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Abstract

Yam flour, a staple food product obtained from the tubers of white yam (Dioscorea rotundata L.) is
consumed across Africa, Asia, Latin America, and Oceania. It is prone to microbial contamination
during production and distribution. This study explored the bacterial and fungal species present in yam
flour sourced from three prominent markets in Ilorin, Kwara State, Nigeria — Oja-Ipata, Oja-Ganmo,
and Oja-Mandate. The analysis was conducted using standard microbiological techniques, including
serial dilution and plating on selective media (Nutrient Agar and Potato Dextrose Agar). Bacterial
isolates were identified through both macroscopic and microscopic examination, as well as biochemical
profiling. Fungal isolates were identified through macroscopic and microscopic examination, along with
molecular techniques. The results revealed the presence of Bacillus cereus, Escherichia coli,
Staphylococcus sp., and Streptococcus sp. (bacterial species), as well as Aspergillus flavus, A. niger,
Rhizopus oryzae, Penicillium rolfsii and Pichia kudriavzevii (fungal species) at varying contamination
levels. This has significant health implication on humans and threatens food safety. There is therefore,
a great necessity for putting in place effective food safety measures throughout the yam flour production
and distribution chains to minimize microbial contamination and ensure food safety.
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INTRODUCTION

White yam (Dioscorea rotundata L.) is one of the most important sources of staple food crops
in Africa, with its tubers playing a crucial role in food security in many communities, because
of their high carbohydrate content (Obidiegwu et al., 2020), It is the most popular species of
the genus Dioscorea. In Nigeria, yam tubers are consumed upon cooking, frying or roasting,
or processed into flour and used for yam flour-based delicacies (Alamu et al., 2022). The
processing of yam into flour is an essential practice that not only extends its shelf life, but also

enhances its versatility and ease of use in different culinary applications (Shrivastava et al.,
2024).
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Despite its advantages, the processing of yam into flour has significant challenges, particularly
with regard to food safety. Yam flour is highly susceptible to microbial contamination during
its production and storage, which can lead to spoilage, loss of nutritional value, and potential
health hazards (Omohimi et al., 2019). Several factors contribute to the risk of microbial
contamination, including improper drying techniques, inadequate storage conditions, and
poor handling practices throughout the processing stages (Karanth et al., 2023). These factors
create an environment conducive to the growth of microbes, especially bacteria and fungi,
some of which are pathogenic to humans.

The microbial contamination of yam flour is of particular concern because it can lead to the
growth of pathogenic species, with some causing spoilage (Maduka & Ugbogu, 2024). Spoiled
yam flour can have a reduced shelf life and may contribute to foodborne illnesses if consumed.
There have been reports of the presence of harmful microorganisms such as Salmonella,
Escherichia coli, Aspergillus, and Penicillium in some previous studies; these microbes are
human pathogens, causing gastrointestinal diseases, food poisoning, and mycotoxicosis
(Omohimi et al., 2019; Temilade et al., 2020; Okike et al., 2023). Furthermore, microbial
degradation of yam flour can result in the loss of essential nutrients, thereby compromising
its nutritional value (Adebowale et al., 2018; Tsegay et al., 2024)

While several studies have documented the microbial flora associated with yam flour in
various parts of Nigeria, there remains a paucity of research focusing on the microbiological
quality of yam flour in Ilorin metropolis and its surrounding areas. Therefore, this study
aimed to assess the bacterial and fungal species present in yam flour samples obtained from
three popular markets in Ilorin, Kwara State, Nigeria. This research is important for
understanding the current state of yam flour safety in the markets surveyed. Ultimately, the
findings could inform recommendations for better practices in processing and storage of yam
flour sold in the markets surveyed, so as to mitigate microbial risks and enhance the safety
and nutritional quality of yam flour sold there.

MATERIALS AND METHODS

Samples Collection

Yam flour samples were collected from three heavily patronized markets in Ilorin metropolis,
i.e. Oja - Ipata, Oja - Ganmo, and Oja - Mandate. Twenty grams (20 g) each of 20 samples of
yam flour were collected from each of the 3 markets surveyed, making a total of 60 samples
were collected in separately labeled sterile Z-lock bag and transported to the laboratory for
microbial analyses.

Bacterial Isolation and Identification

Bacterial isolation was performed using the serial dilution method as explained by Fawole &
Oso (2007). Ten grams of each of the yam flour samples were diluted in 90 mL of sterile
physiological saline solution and mixed vigorously. Appropriate serial dilutions were
prepared, and aliquots (100 pL) were inoculated onto NA and McConkey Agar plates. The
Plates were incubated at 37 °C for 24 hours. The bacterial isolates observed thereafter were
identified biochemically (the catalase test, coagulase test, oxidase test, and fermentation tests
for glucose and lactose) and morphologically as explained by Fawole & Oso (2007).

Fungal Isolation and Identification

Fungal isolation was conducted by direct plating as described by Fawole & Oso (2007). One
gram (1 g) of each of the yam flour samples was plated on separate PDA plates pre - amended
with chloramphenicol (at 0.1 ml/100 ml) to inhibit bacterial growth. The PDA plates were
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incubated at room temperature for 5-7 days. The Fungal isolates were purified and thereafter
identified morphologically (based on their cultural and microscopic features such as colony
morphology, color, and spore structure) and molecularly (using the DNA extracted from each
isolate).

DNA was extracted from 200 mg of mycelial mat scraped from a 3-day-old culture of each
isolate using a commercial isolation kit (ZymoBiomics). The ITS1-5.85 rDNA-ITS2 region was
amplified in a PCR mix made up of PCR buffer, deionized water, MgCl,, dNTP, Taq
polymerase, genomic DNA extract, and primers ITS3 (Forward primer) and ITS4 (Reverse
primer). The thermal cycler (T3000, BiometraR ) was set at 95°C for 5 min (Initial denaturation),
followed by a 35 cycles of 95°C for 5 min, 35 cycles of 95°C for 30 seconds min, 49°C for 30
seconds, and 72°C for 2 min after which the reaction was kept at 72°C for 5 min.

PCR amplicons were purified using purification protocol with Nucleo SpinR Gel and PCR
Clean-Up kit and sequenced. BigDye Terminator kit on a 3510 ABI sequencer by Inqaba
Biotechnological, Pretoria South Africa was used for sequencing amplified ITS gene the
isolates. The BLAST algorithm was used to find similar sequences of each fungal isolate.
Molecular identification of each fungal isolate was based on the similarity between fungal
isolates sequences obtained and those of reliable reference available in the NCBI Genbank
public nucleotide databases.

RESULTS

Bacterial Identification and their Frequency of Occurrence in the Yam Flour Samples

All the yam flour samples screened in this study showed the presence of 4 bacterial
contaminants initially labeled as B1, B2, B3 and B4. Based on results of the biochemical tests
conducted on each of the isolates, B1 was identified as Bacillus cereus, B2 as Escherichia coli, B3
as Staphylococcus sp., and B4 as Streptococcus sp., (Table 1). Fig. 1 shows the frequency of
occurrence of the bacterial species in the yam flour samples, with Bacillus cereus, having the
highest, and Streptococcus sp. having the lowest frequency of occurrence in the yam flour
samples.

Table 1: Results of the Biochemical Tests Carried out on the Bacterial Isolates

Bacterial Catalase  Coagulase Oxidase  Glucose Lactose Identity of the
isolates Test Test Test Fermentation Fermentation bacterial isolates
Bl Positive Negative Negative  Positive Negative Bacillus cereus
B2 Positive Negative Negative  Positive Positive Escherichia coli
B3 Positive Positive Negative  Positive Variable Staphylococcus sp.
B4 Negative  Negative Negative  Positive Negative Streptococcus sp.
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Fig. 1: Frequency of Occurrence of Bacterial Contaminants in the Yam Flour Samples

Fungal Identification and their Frequency of Occurrence in the Yam Flour Samples

Five fungal isolates, i.e. F1, F2, F3, F4 and F5 were obtained from the yam flour samples
screened in this study. Based on their observed morphological features, they were tentatively
identified as Aspergillus flavus (F1), A. niger (F2), Rhizopus sp. (F3), Penicillium sp. (F4) and
Pichia kudriavzevii (F5) (Table 2). Results of molecular identification of the fungal isolates
authenticated the tentative identities because none of the individual query cover and
percentage identity is less than 98% and 97% respectively in this study (Table 3). Frequency
of occurrence of the fungal species in the yam flour samples, as presented in Fig. 2, showed
that Aspergillus niger occurred most, while Penicillium rolfsii occurred least.in the yam flour
samples.

Table 2: Morphological Characteristics of the Fungal Isolates

Fungal  Colony Color Texture Spores Key Characteristics Tentative Identity
Isolates of the Fungal
Isolates
F1 Yellow-green Velvety Conidiospores ~ Characteristic Aspergillus flavus

yellow-green color;
typical of A. flavus
F2 Black Fuzzy Conidia Dark pigmentation; A. niger
produces black
conidia on the
surface
F3 White to gray Cottony Sporangiospores  Rapid growth; Rhizopus sp.
forms sporangia
with black
sporangiospores
F4 Green to blue Powdery Conidiospores ~ Brush-like conidia; Penicillium sp.
blue-green
coloration
F5 Cream to pale Smooth Yeast-like Oval-shaped yeast;  Pichia kudriavzevii.
yellow often associated
with fermentation
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Table 3: Molecular Identification of the Fungal Isolates.

Presumptive Percentage Percentage Bioinformatic Accession
fungal isolates  similarity Query Coverage  result number
Aspergillus flavus 100 98 Aspergillus flavus ~ PP735145
A. niger 100 100 Aspergillus niger PP746478
Rhizopus sp. 99.67 95 Rhizopus oryzae PP756479
Penicillium sp. 99.48 99 Penicillium rolfsii ~ PP756481
Pichia 97.80 98 Pichia kudriavzevii  PP756482
kudriavzevii
Frequency

Rhizopus oryzae
Pichia kudriavzevii

Penicillium rolfsii. “
A nicer T

Aspergillus flavus
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Fig. 2: Frequency of Occurrence of Fungal species

DISCUSSION

In this study, 4 bacterial species, i.e. Bacillus cereus, Escherichia coli, staphylococcus sp. And
streptococcus as well as 5 fungal species, i.e Aspergillus niger, Rhizopus oryzae, Aspergillus flavus,
Penicillium rolfsii and Pichia kudriavzevii were isolated from yam flour samples collected from
3 popular markets in Ilorin metropolis, Kwara State. While the bacterial species were
identified based on results of some biochemical tests conducted on them, the fungal species
were initially identified tentatively, and then later authenticated molecularly, as none of the
individual query cover and percentage identity was less than 98% and 97% respectively in
this study. According to Raja et al. (2017) and Olahan et al. (2024a), dependable identification
through molecular techniques involves achieving a query cover of at least 80% and a
percentage identity of at least 97% in the comparison of isolated fungal species sequences with
those in the NCBI database, utilizing the Basic Local Alignment Search Tool for Nucleotides
(BLASTN) Sequences.

The above results agreed with reports of earlier studies conducted within Nigeria. Evuti et al.
(2023) isolated Aspergillus sp., Mucor sp., Penicillium sp., Rhizopus sp., and Microsporum sp.
from yam flours purchased from Kure Market in Minna, Nigeria. Adebowale et al. (2018)
identified Rhizopus stolonifer, Aspergillus niger, Penicillium oxalicum, Mucor and Aspergillus
flavus from yam flour collected from Kuto market in Abeokuta, Ogun State. Okafor & Eni
(2018), in their study on microbial quality in yam flours in Ado-Odo, Ota reported the
occurrence of Aspergillus flavus, Rhizopus sp., Geotrichium sp., Yeast, Penicillium sp. and
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Paecilomyces sp. Similarly, Evuti et al. (2023) isolated various fungal genera including
Aspergillus sp., Fusarium sp., Penicillium sp., Microsporum sp., Mucor sp., and Saccharomyces
cerevisae from yam flour marketed in five markets in Minna and its environs.

The percentage of occurrence of the isolated fungal species varied among the three markers
surveyed in this study, with Aspergillus niger being predominant (38.1%) and Penicilum rolfsii
being the least (4.76%). The dominance of Aspergillus niger in our study corresponds with the
observations made by Adebowale et al. (2018) as well as Omohimi et al. (2019). Both studies
identified Aspergillus sp. as the primary fungal genus influencing the nutritional value of yam
flour in Kuto market in Abeokuta (Ogun State) and Mile 12 market in Lagos respectively. Odu
et al. (2019) also reported the dominance of A. niger among isolates recovered from yam flour
collected from Port Harcourt, Rivers State, Nigeria.

The bacterial species isolated from the yam flour in this study, i.e. Bacillus cereus, Escherichia
coli, Staphylococcus sp., and Streptococcus sp. correspond with reports of a similar study by
Gacheru et al. (2016), which noted the presence of Staphylococcus sp. and Escherichia coli in yam
flours sold in Nairobi and coastal regions in Kenya. Somorin et al. (2011) documented the
presence of Escherichia coli in white yam flour South western Nigeria. Additionally, Mbata et
al. (2022) reported the presence of Bacillus sp., Staphylococcus aureus, and Escherichia coli in
certain samples of both exposed and packaged plantain and yam flours, whereas they were
absent in the control samples. This variance could be attributed to the hygienic procedures
followed during the processing of yam and plantain flour in the laboratory. Odu et al. (2019)
reported Bacillus sp., Escherichia coli, Staphylococcus sp. and Salmonella sp. to be associated with
exposed and packaged cassava, plantain and yam flours collected from open markets and
supermarkets in Port Harcourt, River State, Nigeria. Similarly, Omohimi et al. (2019) in a
related study on items such as yam chips, flakes, and flour purchased from food processors
and supermarkets in southwest Nigeria reported the presence of Staphylococcus sp. and
Escherichia coli.

The presence of Escherichia coli suggests possible fecal contamination due to poor hygiene
practices during processing and handling, increasing the risk of severe gastrointestinal
infections (Luna-Guevara ef al., 2019; Olahan et al., 2024b). Staphylococcus sp., a known toxin
producer, is associated with food poisoning and can cause symptoms such as nausea,
vomiting, and diarrhea. Bacillus cereus is another toxin-producing bacterium that can lead to
foodborne illnesses, including emetic (vomiting) and diarrheal syndromes (Dietrich et al.,
2021). Additionally, Streptococcus sp. is linked to various infections, ranging from mild throat
infections to more severe conditions like endocarditis. On the fungal side, the detection of
Aspergillus flavus and A. niger is particularly concerning due to their ability to produce
aflatoxins and ochratoxins, which are harmful to human health, causing liver damage and
kidney dysfunction (Nazareth et al., 2024; Ajadi & Olahan, 2023). Penicillium rolfsii, though less
studied in food contamination, may contribute to food spoilage and potential mycotoxin
production. Additionally, Pichia kudriavzevii, a yeast species, is often associated with food
fermentation but can act as an opportunistic patho, potentially leading to infections in
individuals with weakened immune systems (Nguyen et al., 2024). The detection of these
fungi in yam flour highlights the risk of mycotoxin contamination and fungal-related
infections, emphasizing the need for strict quality control measures during processing and
storage.

CONCLUSION
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Four bacterial and five fungal species were found to be associated with yam flour samples
obtained from markets in Ilorin Metropolis. This study emphasizes the need for improved
hygiene and proper storage conditions to reduce microbial contamination in yam flour.
Regulatory agencies, food vendors, and consumers must be vigilant in ensuring that adequate
food safety measures are implemented to minimize the risks associated with microbial
contamination in yam flour products.
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