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ABSTRACT 
 

Aims: The study examined ready-to-eat cut polyethylene packed pawpaw (Carica papaya) sold in 
the University of Port Harcourt community for the presence of antibiotic resistant Escherichia 
species.  
Study Design: The samples were randomly purchased from vendors, who openly display them in 
trays and composite analysed in duplicate.  
Place and Duration of Study: Department of Microbiology, University of Port Harcourt between 
January and June 2015. 
Methodology: A total of 50 ready-to-eat polyethylene packed pawpaw were examined for the 
presence of presumptive E. coli 0157:H7 and non-0157:H7 E. coli, using MacConkey-Sorbitol agar 
and eosin methylene blue agar. Isolated were confirmed on the basis of cultural morphology, 
physiology and biochemical characteristics. Screening for antibiotic susceptibility was done using 
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the disk diffusion method involving Mueller Hinton agar.  
Results: Of the 50 samples examined, 34 (68%) were positive for Escherichia species, with counts 
ranging from 1.6 to 3.5 ×104 cfu/g. Presumptive 0157:H7 E. coli accounted for 5.88% while non-
0157:H7 E. coli accounted for 94.12%. The resulting isolates showed varying resistance to 
augumentin (5.88%), amoxicillin (97.06%), cloxacillin (73.53%), cotrimoxazole (95.58%), 
erythromycin (5.88%), gentamicin (14.71%), nitrofurantoin (85.29%) and tetracycline (58.82%).  
Conclusion: The study clearly reveals that consumption of ready-to-eat cut pawpaw from vendors 
can be a potential risk for food borne outbreaks because of their contamination level by E. coli and 
the variable resistance patterns in response to different antibiotics used in the study.  
 

 
Keywords: Antibiotics; Carica papaya; Escherichia coli 0157:H7; pawpaw.  
 
1. INTRODUCTION  
 
Fresh fruits and vegetables are a constant part of 
the daily diets of Nigerians, and are known for 
their high nutritional and health values, with fruits 
and vegetables since they are excellent source 
of essential nutrients, minerals, vitamins and 
fiber for humans and are thus vital for health and 
wellbeing [1,2,3,4,5]. Well balanced diets, rich in 
fruits and vegetables are especially valuable for 
their ability to prevent vitamin C and vitamin A 
deficiencies as well as reducing the risk of 
several diseases such as atherosclerosis and 
cancer [1]. 
 
Ready-to-eat fruits are sliced fruits in their fresh 
state that can be bought directly from street 
vendors or hawkers or at local markets and 
eaten immediately as they have already been 
prepared by the vendors [6]. In Nigeria, the 
consumption of ready-to-eat sliced fruits has 
increased in the past few years. This is because 
the sliced fruits are more convenient, easily 
accessible and most especially cheaper than 
whole fruits and vegetables as many consumers 
cannot afford the whole fruits [7,8]. The fruits are 
peeled, cut into pieces, wrapped with transparent 
polythene bags and sold to the people. These 
fruits are sold mainly by unlicensed street 
vendors or hawkers with poor education levels, 
untrained in food hygiene and work under crude 
unsanitary conditions [8].  
 
Sliced fruits commonly consumed in Nigeria 
include pawpaw, pineapple, watermelon, salad 
vegetables, cucumbers, carrots and pears [9,10]. 
Carica papaya, commonly known as papaya or 
pawpaw, is grown throughout the tropics and 
subtropics for its melon-like fruit, which is usually 
eaten fresh. The acropetally produced fruits are 
clustered near the top of small (2-8 m), single-
stemmed, herbaceous trees. The edible portion 
of papaya is composed mostly of water (86.8%), 
carbohydrates (10.82 g/100 g), fat (0.26 g/100 g), 

protein (0.47 g/100 g), vitamins and trace metals 
[11]. Their increased consumption, coupled with 
the associated risk of disease to which 
consumers may be exposed, is a matter of great 
concern, as food borne diseases are increasingly 
becoming a global public health problem [9,12], 
resulting in a tangible amount of morbidity and 
mortality annually worldwide [13].  
 
Pathogens implicated in contamination of fruits 
and vegetables include; Escherichia coli, 
Escherichia coli 0157H7, Salmonella spp., 
Listeria monocytogenes, Aeromonas spp., 
Staphylococcus spp., Streptococcus spp., Vibrio 
spp. and Pseudomonas spp. [4,8,14]. Most of the 
reported outbreaks have been associated with 
bacterial contamination, particularly members of 
the enterobacteriaceae [15]. 
 
Escherichia coli is a commensal bacterium in 
humans and animals and has a wide range of 
hosts. It is commonly present in the environment 
and is considered an indicator of fecal 
contamination in food and water. Escherichia coli 
O157:H7 is an emerging disease pathogen 
whose occurrences have been reported in 
several parts of the world including Nigeria [16]. 
 
Food contamination with antibiotic resistant 
bacteria can be a major threat to public health, 
as the antibiotic resistance determinants can be 
transferred to other pathogenic bacteria 
potentially compromising the treatment of severe 
bacterial infections [9]. Escherichia coli can 
acquire, maintain, and transmit resistance   
genes from other organisms in the environment 
[17].  
 
Therefore the present study was undertaken to 
compare the prevalence of presumptive 0157:H7 
E. coli and non-0157:H7 E. coli in vended ready-
to-eat polyethylene packaged sliced pawpaw and 
the degree of antibiotic resistance among the    
E. coli strains. 
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2. MATERIALS AND METHODS  
 
2.1 Sample Source 
 
A total of 50 ready-to-eat polyethylene packaged 
sliced pawpaw fruits were purchased from 
vendors around the University community and 
transported to Microbiology laboratory, University 
of Port Harcourt in ice container for analysis. 
 
2.2 Isolation Procedure 
 
Twenty five grams of composite samples were 
aseptically added to 225 ml sterile normal saline 
in stomacher bags and homogenated for 1 min. 
This was followed by a ten-fold serial dilution; 
after which 0.1 ml of appropriate dilutions were 
seeded on Eosin methylene blue (LAB M, UK) 
and MacConkey-Sorbitol agar (Fluka analytical, 
Indian). The plates were incubated at ambient 
temperature (29± 2°C) for 24 h. Characteristics 
colourless and green metallic sheen on 
MacConkey-Sorbitol and Eosin methylene blue 
agar respectively were sorted in Nutrient agar 
slated for confirmation.   
 
2.3 Confirmation of Isolates 
 
Characteristic colonies were confirmed on the 
basis of physiological (Grams reaction) and 
biochemical (IMViC) reaction. 
 
2.4 Antibiotic Susceptibility Testing 
 
Antibiotic sensitivity patterns of all the E. coli and 
presumptive E. coli 0157H7 confirmed 
biochemically was performed by standard disk 
diffusion method on Mueller-Hinton agar (Titan, 
Biotech Ltd, Indian) following the procedures 
recommended by NCCLS [18]. Eight commonly 
used antibiotics (µg/disc) viz. augumentin (AUG) 

30, amoxycilin (AMX) 25, erythromycin (ERY) 5, 
tetracycline (TET) 10, cloxacilin (CXC) 5, 
gentamicin (GEN) 10, cotrimoxazole (COT) 25, 
and nitrofurantoin (NIT)  300 (AbtekR, UK) were 
tested. From an overnight culture in brain heart 
infusion broth, a 108 cell/ml (0.5 McFarland 
turbidity standards) bacterial culture was 
prepared in sterile saline, from which 0.1 ml was 
inoculated onto Mueller Hinton agar, after which 
antibiotic discs were carefully and aseptically 
placed on the surface of the agar. The plates 
were incubated at 37°C for 24 h. Zone of 
inhibition was measured in millimeter.  
 
3. RESULTS AND DISCUSSION 
 
3.1 Occurrence of E. coli  in Examined 

Samples 
 
Of the 50 samples of ready-to-eat vended 
pawpaw examined, 34 (68%) were positive for 
Escherichia coli, with counts ranging from 1.6 to 
3.5 ×104 cfu/g. This findings is comparable to 
previous reports of 48%, 70% and 75% 
occurrence of E. coli in pawpaw examined in 
Calcutta, Umuahia and Minna respectively 
[19,20,21]. These high incidences of E. coli gives 
credence to report by Adesetan et al. [9], that 
microbiological studies carried out on street 
vended foods from many developing countries, 
revealed a high bacteria count. Daniyan and 
Ajibo [21] have linked most contamination of 
sliced fruits, especially pawpaw which are usually 
washed after slicing to faecally polluted water 
used for washing utensils (e.g. Knives, trays, and 
pans), wrapping material and the exposure of 
these products to low temperature. The results of 
the cultural, physiological and biochemical 
reactions of the E. coli isolated is presented in 
Table 1. Presumptive Escherichia coli 0157:H7 
accounted for 5.88% (4 of 68) while non-0157:H7 
E. coli accounted for 94.12% (64 of 68).  

 
Table 1. Cultural, physiological and biochemical characteristics of Escherichia  species  

 
Isolate Cultural 

morphology 
on Eosin 
methylene 
blue agar 

Cultural 
morphology 
on 
MacConkey-
Sorbitol agar 

Grams 
reaction 

Indole  Methyl-red Voges-
Proskauer  

Citrate 

Presumptive 
E. coli 
0157:H7 

Green metallic 
sheen 

Colourless - (rod) + + - - 

Non-
0157:H7  
E. coli  

Green metallic 
sheen 

Pink - (rod) + + - - 
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Table 2. Distribution of resistant non-0157:H7 E. coli  and presumptive E. coli  0157:H7 to 
common antibiotics 

 
Isolates No. AUG AMX CXC COT ERY GEN NIT TET 
Presumptive 
E. coli 
0157:H7 

4 1 
 

2 
 

2  
 

1  
 

1  
 

1  
 

2  
 

2 

Non-0157:H7  
E. coli  

64 3  64  48  64  3  9  56  38  

% resistance  5.88 97.06 73.53 95.59 5.88 14.71 85.29 58.82 
AUG=augmentin; AMX=amoxicillin; CXC=cloxacillin; COT=cotrimoxazole; ERY=erythromycin; GEN=gentamicin, 

NIT=nitrofurantoin and TET= tetracycline 
 
A number of authors have reported the presence 
of E. coli along with other bacteria in vended 
ready-to-eat pawpaw in different parts of Nigeria 
[5,8,22,23]. However, Adekanle et al. [24] did not 
detect E. coli in 20 pawpaw samples examined in 
Sagamu, South-West, Nigeria. The E. coli counts 
reported in this study is comparable to 3.2 to 
3.7×103 cfu/g and 1.8 to 3.4×105 cfu/g reported 
by Daniels et al. [22] and Allamin et al. [5] 
respectively.  
 
3.2 Antibiotic Susceptibility 
 
Food contamination with antibiotic resistant 
bacteria can be a major threat to public health, 
as the antibiotic resistance determinants can be 
transferred to other pathogenic bacteria 
potentially compromising the treatment of severe 
bacterial infections [9]. 
 
The resulting isolates showed varying resistance 
to augumentin (5.88%), amoxicillin (97.06%), 
cloxacillin (73.53%), cotrimoxazole (95.58%), 
erythromycin (5.88%), gentamicin (14.71%), 
nitrofurantoin (85.29%) and tetracycline (58.82%) 
(Table 2). These findings corroborated reports by 
Sabaté et al. [25] that treatment for E. coli 
infection has been increasingly complicated by 
the emergence of resistance to commonly 
antimicrobial agents. 
 
The sensitivity of the isolated E. coli to 
augumentin is in agreement with results reported 
by Marwa et al. [26] and Osterbald et al. [27] that 
most E. coli isolates from food were sensitive to 
Amoxicillin/clavulanic acid; whereas, Oje et al. 
[28] and Lateef et al. [29] reported a 100% 
resistance of E. coli isolated from ready-to-eat 
foods from outlet in Ekiti State University and its 
Environs and orange juice respectively to 
augumentin. The E. coli in this study however, 
had a high resistance to cotrimoxazole contrary 
to report of high sensitivity of food isolates by 
Marwa et al. [26] and Srinu et al. [30] and a 40% 
resistance of E. coli from orange juice reported 

by Lateef et al. [29]. The E. coli isolated from 
orange juice had a comparable resistance to 
amoxicillin (100%), cloxacillin (60%) and 
gentamicin (20%) [29]. On their part, Rasheed et 
al. [31] have reported lower percentage 
resistance of E. coli from non fruit sources to 
tetracycline (12.6%), cotrimoxazole (11.3%) and 
gentamicin (4.6%). 
 
4. CONCLUSION 
 
The findings of this study highlight the potential 
health risk to the community due the presence of 
E. coli and presumptive E. coli 0157:H7 
contamination showing variable susceptibility and 
resistance patterns in response to commonly 
used antibiotics employed in this study. The 
study has brought to the fore the need for a more 
intense and well planned community awareness 
programs advocating use of uncontaminated 
water, hygiene-based handling and marketing 
procedures to prevent any major outbreak 
associated with contaminated fruits otherwise the 
already poor public health system in these 
community may be further burdened. 
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