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Abstract 

Fruits are in great demand since they are nutrient-dense. For this reason, it becomes highly essential to create more in 
the shortest amount of time in order to keep up with the always-rising demand. As a result, there has been a significant 
chance that these fruits may become contaminated with harmful microbes, raising concerns about consumer safety. 
This study sought to ascertain the potential health effects of fruit contamination by fungal species found on the fruit 
surfaces, as there is currently insufficient information in this area. Three (3) species of Citrus (CF) which include; lemon 
(Citrus limon (L.) Burm. f.), Chinese orange or sweet orange (Citrus sinensis (L.) Osbeck), and key lime or lime (Citrus 
aurantifolia (Christm.) Swingle) were randomly bought from different hawkers at different parts of Bwari market in 
Abuja, Nigeria. From the studies, five different fungal species were identified and they include: Penicillium spp 
Trichophyton spp, Aspergillus spp, Candida spp and Rhizopus spp. This demonstrated that fungi exist in all environments 
and that handling fruits improperly can have serious negative health impacts on people since some of these fungi are 
pathogenic. A number of approaches, such as washing fruits in vinegar water, have been found to be very effective in 
reducing microbial infection. Other washing methods, such as using saltwater, also work well. Additionally, it is a good 
idea to regularly replace the water used to wash those fruits in order to prevent cross-contamination while handling.  
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1. Introduction

The global production of Citrus is around 102 million tons each year [1]. This Citrus which is commonly grown in the 
tropics and subtropics, belong to the family, Rutaceae. It grows both as an evergreen tree and as a shrub with a height 
of between 3 and 15 metres. They are found in moderate to warm temperatures including the Mediterranean with a 
remarkable number of them being sensitive to frost [2]. All the fruits produced by the different citrus species are 
commonly called citrus fruits. Every citrus species has its unique colour, taste, flavour and aroma which consumers 
admire before going for them. Citrus fruits also contain great metabolites that are very healthy for the consumers [3]. 
Studies on citrus have been carried out in so many countries of the world such as Italy, [4] Nigeria, [5] and Thailand, [6]. 
These fruits naturally possess immense nutritional, cosmetic and pharmaceutical potentials. Out of the citrus fruits, the 
species that are highly utilized are Citrus limon (lemon), Citrus sinensis (orange) and Citrus aurantifolia (lime). 

Citrus limon has great nutritional values, though its biological activities are not yet fully understood and so are 
underrated and underutilized in modern cosmetology and phytotherapy [7]. The juice of C. limon popularly known as 
lemon juice was a trusted solution to scurvy before vitamin C was discovered [2]. Ascorbate, L-ascorbic acid or simply 
Vitamin C, is a major vitamin found in the fruit peels and flesh of citrus fruits. Lemon juice has also been used in folk 
medicine, to treat irregular menstruation, common cold and high blood pressure. Further, the essential oil extracted 
from C. limon gives huge relief from cough [8, 9]. C. limon has anti-inflammatory ability [10], antibacterial ability [11], 
antifungal ability [11,12], and antiparasitic ability [13]. The most grown citrus worldwide are oranges followed by 
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lemon and others; and oils, citric acids and juices are the major products of citrus fruits [14]. Citrus sinensis is made up 
of several useful compounds which include: thiamine, riboflavin and folic acid etc. [15]. Orange peel is a good source of 
soluble sugar, ascorbic acid, fiber and pectin [16]. Another most discarded waste is the seed, which contain nutrients, 
micro nutrients and fiber [17, 18]. 

C. aurantifolia (lime) has several traditional uses which include; antibacterial, antidiabetic [19], antifungal [20], 
anti-lipidemia [21], and anti-parasitic [22-24]. It is valuable in the treatment of urolithiasis [25]. It is also good in 
promoting fertility [26], and it can be used as insect repellent [27]. 

This study tried to identify the fungal species that are found on the surface of some selected citrus fruits and the health 
impacts they pose. Five different fungal species were discovered from the surface of the fruits studied, and this is either 
because they were air borne, naturally occurring on the human flora or because of environmental or anthropogenic 
factors. Thus, it becomes very necessary to adopt proper practices from cultivation to harvesting and then, hawking of 
those fruits in order to prevent any health problems that might come from their consumption. 

2. Materials and methods 

2.1. Sample Collection 

Five samples each of the three (3) citrus species which include; lemon (Citrus limon L.), orange (Citrus sinensis (L.) 
Osbeck), and lime (Citrus aurantiifolia (Christm.) Swingle) were randomly bought from different hawkers at different 
parts of Bwari market in Abuja. All samples were collected in a sterile polythene bag and transported to the Microbiology 
Laboratory at the Veritas University, Abuja where they were analyzed within one hour after procurement. Samples were 
rinsed with 100 ml distilled water and diluted 10-fold. After washing the surface of the citrus fruits (CF), 10 ml of the 
aqueous suspension were obtained which were further inoculated to 90ml potato dextrose agar (PDA), which was the 
media used for the study, and incubated at 37°C. 

2.2. Cultivation and enumeration of fungi  

Each sample (10 g) was thoroughly mixed in 10 ml of sterile distilled water. Aliquot (1.0 ml) of it were transferred into 
the next test tube and diluted serially in one-tenth stepwise to 10-4 dilution. From the dilution of 10-3 of each sample, 
0.1 ml aliquot were transferred aseptically onto freshly prepared potato dextrose agar plates to which 0.2 ml of 0.01 % 
chloramphenicol were added to inhibit the growth of bacteria to allow only the growth of fungi. The inoculum was 
spread with a sterile bent glass rod. The dilution of 10-3 were used in plating for fungi because the dilution of 104 gave 
fewer growths. The inoculated plates were inverted and incubated at 28oC (room temperature) for 5 to 7 days. The 
colonies which developed were noted [28].  

2.3. Preparation of Pure Culture 

The fungal isolates which developed were sub-cultured onto agar slopes and incubated at 28oC for 5 to 7 days. The 
isolates which developed were pure cultures which were stored in the refrigerator as stock cultures for subsequent 
characterization tests. 

2.4. Characterization and Identification 

The fungal isolates cultured on PDA were identified on following standard characterization tests which were performed 
in duplicates. Macroscopic examination of fungal growth was carried out by observing the colony morphology - 
diameter, colour (pigmentation), texture and surface appearance. Microscopic examination was done by needle mount 
method; staining with methylene blue and observing sexual and asexual reproductive structures like sporangia, conidial 
head, arthrospores and the vegetative mycelium. Sugar (Glucose, Fructose, Lactose, Sucrose, Galactose and Maltose) 
fermentation tests were also carried out for species identification [28]. 

The complete identification of fungal isolates was done by comparing the result of their cultural, morphological and 
biochemical characteristics with those of known taxa.  

2.5. Statistical analysis 

The frequency and percentage occurrence of the fungal isolates per plate and the fungal species per sample were 
recorded using SPSS version 26. 
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3. Results 

Table 1 Fungal communities discovered on the studied citrus fruits 

Sample CF Scientific 
names 

Candida 
spp 

Aspergillus 
spp 

Trichophyton  

spp 

Rhizopus 
spp 

Penicillium 
spp 

CF 1 Orange Citrus sinensis + + - - - 

CF 2 Lime Citrus 
aurantifolia 

- - + - - 

CF 3 Lemon Citrus limon - + - + + 

Table 1 shows the five fungal communities which were discovered on the citrus fruits studied. It was observed that 
Aspergillus spp were found on the surface of the oranges and lemons studied, while other species were found on one 
citrus fruit at a time. 

Table 2 Frequency and percentage occurrence of the fungal communities 

Probable organisms No of citrus surfaces found % frequency of occurrence 

Candida spp 1 16.7 

Aspergillus spp 2 33.33 

Trichophyton spp 1 16.7 

Rhizopus spp 1 16.7 

Penicillium spp 1 16.7 

Table 2 shows the number of citrus fruits that had fungal communities on their surfaces with their percentage frequency  

Table 3 Frequency and percentage frequency of occurrence of the fungal isolates per five plates 

Probable organisms CF1 

Frequency (%) 

CF2 

Frequency (%) 

CF3 

Frequency (%) 

Total 

Candida spp 1 (25) 0 (0) 0 (0) 1 (7.1) 

Aspergillus spp 3 (75) 0 (0) 3 (37.5) 6 (42.9) 

Trichophyton spp 0 (0) 2 (100) 0 (0) 2 (14.3) 

Rhizopus spp 0 (0) 0 (0) 3 (37.5) 3 (21.4) 

Penicillium spp 0 (0) 0 (0) 2 (25) 2 (14.3) 

Total 4 (28.6) 2 (14.3) 8 (57.1) 14 (100) 

Table 3 shows how many times different fungal communities were found in every five plates  

4. Discussion 

The result of this work showed that five fungal communities were found on the surfaces of the studied citrus fruits. The 
fungal species discovered were: Candida albicans, Aspergillus spp, Trichophyton spp, Rhizopus spp and Penicillium spp 
(Table 1). Among the fungal species isolated, Aspergillus spp had the highest prevalence rate of 33.3% followed by the 
other studied species which had 16.7 % prevalence rate each. From the study, it was recorded that Candida albicans and 
Aspergillus spp were found on Citrus sinensis, Trichophyton spp was found on Citrus aurantifolia while Rhizopus spp, 
Penicillium spp and Aspergillus spp were found on Citrus limon; (Table 1). Five plates were prepared for each of the 
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citrus samples and the number of plates where the fungal communities appeared were recorded. In some plates, fungal 
species were present while in some, they were absent (Table 3). 

Shen [29] stated that the different fungal communities inhabiting fruit surfaces are closely associated with the control 
and preservation of fruits. From their studies, Tournas and Katsoudas [30] concluded that the most commonly found 
fungi in citrus fruits are Penicillium spp and Rhizopus spp. They also found Aspergillus spp present as they stated that 
Penicillium spp and Aspergillus spp have the ability to grow on fresh fruits [30], and this conforms with the present 
study. Liu et al [31] stated that Rhizopus spp has also been found on stored fruits after harvest. This can be due to 
environmental, and human factors such as handling. When fruits are contaminated, their food or nutrient values are 
reduced. This confirmed the conclusion made by Chanda et al [32] that the variable communities of microorganisms 
most especially fungi which are found on fruit surfaces have significant impact on the destruction of fruit quality, yield 
and their food values. This study also confirmed the conclusion made by Tournas and Katsoudas [30] that freshly 
harvested fruits are liable to get contaminated in the field, as well as during harvest, transportation and marketing of 
those fruits. That is to say that, every process the fruits undergo is capable of subjecting them to contamination. The 
implication of this is that some persistent fungal pathogens such as Aspergillus spp can cause aspergillosis, which can 
be lethal to humans [33]. Ezigbo and Makolo [33] also stated that as far as fungal species such as Penicillium spp and 
Aspergillus spp can produce mycotoxins, which can pose as a serious threat to both hawkers and consumers, adequate 
measures should be put in place to avoid fungal contamination. 

Trichophyton spp which was found on lime surfaces has been known for ages to cause dermatophytosis. This fungal 
disease respects no age. Therefore, adequate awareness creation is important at all levels in order to let the rural, semi-
urban and urban dwellers know the adverse health implications of some unhealthy practices they carry out, such as 
washing the fruits with contaminated water or eating them right away at the point of purchase without proper washing. 

5. Conclusion 

Microbes are naturally occurring and since some of them are pathogenic, adequate control measures are necessary from 
the harvesting to the marketing of those fruits to avoid contaminations and cross contaminations. Hawkers are advised 
to avoid using unclean and contaminated water such as one from the gutter or ditch to wash the harvested or the ready-
to-be-sold fruits in order to prevent the health challenges that could come from such practices. 
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