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Abstract

Aflatoxins are the most important group of mycotoxins, produced by different Aspergillus species,
according to International Agency for Research on Cancer aflatoxins has been found to be responsible cause
immunotoxic, carcinogenic, and mutagenic effects on human beings the samples of herbs and spices has been
collected from Riyadh, Tabuk and Hail region of Saudi Arabia. All the samples were screened for Isolation
of fungal strains, and extraction and quantification of Aflatoxins was done using HPLC system using water/
acetonitrile/methanol mobile phase. Aflatoxins were calculated as ppb (ug/kg) .The highest concentration
of aflatoxin G1 was observed as 1.003 (ppb) in the herb Origanum majorana in the Riyadh region, in the
herb Zingiber officinale which is observed as 1.024 (ppb) and B1 found to be 0.131 and 0.421 (ppb) in the
Tabuk and hail region and fungal species Aspergillus flavus has been isolated, moreover, spice Piper nigrum
contaminated with highest concentration of Aflatoxin G2 6.460 (ppb) and in Zingiber officinale concentration
of Aflatoxin G1 was observed as 0.740 (ppb) in the Hail region. As the aflatoxins are reported to be possess
nephrotoxic, genotoxic, teratogenic, carcinogenic, and cytotoxic effects in the humans. To conclude, the herbs
and spices should be monitored under safety and precautionary guidelines during its production, processing
and marketing to prevent with contamination of toxigenic fungal strains and aflatoxins as it may leads to

serious health threats and illness.
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Introduction

There are more than 20 forms of Aflatoxins (AFs) and their
derivatives found in nature, but only four have been proven
to be harmful to humans and livestock: B1, B2, G1, and G2
[1-4]. Furanocoumarins are generated by many Aspergillus
strains, with Aspergillus flavus, Aspergillus parasiticus,
Aspergillus nomius, and Aspergillus pseudotamarii being
the most common [5]. The presence of the lactone and
difuran rings is primarily responsible for immunotoxic,
carcinogenic, and mutagenic effects [6].

The International Agency for Research on Cancer (IARC)
has classed aflatoxins, such as AFB1, AFB2, AFGI,
AFG2, and AFM1, as GROUP 1 carcinogens in humans
[7,8]. Nucleotide pairing was disrupted by AFs and
metabolites produced by hepatic CYP enzymes, which
can result in genetic alterations, large-scale chromosomal
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abnormalities, or even DNA strand breaks [9].

The present study has been aimed to analyze the based
evidence of presence of aflatoxin in the herbs and spices
must be considered seriously to combat Aflatoxicosis and
mycotoxicosis.

Materials and Methods
Sample collection

Random samples of unpacked selected herbs and spices
were collected from different regions Riyadh, Hail, and
Tabuk retail markets in Saudi Arabia. All samples were
collected in sterile polyethylene bags, transferred to the
laboratory, and stored at 4°C until use.

A total of 27 samples, which included nine types of
commonly used and regularly available herbs and spices,
were collected from each city (Table 1).
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Table 1. List of herb and spice samples included in the study.

Common name

Scientific name

Arabic name

Sage Salvia officinalis Maramia
Turmeric Curcuma longa Korkom
Black pepper Piper nigrum Fulful, Filfil

Cumin Cuminum cyminum | Kamoun, Kamun
Lesser galangal | Alpinia officinarum Kholenjan
Wormwood chii’;Zf;fn Sheeba
Sweet marjoram |Origanum majorana Bardagoosh

Ginger

Zingiber officinale

Zanjabeel, Zanjabil

Garden thyme

Thymus vulgaris

Satr, Zatr

Isolation of fungal strains from samples

Isolation of fungi from herbs and spices was done using
the standard dilution plate method. For this, 10 g of the
ground sample was added to 90 mL of sterile saline
solution (0.85%) in a sterile 500 mL Erlenmeyer flask and
homogenized thoroughly on an electric shaker at constant
speed for 15 min. The mixture was allowed to stand for
10 min.

Tenfold serial dilutions (1:10) were prepared, and 1
mL aliquots of three suitable dilutions of the resulting
medicinal plant suspension were used to inoculate
duplicate Petri dishes, each containing 15 mL PDA with 0.4
g/mL chloramphenicol to suppress bacterial growth, using
the spread plate method. The plates were then incubated
at 25°C for four to seven days (an interval in which most
fungal species grow). After growth, identification was
done using lactophenol cotton blue-tease mount technique
and microscopic observation was done for identification
and characterization of fungal strains.

Stock solution of mixed AFs

To prepare a stock solution containing 500 ng/mL (ppb)
of AFBI1, 125 ng/mL (ppb) of AFB2, 500 ng/mL (ppb)
of AFG1, and 125 ng/mL (ppb) of AFG2 in acetonitrile,
0.5 mL was taken from the existing standard reference
material and diluted in a 2 mL volumetric flask (3.5). The
stock solution was gently mixed. A series of six quantities
(Table 2) of the AF standard solution was prepared by
taking 10 uL, 20 uL, 40 uL, 60 uL, and 80 pL of stock
solution to check the calibration of the standard solution
and linearity. Then 1 mL of methanol was added and the
solution diluted to 2 mL using water and mixed. The
solution was freshly prepared on the day of use.

Table 2. Preparation of the mixed AF stock solution.

Volume | Concentration of AF (ng/mL, ppb)
Standard | of stock
Solution | solution | A\FB1 | AFB2 |AFG1|/AFG2| Total
(nL)
1 80 20 5 20 5 50
2 60 15 3.75 15 | 3.75 | 375
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3 40 10 2.5 10 25 | 25

4 20 1.25 | 1.25 5 1.25 | 125

5 10 0.625 | 0.625 | 2.5 |0.625]| 6.25
200 pL from

6 25 ng/mL 1 0.25 1 025 | 25

Samples Preparation
Extraction

For the extraction, 12.5 g (m0) of the homogenized test
sample was weighed in the blender jar, and then 5 g of
sodium chloride and 125 mL (V1) of extraction solvent
were added. It was homogenized with a mixer for 2 min at
high speed. The blending was monitored to ensure that the
blending time and speed did not have a negative influence
on the extraction efficiency. The mixture was filtered
through a fluted filter paper (V1), and then 15 mL (V2) of
the filtrate was pipetted into a conical flask of appropriate
size with a glass stopper. Then, 30 mL of water was added,
the stopper inserted, and the solution mixed. Before
starting affinity column chromatography, the diluted
extract was filtered through a glass microfiber filter paper.
The filtrate (V3) was refiltered until it was clear and then
used immediately in the clean-up steps. Centrifugation
was also used to obtain a clear solution.

Clean-up

The IAC was prepared, and the clean-up procedure
was performed in accordance with the manufacturer’s
instructions. A 15 mL (V4) aliquot of the second filtrate
(V3) was added to the solvent reservoir of the IAC and
allowed to pass through the separation column, which was
then washed with 20 mL of distilled water. Slight pressure
was applied to the top of the column without drying the
column or discarding the eluate. AFB1, AFB2, AFG1, and
AFG2 were eluted by adding 1 mL of methanol and then 1
mL of water. The eluate was collected in 2 mL volumetric
flasks (made up to the mark) and then transferred to amber
color vials for HPLC.

HPLC conditions

AF quantification was performed according to ISO
16050:2003 (E) using the Infinitely HPLC system (1290
infinity series) with a fluorescence detector, pump, and
C18 column (3 mm x 10 mm X 2.6 pm, Kinetex) with
post-column derivatization. The analysis was carried out at
a flow rate of 1 mL/min using water/acetonitrile/methanol
(6.5:1.75:1.75) as the mobile phase. A volume of 75 pL of
extract was injected, and AFB1, AFB2, AFG1, and AFG2
were detected by their retention times and quantified
by comparing peak areas to those of the standard. The
analysis excitation and emission wavelengths were 365
nm and 435 nm, respectively.

Results
The fungal strain isolation and aflatoxin contamination
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has been analyzed in three different regions of Saudi
Arabia- Riyadh, Tabuk and Hail. In the Riyadh region
in piper nigrum spice sample fungal species Aspergillus
parasiticus in Origanum majorana herb Aspergillus flavus
has been isolated and aflatoxin G2 concentration 5.591
(ppb) and G1 1.003 (ppb) had been detected (Table 3).

Table 3. Fungal contamination in the Riyadh medicinal herbs

and spices.
Sample No. Sample Isolated fungi
1 Salvia officinalis (Sage) Aspergillus niger
) Curcuma lgnga ND
(Turmeric)
3 Piper nigrum (Black Rhizopus stolonifer
pepper) Aspergillus parasiticus
A. niger
4 Cuminum cyminum Cladosporium
(Cumin) Penicillium
R. stolonifera
Alpinia officinarum A. niger
5 (iesser alangal) Cladosporium
galang Fusarium
6 Artemisia absinthium A. niger
(Wormwood) Penicillium
7 Origanum majorana A. niger
(Sweet marjoram) Aspergillus flavus
3 Zingiber officinale Penicillium
(Ginger) R. stolonifera
A. niger
Thymus vulgaris Penicillium
9 ( GJ; rden thgme) R. stolonifer
Y Alternaria
Cladosporium

In the Tabuk region in piper nigrum, Cuminum cyminum,
Origanum majorana and Zingiber officinale spices and
herb fungal species such as Aspergillus parasiticus and
Aspergillus flavus has been isolated and the aflatoxin
concentration detected was aflatoxin G1-0.0512 in
Cuminum cyminum, in Zingiber officinale B1-0.131 and
G1-1.024 ppb was detected (Table 4).

Table 4. Fungal contamination in the Tabuk medicinal herbs and

Alatawi/Alsobaie/Alshareef/Alenzi/Alenzi/Mateen

Cuminum cyminum A. niger
4 ( CumiJ; ) Penicillium
Aspergillus flavus
Alpinia officinarum A. niger
> (iesser alangal) R. stolonifer
galang Penicillium
A. niger
6 Artemisia absinthium Cladosporium
(Wormwood) R. stolonifer
Penicillium
Origanum majorana A. niger
7 (SL\g;veet mar'(J)ram) R. stolonifer
J A. flavus
Aspergillus fumigatus
3 Zingiber officinale A. flavus
(Ginger) A. niger
Penicillium
9 Thymus vulgaris Penicillium
(Garden thyme) R. stolonifer

In Hail region the in herb Salvia officinalis fungal species
Aspergillus flavus, in spice Curcuma longa fungal species
Aspergillus flavus, in herb Origanum majorana fungal
species Aspergillus flavus, in spice Zingiber officinale
and herb Thymus vulgaris also fungal species Aspergillus
flavus has been isolated. The spice Piper nigrum has been
found to be contaminated with highest concentration
of Aflatoxin G2 6.460 (ppb) and in Zingiber officinale
concentration of Aflatoxin G1 was observed as 0.740
(ppb) (Tables 5 and 6).

Table 5. Fungal contamination in the Hail medicinal herbs and

spices.
Sample No. Sample Isolated fungi
| Salvia officinalis Aspergillus niger
(Sage) Rhizopus stolonifer
) Curcuma longa A. niger
(Turmeric) Penicillium
Piper nigrum (Black A. niger
3 per nzégr er) ¢ R. stolonifer
pepp Aspergillus parasiticus
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spices.
Sample No. Sample Isolated fungi
| Salvia officinalis Aspergillus niger
(Sage) Aspergillus flavus
Curcuma longa Aspergillus teirreus
2 (Turmeric) Alternaria
A. flavus
. . A. niger
3 (P]_;,ﬁilimégmg) Penicillium
pepp Alternaria
. . A. niger
s Commomin it
Rhizopus stolonifera
Alpinia officinarum A. niger
> (fesser alangal) Penicillium
gatang R. stolonifera
Artemisia
6 absinthium A. niger
(Wormwood)
Origanum A. niger
7 majorana (Sweet A. flavus
marjoram) Penicillium
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A. niger
Cladosporium
3 Zingiber officinale Penicillium
(Ginger) A. flavus
Alternaria
Fusarium
9 Thymus vulgaris A. niger
(Garden thyme) A. flavus
Table 6. Aflatoxins contents in samples.
Concentration of
Sa;lnple Sample Region aflatoxin ng/ml (ppb)
0.
Bl | B2 | G1 | G2
Riyadh| ND | ND | ND | ND
|| Sabviaofficinalis |ty N | ND | ND | ND
(Sage)
Hail | ND | ND | ND | ND
Riyadh | ND | ND | ND | ND
o | Cwreumalonga Tpo 'ND | ND | ND | ND
(Tumric)
Hail | ND | ND | ND | ND
Riyadh | ND | ND | ND |5.591
3 Piper nigrum | 1.k | ND | ND | ND | ND
(Black paper)
Hail | ND | ND | ND | 6.46
Riyadh | ND | ND | ND | ND
4 Cuminum | bk | ND | ND |0.051) ND
cyminum (Cumin)
Hail | ND | ND | ND | ND
. Riyadh| ND | ND | ND | ND
Alpinia
5 officinarum Tabuk | ND | ND | ND | ND
(lesser galangal) Hail | ND | ND | ND | ND
N Riyadh | ND | ND | ND | ND
Artemisia
6 absinthium Tabuk | ND | ND | ND | ND
(wormwood) .
Hail | ND | ND | ND | ND
. Riyadh| ND | ND |1.003| ND
Origanum
7 majorana (sweet | Tabuk | ND | ND | ND | ND
margoram) .
Hail | ND |0.058/0.221| ND
Riyadh| ND | ND | ND | ND
g |Zingiber officinalel .y 10,131 ND |1.024] ND
(Ginger)
Hail |0.421| ND | 0.74 | ND
Riyadh | ND | ND | ND | ND
g | Thymuswvulgaris | p 4 | ND | ND | ND | ND
(garden thyme)
Hail | ND | ND | ND [0.262

The quantification of aflatoxin has been performed
according to ISO 16050:2003 (E) and the retention time
of the aflatoxins test samples were obtained (Figures 1-3).
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Figure 1. (a) HPLC chromatogram of the Tabuk black pepper
sample. The chromatogram showed the RetTime in min of
AFLA G2 is 3.497 and of AFLA Bl is 5.535. Area [LU*s] is
0.266789 for AFLA G2 and 0.0451696 for AFLA B1. (b) HPLC
chromatogram of the Tabuk Cuminum cyminum sample. The
chromatogram showed the RetTime in min of AFLA G1 is 4.191.
Area [LU*s] is 0.0347899. (c) HPLC chromatogram of the
Tabuk Zingiber officinale sample. The chromatogram showed
the RetTime in min of AFLA G1, B2 and Bl is 4.134, 4.585 and
5.525, respectively. Area [LU*s] is 0.0699519 for AFLA G,
0.0220363 for AFLA B2 and 0.087080 for AFLA B1.

FIDTA B=365, TEST SPICES Z021-06.20 14435 S50 T AGGO00T3 DY

L

(b)
Figure 2. (a) HPLC chromatogram of the Riyadh black pepper
sample. The chromatogram showed the RetTime in min of AFLA
Glis4.252. Area [LU*s] is 0.0692003. (b) HPLC chromatogram
of the Riyadh Origanum majorana sample. The chromatogram
showed the RetTime in min of AFLA G2 is 3.477. Area [LU*s]
is 0.232362.
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Figure 3. (a) HPLC chromatogram of the Hail Origanum
majorana sample. The chromatogram showed the RetTime in
min of AFLA G1 is 4.269 and of AFLA B2 is 4.438. Area [LU*s]
is 0.0409501 for AFLA GI1 and 0.0555558 for AFLA B2. (b)
HPLC chromatogram of the Hail Zingiber officinale sample.
The chromatogram showed the RetTime in min of AFLA G1, B2
and Bl is 4.152, 4.603 and 5.542, respectively. Avea [LU*s] is
0.0596812 for AFLA G1, 0.0274550 for AFLA B2 and 0.111090
for AFLA Bl. (c) HPLC chromatogram of the Hail Thymus
vulgaris sample. The chromatogram showed the RetTime in min
of AFLA G2 is 3.480. Area [LU*s] is 0.0211101.

Discussion

As due to demand in consumption of natural drugs and
the possibility of access to products without adequate
storage conditions have made the use of herbs and spices a
public health problem, as they may be contaminated with
fungal strains and aflatoxins. Moreover, contamination
of mycotoxigenic fungal species would affect the quality
and production of food, medicinal herbs and spices, which
may cause economical loss of producers, marketers,
and processors and health threats [10,11]. AFs have
been identified as important toxins affecting humans
and livestock, and the TARC has classified AFBI1 as
carcinogenic in humans, that is, as a GROUP 1 carcinogen
[7,8].

Aflatoxin producing Aspergillus species were cosmopolitan
in nature such as, soil, food products, dust, organic debris,
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and decomposing matter, as interactions between fungi
species and host environment leads to growth of fungal
strains and toxin [12], Aspergillus flavus and Aspergillus
parasiticus are common contaminants in agriculture [13].

As reported in the previous studies aflatoxin was found
to be the prevalent contaminant as mycotoxins, which
mainly contains four groups, aflatoxin B1, aflatoxin B2,
aflatoxin G1, and aflatoxin G2, aflatoxins found to cause
negative effects on the organs, especially liver. Studies
have shown that exposure to aflatoxin can lead to primary
hepatocellular carcinoma. In addition, aflatoxins may
result in an acute toxicity at higher concentrationAFB1
[12,14].

In our present Aflatoxin B1 has been found to be 0.421
(ppb) in spice Zingiber officinale in the hail region,
whereas in Tabuk region it is observed 0.131 (ppb) and
the fungal species Aspergillus flavus has been isolated. As
reported in the later studies, aflatoxin B1 was known cause
hepatotoxic effects and has been classified under Group 1
carcinogens involved in hepatocellular carcinoma [15,16],
as AFBI metabolized by Cytochrome P450 enzyme
system (CYPs) in the liver and forms a potent carcinogen
derivative Aflatoxin B1-8,9-epoxide (AFBO) [4], not only
liver toxification it is also involved in the immune system
impairment which leads to immunotoxicity [17] and
causes malnutrition and growth impairment in the children
exposed to AFB1 and in developing countries reported
kwashiorkor disease with high concentration of AFB1 in
the sera samples [18,19].

The Aflatoxin G1 was observed in highest concentration
1.003 (ppb) in the herb Origanum majorana in the Riyadh
region, and in the herb Zingiber officinale in the Tabuk
region which is observed as 1.024 (ppb) and the aflatoxin
producing fungal specie Aspergillus flavus has been
isolated.

As reported in the later studies, mycotoxins can have
nephrotoxic, genotoxic, teratogenic, carcinogenic, and
cytotoxic properties but are also capable of affecting tumor
development due to their antineoplastic potential [20].

The present research has been conducted to evaluate the
presence of aflatoxin and to isolate the aflatoxin producing
strains from the selected herbs and spices. As very less
or no information is available from Saudi Arabia on the
presence of aflatoxin in most of the herbs and spices,
however, environmental conditions have a great influence
on fungal growth, and most of the samples investigated
in this study were contaminated with toxigenic as well as
non-toxigenic fungi. The average summer temperature
in Tabuk and Hail is 30-40°C and in Riyadh is 35-45°C,
and humidity is low in all the cities, between 10 and 25%.
Herbs and spices are subjected to various processes before
being reached to the consumer. Improper conditions
during planting, harvesting, post-harvesting, processing,
storage, transport, and marketing may affect their quality.
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Conclusion

Medicinal herbs and spices have been commonly used
in most households for thousands of years. The safety of
herbs and spices is closely related to how they are managed
at every stage of processing and production. This study
gives a clear picture of the fungal species and aflatoxins
contamination in herbs and spices commercially available
in Riyadh, Tabuk, and Hail. Most of the medicinal herb
and spice samples tested in this study were found to be
contaminated with fungal strains and aflatoxins, among
all the fungal strains isolated, Aspergillus species was
found to be dominant genus encountered. Contamination
of these products with toxigenic fungi poses serious health
threats, since their presence can cause ill effects rather
than improve the quality of life.

Author’s Contribution

HSA and SAS: Supervising the research work, designing
methodology, analyzing the data and writing the results,
manuscript revising and editing. AOF, HSA, SA, NA and
YA: conceived the idea of work, supervising the bench
work and planning and designing the complete research
project work. HSA and SAS: performed experimental
work and compiled the data generated. HSA and AM:
manuscript writing, compiling and analyzing the data,
manuscript revising and editing.

Acknowledgement

The authors acknowledge the support of grant from the
“Research Center of the Female Scientific and Medical
Colleges”, Deanship of Scientific Research, King Saud
University for supporting this research project, and also
special thanks to all the authors for their constant support
and sincere efforts to carry out the present research work.

Conflict of Interest
Authors have no conflict of interest.

References

1. Wu F, Stacy SL, Kensler TW. Global risk assessment of
aflatoxins in maize and peanuts: Are regulatory standards
adequately protective? Toxicol Sci 2013; 135: 251-259.

2. Smith MC, Madec S, Coton E, Hymery N. Natural Co-
Occurrence of mycotoxins in foods and feeds and their in
vitro combined toxicological effects. Toxins 2016; 8: 94.

3. Udovicki B, Audenaert K, de Saeger S, Rajkovic A. Overview
on the mycotoxins incidence in serbia in the period 2004-
2016. Toxins 2018; 10: 279.

4. Rushing BR, Selim MI. Aflatoxin Bl: A review on
metabolism, toxicity, occurrence in food, occupational

exposure, and detoxification methods. Food Chem Toxicol
2019; 124: 81-100.

5. Council for Agricultural Science and Technology.
Mycotoxins: Risk in plant, animal and human systems. 2003.

6. Vanhoutte I, Audenaert K, de Gelder L. Biodegradation
of mycotoxins: Tales from known and unexplored worlds.
Front Microbiol 2016; 7: 561.

Biomed Res 2022 Volume 33 Issue 8

7. International Agency for Research on Cancer. Aflatoxins
IARC Monographs. Int Agency Res Cancer 2012; 100: 225-
248.

8. Ostry V, Malir F, Toman J, Grosse Y. Mycotoxins as
human carcinogens-the TARC Monographs classification.
Mycotoxin Res 2017; 33: 65-73.

9. Wild CP, Gong YY. Mycotoxins and human disease: A
largely ignored global health issue. Carcinogenesis 2009;
31: 71-82.

10. Amaike S, Keller NP. Aspergillus flavus. Annu Rev
Phytopathol 2011; 49:107-133.

11. de Lucca AJ. Harmful fungi in both agriculture and medicine.
Rev Iberoam Micol 2007; 24: 3-13.

12. Raduly Z, Szabo L, Madar A, Pocsi I, Csernoch L.
Toxicological and medical aspects of Aspergillus-derived
mycotoxins entering the feed and food chain. Front microbiol
2020; 10: 2908.

13. Kumar P, Mahato DK, Kamle M, Mohanta TK, Kang SG.
Aflatoxins: a global concern for food safety, human health
and their management. Front Microbiol 2017; 7: 2170.

14. Williams JH, Phillips TD, Jolly PE, Stiles JK, Jolly CM,
Aggarwal D. Human aflatoxicosis in developing countries:
A review of toxicology, exposure, potential health
consequences, and interventions. Am J Clin Nutr 2004; 80:
1106.

15. Mughal MJ, Xi P, Yi Z, Jing F. Aflatoxin B1 invokes apoptosis
via death receptor pathway in hepatocytes. Oncotarget 2017,
8: 8239-8249.

16. Nugraha A, Khotimah K, Rietjens I. Risk assessment of
aflatoxin B1 exposure from maize and peanut consumption
in Indonesia using the margin of exposure and liver cancer
risk estimation approaches. Food Chem Toxicol 2018; 113:
134-144.

17. Meissonnier GM, Pinton P, Laffitte J. Immunotoxicity of
aflatoxin B1: Impairment of the cell-mediated response to

vaccine antigen and modulation of cytokine expression.
Toxicol Appl Pharmacol 2008; 231:142-149.

18. McMillan A, Renaud JB, Burgess KMN. Aflatoxin exposure
in nigerian children with severe acute malnutrition. Food
Chem Toxicol 2018; 111: 356-362.

19. Watson S, Gong YY, Routledge M. Interventions targeting
child undernutrition in developing countries may be
undermined by dietary exposure to aflatoxin. Crit Rev Food
Sci Nutr 2017; 57: 1963-1975.

20. Pocsi I, Kiraly G, Banfalvi G. Antineoplastic potential of
mycotoxins. Acta Microbiol Immunol Hung 2018; 65: 267-
307.

*Correspondence to:

Hadeel Salman Alatawi

Department of Clinical Laboratory Sciences
College of Applied Medical Sciences

King Saud University

Riyadh

Saudi Arabia

242


https://monographs.iarc.who.int/wp-content/uploads/2018/06/mono100F-23.pdf
https://monographs.iarc.who.int/wp-content/uploads/2018/06/mono100F-23.pdf
https://link.springer.com/article/10.1007/s12550-016-0265-7
https://link.springer.com/article/10.1007/s12550-016-0265-7
https://academic.oup.com/carcin/article/31/1/71/2392129
https://academic.oup.com/carcin/article/31/1/71/2392129
https://web.archive.org/web/20160616202324id_/https:/www.researchgate.net/profile/Nancy_Keller/publication/51070539_Aspergillus_flavus/links/09e4150f597d450ff9000000.pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.232.8677&rep=rep1&type=pdf
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02908/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02908/full
https://www.frontiersin.org/articles/10.3389/fmicb.2016.02170/full
https://www.frontiersin.org/articles/10.3389/fmicb.2016.02170/full
https://academic.oup.com/ajcn/article/80/5/1106/4690412?login=false
https://academic.oup.com/ajcn/article/80/5/1106/4690412?login=false
https://academic.oup.com/ajcn/article/80/5/1106/4690412?login=false
https://www.oncotarget.com/article/14158/text/
https://www.oncotarget.com/article/14158/text/
https://linkinghub.elsevier.com/retrieve/pii/S027869151830036X
https://linkinghub.elsevier.com/retrieve/pii/S027869151830036X
https://linkinghub.elsevier.com/retrieve/pii/S027869151830036X
https://linkinghub.elsevier.com/retrieve/pii/S027869151830036X
https://www.sciencedirect.com/science/article/abs/pii/S0041008X08001634?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0041008X08001634?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0041008X08001634?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691517306981?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691517306981?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1080/10408398.2015.1040869?journalCode=bfsn20
https://www.tandfonline.com/doi/abs/10.1080/10408398.2015.1040869?journalCode=bfsn20
https://www.tandfonline.com/doi/abs/10.1080/10408398.2015.1040869?journalCode=bfsn20
https://akjournals.com/view/journals/030/65/3/article-p267.xml
https://akjournals.com/view/journals/030/65/3/article-p267.xml
https://academic.oup.com/toxsci/article/135/1/251/1660141?login=false
https://academic.oup.com/toxsci/article/135/1/251/1660141?login=false
https://academic.oup.com/toxsci/article/135/1/251/1660141?login=false
https://www.mdpi.com/2072-6651/8/4/94
https://www.mdpi.com/2072-6651/8/4/94
https://www.mdpi.com/2072-6651/8/4/94
https://www.mdpi.com/2072-6651/10/7/279
https://www.mdpi.com/2072-6651/10/7/279
https://www.mdpi.com/2072-6651/10/7/279
https://www.sciencedirect.com/science/article/abs/pii/S0278691518308494?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691518308494?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691518308494?via%3Dihub
https://www.international-food-safety.com/pdf/Mycotoxins%20-%20Risks%20in%20Plant,%20Animals%20and%20Human%20Systems.pdf
https://www.frontiersin.org/articles/10.3389/fmicb.2016.00561/full
https://www.frontiersin.org/articles/10.3389/fmicb.2016.00561/full

