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ABSTRACT 
Fresh cut fruits processed by peeling, slicing or trimming with or without further processing or cooking before consumption. Fresh cut fruits 
collected from different stationary vendors and hawkers in Minna metropolis were analysed to determine their microbiological safety. All 
samples examined were contaminated with bacteria and fungi. The bacteria count ranged from 1.60x108 -8.40x104 cfu/g for cut pineapples 
sold in stalls, 1.50x108 -8.20x109 cfu/g for hawked cut pineapples, 3.50x104 – 9.00x105 cfu/g for cut watermelons sold in stalls, 1.50x104 -
1.70x105 cfu/g for hawked cut watermelons, 1.80x105 -2.50x105 cfu/g for cut pawpaw sold in stalls, 2.60x105 – 3.00x105 cfu/g for hawked 
pawpaw. The bacteria isolates were identified as Staphylococcus aureus, Staphylococcus epidermidis, Bacillus species, Escherichia coli and 
Enterobacter aerogenes species. Fungal isolates identified were species of Mucor, Penicillum, Cephalosporium, Aspergillus niger, 
Aspergillus flavus and Aspergillus fumigatus. The results obtained suggest the fresh cut fruits hawked and sold in stalls in Minna are of poor 
microbiological quality. It is therefore recommended that fresh cut fruit should be processed and sold under hygienic conditions. Several 
other recommendations were suggested. 
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INTRODUCTION 
Raw and minimally processed fruits and vegetables are 
an essential part of people’s diet all around the world. 
Where land is available, families grow fruits and 
vegetables for their own use. Alternatively, produce is 
purchased from local farmers or retail outlets for further 
preparations by street vendors, families at home or as 
part of meals eaten in restaurants and other food service 
facilities1. 
While advances in agronomic practices, processing, 
preservation, distribution and marketing have enabled the 
raw fruits and vegetable industry to supply high quality 
produce to many consumers all year round, some of 
these same practices have also expanded the 
geographical distribution and incidence of human illness 
associated with an increasing number of pathogenic, 
viral and parasitic micro-organisms. 
The micro organisms present will originate from micro 
flora of the raw material and those organisms introduced 
in the course of harvesting, processing, storage and 
distribution, the numerical balance between the various 
types will be determined by the properties of organisms 
themselves and the effect of processing. In most cases, 
the micro flora has no discernible effect and the fruits are 
consumed without objection and with no adverse effect, 

in some instances though, micro-organisms manifest 
their presence in one of these ways:  
· They can cause spoilage 
· They can cause food borne illness 
· They can transform the fruits’ properties in a 

beneficial way i.e. fermentation. 
Considering this background, the objective of this study 
is to enumerate, isolate, identify, and carry out antibiotic 
susceptibility testing of bacterial and fungal  isolates 
MATERIALS AND METHODS  
Collection of samples 
A total of 35 samples of sliced fruits were collected from 
major stalls and various hawkers within Minna 
metropolis. 
Preparation of samples and serial dilution 
One gram of each sample was weighed aseptically and 
transferred into 10mls of distilled water contained in a 
beaker. The beaker was thoroughly shaken to allow 
micro organisms that may be on the fruit to diffuse into 
the water. 1ml of the solution was serially diluted in a set 
of test tubes containing 9 mls of distilled water each. 
Isolation of pure cultures 
In order to get pure cultures, colonies from pure plate 
cultures were transferred to freshly prepared and 
solidified media using steak method of inoculation. After 
incubation for 24 hours, each pure culture was 
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transferred into a nutrient agar slants for subsequent 
characterization and identification of isolates. 
 Identification of isolates 
The following biochemical test were performed to 
identify the bacterial isolates: Grams staining, Citrate 
utilization test, Coagulase test, Sugar fermentation test, 
manitol salt test, Methyl red test, Voges proskauer test, 
Indole test, Catalase test and Fungal straining(for fungi 
isolates only). 
RESULTS 
Tables 1 and 2 shows the bacterial count for fresh cut 
pineapples sold in stationary stalls and hawked in Minna 
metropolis respectively. The bacterial count for cut 
pineapples sold in stationary stalls ranged from 1.60x108 

– 8.40x108 cfu/g while bacterial count for cut pineapples 
hawked in the metropolis ranged from 1.5x108 – 
8.20x108. Table 3 and 4 shows the bacterial count for 
fresh cut watermelons sold in stationery stalls and 
hawked in the metropolis respectively. The bacterial 
count for cut water melons sold in stationary stalls 
ranged from 3.50 x 104 _ 9.00 x 105 cfu/g while bacterial 
count for  cut water melons hawked in the metropolis 
ranged from 1.50 x 104 – 1.70 x 105 cfu/g. 
Table 5 and 6 shows the bacteria count for fresh cut 
pawpaw sold in stationary stalls and hawked in the 
metropolis respectively. The bacterial count for cut 
pawpaw sold in stationary stalls ranged from 1.8 x 105 – 
2.5 x 105 cfu/g while count for cut pawpaw hawked in 
the metropolis ranged from 2.6 x 105 – 3.0 x 105 cfu/g. 
It was observed that hawked cut pineapples had the 
highest bacterial count of  8.20 x 109 cfu/g while hawked 
cut melons had the least bacterial count of 1.50 x 104 

cfu/g. 
Table 7 shows the bacterial species isolated from fresh 
cut fruits. They include species of Bacillus, 
Streptococcus, Staphylococcus aureus, Staphylococcus 
epidermidis, Escherichia coli and Enterobacter 
aerogenes. E.coli had the highest frequency of 
occurrence in cut pineapples of 24% followed by S. 
epidermidis (20%) and Enterobacter aerogenes (20%). 
E.coli and E. aerogenes showed highest frequency of 
occurrence in cut water melons of  35.71% while E.coli 
had the highest frequency in cut pawpaw of 75% (fig. 1). 
Table 8 shows the occurrence of fungal isolates in fresh 
cut fruits. The fungal isolates include- species of  Mucor, 
Penicillum, Cephalosporium, Aspergillus niger, 
Aspergillus flavus  and Aspergillus fumigatus. A. niger 
had the highest frequency of occurrence of 50% in cut 
pineapples followed by Cephalosporium (25%) and 
Mucor (18.75%). A.niger and Mucor showed the highest 
frequency of occurrence in cut water melons while 
Mucor showed the highest frequency of 100% in cut 

pawpaw (fig.2). Table 9. Shows susceptibility of the 
isolates to common antibiotics. 
DISCUSSION 
A total of six species of bacteria and six species of fungi 
were isolated from thirty five samples of fresh cut fruits 
analysed. International microbiological standards 
recommended units of bacterial contamination for foods 
in the range of less than 103 cfu/g of food for total 
bacterial plate counts. This present work revealed that 
counts ranged from 1.6 x 108  - 8.4 x 108  cfu/g for  
pineapples sold in stalls, 1.50 x 108 – 8.20 x 109cfu/g for 
hawked cut pineapples, 3.50 x 104 – 9.00 x 105 cfu/g for 
cut water melons sold in stalls, 1.50 x 104 – 1.70 x 105 

cfu/g for hawked cut water melons, 1.80 x 105 – 2.5 x 105 

cfu/g for cut pawpaw sold in stalls and 2.6 x 105 – 3.0 x 
103 cfu/g for hawked cut pawpaw were obtained. It was 
observed that almost all the fruits examined had bacterial 
counts above the acceptable limit and is therefore 
microbiologically unacceptable. Pineapple appeared to 
have the highest bacterial count which may be due to its 
high carbohydrate content needed for the growth of 
bacteria2. 
 Most of the organisms isolated in this study might have 
been introduced into these fruits from feacally polluted 
water used for washing utensils (e.g. knives, trays, and 
pans), wrapping materials and the exposure of these 
products to low temperature. It may also be as a result of 
the failure of food handlers to observe basic sanitary 
rules3. According to Hobbs and Robert4 microbiological 
standard of food provides safe, sound and wholesome 
quality and also protects individual health. The 
proliferation of pathogenic bacterial species may lead to 
food intoxication. There is need for urgent improvement 
in the hygienic csondition of preparation and handling of 
fresh cut fruits, especially when organisms like S.aureus, 
E.coli and Bacillus species occur in high numbers. E.coli 
count in fruits is widely used and accepted as indicators 
of feacal contamination5-6. S.epidermidis might have 
been introduced from handlers being a normal flora on 
the skin of humans (Nester et al., 2004). These 
organisms are known to be associated with food 
poisoning or food infection. Also outbreak of food borne 
diseases such as gastro-intestinal disturbances, diarrhea 
to both adult and children may result from consumption 
of contaminated fruits4,7.  
Fungal isolates might have been introduced into fruits 
from soil contaminated materials used in processing 
fruits in to cut produce. Fresh cut fruits sold in open 
space are prone to contamination by spores of Bacillus. 
Some fungi produce toxins that are carcinogenic. The 
most thoroughly studied of these carcinogenic toxins are 
produced by species of Aspergillus which are called 
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Aflatoxins. Ingestion of aflatoxins in moldy foods has 
been implicated in the development of liver cancer, 
Penicillum and Mucor cause food spoilage8. 
The degree of contamination of these fruits differs from 
one stall to another and from hawker to hawker. It may 
be because of different sanitary conditions and stall 
location. Some of the handlers may equally use 
unprotected hands in packaging these fruits for the 
consumers thereby introducing micro-organisms to the 
fruits9. 
CONCLUSION 
The present study reveals that fresh cut fruits sold in 
Minna metropolis are not free from micro- organisms. 
Among the isolates are Staphylococcus aureus, 
Aspergillus flavus and Aspergillus niger which cause 
food poisoning or intoxication. This agrees with previous 
work  by Hobbs and Robert (1998) which showed that 
Staphylococcus isolated from foods caused poisoning 
and that proliferation of the organisms could lead to food 
intoxication.  E.coli and E.aerogenes revealed that the 
water used in processing (e.g. washing knives and 
utensils) are feacally polluted and these organisms can 
cause diarrhea which is in correlation with previous work 
by Harrigan and Mc Cane (1982) which revealed that 
outbreak of diarrhea and gastrointestinal disturbances in 
both adult and children  is as a result of contaminated 
foods. The presence of S.epidermidis shows 
contamination from the normal flora of fruits processors 
which agrees with previous work by Nkanya and Uriah 
(1981). They  revealed that some food handlers may use 
unprotected hands in carrying foods to the final 
consumers thereby introducing microorganisms into such 
foods. 
RECOMMENDATION 
1. Fruits should be processed with clean utensils and 

processing equipment that are washed with water free 
from feacal contamination. 

2. Fresh cut fruits should be sold in clean environment 
and not in dusty and dirty areas. Adequate storage 
facilities and clean show cases should be used to sell 
fresh cut fruits 

3. Hygienic principles should be applied from processing 
to consumption of fruits. 

4. Food handlers and vendors should be educated on 
proper sanitary ways of processing fruits to reduce 
microbial contamination and poisoning. Bryan and 

Bortison (1985) reported that food vendors release 
bacteria through talking. 

5. Conferences and workshops specifically addressing 
the control of human infections associated with 
consumption of contaminated raw fruits and 
vegetables should be organized. 

6. The establishment of effective Good Agricultural 
Practices (GAP) and GMP (Good Manufacturing 
Practices) that would cover all aspects of growing, 
harvesting, packaging, transport, processing, 
distribution and preparation of raw fruits and 
vegetables should be strongly encouraged10-13.  
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Table 1. Total Bacterial Counts of Cut Pineapple Sold in stalls 

 
Name of Stall                                                        Total Bacterial Count (cfu/g) 

PS1                                                                2.50 X 108 
PS2                                                                                                   5.65 X 108 
PS3                                                                                              4.85 X 108 
PS4                                                                                                   2.40 X 108 
PS5                                                                                                   7.40 X 108 
PS6           1.60 X 108 
PS7                                                                                                   8.40 X 108 
PS8                                         6.80 X 108 

Key – Ps – Pineapples in stall 
 
 

Table 2. Total Bacterial Counts of Hawked Cut Pineapples 
 

Name of Hawkers  Total Bacterial Count (cfu/g) 

PH1            6.00 X 108 
PH2                                                                                                           8.00 X 108 
PH3                           1.85 X 108 
PH4                                                                                                            8.20 X 109 
PH5                                        6.50 X 109 
PH6                                                                                                            4.50 X 109 

PH7                                                   12.30 X 108 
PH8                                                                                                              6.20 X 108 
PH9                                                           1.50 X 108 

Key- PH – Pineapples hawked. 
 

Table 3. Total Bacteria Counts of Cut Watermelons sold in Stalls 
 

Name of Stalls                                                           Colony Count in cfu/g 
WS1                                                                                   6.00 X 105 

WS2                                                                                                        4.00 X 105 
WS3                          9.00 X 105 
WS4                                                                                                         5.00 X 105 
WS5                                            6.50 X 105 
WS6                                                                                                         3.50 X 104 

Key – Ws – Watermelons sold in stalls 
 
 
 
 

Table 4. Total Bacterial counts of cut watermelon hawked 
 

Name of Hawkers                                             Colony Count in cfu/g 
WH1                                                                                               4.50 x 104 
WH2                         1.50 x 104 
WH3                                                                                                2.50 x 104 
WH4                                                              2.60 x 104 
WH5                                                                                                 1.70 x 105 

Key – WH – Watermelons Hawked. 
 

Table 5. Total Bacterial Counts of cut Pawpaw sold in Stalls 
 

Name of Stalls                                                   Colony Count in cfu/g 
PAS1                                                                                           2.50 X 105 
PAS2                                                               2.00 X 105 
PAS3                                                                                             1.80 X 105 

Key – PAS – Pawpaw sold in stalls 
 

Table 6. Bacterial Count of Hawked cut pawpaw 
 

Name of Hawker           Colony Count in cfu/g 

PAH1                                                                                                                           3.00 X 105 
PAH2                              2.60 X 105 
PAH3                                                                                                                      2.90 X 105 

 
Key – PAH – Pawpaw hawked 
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Table 7. Occurrence of Bacterial Isolates in Fresh Fruits 

 
Bacteria                          Pineapples                           Pawpaw                  Water melon 
S. aureus                              4(16)                    0(0)                          2(14.29) 

S. epidermidis                     5(20)                                     0(0)                           0(0) 
E. coli                                   6(24)                                   3(75)  5(35.71) 
Bacillus spp                         2(8)                                     1(2)                        2(14.29) 

E. aerogenes                          5(20) 0(0)                         5(35.71) 
Stretococcus spp                   3(12)                                  0(0)                          0(0) 

Percentage of occurrence is given in parenthesis 
 

Table 8. Occurrence of fungal isolates in Fresh cut fruits 
 

Fungi                          Pineapples                       Pawpaw                       Watermelon 
Cephalosporium              4(25.00)                   0(0)                             0(0) 
A.niger                             8(50.00)                               0(0)     7(31.82) 
Mucor                              3(18.75)                               3(100)                        7(31.82) 

Penicillum                        1(6.25)                                 0(0)                            0(0) 
A. flavus                             0(0)                                     0(0)                             6(27.27) 
A.fumigatus                       0(0)                                      0(0)                               2(9.09 

Percentage of occurrence is given in parenthesis. 
 

Table 9. Sensitivity Testing of Bacterial Isolates (mm) 
 

Isolate                     PEF      E     SXT     S    CPX   R     NA    Z       APX   CN   OA   SA   OFX 

S.epidermidis           I          S       S         S  I        S       I       S          I        I        I         I          S 
S.aureus                   R         I        I          S      S      I        I       S           I       S        R         S        I 
E.coli                        I      S       S         R      I      I        I       S            S      I         I          S       S 
Streptococcus           I          S        S        S      S     S       S     S             R      S        I         S       S 
Bacillus  S        S         S        S     S      S        S    S            R      S         I        R      S 
E.aerogenes S        S         R        R    S    S        I      S            S       S        I          I      S 

 
Key:- SXT – Septrin  (30αg)                                       E – Erythromycin (10αg) 

PEF – Peflacin (10αg)                                       S – Streptomycin (30αg) 
CPX - Ciprofloxacin(10αg)                              R – Roceptrin (30αg) 
NA –Nalidric (30αg)  Z –Zinnacef (20αg) 
OFX – Tarivid (10αg)                                      APX –Ampiclo (30αg) 
CN – Chloramphenicol (30αg)                         CN – Gentamycin (10αg) 
I- Intermediate      S- Sensitive 
R- Resistant 
N.B- Refer to Table A in appendix . 
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Fig 1  Occurrence of bacterial isolate 
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Fig. 2. Occurrence of fungal isolates 
 
 
 
 
 
 

 


