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Abstract 
It has become imperative to assess the effect of washing food produce 

especially fruits due to disease outbreaks ravaging the last decade with 

accompanied increase in mortality and morbidity rate. In this study fruit 

and vegetable samples including Tomato (Solanum lycopersicum L.), 

Cucumber (Cucumis sativus L.), Pear (Pyrus communis L.), Eggplant 

(Solanum aethiopicum L.), Apple (Malus domestica L.) and Tangarine  

(Citrus reticulate  L.) were purchased from five different markets namely; 

Wurukum, Modern, North bank, Wadata and High level in Markurdi, 

Benue State.  A part of the sample (fruits and vegetables) was washed for 

1minutes under running tap water while the other part was left unwashed. 

Highest bacterial load for washed Tomatoes was 5.3 ± 0.5 x 106 CFU/g 

while that for Cucumber samples (Cucumis sativus) was recorded as 4.2 

± 1.8 x 106. In the same vein highest bacterial load of 6.3 ± 0.5 x 106 

CFU/g and 4.5 ± 1.8 x 106 CFU/g was recorded for washed  Pear (Pyrus 

communis L.), and Eggplant (Solanum aethiopicum) samples respectively 

while washed Apple (Malus domestica L.) and Tangarine  (Citrus 

reticulate  L.) samples had the highest bacterial load of 6.0 ± 2.7 x 106 

CFU/g and 4.2 ± 3.2 x 106 respectively. Lowest and highest bacteria load 

of 2.5 ± 1.2×108 and 8.4 ± 1.3×109 CFU/g was recorded for unwashed 

tomato and cucumber samples respectively. Using biochemical tests 
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bacteria isolates from fruits and vegetable samples were identified as 

Escherichia coli, Klebsiella spp, Proteus spp, Pseudomonas spp, 

Staphylococcus aureus, Bacillus subtilis, Enterobacter aerogenes and 

Pectobacterium carotovorum. Further confirmation of bacteria isolates 

using 16S rDNA gene sequencing confirmed them as S. aureus CIP 9973, 

P. carotovorum Pec1, E. cloacae AS10, K. aerogenes OFM28, P. 

mirabilis UPMSD3, E. coli 2013C-3342. Pectobacterium carotovorum 

subsp. Carotovorum was not present on washed fruits and vegetable 

samples. Washing of food produce especially fruits and vegetables which 

make up for more than 90% of human daily consumption has become 

extremely important to curtain and curtail the effect of disease outbreaks 

in these times. 

 

Keywords: Charcterization, Bacteria, Unwashed, Vegetable, Samples, 

Disease Outbreaks. 
 

 

Introduction 
Background of the Study 

Fruits and vegetables are included 

among the basic and nutritious food 

for human beings (Perez et al., 2014). 

Consumption of these products has 

dramatically increased in recent times 

(Vincent et al., 2013). They contain 

various medicinal and therapeutic 

agents and are valued mainly for their 

high vitamin, dietary fiber and mineral 

contents (Hung et al., 2014). Fruits 

and vegetables have been associated 

with outbreaks of food borne diseases 

in many countries (Aly et al., 2012). 

One of the major concerns in the food 

industry is contamination by 

pathogens, which are frequent causes 

of food borne diseases. In Nigeria, 

acute gastroenteritis affects 2 to 10 

million people with more than 500 

human deaths annually and 

approximately 22 to 30% of these 

cases are thought to be food borne 

diseases with the main foods 

implicated as vegetables and fruit 

products (Awojobi et al., 2016). 

Pathogens from human and animal 

reservoir as well as other 

environmental pathogens can be 

found at the time of consumption (Pei 

et al., 2014). Bacterial pathogens such 

as Salmonella species, Shigella 

species, Campylobacter jejuni, 

Escherichia coli, Listeria 

monocytogenes, Staphylococcus 

aureus and Clostridium botulinum 

have been associated with such 

outbreaks (Kannan et al., 2013). These 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/rna-gene
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outbreaks vary in size from a few affected persons to many thousands (Kader, 

2014). There have been several previous outbreaks linked to salad vegetables, 

which are consumed raw. However, illness linked to root vegetables is much 

less common because most root vegetables are cooked before being eaten. 

There is always a risk of harmful bacteria on loose vegetables spreading to other 

food if produce is not washed properly. Most people are aware of the importance 

of handling meat safely, but many consider the risk of food poisoning from 

fruits and vegetables to be low, this risk was highlighted in the 2011 Escherichia 

coli (E. coli) outbreak in the UK. It is important to wash all fruit and vegetables 

before eating them to ensure they are clean and safe to eat. This study aimed at 

identifying bacteria associated with washed and unwashed fruits and vegetables 

and to buttress the importance of washing especially in recent times. 

 

Materials and Methods 

Collection of samples   

Six samples each consisting of various fruits and vegetables, viz: Tomato 

(Solanum lycopersicum L.), Cucumber (Cucumis sativus L.), Pear (Pyrus 

communis L.), Eggplant (Solanum aethiopicum L.), Apple (Malus domestica 

L.) and Tangarine  (Citrus reticulate ) were purchased from five different 

markets in Markurdi, Benue State namely:  Wurukum, Modern, North bank, 

Wadata and High level markets. The samples were collected in sterile polythene 

zip bags and universal bottles to avoid any handling contamination and labeled 

according to the location (markets) from where they were purchased. All 

samples were kept at a temperature of 4oC in an ice pack before being 

transported to the Microbiology Laboratory for further analysis 

 

Media Preparation  

Media used in the study are as listed below and were prepared according to the 

manufacturers’ recommendations and guidelines. 

 

Processing of Samples  

Processing of fruits and vegetable samples 

Fruits and vegetable samples got from the various markets were divided into 

two equal parts:  one part consisted of fruits and vegetables washed under 

running tap water and the other part of unwashed fruits and vegetables. Twenty-

five gram each of the washed and unwashed  samples Tomato (Solanum 

https://www.nhs.uk/conditions/food-poisoning/
https://en.wikipedia.org/wiki/Eggplant
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lycopersicum L.), Cucumber (Cucumis sativus L.), Pear (Pyrus communis L.), 

Eggplant (Solanum aethiopicum L.), Apple (Malus domestica L.)  and 

Tangarine (Citrus reticulate L.)  were weighed in sterile conditions, and reduced 

separately into smaller pieces using mortar and pestle, pre sterilized with 70% 

alcohol (Goh and Philip, 2016).  

 

Isolation of Bacteria from the Different Samples 

Isolation of bacteria from the fruit and vegetable samples 

Bacterial species were isolated from fruit and vegetable samples using the serial 

dilution agar plate technique (Aneja et al., 2009). One gram each of the 

processed products as described in sections 2.3.1 were aseptically transferred 

separately into 9 ml of sterile water to make a mixing stock. The homogenized 

mixture was serially diluted by taking 1 ml of stock mixture into appropriately 

labelled test tube to make 10-1 of the mixture. The serial dilution was continued 

until 10-7 and 10-9   was obtained respectively for washed and unwashed fruits 

and vegetable samples. An aliquot (0.1 ml) of the different dilutions was then 

spread over nutrient agar media supplemented with amphotericin B (10 μg) 

before pouring to prevent fungal growth, the plates were then incubated for 24 

hours at 37 ± 2oC. Discrete colonies were then sub-cultured in nutrient broth 

and streaked over different selective and differential media agar plates i.e. 

MacConkey, Eosin Methylene Blue and Mannitol salt agar. The media plates 

were properly labelled according to the vegetable samples and their source. 

Inocula in the various media plates were incubated in an incubator (Swiss model 

NU-5700, UK) at 37 ± 2oC   and observed for growth and colony formation 

after 24 hours.  

 

Microbial load determination 

For enumeration of microorganisms present in the processed samples (washed 

and unwashed), 1 ml of the different dilutions was pipetted into sterile Petri-

dishes and molten nutrient agar (45oC) added. The plates were swirled 

thoroughly to allow even distribution. The inoculated media plates were then 

incubated using a Swiss model NU-5700, UK incubator   at 37 ± 2oC   for 24 

hours. After 24 hours of incubation, the colonies were counted using a colony 

counter (Stuart Scientific, UK). Microbial load of each sample was determined 

as CFU/ml and calculated using the formula: CFU /ml = No. of colonies x 

dilution factor / volume of inoculum (Nishant and Pinky, 2015). 

https://en.wikipedia.org/wiki/Eggplant
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Purification of bacteria isolates    

Colonies observed after 24 hours from the processed samples, were carefully 

picked and sub cultured thrice whilst incubating at 37 ± 2oC for 24 hours to 

obtain pure isolates. Purified isolates were maintained at 4oC (Haier 

Thermocool, China) in nutrient broth medium for further characterization and 

identification. 

Identification and Characterization of Bacterial Isolates from Selected Fruits 

and  Vegetable samples 

Bacterial isolates were identified macroscopically, microscopically (based on 

colonial and cellular morphology), and by various biochemical means. Their 

identities were further confirmed using 16S rDNA gene identification.   

 

Biochemical tests for the identification of isolates 

Biochemical tests for the identification of the different isolates were performed 

according to Bergey’s manual of systematic bacteriology (Whitman et al., 

2012). 

 

Gram staining  

Gram stain was carried out by placing a drop of water on a clean glass slide, 

part of a single colony taken aseptically from freshly grown culture was mixed 

with the water to make a smear. It was passed through Bunsen flame 

intermittently to fix the smear to the glass slide. The smear was flooded with 

crystal violet for one minute and rinsed under running tap water. It was further 

flooded with Gram iodine for 30 seconds and rinsed gently with tap water. The 

smear was then decolourized by adding 70% (v/v) ethanol to the cells and rinsed 

off with tap water immediately until no colour effluent was seen. A counter 

stain, safranin was added to the smear for 1 minute, rinsed with water, drained 

and air dried. Under a compound light microscope (Bausch and Lomb 

Dynazoom, SMZ1500) using oil immersion objective lens (x 100) the smear 

was observed for cell colour and shape. The smear was also observed for the 

presence of more than one type of cell to check the purity. Gram positive cells 

showed a purple colouration while the red or pink coloured cells indicated Gram 

negative cells (Fawole and Oso, 2001).  

Molecular identification of isolates from Fruits and Vegetable samples 

Bacteria deoxyribonucleic acid extraction protocol 
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Fresh culture of isolates from the different samples were duplicated in sterile 

bottles containing nutrient broth for molecular identification. Broth culture 

(1000 µl) was centrifuged (Sorvall RC6 PLUS, Thermo-electron Corporation, 

Asheville, NC, USA) at 10, 0000 g for 5 min to get the pellets. The supernatant 

was decanted and 1ml of DNA Extraction Buffer (DEB) containing proteinase 

K (0.05 mg/ml) added and vortexed using a vortex mixer, after which 50 µl of 

20% sodium dodecyl sulphate (SDS) was added and incubated in a water bath 

at 65 oC for 30 minutes. The tubes were then allowed to cool to room 

temperature, before adding 100 µl of 7.5 M potassium acetate and mixed briefly. 

The solution was then centrifuged (Sorvall RC6 PLUS, Thermo-electron 

Corporation, Asheville, NC, USA) at 13000 g for 10 minutes. The supernatant 

was transferred into fresh autoclaved tubes. Two third volumes of Isopropyl 

alcohol was then added to the supernatant in the test tubes and inverted gently 

before incubating in an incubator shaker (Thermo scientific) at 20 oC for 1 hour. 

After incubation the solution was centrifuged at 13000 g for 10 minutes and the 

supernatant discarded. Thereafter 500 µl of 70% ethanol was added and the 

supernatant further centrifuged again for 5 minutes at 13000 rpm. The 

supernatant was carefully discarded with the DNA pellet intact and the DNA 

pellets dried at 37 oC for 10-15 minutes. The pellets were later resuspended in 

50 µl of Tris-EDTA (TE) buffer. Aliquots of DNA obtained were then stored at 

20oC in a refrigerator (Haier, thermocool China) for further laboratory analysis 

(Zhou et al., 2014). 

 

Polymerase chain reaction (PCR) analysis 

Polymerase chain reaction was done according to the method of Dubernet et al. 

(2002). Polymerase Chain Reaction sequencing preparation cocktail consisted 

of 10 µl of 5x GoTaq colourless reaction, 3 µl of 25 mM MgCL2 (Magnesium 

Chloride), 1 µl of 10 mM of dNTPs (deoxyribonucleotide triphosphate) mix, 1 

µl of 10 p mol   each of the 16S rDNA gene forward primer (50-

AGAGTTTGATCCTGGCTCAG-30),reverse primer: 50 

(GTGTGACGGGCGGTGTGTAC-30),  0.3 units of Taq DNA polymerase 

(Promega, USA) made up to 42 µl with distilled water and 8 μl DNA template. 

Polymerase chain reaction was carried out in a Gene Amp 9700 PCR System 

Thermal cycler (Applied Bio system Inc., USA) with a PCR profile consisting 

of an initial denaturation at 94 °C for 5 min; followed by a 30 cycles consisting 

of 94°C for 30 seconds annealing of primer at 56 oC and 72 °C for 1 minute 30 
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seconds; and a final termination at 72 °C for 10 minutes. These was then 

allowed to chill at 4oC in a refrigerator (Haier Thermocool, China). 

 

Determination of the integrity of the deoxyribonucleic acid (DNA) Gel 

Integrity of the DNA and PCR amplification product were checked on 1% 

agarose gel. Tris Borate EDTA (1XTBE) buffer was used to prepare the agarose 

gel. The suspension was boiled in a microwave for 5 minutes. The molten 

agarose was allowed to cool to 60°C and stained with 3 µl of 0.5 g/ml ethidium. 

A comb was inserted into the slots of the casting tray and the molten agarose 

was poured into the tray. The gel was further allowed to solidify for 20 minutes 

to form the wells. Tris/Borate/EDTA (1XTBE) buffer was then poured into the 

gel tank to barely submerge the gel. Two microlitre (2µ l) of 10 x blue gel 

loading dye (which gives colour and density to the samples to make it easy to 

load into the wells and monitor the progress of the gel) was added to 4 µl of 

each PCR product and loaded into the wells after the 100 bp DNA ladder was 

loaded into well 1. The gel was electrophoresed at 120 V for 45 minutes and 

visualized with ultraviolet trans-illumination and photographed (Zhou et al., 

2014). The sizes of the PCR products were estimated by comparison with the 

mobility of a 100 bp ladder that ran alongside experimental samples in the gel.  

 

Purification of amplified 16SrRNA gene product 

Amplified fragments were further purified using 95% ethanol in order to 

remove the PCR reagents. A 3 M, 7.6 µl of Sodium acetate and 240 µl of 95% 

ethanol were added to each 40 µl PCR amplified product in a sterile 1.5 µl 

Eppendorf tube and mixed thoroughly using a vortex mixer (Cole-Parmer India, 

Pvt limited) and kept at -20°C in the refrigerator (Haier, Thermocool, China) 

for 30 minutes. This was then centrifuged (Sorvall RC6 PLUS, Thermo-electron 

Corporation, Asheville, NC, USA) for 10 minutes at 13000 rpm at 4°C followed 

by removal of the supernatant after which the pellet were washed by adding 150 

µl of 70% ethanol and centrifuged for 15 min at 7500 g at 4°C in a refrigerator 

(Haier, Thermocool, China). All supernatant was repeatedly removed and tubes 

were inverted on paper tissue and left to dry in the fume hood at room 

temperature (28 ± 2oC) for 10 -15 minutes after which it was suspended with 

20 µl of sterile distilled water and kept at in the refrigerator (Haier, Thermocool, 

China) at -20 oC prior to sequencing. The purified gene product fragment was 

checked on a 1.5% Agarose gel ran on a voltage of 110 V for about 1 hour as 
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previously described, to confirm the presence of the purified product and 

quantified using a Nano drop Model 2000 from thermo scientific UV-Vis 

spectrophotometers.  

 

Sequencing of amplified fragments 

Sequencing of amplified PCR fragments was carried out by Inquaba Biotec 

Sequencing Service, South Africa using the method of Yuehua et al. (2016). 

Amplified fragments were sequenced using a Genetic analyzer 3130xl 

sequencer (Applied Bio systems) using the manufacturers’ manual while the 

sequencing kit used was Big Dye terminator cycle sequencing kit. Bio- Edit 

software and MEGA 6 were also used for all genetic analysis. The obtained 

sequences were compared with those available in the Gen Bank database, using 

the Basic Local Alignment Search Tool (BLAST) at the National Center of 

Biotechnology Information website (http://www.ncbi.nlm.nih.gov/). 

 

RESULTS 

Data on bacterial load of the different samples showed that they varied with 

type and source (markets). However, on the basis of the market where they were 

bought, average bacterial load of fruits and vegetables washed under running 

tap water showed that Tomatoes from North bank had the highest bacterial load 

of 5.3 ± 0.5 x 106 CFU/g (Table 1), while that from High level market had the 

least bacterial load of 2.9 ± 1.5 x 104 CFU/g. Cucumber samples (Cucumis 

sativus) from North bank and Wadata markets had bacterial load of 4.2 ± 1.8 x 

106 and 4.2 ± 0.8 x 106 CFU/g respectively. Highest bacterial load of 6.3 ± 0.5 

x 106 CFU/g was recorded for Pear (Pyrus communis L.) from Wurukum 

market while Eggplant (Solanum aethiopicum) from Wadata market had the 

highest load of 4.5 ± 1.8 x 106 CFU/g. Apple (Malus domestica L.) from 

Wurukum market had bacterial load of 6.0 ± 2.7 x 106 CFU/g, lastly Tangarine 

(Citrus reticulate  L.) samples from Wurukum and Modern markets had  an 

average bacterial load of  4.2 ± 3.2 x 106 and 4.2 ± 2.4 x 106 CFU/g respectively 

(Table 1). Fruits and vegetables samples washed under running tap water from 

North bank and Wurukum markets had higher bacterial load than the ones from 

other markets as evident in Table 1. Although, the samples were bought from 

different selling points, the bacterial loads followed the same trend in 

maintaining varying counts for the different vegetable samples (Table 1). 

Unwashed Fruits and vegetable samples had higher bacterial load than washed 

https://en.wikipedia.org/wiki/Eggplant
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ones, with unwashed tomato and cucumber samples recording the lowest and 

highest bacteria load of and 2.5 ± 1.2×108 and 8.4 ± 1.3×109 CFU/g 

respectively (Table 2).  

 

Table 1: Average Bacterial Load (Log CFU/g ± SD) of Washed Fruits and 

Vegetable Samples Purchased from Selected Markets in Makurdi  

Samples   Wurukum 

Mkt 

Modern Mkt North bank 

Mkt 

Wadata Mkt High level 

Mkt 

Tomato 4.8 ± 1.5 x 104 4.8 ± 0.5 x 104  5.3 ± 0.5 x 106 4.6 ± 2.0 x 106 2.9 ± 1.5 x 104  

Cucumber 4 .1 ± 0.8 x 104  3.7 ± 1.4 x 106 4.2 ± 1.8 x106 4.2 ± 0.8 x 106 3.8 ± 3.1 x 106 

Pear 6.3 ± 0.5 x 106 4.5 ± 2.2 x 104 3.7 ± 1.5 x 106  4.8 ± 1.7 x 106 3.5 ± 0.5 x 106 

Eggplant  4.3 ± 1.7 x 106 3.6 ± 1.8 x 104  3.7± 2.5 x 104 4.5 ± 1.8 x 103  4.3 ± 1.9 x 104 

Apple 6.0 ± 2.7 x 106 4.2 ± 1.6 x 104  5.3 ± 1.3 x 104 4.1± 2.2 x 104 5.0 ± 3.2 x 106 

Tangarine          4.2 ± 3.2 x 106 4.2 ± 2.4 x 106 3.5 ± 3.2 x 104 3.7 ± 1.15 x 106 4.1± 0.78 x 106 

Key: CFU/g = colony forming unit /gram. 

           Mkt     =   Market 

 

Table 2: Average Bacteria Load of Unwashed Fruits and vegetable Samples 

(CFU/g) Purchased from Selected Markets in Makurdi 

S/N Samples Bacterial Load (CFU /ml) 

1 Tomatoes (Solanum lycopersicum) 8.40 ± 1.25×109 

2 Cucumber (Cucumis sativus) 2.5   ± 1.02×108 

3 Pear (Pyrus communis ) 3.2 ± 0.96×108 

4 Eggplant (Solanum aethiopicum) 2.9 ± 0.80×108 

5 Apple (Malus domestica ) 5.2 ± 1.20×108 

6 Tangarine (Citrus reticulate) 6.9 ± 1.12×108 

Key: CFU/g = colony forming unit /gram. 

 

Bacteria growth was evident on the different agar media between 18 and 48 

hours of incubation. A total of nine (9) isolates were purified and identified from 

the different categories of fruits and vegetables. Pectobacterium carotovorum 

was isolated from unwashed fruits and vegetables. Most of the test bacteria 

purified from the different samples (fruits and vegetables) were Gram negative 

rods, catalase, nitrate positive and spore formers. Summarized results of all 

bacteriological and biochemical tests are presented in Tables 3 and 4. A total of 

https://en.wikipedia.org/wiki/Eggplant
https://en.wikipedia.org/wiki/Eggplant
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five (5) bacteria were isolated from washed tomato, eggplant and Tangarine 

samples, while the least number of three (3) bacteria (Staphylococcus aureus, 

Bacillus and Pseudomonas species) were isolated from Pear sample (Table 5). 

Staphylococcus aureus, Escherichia coli and Pectobacterium spp were present 

on all unwashed fruits and vegetable samples (Table 6). The most prevalent 

genera confirmed from fruits and vegetable samples washed under running tap 

water were Staphylococcus aureus and Bacillus species (19.2%) being present 

in 5 of the 6 sample types sampled followed by Pseudomonas spp and 

Escherichia coli (15.4%), Klebsiella spp and E. aerogenes (11.5%). Proteus spp 

(7.8%) were the least frequently isolated (Table 7). Pectobacterium species was 

absent in all washed fruits and vegetable samples. 

 

Table 3: Morphological Identification of Bacterial Colonies Obtained from 

Fruits and           Vegetable Samples 

S/
N
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n 
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n 

M
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1 White Circular Entire Translucent Smooth Negative -ve rod    + 

2 White Irregular Lobate Translucent Smooth Negative -ve rod    + 

3 Milky white Circular Entire Opaque Smooth Negative -ve rod    + 

4 Milky white Circular Entire Translucent Smooth Negative -ve rods    + 

5 Green Circular Entire Translucent Smooth Negative -ve rod     + 

6 White Irregular Lobate Translucent Smooth Negative +ve cocci    + 

7 Egg-white Circular Entire Opaque Smooth Negative +ve cocci    + 

8 White Irregular Lobate Translucent Smooth Negative -ve rod   + 

9 Milky 

white 

Circular Entire Opaque Smooth Positive +ve rod   + 

Key: -ve: Negative; +ve: Positive 

 

Table 4: Biochemical Characteristics of Bacteria Isolates from the Fruits and 

Vegetable Samples 

Isolates    

Code 

                               16 Tests Performed 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Identified organisms 

       1 + - + + - + - + - - + - - - + - Enterobacter spp 

       2 + - - - - + + + + + + - - + + - Escherichia coli 

       3 - - - - + - + + + + + + + - - + Klebsiella spp 

       4 + + - +  + + - + - + - + + - + + Proteus spp 

       5 + + - + - - - + + - + - - + + + Pseudomonas spp 
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       6 + + - - + + + + + - + - + - + - Staphylococcus 
aureus  

       7 + + + - - + + + - - + - - - - - Staphylococcus spp. 

       8 - - - - - + + + + + + - - + + + Pectobacterium spp. 

       9 - - - - + - + + + + + + + - + + Bacillus spp. 

 

No of Test performed Name No of Test performed Name 

1 Catalase 9 Maltose 

2 Oxidase 10 Galactose 

3 Indole 11 Glucose 

4 H2S 12 Arabinose 

5 Nitrate 13 Raffinose 

6 Urease 14 Mannitol 

7 Lactose 15 Methyl red 

8 Fructos

e 

16 Voges 

proskauer 

 

Table 5: Bacteria Occurrence in Washed Vegetable Samples  

 Vegetable samples Bacterial Isolates 

 Tomatoes 

(Solanum 

lycopersicum) 

Staphylococcus aureus, Escherichia coli, 

Enterobacter spp, Klebsiella spp and Bacillus spp  

 Cucumber 

(Cucumis sativus) 

Staphylococcus aureus, Proteus spp, Enterobacter spp 

and Bacillus spp 

 Pear(Pyrus 

communis) 

Staphylococcus aureus, Bacillus spp and 

Pseudomonas spp 

 Eggplant  

(Solanum 

aethiopicum) 

Staphylococcus aureus, Escherichia coli, Klebsiella, 

Pseudomonas and Bacillus spp. 

 Apple(Malus 

domestica ) 

Escherichia coli, Klebsiella spp, Pseudomonas spp 

and Proteus spp 

 Tangarine 

(Citrus reticulate ) 

Escherichia coli, Enterobacter spp, Bacillus spp, 

Staphylococcus aureus and Pseudomonas spp 

 

Table 6: Bacteria Occurrence in Unwashed Vegetable Samples  

 Vegetable samples Bacterial Isolates 

 Tomatoes 

(Solanum 

lycopersicum) 

Pectobacterium spp Staphylococcus aureus, 

Escherichia coli, Enterobacter spp and  Klebsiella 

spp. 

https://en.wikipedia.org/wiki/Eggplant
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 Cucumber  

(Cucumis sativus) 

Staphylococcus aureus, Escherichia coli, Proteus 

spp, Enterobacter spp, Pectobacterium spp and 

Klebsiella spp. 

 Pear(Pyrus communis  Pectobacterium spp, Proteus spp, Staphylococcus 

aureus, Bacillus spp, Pseudomonas spp and 

Escherichia coli. 

 Eggplant(Solanum 

aethiopicum) 

 Staphylococcus aureus, E. coli, Pectobacterium 

spp and   Proteus spp. 

 Apple(Malus 

domestica L.) 

E. coli, Klebsiella spp, Pectobacterium spp and 

Staphylococcus aureus 

 

Table 7: Percentage (%) Occurrence of Bacteria Isolates from Washed 

Vegetables Sampled in Makurdi, Nigeria. 

     Fruit and Vegetable  

Samples 

   

          Bacterial    

 isolates 

Frequency 

no. (%) 

Tomatoes Cucumber Pear Eggplant Apple Tangarine 

     Escherichia 

coli 

  4 (15.4) + _ _ +  + + 

     Klebsiella spp   3 (11.5) + - - +  + - 

     Proteus spp   2 (7.8) - + - -  + - 

     Pseudomonas 

spp 

  4 (15.4) - - + +  + + 

     S. aureus   5 (19.2) + + + +  - + 

     Bacillus spp   5 (19.2) + + + +  - + 

     Enterobacter 

spp 

  3 (11.5) + + - -  - + 

     Total  26 (100) 5 4 3 5 4 5 

 

DISCUSSION 

Reduction in bacterial counts of fruit and vegetable samples washed with tap 

water could be due to the presence of residual chlorine in the tap water used.  

Chlorine compounds such as sodium hypochlorite is added to public water 

supplies to kill disease causing pathogens. Studies from the Austrian Institute 

of Technology (2013) have also shown that tap water was able to reduce the 

microbial load of some fruits and vegetables when the produce were rinsed 

thoroughly with running tap water. Ahmed et al. (2017) also demonstrated that 

https://en.wikipedia.org/wiki/Eggplant
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thorough rinsing of fresh produce under running water was effective in reducing 

the number of microorganisms present on tomato fruits. However, some authors 

(Abdullahi and Abdulkareem, 2010; Atter et al., 2014) have reported that 

washing food samples with vinegar and chlorine based sanitizer were more 

effective when adequate doses were used than washing with tap water. Washing 

vegetables not only helps remove dirt, bacteria, and stubborn garden pests, it 

also helps remove residual pesticides.  The most important reason to wash food 

produce is to reduce the risk of food-borne illness (Babalola and Egwari, 2017).   

Margaret et al. (2009) and Austrian Institute of Technology (2013) also 

observed lower microbial counts in commonly consumed and washed fruits and 

vegetables. High microbial counts observed for unwashed fruits and vegetables 

further buttressed the importance of washing food samples and maintaining 

proper hygienic measures from farm to the market at every step, including 

cultivation, harvesting, transporting, packaging, storage and selling to the final 

consumers. Titarmare et al. (2009), Eni et al. (2010) and Itohan et al.  (2011); 

also reported high microbial count of 1.3 x 106 to 1.82 x107 cfu/ g and 3.0 x 

105 to 5.7 x 108 cfu/ g for unwashed vegetable samples collected from different 

retail markets.  

Bacteria isolated from selected fruits and vegetables used in this study belonged 

to eight genera identified as Enterobacter aerogenes, Staphylococcus aureus, 

Escherichia coli, Klebsiella, Proteus, Pseudomonas, Pectobacterium and 

Bacillus species. With the exception of  Pectobacterium carotovorum  all the 

bacteria identified  in this study were also isolated and identified by Adebolu 

and Ifesan, (2001);  Uzeh et al.(2009);  Eni et al. (2010) and Rajvanshi, (2010) 

from fruits and vegetable samples in different countries and climates. Some of 

the bacteria isolated in this study may be part of the natural flora of the fruits 

and vegetables or contaminants from soil, irrigation water and the environment. 

Other sources of contamination could be the transportation means, washing or 

rinsing water or handling by processors. Bacillus species have been reported to 

be part of the natural flora of most fruits and vegetables (Ahmed et al., 2017). 

The survival of Bacillus depends on several factors such as nature of the 

organism, resistance to a new physical environment and ability to form spores 

(De Giusti et al., 2010; Rajvanshi, 2010). Pseudomonas species reported in this 

study are also part of the natural flora of fruits and vegetables and are among 

the most profound fruits and vegetable spoilage bacteria. Cross contamination 

between storage materials and produce could probably account for the presence 

https://scialert.net/fulltextmobile/?doi=pjbs.2013.585.588#1108640_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2013.585.588#846001_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2013.585.588#1108641_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2013.585.588#846001_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2013.585.588#1108636_ja


 

250  africanscholarpublications@gmail.com                                                                               

 2020 

 

of these bacteria particularly where produce is pre washed with the same wash 

water by the vendor which was a common practice as observed in the course of 

this research. More importantly, bacteria on the produce could have multiplied 

over time as many fruits and vegetables present ideal conditions for the survival 

and growth of many types of microorganisms (Osamwonyi et al., 2013). 

Staphylococcus aureus and E. coli are pathogenic organisms of public health 

concern. Staphylococcus aureus is considered a potential public health risk due 

to the production of enterotoxins that cause food poisoning. These bacteria 

cause major public health concern worldwide in terms of human illnesses. 

Coliforms and fecal coliform are usually indicators whose presence will 

normally indicate the probable presence of pathogenic organisms of public 

health concern (Eni et al., 2010). Escherichia coli is a fecal organism which 

forms part of the normal intestinal flora of the digestive system in humans and 

a wide variety of animals and is commonly found in animal manures 

(Desmarchelier and Fegan, 2003). Their presence in fruits and vegetables used 

in this study indicated the possibility of fecal contamination from manure and 

improper post-harvest washing by processors at the various levels of 

production. It could also be attributed to the use of animal droppings as fertilizer 

for the fruits and vegetables in farms and gardens. According to Hung et al. 

(2014) produce can become contaminated from the growth phase where it may 

be exposed to contamination from the soil, animals or humans to when it's 

purchased and stored. Foodborne illnesses aside, the pesticides used to keep 

bugs and insects away from our food while it grows can also be damaging in 

their own right. "Today, organic farming has advanced, and the usage of 

chemicals such as pesticides to get a better yield has increased," pesticides and 

other chemicals used in organic farming have taken a toll on produce quality 

and eventually, people's health (Hung et al., 2014). According to Campos et al. 

(2013)   " Washing food produce will also   help remove pesticide residues. The 

presence of pathogenic and opportunistic bacteria like Klebsiella species, in 

some of the vegetables, further underscores the need to safeguard the health of 

consumers by proper washing and decontamination of food produce which are 

consumed without heat treatment.  

The absence of Pectobacterium carotovorum subsp. Carotovorum on washed 

fruits and vegetable samples showed that the washing process was able to 

remove the bacteria. Pectobacterium carotovorum subsp. carotovorum are 

usually responsible for damage of crops during culture and storage of farm 
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produce. Babalola and Egwari (2017) also isolated Erwina carotovorum from 

pear, tomatoes and pawpaw samples. According to Callejón et al. (2015) 

Pectobacterium carotovorum subsp. carotovorum (Erwinia carotovora) are 

capable of colonizing and creating lesions on healthy, undamaged plant tissues. 

The bacterium Pectobacterium carotovorum subsp. carotovorum (Erwinia 

carotovora) is a highly effective spoilage microbe that causes soft rot across a 

broad range of fruits and vegetables (Rajvanshi, 2010). Campos et al. (2013) 

also reported that Pectobacterium carotovorum subsp. carotovorum is one of 

several species that cause damage to harvested fruits and vegetables. Ben et al. 

(2015) opined that Pseudomonas species fluorescent soft-rotting bacteria can 

decay plant tissue at temperatures at or below 4oC. This could explain the high 

prevalence of these bacteria on fruits and vegetables at wholesale and retail 

markets.  

Bacteria found in this study are not specifically related to fruits and vegetables; 

they are also frequently isolated from animals or humans. Enterobacteriaceae 

such as E. cloacae and K. aerogenes are ubiquitous bacteria that are frequently 

recovered from the intestines of animals and humans. It is likely that the plants 

were contaminated indirectly by fecal bacteria from animals during the 

fertilization process or through direct contact with humans during harvesting, 

handling and packaging of products due to insufficient hygienic measures. 

According to the Austrian Institute of Technology (2013) contamination 

frequency of fruits and vegetables depends on several parameters: type of 

produce, contact with the soil, and season. In this study the fruits and vegetables 

were contaminated by different bacterial species, this could be because produce 

cultivated and harvested on the surface or in the soil are more commonly 

contaminated probably due to contact with soil, manure, irrigation water, waste, 

and animal excrement. In different crops, bacteria may occur in abundance in 

one field and rarely in others, according to Yi et al. (2010) they are found more 

frequently in low‐growing fruits and vegetables than in tree borne. This could 

explain the presence of the bacteria in the fruits and vegetable samples. In 

cucumbers bacteria were more often in the tissue close to the periphery and less 

often in the central core. In tomatoes, their frequency was highest close to the 

stem‐scar and the central core of the fruit, decreasing toward the periphery 

(Magiorakos et al., 2012). Campos et al. (2013) reported that the number of 

food-borne outbreaks associated with raw vegetables has increased in the late 

years with identified outbreaks etiology, primarily of bacteriological origin. 
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According to the Centers for Disease Control and Prevention washing food 

produce under running water can prevent one from becoming infected with 

food-borne illnesses like norovirus, which is a leading cause of disease 

outbreaks from contaminated food. Also, rinsing food produce ensures that the 

food is free of physical dirt, pebbles, insects and other lingering debris.  

 

Conclusion  

Given the wave of disease outbreak in recent times, ensuring food is clean and 

safe to consume is more crucial now than ever before. Even though scientists 

have found that COVID-19 can't live on surfaces for very long, including on  

food produce, the need for utmost caution is still important. Food produce 

should be kept clean always whether there is a disease outbreak or not.  
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