https://dx.doi.org/10.4314/dujopas.v] li2c. 1]
ISSN (Print): 2476-8316
ISSN (Online): 2635-3490
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol. | | No. 2c June 2025

Occurrence of Toxigenic Fungi and Mycotoxins
in Refined Wheat Flour from Retail
Outlets in Nasarawa State, Nigeria

Suleiman, A., *Abba, A. M., Ojo, O. F., Murtala, U. M., Badaru, U. A. and Alasinrin, G. O.

Department of Applied Biology/Microbiology,
Federal Polytechnic,

P. M. B. 001,

Nasarawa,

Nasarawa State,

Nigeria.

Email: amabba89@yahoo.com

Abstract

Refined wheat flour is a staple food in Nigeria, widely used in various culinary applications. However,
its susceptibility to fungal contamination, particularly by toxigenic fungi and subsequent mycotoxin
production, poses significant health risks to consumers. This study investigates the occurrence of
toxigenic fungi and mycotoxins in refined wheat flour obtained from retail outlets in Nasarawa State,
Nigeria. A total of 150 refined wheat flour samples, representing five widely consumed brands, were
randomly collected and analyzed for toxigenic fungi and mycotoxin occurrence using conventional
techniques. Overall, 41 samples (27.33%) were contaminated with toxigenic fungi, though the
occurrence was not statistically significant (p 2 0.05) across different refined wheat flour brands.
However, a statistically significant relationship (p < 0.05) was observed between the occurrence of
toxigenic fungi and retail duration. Six species of toxigenic fungi were identified: Aspergillus flavus,
A. fumigatus, A. parasiticus, Fusarium proliferatum, F. oxysporum, and Penicillium chrysogenum.
The species with the most occurrences were A. flavus (24.0%) and P. chrysogenum (19.33%).
Mycotoxins were detected in 54 (36.0%) of the refined wheat flour samples examined. The occurrence
rates of aflatoxins, deoxynivalenol, fumonisins, and ochratoxin were 30%, 5.33%, 9.33%, and 4.67%,
respectively. Retail duration significantly influenced mycotoxin occurrence (p < 0.05). This study
confirms the occurrence of toxigenic fungi and mycotoxins in refined wheat flour, with extended retail
duration in outlets significantly contributing to contamination. To mitigate fungal contamination and
mycotoxin risks, retailers should adopt first-in first-out inventory system, and regulatory agencies
should enforce routine surveillance and stricter quality control.

Keywords: Wheat Flour, Toxigenic Fungi, Mycotoxins, Fungal Contamination, Retail
Duration

INTRODUCTION

Fungi are omnipresent organisms with diverse functional roles across ecosystems (Bahram
and Netherway, 2021). They play a crucial part in maintaining ecological balance and
contribute significantly to industries such as agriculture, pharmaceuticals, and food
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processing, while also offering health and dietary benefits (Niego et al., 2023). However,
despite their beneficial applications, certain fungal species are also primary agents of food
spoilage and produce toxic secondary metabolites known as mycotoxins (Niego et al., 2023;
Pouris et al., 2024).

Mycotoxins primarily produced by Aspergillus, Alternaria, Claviceps, Fusarium, Penicillium, and
Stachybotrys pose a major threat to food safety worldwide (Imade et al., 2021; Gurikar et al.,
2023). These fungi are capable of thriving on a variety of substrates under favorable
environmental conditions such as high humidity, optimal temperatures, and high sugar
content. Additionally, geographical location, climatic conditions, product formulation, and
processing methods can stimulate both fungal growth and mycotoxin production (Makhuvele
et al., 2020; Daou et al., 2021; Deligeorgakis et al., 2023). The persistence of mycotoxins in food
products even after industrial control measures, including thermal processing, makes them
particularly dangerous (Synder and Worobo, 2018). Chronic exposure to mycotoxins, even in
trace amounts, can lead to serious health conditions such as cancer, immunosuppression,
hormonal imbalances, nephrotoxicity and gastrointestinal disorders (Makhuvele et al., 2020;
Gurikar et al., 2023).

Refined wheat flour, a fine-particle product derived from the endosperm of wheat kernels, is
a staple food used globally in baked goods, pasta, and other processed products (Zhang et al.,
2022). Its high nutritional contents and moisture-retaining ability make it highly susceptible
to fungal invasion, particularly by toxigenic species capable of mycotoxins production
(Schmidt et al., 2016; dos Santos et al., 2021). This susceptibility is exacerbated by inadequate
handling, poor storage conditions, and extended shelf presence under suboptimal retail
environments (Garbaty and Abou El Nour, 2016; Minutillo ef al., 2022).

Globally, numerous studies have documented the presence of toxigenic fungi and mycotoxins
in wheat-based products. For instance, Aspergillus flavus, a major producer of aflatoxins, and
other genera such as Fusarium and Penicillium have been frequently identified in wheat flour
samples from China, Brazil, [ran and Romania as reported by Zhou et al. (2022), dos Santos et
al. (2021), Al-Nashi (2023) and Stanciu et al. (2017) respectively. Despite this global recognition,
regional assessments remain limited. In Nigeria, where wheat flour consumption is rapidly
increasing due to changing dietary trends (Abah et al., 2023), only a few studies (Okafor and
Eni, 2018; Nosa-Obamwonyi and Antai, 2019) have investigated the occurrence of mycotoxins
and their fungal producers. Specifically in Nasarawa State, empirical data on the
mycotoxicological safety of retail wheat flour is scarce.

Given the increasing reliance on wheat-based products, particularly in urban and semi-urban
communities in Nigeria, consumers may be unknowingly exposed to harmful levels of
mycotoxins due to unregulated retail practices. Consequently, there is an urgent need for
region-specific data on fungal and mycotoxin contamination to better inform both consumers
and regulatory bodies. In response to this need, the present study investigates the occurrence
of toxigenic fungi and mycotoxins in refined wheat flour sold in retail outlets across Nasarawa
State, Nigeria, offering evidence-based insights to support public health monitoring, improve
retail handling practices, and strengthen regulatory frameworks for food safety in the state.
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MATERIALS AND METHODS

Study Area

Nasarawa State, covering approximately 26,526.36 km?, is located in North Central Nigeria
between latitudes 7° 45'00" to 9° 35'00" N and longitudes 7° 45'03" to 9° 45'03" E. It comprises
13 local government areas spread across three senatorial districts and shares borders with
Kaduna (north), the Federal Capital Territory (west), Kogi and Benue (south), and Taraba and
Plateau (east). The state has a tropical sub-humid climate with two distinct seasons: the rainy
season and the dry season (Ozim et al., 2021). Nasarawa State’s population is increasing
rapidly, with agriculture being the primary economic activity (Okoli and Atelhe, 2014).

Sample Collection

A stratified random sampling technique was employed to ensure diverse sample sources. Six
local government areas (two per senatorial district) were selected. A total of 150 refined wheat
flour samples (1 kg each) were randomly collected from supermarkets, local markets, and
roadside vendors. The samples included 30 units of each of five popular brands: Golden
Penny, Honeywell, Mix & Bake, IRS, and Dangote. To prevent contamination, samples were
stored in sterile, airtight polythene bags labeled with brand name, location, manufacturing
date, and retail duration. They were transported under controlled conditions for mycological
and mycotoxin analysis.

Isolation of Toxigenic Fungi

Fungal contaminants were isolated using dilution plating and direct plating methods on
Potato Dextrose Agar (PDA), Czapek-Dox Agar (CDA) and Malt Extract Agar (MEA),
adhering to the protocols of Sowmya & Ramalingappa (2024). For dilution plating, 10 g of
each sample was serially diluted in distilled water, and 1 mL from the 10° and 104 dilutions
was plated on PDA, MEA, and CDA, supplemented with 100 ppm chloramphenicol to inhibit
bacterial growth. For direct plating, 2 g of wheat flour was sprinkled onto solidified media
(PDA, MEA, and CDA) plates. The plates were incubated at room temperature for seven days
and observed for fungal growth. Each portion of uniform mycelial growth was picked using
a wire loop and streaked onto PDA, MEA, and CDA plates to obtain pure isolates. The plates
were then wrapped in foil and incubated at room temperature for 72 hours, after which fungal
isolates were identified.

Identification of Toxigenic Fungi

Pure fungal isolates were identified using macroscopic and microscopic characteristics,
referencing standard identification keys (De Hoog et al., 2000; Leslie and Summerell, 2006; Pitt
and Hocking, 2009). Key features analyzed included colony texture and color, hyphae
structure, conidia, and conidiophore morphology. Only samples contaminated with toxigenic
fungi were considered, and their occurrence was calculated using percentage analysis.

Determination of Frequency of Occurrence
The frequency of occurrence of each toxigenic fungal species was determined using the
formula (Greco et al., 2014):

Number of samples contaminated with specific fungus y
Total number of samples examined

Frequency of Occurrence (%) = 100

Mycotoxin Detection
Mycotoxins presence was detected using enzyme-linked immunosorbent assay (ELISA) test
kits (RIDASCREEN FAST®, R-Biopharm AG, Darmstadt, Germany), following protocols by
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Greco et al. (2014) and Boshra et al. (2023). Appropriate solvents were used to extract
mycotoxins. The samples were shaken for three minutes and filtered through Whatman No.
1 paper. The extracts were diluted and analyzed using an ELISA microplate reader (STAT
FAX 303 PLUS) at 450 nm.

Statistical Analysis
The occurrence of toxigenic fungi and mycotoxins was statistically analyzed using Minitab
(version 17.1.0). A p-value of p < 0.05 was deemed statistically significant.

RESULTS

Occurrence of Toxigenic Fungi in Refined Wheat Flour

Fungal contamination was detected in 27.33% (41/150) of the refined wheat flour samples.
The contamination rates varied among brands, with Brand A (Golden Penny) having the
highest contamination rate (33.33%), followed by Brand C (Mix & Bake) at 30.00%, Brand D
(IRS) at 26.67%, and Brands B (Honeywell) and E (Dangote) at 23.33% each. The variation in
fungal contamination between brands was not statistically significant (p = 0.05) (Table 1).
Retail duration significantly influenced fungal contamination (p < 0.05), with the highest
contamination rates observed in samples retailed for longer periods. Contamination increased
from 9.46% in flour retailed for one month to 73.33% in samples retailed for four months
(Table 2). Six toxigenic fungal species were identified: Aspergillus flavus, A. fumigatus, A.
parasiticus, Fusariumproliferatum, F. oxysporum, and Penicillium chrysogenum. The most
frequently occurring species were A. flavus (24.0%) and P. chrysogenum (19.33%) (Tables 3 and
4).

Occurrence of Mycotoxins in Refined Wheat Flour

Mycotoxins were detected in 54 samples (36.0%) of the refined wheat flour. A strong
correlation was observed between fungal contamination and mycotoxin occurrence, with
mycotoxins detected in 80.49% of toxigenic fungi-contaminated samples, compared to 19.27%
of non-contaminated samples (p <0.05) (Table 5). The detected mycotoxins included aflatoxins,
deoxynivalenol, fumonisins, and ochratoxin, with aflatoxins being the most prevalent (30%)
(Table 6). Mycotoxin occurrence significantly increased with prolonged retail duration,
reaching 53.33% in samples retailed for four months (Table 7).

Table 1: Occurrence of Toxigenic Fungi in Relation to Different Brands of Refined Wheat Flour

Brand Number of Number Occurrence
Samples Contaminated Rate (%)
A 30 10 33.33
B 30 7 23.33
C 30 9 30.00
D 30 8 26.67
E 30 7 23.33
Total 150 41 27.33

Keys: A = Golden Penny, B = Honeywell, C = Mix & Bake, D = IRS and E = Dangote

Table 2: Occurrence of Toxigenic Fungi in Relation to Retail Duration of Refined Wheat Flour

Retail Number of Number Occurrence
Duration Samples Contaminated Rate (%)
(in months)

1 47 7 9.46

2 64 9 14.06

3 24 14 58.33

4 15 11 73.33
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Table 3: Macroscopic and Microscopic Features of Identified Toxigenic Fungi in Refined

Wheat Flour
Isolates Macroscopic Features Microscopic Features Identified fungi
IS Yellowish-green granular colonies Septate and hyaline hyphae. Aspergillus flavus
on Czapek-Dox agar Finely rough, elliptical conidia with thin walls.
Long, slender and cylindrical conidiophore.
IS, Blue-green and suede-like colonies Septate and hyaline hyphae. A. fumigatus

on Czapek-Dox agar

ISs Dark green granular colonies on

Czapek-Dox agar

IS4 White and hairy colonies with light Septate and hyaline hypae.

Septate and hyaline hyphae.

Extremely rough spherical conidial head with
thick walls.
Long and smooth conidiophore with round tip.

Spherical conidia with finely rough walls.
Short and cylindrical conidiophore.

A. parasiticus

Fusarium proliferatum

purple pigment on Potato Dextrose Slender and sickle-shaped conidia

Agar Medium length and simple conidiophores
ISs Brownish white cottony Growth on Branched, septate and hyaline hyphae.
Malt Extract Agar Ellipsoidal, fusiform or sickle-shaped conidia. F.oxysporum
Usually short and simple conidiophore.
ISe Blue-green colonies with reverse ~ Hyphae are branched and septate. Penicillium chrysogenum

yellowish color on Potato Dextrose Globose to ellipsoidal shape with smooth wall

Agar

conidia.
Long with swollen tips conidiophores.

Key: IS = Isolate

Table 4: Frequency of Occurrence of Isolated Toxigenic Fungi Species

Fungi Species Number Contaminated Frequency
Aspergillus flavus 36 24.0

A. parasiticus 11 7.33

A. fumigatus 15 10.0
Fusarium oxysporum 13 8.67

F. proliferatum 10 6.67
Penicillium chrysogenum 29 19.33

Table 5: Relationship Between the Occurrence of Mycotoxins and the Contamination Status of
Toxigenic Fungi in Refined Wheat Flour

Occurrence of Mycotoxins

Wheat flour Number Number Number
Contamination of Samples Contaminated Non-contaminated
Status (%) (%)
Contaminated 41 33 (80.49) 8 (8.41)
Non-contaminated 109 21 (19.27) 88 (80.73)

Total 150 54 (36.0) 96 (64.0)

Key: % = Percentage

Abba A. M. et al., DUJOPAS 11 (2¢): 99-108 2025

103



Occurrence of Toxigenic Fungi and Mycotoxins in Refined Wheat Flour from Retail Outlets in Nasarawa State,
Nigeria

Table 6: Occurrence of Specific Mycotoxins in Relation to Different Brands of Refined Wheat
Flour

Mycotoxins
Number of Aflatoxins Deoxynivalenol Fuminosin Ochratoxin

Brands samples NC (%) NC (%) NC (%) NC (%)
A 30 8 (33.33) 2 (6.67) 3 (10.0) 1 (10.0)
B 30 9 (36.67) 1(3.33) - 2 (6.67)
C 30 9 (30.0) 3(10.0) 4 (13.33) 3 (10.0)
D 30 8 (26.67) - 5 (16.67) 1(10.0)
E 30 11 (40.0) 2(2.67) 2 (6.67) -

Total 150 45 (30.0) 8 (5.33) 14 (9.33) 7 (4.67)

Key: NC = Number contaminated

Table 7: Occurrence of Specific Mycotoxins in Relation to Retail Duration of Refined Wheat
Flour

Retail Mycotoxins

Duration Number of Aflatoxins Deoxynivalenol Fuminosin Ochratoxin

(in months) Samples NC (%) NC (%) NC (%) NC (%)

1 47 8 (17.02) 1(2.13) 2 (4. 26) 1(2.13)

2 64 19 (29.69) 3 (4.69) 4 (6.25) 2(3.32)

3 24 10 (41.67) 2 (8.33) 3 (12.50) 2(8.33)

4 15 08 (53.33) 2 (13.33) 5 (33.33) 2 (13.33)
DISCUSSION

The contamination of raw and processed food commodities, including refined wheat flour, by
toxigenic fungi and mycotoxins, is a major food safety concern, particularly in developing
nations (Atanda et al., 2012). The 27.33% contamination rate observed in this study aligns with
previous global reports, such as those by Rezazadeh et al. (2013) and Abedi et al. (2020), which
reported contamination rates of 31.5% and 35.80%, respectively. Variations in contamination
rates across studies may be attributed to differences in geographical locations, climatic
conditions, and sampling methods. The differences in contamination levels across brands
suggest that factors such as raw material sourcing, milling processes, packaging, and retail
conditions influence fungal growth. This study further established that prolonged retail
duration significantly increases the risk of fungal contamination (p < 0.05), supporting
findings by Al-Defiery and Merjan (2015) and Al-Nashi (2023), who reported similar trends
of fungal contamination in stored wheat flour in the Babylon and Sulaimani provence of Iraq,
respectively.

Morphological identification remains a critical tool for classifying fungi. This technique,
which is frequently used, is essential for differentiating fungal species before employing
supplementary identification methods (Sowmya and Ramalingappa, 2024). In this study,
distinct morphological characteristics were observed among the identified toxigenic fungal
species (Aspergillus flavus, A. fumigatus, A. parasiticus, Fusarium proliferatum, F. oxysporum, and
Penicillium chrysogenum) in terms of colony color, texture, hyphal structure, conidia, and
conidiophores. Previous studies by Rezazadeh et al. (2013) in Iran, Nosa-Obamwonyi and
Antai (2019) in Nigeria, Abedi et al. (2020) in Iran, El-Shahir (2021) in Egypt and Al-Nashi
(2023) in Iraq confirm these fungal species, supporting the frequency distribution observed in
this study. The high occurrence of A. flavus and P. chrysogenum suggests that poor handling
and improper retailing conditions may contribute to contamination (El Madani et al., 2016;
Nosa-Obamwonyi and Antai, 2019).
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The presence of toxigenic fungi from the Aspergillus, Fusarium, and Penicillium genera in
refined wheat flour samples indicates a potential risk of mycotoxin contamination. The
detection of mycotoxins in 36.0% of samples aligns with studies by El Madani et al. (2016) in
Morocco, Li et al. (2016) in China, Stanciu et al. (2017) in Romania, Lanza et al. (2018) in Brazil,
Okafor & Eni (2018) in Nigeria, dos Santos et al. (2021) in Brazil, Zhou et al. (2022) in China,
and Al-Nashi (2023) in Iran, all of whom reported varying rates of mycotoxin occurrence in
wheat flour. As Lee & Ryu (2017) noted, the widespread occurrence of mycotoxins is due to
the global distribution of mycotoxigenic fungi, which spread through air and soil. Although
this study did not specifically identify mycotoxin-producing fungal strains, the statistical
correlation between fungal presence and mycotoxin contamination suggests that toxigenic
strains were prevalent in many samples. Similar findings were reported in Egypt (Garbaty
and Abou El Nour, 2016). Additionally, mycotoxin contamination in non-fungi-contaminated
samples may result from carryover contamination from raw grains, as demonstrated by
Marcelloni et al. (2024). Likewise, Daou et al. (2021) and Zhou et al. (2022) reported that milling
processes do not entirely eliminate mycotoxins, as they can remain in flour even in the absence
of viable fungal spores.

The detection of mycotoxins, including aflatoxins, fumonisins, deoxynivalenol, and
ochratoxin, in this study is consistent with earlier findings by El Madani et al. (2016), Li et al.
(2016), Stanciu et al. (2017), Lanza et al. (2018), dos Santos et al. (2021), Zhou et al. (2022), and
Al-Nashi (2023), where these mycotoxins were also identified. The highest occurrence of
aflatoxins compared to other mycotoxins in this study is likely linked to the high prevalence
of A. flavus. Interestingly, El Madani et al. (2016) reported that 88.8% of mycotoxin-
contaminated wheat flour contained noticeable levels of aflatoxins, aligning with the high
aflatoxin occurrence rate observed in this study.

The significantly higher mycotoxin contamination rate observed with increased retail
duration is likely due to high humidity during retailing, which creates favorable conditions
for fungal growth and mycotoxin production. Soni & Nirmal (2021) demonstrated that
prolonged storage under high humidity and temperature promotes aflatoxin accumulation,
while Okafor & Eni (2018) noted that poor hygiene during transportation and storage
increases fungal growth, ultimately leading to mycotoxin production in food products.

CONCLUSION

This study highlights substantial toxigenic fungal contamination and mycotoxin presence in
refined wheat flour, with varying occurrence rates across brands. It identifies six toxigenic
fungal species, with A. flavus and P. chrysogenum being the most prevalent. A strong
correlation exists between toxigenic fungal contamination and mycotoxin occurrence, with
aflatoxins being the most common, followed by fumonisins, deoxynivalenol, and ochratoxin.
Prolonged retail duration significantly influenced both toxigenic fungal contamination and
mycotoxin occurrence.

Therefore, the study recommends the adoption of a first-in, first-out (FIFO) inventory system
to reduce prolonged retail duration, thereby minimizing fungal contamination and mycotoxin
development. Additionally, regulatory agencies should enforce routine surveillance of
refined wheat flour in retail outlets to monitor fungal and mycotoxin contamination.
Funding: This research was fully funded through the Institutional Based Research (IBR)
program of the Tertiary Education Fund (TETFund) in Nigeria.
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