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Prevalence of aflatoxins in dairy products and the biocontrol 
potential of Lactobacillus acidophilus for detoxification and 
fungal inhibition

Introduction

Milk and dairy products are principal components of the human diet 
because they contain appreciable portions of macro- and micronutrients, 
specifically for infants and older adults (González-Montañaet al., 2019).

Fungal spoilage is a perilous problem in the dairy products industry. 
Raw milk and milk products are generally considered ideal growth medi-
ums for many fungal species, as they provide all the crucial nutrients for 
their growth (Gulbe and Valdovska, 2014).

Aflatoxins are secondary metabolites assembled by different kinds of 
fungi, mostly Aspergillus flavus and Aspergillus parasiticus, which induce 
various health intricacies, including carcinogenesis, malformations, and 
immunosuppression, especially in children; they also contribute to sig-
nificant economic losses (Admasu et al., 2021). There are four types of 
aflatoxin B1, B2, G1, and G2, and the most contamination of food used 
by humans and animals is with aflatoxin B1(AFB1) (Bhardwaj et al., 2023). 
In the liver, AFB1 transforms into an intermediate reactive epoxide me-
tabolite. Then it is hydroxylated and form aflatoxin M1 (AFM1). After hy-
droxylation in lactating animals, it is secreted into milk (Stella et al., 2024) 
AFB1 appears very quickly, and after 15 min, in the form of its metabolite, 
aflatoxin M1 (AFM1), in the blood. Six hours after feeding a diet contam-
inated with AFB1, AFM1 appears in milk (Rodrigues et al., 2019). Aflatoxin 
B2 (AFB2), like aflatoxin M1 (AFM1), undergoes metabolic conversion into 
aflatoxin M2 (AFM2), which can be detected in milk and cheese (Fedele 
et al., 2007). Furthermore, Bräse et al. (2013) proposed that AFM2 might 
transform into AFM1 via an alternative metabolic pathway, given that all 
aflatoxins originate from a common precursor.

AFM1 is considered one of the most significant contaminants in milk 
due to its thermal stability (Admasu et al., 2021). This mycotoxin remains 
intact even after sterilization and pasteurization processes (Liu et al., 
2023). Beyond milk, AFM1 has been identified in several dairy products, 
including yogurt, infant formula, cream, and cheese (Xiong et al., 2018). 

According to the U.S. Food and Drug Administration, the maximum allow-
able AFM1 concentration in milk is 0.5 μg/kg, while aflatoxin B1 (AFB1) 
in animal feed must not exceed 20 μg/kg (Jiang et al., 2018). Infants and 
young children are particularly vulnerable to AFM1 exposure, and its limit 
in infant food is set at 0.025 μg/kg (Admasu et al., 2021). In Egypt, the 
Ministry of Health has established a maximum threshold of 0.05 μg/kg 
for AFM1 in raw milk, processed milk, and milk used for dairy product 
manufacturing (European Commission, 2006; Egyptian Standard, 2010).

Several approaches have been developed to mitigate AFM1 contami-
nation in milk, categorized into three primary strategies: biological, physi-
cal, and chemical methods (Nilkaram et al., 2023).

Biological decontamination procedures are being used vastly as an 
encouraging alternative to chemical methods because of their efficiency, 
low cost, and nature-friendly properties. LAB eliminates mycotoxins with-
out leaving toxic residues (Shetty and Jespersen, 2006). Probiotic bacteria 
can detoxify aflatoxin M1 in contaminated milk positively. This finding is 
achieved within two years of study (2015–2017), according to Abdelmo-
tilib et al. (2018).

Lactobacillus acidophilus is the most common probiotic bacteria 
among other Lactobacillus species. The FDA has categorized it as GRAS 
(Generally Regarded as Safe) (Parvez et al., 2006). According to (Elsan-
hoty et al., 2014), Lactobacillus acidophilus strains lead to the most con-
siderable reduction in AFM1 quantities. Furthermore, Sarlak et al. (2017) 
have shown that Lactobacillus acidophilus has the best binding capacity 
of AFM1 among all the probiotic strains.

This study aimed to assess the prevalence of aflatoxin M1 (AFM1) and 
aflatoxin M2 (AFM2) in raw milk and various cheese types, comparing the 
findings with Egyptian regulatory standards. Additionally, it investigates 
the potential detoxification of AFM1 using Lactobacillus acidophilus.
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ARTICLE INFO ABSTRACT

This study aimed to evaluate the preponderance of aflatoxin M1 (AFM1) and aflatoxin M2 (AFM2) in different 
cheese varieties (Ras, processed, and soft cheese) and raw milk and assess their compliance with Egyptian 
safety standards. This study investigated the potential detoxification effect of Lactobacillus acidophilus against 
AFM1 and its inhibitory activity on Aspergillus flavus. One hundred dairy samples were collected from various 
Menoufia Governorate, Egypt markets. AFM1 and AFM2 levels were confined using high-performance liquid 
chromatography (HPLC). The probiotic detoxification study was conducted by inoculating milk samples with 
Aspergillus flavus spores and treating them with L. acidophilus at 1%, 2%, and 3%, monitoring fungal growth 
and toxin levels over 15 days. The results showed that AFM1 exceeded the permissible limit of 0.05 ppb in 28% 
of Ras cheese, 16% of processed cheese, 20% of soft cheese, and 8% of raw milk samples, while AFM2 contam-
ination was lower across all categories. Lactobacillus acidophilus exhibited a dose-dependent inhibitory effect 
on Aspergillus flavus, achieving complete fungal inhibition at 3% concentration by day 6. Moreover, AFM1 levels 
were significantly reduced, with complete detoxification observed at 2% and 3% L. acidophilus concentrations. 
These findings highlight the widespread occurrence of AFM1 in the dairy products sector and underscore the 
potential of probiotic interventions as a natural mitigation strategy for aflatoxin contamination.
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Materials and methods

Sample Collection

A total of 100 dairy samples, including Ras cheese, processed cheese, 
soft cheese, and raw milk, were obtained from various supermarkets and 
grocery stores in Menoufia Governorate, Egypt. Each sample set com-
prised 25 units. The collected samples were transported under controlled 
conditions to the Central Laboratory, Faculty of Veterinary Medicine, 
Benha University, for the determination of AFM1 and AFM2 concentra-
tions.

Chemicals and Supplies

Standards

Standard and blank aflatoxin M1 (AFM1) and aflatoxin M2 (AFM2) 
were sourced from Sigma Aldrich, Steinheim, Germany, for use in this 
study.

Solvents

Analytical-grade acetone, acetonitrile, methanol, and HPLC-grade 
solvents were procured from Merck, Darmstadt, Germany. Deionized 
water, along with all other reagents and chemicals, met at least analyti-
cal-grade specifications.

Apparatus and equipment

Aflatoxin determination was conducted using high-performance liq-
uid chromatography (HPLC) with an Agilent 1100 HPLC system (Agilent 
Technologies, Waldbronn, Germany). This system was equipped with a 
quaternary pump (Model G 1311A) and a UV detector (Model G 1314A) 
set at a wavelength of 254 nm. Additionally, an autosampler (Model 
G1329A VP-ODS) and a Shim-pack column (150× 4.6 mm) (Shimadzu, 
Kyoto, Japan) were utilized. Data acquisition and integration were per-
formed using Chemstation Software. Ultra-high purity (99%) argon gas 
and liquid nitrogen were employed where necessary. The study also uti-
lized Easi-Extract Aflatoxin immunoaffinity columns for sample purifica-
tion.

Standard Aflatoxin Solutions (AFM1 & AFM2)

Stock standard solutions of AFM1, AFM2, and ochratoxin A were pre-
pared by dissolving the solid standards in a benzene: acetonitrile mix-
ture (98:2, v/v). The precise concentration of each solution was measured 
using a Shimadzu UV-1601 PC spectrophotometer (Shimadzu Scientific 
Instruments, Japan) following AOAC (2005) guidelines.

HPLC Analysis of AFM1 and AFM2

AFM1 extraction and purification followed the method described by 
Fernandes et al. (2012), with minor modifications recommended by the 
immunoaffinity column manufacturer. The identification and quantifica-
tion of AFM1 residues were carried out by injecting 20 µL of purified 
sample extracts into an HPLC system. A calibration curve was established 
using AFM1 standard solutions (Sigma, St. Louis, MO, USA) at concentra-
tions of 3.125, 6.25, 12.5, 25, and 50 ng/mL. The analytical method had 
a detection limit of 0.01 ng/mL. HPLC analysis was conducted using an 
Agilent 1260 series system with a C18 column (4.6 mm × 250 mm, 5 μm 
particle size). The mobile phase consisted of water, isopropanol, and ace-
tonitrile (80:12:8), operating at a flow rate of 1 mL/min. The fluorescence 
detector was set to an emission wavelength of 435 nm and an excitation 
wavelength of 365 nm. Each sample injection volume was 10 µL, and the 

column temperature was maintained at 35°C.

Activation of Lactobacillus acidophilus

The Lactobacillus acidophilus DSMZ 20079 strain was obtained from 
Cairo MIRCEN (Microbiological Resource Center), Faculty of Agriculture, 
Ain Shams University, Cairo, Egypt. The strain was activated in sterile 9 mL 
De Man, Rogosa, and Sharpe (MRS) broth (Biolife, Italy) and incubated 
at 37°C for 24 hours. Three successive subcultures were performed to 
ensure full activation, achieving a final concentration of 10⁹ CFU/mL. The 
activated strain was stored under refrigeration and used within 24 hours, 
following the protocol of Ogunbanow et al. (2003).

Preparation of Aspergillus flavus Suspension

A food-origin Aspergillus flavus strain was cultivated at 30°C for five 
days on Sabouraud’s dextrose agar (Difco Laboratories, Detroit, MI, USA) 
until sporulation occurred (approximately seven days). The spores were 
collected by adding 10 mL of a sterile 0.05% (v/v) aqueous Tween-80 
solution (Merck, Germany) to the culture surface and gently scraping the 
conidiophores with a sterile inoculation loop. The resulting spore sus-
pension was filtered through four layers of sterile cheesecloth to remove 
mycelial debris. The spore concentration, estimated to be 10⁶-10⁷ spores/
mL, was determined using the spread plate technique on Potato Dex-
trose Agar (Difco Laboratories, Detroit, MI, USA), following the method 
described by Mellout et al. (2014).

Experiment design of Lactobacillus acidophilus effect on A. flavus and their 
aflatoxin

Milk samples free from mold and aflatoxins were grouped into four 
groups. The 1st group (control) was inoculated with One ml spore sus-
pension of Aspergillus flavus. However, the 2nd, third, and fourth groups 
were inoculated with One ml spore suspension of Aspergillus flavus and 
1, 2, and 3 % pure Lactobacillus acidophilus (109) cultures, respectively. 
All treatments were incubated for (3, 6, 9, 12, and 15 days.) at 30ᵒC with 
triplicates. Therefore, the Aspergillus flavus count and the concentrations 
of Aflatoxin M1 were determined, and the reduction % was calculated 
and recorded according to Pierides et al. (2000).

Statistical analysis

The results are expressed as Mean ±Standard error mean (SEM). Data 
was analyzed using the SPSS program (2008) (Statistical Package for So-
cial Science, version 16).

Results

Prevalence of Aflatoxin M1 and M2 in Cheese and Raw Milk

The occurrence of aflatoxins M1 and M2 was assessed in different 
cheese varieties (Ras, processed, and soft cheese) and raw milk samples 
(Tables 1 and 2). AFM1 was detected in 28% of Ras cheese, 16% of pro-
cessed cheese, 20% of soft cheese, and 8% of raw milk samples, with 
mean concentrations of 0.814±0.11 ppb, 0.358±0.14 ppb, 0.529±0.08 
ppb, and 0.147±0.02 ppb, respectively. Similarly, AFM2 was found in 16% 
of Ras cheese, 8% of processed cheese, 8% of soft cheese, and 4% of 
raw milk, with mean concentrations of 0.246±0.05 ppb, 0.069±0.02 ppb, 
0.087±0.11 ppb, and 0.012±0.01 ppb, respectively.

Comparison with Egyptian Standards

According to Egyptian standards (2010), the permissible limit for 
AFM1 in dairy products is 0.05 ppb Table 3. The data show that 28% of 
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Ras cheese, 16% of processed cheese, 20% of soft cheese, and 8% of raw 
milk samples exceeded this threshold, raising potential health concerns 
regarding their safety.

Effect of Lactobacillus acidophilus on Aspergillus flavus Growth

The inhibitory effect of Lactobacillus acidophilus on Aspergillus fla-
vus was monitored over 15 days at different probiotic concentrations 
(1%, 2%, and 3%) (Table 4). In the control group (milk inoculated only 
with Aspergillus flavus), fungal counts increased from 1.5×10⁴ CFU/mL 
to 2.1×10⁶ CFU/mL by day 15. In contrast, Lactobacillus acidophilus ex-
hibited significant antifungal activity, with higher concentrations yielding 
more potent effects. At 1% Lactobacillus acidophilus, fungal growth was 
reduced by 46.7% on day 3 and 79.3% by day 9, with complete inhibition 
(ND: undetected) after day 12. At 2% Lactobacillus acidophilus, growth 
reduction reached 63.3% by day 3, with total fungal inhibition by day 9. 
The highest reduction was observed at 3% L. acidophilus (82.7% by day 3), 
leading to complete fungal elimination on day 6.

Effect of L. acidophilus on Aflatoxin M1 Production

AFM1 production by Aspergillus flavus was also evaluated in the 

presence of Lactobacillus acidophilus (Table 5). In the control group, 
AFM1 concentration steadily increased to 0.209 µg/L by day 15. However, 
the probiotic-treated samples exhibited significantly lower toxin levels. At 
1% Lactobacillus acidophilus (T1), AFM1 remained at 0.013 µg/L from day 
6 onward, marking a 94% reduction compared to the control. At 2% L. 
acidophilus (T2), AFM1 production was fully inhibited from day 3 onward. 
At 3% L. acidophilus (T3), no detectable AFM1 was observed throughout 
the study, confirming complete suppression of toxin formation.

Effect of Lactobacillus acidophilus on Aspergillus flavus Growth

The growth of Aspergillus flavus in milk samples was monitored over 
15 days with and without Lactobacillus acidophilus treatment at different 
concentrations (1%, 2%, and 3%), as presented in Table 4. In the con-
trol group (milk inoculated only with Aspergillus flavus), the fungal count 
showed a progressive increase from an initial count of 1.5×10⁴ CFU/mL 
to 2.1×10⁶ CFU/mL by the 15th day. In contrast, adding Lactobacillus ac-
idophilus significantly suppressed fungal proliferation in a dose-depen-
dent manner. At 1% Lactobacillus acidophilus, fungal growth was reduced 
by 46.7% on the third day, with a 79.3% reduction by the ninth day and 
complete inhibition (ND: undetected) from day 12 onward. At 2% Lacto-
bacillus acidophilus, a more potent antifungal effect was observed, with a 
63.3% reduction in fungal growth by the third day and complete inhibi-
tion by day 9. The highest suppression was recorded at 3% Lactobacillus 
acidophilus, with an 82.7% reduction by the third day and total fungal 
elimination from day 6 onwards.

Effect of L. acidophilus on Aflatoxin M1 Production

The production of aflatoxin M1 (AFM1) by Aspergillus flavus was 
also assessed in treated and untreated milk samples (Table 5). The con-
trol group (milk inoculated with Aspergillus flavus only) continuous-
ly increased AFM1 concentration, reaching 0.209 µg/L by the 15th day. 
However, the presence of Lactobacillus acidophilus significantly mitigated 
toxin production. At 1% Lactobacillus acidophilus (T1), AFM1 levels were 
maintained at 0.013 µg/L from the sixth day onward, representing a 94% 
reduction compared to the control. At 2% Lactobacillus acidophilus (T2), 
AFM1 was completely inhibited from day 3 onward. At 3% Lactobacillus 
acidophilus (T3), no detectable AFM1 was recorded throughout the ex-
perimental period, indicating total suppression of toxin formation.
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Samples No. of Examined
samples

Positive samples
Mean±SEM

No. %

Ras cheese 25 7 28 0.814±0.11

Processed cheese 25 4 16 0.358 ±0.14

Soft cheese 25 5 20 0.529±0.08

Raw milk 25 2 8 0.147±0.02

Table 1. Aflatoxin M1 levels (ppb) in examined cheese varieties and raw milk.

Samples No. of Examined
samples

Positive samples
Mean±SEM

No. %

Ras cheese 25 4 16 0.246 ±0.05

Processed cheese 25 2 8 0.069 ±0.02

Soft cheese 25 2 8 0.087±0.11

Raw milk 25 1 4 0.012±0.01

Table 2. Aflatoxin M2 levels (ppb) in examined cheese varieties and raw milk.

Samples No. of Examined
samples

Permissible Limit
ES, (2010). (ppb)

Samples above the permissible limit

No. %

Ras cheese 25 0.05 7 28

Processed cheese 25 0.05 4 16

Soft cheese 25 0.05 5 20

Raw milk 25 0.05 2 8

Table 3. Comparison of Aflatoxin M1 level in examined cheese and raw milk with Egyptian standards (2010)

Treatment Control (+ve A. flavus) Lb. acidophilus 1% Lb. acidophilus 2% Lb. acidophilus 3%

Storage (Day) Initial injected Count Count R (%) * Count R (%)* Count R (%) *

Zero 1.5×104± 0.1×104 1.5×104± 0.1×104 ----- 1.5×104± 0.1×104 ---- 1.5×104± 0.1×104 -----

3rd Day 4.8×104± 0.3×104 a 8.0×103± 0.5×103 b 46.7 5.5×103± 0.4×103 c 63.3 2.6×103± 0.1×103 d 82.7

6th Day 9.0×104± 0.6×104 a 6.0×103± 0.1×103 b 60 2.9×103± 0.1×103 c 80.7 ND -----

9th Day 5.0×105± 0.3×105 3.1×103± 0.2×103 b 79.3 ND ---- ND -----

12th Day 7.0×105± 0.4×105 ND ----- ND ---- ND -----

15th Day 2.1×106± 0.1×106 ND ----- ND ---- ND -----

R (%) *: Reduction %; ND: Not detected. *Mean values with different superscript letters in the same rows differ significantly (P<0.05).

Table 4. Effect of Lb. Acidophilus on A. flavus growth experimentally inoculated to milk.



Discussion

The widespread detection of AFM1 and AFM2 in cheese and raw milk 
highlights a significant food safety concern. Several samples exceeded 
Egyptian regulatory limits, consistent with prior studies reporting global 
aflatoxin contamination in dairy products (Ashraf et al., 2024). Aflatoxins 
in milk and cheese are primarily attributed to Aspergillus flavus and As-
pergillus parasiticus contamination in animal feed (Casquete et al., 2017).

The findings align with previous studies showing that AFM1 levels 
in cheese are typically 3-5 times higher than those in raw milk due to 
its strong affinity for casein (Prandini et al., 2009). Similarly, Saad (2017) 
reported AFM1 concentrations in Ras cheese comparable to our results, 
while higher contamination levels were recorded by El-Seadawy et al. 
(2000). Additionally, Aiad and Abo El-Makarem (2013) detected AFM1 in 
46% of soft cheese and 56% of Ras cheese samples.

Regarding AFM2, our results align with those of Saad (2017), who re-
ported lower AFM2 levels in Ras cheese. However, Camarillo et al. (2016) 
detected a higher incidence (20%) in cheese samples, suggesting vari-
ability due to regional, seasonal, and analytical differences. The elevat-
ed AFM1 concentrations in cheese may be linked to AFB1-contaminated 
feed, particularly in Egypt’s warm and humid climate, which favors fungal 
proliferation (Govaris et al., 2002).

The inhibitory action of Lactobacillus acidophilus on Aspergillus flavus 
and AFM1 production reinforces its role as a natural biocontrol agent. 
Probiotics have been shown to counteract aflatoxin contamination via 
competitive exclusion, acid production, and enzymatic degradation (Shiet 
al., 2024). 

Aiad and Abo El-Makarem (2013) previously reported that 100% of 
examined soft and Ras cheese samples exceeded permissible AFM1 lim-
its, highlighting an urgent need for enhanced regulatory enforcement. 
Similarly, Khalifa and Shata (2018) found that dairy products frequently 
exceeded Egyptian and European safety standards, potentially due to in-
adequate hygiene during processing and storage.

These results underscore the necessity for routine aflatoxin monitor-
ing in dairy products and advocate for integrating probiotic treatments 
as a preventive measure. Future research should explore the molecular 
mechanisms behind Lactobacillus acidophilus’s antifungal activity to opti-
mize its application in dairy production.

The results indicate that Lactobacillus acidophilus potently inhibits As-
pergillus flavus growth and aflatoxin M1 production in milk. The antifun-
gal activity observed may be attributed to multiple mechanisms, includ-
ing competitive exclusion, acidification of the medium, and production 
of antimicrobial metabolites such as bacteriocins. Higher concentrations 
of Lactobacillus acidophilus (≥2%) were particularly effective, inhibiting 
fungal growth and toxin production within a short time. The complete 
inhibition observed at 2% and 3% concentrations suggests that Lactoba-
cillus acidophilus limits Aspergillus flavus growth and interferes with its 
aflatoxin biosynthetic pathway. The reduction in AFM1 levels aligns with 
previous studies demonstrating the ability of probiotic strains to bind or 
degrade aflatoxins. For instance, research by Heshmati and Khoshfetrat 
(2015) found that Lactobacillus acidophilus effectively reduced AFM1 con-

centrations in reconstituted milk.
 Also, Sokoutifar et al. (2018) found that Lactobacillus acidophilus 

effectively reduced AFM1 concentrations in fermented milk with higher 
temperatures and longer storage times, enhancing the binding capaci-
ty. Similarly, Mahmood Fashandi et al. (2018) reviewed the detoxification 
capabilities of Lactobacillus acidophilus and Bifidobacterium spp., high-
lighting their potential to bind AFM1 through interactions with cell wall 
components. The same results were obtained by Møller et al., (2021), who 
reported that lactic acid bacteria, including Lactobacillus acidophilus, can 
degrade aflatoxins through cell wall adsorption and the production of an-
tifungal metabolites. Furthermore, (Rabie et al., 2019) demonstrated that 
Lactobacillus acidophilus and Bifidobacterium lactis could significantly re-
duce AFM1 levels in contaminated milk and yogurt, achieving complete 
elimination after three days of refrigerated storage. 

These findings support the potential application of Lactobacillus 
acidophilus as a natural biocontrol agent in dairy products to mitigate 
fungal contamination and aflatoxin risks, ensuring food safety and com-
pliance with regulatory standards. Overall, these findings highlight the 
effectiveness of Lactobacillus acidophilus in controlling Aspergillus flavus 
and aflatoxin M1 in dairy products, providing a promising strategy as a 
natural biocontrol agent to mitigate fungal contamination and aflatoxin 
risks for improving the microbial safety of milk and cheese and ensuring 
compliance with regulatory standards.

Conclusion

The study confirmed the presence of AFM1 and AFM2 in cheese and 
raw milk, with a significant proportion of samples exceeding Egyptian 
safety standards. The contamination likely originates from AFB1-con-
taminated feed, exacerbated by Egypt’s warm and humid climate, which 
promotes fungal growth. The application of Lactobacillus acidophilus 
demonstrated substantial antifungal and detoxification properties, ef-
fectively inhibiting Aspergillus flavus growth and significantly reducing 
AFM1 levels. The complete detoxification achieved at higher probiotic 
concentrations (2% and 3%) suggests that Lactobacillus acidophilus can 
be a promising biocontrol agent in dairy processing. These findings ad-
vocate enhanced regulatory monitoring of aflatoxins in dairy products 
and the potential integration of probiotics in food safety management. 
Further research should focus on elucidating the precise mechanisms of 
Lactobacillus acidophilus’s antifungal activity and its scalability for indus-
trial applications.

Conflict of interest

The authors have no conflict of interest to declare.

References

Abdelmotilib, N.M., Hamad, G.M., Elderea, H.B., Salem, E.G., El Sohaimy, S.A., 2018. 
Aflatoxin M1 reduction in milk by a novel com- bination of probiotic bacterial 
and yeast strains. European Journal of Nutrition and Food Safety 9, 83–99. 

Admasu, F.T., Melak, A., Demissie, B., Yenew, C., Habtie, M.L., Bekele, T.T., Malik, T., 
2021. Occurrence and associated factors of aflatoxin M1 in raw cow milk in 
South Gondar zone, northwest Ethiopia, 2020. Food Science and Nutrition 9, 
6286–6293.

Aiad, A.S., Abo El-Makarem, H.S., 2013. Aflatoxin M1 levels in milk and some dairy 
products in Alexandria city. Assuit Vet. Med. J. 59, 93-98

Ashraf, D., Morsi, R., Usman, M., Meetani, M.A., 2024. Recent Advances in the Chro-
matographic Analysis of Emerging Pollutants in Dairy Milk: A Review (2018–
2023). Molecules 29, 1296.

AOAC (Association of Official Analytical Chemists), 2005. Official Methods of the 
AOAC International Analysis.  14th Ed., Horwitz. W; (Editor), Academic Press, 
Washington D.C, USA. AOAC Official Methods of Analysis.

Bhardwaj, K., Meneely, J.P., Haughey, S.A., Dean, M., Wall, P., Zhang, G., Baker, B., 
Elliott, C.T., 2023. Risk assessments for the dietary intake aflatoxins in food: a 
systematic review (2016–2022). Food Control 149, 109687.

Bräse, S., Gläser, F., Kramer, C., Lindner, S., Linsenmeier, A.M., Masters, K.S., Meister, 
A.C., Ruff, B.M., Zhong, S., 2013. The chemistry of mycotoxins. Vol. 97. New York 
(NY): Springer.

Camarillo, E.H., Moreno, M.C., Olvera, V.J.R., Ortiz, M.A.V., Cervantes, M.A.S., 2016. 
Quantifying the levels of the mutagenic, carcinogenic hydroxylated aflatoxins 

Storage
 (Day)

Treatments

C T1 T2 T3

Zero time 0 0 0 0

3rd Day 0.02 0.01 0 0

6th Day 0.04 0.01 0 0

9th Day 0.09 0.01 0 0

12th Day 0.15 0.01 0 0

15th Day 0.21 0.01 0 0

Table 5. Effect of Lb. Acidophilus on aflatoxin M1 production produced by A. 
flavus experimentally inoculated to milk samples.

C: milk with A. flavus; T1: milk with A. flavus + Lb. acidophilus1% 
T2: milk with A. flavus + Lb. acidophilus2%; T3: milk with A. flavus + Lb. acidophilus3%

M.A. Saad et al. /Journal of Advanced Veterinary Research (2025) Volume 15, Issue 2, 243-247

246



(AFM1 and AFM2) in artisanal Oaxaca-Type cheeses from the City of Veracruz, 
Mexico. J. Microb. Biochem. Technol. 8, 491-497.

Casquete, R., Benito, M.J., de Guía Córdoba, M., Ruiz-Moyano, S., Martín, A., 2017. 
The growth and aflatoxin production of Aspergillus flavus strains on a cheese 
model system are influenced by physicochemical factors. Journal of Dairy Sci-
ence. 100, 6987-6996.

Egyptian Standard, 2010. Maximum Levels of chemical contaminants in food. Egyp-
tian Organization for Standardization (EOSQ) No. 713.

Egyptian Standard, 7136/2010. Maximum levels for certain contaminants in food-
stuffs. Section 2: Mycotoxins, 2.1. Aflatoxins in foodstuffs, 2.1.13. Aflatoxins in 
raw milk, heat-treated milk and milk for the manufacture of milk-based prod-
ucts. Page 20/31. 

Elsanhoty, R.M., Salam, S.A., Ramadan, M.F., Badr, F.H., 2014. Detoxification of af-
latoxin M1 in yoghurt using probiotics and lactic acid bacteria. Food Control 
43, 129–134.

El-Seadawy, L.I., Ahmad, E.E., El-Missiry. M., Morgan, S.D., 2000. Bacterial and fun-
gal contamination of milk and milk products, Microbiology Department. Cairo 
Food Addit. Contam. 47, 38-48.

European Commission 2006. Commission regulation 1881/2006-setting maximum 
levels for certain contaminants in foodstuffs.

Fedele, V., Cifuni, F.G., Sepe, L., Napoli, D., 2007. Effect of two aflatoxin level treat-
ments on contamination of Mozzarella di Bufala cheese. Italian Journal of Ani-
mal Science 6, 1120-1122.

Fernandes, A.M., Correa, B., Rosim, R.E., Kobashigawa, E., Oliveria, C.A.F., 2012. Dis-
tribution and stability aflatoxin M1 during processing and storage of Minas 
Frescal cheese. Food Control 24, 104-108.

González-Montaña, J.R., Senís, E., Alonso, A.J., Alonso, M.E., Alonso, M.P., Domín-
guez, J.C., 2019. Some toxic metals (Al, As, Mo, Hg) from cow’s milk raised in 
a possibly contaminated area by different sources. Environmental Science and 
Pollution Research 26, 28909-28918.

Govaris, A., Roussi, V., Koidis, P.A., Botsoglou, N.A., 2002. Distribution and stability 
of aflatoxin M1 during production and storage of yoghurt. Food Additives and 
Contaminants, 19, 1043–1050.

Gulbe, G., Valdovska, A., 2014. Diversity of Microscopic Fungi in the Raw Milk from 
Latvian Organic farm. Proc. Latv. Univ. Agr. 31, 46-53.

Heshmati, A., Zohrevand, T., Khaneghah, A.M., Nejad, A.S.M., Sant’Ana, A.S., 2017. 
Co-occurrence of aflatoxins and ochratoxin A in dried fruits in Iran: Dietary 
exposure risk assessment. Food and Chemical Toxicology 106, 202-208.

Khalifa, M. and Shata, R. R., 2018. Mycobiota and aflatoxins B1, M1 lev- els in com-
mercial and homemade dairy desserts in Aswan City, Egypt. J. Adv. Vet. Res. 8, 
43-48

Liu, x Zhao, F., Chitrakar, B., Wei, G., Wang, X. and Sang, Y., 2023. Three recombinant 
peroxidases as a degradation agent of aflatoxin M1 applied in milk and beer. 
Food Research International 166, 166, 112352.

Mahmood Fashandi, H., Abbasi, R., Mousavi Khaneghah, A., 2018. The detoxification 
of aflatoxin M1 by Lactobacillus acidophilus and Bifidobacterium spp.: A review. 
Journal of Food Processing and Preservation. 42, e13704.

Mellout, E., Thierry, S., Durand, B., Cordonnier, N., Desoubeaux, G., Chandenier, J., 
2014. Assessment of Aspergillus fumigatus burden in lungs of intratracheally- 
challenged turkeys (Meleagris gallopavo) by quantitative PCR, galactomannan 
enzyme immunoassay and quantitative culture. Comp. Immunol. Microbiol. In-
fect. Dis. 37, 271-279. 

Møller, C.O.A., Freire, L., Rosim, R.E., Margalho, L.P., Balthazar, C.F., Franco, L.T., 
Sant’Ana, A.S., Corassin, C. H., Rattray, F.P., de Oliveira, C.A.F., 2021. Effect of 
lactic acid bacteria strains on the growth and aflatoxin production potential of 
Aspergillus parasiticus, and their ability to bind aflatoxin B1, ochratoxin A, and 
zearalenone in vitro. Frontiers in Microbiology 12, 655386.

Nilkaram, N., Brückner, L., Cramer, B., Humpf, H.-U., Keener, K., 2023. Degradation 
products of aflatoxin M1 (AFM1) formed by high voltage atmospheric cold 
plasma (HVACP) treatment. Toxicon. 230, 107160.

Ogunbanow, S.T., Sanni, A., Onilude, A.A., 2003. Characterization of bacteriocin 
produced by Lactobacillus plantarum F1 and Lactobacillus brevis OG1. Afr. J. 
Biotechnol. 2,219-227.

Parvez, S., Malik, K.A., Kang, S.A., Kim, H.Y., 2006. Probiotics and their fermented 
food products are beneficial for health. Journal of Applied Microbiology 100, 
1171–1185. 

Pierides, M., El-Nezami, H., Peltonem, K., Salminen, S., Ahokas, J., 2000. Ability of 
dairy strains of lactic acid bacteria to bind aflatoxin M1 in a food model. J. Food 
Prot. 63, 645-650

Prandini, A., Tansini, G., Sigolo, S., Filippi, L., Laporta, M., Piva, G., 2009.  On the occur-
rence of aflatoxin M1 in milk and dairy products. Food and Chemical Toxicology 
47, 984-991.

Rabie, M., El-Wahed, A., Moustafa, M.G., El-Zahar, K., Abdel-Zaher, A.M., 2019., The 
role of probiotic bacteria in protecting against aflatoxin M1 contamination in 
milk and certain dairy products. Journal of Food and Dairy Sciences 10, 93-99.

Rodrigues, R.O., Rodrigues, R.O., Ledoux, D.R., Rottinghaus, G.E., Borutova, R., Averk-
ieva, O., McFadden, T.B., 2019. Feed additives containing sequestrant clay min-
erals and inactivated yeast reduce aflatoxin excretion in milk of dairy cows. 
Journal of Dairy Science 102, 6614–6623.

Saad, M.S., 2017. Chemical Contaminants in milk and some dairy products. Ph.D. 
Thesis, Faculty of Veterinary Medicine, Alexandria University, Egypt.

Sarlak, Z., Rouhi, M., Mohammadi, R., Khaksar, R., Mortazavian, A. M., Sohrabvandi, 
S., Garavand, F., 2017. Probiotic biological strategies to decontaminate aflatox-
in M1 in a traditional Iranian fermented milk drink (Doogh). Food Control 71, 
152–159.

Shetty, P.H., Jespersen, L., 2006. Saccharomyces cerevisiae and lactic acid bacteria 
as potential mycotoxin decontaminating agents. Trends in Food Science and 
Technology 17, 48–55. 

Shi, H., Chang, G., Zhang, Y., Zhao, Y., Wang, H., Zhang, J., Zhu, J., 2024. Biodegra-
dation Characteristics and Mechanism of Aflatoxin B1 by Bacillus amyloliquefa-
ciens from Enzymatic and Multiomics Perspectives. Journal of Agricultural and 
Food Chemistry 72, 15841-15853.

Sokoutifar, R., Razavilar, V., Anvar, A.A., Shoeiby, S., 2018. Degraded aflatoxin M1 
in artificially contaminated fermented milk using Lactobacillus acidophilus and 
Lactobacillus plantarum affected by some bio-physical factors. Journal of Food 
Safety 38, e12544.

Stella, R., Bovo, D., Noviello, S., Contiero, L., Barberio, A., Angeletti, R., Biancotto, G., 
2024. Fate of aflatoxin M1 from milk to typical Italian cheeses: Validation of an 
HPLC method based on aqueous buffer extraction and immune-affinity clean 
up with limited use of organic solvents. Food Control 157, 110149.

Xiong, J., Wang, Y., Zhou, H., Liu, J., 2018. Effects of dietary adsorbent on milk afla-
toxin M1 content and the health of lactating dairy cows exposed to long-term 
aflatoxin B1 challenge. Journal of Dairy Science 101, 8944–8953.

M.A. Saad et al. /Journal of Advanced Veterinary Research (2025) Volume 15, Issue 2, 243-247

247


