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Abstract
A large number of traditional herbal products from medicinal plants are available in local
markets. However, the risk of fungal contamination especially toxigenic Aspergillus
species, Aspergillus niger and Aspergillus flavus was potentially possible. Thus, this study
targeted to investigate the prevalence of A. niger and A. flavus and the occurrence of genes
encoding toxins, aflatoxins and ochratoxin A among the fungi using the molecular method
in 33 herbal products randomly collected from local markets in Khon Kaen province,
Thailand. Based on the identification using DNA sequences of the internal transcribed
spacer region (ITS), there were two Aspergillus species, A. niger and A. flavus, with
prevalence rates of 73.6% and 0.1% respectively. The genes related to aflatoxins and
ochratoxin A were undetectable in all isolates. This study suggested the products were
naturally contaminated with the fungi, but they were safe from the toxigenic A. niger and
A. flavus.

1. Introduction
Healthcare products from plants are increasingly
favourable in Thailand with a high market value, 18,200
million baht in 2019. The products are from the
governmental promotion encouraging local people to
have their local products called OTOP (One Tambon/
Village One Product) (Kasikornthai Research Centre,
2019). These products are manufactured in different
forms of both traditional and processed products
available in both national and local markets including
Khon Kaen. Some of them are well in the quality control
with standard and certified procedures and some are still
questionable. One of the quality monitoring methods is
to detect fungal strains that possibly produce
carcinogenic and deadly toxins e.g., Aspergillus,
Fusarium, Rhizopus, Penicillium. They produce different
forms of aflatoxins, ochratoxin A, citrinin, patulin, and
zearalenone (Candlish et al., 2001; Ashiq et al., 2014).
The most common ones are Aspergillus flavus and A.
niger found in different products e.g. herbs, spices, tea
and coffee (Tournas and Katsoudas, 2008; Aiko and
Mehta, 2016). According to the World Health
Organization (WHO), materials taken from plants are
subjected to the quantification of fungal toxins for
consumers’ safety (World Health Organization, 2011).
The fungal strains are naturally contaminated during the
processing and storage (Aquino et al., 2010). Therefore,
consumers who purchase the products are unable to
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realize which products contain the toxin-producing
fungi. There are standard protocols to detect fungal
toxins using analytical chemistry but there are limitations
of test sensitivity, cost and time-consuming (Hedayati et
al., 2007). Additionally, among Aspergillus species, they
are morphologically similar. It is therefore difficult to
determine which strains are A. flavus or A. niger able to
secrete the toxic compounds, aflatoxins and ochratoxin A
(Frisvad et al., 2011; Pfliegler et al., 2020). Thus, a
molecular method using specific primers to detect genes
encoding the toxins is an interesting tool to overcome
this limitation because of its less time consumption and
reliability (Geisen, 1996; Sartori et al., 2006; Rodrigues
et al., 2007; Rahimi et al., 2008; Sohrabi and
Taghizadeh, 2018). This study accordingly aimed to
employ the molecular method to determine whether there
were the toxigenic genes in the Aspergillus species
isolated from the collected herbal products. This could
provide rapid detection of the toxigenic fungal strains in
the herbal products for customer safety.
2. Materials and methods
2.1 Sample collection
The traditional herbal products were the target of this
project. A total of thirty-three samples were randomly
collected from local stores and large retailers in Muang
district, Khon Kaen province, Thailand. The product
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features were recorded as shown in Table 1.

2.3 Fungal identification

Table 1. Herbal products collected from the local markets in
Muang district, Khon Kaen province, Thailand

The Aspergillus isolates from the previous step were
cultured in a broth medium and extracted for genomic
DNA as follows. The fungal mycelia on the potato
dextrose broth were harvested and washed in sterile
distilled water for genomic DNA isolation using the
standard method (White et al., 1990). Approximately 1 g
of the fresh mycelia was finely mashed in liquid nitrogen
and 700 µL of the lysis buffer consisting of 25 mM
EDTA (pH 8.0), 250 mM NaCl, 200 mM Tris-HCl (pH
8.0) and 2% sodium dodecyl sulfate with 2 µL of ßmercaptoethanol using the sterile mortar and pestle.
Then, the mixture (700 µL) was transferred into new
tubes and left for 1 hr at 60°C. Then the mixture, 700 µL
of chloroform: isoamyl alcohol (24:1) was added and
mixed before being centrifuged at 12,000 rpm for 5 mins
at 4°C. The clear supernatant was pipetted to new tubes.
Isopropanol, 0.7 times of the supernatant volume was
added and incubated at -20°C for 20 mins followed by
centrifugation at 12,000 rpm for 5 mins to get the DNA
pellets. Then the pellets were washed twice with 70%
ethanol, 500 µL and left at room temperature. The dried
DNA pellets were dissolved in TE buffer, 50 µL (10 mM
Tris-HCl and 1 mM EDTA). RNase A, 2 µL was added
and incubated for 20 mins at 37oC followed by 1 µl of
Proteinase K with 20-min incubation. To clean the DNA
solution, chloroform: isoamyl alcohol (24:1) was added
again and centrifuged at 12,000 rpm for 4 mins. The
supernatant was carefully taken to new tubes before
adding 3 µL of 3M sodium acetate and 150 µL of
absolute ethanol and incubated at -20°C for 30 mins. The
genomic DNA pellets were then obtained via the last
centrifugation at 12,000 rpm for 10 mins. Finally, the
pellets were cleaned again with 70% ethanol and left at
room temperature until dried before being re-suspended
in the TE buffer and stored at -20°C for the next
experiment.

No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Ingredients
Senna alexandrina
Thunbergia laurifolia
Phyllanthus amarus
Glycyrrhiza glabra
Ginkgo biloba
Arcangelisia flava
Cryptolepis buchanani
Derris scandens
Acanthus ebracteatus
Murdannia loriformis
Andrographis paniculata
Orthosiphan grandiflorus
Momordica charantia
Morus sp.
Senna sp., Garcinia cambogia
Aegle marmelos
Ginkgo biloba
Pandanus amarullifolius
Cymbopogon citratus
Ganoderma lucidum
Cymbopogon citratus and
Pandanus amarullifolius
Hibiscus sabdariffa
Aegle marmelos
Carthamus tinctorius
Stevia rebaudiana
Kaempferia parviflora
Cantella asiatica
Vernonia cinerea
Herbicus sabdariffa
Carthamus tinctorius
Nymphaea sp.
Plukenetia volubilis
Zingiber officinale,
Ziziphus jujube,
Tremella sp.

Plant parts
Leaf and pod
Whole plant
Whole plant
Whole plant
Leaf
Whole plant
Whole plant
Whole plant
Whole plant
Whole plant
Whole plant
Whole plant
Fruit
Leaf
Leaf and fruit
Fruit
Leaf
Leaf
Whole plant
Fruiting body
Leaf
Fruit and flower
Fruit
Flower
Leaf
Rhizome
Whole plant
Whole plant
Flower
Flower
Flower
Fruit
Fruit

2.2 Fungal isolation
The isolation of fungi was performed by the dilution
method. Approximately 1 g of each sample was
randomly taken, submerged and agitated for 20 min in
0.1% tween in sterile distilled water. The aqueous
suspension was diluted up to 1/10 times and spread onto
a standard potato dextrose agar (PDA). The PDA plates
were incubated at 25oC for 7 days. All fungal colonies
growing on the plates were counted and only Aspergillus
colonies were isolated. This process was done in 5
replicates.
eISSN: 2550-2166

In order to identify the randomly selected fungal
isolates (Isolate 8-1, Isolate 8-2, Isolate 11-1, Isolate 112, Isolate 14-1, Isolate 14-2, Isolate 16-1, Isolate 16-2,
Isolate 23-1, Isolate 23-2, Isolate 31-1, Isolate 31-2,
Isolate 18-1 and Isolate 18-2), 3 primers were used to
amplify the internal transcribed spacer region (ITS),
ITS1-TCCGTAGGTGAACCTGCGG,
ITS4TCCTCCGCTTATTGATATGC
and
ITS5GGAAGTAAAAGTCGTAACAAGG (White et al.,
1990). The condition set for the PCR reaction were: the
pre denaturation temperature at 95 oC for 3 mins, 35
cycles of 95oC for 1 min and 55oC for 1 min then 72oC
for 2 mins and 72oC for 10 mins as the last extension
(White et al. 1990). One PCR reaction (50 µL) contained
autoclaved distilled water, genomic DNA, dNTP
mixture, MgCl2, PCR buffer forward primer, reverse
© 2022 The Authors. Published by Rynnye Lyan Resources

Jitjak / Food Research 6 (4) (2022) 273 - 278

275
o

extension for 10 min at 72 C. For ochratoxin A gene, the
reaction started with 2 mins at 95°C followed by 35
cycles of 95°C, 1 min; 62°C, 1 min; 1 min, 72 °C and a
final extension for 5 mins at 72 °C (Sartori et al., 2006).
Different sizes of the DNA fragments on the gel derived
from 1.2% agarose gel electrophoresis revealed which
the fungal isolates contained the genes, i.e. 593 bp, 365
bp, and 1281 bp for aflR, nor-1, and omtB genes
respectively (Pratiwi et al., 2015) and the ochratoxin A
gene with 372 bp (Sartori et al., 2006).

2.4 Identification of Aflatoxin genes

2.5 Statistical analysis

The genomic DNA of the isolates identified as A.
flavus derived from the previous experiment was
amplified with the primers responsible for Aflatoxin
genes
as
follows;
Norsolorinic
(nor-1-ACC
ACGGCTCCGGCATCGCTCGCA
and
nor-2GTTGGCCGCCAGCTTCGACACAGC (Geisen, 1996),
Aflatoxin (aflR-F-CGCGCTCCCAGTCTTCCCGATT
(Sweeney
et
al.,
2000),
aflR-RCTTCCCGTTCGAGATGACCA (Rahimi et al., 2008)
and omtB-GCCAAATTGCCATGGACATC and omtBR-CCATGGAGAGCTCCTCTTTA (Rodrigues et al.,
2007). For A. niger isolates, the gene responsible for
ochratoxin A production was amplified using RAPDFCAGTCGTCCAGTACCCTAAC
and
RAPDRGAGCGAGGCTGATCTAAGTG (Sartori et al., 2006).
The qualitative determination of aflatoxin genes was
assessed via the PCR method. The PCR conditions to
amplify the aflR gene were set according to Rahimi et al.
(2008), one cycle of initial denaturation at 94°C for 5
mins, followed by 35 cycles of denaturation at 94°C for
1 min, annealing 62°C for 1 min, and extension at 72°C
for 2 mins, and a final extension at 72°C for 10 mins. For
the Nor-1 gene, the amplification was optimized
according to Geisen (1996), consisting of 30 cycles of
denaturation, annealing, and extension at 95°C, 1 min;
65°C, 2 mins, and 72°C, 4 mins, respectively. Another
one, omtB gene, the protocol was followed due to
Rodrigues et al. (2007), comprising of an initial
denaturation at 94oC for 3 mins, 35 cycles of
denaturation, annealing, extension for 1 min 94 oC, 1 min
55oC, 1 min 72oC, respectively and 1 cycle final

2.5.1 Prevalence rate
The prevalence rate of the fungal species identified
from the collected samples was calculated according to
the following equation. Rate of prevalence = (Number of
fungal species ×100)/Number of all species
2.5.2 Phylogenetic analysis
The phylogenetic relationship was performed via the
Neighbor-Joining method in MEGA X (Saitou and Nei,
1987; Kumar et al., 2018). The parameters of the
analysis were set as follows. The branch lengths of the
trees were in the same units as those of the evolutionary
distances used to infer the phylogenetic tree. The
replicate trees with associated taxa were grouped in the
1000 bootstrap replicates (Felsenstein, 1985). The pdistance method was used to calculate the evolutionary
distances which were in the units of the number of base
differences per site (Nei and Kumar, 2013). The
complete deletion option was set to eliminate all
positions containing gaps and missing data. Evolutionary
analyses were conducted and the tree was visualized in
MEGA X (Kumar et al., 2018).
3. Results and discussion
3.1 Identification of Aspergillus species
In Figure 1, there are two distinct Aspergillus species
based on their colours, black and green. They were
molecularly identified as A. niger and A. flavus
respectively. In Figure 2, the phylogenetic tree using
Neighbor-Joining method to indicate the fungal species
based on the ITS sequences, the analysis revealed the

Table 2. DNA sequences of Aspergillus species and their accession numbers from GenBank
Species
Aspergillus flavus

Aspergillus niger
Aspergillus fumigatus
Aspergillus nidulans
Aspergillus clavatus
Aspergillus piperis
eISSN: 2550-2166

Accession number
MT529033, MT529482, MT529480, MT529205, MT529008, MN006637, MN006669
MT588793, MT530227, MT316340, MN788116, MN788114,
MN788109, MN788108, MN788107, MN585763, MK461093, MK461080,
MT316338, MT297633, MT297629, MK267099, KR023997,
MT316339, MT487840, MK806488, MH865286, MH865285,
MH864362,
HQ026749, AY373847, KF669481, GU183164,
MT529067, MT529066
© 2022 The Authors. Published by Rynnye Lyan Resources
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prime and Taq polymerase due to White et al. (1990).
The positive PCR products were determined in
electrophoresis with 1.2% agarose gel under UV. The
obtained PCR products were sent for sequencing at 1 st
Base Company, Malaysia and submitted to MEGA X to
identify and remove the ambiguous chromatograms
before
the
phylogenetic
analysis.
GenBank
(www.ncbi.nlm.nih.gov) was the source of the DNA
sequences of referencing fungi to compare with the
fungal sequences of this study using MEGA X (Table 2).
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optimal tree with the sum of branch length at 0.20850840
with a total of 476 positions in the final dataset and the
tree suggested that there were two Aspergillus species
found in the collected samples, A. niger with the
bootstrap score at 86 and A. flavus (100 bootstrap score).

herbal products. They are unavoidably contaminated
with fungi occurring naturally including Aspergillus (Su
et al., 2018). This group of fungi is commonly found in
different food products as well as medicinal herbs with a
high prevalence rate, 26.1% (Chen et al., 2020). The
toxin-producing species, A. flavus was also reported to
be contaminated in the medicinal herbs and spices (Aiko
and Mehta, 2016). Another species, A. niger is detected
in the products (Su et al., 2018). In Brazil, the
occurrence rate of A. niger isolated from herbal drugs
was relatively high, 20.97% (Bugno et al., 2006). These
species are able to produce the toxins, aflatoxins and
ochratoxin A but not all of them were toxigenic (Frisvad
et al., 2011; Pfliegler et al., 2020). Therefore, the
identified isolates were amplified for the genes
responsible for encoding the toxins.

Figure 1. Aspergillus niger (A-C) and A. flavus (D-F)
colonies on the media. Scale bars A and D = 2 cm, B and E =
10 µm, C and F = 5 µm

Table 3. Prevalence of Aspergillus species isolated from the
herbal products
Aspergillus species
A. niger
A. flavus
Other
Total

Number of colonies
735
1
263
999

Prevalence
0.736 (73.6%)
0.001 (0.1%)
0.263 (26.3%)
999

3.3 Detection of Aflatoxin and ochratoxin genes

Figure 2. The phylogenetic tree derived from Neighborjoining analysis indicates the fungal isolates are Aspergillus
niger with a bootstrap score of 86 and Aspergillus flavus
supported by a 100 bootstrap score.

3.2 Prevalence of Aspergillus species
Among 33 samples of herbal products, there were
999 fungal colonies. Most of them were A. niger
(prevalence rate = 73.6%) while there was only one
colony of A. flavus (Table 3). Based on the finding, A.
niger was the most prevalent species among the collected
eISSN: 2550-2166

The amplification of the toxigenic genes using the
mycotoxin-specific primers in both fungal species (A.
niger and A. flavus) was not successful (Table 4). This
suggested the genes encoding the toxins were not present
in the fungal isolates. However, there are studies
reporting the molecular detection of toxigenic genes in
Aspergillus species. Sohrabi and Taghizadeh (2018)
found that 66% of Aspergillus species isolated from the
animal feedstuff were positive for aflD (Nor-1), aflP
(omt A) and aflR genes. Nagur et al. (2014) reported the
positive detection of the genes related to aflatoxins
production in A. flavus derived from peanut products
using specific primers, nor-1 (aflD), aflR, omt-1 (aflP)
and ver-1 (aflM). Although the aflatoxin genes were
negative in the A. flavus isolate in this study, this species
is also able to produce other toxins like gliotoxin and
aflatrem (Hedayati et al., 2007). Another species, A.
niger, was predominantly found in this study and the
ochratoxin A production gene was either not detected
using the specific primer according to the report by
Satori et al. (2006). They found that the genes encoding
Ochratoxin A were present in some of A. niger isolated
from the coffee beans using the specific primers. A. niger
is one of the most common fungi naturally contaminated
in food and feed commodities e.g. raw materials for food
and feed production (Nielsen et al., 2009; Astoreca et al.,
2010; Marino et al., 2014). Although this study did not
suggest any positive detection of the toxin genes
© 2022 The Authors. Published by Rynnye Lyan Resources
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Ashiq, S., Hussain, M. and Ahmad, B. (2014). Natural
occurrence of mycotoxins in medicinal plants: a
review. Fungal Genetics and Biology, 66, 1-10.
https://doi.org/10.1016/j.fgb.2014.02.005

Table 4. Detection of toxin-producing genes from Aspergillus
flavus and Aspergillus niger

Astoreca, A.L., Barberis, C.L., Magnoli, C.E. and
Dalcero, A. (2010). Growth and ochratoxin A
production by Aspergillus niger group strains in
coffee beans in relation to environmental
factors. World Mycotoxin Journal, 3(1), 59–65.
https://doi:10.3920/WMJ2009.1161

nor-1/
nor-2
A. niger
A. flavus
- not detected, + detected
Species

Primers
aflR-F/
omtB-F/
aflR-R
omtB-R
-

RAPDF/
RAPDR
-

4. Conclusion
This study found A. niger as the dominant fungal
species and A. flavus as the minority in the collected
herbal products. Among them, the genes encoding
aflatoxin and ochratoxin A were undetectable using the
molecular method. This suggests the products collected
from the local market were safe from the toxinproducing fungi. However, there were still other fungal
species unidentified that could be harmful. Further
studies should therefore target to examine more on this
issue in order to identify the fungal strains for their
potential effects on the consumers.
Conflict of interest
The authors declare no conflict of interest.
Acknowledgements
The research work was funded by Khon Kaen
University International College research grant (No.
04F20). Also, the author would like to thank Plant
Pathology Division, Faculty of Agriculture and Khon
Kaen University Agricultural Research Center for
Sustainable Economy, Khon Kaen University and Center
of Excellence on Agricultural Biotechnology, Khon
Kaen University (AG-BIO/PERDO-CHE) to kindly
provide the molecular laboratory and facilities.
References

Bugno, A., Almodovar, A.A.B., Pereira, T.C., Pinto,
T.D.A. and Sabino, M. (2006). Occurrence of
toxigenic fungi in herbal drugs. Brazilian Journal of
Microbiology,
37(1),
47-51.
https://doi:
dx.doi.org/10.1590/S1517-83822006000100009
Candlish, A.A., Pearson, G.S., Aidoo, M.K., Smith, E.J.,
Kelly, E.B. and Irvine, H. (2001). A survey of ethnic
foods for microbial quality and aflatoxin content.
Food Additives and Contaminants, 18(2), 129–136.
https://doi.org/10.1080/02652030010021404
Chen, L., Guo, W., Zheng, Y., Zhou, J., Liu, T., Chen,
W., Liang, D., Zhao, M., Zhu, Y., Wu, Q. and
Zhang, J. (2020). Occurrence and characterization of
fungi and mycotoxins in contaminated medicinal
herbs. Toxins, 12(1), 30. https://doi.org/10.3390/
toxins12010030
Felsenstein, J. (1985). Confidence limits on phylogenies:
An approach using the bootstrap. Evolution, 39(4),
783-791.
https://doi.org/10.1111/j.15585646.1985.tb00420.x
Frisvad, J.C., Larsen, T.O., Thrane, U., Meijer, M.,
Varga, J., Samson, R.A. and Nielsen, K.F. (2011)
Fumonisin
and
ochratoxin
production
in
industrial Aspergillus niger strains. PLoS ONE, 6(8),
e23496.
https://doi.org/10.1371/
journal.pone.0023496
Geisen, R. (1996). Multiplex polymerase chain reaction
for the detection of potential aflatoxin and
sterigmatocystin producing fungi. Applied and
Environmental Microbiology, 19(3), 388-392.
https://doi.org/10.1016/S0723-2020(96)80067-1

Aiko, V. and Mehta, A. (2016). Prevalence of toxigenic
fungi in common medicinal herbs and spices in
India. 3 Biotech, 6, 159. https://doi:10.1007/s13205016-0476-9

Hedayati, M.T., Pasqualotto, A.C., Warn, P.A., Bowyer,
P. and Denning, D.W. (2007). Aspergillus flavus:
human pathogen, allergen and mycotoxin producer.
Microbiology,
153(6),
1677–1692.
https://
doi:10.1099/mic.0.2007/007641-0

Aquino, S., Edlayne, G., Maria, H.R., Juliana, H.C.N.,
Tatiana, A.R. and Benedito, C. (2010). Evaluation of
fungal burden and aflatoxin presence in packed
medicinal plants treated by gamma radiation.
Journal of Food Protection, 73(5), 932–937. https://
doi.org/10.4315/0362-028X-73.5.932

Kasikornthai Research Center. (2019). Herbal product
SME. Retrieved on December 10, 2019 from
Kasikornbank
Website:
https://
www.kasikornbank.com/th/business/sme/
KSMEKnowledge/article/KSMEAnalysis/
Documents/Herb_Market.pdf.

eISSN: 2550-2166

© 2022 The Authors. Published by Rynnye Lyan Resources

FULL PAPER

encoding aflatoxins and ochratoxin A in the Aspergillus
isolates derived from the herbal product, there were other
unidentified fungal strains, 26.3% that could produce
other toxins.

FULL PAPER

278

Jitjak / Food Research 6 (4) (2022) 273 - 278

Kumar, S., Stecher, G., Li, M., Knyaz, C. and Tamura,
K. (2018). MEGA X: molecular evolutionary
genetics analysis across computing platforms.
Molecular Biology and Evolution, 35(6), 1547-1549.
https://doi.org/10.1093/molbev/msy096
Marino, A., Fiorentino, C., Spataro, F. and Nostro, A.
(2014). Effect of temperature on production of
ochratoxin A by Aspergillus niger in orange
juice. Journal of Toxins, 2014, 947806. https://doi:
10.1155/2014/947806
Nagur, K.S., Sukarno, N. and Listiyowati, S. (2014).
Identification of Aspergillus flavus and detection of
its aflatoxin genes isolated from peanut. Biotropia,
21(1),
64-75.
https://doi.org/10.11598/
btb.2014.21.1.398
Nei, M. and Kumar, S. (2000). Molecular Evolution and
Phylogenetics. New York, USA: Oxford University
Press.
Nielsen, K.F., Mogensen, J.M., Johansen, M., Larsen,
T.O. and Frisvad, J.C. (2009). Review of secondary
metabolites and mycotoxins from the Aspergillus
niger group. Analytical and Bioanalytical
Chemistry, 395, 1225–1242. https://doi.org/10.1007/
s00216-009-3081-5
Pfliegler, W.P., Pócsi, I., Győri, Z. and Pusztahelyi, T.
(2020). The Aspergilli and Their Mycotoxins:
Metabolic Interactions with Plants and the Soil
Biota. Frontiers in Microbiology, 10, 2921. https://
doi.org/10.3389/fmicb.2019.02921
Pratiwi, N. W., Sidar, A., Zakaria, L., Darmadji, P. and
Rahayu, E.S. (2015). airborne fungi and aflatoxinproducing Aspergillus flavus group on Gaplek (dried
cassava) storage warehouse in Gunung Kidul,
Yogyakarta,
Indonesia.
Asian
Journal
of
Microbiology, Biotechnology and Environmental
Sciences, 17(4), 785-798.
Rahimi, K.P., Sharifnabi, B. and Bahar, M. (2008).
Detection of aflatoxin in Aspergillus species isolated
from pistachio in Iran. The Journal of Pathology,
156(1),
15–20.
https://doi.org/10.1111/j.14390434.2007.01312.x
Rodrigues, P., Soares, C., Kozakiewicz, Z., Pateron, R.,
Lima, N. and Venncio, A. (2007). Identification and
characterization of Aspergillus flavus and aflatoxins.
In Mndez-Vilas, A. (Ed.), Communicating Current
Research and Educational Topics and Trends in
Applied Microbiology, p. 527–534. Badajoz, Spain:
Formatex Publications.

Sartori, D., Furlaneto, M.C., Martins, M.K., Paula,
M.R.F., Pizzirani-Kleiner, A., Taniwaki, M.H. and
Fungaro, M.H.P. (2006). PCR method for the
detection
of
potential
ochratoxin-producing
Aspergillus species in coffee beans. Research
in Microbiology, 157(4), 350-354. https://
doi.org/10.1016/j.resmic.2005.09.008
Sohrabi, N. and Taghizadeh, M. (2018). Molecular
identification of aflatoxigenic Aspergillus species in
feedstuff samples. Current Medical Mycology, 4(2),
1–6. https://doi.org/10.18502/cmm.4.2.66
Su, C., Hu, Y., Gao, D., Luo, Y.I., Chen, A.J., Jiao, X.
and Gao, W. (2018). Occurrence of toxigenic fungi
and mycotoxins on root herbs from Chinese
markets. Journal of Food Protection, 81(5), 754–
761. https://doi.org/10.4315/0362-028X.JFP-17-405
Sweeney, M.J., Pamies, P. and Dobson, A.D.W. (2000).
The use of reverse transcription polymerase chain
reaction (RT-PCR) for monitoring aflatoxin
production in Aspergillus parasiticus 439.
International Journal of Food Microbiology, 56(1),
97–103.
https://doi.org/10.1016/S0168-1605(00)
00277-4
Tamura, K., Stecher, G., Peterson, D., Filipski, A. and
Kumar, S. (2013). MEGA6: Molecular evolutionary
genetics
analysis
version
6.0. Molecular Phylogenetics and Evolution, 30(12),
2725-2729. https://doi.org/10.1093/molbev/mst197
Tournas,
V.H.
and
Katsoudas,
E.
(2008).
Microbiological quality of various medicinal herbal
teas and coffee substitutes. Microbiology Insights, 1,
47-55. https://doi.org/10.4137/MBI.S943
White, T.J., Bruns, T., Lee, S. and Taylor, J. (1990).
Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. In Innis,
M.A., Gelfand, D.H., Sninsky, J.J. and White, T.J.
(Eds). PCR Protocols: a guide to methods and
applications, p. 315–322. San Diego, USA:
Academic Press. https://doi.org/10.1016/B978-0-12372180-8.50042-1
World Health Organization. (2011). Quality control
methods for medicinal plant materials. World Health
Organization.

Saitou, N. and Nei, M. (1987). The neighbor-joining
method: A new method for reconstructing
phylogenetic trees. Molecular Biology and
Evolution, 4(4), 406-425.
eISSN: 2550-2166

© 2022 The Authors. Published by Rynnye Lyan Resources

