Dsm

Journals

PSM
Microbiology

Research Article 2025 | Volume 10| Issue 1| 203-215

EOpen Access

Article Information

Received: November 13, 2025
Accepted: December 10, 2025
Published: December 31, 2025

Keywords

Mycoflora,
Green Coffee,
Coffee Beans,
Aflatoxins,
Yemeni Coffee,
ELISA.

Authors’ Contribution

Quantitative Analysis of Mycoflora and Aflatoxins
in Green Coffee Beans from Sana'a, Yemen

Maysoon Abdulrahnman Al Zubairy*, Nada Abdullah Moawad, Basem
Al-Akhali

Department of Biological Sciences, Faculty of Science, Sana’a University, Sana’a, Yemen.

Maysoon Al Zubairy and Nada
Moawad conceptualised the study
and collection of data; All authors
participated in the conduct of
experiments. Maysoon Al Zubairy
contributed to  writing  the
manuscript. All authors read and
approved the final version of the
manuscript.

How to cite

Al Zubairy, M.A., Moawad, N.A.,
Al-Akhali, B., 2025. Quantitative
Analysis of  Mycoflora and
Aflatoxins in Green Coffee Beans
from Sana'a, Yemen. PSM
Microbiol., 10(1): 203-215.

*Correspondence

Abstract:

Coffee is one of Yemen’s most significant agricultural commodities,
renowned since antiquity for its superior quality and distinctive flavor. In light
of its economic and cultural importance, this study investigated fungal
contamination in green coffee beans and quantified their aflatoxins content.
Twenty samples were collected from retail outlets across Sana'a and
analyzed for mycoflora using the agar plate method. All samples showed
contamination with filamentous fungi. Fungal loads ranged from 20 CFU/40
beans (Sample 10) to 137 CFU/40 beans (Sample 4). The genus
Aspergillus was predominant (71.84% of isolates), followed by Rhizopus
(18.59%) and Penicilium (9.55%). Among Aspergillus species, A. niger was
most frequent (518 CFU/40 beans; 33.68%; frequency: 95%), followed by
A. melleus (185 CFU/40 beans; 12.03%; frequency: 80%) and A. aculeatus
(166 CFU/40 beans; 10.79%; frequency: 65%). Total aflatoxins levels,
determined using the AgraQuant Aflatoxins ELISA Test Kit, were detected
in all samples, ranging from 17.61 ppb (Sample 19) to 23.34 ppb (Sample
9). These findings highlight the need for monitoring these under-
investigated products and the establishment of regulatory oversight in the
dietary supplement industry, particularly for botanical-based products such
as green coffee.
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INTRODUCTION

Coffee is a globally renowned beverage,
characterized by its rich, slightly acidic flavor
developed through the roasting of coffee beans.
These beans are cultivated in over 70 countries,
with the majority of global production
concentrated in Brazil, Vietnam, Colombia,
Indonesia, and Ethiopia (Shahbandeh, 2020). As
of 2019, coffee ranked as one of the most traded
commodities worldwide, with an estimated
annual output of approximately 171 million 60-kg
bags (USDA, 2020).

Yemen was once a prominent global producer
and exporter of coffee, with its renowned Mocha
variety historically linked to the port of Al Mokha,
a major center of the coffee trade. Since its
introduction, coffee has been cultivated across
Yemen’s mountainous and valley regions, where
it has adapted to the country’s arid climate. Both
rainfed and irrigated varieties are grown,
primarily on terraced farms, with Arabica being
the dominant species. Despite its historical
significance, coffee is currently planted on only
2.4% of Yemen’s cultivable land, approximately
34,981 hectares. In 2019, the region produced
20,812 tons of coffee, accounting for
approximately 6% of national agricultural export
revenues in 2020, equivalent to USD 20.2 million
out of a total of USD 320 million (FAO, 2023).
Green coffee, derived from unroasted beans, is
increasingly recognized for its health-promoting
properties. Rich in bioactive compounds such as
chlorogenic acids, caffeine, diterpenes, and
soluble fiber, it is widely incorporated into dietary
supplements (Belviso and Barbosa-Pereira,
2019).

The health-promoting properties of green coffee
bean extracts are primarily attributed to their
antioxidant activity. Additionally, green coffee
bean extracts have gained commercial attention
for their potential roles in weight management
and glycemic control (Bagchi et al.,, 2017).
However, coffee beans are susceptible to
contamination by various toxigenic fungi and
bacteria  throughout multiple stages of
production, including harvesting, processing
(such as washing, fermentation, and drying),
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transportation, and storage (Batista et al., 2009;
Martins et al., 2003).

The mycocenosis of green coffee beans
comprises a diverse fungal community that
colonizes coffee throughout its cultivation,
processing, and storage, particularly in South
and Central America, regions renowned for
coffee production. This microbial ecosystem
plays a critical role in determining coffee quality
and presents potential health risks due to the
presence of mycotoxins, harmful secondary
metabolites capable of causing serious health
issues in humans. Microbiological studies of
coffee cherries and beans have identified
Aspergillus and Penicillium as common natural
contaminants (Viegas et al., 2017).

Aflatoxins are primarily synthesized by
Aspergillus flavus and Aspergillus parasiticus
(Igbal et al., 2021). High moisture content in
coffee beans promotes the growth of Aspergillus
flavus and the subsequent production of
aflatoxins (Paterson et al., 2014). The optimal
temperature range for the biosynthesis of
aflatoxin B, and B, is between 16°C and 31°C
(Silva et al., 2008). Multiple studies have
investigated the fungal contamination and
aflatoxins contents in green coffee beans
(Nogaim and Gowri, 2013; Al Attiya et al., 2021;
Humaid et al., 2019; Lu et al., 2022).

Although fungal contamination and aflatoxins
production in green coffee beans have been
widely investigated in major producing regions
such as South and Central America, systematic
data on Yemeni coffee remain scarce. The
fungal community associated with Yemeni coffee
under its distinctive arid climate, terraced
farming systems, and traditional processing
practices has not been comprehensively
characterized. Moreover, the extent of mycotoxin
contamination and its implications for consumer
health and export competitiveness are poorly
understood. This lack of knowledge limits both
scientific understanding and the development of
effective strategies to safeguard the quality and
health benefits of Yemeni coffee in global
markets.
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This study investigated fungal contamination in
Yemeni green coffee beans, identifying key
fungal genera, including Aspergillus species,
and quantified total aflatoxins levels using Agar
Quant and ROMER ELISA methods.

MATERIALS AND METHODS
Collection of samples

A total of 20 stored Yemeni green coffee bean
samples were randomly collected from various
markets and retail shops across Sana'a City,
Republic of Yemen, during 2024. Each sample
weighed 60 grams and was placed in a sterile
polyethylene bag, sealed, and enclosed within a
secondary protective bag. Samples were then
transported to the Microbiology Laboratory,
Department of Biological Sciences, Faculty of
Science, Sana’a University, where they were
stored at 4 °C until analysis for filamentous fungi
and total aflatoxins content.

Isolation of fungi:
Agar plate method:

Forty green coffee beans were individually
plated on Potato Dextrose Agar (PDA), prepared
using 200 g of potato infusion, 20 g of dextrose,
15 g of agar, and 1000 mL of distilled water,
adjusted to pH 5.5. The beans were placed in 9
cm Petri dishes, five beans per dish, and
incubated at 25-28 °C for 3 to 7 days. Emerging
fungal colonies were counted, subcultured onto
fresh PDA for purification, and stored on PDA
slants at 4°C for subsequent identification
(Mathur and Kongsdal, 2003).

Count of fungi isolated from the green coffee
beans

Recovered fungal colonies were quantified and
reported as colony-forming units per 40 beans
(CFU/40 beans). The isolation frequency of
fungal genera and species was determined
following the method described by Marasas et
al. (1988) as follows
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No .from samples with occurrence of genus / species

Frequency = x100

Total Of samples

Identification of fungi isolates:

Purified fungal isolates were identified based on
their macroscopic and microscopic
characteristics. For morphological identification,
isolates were sub-cultured on Czapek Dox Agar
medium composed of sucrose (30 g), NaNO; (3
9), KH,PO, (1 g), MgS0,.7H,0 (0.5 g), KCI (0.5
g), FeSO, (0.01 g), agar (20 g), and 1000 mL of
distilled water. Identification was carried out to
the genus and species level using both colony
morphology  and microscopic  features.
Taxonomic classification was conducted using
established references (Raper and Fennell,
1977; Pitt, 1979; Moubasher, 1993; Samson et
al., 1995).

Aflatoxins analysis in green coffee bean:

Total aflatoxins levels in 20 green coffee bean
samples were quantified using the AgraQuant
Aflatoxins ELISA Test Kit (1-20 ppb, 96 wells).

Extraction procedure:

The extraction solvent (70% methanol) was
prepared by combining 70 mL of reagent-grade
methanol with 30 mL of deionized water for each
sample. Representative coffee bean samples
were ground to a fine powder, comparable in
texture to instant coffee; a 20 g portion of the
ground sample was weighed and transferred into
a screw-cap glass vial. One hundred milliliters of
the prepared 70% methanol extraction solvent
was added to each vial, maintaining a sample-
to-solvent ratio of 1:5 (w/v). The mixture was
agitated on a shaker at room temperature for 5-
10 minutes; after allowing the particulate matter
to settle, 5-10 mL of the supernatant was filtered
through Whatman No. 1 filter paper, and the
resulting filtrate was collected for aflatoxins
analysis.
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Assay procedure:

All reagents were equilibrated to room
temperature before use. For each standard and
sample, one dilution well was placed into a
microwell holder, and an equal number of
antibody-coated microtiter wells were arranged
in a separate holder. Two hundred microliters of
conjugate solution were dispensed into each
dilution well. Using fresh pipette tips, 100 pL of
each standard or sample was added to the
corresponding conjugate-containing dilution well
and mixed thoroughly by aspirating and
dispensing three times. Subsequently, 100 pL
from each dilution well was transferred into the
corresponding antibody-coated microtiter well.
The plates were incubated at room temperature
for 15 minutes. After incubation, the contents
were discarded into a designated waste
container, and each well was washed five times
with distilled water. Plates were inverted and
tapped gently onto absorbent towels to remove
residual moisture. Substrate reagent (120 pL per
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well) was prepared in a separate container,
dispensed into each microwell, and incubated for
5 minutes at room temperature, protected from
light. Stop solution (120 pL per well) was then
added in the same sequence as the substrate.
Aflatoxins concentrations were measured using
a Linear Microplate Reader (GEA, Montgat,
Spain) set to 450 nm.

RESULTS

Fungal isolates recovered from green coffee
bean samples

Twenty green coffee bean samples were
collected from local shops across Sana’a City,
Yemen, and analyzed for their mycoflora using
Potato Dextrose Agar (PDA). All samples
showed contamination with filamentous fungi,
ranging from 20 CFU/40 beans in Sample 10 to
137 CFU/40 beans in Sample 4 (Figure 1, Plate
1).

' 92
II III I, 46 |
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Green Coffee Bean Samples

Fig. 1. Total fungal isolates (CFU per 40 beans) from green coffee bean samples.
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Plate 1. Isolated fungi from the green coffee bean samples.
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Microscopic and macroscopic identification
revealed three dominant genera: Aspergillus
(71.84%), Rhizopus (18.59%), and Penicillium
(9.55%) (Figure 2). Aspergillus was present in all
samples, with a total of 920 CFU/40 beans.

Within this genus, A. niger was the most
abundant species (518 CFU/40 beans, 33.68%,
detected in 95% of samples), followed by A.
melleus (185 CFU/40 beans, 12.03%, 80%
frequency) and A. aculeatus (166 CFU/40

2025; 10(1): 203-215

beans, 10.79%, 65% frequency) (Table 1). Two
varieties of A. flavus were also identified: A.
flavus var. flavus (44 CFU/40 beans, 2.86%,
detected in 35% of samples) and A. flavus var.
columnaris (18 CFU/40 beans, 1.17%, detected
in 25%).

Rhizopus spp. were isolated from 11 samples
(286 CFU/40 beans, 55% frequency), while
Penicillium appeared in 17 samples (147
CFU/40 beans, 85% frequency).

9.55

18.59

m Aspergillus sp
m Rhizopus sp

= Penicillium sp

Fig. 2. Distribution of isolated fungi (%) from green coffee bean samples.

Table 1. Total count, percentage %, and frequency of fungal genera and species isolated from green coffee bean

samples.
Fungal genera Fungal species Total count Percentage Frequency
Aspergillus sp 1105 71.84 100
A. niger 518 33.68 95
A. aculeatus 166 10.79 80
A. japonicus 103 6.69 45
A. flavus var flavus 44 2.86 35
A. flavus var columnaris 18 1.17 25
A. melleus 185 12.028 65
A. tamarii 37 2.4 25
A. ochraceus 34 2.21 35
Rhizopus sp 286 18.59 55
Penicillium sp 147 9.55 85
208
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Aflatoxins analysis in green coffee bean:

Twenty green Yemeni coffee bean samples
were analyzed for total aflatoxins content using
the AgraQuant Aflatoxins ELISA Test Kit
(validated range: 1-20 ppb, 96 wells). All
samples tested positive for aflatoxins (Figure 3).
Concentrations varied across samples, with
Sample 9 showing the highest level at 23.34
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ppb, exceeding the kit's upper quantification
limit, while Sample 19 recorded the lowest at
17.61 ppb. Several other samples (2, 1, 17, 6, 4,
and 5) also exhibited elevated levels above 20
ppb, indicating widespread contamination
beyond the kit’s validated range.
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Fig. 3. The total aflatoxin of the green coffee bean samples (ppb).
DISCUSSION predominant genus, representing 71.84% of

Coffee is among the most widely consumed
beverages worldwide, yet its beans remain
vulnerable to microbial contamination,
particularly by filamentous fungi, at multiple
stages of production, including cultivation,
harvesting, transport, and storage. Consistent
with earlier microbiological investigations, the
present study confirmed that all analyzed green
coffee bean samples were contaminated with
filamentous fungi. Notably, Aspergillus was the

isolates, followed by Rhizopus (18.59%) and
Penicillium (9.55%).

The dominance of Aspergillus in our samples
corroborates previous reports from Nogaim and
Gowri (2013), Barbordkova et al. (2025), and
Hlebova et al. (2022), who also identified
Aspergillus and Penicillium as the most frequent
contaminants of green coffee beans. However,
the proportion observed in our study was
considerably higher, suggesting that local
environmental or storage conditions may favor
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the  proliferation of  Aspergillus. This
interpretation is supported by Viegas et al.
(2017), who highlighted the genus’s ability to
penetrate bean structures and thrive under
elevated temperatures.

At the species level, A. niger was the most
prevalent, followed by A. melleus and A.
aculeatus. The predominance of the Nigri
section is consistent with findings from
Barborakova et al. (2025) and Bessaire et al.
(2019), reinforcing the view that this group is
particularly well adapted to colonize coffee
beans. Importantly, the isolation of two distinct
varieties of A. flavus var. flavus and A. flavus
var. columnaris further underscores the diversity
of toxigenic fungi present in green coffee beans.
The occurrence of A. flavus aligns with earlier
studies (Nogaim and Gowri, 2013; Barborakova
et al, 2025; Al Attiya et al.,, 2021), but its
detection in multiple varieties in our samples
may indicate a broader ecological niche or
adaptation to local storage practices.

Aflatoxins are recognized as some of the most
hazardous mycotoxins due to their potent
toxicological effects, including carcinogenicity,
teratogenicity, hepatotoxicity, and mutagenicity
(Pariza, 1996; Chu, 1997). In acknowledgment
of these risks, the International Agency for
Research on Cancer (IARC) has classified
aflatoxins as Group 1 carcinogens, confirming
their carcinogenicity in humans (IARC, 2002). In
the present study, all twenty Yemeni green
coffee bean samples analyzed using the
AgraQuant Aflatoxins ELISA Test Kit were
contaminated with aflatoxins. Concentrations
ranged from 17.605 ppb in sample 19 to 23.34
ppb in sample 9, with several other samples
exceeding 20 ppb.

The detection of aflatoxins in every sample
highlights the widespread contamination risk in
Yemeni coffee beans. It aligns with findings by
Humaid et al. (2019), who reported aflatoxins
levels ranging from 14.694 to 27.176 ppb in
green coffee beans.

While aflatoxins contamination in coffee has
been documented previously (Batista et al.,
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2003; Wanita et al., 2024; Carbonell-Rozas,
2025), data specifically addressing green coffee
beans remain limited, underscoring the
importance of our results.

The concentrations observed in this study are
particularly concerning when compared with
international safety standards. The U.S. Food
and Drug Administration (FDA) sets a maximum
allowable limit of 20 ng/g for aflatoxins in food
products, while the European Commission (EC)
imposes stricter limits, including a maximum of 5
ppb for aflatoxin B; in roasted coffee (Whitaker
and Slate, 2006; EC, 2006).

Several of our samples exceeded the FDA
threshold, suggesting potential health risks for
consumers and highlighting the urgent need for
improved monitoring and control measures. In
addition, the finding of 100% aflatoxins positivity
indicates universal contamination, meaning all
tested samples carried detectable toxin levels.
This prevalence underscores systemic issues in
post-harvest handling and storage, where
environmental conditions consistently favored
fungal growth and aflatoxins biosynthesis.
Although concentrations varied, the absolute
positivity highlights that no sample can be
considered safe, reinforcing the urgent need for
improved monitoring and preventive measures.

Green coffee beans are frequently colonized by
fungi capable of producing aflatoxins. The
relationship between fungal contamination and
aflatoxins levels is generally positive but
influenced by specific conditions. Greater fungal
presence raises the risk of aflatoxins
accumulation, yet the actual toxin concentration
depends on factors such as fungal species,
moisture content, and storage environment (Al
Attiya et al., 2021; Viegas et al., 2017).

Beyond chemical contamination, insect
infestation further exacerbates the risk of
mycotoxin accumulation. Insects not only
damage the physical and sensory quality of
coffee beans but also act as vectors for toxigenic
fungi. The coffee berry borer (Hypothenemus
hampei), in particular, has been identified as a
disseminator of mycotoxin-producing fungi within
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coffee plantations (Kulandaivelu, 2010). This
dual threat, direct fungal contamination and
insect-mediated dissemination, represents a
significant challenge for coffee safety and quality
management.

Once fungal pathogens penetrate the coffee
cherry, their spores can persist within insect-
created cavities on the beans after harvest and
processing. Suboptimal drying practices and
inadequate storage conditions further facilitate
spore germination, ultimately leading to elevated
concentrations of mycotoxins in the beans
(Zhang et al., 2015).

In addition to insect-related damage, external
defects in coffee beans—such as soil, stones,
sticks, and huskscan provide pathways for soil-
borne fungi to infiltrate the beans. These
extrinsic defects increase the likelihood of fungal
contamination and compromise bean quality
(Biru and Tassew, 2019).

Contamination of green coffee beans with
aflatoxins presents both health and economic
challenges. Aflatoxins, particularly aflatoxin By,
are toxic secondary metabolites produced by A.
flavus and A. parasiticus. The International
Agency for Research on Cancer (IARC, 2002)
has classified aflatoxin B; as a Group 1
carcinogen, confirming its carcinogenicity in
humans.

Chronic  exposure to aflatoxins through
contaminated coffee may result in hepatotoxicity,
immunosuppression, and an increased risk of
hepatocellular carcinoma (Wild and Gong,
2010). Although roasting can reduce aflatoxins
levels, these compounds are heat-stable and
may persist in the final beverage, thereby posing
a continued risk to consumers (Humaid et al.,
2019).

Economically, aflatoxins contamination can lead
to the rejection of coffee shipments by importing
countries with strict regulatory limits, such as the
European Union (Whitaker and Slate, 2006).
Such rejections result in significant financial
losses for producers and exporters and may

2025; 10(1): 203-215

damage the reputation of coffee brands in
international markets.

In addition, the requirement for routine screening
and quality assurance increases operational
costs. These challenges are particularly
burdensome  in regions  with limited
infrastructure, where producers may lack access
to advanced testing faciliies or effective
monitoring systems.

From a public health perspective, the presence
of aflatoxins in coffee is highly concerning,
especially in countries with limited regulatory
oversight and low consumer awareness.
Preventive measures including proper drying,
controlled storage conditions, and regular
mycotoxin testing are essential to mitigate
contamination and ensure product safety (Al
Attiya et al., 2021).

The widespread occurrence of aflatoxins in
Yemen’s food supply underscores the urgent
need for improved post-harvest handling, better
storage practices, and stronger regulatory
oversight. Strengthening these measures is
critical to safeguard consumer health and
maintain crop quality. Notably, only a few studies
have investigated aflatoxins contamination in
different crops in Yemen (Alghalibi et al., 2008;
Shatar et al., 2009; Safwan et al., 2019),
highlighting a gap in knowledge that warrants
further research.

CONCLUSION

This study highlights the widespread presence of
micromycetes in green coffee beans, with
Aspergillus emerging as the predominant genus.
The ability of certain Aspergillus strains to
produce aflatoxins presents serious health risks,
reinforcing the need for rigorous quality control
throughout the coffee production and storage
process. The detection of aflatoxins in all
analyzed samples underscores the importance
of continuous monitoring, as even low-level,
chronic exposure may lead to bioaccumulation
and long-term health consequences.

211

PSM Microbiol | https://psmjournals.org/index.php/microbiol



PSM Microbiology

Yemeni coffee, globally recognized for its
historical legacy and distinctive flavor profiles,
plays a vital role in supporting rural livelihoods
and contributing to agricultural exports.
However, the sector faces persistent challenges,
including limited production capacity, inadequate
infrastructure, and the absence of certification
systems, political instability, and environmental
stressors. Addressing these barriers through
cooperative development, enhanced quality
assurance, and sustained international support
could significantly strengthen Yemen’s position
in the global specialty coffee market.

In response to these challenges, Yemeni
authorities  working in  collaboration  with
international  partners are  implementing
initiatives aimed at improving coffee production
through sustainable agricultural practices and
targeted value chain development.
Simultaneously, efforts are underway to reduce
contamination risks by promoting better post-
harvest handling techniques and increasing
awareness of the health hazards associated with
mycotoxins, particularly  aflatoxins. These
integrated  strategies are essential for
safeguarding consumer health and enhancing
the competitiveness of Yemeni coffee in
international markets.

This study provides essential baseline data for
producers, exporters, and regulatory authorities.
Such information is crucial for developing
effective  post-harvest handling practices,
establishing monitoring systems, and ensuring
compliance with international safety standards.
Ultimately, these findings contribute to
safeguarding consumer health, protecting the
reputation of Yemeni coffee, and strengthening
its competitiveness in global markets.

CONFLICT OF INTEREST

There is no conflict of interest among the
authors regarding this publication.

2025; 10(1): 203-215
REFERENCES

Al Attiya, W.Z., Hassan, W., Al-Thani, R., Jaoua,
S., 2021. Prevalence of toxigenic fungi
and mycotoxins in Arabic coffee (Coffea
arabica): Protective role of traditional
coffee roasting, brewing, and bacterial
volatiles. PLoS ONE., 16(10): e0259302.
https://doi.org/10.1371/journal.

one.0259302

Alghalibi, S.M., Battah, M., Al-Zubairy, M.A.,
2008. Fungal contamination and aflatoxins
conteny of dry raisins fruits in Sanaa City,
Republic of Yemen. Arabian Gulf Univ.
Bahrain., 26(1/2): 41-48.

Bagchi, D., Verma, N., Mittal, M., Swaroop, A.,
Bagchi, M., Preuss, M.H.G., 2017. Safety
and Efficacy of a Novel Green Coffee
Bean Extract (GCB-70) in Overweight

Subjects. FASEB J., 797-5.
https://doi.org/10.1096/fasebj.31.1 supple
ment.797.5

Barborakova, Z., Jakabova, S., Tancinova, D.,
Maskova, Z., Mrvova, M., Polakova, K.,
Demianova, A., Bobkova, A., 2025.
Ochratoxin A and aflatoxins quantification
in green coffee beans: mycological and
analytical study. J. Microbiol., Biotechnol.
Food Sci., 14(6): e12406.
https://doi.org/10.55251/jmbfs.12406

Batista, L.R., Chalfoun, S.M., Prado, G,
Schwan, R.F., Wheals, A.E., 2003.
Toxigenic fungi associated with processed
(green) coffee beans (Coffea arabica L.).
Int. J. Food Microbiol., 85(3): 293-300,
https://doi.org/10.1016/S0168-
1605(02)00539-1.

Batista, L.R., Chalfoun, S.M., Silva, C.F., Cirillo,
M., Varga, E.A., Schwan, R.F., 2009.
Ochratoxin A in coffee beans (Coffea
arabica L.) processed by dry and wet
methods. Food Control., 20(9): 784-790.
https://doi.org/10.1016/j.foodcont.2008.10.
003

Belviso, S., Barbosa-Pereira, L., 2019. Coffee
Supplements.  In  Nonvitamin  and

212

PSM Microbiol | https://psmjournals.org/index.php/microbiol


https://doi.org/10.1371/journal.%20pone.0259302
https://doi.org/10.1371/journal.%20pone.0259302
https://doi.org/10.1096/fasebj.31.1_supplement.797.5
https://doi.org/10.1096/fasebj.31.1_supplement.797.5
https://doi.org/10.55251/jmbfs.12406
https://doi.org/10.1016/S0168-1605(02)00539-1
https://doi.org/10.1016/S0168-1605(02)00539-1
https://doi.org/10.1016/j.foodcont.2008.10.003
https://doi.org/10.1016/j.foodcont.2008.10.003

PSM Microbiology

Nonmineral  Nutritional  Supplements;
Academic Press: Cambridge, MA, USA,
pp. 177-185.
https://doi.org/10.1016/B978-0-12-
812491-8.00025-4

Bessaire, T., Perrin, 1., Tarres, A., Bebius, A.,
Reding, F., Theurillat, V., 2019.
Mycotoxins in green coffee: Occurrence
and risk assessment. Food Control., 96:
59-67.
https://doi.org/10.1016/j.foodcont.2018.08.
033

Biru, T., Tassew, D., 2019. Association of coffee
bean defects with Ochratoxin A
contamination in the samples originated
from Ethiopia. Ethiop. J. Sci. Sustain.

Dev., 6(1): 68-78.
https://doi.org/10.20372/ejssdastu:v6.i1.20
19.77

Carbonell-Rozas, L., Mihalache, O.A., Bruni, R.,
DallAsta, C., 2025. Comprehensive
Analysis of Mycotoxins in Green Coffee
Food Supplements: Method Development,
Occurrence, and Health Risk Assessment.
Toxins. 17: 316.
https://doi.org/10.3390/toxins17070316

Chu, F.S., 1997. Mode of Action of Mycotoxins
and Related Compounds. Adv. Appl.
Microbiol., 40: 352-357.
https://doi.org/10.1016/s0065-
2164(08)70161-8

EC (European Commission) 2006. Regulation
No 1881/2006 of 19 December 2006
setting maximum levels for certain
contaminants in foodstuffs. Official Journal
of the European Union. 2006; L364:5-24.

FAO (Food and Agriculture Organization of the
United Nations). 2023. Coffee value chain
in Yemen: Export potential and investment
opportunities.

Hlebovd, M., Uzsakova, V., Podhorska, L.,
Veselenyiova, D., Mrkvova, M., Cubon, J.,
Hleba, L., 2022. Mycobiota and co-
occurrence of mycotoxins in green and
roasted coffee beans. J. Microbiol.,

2025; 10(1): 203-215

Biotechnol. Food Sci., 11(4): e5779.
https://doi.org/10.55251/imbfs.5779

Humaid, A.AH., Alghalibi, S.M.S., Al-Khalqi,
E.A.A., 2019. Aflatoxins and Ochratoxin A
Content of Stored Yemeni Coffee Beans
and Effect of Roasting on Mycotoxin
Contamination. Int. J. Mol. Microbiol., 2(1):
11-21.

IARC (International Agency for Research on
Cancer). 2002. Aflatoxins. In: IARC
Monographs on the Evaluation of
Carcinogenic Risks to Humans, some
Traditional Herbal Medicines, some
Mycotoxins, Naphthalene and Styrene,
International Agency for Research on
Cancer: Lyon, France, 82:171-300.

Igbal, M.N., Igbal, I., Yunus, F.N., Muhammad,
A., Shahzad, M.l.,, 2021. A Review of
Mycotoxins Produced by Fruit Spoilage
Fungi. PSM Biol. Res., 6(2): 46-49.

Kulandaivelu, V., Rajeev, B., Thirukonda, N.,
2010. Coffee Berry Borer (Hypothenemus
hampei) A Vector for Toxigenic Molds and
Ochratoxin A Contamination in Coffee
Beans. Foodborne Pathog. Dis., 7(10):
1279 -1284.

Lu, L., Tibpromma, S., Karunarathna, S.C.,
Jayawardena, R.S., Lumyong, S., Xu, J.,
Hyde, K.D., 2022. Comprehensive Review
of Fungi on Coffee. Pathogens., 11: 411.
https://doi.org/10.3390/pathogens1104041
1

Martins, M.L., Martins, H.M.A., Gimeno, A,
2003. Incidence of microflora and of
ochratoxin A in green coffee beans
(Coffea arabica). Food Addit. Contam.,

20(12): 1127-1131.
https://doi.org/10.1080/026520303100016
20405

Marasas, W.F.O., Burgess, L.W., Anelich, R.Y.,
Lamprecht, S.C., Van Schalkowyk, D.J.,
1988. Survey of Fusarium Species
Associated with Plant Debris in South
African Soils. South Afr. J. Bot., 54(1988):
63-71.

213

PSM Microbiol | https://psmjournals.org/index.php/microbiol


https://doi.org/10.1016/B978-0-12-812491-8.00025-4
https://doi.org/10.1016/B978-0-12-812491-8.00025-4
https://doi.org/10.1016/j.foodcont.2018.08.033
https://doi.org/10.1016/j.foodcont.2018.08.033
https://doi.org/10.20372/ejssdastu:v6.i1.2019.77
https://doi.org/10.20372/ejssdastu:v6.i1.2019.77
https://doi.org/10.3390/toxins17070316
https://doi.org/10.1016/s0065-2164(08)70161-8
https://doi.org/10.1016/s0065-2164(08)70161-8
https://doi.org/10.55251/jmbfs.5779
https://doi.org/10.3390/pathogens11040411
https://doi.org/10.3390/pathogens11040411
https://doi.org/10.1080/02652030310001620405
https://doi.org/10.1080/02652030310001620405

PSM Microbiology

Mathur, S.B., Kongsdal, O., 2003. Common
Laboratory Seed Health Testing Methods
for Detecting Fungi. Danish Government
Institute of Seed Pathology for Developing
Countries, Copenhagon, International
Safe Transit Association, Switzerland,
425p.

Moubasher, A.H., 1993. Soil fungi in Qatar and
other Arab countries. The Centre of
Scientific  and  Applied  Research.
University of Qatar. Doha, Qatar.

Nogaim, Q., Gowri, P., 2013. Determination of
Ochratoxin A in Yemeni Green Coffee.
Sch. Acad. J. Biosci., 1(6): 253-262.

Pariza, W.M., 1996. Toxic Substances. In: Food
Chemistry Ed. Fennema, O. R., 3rd
Edition, Marcel Dekker, New York, pp.
825-841.

Paterson, R.R.M., Lima, N., Taniwaki, M.H.,
2014. Coffee, mycotoxins and climate
change. Food Res. Int, 61. 1-15.
https://dx.doi.org/10.1016/j.foodres.2014.0
3.037

Pitt, J.I., 1979. The genus Penicillium and its
telemorphic states Eupenicillium and
Talaramyces. Academic Press. London.

Raper, K.B., Fennell, D.l., 1977. The genus
Aspergillus. Krieger Publishing Company.
Huntingon, New York, USA.

Safwan, A.A.M., Bacha, N., Alharazi, T., 2019.
Detection of Total Aflatoxins in Groundnut
and Soybean Samples in Yemen Using
Enzyme-Linked Immunosorbent Assay. J.
Food Quality.,, 1614502, 7 pages.
https://doi.org/10.1155/2019/1614502

Samson, R.A., Hoekstra, E.S., Frisvad, J.S.,
Filtenborg, O., 1995. Introduction to food-
borne fungi. 4th edt. Centraalbureau voor
schimmelcultures Baarn Delft.

Shahbandeh, M., 2020. Coffee  Market:
Worldwide Production. 13, 2003/04-
2018/19
https://www.statista.com/statistics/263311/
worldwide production-of-coffee/.

2025; 10(1): 203-215

Shatar, A.R.M., Alghalibi, S.M., Al-Zubairy, M.A,,
2009. Mycoflora and Total Aflatoxin
Isolated from Dry Dates in Sana’a,
Yemen. Thamar Uni. J. Nat. Appl. Sci.,
1(2): 11-20.
https://doi.org/10.59167/tujnas.v1i1.1248

Silva, C.F., Batista, L.R., Abreu, L.M., Dias, E.S.,
Schwan, R.F., 2008. Succession of
bacterial and fungal communities during
natural coffee (Coffea arabica)
fermentation. Food Microbiol., 25(8): 951-
957.
https://dx.doi.org/10.1016/j.fm.2008.07.00
3

USDA  (United States Department  of
Agriculture). 2020. "Coffee: World Markets
and Trade." Accessed Mar. 22.
https://downloads.usda.library.cornell.edu/
usdaesmis/files/m900nt40f/sq87¢c919h/8w
32rm91m/coffee.pdf

Viegas, C., Pacifico, C., Faria, T., de Oliveira,
A.C.L., Caetano, A., Carolino, E., Viegas,
S., 2017. Fungal contamination in green
coffee beans samples: A public health
concern. J. Toxicol. Environ. Health, Part

A., 80(13-15): 719-728.
https://doi.org/10.1080/15287394.2017.12
86927

Wanita, Y.P., Damayanti, E., Hatmi, R.U., Amri,
A.F., Karim, M.A., Ushada, M., Sukartiko,
A.C., 2024. Mycotoxin  contamination
profiling in coffee bean by targeted LC-
HRMS. InlOP Conference Series: Earth
and Environ. Sci., (Vol. 1377, No. 1, p.
012027). IOP Publishing.

Whitaker, T.B., Slate, A.B., 2006. Sampling
Almonds for Aflatoxin, Part |: Estimation of
Uncertainty Associated with Sampling, 21
Sample Preparation, and Analysis. J.
AOAC Int., 89(4): 1027-1034.
https://doi.org/10.1016/S0168-
1605(02)00539-1.

wild, C.P., Gong, Y., 2010. Mycotoxins and
human disease: a largely ignored global
health issue. Carcinog., 31(1): 71-82.
https://doi.org/10.1093/carcin/bgp264

214

PSM Microbiol | https://psmjournals.org/index.php/microbiol


https://dx.doi.org/10.1016/j.foodres.2014.03.037
https://dx.doi.org/10.1016/j.foodres.2014.03.037
https://doi.org/10.1155/2019/1614502
https://www.statista.com/statistics/263311/worldwide%20production-of-coffee/
https://www.statista.com/statistics/263311/worldwide%20production-of-coffee/
https://doi.org/10.59167/tujnas.v1i1.1248
https://dx.doi.org/10.1016/j.fm.2008.07.003
https://dx.doi.org/10.1016/j.fm.2008.07.003
https://downloads.usda.library.cornell.edu/usdaesmis/files/m900nt40f/sq87c919h/8w32rm91m/coffee.pdf
https://downloads.usda.library.cornell.edu/usdaesmis/files/m900nt40f/sq87c919h/8w32rm91m/coffee.pdf
https://downloads.usda.library.cornell.edu/usdaesmis/files/m900nt40f/sq87c919h/8w32rm91m/coffee.pdf
https://doi.org/10.1080/15287394.2017.1286927
https://doi.org/10.1080/15287394.2017.1286927
https://doi.org/10.1016/S0168-1605(02)00539-1
https://doi.org/10.1016/S0168-1605(02)00539-1
https://doi.org/10.1093/carcin/bgp264

PSM Microbiology 2025; 10(1): 203-215

Zhang, Y.X., Sun, L., Lin, G.Y., Lin, J.Z., Chen, (Psyllidae). Syst. Appl. Acarol.,, 20(2):
X., Ji, J., Zhang, Z.Q., Saito, Y., 2015. A 177-87.
novel use of predatory mites for http://dx.doi.org/10.11158/saa.20.2.4

dissemination of fungal pathogen for
insect biocontrol: The case of Amblyseius
swirskii and Neoseiulus cucumeris
(Phytoseiidae) as vectors of Beauveria
bassiana  against  Diaphorina  citri

215

PSM Microbiol | https://psmjournals.org/index.php/microbiol


http://dx.doi.org/10.11158/saa.20.2.4

