and  European
Commission  Regulation  (2006), the
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international acceptable limits for AFB1
and AFM1 are 2.0-12 and 0.05 pgl/l,
respectively, whereas OTA is 2-10 pg/l
(European Commission Regulation, 2006;
Coffey et al., 2009).

One of the most efficient strategies to
reduce spoiling losses is to control the
microbial load in the manufacturing
environment. This can be accomplished by
using hygienic-sanitary processes including
various decontamination procedures like
cleaning, sanitization and disinfection. The
most appropriate active sanitizing principle
for each region, as well as the
concentrations used, are the most essential
elements to consider in order to obtain the
desired results (Rutala, 1996). The
emphasis on the need for safer foods with a
longer shelf life has resulted in the
increased usage of chemical disinfection.
The goal of disinfection is to remove germs
from food-contact surfaces, preventing
spoiling of raw materials and products.
Most disinfection failures to reduce yeast
and mold to an acceptable level are
attributed to improper process parameters
(disinfectant ~ concentration,  exposure
duration) or a failure of the cleaning
process  (Langsrud et al., 2003).
Furthermore,  water  treatment  and
disinfection techniques are effective in
reducing the quantity of fungi in water
sources.

Because of mycotoxins' thermal stability,
the procedure of their removal or reduction
is difficult (Teniola et al., 2005; Armando
et al, 2012). Biological detoxification
involves the use of microorganisms that can
convert mycotoxins to less harmful
compounds, as well as the correct treatment
of food through fermentation (Aiko and
Mehta, 2015; Ji et al., 2016). Biological
detoxification is more effective, precise,
and safe for the customer than
physicochemical detoxification approaches
(Zhu et al., 2017). Lactic acid bacteria
(LAB) play an essential role in fermentation
of food products especially dairy products.
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Organic  acids, hydrogen  peroxide,
bacteriocins, hydroxylated fatty acids,
diacetyl, and reuterin, among other

inhibitory metabolites produced by LAB,
are utilized to preserve food. (Eddine et al.,
2021). Streptococci and  Lactobacilli
species are historically used as starting
cultures in the production of yoghurt. Lactic
acid bacteria (LAB), especially probiotic
strains, is now regarded a critical feature of
yogurt quality. (Mosallaie et al., 2019). The
capacity of lactic acid bacteria to bind
aflatoxins in vitro and in vivo was studied
(Mosallaie et al., 2019). The detoxification
capacity of different LAB including
Lactobacillus sp. was explored against
mycotoxins.  They  determined  that
Aflatoxin had the greatest drop in
concentration after 6 hours of incubation,
and even after 24 hours of incubation.
FAO/WHO (2002) recognized LAB as
bacteria that bind and absorb mycotoxins
and could possibly be utilized as
supplements to reduce mycotoxins levels
(Chlebicz and Slizewska, 2020).

Therefore, the objectives of this study were:
1) Study the distribution of different
fungal strains in water and raw
camel's milk.
Determinate the concentrations of
mycotoxins AFB1, AFM1, and
OTA in water and raw camel's milk.
Calculating the Acceptable Daily
Intake (ADI) of certain mycotoxins
for humans.
Molecular identification
Aspergillus flavus strains
PCR.
Study the fungicidal activity of three
disinfectants against  Aspergillus
flavus and Aspergillus ochraceus
strains.
Evaluate the detoxification and
elimination properties of LAB on
Aflatoxin M1 level in yoghurt
produced from camel’s milk.

2)

3)

of
using

4)

5)

6)
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MATERIALS AND METHODS

1. Collection of samples:

The current study was carried out in Sohag
governorate to target the household animal
rearing. A total of three hundred samples of
water and camel milk (one hundred and
fifty samples of each) were collected to
determine the prevalence of mold species.
In addition, the levels of AFB1, AFM1 and
OTA in collected samples were estimated
using HPLC. The fungicidal efficacies of
different disinfectants against mycotoxins
producing fungi at numerous contact times
under environmental dairy condition (clean
/dirty) were evaluated. Synergize® was used
at dilution rate 1:256; Sodium Hypochlorite
Solution 5% was wused at dilution
concentration of 50 ppm and TEK-TROL
was used at dilution rate 1:256. Biological
reduction of Aflatoxin M1 in yoghurt by
LAB. Moreover, the detoxification and
elimination property of some LAB was
studied. (Jooyandeh et al., 2015; Galeboe et
al., 2018; Mosallaie et al., 2019).

1.1. Milk samples:

Fifty ml of raw milk was collected in clean
sterilized Falcon™ 50 ml tubes from each
animal. Immediately after collection, milk
samples were placed in ice packs and
delivered to the laboratory, where stored at
4°C until analysis.

1.2. Water samples:

Water samples were collected from local
water sources inside farmer dwellings in
clean, sterile, transparent 500 mL glass
bottles with ground glass stoppers (WHO,
1971).

2. Preparation and serial dilutions of
samples:

Ten millimeters of the prepared samples
were mixed thoroughly with 90 ml of sterile
buffered peptone water solution, and then
tenfold serial dilutions were carried out
according to A.P.H.A. (2004).

3. Mold counting and identification:
One ml of each diluted mixture was
delivered from each dilution and carefully
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mixed with 10-15 ml of malt extract agar
(containing 500 mg each of
chlorotetracycline HCI and
chloramphenicol) tempered at 45+1 °C.
After solidification, plates were incubated
at 25 "C for 3-5 days. The growing colonies
were counted and the total colonies counts
were calculated. For identification, the
mold colonies that had grown were counted
and isolated. (Harrigan and MacCance,
1966).

Mold isolates were then inoculated onto
Malt extract agar (MEA), Czapek yeast
extract agar (CYA) and kept in 25%
glycerol nitrate agar (G25N). Identification
of the fungal species was carried out
according (Pitt and Hocking, 2009).

4. HPLC Analysis:

High-performance liquid chromatography
was used to analyze the prepared samples.
The HPLC parameters are clarified in
(Table 1). Estimation of mycotoxins were
operated as previously decorated by EI-

Nazami et al. (1998), with minor
modifications. For this reason, Agilent
HPLC 1200 Series (USA) system
consisting of UV and Fluorescence

detectors, quaternary pump and degasser
was used. Instrument control, data
acquisition and data analysis were achieved
by HPLC chemstation software. The levels
of mycotoxin were evaluated by comparing
the peak area retention durations of the
samples to the standard curves obtained
from HPLC analysis of standard solutions.
(Fig. 1) (Chlebicz and Slizewska, 2020).
The results of the mycotoxins were
compared to the permitted limit of the
guidance level of global organizations.

5. Estimation of human daily and weekly
intakes of mycotoxins from examined
milk products:

Estimated Daily and Weekly Intakes (EDI
and EWI) of the examined samples were
obtained according to the equations
described before elsewhere (Ahmed et al.,
2020; Diab et al.,, 2020). Moreover, the
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results were matched to the international
standards organization's Acceptable Daily
Intake (ADI).

6. PCR analysis:

According to  the manufacturer's
recommendations, genomic DNA was
isolated from ground frozen Aspergillus
flavus mycelium/spores wusing a Spin
Column DNeasy plant minikit (Geneaid,
USA). PCR was used to amplify the
regulatory aflatoxin gene segment of
aflatoxigenic mold. Two primer pairs (aflD
and aflQ) were explored on the basis of the
sequences of A, flavus aflatoxin
biosynthetic genes as presented in Table (2)
(Gallo et al., 2012).

A reaction mixture (25) containing 10 mM
of each primer, 5 U/l Tag DNA polymerase,
5 ng/l template DNA, 10 mM dNTP mix,
MgClz-free reaction buffer, and 50 mM
MgCl> was used to perform PCR
amplifications. (1) 3-minute step at 94 'C;
(2) 30 cycles of the following three steps: 1
minute at 94 "C, 1 minute at 57 "C, 1 minute
at 72 °C; (3) final 10-minute step at 72 "C.
To separate PCR products, 1.2% agarose
gel electrophoresis in a Tris-base, acetic
acid, and EDTA buffer was utilized and
stained with ethidium bromide. The trans-
illuminator was used to visualize the gel
picture. The size of amplicons is measured
using a 100-bp ladder (Okoth et al., 2018).

7. Fungicidal activity of disinfectants:
The study aimed to assess the Fungicidal
activity of three disinfectants on Aspergillus
flavus and Aspergillus ochraceus:

1- Synergize® which is a multi-purpose
disinfectant-cleaner formulated of
Quaternary ammonium/glutaraldehyde:
Alkyl (C12 67%, C14 25%, C16 7%, C18
1%) dimethyl benzyl ammonium chloride
(26.0%), glutaraldehyde (7.0%), inert
Ingredients (67.0%). (Neogen Food and
Animal Security (India) PVT, LTD.
Uchikkal Lane, Poonithura P.O. Cochin -
682 038 Kerala, India). Dilution rate is
1:256 to pre-cleaned surfaces.
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2- Chlorine based compounds: Sodium
Hypochlorite  Solution 5% available
Chlorine (Superfine Manufacturing Ltd,
Orchardbank  Industrial Estate Forfar
Angus, Scotland DD8 1TD). Dilution rate
is 50 ppm to pre-cleaned surfaces.

3- TEK-TROL: Disinfectant-Cleaner
which is a synthetic detergent concentrate
combined with a high powered 26%
multiple chlorophenolic disinfectant: 12%
ortho-Phenylphenol, 10% ortho-Benzyl-
para-chlorophenol, 4% para-tertiary-
Amylphenol. Dilution rate is 1:256 pre-
cleaned surfaces (BIO-TEK Industries, Inc.
1380 W. Marietta St. N.W., Atlanta, GA
30318, USA).

Evaluation of the fungicidal activity was
performed using the approach outlined
according to European Norms (EN) (EN
1657:2005/AC:2007). The quantitative
suspension test was widely used in the
veterinary field to evaluate the fungicidal
activity of chemical disinfectants and
antiseptics. In order to test if a disinfectant
is effective in clean conditions, in a
suspension  test, the test product
(disinfectant being tested) is added directly
to the test fungi in a suspension without
interfering organic matter. To test if the
product is effective in dirty conditions,
interfering substances was used, the
suspension is mixed with whole camel
milk's 3%. Exposure/contact times were 5,
10, 30 and 60 minutes for both cleaned and
dirty conditions. In order to cease the
disinfectant's effects, a sterile neutralizer is
added immediately after the claimed
contact time, and a sample of the mixture is
incubated and counted. The number of
fungi that have survived is counted and
compared to the size of the initial culture.
Dilution-neutralization method was used. A
mixture of polysorbate 80 30.0 g/, saponin
30 g/l, lecithin 3 g/l, and histidine 1g/I for
QAC-based disinfectants. Sodium
thiosulfate ~was used for  sodium
hypochlorite. Tween 80 with sodium
bisulphate, sodium thioglycolate, lecithin
and cysteine for Glutaraldehyde. For the
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other sanitizers tested, nutrient broth with
0.5% Tween 80 and tryptone 1% was
employed (Russell, 1981; Espigares et al.,
2003). All disinfectants were used and
handled according to manufacturer’s
instructions.

For each exposure time, the fungicidal
effect (FE) was expressed as a logio
reduction factor. The formula is FE=log10
NC-log1l0 ND, where NC and ND are the
CFU/mL in the control and disinfectant,
respectively. Moreover, Hernandez et al.
(2000) stated that when the initial
inoculums were reduced by a >4-fold, it
was suggested that the product be used as a
disinfectant. This criterion is the bare
minimum that must be met in order to pass
a quantitative suspension test.

8. Biological reduction of aflatoxin M1 in
yoghurt by LAB:

Raw camel milk samples with various
AFM1  residue concentrations  were
pasteurized for 5 minutes at 85 C in a
stainless-steel double jacket container
before being chilled to the inoculation
temperature (40- 42 “C). After cooling, the
commercial yoghurt starter culture in
lyophilized state containing Streptococcus
thermophilus and Lactobacillus bulgaricus
(YoFlex® Express 2.0 Chr Hansen,
Harsholm, Denmark) was used for camel
milk yoghurt preparation at a concentration
of 1:1,000 according to method proposed
by Galeboe et al. (2018). The inoculated
milk samples were kept in sterile plastic
containers and incubated at 42 ‘C for 4
hours in normal oxygen conditions until pH
was 4.60, then the fermentation process was
terminated. The samples were promptly
cooled and kept at 4 °C for 20 days. All
analyses of the yoghurt samples were
performed in triplicate directly after
production, and 1, 5, 10, 15 and 20-days
during cooling storage by HPLC to
determine the level of AFM1 after
fermentation (Mosallaie et al., 2019).

A digital pH meter was used to determine
the pH of the sample (ADWA Instrutments
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Kfts, ADWA Hungary Kfts Company,
model AD1030, Hungary) by direct
electrode immersion in samples at room
temperature. Titratable acidity was assessed
according to the method declared by
Jooyandeh et al. (2015) as a percentage of
lactic acid. Briefly, 9 g of sample was
blended with 9 ml of distilled water and
titrated with 0.1 N NaOH using 1%
phenolphthalein (w/v) in ethanol as an
indicator, to an end point of stable faint
pink color for 30 s.

RESULTS

1. Mycological profile of water and raw
camel milk

Overall 56 and 64% of samples yielded
mold spp., including water and raw camel's
milk samples respectively. The mean values

were 1.71x10* and 3.54x10* cfu/ml,
respectively (Table 3). Morphological,
biochemical and microscopical

examinations showed that the mold isolates
were the genera, Acremonium, Alternaria,
Aspergillus, Botrytis, Cladosporium,
Emericella,  Eurotium,  Eupenicillium,
Fusarium, Geotrichum, Mucor, Penicillium,
Rhizopus, Scopulariopsis and
Thrichoderma. Notably, Aspergillus spp.
were the most abundant species isolated
from water and raw camel milk samples
with 109 and 11.6%, respectively,
including A. flavus, A. niger, A. ochraceus,
A. fumigatus, A. parasiticus and A. sydowii.
Penicillium spp. and Fusarium spp. were
the second and third most abundant species
detected as revealed from (Table 4).

2. Mycotoxins contamination per type of
sample

The purity of the mycotoxins standard
(AFB1, AFM1 and OTA) were determined
as 99% by the UV and fluorescent detector.
The HPLC calibration curves (Fig. 1) for
mycotoxins AFB1, AFM1 and OTA, each
one was done with five standard solutions
of concentration up to 30 pg/l or kg, had the
following correlation coefficients: AFB1 R’
= 0.9987 (Fig. 1A), AFM1 R’ = 0.998 (Fig.
1B) and OTA R’ = 0.9982 (Fig. 1C). The
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results showed the linearity of the standard
curve over the range studied.

Following the mycotoxins content by
validated HPLC method, water and raw
camel's milk samples showed
heterogeneous mixtures of mycotoxins
(Table 5). In the water samples tested,
aflatoxin-B1 (AFB1) and ochratoxin-A
(OTA) levels were 7.97 and 8.28 gll,
respectively. Furthermore, in the raw camel
milk samples tested, aflatoxin-M1 (AFM1)
and ochratoxin-A (OTA) levels were 1.89
and 1.69 g/l, respectively. Almost all
assessed AFB1, AFM1, and OTA levels
were above the European Commission
Regulation's permitted limits. (European
Commission Regulation, 2006; Coffey et
al., 2009). On light of the above, 36 and
43% of water samples contaminated with
AFB1 and OTA, respectively; and 60 and
31% of raw camel milk samples
contaminated with AFM1 and OTA,
respectively exceeded the maximum
permissible limits according to the
European Regulations (Table 6).

The acceptable intakes (Al) and the
estimated intakes of mycotoxins (EI) for
adults and children were reported in relation
to time, both per day and per week (Table
7). The estimated daily intake (EDI) of
mycotoxins (AFB1, AFM1 and OTA) in
water and raw camel milk samples were
evaluated by using the consumed amount of
the water and raw camel milk and the
estimated mean mycotoxin concentrations
in each sample type, taking into account the
average body weight of the different groups
(children and adult). In 46.7 and 26% of
water samples contaminated with AFB1
and OTA, respectively, the EDI values were
substantially higher than the recommended
daily intakes (ADI) of infants and adults;
0.0 and 0.014 g/kg b.w. Also, the EDI
levels were much exceeded over their
acceptable daily intakes (ADI); 0.002 and
0.014 pg/kg b.w. in 12 and 10% of raw
camel milk samples contaminated with
AFM1 and OTA, respectively (Kuiper-
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Goodman, 1990; JECFA, 2007; Brera et al.,
2008) (Table 7).

3. Amplification patterns of aflatoxin
biosynthesis genes

Electrophoretic banding pattern of aflD
(nor-1) and aflQ (ordA) designed to
aflatoxin biosynthesis genes related to their
ability to produce AFB1. The structural
genes aflD and aflQ; were detected from
morphologically identified A. flavus. aflID
and aflQ used as demonstration to confirm
the presence of aflatoxigenic A. flavus
strains, when opposed to traditional plating
procedures, this allows for easy
identification. The sizes of the DNA
fragments (800 and 757 bp) were calculated
using a commercial DNA ladder 100 bp
(Fig. 2 A and B).

4. Antifungal activity (log reduction) of
disinfectants

The antifungal activities were varied
between the tested disinfectants, the
recommended concentration applied, as
well as the species and isolates
susceptibility used in the test under clean
/dirty condition (Table 8).

Sodium hypochlorite achieved 3.6 log
reduction of A. flavus at 5 minutes under
clean condition which seem to be much
lower with 1.5 log reduction in the presence
of milk contamination. Increasing the
contact time to one hour results in
improving the killing power of Sodium
hypochlorite / clean condition reaching 6.8
log reduction while limited improving was
observed for dirty condition with 3.8 log
reduction. Furthermore, Sodium
hypochlorite showed poor and reduced
efficacy against A. ochraceus under dirty
dairy environment as only 1.9 log reduction
/'5 minutes and even after 15 minutes, still
only achieved 2.9 log reduction. In
addition, it achieved a reduction of 4.2 and
7.2 log of A. ochraceus after 5and 60 min
of exposure to this agent at a concentration
of 50 ppm.
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Quaternary ammonium/glutaraldehyde
based disinfectant was the utmost effective
disinfectant against the molds assessed
under clean condition at dilution rate is
1:256. It showed higher efficacy against A.
ochraceus resulting in 4.5, 5.6, 6.5 and 7
log reduction after 5, 10, 15 and 30
minutes’ exposure times respectively. On
the other hand, it exhibited lower efficacy
against A. flavus achieving 3.8, 4.3, 4.5 and
5.7 at the same contact time under clean
condition. Upon wusing of Quaternary
ammonium/glutaraldehyde at dirty
environment dairy condition, the agent
could achieve good efficacy against A.
ochraceus after at least exposure time of 15
minutes with 3.2 log reduction while
exposure to shorter time showed reduced
efficacy. In addition, the disinfectant
showed reduced efficacy against A. flavus
and required a minimum 60 minutes’
exposure time to exhibit improved Killing
power resulting 4.5 log reduction. Exposure
of A. flavus to shorter contact times of 5,
10, 15, and 30 minutes’ causing 1.3, 2.1,
2.5 and 2.6 log reduction which seem to be
reduced efficacy.

Multiple chlorophenolic disinfectants result
in reduction ranged from 3.3 to 6.7 log for
both A. flavus and A. ochraceus at 1:256

concentrations without interfering
substance. Using of  chlorophenolic
disinfectant in the presence of milk

contamination found to have poor efficacy
against A. flavus at short contact times
which only result in 0.8 log reduction after
5 minutes. Even after exposure time of 10,
15, 30 minutes, it still showed reduced
efficacy against A. flavus with 1.2,1.6 and
2.3 log reduction respectively. Under the
same dirty condition/concentration, at
exposure time of 15 and 30 minutes, it
exhibited good efficacy with 3.3 and 3.6 log
reducing of A. ochraceus.

5. Mycelial growth inhibition assay

Mycelial growth assays revealed that both
Sodium  hypochlorite and  Synergize
treatments inhibited mycelial growth at
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varied levels of tested A. flavus isolates.
(Fig. 3A and B). Initial screening was done
after two day of mold growth; A. flavus was
sensitive to both disinfectants. However,
the inhibition zone was 7.33 mm in
diameter for Synergize biocide at the early
stage of mold growth while Sodium
hypochlorite induced inhibition zone of
321 mm at 1:256 and 50 ppm
concentration for Synergize and Sodium
hypochlorite respectively.

Quaternary ammonium/glutaraldehyde
based disinfectant achieved consistent
pattern of inhibition of mycelial growth,
throughout 15-day incubation period, which
was recorded in A. flavus growth with
minor variation of the reported inhibition
zones at the two concentration used
(SZ1/1:256 and SZ2 1:128). On the other
hand, inhibition pattern of mycelium
growth of A. flavus after exposure to
Sodium hypochlorite at various incubation
period using two concentrations (SH1/50
ppm and SH2/100 ppm) showed that the
inhibition power was sharply reduced
starting from day 5 of incubation till the
end of incubation period at 15 days when
inhibition zone was disappeared.

6. AFM1 microbial reduction in yoghurt
by LAB:

Yoghurt  starter  culture  containing
Streptococcus and Lactobacillus spp. were
characterized by their diverse capability to
reduce AFML1 in yoghurt. In merely after 5
days of incubation, a reduction of AFM1
concentration (statistically significant) was
noticed, a reduction of 1.5 pg/kg (24.6%
reduction) was recorded compared to the
initial AFM1 concentration of 2.03 ug/ml
(0% reduction). In the subsequent
incubation period (15 days), further AFM1
concentration reduction was observed (1.1
ug/kg with 45.9% reduction). After 20 days
of incubation, the concentration of
mycotoxin  was 0.9 ugkg (55.7%
reduction). Therefore, a reduction of 55.7%
in compared to the initial mycotoxin
concentration were obtained. Based on
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these results, the analysis allowed selection
of Streptococcus and Lactobacillus spp.
characterized by the best detoxification and
reduction capabilities (Fig. 4).

The changes in the tested samples pH
during the 20-day cold storage (4 'C) and
after  completion of the yoghurt
fermentation are reported in (Fig. 5A). The
average values of pH ranged from 3.95 to
4.55 during the storage period. The highest
pH value (4.55) was recorded at 0-day just

after production of yoghurt and the lowest
pH value (3.95) was recorded at the end of
storage (20-day sample). The titratable
acidity (TA) values of yoghurt samples
during storage period were significantly
changed (Fig. 5B). The TA values of LAB
samples increased meaningfully throughout
storage time started from 1.17 to 1.82% at
0- and 20-day cold storage (4 °C),
respectively. The increase in TA values of
fermented milks is a common phenomenon
during cold storage.

J1A

y=0.1722x + 0.0216
R*=0.9987

T
15

Area

y=0.1927x + 0.0325
R*=0.998

y=0.2023x + 0.0302
R*=0.9982

ng/l or kg

Fig. 1: Calibration curves used in HPLC detection of mycotoxins standards done with various
concentrations; Aflatoxin B1 (A), Aflatoxin M1 (B) and Ochratoxin A (C).
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Fig. 2: PCR products of amplified of aflatoxigenic (A and B) genes identified in Aspergillus flavus
and Aspergillus parasiticus visualized on agarose gel electrophoresis. The expected molecular size of
amplified DNA: 852 bp for aflID (nor-1) gene (A) and 757 bp for aflQ (ordA) gene (B) Lane 1-9:
samples and Lane (L) DNA ladder 100 bp.

A

Aspergillus flavus Aspergillus flavus
(Two days mold growth) S (Five days mold growth)

Aspergillus flavus . | Aspergillus flavus
(Eight days mold growth) - (fourteen days mold growth)

A

Fig. 3 (B)
Fig. 3: Antifungal Inhibitory activity of Synergize® and Sodium Hypochlorite disinfectants against
Aspergillus flavus after (A) two and five days and (B) eight and fourteen days’ mold growth.
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(A) Reduction of AFM1 concentration by LAB in yoghurt (B) Reduction % of AFM1 concentration by LAB in
samples during cold storage yoghurt samples during cold storage
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Fig. 4: Reduction of AFM1 concentration by LAB in yoghurt samples during the cold storage.
The data is presented as reduction in AFM1 concentration (ug/kg). (Inset) Reduction% of AFM1
concentration by LAB in yoghurt samples during the cold storage. The assay was performed in
triplicate.

A B

5.00 - 2.00 -

450 1 2.80
4.00

_ = - 1.60

3.50 - §1-40 1
3.00 - o 120 4
T 250 - Tﬁmo |
2.00 - 'oéo.so 4
1.50 - —0.60 -
1.00 - 0.40 -
0.50 - 0.20 -

o|1‘5'1ol15‘2o

0.00 T T T T T 0.00
0 1 5 10 15 20
Storage period [Days] Storage period [Days]

Fig. 5: (A) Change in the pH level of yoghurt samples during the cold storage. (B) Change in
the titratable acidity % of yoghurt samples during the cold storage.
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Table 1: HPLC analysis parameters.

Mycotoxins

Parameter

Aflatoxin B1 Aflatoxin M1 Ochratoxin A
Column heating - 50°C -

Water/acetonitrile o o HeO/acetonitrile/
Mobile phase /methanol i ' acetic acid

(60:30:10) (97:3)

OV (49.5:49.5:1)
Fluorescent detector A (nm)
o o 360 and 420 nm - 333 and 460 nm

(excitation and emission)
UV detector A (nm) - 233 nm -
Flow (ml/min) 1 1 1

Chlebicz and Zakaria et al., Visconti et al.,
References -

Slizewska, (2020) (2019) 2000

Table 2: PCR protocol including primer sequences, Amplicon size and amplification reactions 2.

Target gene Primers sequences segmeprllltf '(esp)
AfID-Ifor 5-CACTTAGCCATCACGGTCA-3'
aflD (nor-1) 852
AfID-2rev 5-GAGTTGAGATCCATCCGTG-3
AfIQ-Ifor 5 -TCGTCCTTCCATCCTCTTG-3'
aflQ (ordA) 757
AflQ-2rev 5 -ATGTGAGTAGCATCGGCATTC-3'

2 Primer design and amplification process steps as published by Gallo et al., 2012.

Table 3: Statistical analytical results of mold count (Total mold count /ml) in examined water
and raw camel milk samples (N=150)

Positive

samples cfu/ml
Samples P
No % Minimum Maximum MeanzS.E
Water 84 56 3.30x10! 5.50x10* 1.71x10+3.84x10°
Ra"r‘;ﬁime' 96 64 1.30x102 3.30x10* 1.45x10%+2.53x10°
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Table 4: Frequency distribution of identified mold isolates in examined samples (N=150)

Isolates of mold Water Raw camel milk
No % No %
Acremonium strictum 1 1% 2 2%
Alternaria alternate 0 0% 0 0%
Aspergillus flavus 10 11% 11 11%
Aspergillus fumigatus 3 3% 4 2%
Aspergillus niger 6 7% 5 6%
Aspergillus ochraceus 5 5% 6 5%
Aspergillus parasiticus 6 7% 4 5%
Aspergillus sydowii 3 3% 3 1%
Aspergillus terreus 2 2% 3 1%
Botrytis cinerea 1 1% 2 1%
Cladosporium spp. 4 4% 6 7%
Emericella nidulans 2 2% 0 0%
Eurotium chevalieri 0 0% 0 0%
Eupenicillium spp. 5 5% 3 4%
Fusarium chlamydosporum 3 3% 3 4%
Fusarium coeruleum 0 0% 1 1%
Fusarium graminaerum 6 7% 4 5%
Geotrichum candidum 3 3% 4 5%
Mucor circinelloides 1 1% 3 4%
Mucor racemosus 2 2% 1 1%
Penicillium chrysogenum 5 5% 7 8%
Penicillium citreonigrum 7 8% 5 6%
Penicillium citrinum 5 5% 1 1%
Penicillium digitatum 0 0% 4 5%
Penicillium glabrum 0 0% 0 0%
Penicillium Paneum Frisvad 1 1% 1 1%
Penicillium paxilli Bainier 1 1% 0 0%
Penicillium purpurogenum Stoll 1 1% 0 0%
Penicillium rubrum 0 0% 1 1%
Rhizopus microsporus 3 3% 4 5%
Scopulariopsis brevicaulis 3 3% 3 4%
Thrichoderma spp. 3 3% 4 5%

Total 92 100% 95 100%

Table 5: Incidence and Statistical analytical results of mycotoxins (ug/l) in examined samples (N=150)

Aflatoxin B1 Aflatoxin M1 Ochratoxin A
Sample  Positive Mean  Positive Mean Positive Mean
samples Minimum Maximum + samples  Minimum Maximum + samples  Minimum Maximum SE_
- SE — SE —— '
No % No % No %
7.97
Water 70 47 020 195 £ - - - - 40 27 030 144 862385:—'
0.43 '
Raw
camel - - - - - 45 30 004 7.85 10'8541 26 17 015 41 10'6095
milk ) '
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Table 6: Incidence of mycotoxins levels exceeding the Maximum Permissible Limit (ug/l) in
examined samples (N=150)

Water Raw camel milk
Mycotoxins MPL No O:MPL MPL No. of >MPL
. 0 ' 0

G samples /o (gl samples /o
Aflatoxin B1 2-122 25 36 - - -
Aflatoxin M1 - - - 0.052 27 60
Ochratoxin A 2-10° 17 43 3.0 8 31

a: European Commission Regulation (2006) b: Coffey et al. (2009)

Table 7: Comparative analysis of the Al with EI (ug/kg b.w.) of mycotoxins from examined samples
for children and adult.

Samples Children Adult
Mycotoxins ~ADI  PTWI Tgfe '(\:”O‘;]""C” 2l Wi DI wi
. EDI >ADI EWI  >PTWI  EDI >ADI EWI  >PTWI

sample  (pg/l)

Water 797 035 70(46.7%) 245 70(46.7%) 0.37 70(46.7%) 257  70(46.7%)

AN 00t 00 TRaw
camel - - - - - - - -
milk
Water - - - - - - - -
Aﬂ,f/lt‘ix'” 0002° 0014 ~Raw
camel  1.89 002 18(12.0%) 0.6 18(12.0%) 0.01 15(10.0%) 0.04 15(10.0%)
milk
Water 828 036 39(26.0%) 255 39(26.0%) 038 40(26.7%) 2.68 40(26.7%)
Ochratoxin o014 0,098 ~Raw
camel 169 002  15(10%) 014  15(10%) 001  0(0%) 004  0(0%)
milk
a: Brera et al. (2008) b: Kuiper-Goodman (1990) c: JECFA (2007)

Table 8: Log Reduction Values of Disinfectants-Treated Aspergillus flavus and Aspergillus ochraceus
in suspension at various contact times under clean /dirty environment dairy condition.

Exposure duration

/ zero 5 minutes 10 minutes 15 minutes 30 minutes 60 minutes
temperature
log log reduction cfu/ml
'?Is;\i:g'”us Disinfectant Cc}%ljg]tl clean dirty clean dirty clean dirty clean dirty clean dirty
Synergize® 3.8 1.3 4.3 2.1 45 25 5.7 2.6 7.4 45
Sodium Hypochlorite 8logio 3.6 1.5 3.9 1.8 4.3 2.3 4.8 3.2 6.5 3.8
Tek-Trol 3.3 0.8 3.7 1.2 4 1.7 4.5 2.3 6.2 3.5
Exposure duration zero 5 minutes 10 minutes 15 minutes 30 minutes 60 minutes
/temperature
log log reduction cfu/ml
Asgs:gé!:j: Disinfectant Ccf%l/];]tl clean dirty clean dirty clean dirty clean dirty clean dirty
Synergize® 45 2.3 5.6 2.6 6.5 3.2 7 35 7.5 4.6
Sodium Hypochlorite 8 logio 4.2 1.9 5.2 2.4 5.9 2.9 6.4 3.3 7.2 4.5
Tek-Trol 3.4 2.0 4.9 2.6 5.4 3.3 6.2 3.6 6.7 4.3

The scale is divided into five comparative parameters (Bernardi et al., 2018):
Maximum efficacy=when reducing the fungal count by at least 4log

Good efficacy=fungal count reduced from 3.9 to 3 log;

Reduced efficacy=fungal count reduced from 2.9 to 2 log;

Poor efficacy=fungal count reduced from 1.9 to 1 log;

Inefficacy or no effect=when the microbial population remained unchanged.
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DISCUSSION

Milk have been associated with many
health benefits including bioactive peptide,
antioxidant, vitamins, highly absorbable
minerals and other biologically active
components (Bhat and Bhat, 2011).
However, the methods of production,
transportation, handling, storage and sale of
milk may drive to contamination by
different fungal pathogens and allow the
development of heterogeneous mycotoxins
mixtures. The prevalence and count of mold
in examined raw camel milk samples
collected from Sohag governorate, Upper
Egypt declared that 64% of the samples
were contaminated with fungi more than the
permitted limit according to National
Standards Organizations (<10 cfu/ml)
(EOSQC, 2005). These findings revealed
that the camel milk samples tested had a
high level of fungal contamination. This is
due to failure to comply with hygienic
standards during milking and
manufacturing, as well as lack of
refrigeration during raw milk storage and
distribution. Moreover, the obtained results
agreed with similar findings reported by
researchers worldwide. They declared in
majority of the places tested, milk samples
are contaminated with mold and didn't
fulfill with the permitted level (Benkerroum
et al., 2003; El-Ziney and Al-Turki, 2007;
Kaindi et al., 2011; Ismaili et al., 2019).

Mold is an environmental contaminant that
can survive at a wide range of temperatures,
and its presence in raw milk could be
ascribed to milkers' reluctance to wash their
hands or the camel udder before milking,
milking in an open air (strong winds, dust),
lack of water and cooling facilities, storage
and transportation of milk in plastic
containers under ambient temperature
(Ismaili et al., 2019). Pitt and Hocking
(1997) mentioned that high mold counts in
milk are rare because milk's natural pH lead
to cause predominance of bacteria. Molds
can develop in a broad range of pH 2-9,
according to the FAO (1992), and can alter
the pH of milk to around 4-6.5 to help their
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development followed by induction of
undesirable spoilage changes such as color
defects, off-flavor, changes in texture and
rancidity (Mislivec et al., 1992). Also,
some mold species are considered to be a
potential human health and food safety
hazard owing to their ability to produce
mycotoxins (Ahmed et al., 2020).

Notably, a total of 32 different mold species
were identified from samples of raw camel
milk. Aspergillus spp. were the most
abundant mold species with 11.6% of the
total number of molds. These results are in
parallel with previously reported data by EI-
Ziney and Al-Turki (2007), Kaindi et al.
(2011) and Ismaili et al. (2019). Aspergillus
species including (A. flavus, A. fumigatus,
A. niger, A. ochraceus, A. parasiticus, A.
sydowii) are potential contaminant to raw
milk and linked to several human disorders
including infection (aspergillosis),
mycotoxicosis (Gemeda et al., 2014).
Moreover, Aspergillus is an important mold
genus in foods especially milk and milk
products causing spoilage and
biodeterioration especially in tropical and
subtropical weather (Hocking, 2006; Pitt
and Hocking, 2009). Also, Because of their
ability to produce a wide spectrum of
mycotoxins dangerous to humans and
animals, Aspergillus is the most important
mycotoxigenic fungus. The most significant
impact on public health mycotoxins
produced by Aspergillus are aflatoxins (A.
flavus and A. parasiticus) and ochratoxin A
(A. ochraceus, A. niger and A. carbonarius)
(Zain, 2011). While presence of AFML1 in
raw milk because of carryovers of AFB1
from contaminated animal feed to milk
(Amer and Ibrahim, 2010). Moreover,
Drusch and Aumann (2005) stated that
mycotoxins diffusion into the food can
occur without any symptoms of mycelium
growth. As a result, the lack of mold does
not guarantee that food is free from
mycotoxins.

The obtained data proved that examined
raw camel milk samples are contaminated
with heterogeneous mycotoxins mixtures
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including AFM1 and OTA. Moreover, a
total of 30 and 17% of raw camel milk
samples were contaminated with AFM1 and
OTA and the concentrations were 1.89 and
1.69 pg/l, respectively. 60 and 31% of the
examined milk samples contain mycotoxins
concentrations more than the permissible
limits declared by European Commission
Regulation (European Commission
Regulation, 2006; Coffey et al., 2009). The
findings are fundamentally consistent with
prior investigations, which stated that, the
presence of mycotoxins residues in spoilt
raw milk samples above the acceptable
limit imposed by international regulation
guidelines, indicating a major public health
issue. (Rahimi et al., 2010; Al-Kenani,
2014; Yosef et al., 2014; Bokhari et al.,
2017; Saad et al., 2017). They declared that
the variations in incidence of mycotoxins
estimated in raw milk may be related to
different reasons such as kind of milk,
geographical region, the  country,
environmental factors (grain drying rate,

humidity and temperature) and the
analytical procedures applied. According to
results collected, incidence and

contamination levels of AFM1 in camel's
milk, appears to be a severe hazard for
public health. As a result, milk from desert
animals must be tested and monitored for
AFM1 contamination on a regular basis,
storage should be strictly monitored, animal
meals should be checked for AFB1 on a
regular basis, kept at refrigeration
temperature and good hygiene practice to
prevent contamination with mycotoxins and
mold spoilage, acceptable agricultural
practices at all stages of the food chain
(Yosef et al., 2014). Furthermore, adequate
storage conditions may impact the
vulnerability of products to fungal attacks
at all stages of storage, and processing. As a
result, the frequency of contamination in a
given product might vary dramatically from
region to region and year to year (Tale Hel
Abad et al., 2016). Based on the results of
this study, the level of Ochratoxin A
presence in 17% of the examined raw milk
samples with mean concentrations of 1.69
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ug/l. These findings are consistent with the
result of other investigators. (Boudra et al.,
2007; Elzupir et al., 2009; Tale Hel Abad et
al., 2016). They declared that raw milk
consumption is one of the OTA's input
sources.

Usually, raw milk is marketed without or
with a limited traditional heat treatment in
most developing countries, including
Egypt, which does not alter mycotoxins or
their metabolites because they are heat-
resistant. Because there is a scarcity of data
on the natural occurrence of aflatoxins, as
well as other factors including a lack of
laboratory testing equipment, the authorities
have yet to formulate an official rule. It's
also worth remembering that Intake of
aflatoxin and other mycotoxins from other
sources on a daily basis could be a
substantial risk factor. (Abdallah et al.,
2019).

The level of AFM1 and OTA reported
appears to be harmful, based on the facts
presented in this research. In reality,
assuming a daily raw milk consumption of
200 and 300 ml for adults and children,
respectively, (data referred to Egypt - Cairo
Nutrition Institute, 1996; 2007), The
estimated mycotoxins in the EDI levels for
infants and adults were clearly far higher
than the recommended daily intake by
Kuiper-Goodman (1990); JECFA (2007).
Because aflatoxin is considered to be the
current most toxic known mycotoxin, its
ADI should be absent or the lowest
possible. As a result, it is advised that the
“ALARA” (As Low As Reasonably
Achievable) method be used to assure food
safety (Brera et al., 2008). El-Badry (2016)
and Milicevi¢ et al. (2017) indicated that
the majority of raw milk samples tested
from various sites in Egypt and Serbia
contained mycotoxins in excess of the ADI
specified by Global Standards Agencies.
Former international researchers, in contrast
to the obtained findings, determined that
collected milk samples contained levels of
mycotoxins that were acceptable for human
consumption when compared to suggested
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limits (Pattono et al., 2011; dos Santos et
al., 2016).

Fungi in drinking water have gained a lot of
attention in recent decades, and they are
now widely considered to be contaminants
in drinking water. From a limited
knowledge basis, information regarding the
prevalence and variety of fungus in water
has grown significantly (Hageskal et al.,
2009). Several investigations have resulted
in greater understanding about the presence
of fungus in drinking water throughout the
previous decade. The presence of
potentially dangerous organisms in drinking
water, such as Aspergillus fumigatus, has
provoked debate about whether water
sources may act as a transmission pathway
for fungal diseases. Several researches have
been done to investigate the occurrence of
fungus in water systems (Anaissie et al.,
2001; Anaissie et al., 2002; Arvanitidou et
al., 2000; Hageskal et al., 2007; Hageskal
et al., 2009; Hapcioglu et al., 2005; Kanzler
et al., 2007; Warris et al., 2003). Enormous
numbers of fungal species have been
isolated from nearly every type of water
including surface water and ground water
either from raw water or/treated water.
Furthermore, many studies reported fungal
contamination in various types of water
from heavily polluted water to distilled or
even ultra-pure  water (Cabral and
Fernandez, 2002; Fujikawa et al., 1997).
Some broad findings from all of the
investigations are as follows, the recovery
of fungi from various water types were
varied between 7.5-89 percent positive
samples, and the levels of fungi in the
samples varied significantly in among
various research methodology. According
to statistics, Surface-sourced water is three
times more likely to contain fungi than
ground-sourced water, and Cold water and
shower water are more likely to contain
fungus than hot tap water. (Hageskal et al.,
2007).

Drinking water has been found to be a
reservoir for variety of mold species.
Species that are possibly pathogenic,
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allergic, or mycotoxigenic are among them.
Aspergillus fumigatus was found in 49 % of
the taps water tested in Oslo, Norway
(Warris et al., 2001).

Patients with invasive aspergillosis were
found to have been infected through the air,
water, or both. Furthermore, genetic
similarities between isolates from patients
and isolates from water settings within the
hospital suggested that water was the
source of Fusarium infections in Texas,
USA. (Warris et al., 2003; Anaissie et al.,
2001).

Inhalation of airborne spores is the primary
cause of Aspergillosis infections (Annaisie
et al., 2002). Water, on the other hand, is
becoming more well recognized as a source
of Aspergillus spp. in the environment, as
well as a source of exposure. The genotypes
of A. fumigatus isolates from three
individuals were linked to A. fumigatus
obtained from water (Warris et al., 2003).

Because pathogenic species, such as
Aspergillus spp., have been isolated from
drinking water, there is a chance that
patients will be exposed to fungi by
drinking water. Following genotyping of
isolates from the patient and the
environment, water has been verified as the
source of fungi in a small percentage of
instances. Monitoring fungus in drinking
water and linking it to an alarm system for
fungal infection outbreaks could be used to
pinpoint the source of infection in the
environment. Ingestion of contaminated
water, inhalation of spores that have
become aerosolized from running the
shower or tap, or use of saunas, skin contact
with fungi in water, or introduction via
wounds or the conjunctiva when bathing or
showering are all possible ways to become
infected with fungus through drinking
water. There is a significant knowledge gap
between the maximum amount of fungus
allowed in water and the infection or
allergic reaction threshold level. (Hageskal
et al., 2007).
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Mycotoxins are produced during the
biological life cycle of various fungal
species, like Aspergillus spp., Fusariam
spp., and Penicillium spp. Those fungal
genera were reported to be isolated from
water and the most important mycotoxins
are aflatoxins and zearalenone, both of
which have been detected in drinking water
(Paterson and Lima, 2005; Paterson et al.,
2009).

It was shown that aflatoxins generated by
A. flavus may be detected in water from a
cold water storage tank. Because
mycotoxins  formed in  water are
substantially diluted, they are likely to be of
minor significance. Water is often held for
lengthy periods of time in cisterns or
reservoirs, or even in bottles. The quantities
of mycotoxins may rise in such
circumstances. Everyday consumption of
large volumes of water, as well as daily
ingestion of even low levels of mycotoxins
over many years, may be harmful to human
health (Paterson et al., 1997; Paterson,
2006).

Because mycotoxins are diluted in drinking
water, their concentrations are likely to be
quite low (Hageskal et al., 2009; Gongalves
et al., 2006). Kinsey et al. (2003) found
only trace quantities of aflatoxins, while
Russell and Paterson (2007) found the
amount of zearalenone produced in water
inoculated with F. graminearum to be
lower than the dietary concentration. Stored
water, such as bottled water, and procedures
that evaporate water, such as in various
food processing processes, may provide a
greater risk as mycotoxins get more
concentrated (Gongalves et al., 2006;
Paterson et al., 2009; Paterson and Lima,
2005).

The carcinogenic properties of aflatoxins
drive us to create a sensitive, quick, and
precise method for identifying and
detecting aflatoxin-producing A. flavus in
food samples. The aflatoxin biosynthesis
genes and their ability to create aflatoxin
B1: the structural genes aflD (nor-1) and
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aflQ (ordA) found in populations; can be
valuable for determining toxicological risk
and biocontrol agent selection., as well as
forming the basis for a precise, sensitive,
and targeted detection system for
aflatoxigenic strains of A. flavus in foods,
using PCR, (Gallo et al., 2012). In this
study, using primer designed to aflD (nor-1)
and aflQ (ordA) genes, when compared to
traditional plating approaches, the presence
of aflatoxigenic A. flavus was easily
detected. The PCR  methodologies
described in this work could be useful in
food safety and quality procedures in the
future. The obtained findings are consistent
with those of Gallo et al. (2012); Hashim et
al. (2013) and ELDbagory et al. (2014), who
found that PCR detection of aflatoxigenic
A. flavus from food did not provide any
false priming results due to the presence of
food or other contaminants. In addition, this
methodology allows for the screening of
numerous suspicious samples with high
sensitivity and accuracy, as well as the
capacity to process a large number of
samples in a short period of time while
conserving resources in fine and expensive
food products.

Because variations in fungal sensitivity
have been identified for the primary
sanitizers used by the food industry, recent
research have demonstrated that knowledge
of spoilage fungus species of food items in
a sector is essential when choosing possible
sanitizers (Bernardi et al., 2019).

The antifungal scale established by
Bernardi et al. (2018) is used to assess the
antifungal effectiveness of the tested
sanitizers. All disinfectant showed good to
excellent efficacy according the guide line
efficacy scale against both A. flavus and A.
ochraceus with minor log reductions
variations when used at the recommended
concentrations on pre-cleaned surfaces.

In this investigation, the most effective
sanitizer against the fungus species
examined under clean conditions was a
quaternary ammonium/glutaraldehyde-
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based disinfectant. Instead, variable fungal
reduction results, both in relation to species,
contact times and, and conditions when
Sodium  hypochlorite, and  Multiple
chlorophenolic disinfectants used.

The presence of variances in the sensitivity
amongst the species and the same species
has thus been proven, so it is advised that
the endemic fungus in each dairy sector is
isolated and in vitro evaluated for available
sanitizers. Sodium hypochlorite showed
reduced efficacy against A. ochraceus with
1.9 log reduction and its efficacy against A.
flavus seem to be lower with 1.5 log
reduction in the presence of organic
contaminates upon exposure time of 5
minutes. A minimum of 30 minutes’
contact time was required to yield good
efficacy against both A. flavus and A.
ochraceus with 4.2 and 4.3 log reduction,
respectively. At the recommended
concentration of 50 ppm, using any contact
times less than half an hour revealed
reduced efficacy of Sodium hypochlorite
against both A. flavus and A. ochraceus.
The results obtained for the assessment of
sodium hypochlorite sensitivities against
fungal species may be widely compared
with other literature publications. Use
several methods, such dilution tests and
various exposure times, sodium
hypochlorite inhibited Aspergillus niger at
0.2% concentration  (Ozyurt, 2000).
Furthermore, after 5 minutes of exposure to
this disinfectant at a concentration of 2.4%,
a decrease of more than 5 log of
Penicillium, Cladosporium, Mucor,
Rhizopus, Alternaria, and Aspergillus was
obtained (Reynolds et al., 2004). The
presence of organic material in food
processing settings is a fact, and this might
impact the antifungal disinfectants efficacy.
Chlorine exhibits action even at low
temperatures, is inexpensive, and has
residual effects on surfaces. As a result, it is
one of the most commonly utilized
compounds in sanitization procedures, and
it is regarded as one of the suitable
disinfectants for the food industry (Bernardi
etal., 2018).
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On contaminated dairy surfaces; exposure
of A. flavus to Quaternary ammonium/
glutaraldenyde based disinfectant for
shorter contact times less than one-hour
exhibited reduced efficacy with log
reduction not exceed than 2.6 log while for
A. ochraceus, a minimum of 15 minutes’
exposure time was required to induce good
efficacy with 3.2 log reduction. Adjusting
Exposures time for one hour showed good
efficacy for both A. flavus and A. ochraceus
with 4.5 and 4.6 log reduction, respectively.

Chlorophenolic disinfectants showed the
lowest log reduction and the weaken
efficacy against A. flavus when used for
shorter contact time less than one-hour
exposure in dirty dairy environment while it
exhibited better performance against A.
ochraceus that required only exposure time
of 15 minutes to result in good efficacy
with 3.3 log reduction.

According to some researchers (Lorin et al.,
2017; Bernardi et al., 2018), in the presence
of milk contaminations, chlorophenolic
disinfection and sodium hypochlorite were
ineffective in routinely used concentrations
and should not be employed when the
primary objective of the dairy sector is
fungal control. Because of the considerable
variability of susceptibility to disinfectants
between species and within the same
species, in vitro examination of the
sensitivities of indigenous fungus of each
dairy sector to the available sanitizers is
recommended. Contact time was found to
be important variable determining the
efficacy of the disinfectants in relation to
other factors. It was clearly noticed that
increasing the exposure time between the
fungi and disinfectants lead to good
improving of the fungicidal efficacy of all
tested biocides used under clean surface
conditions. However, using those agents for
disinfection of dirty dairy environment still
showed reduced efficacy even after
elongation of exposure time. Hence, this
highlighted the necessity of cleaning and
sanitation process for surface cleaning
before application of disinfection. It's
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critical to highlight the relevance of
industrial environmental sanitization in
preventing fungal progeny from being
lodged in food and deteriorating it earlier.
In industries where Aspergillus sp. is the
problem, synergistic formulations contain
quaternary — ammonium/  glutaraldehyde
based disinfectant is good option, achieving
good efficacy specially when used after
thoroughly cleaning and removal of the
organic load. This finding emphasizes the
necessity of conducting customized
assessments of the  disinfectants™
effectiveness against the target fungus
species found in each food sector (Bernardi
et al., 2018). This viewpoint is consistent
with previous research, which emphasized
the significance of assessing hazardous
microorganisms individually, rather than
just standard strains, for this sort of test, in
order to provide the industry with more
cohesive decontamination methods (Lorin
etal., 2017).

Mold and yeast anti-biocidal resistance is
highly dependent on the isolated strains and
species, as well as the disinfectant's active
ingredient. Various populations of the same
species may react differently to the same

disinfectant, resulting in a complete
destruction in some cases and no impact in
others. To achieve adequate factory

hygiene, it is necessary to understand the
resistance pattern of spoilage fungi in the
process place and product, as well as to
pick appropriate disinfectants based on this
available data. A single disinfectant is
typically insufficient. To keep mold and
yeast contamination under control and
avoid selection of super resistant isolates,
establish a disinfection strategy in which at
least two different disinfectants having
distinct active components are employed in
rotation throughout the production cycle
(Bungaard-Nielsen and Nielsen., 1995).

Visible fungal mycelium formation can
occur during storage in a retail store or even
at the consumer's house, before the shelf-
life expires (Dagnas and Membré, 2013). In
our study, A. flavus growth inhibition was
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observed at early stage of incubation with
various level from 7.33 mm and 3.21 mm
using quaternary ammonium/
glutaraldehyde and Sodium hypochlorite at
the commercial redounded concentrations.
Sodium hypochlorite, regardless of the
concentration used, marked reduction of
mycelium growth inhibitory effect during
incubation period was observed. After two
weeks, it has very poor inhibitory activities
against A. flavus mycelium formation.
However, quaternary ammonium/
glutaraldehyde showed consistent good
efficacy for inhibition of A. flavus mycelial

growth, throughout 15-day incubation
period (Fig. 3A and B).

Because to AFM1's high toxicity,
carcinogenicity, stability, and frequent

contamination in milk, many detoxification
methods have been developed, including
(physical, chemical, and biological); to
inactivate or reduce the toxicity of
mycotoxins without making substantial
modifications to the manufacturing process,
in order to avoid human toxicity and
maintain the nutritional value of milk
(Devreese et al., 2013; Karlovsky et al.,
2016). The biological method for
mycotoxin detoxification includes using
microorganisms especially LAB strains
belonging to Streptococcus and
Lactobacillus spp. These bacteria are
probiotics strains, safe, cost-effective and
able to detoxify aflatoxins in milk or dairy
products at the different stages of
processing through binding of mycotoxins
to cell wall peptidoglycans, teichoic acid,
polysaccharides, and mycotoxins
biodegradation to prevent its adsorption
inside human intestine (Chlebicz and
Slizewska, 2020).

In this article, in vivo results demonstrated
the ability of mixed starter culture of
Streptococcus and Lactobacillus spp. in
milk  fermentation to reduce the
concentration of AFM1. The AFM1
concentration in prepared yoghurt from
camel milk was reduced by the tested
bacterial strains to varying degrees, on
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average reduction 24.6% after the first 5
days of incubation, and after 15 and 20 days
of incubation, further reduction 45.9 and
55.7% was observed, respectively. The
current  observations  are  generally
consistent with previous reports that stated
that LAB, particularly Lactobacillus spp.,
accomplished a wide range of aflatoxins
detoxification levels. In these studies,
aflatoxin was bound by the tested bacterial
strains in the range of 14-49%, 20.88-
59.44% and  0-85%, respectively
(Hernandez-Mendoza et al., 2009; Huang et
al., 2017; Kumar et al., 2018). On the basis
of the studies conducted, Tajalli et al.
(2014) declared that more than 92% of
AFM1 was detoxified by Lactobacillus
rhamnosus. Elgerbi et al. (2006) reported
that 73.1% of AFM1 was bounded after 96
h of incubation by strains of Lactobacillus,
Lactococcus and Bifidobacterium spp. The
variability in cell wall composition,
particularly the concentration of teichoic
acid and peptidoglycan, could explain the
heterogeneity of Lactobacillus spp ability 's
to bind aflatoxin. (Hernandez-Mendoza et
al., 2009). LAB also have many advantages
to decrease the toxic effect of aflatoxins
including anti-carcinogenic activity,
antibacterial activity against gastrointestinal
pathogens, immunomodulator, maintain
normal intestinal flora, protecting lipids,
DNA and proteins form oxidative damages
(Silva et al., 2015).

CONCLUSION

Pastoralists in Africa, Middle East and in
many arid and semi-arid parts of the world
are still depend on camel milk which
constitutes an imperative element of their
diets. However, camel's milk is now
commercially produced and sold. It has
recently gained attention as a healthy food
in some developed countries globally. The
examined raw camel's milk and water
samples are contaminated with broad fungal
diversity and heterogeneous mycotoxins
mixtures including AFB1, AFM1 and OTA.
The EDI level of estimated mycotoxins for
human obviously were much more than the
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proposed acceptable daily intake which
poses serious public health hazards. The
obtained data allowed us to declare the
potential of Streptococcus and
Lactobacillus spp. to lower and detoxify the
AFML1 concentration in prepared yoghurt,
giving a potential to be used as detoxifying
tool in food and feed additives. The
antifungal activity of the disinfectants, the
concentration, and the susceptibility of the
isolates utilized in the test under clean/dirty
conditions exhibited marked variations.
Because variations in fungal sensitivity
have been identified for the most of
sanitizers used by the dairy sector,
evaluating the susceptibility of the common
spoilage fungus species of dairy products is
important when choosing possible anti-
fungal biocides.
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