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Abstract 

 
This study investigated the fungal contamination in spoilt tomatoes sold at different Markets in Wudil, 
Kano, Nigeria. The objective was to identify the types and prevalence of fungi, their morphological and 
microscopic characteristics, and the extent of their contamination in tomatoes. Five sets of samples 
comprising of 40 spoilt tomatoes each were collected from five different markets and analyzed for total 
fungi count, fungal species occurrence, and their microscopic structures. The results revealed that some 
pathogenic fungi species were isolated from all the markets under study. Aspergillus niger had the 
highest percentage prevalence (50%) among the fungal species, followed by Rhizopus stolonifer, (20%) 
while Alternaria solani, Penicillium spp., and Fusarium solani showed similar but lower percentage 
occurrences (10%). The total fungi count was highest in sample A (4.0 x 10³ cfu/ml), followed by sample 
C (3.0 x 10³ cfu/ml), with sample D showing the lowest count (1.0 x 10³ cfu/ml). Macroscopic 
examinations showed distinct colony appearances and textures for each fungal species, and microscopic 
analysis revealed significant variations in hyphal morphology, spore size, and spore-bearing structures. 
Additionally, the study identified a highly significant difference in fungal structures, such as hyphae 
width and spore-bearing structures. In conclusion there are significant differences in types of fungus 
infesting tomatoes in Wudil market negating the possibility of uniform fungal growth and highlighting 
the complexity of fungal spoilage pattern. Based on these findings, it can be concluded that the tomatoes 
sold in the markets in Wudil are usually contaminated by different fungal species, and the most 
prevalent among them is Aspergillus niger.   
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INTRODUCTION 
Tomato, scientifically known as Solanum lycopersicum, is an herbaceous plant in the Solanaceae 
family that is closely related to egg plants, tobacco, and chili peppers. Tomatoes typically 
spread on the ground (Nooreen et al., 2023), and originated in the Andean region of South 
America while colonial immigrants brought it to East Africa (Zakawa et al., 2019). It is the 
second most cultivated vegetable crop throughout the world following potato, with 
approximately 181 million tonnes from 5 Mha, according to the Food and Agriculture 
Organization Statistics (FAOSTAT) (Stefano et al., 2021). Tomato is a key crop for providing 
income, foreign exchange profits, employment, and addressing domestic and nutritional food 
needs. (Dennis, 2020; Asoso et al., 2022). It has been widely used not only as food but also as 
medicinal crops. Tomato fruits are a good source of lycopene which has been demonstrated 
to prevent heart attacks in humans. Vitamin C and other vital nutrients for the body are 
abundant in tomatoes. Additionally, lycopene has been demonstrated to have a very positive 
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effect on the prostrate and it is being used more often to treat both the prostrate and the 
associated urinary disorder. (Pandukur et al.,2017). Despite these benefits of tomatoes there is 
usually a great loss each year due to spoilage. This spoilage is occasioned by the activities of 
microbes such as bacteria and fungi. Spoilage renders it unfit for human consumption. The 
process of storage and transportation exposes tomatoes to bacterial and fungal spores, 
increasing the likelihood of contamination (Mohammed and Kuhiyep, 2020). 
 
 Fungal infections are the most significant and common diseases, inflicting significant damage 
and financial losses to a variety of fruits and vegetables (Yusuf et al., 2020; Oviasogie et al., 
2015). Bano et al. (2023) reported that fungal pathogens play a substantial part in post-harvest 
damages as they cause the majority of the fruit rots and consumer complaints. Oviasogie et al. 
(2015) reported that the sweet oranges collected from Benin City were infected by Rhizopus, 
Penicillium and Aspergillus species after 5 days of incubation after inoculation. Similarly, it 
was reported (Vorsey, 2011) had reported that, Alternaria species causes black rot in citrus 
fruits while Aspergillus species causes brown rot in citrus and pineapple fruits. Tomatoes 
with fungal rot have a shorter shelf life, and growers and merchants suffer large financial 
losses as a result. In most cases, the extent of the losses, particularly those resulting from 
microbial decay has not been measured, or, the findings have been transient. In view of the 
fore-going, the researcher was inspired to look into the characterization and isolation of fungi 
linked to spoilt tomatoes sold in Wudil markets. Tomatoes is a staple food in the northern part 
of Nigeria. If the activities of these microbes, especially fungi are not checked, food security 
may be jeopardized by fungal deterioration, which can lower the quality and quantity of 
tomatoes that are fit for consumption. 
 
MATERIALS AND METHODS 
 
Study Area 
This research was conducted at Nigeria Police Academy (POLAC) in Warawa Local 
Government Area of Kano State, Nigeria which is located in East central area of Kano State, 
(Latitude 11 37oN and 11.56oN and Longitude 8 45oE and 12.05oE) (Ibrahim et al., 2014). Wudil 
is 35km from Kano along Kano-Maiduguri Road. The mean annual rainfall is about 884mm 
on the average, the wettest month is August, which has the highest number of rain storms and 
sediment generation. The mean annual temperature ranges from 260C to 320C while humidity 
can rise to 90 % in the warmest periods (Kowal and Knabe, 1972; Olofin, 1987). 
 
Sample Collection  
Fresh Tomatoes were purchased from five different markets in Wudil, Kano State, Nigeria. 
They were rinsed with distilled water (Oviasogie et al., 2015) and put in sterile polythene bags 
for fungal isolation then transported to the Laboratory, Department of Biological Sciences, 
Nigeria Police Academy, Wudil, Kano. The samples were left for one week for fungal spoilage 
to occur. 
 
Sample Processing 
Using a sterile scalpel, one gram of each spoiled tomato was meticulously cut, and inserted in 
sterile Sabouraud dextrose broth for twenty-four hours. After this, the samples were serially 
diluted ten times.  
 
Isolation of Fungi and Data Collection 
The pour plate method was used for this study. One millilitre of the serially-diluted sample 
103 was dispensed into a conical flask containing sterile Sabouraud dextrose agar (SDA) 
alongside two percent chloramphenicol to inhibit bacterial growth (Mailafia et al., 2017). The 
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content was properly mixed and dispensed aseptically into sterile petri-dishes. The SDA 
plates were incubated at room temperature for 4-6 days. After the incubation period, growth 
was observed. The colonies that developed were counted and sub cultured repeatedly on 
Sabouraud dextrose agar plates to obtain pure cultures. They were later stored on SDA slants 
for characterization and identification.  
 
Identification and Characterization of the Fungi 
The pure cultures of the molds were identified on the basis of their colony growth pattern, 
conidial morphology and pigmentation using the slide culture technique and microscopic 
examination. The identity of each fungus was confirmed with the aid of a mycological atlas 
(Zafar, et al., 2017).  
 
Teasing/Needle Technique  
A fragment of the aerial mycelia was picked with a sterile inoculating needle and inoculated 
on a slide containing prepared Sabouraud dextrose agar. The slide was thereafter incubated 
at room temperature for twenty-four hours after which it was examined under the 
microscope.  
 
Microscopic Examination  
Lactophenol cotton blue solution was used. A drop of the solution was placed on a clean 
grease free slide. A fragment of the mold was emulsified in the solution after which the slide 
was covered with a cover slip, avoiding bubbles. The slide was thereafter viewed under the 
microscope.  
 
Pathogenicity Test for Isolates  
Pathogenicity test was carried out according to the methods of Chukwuka et al (2010) and 
Oviasogie et al. (2015). Healthy tomatoes were surface-disinfected to remove any external 
contamination, and holes were made using sterile Cork borers to create entry points for the 
fungal inoculation. Each fungal isolate was inoculated into separate tomato fruits by 
introducing the fungal culture into the pre-made holes. The corks were replaced, and the holes 
were sealed with petroleum jelly to prevent contamination. Separate tomato fruits were 
wounded with Cork borers but not inoculated with any fungus, serving as controls. The 
inoculated and control tomato fruits were placed in individual sterile polythene bags and 
incubated at 28°C with high humidity provided by wet cotton balls. This environment is 
conducive for fungal growth and disease development. The fruits were incubated for five 
days and observed for signs of spoilage or rot, which would indicate the pathogenicity of the 
fungal isolates. The fungi were re-isolated from the spoiled fruits and compared with the 
original isolates to confirm the causal agent of the observed spoilage. 
  
Colony Fungal Count 
Spoilt tomato samples were collected under strict sterile conditions to prevent contamination. 
Care was taken to ensure that the sample accurately represented the entire population. The 
sample was then thoroughly homogenized to achieve uniform distribution of fungal spores 
throughout. Finally, the sample was diluted to optimal concentrations to facilitate a range of 
colony counts on the fungal growth medium.  A dilution of 10³ was used. The diluted sample 
was spread onto the fungal growth medium (Sabouraud agar) (SDA). The plate was incubated 
at 25°C. After incubation for 5days, the number of fungal colonies that were grown on the 
plates was counted using a colony counter according to the method of Garba et al. (2017). 
 
 
Data Analysis 
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Statistical Package for the Social Science was used for the data analysis. The fungi isolated 
were recorded as frequency and prevalence. Analysis of variance (ANOVA) was used to 
compute and arrived at statistical decision and p<0.05 was considered significant.    
 
RESULTS 
Total Fungi Count 
Table 1 shows the viable fungi count from the analysis carried out on five Samples of spoilt 
tomatoes from Wudil markets, Kano. The highest count was found in sample A which has (4.0 
x 103cfu/ml) followed by sample C with a total count of (3.0x103cfu/ml) followed by sample 
B and E with a total count of (2.0 x 103 cfu/ml) the least count was found on sample D with a 
total count of (1.0 x103 cfu/ml). (Table 1).  
 
Table 1: Total Fungi Count (TFC) of Spoilt Tomatoes Sample from Wudil Market. 

 
 
 
 
 
 

  Occurrence of Different Species of Fungi in the Observed Tomato Sample 
Table 2 presents the mean square estimates for occurrence of different species of fungi in the 
observed tomato samples used in the study. The result indicates a significant difference in the 
tomato samples (Table 2).  
 
Table 2: Mean Square Estimate for Occurrence of Different Species of Fungi in the observed 
Tomato Samples 

Source of variation DF N/O 

Model 4 9.00* 
Error 10 1.00 

Key * significant; NO - Number of Occurrence  

 
Mean Performance of Occurrence of Different Species of Fungi in the Observed                   
Tomato Samples 
The results of the mean performance of different species of the fungi in the observed tomato 
samples are presented in Table 3. The results indicated that, Aspergillus niger was the most 
predominant, followed by Rhizopus stolonifer while Alternaria solani, Penicillum spp, and 
Fusarium solani were observed to be statistically similar  
 
Table 3: Mean Performance of Occurrence of Different Species of Fungi in the Observed 

Tomato Samples 
Organism Mean Percentage Occurrence 

Aspergillus niger  5.00a 50a 
Rhizopus stolonifer 2.00b 20 b 
Alternaria solani 1.00c 10 c 
Penciilum spp 1.00c 10 c 
Fusarium solani 1.00c 10 c 

Note: Means with the same letter(s) are not significantly different. 

             
 
 
 
 
Morphology of the Fungal Isolates  

SAMPLES DF (103) TFC (cfu/ml) 

A 40 4.0x103 
B 20 2.0x103 
C 30 3.0x103 
D 10 1.0x103 
E 20 2.0x103 
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The fungi were examined macroscopically and microscopically 
 
Macroscopic Examination 
The results of macroscopic examination of the fungal isolates revealed that the morphological 
characterization of the fungal colonies indicated an initial white coloration for Aspergillus 
niger, Rhizopus stolonifer, Penicillum spp., and Fusarium solani followed by a gradual 
development due to pigmentation patterns “In contrast Alternaria solani exhibited an initial 
dark olive color”. Aspergillus niger and Penicillium spp exhibited similar textural characteristics. 
Conversely, Rhizopus stolonife, Fusarium solani & Alternaria solani exhibited homogeneity (Table 
4). 
 
Table 4: Macroscopic Examination of the fungal isolates 

 
Sample 

 
Colony Appearance 

 
Texture 

 
Fungus Identified 

 
A 

 
Initially white turning black as 
conidia develops 

 
Powdery or granular 

 
Aspergillus niger 

 
B 

 
Initially white but gradually turns 
to grayish brown 

 
Fluffy, cotton-like 

 
Rhizopus stolonifer 

 
C 

 
White but later turns bluish-green 
or sometimes pink 

 
Velvety or powdery 

 
Penicillium 

 
D 

 
Initially white but later becomes 
cream or pale-yellow 

 
Woolly to cottony 

 
Fusarium solani 

 
E 

 
Colonies appear dark-olive to 
black 

 
Woolly or felt-like 

 
Alternaria solani 

 
 
Microscopic Examination of the Fungal Isolate 
The results indicated a highly significant difference in the hyphae width, spore size and spore 
bearing structure size (Table 5). Similarly, Table 6 presents the microscopic analysis of fungal 
isolate structures. The microscopic analysis reviews that Aspergillus niger, Penciilum spp., 
Fusarium solani and Alternaria solani exhibits significant similarities in hyphal morphology 
while Rhizopus stolonifer exhibits distinct hyphal features. It was observed that Fusarium  
solani and Alternaria solani, exhibit analogues conidiophore morphology whereas Aspergillus  
niger, Rhizopus stolonifer and Penciilum spp. exhibit distinct conidiophores structures. It was 
also observed that there is significant variation in spore morphology among the fungal species 
examined, with Aspergillus niger, Rhizopus stolonifer, Penicillum spp., and Alternaria solani 
exhibiting distinct spore characteristics. It was also observed that there is significant variation 
in spore bearing structures among the fungal species examined, with Aspergillus niger, 
Rhizopus stolonifer, Penicillum spp., Fusarium solani and Alternaria solani exhibiting distinct 
morphological characteristics (Table 6).  
 
 
 
 
 
 
 
Table 5:  Mean Square Estimate of Microscopic Analysis of the Different Fungal Isolate 

Structure 
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Keys- ** highly significant; HW- Hyphae Width; SS- Spore Size 
SBSS- Spore Bearing Structure 

 
Table 6:  Microscopic Analysis of the Different Fungal Isolate Structure. 

 
The results further revealed a significant variation in the hyphae width among the fungal  
species. Rhizopus stolonifer exhibited the largest hyphae width (13.5000µm), followed by 
Fusarium solani and Alternaria solani which showed similar dimensions. Conversely, Penicillum 
spp, and Aspergillus niger exhibited the least hyphae width (2.5000 µm) with no significant 
difference between them. The spore size analysis revealed that Alternaria solani had the largest 
spore size (218.333 µm), followed by Fusarium solani, while the least spore size was observed 
in Rhizopus stolonifer, Penicillum spp, and Aspergillus niger (Table 7). The spore bearing structure 
size analysis revealed that Rhizopus stolonifer exhibited the largest Spore bearing structure size 
(2500.0 µm), followed by Aspergillus niger, while Fusarium solani, Alternaria solani and 
Penicillum spp, exhibited the least Spore bearing structure size (SBSS) with no significant 
difference between them (Table 7). 
 
Table 7: Mean performance for microscopic analysis of the different fungi isolates structure 

Trt HW (µm) SS (µm) SBSS (µm) 

Rhizopus stolonifer 13.5000a 6.167c 2500.0a 
Fusarium solani 5.4000b 39.833b 93.3c 
Alternaria solani 4.1667b 218.333a 61.7c 
Penicillum spp 2.5000c 2.500c 241.7c 
Aspergillus  niger 2.5000c 3.500c 1533.3b 

Note: Means with the same letter(s) within a column are not significantly different. 
HW- Hyphae width. SS - Spore size. SBSS - Spore bearing structure size. 

 
 
 
DISCUSSION 
The results of the fungal analysis on spoiled tomatoes from Wudil Market revealed significant 
findings regarding both the total fungal count and the diversity of fungal species present. 

Samples  Hyphae Conidiophore Spore Morphology Spore Bearing 
Structure 

Fungi 
Identified 

A Thin, septate Long upright 
terminate in vescicle 

Round black conidia Vesicle covered 
with metulae 
and phialides 

Aspergillus 
niger 

B Thick, 
nonseptate  

Sporangiophores 
with rhizoid at the 
base 

Sporangiospores 
inside sporangium 

Sporangium Rhizopus 
stolonifer 

C Thin, septate Branched, brushlike 
(penicilus) 

Small round conidia 
in chain 

Phialides in 
chain 

Penicillum spp 

D Thin, septate Short, simple or 
branched 

Macro conidia 
curved shaped 
Micro conidia oval 
shaped 

Macro conidia 
Micro conidia 

Fusarium solani 

E Thin, septate Simple or branched Large dark 
multicellular with 
both transverse log 
septa 

Conidia in 
chains 

Alternaria 
solani 

      

Source of variation DF HW (µm) SS (µm) SBSS (µm) 

Model 4 62.79** 26022.48** 3560285.83** 
Error 10 0.79 12.20 54711.67 
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These findings indicate the extent of fungal contamination, common fungal species found in 
spoiled tomatoes, and their morphological characteristics. 
 
The total fungal count across the samples indicated varying levels of contamination, with 
Sample A exhibiting the highest count (4.0 x 10³ cfu/ml) and Sample D showing the lowest 
(1.0 x 10³ cfu/ml). This variation in fungal count could be attributed to differences in handling, 
storage, and environmental conditions affecting the spoilage rate of tomatoes (Akinmusire, 
2011). High fungal loads in vegetables, especially tomatoes, are commonly associated with 
inadequate post-harvest practices, favourable moisture, and temperature conditions that 
promote fungal growth (Iqbal et al., 2016). Mostafa et al. (2021) working on guava opined that 
the high water content in fruits makes them susceptible to fungal infection. Similarly, Petrasch 
et al. (2019) reported that approximately 25 % of all vegetables and fruits are lost each year 
due to fungal infection. 
 
The predominant fungi isolated from the tomatoes were Aspergillus niger, Rhizopus stolonifer, 
Alternaria solani, Penicillium spp., and Fusarium solani. Among these, Aspergillus niger had the 
highest prevalence (50%), suggesting that this species may have a strong adaptation to the 
environmental conditions in Wudil Market (Odebode and Ogunniyi, 2017). Asoso et al., (2022) 
also reported the prevalence of Aspergillus species in infected tomatoes. He however noted 
that that aside Aspergillus niger being present, the most abundant fungus observed was 
Aspergillus fumigatus. But Awua et al. (2022) reported that the most prevalent fungi isolated in 
Makurdi, Benue State, was Mucor species eventhough Aspergillus species was also isolated. 
The difference in these findings could have been as a result of locational differences. The 
dominance of Aspergillus niger in this research aligns with the findings of Abullaziz et al. (2020) 
that have highlighted this species as a common pathogen in tomatoes due to its ability to 
survive in both fresh and deteriorating produce. This finding has implications for public 
health, as certain Aspergillus species are known to produce aflatoxins, which are harmful to 
consumers (Asoso, et al., 2022; Kumar et al., 2017).  
 
The presence of Rhizopus stolonifer (20%) as the second most prevalent species also 
corroborates its known role in the rapid decay of tomatoes and other soft fruits. This pathogen 
is often responsible for soft rot, which can reduce the marketability and shelf life of tomatoes 
(Amadi and Oso, 2017). The similar occurrence rates of Alternaria solani, Penicillium spp., and 
Fusarium solani (each 10%) suggest these fungi are also opportunistic in tomato spoilage but 
might require specific conditions for prolific growth. This situation could have arisen as a 
result of physical damage and harvesting puncture which could occurr during harvesting and 
poor handling which serves as a portal of entry for microbes (Yusuf et al. 2020). 
 
The macroscopic and microscopic examinations highlighted distinct morphological traits 
among the fungal isolates. For example, Aspergillus niger displayed powdery, granular 
colonies with a transition from white to black coloration as conidia matured. This 
characteristic is consistent with known descriptions of Aspergillus morphology and is linked 
to its ability to produce robust spores that facilitate its spread. In the same vein, Rhizopus 
stolonifer, which exhibited fluffy, cotton-like colonies, was distinct in its thick, non-septate 
hyphae and sporangiospore structures. This fungus is recognized for its high capacity for 
enzymatic degradation of plant tissues, contributing to the rapid softening of tomatoes 
(Adebanjo and Bankole, 2015). The spore morphology across species showed significant 
variation, with Alternaria solani exhibiting large, dark, multicellular spores, while Penicillium 
spp. and Aspergillus niger had smaller, round conidia. These differences in spore size and 
structure may affect each species' pathogenicity and environmental resilience. For instance, 
the larger spore size of Alternaria solani may enhance its ability to withstand adverse 
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conditions (Chakraborty et al., 2015). The mean square estimates of the microscopic structures 
indicated significant differences in hyphae width, spore size, and spore-bearing structure size. 
For example, Rhizopus stolonifer had the largest hyphae width (13.5 µm), a characteristic that 
may contribute to its aggressive spread on substrates. In contrast, the smaller hyphae width 
of Aspergillus niger and Penicillium spp. reflects their adaptation to drier conditions, where 
smaller, robust hyphae may be advantageous for colonization (Oyeleke and Manga, 2008). 
The large spore size of Alternaria solani (218.33 µm) could indicate its higher resilience, which 
may enable it to withstand harsh environmental conditions, while the large spore-bearing 
structures of Rhizopus stolonifer (2500.0 µm) further demonstrate its extensive reproductive 
capability. These structural variations underscore the ecological diversity of fungal species, as 
each morphology supports distinct survival and propagation strategies within the tomato 
spoilage environment. 
 
CONCLUSION 
The results of this study has shown that different fungal species cause spoilage in tomatoes 
sold at Wudil markets. These include, Aspergillus niger which is the most prevalent (50 %) of 
the total, Rhizopus stolonifer, Alternaria solani, Penicillium spp., and Fusarium solani. The results 
also showed that there is distinctive characteristics of the fungi isolated in this study. 
Aspergillus niger exhibited powdery black conidia, while Rhizopus stolonifer had distinct 
rhizoid features, and Alternaria solani displayed large, dark multicellular conidia. The 
significant variations observed in the hyphae width, spore size, and spore-bearing structure 
sizes among the fungal isolates underscore the diversity in fungal morphologies that can 
impact their adaptability and pathogenicity on tomatoes. Conclusively therefore the study 
shows that different fungal species infect the tomatoes sold at Wudil markets and the most 
prevalent among them is Aspergillus niger. 
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