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Abstract 
Fresh fruits promote good health but harbor a wide range of microbial contaminants. This study assessed the microbial quality of fruits 

and safety of Polyethylene packed sliced fruits sold in Port-Harcourt markets. 36 samples of freshly cut fruit comprising of Pawpaw 

(Carica papaya), Pineapple (Ananas comosus) and Water Melon (Citrullus lanatus) were randomly collected from different sellers within 

Port Harcourt metropolis. Samples were analyzed using standard microbiological methods. Mean Total viable count ranged from 

Log10cfu/g5.85 – 6.34, mean Total Fungi Count Log10cfu/g 3.23– 3.85. Nine bacteria were identified. Staphylococcus aureus (27.4%) was 

the most frequently isolated followed by Shigella spp (19.4%), Escherichia coli (16.1%), Bacillus spp(14.5%), Aeromonas Sp(8%), 

Enterobacter sp(4%),  Klebsiella spp and Salmonella spp (4.8%) respectively. Samples of Pawpaw had high microbial contamination 

when compared to other fruit samples. The study comes to the conclusion that consumers' awareness of the risks of eating packed sliced 

fruits should be increased, and that they should once again insist on properly processed/packaged sliced fruits.  
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I. INTRODUCTION 

Fresh-cut raw fruits are defined as uncooked food that has 

been diced, shredded, peeled, abraded, or otherwise 

processed into manageable amounts that are prepared for 

consumption. Fruits are a vital component of a healthy diet 

because they are a fantastic source of vitamins, fiber, 

minerals, and other elements for humans Jolaoso et al., 

(2010). A well-balanced diet full of fruits and vegetables is 

crucial for preventing vitamin C and vitamin A deficiency in 

addition to lowering the risk of a number of ailments (Kalia 

and Gupta, 2006). Fruits are frequently susceptible to 

microbial contamination through handling after harvest or 

during postharvest processing, contact with soils, dust, and 

water, among other things, as a result, they are habitat to a 

wide variety of microorganisms, including human and plant 

infections (Nguyen and Carlin, 1994; Dunn et al., 1995; 

Carmo et al., 2004). The addition of nonresident microflora 

via the use of animal manures, sewage, or irrigation water, as 

well as the handling and transportation techniques employed 

by retailers, are the main causes of alterations in the microbial 

profiles of various fruits (Ray and Bhunia, 2007; Ofor et al., 

2009). Pollution is significantly increased by the continuous 

use of untreated waste water and manure as fertilizers for the 

development of fruits and vegetables in developing countries 

like Nigeria (Olayemi, 1997; Amoah et al., 2009). Although 

eating freshly cut fruit provides health and nutritional 

benefits, current research has connected consuming fresh or 

minimally processed fruits and vegetables to an increase in 

human infection outbreaks (Hedberg et al., 1994; Altekruse 

et al., 1997; Beuchat, 2000); Odu and Adeniji, 2013). Enteric 

bacteria like Escherichia coli and Salmonella are among the 

most worrisome pathogen when food-related outbreaks 

happen (Buck et al., 2003; Odu and Adeniji, 2013). Eating 

contaminated vegetables have been linked to typhoid fever 

outbreaks. These vegetables that were grown in contaminated 

soil or sewage or treated with it (Beuchat, 1995). Since most 

people spend a lot of time outside, it's probable that 

consumption of tainted fruits and vegetables has increased 

outside the home. For instance, street sellers are currently 

quite popular and commerce is thriving in Nigeria. They 

market easy, prepared-to-eat fruit and vegetable slices. Fruits 

continue to be a fantastic source of nutrients that are vital to 

human health and reduce the risk of serious diseases like 

cancer and heart disease. Fruits are consumed often in 

marketplaces and on the streets since they are good for human 
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health. Some of these fruits come in packaging that don't 

require washing or cutting the fruit before consumption. 

Additionally, the majority of these vendors practice poor 

personal cleanliness, which exposes the processed fruits to 

contaminated air, filthy equipment, and unsanitary 

surroundings. 

Fruit slices are now more frequently consumed in Nigeria 

than in previous years. This is due to the fact that entire fruits 

and vegetables are often out of reach for customers, making 

sliced fruits more accessible, handy, and, most importantly, 

more affordable. The fruits are peeled, diced, and packaged 

in clear polythene bags before being sold to the public. These 

fruits are primarily sold by unregistered street vendors or 

hawkers who have no formal education, are untrained in food 

hygiene, and operate in squalid, unhygienic conditions. 

Because many consumers of these products consume them in 

order to fulfill their nutrient needs for a healthy lifestyle, the 

country's economic situation has also contributed to the 

strong demand for these fruits (Nwachukwu et al., 2008). 

However, it's possible that these fruits' processing exposed 

them to harmful microbes, making them a potential source of 

food-borne illness. These sliced fruits may become polluted 

from sources such as irrigation or rinsing with contaminated 

water or coming into contact with sewage. Other sources 

include inappropriate handling, the wrapping materials, cross 

contamination with knives, trays, and staff. The convenience 

of these fruits is more important to the consumers who rely 

on them than their safety, quality, or hygiene. Packaging of 

fruits in polyethylene bags hinders microbial contamination 

during retailing after fruits have been washed appropriately. 

Sealed polyethylene bags however modify the atmosphere 

around fruits, it reduces oxygen and increases carbon dioxide 

as well as relative humidity levels (Mahajan et al., 2014). The 

purpose of this study was to evaluate the microbiological 

quality of sliced fruits marketed in the vicinity of the 

University of Port Harcourt and the risk factors related to their 

intake. 

II. MATERIALS AND METHODS 

A. Sample Collection 

A total of 36 samples of freshly cut fruit comprising of 

Pawpaw, Pineapple and Water Melon was randomly obtained 

from different sellers within Port Harcourt. Rivers State. 

B. Preparation of Samples for Microbial Analysis 

25g of each sample was put in a sterile stomacher bag and 

homogenized using a stomacher with 225ml of 0.1% peptone 

water of 2min.10 fold Serial dilution were done; 

(a) Total viable counts - 0.1 ml of 10-4, 10-5, 10-6 and 10-7 in 

duplicate were dispersed on already prepared plate 

count Agar. 

(b) Enumeration of Yeast/mold - 0.1 ml of 10-4, 10-5, were 

dispersed onto already prepared Potato dextrose Agar 

incubated at 25○C for 3-7 days. 

(c) Staphylococcus Counts - 0.1 ml of 10-3, 10-4, and 10-5 

were dispersed onto mannitol salt agar. 

(d) Total Coliform Counts - 0.1 ml of 10-3, 10-4, and 10-5 

were dispersed onto MacConkey Agar. 

(e) Total Salmonella Counts - 0.1 ml of 10-3, 10-4, and 10-5 

were dispersed onto Salmonella Shigella Agar and 

incubated at 25-37○C for 24-48hrs. 

Counts obtained, cfu/g calculated, representing colonies was 

picked, sub cultured, store in slants, perform series of 

biochemical test for identification according Cheesbrough, 

(2005). 

C. Identification of Isolates 

On several solid media agar plates, the bacterial organisms its 

colonial morphological traits were seen. According to Barrow 

et al., (1993) and Cheesbrough, (2005) further identification 

and characterization of the suspect species was done using 

their microscopic, physiological, and biochemical 

characteristics. The present or absent of Salmonella species 

was evaluated based on APHA (1992). 

D. Antibiogram Susceptibility Testing 

The antimicrobial susceptibility tests of all isolates were 

performed using Kirby Bauer disc diffusion method using 

Ofloxacin (OFX) (5µg), Pefloxacin (PEF) (5µg), 

Ciprofloxacin (CPX) (5µg), Augmentin (AU) (30µg), 

Gentamicin (GEN) (10µg), Streptomycin (S) (10µg), 

Cefuroxime (CEF) (30µg), Nalidixic acid (NA) (30µg), 

Trimethoprim/sulfamethoxazole (SXT) (25µg), Ampicillin 

(AM) (10µg). Bacteria suspension was prepared using normal 

saline. A sterile swab stick was dipped into the suspension 

and excess fluid was removed by rotating the swab stick 

against the upper wall of the tube. The whole surface of 

Mueller Hinton Agar was streaked using the swab stick. 

Sterile forceps was used to place the antibiotic disc on the 

plate. 

E. Statistical Analysis 

Microbiological data of several fruit samples were obtained 

and entered into a Microsoft Excel spreadsheet before being 

evaluated with a one-way ANOVA using statistical software 

from the Statistical Package for Social Sciences (SPSS) 

version 16. Statistical significance was defined as a 95% 

confidence interval with a P value 0.05 or lower. 

III. RESULTS 

The mean total viable count of the fruit samples ranged from 

Log10cfu/g, 5.85 to 6.34. The mean total fungi count of the 

fruit samples ranged from Log10cfu/g,3.23 to 3.85, the mean 

total Staphylococcus count of the fruit samples ranged from 

Log10cfu/g,3.34 to 5.13, the mean coliform count of the fruit 

samples ranged from Log10cfu/g 2.13 to 3.44. and the mean 

Salmonella-shigella count of the fruit samples ranged from 

Log10cfu/g 2.13 to 2.34 as shown in Fig1-5. 
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Figure 1. Mean total viable count of the different fruit samples. 

 

Figure 2. Mean Total Fungal count for fruit samples 

 

Figure 3. Mean Total Salmonella-Shigella count for fruit samples. 

 
Figure 4. Mean Total Staphylococcal count for fruit samples. 

 

Figure 5.  Mean Total Coliform count for fruit samples 

A total of 62 bacterial isolates were isolated from the 36 

samples comprising of 9 bacteria species Staphylococcus sp 

(27.4%), Aeromonas sp (8.0%), Shigella sp (19.4%), 

Salmonella sp (4.8%), Escherichia coli (16.1%), Bacillus sp 

(14.5%), Klebsiella sp (4.8%) and Serratia sp (1.6%), 

Enterobacter sp (3.2%), as presented in tables1. A total of 22 

fungal isolates were isolated from the 36 fruit samples 

comprising of 4 fungal species. Fungal species identified 

were Aspergillus sp (27.3%), Fusarium sp (27.3%), 

Penicillium sp (18.2%) and Saccharomyces sp (27.3%). 

Table1. Distribution of bacterial organisms isolated from fruits samples 

investigated. 

Bacterial 

organisms 

Pawpaw 

(%) 

Pineapple 

(%) 

Watermelon 

(%) 

Total (%) 

Escherichia coli 6 2 2 10 (16.1) 

Staphylococcus sp 10 3 4 17 (27.4) 

Salmonella sp - - 3 3 (4.8) 

Shigella sp 7 1 4 12 (19.4) 

Enterobacter sp 2 - - 2 (3.2) 

Klebsiella sp 2 - 1 3 (4.8) 

Aeromonas sp 1 2 2 5 (8.0) 

Serratia sp 1 - - 1 (1.6) 

Bacillus sp 4 2 3 9 (14.5) 

Total 33(53.3) 10(16.1) 19(30.6) 62 (100) 

 

The antibiotic test revealed 100% was susceptible to 

Ciprofloxacin and Gentamicin. 90.9% of the isolates were 

seen to be susceptible to Ofloxacin, Pefloxacin, streptomycin, 

septrin, and 82% was seen to be susceptible to Augmentin and 

ampicillin, 72.7% was seen to be susceptible to Nalidixic acid 

and Cefuroxime. 

 

Table 2. Percentage (%) of Sensitivity/ Resistance of Isolates to Antibiotics. 

Isolates OFX  PEF CPX AU GN S CEF NA SXT AM 

Sensitive 90.9 90 100 82 100 90 72.7 72.7 90 82 

Resistant 8.1 10 - 18 - 10 27.3 27.3 10 18 

 

IV. DISCUSSION 

Fresh fruit consumption has increased in Nigeria as people try 

to take advantage of these products, which are thought of as 

seasonal. Additionally, as a result of consumer demand, there 

are now more fresh cut fruits in the marketplaces. This is due 

to the fact that ready-to-eat fruits are more readily available, 

practical, and affordable than entire fruits. However, it is 
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challenging to verify the cleanliness of the fruit sellers or 

processors. According to the study, the majority of the sliced 

watermelon, pawpaw, and pineapple fruits packaged in 

polyethylene were deemed to have "unsatisfactory" bacterial 

quality as Total Bacteria Count values and total coliform 

counts of the samples were higher than the recommended 

standard for food (< 2 log10 cfu of coliform per g of food 

sample) and (<5 log10 cfu of total bacterial counts per g of 

food sample this in accordance with the findings of Thunberg 

et al., (2002) and Afolabi et al., (2015). 

The result of the Total bacterial count obtained are 

significantly high (p<0.05). This could result from improper 

handling, from washing all the fruits in the same pail of water 

(Khali and Mazhar, 1994), or from cross-contamination from 

cutting and displaying the fruits with the same utensils (Ugwu 

and Edeh, 2019). These findings agree with those of 

Nwachukwu et al., (2008), Farzana et al., (2011), Oranusi and 

Olorunfemi (2011), Edeghor et al., (2019). This finding 

indicates that unwashed fruits, dirty utensils, and unhygienic 

street vendors are the likely sources of the microbial 

contamination of street vending fruits (Tambekar et al., 

2009). 

This study's findings also showed that pineapple was linked 

to fewer bacteria than previously thought. The pineapple's 

acidic nature could be responsible for this (Eni et al., 2010; 

Nwachukwu and Chukwu, 2013); Oranusi and Olorunfemi, 

2011). The mean coliform count of pineapple had 

significantly high count(p<0.05) followed by watermelon and 

Pawpaw. One of the primary sources of fecal coliform 

contamination in washing and processing water is the 

presence of coliforms in street vended fruits (Durgesh et al., 

2008). 

The mean Salmonella-shigella count of Pawpaw had 

significantly high count(p<0.05) followed by watermelon and 

pineapple. Salmonella was found in fresh cut fruit as a result 

of contaminated utensils and knives (Barro et al., 2006). 

Additionally, flies have been known to attack knives used for 

slicing and dicing fruits (Mensah et al., 2002). Freshly cut 

fruits may become contaminated with Salmonella spp. by 

contact with polluted water (Beuchat, 1995; Gayler et al., 

1995). This finding conforms with the study of Eni et al. 

(2010). The mean total Staphylococcus count of the fruit 

samples in with pawpaw had significantly high count(p<0.05) 

followed by pineapple and watermelon. The main hosts of S. 

aureus are people and animals. 50 percent or more of healthy 

people have staphylococci in their nasal passages, throats, 

hair, and skin (Lund et al., 2000). There are often few 

instances of S. aureus on healthy, undamaged, and disease-

free skin since the bacterium is ephemeral and seldom 

integrates into the skin's natural flora. However, on persons 

who repeatedly dip their hands in water, The bacterium might 

establish itself as a part of the local flora and grow to large 

populations, causing discomfort and skin aging. It has been 

documented that workers in food processing industries can 

develop this ailment on their hands. S. aureus may be on the 

sliced fruits if the fruits are handled and cut with bare hands. 

Unacceptable levels of S. aureus suggest that poor food 

handling with bare hands may have been followed by misuse 

of time and temperature.   

Pineapple has the highest mean total fungi count followed by 

watermelon and Pawpaw. The existence of these fungi 

suggests that they might enter fruits through processes 

including picking, storing, packaging, and conveying them, 

which could result in physical damage and increase post-

harvest losses as well as the risk of fungal contamination (Isa 

et al., 2014). Inadequate vendor hygiene can render 

contaminated vending surroundings worse. In most cases, the 

processing is done with rudimentary equipment which 

encourages chance inoculation from the environment. The 

consequences of the problems could be increased by the 

spread of foodborne diseases associated with fruits. Bacterial 

and fungal diversity recorded in this study corroborated with 

other several previous reports by Amoah et al., (2009); Isa., 

et al. (2014); Mathur et al., (2014); Tango., et al. (2018); 

Mahfuza et al., (2016); Eni, et al. (2010); Nwachukwu et al., 

(2018); Tournas, (2005) had similar bacteria and fungi 

species on apple, mango, pawpaw, cucumber, carrot, onion, 

tomato, pineapple, lettuce etc. 

The isolation of these organisms is supported by the work of 

Eni et al. (2010) and Jolaoso et al. (2010), who detected S. 

aureus, Klebsiella sp, Salmonella, and Escherichia coli from 

fruits. Additionally recovered by Daniyan and Ajibo (2011) 

from sliced fruits sold in Minna city were S. aureus, S. 

epidermidis, Bacillus sp., E. coli, and Enterobacter 

aerogenes. The work of Oranusi and Olorunfemi (2011), who 

isolated Bacillus, S. aureus, E. coli, Enterobacter, 

Salmonella, Klebsiella, P. aeruginosa, Proteus, Micrococcus, 

and Lactobacillus sp. from marketed ready-to-eat fruits sold 

in Ota, Ogun State, lends more credence to Tambekar et al. 

(2009) isolated similar organisms from fruit juices sold on the 

side of the road in Amravati, India. Nwachukwu et al., (2008) 

also isolated similar organisms from sliced water melon.  

S. aureus (27.4%) and Escherichia coli (16.1%) are the 

bacteria commonly isolated from the fruits samples.  

Nwachukwu et al. (2008) and Jolaoso et al. (2010) found low 

levels of Escherichia coli in watermelon slices. Majority of 

the bacteria found in these cut fruits may have been 

introduced via the environment, the soil, or during handling 

or shipping. The majority of the organisms found in this 

study's isolates may have entered the fruits through wrapping 

materials, low-temperature exposure, and feces-polluted 

water used to wash tools (such as knives, trays, and pans). S. 

aureus may be present due to the fact that people who 

manufacture or sell things have this organism on/in several 

parts of their bodies. Nester et al., (2001); Garg et al. (2009) 

and Farmer (2015) reported that chopping vegetables in 

different ways has been proven to cause microbial 

populations on/in various sections of their bodies to rise by 

six to seven times. Since certain coliforms, particularly E. 

coli, are frequently found in high concentrations in feces from 

both humans and animals, the presence of these coliforms 

may potentially be related to fecal contamination. Therefore, 

microbial pathogens cannot be completely eliminated by 

simply washing fruit surfaces. The primary sources of 
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microbiological contamination linked to the contamination of 

fresh fruit appear to be inadequate washing of the component 

of the fruits and utensils, use of dirty water, and bad personal 

hygiene and unsanitary production methods. The findings of 

this study demonstrate that consumers of cut fruit sold on the 

street face serious health concerns since such fruit is infested 

with dangerous microorganisms that might cause fatal 

infections. Since fruit is typically consumed unprocessed, 

vendors should follow correct processing procedures, 

stringent aseptic procedures and appropriate personal hygiene 

to limit microbial load and eradicate microbial contamination 

of the finished product. Gentamicin and Ciprofloxacin was 

found to be the most sensitive drug after the antibiotic’s 

sensitivity test. The isolates low resistance to the other 

antibiotics. These findings tally with that of Chukwu et al., 

(2010) who revealed in their study on microbiological quality 

of pre-cut fruits that Gentamicin was found to be the most 

sensitive antibiotic. 

 Oxygen and carbon dioxide concentrations in modified 

atmosphere is created by polyethylene bags which depend on 

its respiration rate, temperature of the environment, surface 

area, perforations and thickness of the polyethylene, 

permeability of gases to the film used in packaging and 

composition of air outside the polyethylene bag. Mahajan et 

al., (2014). On the other hand, the water vapour permeability 

of the polyethylene and the respiration and transpiration 

activities both have an impact on the humidity of the 

microenvironment of fruits packed in polyethylene (Mahajan 

et al., 2014). Packaging in polyethylene hinders 

contamination of fruits during retailing after washing, 

packaging of these fruits in polyethylene bags immediately 

after washing will extensively reduce microbial 

contamination on these ready- to- eat fruits (Akomolafe and 

Awe, 2017). 

V. CONCLUSION 

According to this study, all of the sliced fruits collected from 

various vendors in Port Harcourt had a high microbial load. 

Even though these microbes can be found in the fruits' 

epiphytic flora, their survival and growth are indicators of 

poor hygiene. The findings of this study demonstrate that 

fruits sold on the street constitute a severe health risk to 

customers since they are contaminated with numerous 

hazardous germs that can result in life-threatening illnesses. 

Since fruit is typically consumed unprocessed, to reduce 

microbial load and prevent microbial contamination of the 

finished product, vendors are urged to follow proper 

processing methods, strict aseptic techniques, and good 

personal hygiene. Additionally, clean water should be used to 

wash and clean the fruits and any utensils used before 

packaging.  

REFERENCES 

Akomolafe, O.M., Awe, T.V. (2017). Microbial contamination and 
polyethylene packaging of some fruits and vegetables retailed at Akure 

and Ado Ekiti, South Western Nigeria. J Stored Products Postharvest 

Res., 8(6), 65-72. 

APHA (1992). Compendium of methods for the microbiological examination 

of foods M.L. Speck, (Ed.). APHA, Publication, Washington, U.S.A. 

Altekruse, S.F., Cohen, M.L., Swerdlow, D.L. (1997). Emerging footbone 
diseases. Emerg. Infect. Dis., 3, 285-293. 

Amoah, P., Drechsel, P,, Abaidoo, R.C., Abraham, E.M. (2009). Improving 

food hygiene in Africa where vegetables are irrigated with polluted 
water. Regional Sanitation and Hygiene Symposium, 3-5, Accra, 

Ghana. 

Beuchat, L. R. (2000). Use of sanitizers in raw fruit and vegetable processing. 
p. 63-78. In: Alzamora, S.M., Tapia, M.S., Lopez-Malo, A. (eds.), 

Minimally processed fruits and vegetables. Aspen, Gaithersburg. MD. 

Buck, J.W., Walcott, R.R., Beuchat, L.R. (2003). Recent trends in 
microbiological safety of fruits and vegetables. Plant Health Progress, 

10, 1094. 

Barro, N., Bello, A.R., Aly, S., Ouattara, C.M.T., Ilboudo, A.J., Traaore, A.S. 
2006. Hygienic status assessment of dish washing waters, utensils, 

hands and pieces of money from street food processing sites in 

Ouagadougou (Burkina Faso). Afr J Biotechnol, 5(11), 1107-1112. 
Barrow, G.I., Feltham, R.K.A. (1993). Cowan and steels manual for the 

identification of bacteria. 3rd Edition, Cambridge University Press, 

Cambridge. 151. 
Beuchat, L.R. (1995). Pathogenic microorganisms associated with fresh 

produce. J Food Protection, 59, 204-216. 

Carmo, L.S., Cummings, C., Linardi, V.R., Dias, R.S., Souza, J.M., Sena, 
M.J., Santos, D.A., Shupp, J.W., Pereira, R.K., Jett, M. (2004). A case 

study of a massive staphylococcal food poisoning incident. Foodborne 

Pathogen. Dis., 1, 241-246. 
Chukwu, C.O.C., Chukwu, I.D., Onyimba, I.A., Umoh. E.G., (2010). 

Microbiological quality of pre-cut fruits on sale in retail outlets in 

Nigeria. African Journal of Agricultural Research, 5 (17), 2272-2275. 
Cheesbrough, M. (2005). District laboratory practice in tropical countries. 

Cambridge university press, 9-267. 

Dunn, R.A., Hall, W.N., Altamirano, J.V., Dietrich, S.E., Robinson-Dunn, 
B., Johnson, D.R. (1995). Outbreak of Shigella flexneri linked to salad 

prepared at a central commissary in Michigan. Public Health Reports, 

110 (5), 580-586. 
Durgesh, P.M., Ranjana, G.K., Varsha, K.V. (2008). Microbiological 

analysis of street vended fruit juices from Mumbai city, India. Internet 
Journal of Food Safety, 10, 31-34. 

Daniyan, S.Y., Ajibo, C.Q. (2011). Microbiological examination of sliced 

fruits sold in Minna Metropolis. International Research Journal of 
Pharmacy, 2(7), 124 -129. 

Eni, A.O., Oluwawemitan, I.A., Oranusi, U.S. (2010). Microbial quality of 

fruits and vegetables sold in Sango Ota, Nigeria. African Journal of 
Food Science, 4(5), 291-296. 

Farzana, K., Rouf, M., Mahmood, S. (2011). Prevalence and susceptibility 

patterns of some bacterial isolates from a street vended fruit product. 
African Journal of Microbiology Research, 5(11), 1277-1284. 

Farmer, J.J. (2015). Enterobacteriaceae: Introduction and identification, In: 

Murray, P.R., Baron, E.J., Pfaller, M.A., Tenower, F.C., Yolken, R.H. 
(Eds). Manual of clinical microbiology (438-448). American Society 

for Microbiology, Washington D.C. 

Garg, N., Churey, J.J., Splittstoesser, D.F. (2009). Effect of processing 
conditions on the micro flora of fresh-cut vegetables. Journal of Food 

Protection, 53, 701-703. 

Gayler, G.E, Maccready, R.A., Reardon, J.P., Mckiernan, B.F. (1995). An 
outbreak of Salmonellosis traced to watermelon. Public Health 

Reports, 70, 311- 313. 

Hedberg, C.W., MacDonald, K.L., Osterholm, M.T. (1994). Changing 
epidemiology of food-borne diseases: A Minnesota perspective. Clin. 

Infect. Dis., 18, 671-682. 

Edeghor, U, John, G.E., Origbu, C. (2019). Bacteriological profile of cut 
fruits sold in Calabar Metropolis. WNOFNS, 23, 43-55. 

Isa, A., Isa, M.A., Bukar, A.M., Muhammad, I. (2014). Bacteriological 

quality of fruits and vegetables sold at Maiduguri Metropolis, Nigeria. 
Research Desk, 3(2), 471-475. 

Khali, K.B., Mazhar, S. (1994). Flies and water as reservoir for bacteria 

enter-pathogens in urban and rural areas in and around Lahore, 
Pakistan. Epidemiology and Infection, 113(3), 435-444. 

Kalia, A., Gupta, R.P. (2006). Fruit Microbiology. In: Hui Y.H.J., Cano, 

M.P., Gusek, W., Sidhu, J.W., Sinha, N.K. Handbook of Fruit and Fruit 

Processing. 1st Ed. Blackwell Publishing, 2006, 3-28. 



Omorodion & Nwiyege / Journal of Life and Bio-sciences Research Vol. 04, No. 01, pp. 25 – 30 (2023) 

30 

Jolaoso, A.A., Kareem, S.O., Ogunmuyiwa, S.I.O., Ajayi, J.O., Osifeso, O.O. 

(2010). Microbial analysis of sliced pineapple and pawpaw in Ogun 

State. Journal of Medical and Applied Bioscience, 2, 9-14. 
Mensah, P., Manu, D.Y., Darko, K.O., Ablordey, A. (2002). Streets foods in 

Accra, Ghana: how safe are they? Bulletin of World Health 

Organization, 80(7), 546-554. 
Mathur, A., Joshi, A., Harwani, D. (2014). Microbial contamination of raw 

fruits and vegetables. Internet Journal of Food Safety, 16, 26-28. 

Mahfuza, I., Arzina, H., Kamruzzaman, M., Afifa, K., Afzal, H., Rashed, N., 
Roksana, H. (2016). Microbial status of street vended fresh-cut fruits, 

salad vegetables and juices in Dhaka city of Bangladesh. International 

Food Research Journal, 23(5), 2258-2264. 
Mahajan, P.V., Caleb, O.J., Singh, Z., Watkins, C.B., Geyer, M. (2014). 

Postharvest treatment of fresh produce. Phil. Trans. R. Soc. A.372: 

20130309.  
Nwachukwu, E., Chukwu, C.M. (2013). Effect of chemical treatments on the 

microbial load of fruits and vegetables. International Journal of 

Applied Microbiology and Biotechnology Research, 1, 16-19. 
Nwachukwu, E., Ezeama, C.F., Ezeanya, B.N. (2008). Microbiology of 

polyethylene packaged sliced watermelon (Citrullus lanatus) sold by 

street vendors in Nigeria. African Journal of Microbiology, l2, 192-
195. 

Nester, E.W., Anderson, D.G., Roberts, C.E., Pearsall, N.W., Nester, M.T. 

(2001). Microbiology: A Human Perspective. 3rd Ed, McGraw Hill, 
New York. 604 606. 

Nwachukwu, E., Ezeama, C.F., Ezeanya, B.N. (2018). Microbiology of 

Polyethene packaged sliced watermelon (Citullus lanatus) sold by 
street vendors in Nigeria. African Journal of Microbiology Research, 

3(2):240-249. 

Nguyen, C., Carlin F. (1994). The microbiology of minimally processed 
fresh fruits and vegetables. Critical Reviews in Food Science and 

Nutrition, 2, 34(4)371-401.  
Ofor, M.O., Okorie, V.C., Ibeawuchi, I.I., Ihejirika, G.O., Obilo, O.P., 

Dialoke, S.A. (2009). Microbial contaminants in fresh tomato wash 

water and food safety considerations in South-Eastern Nigeria. Life 

Science Journal, 1, 80-82. 
Odu, N.N., Adeniji, A.O. (2013). Microbiological analysis of some packed 

fruit juices sold in Port Harcourt Metropolis, Nigeria. Nat. Sci., 11(4), 
30-40. 

Olayemi, A.B. (2007). Microbiological hazards associated with agricultural 

utilization of urban polluted river water. International J. Enviro. Health 
Res., 7(2), 149-154. 

Afolabi, O., Oloyede, A., Abibu, W., Adeyanju, A., (2015). Microbial safety 

of polyethylene packaged sliced fruits sold in Abeokuta, South-West 
Nigeria. Journal of Natural Sciences Research, 5(13),16-21. 

Oranusi, S., Olorunfemi, O.J. (2011). Microbiological safety evaluation of 

street vended ready-to-eat fruits sold in Ota, Ogun state, Nigeria. Int. J. 
Biol. Sci., 1, 27-32. 

Ray, B., Bhunia, A. (2007) Control by Low pH and Organic Acids. In: 

Fundamental Food Microbiology, CRC Press, Boca Raton, 394. 
Tambekar, D.H., Jaiswal, V.J., Dhanorkar, D.V., Gulhane, P.B., Dudhane, 

K. (2009). Microbial quality and safety of street vended fruit juices: A 

case study of Amravati city. Internet Journal of Food Safety, 10, 72-
76. 

Lund, B.M., Baird-Parker, T.C., Gould, G.W. (2000). Staphylococcus 

aureus. In The Microbiological Safety and Quality of Food.  Vol. 
II:1317-1335. 

Tango, C.N., Wei, S., Khan, I., Hussain, M.S., Kounkeu, P.F.N., Park, J.H., 

Kim, S.H., Oh, D.H. (2018). Microbiological quality and safety of fresh 
fruits and vegetables at retail levels in Korea. Food Sci., 83 (2), 386-

392. 

Thunberg, R.L., Tran, T.T., Bennett, R.W., Matthews, R.N., Belay, N. 
(2002). Microbial evaluation of selected fresh produce obtained at retail 

markets. Journal of Food Protection, 65(4), 677- 682. 

Tournas, V.H. (2005). Spoilage of vegetable crops by bacteria and fungi and 
aboard health hazard. Critical Review of Microbiology, 31,33-44. 

Ugwu, C.C., Edeh, P.A. (2019). Evaluation of microbial quality of ready– 

to-eat fruits sold in different markets of Enugu Metropolis, Enugu 
State, Nigeria. International Journal of Innovative Research and 
Advanced Studies (IJIRAS), 6(8), 48-52. 


