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Virulence factors (such as serum resistance, cell surface hydrophobicity, haemolysin, and gelatinase
production) and extended spectrum B lactamase were determined for the Gram negative bacilli isolated from
ready-to-eat fruit samples comprising of Ananas comosus, Carica papaya, Citrus sinensis and Citrullus
lanatus. The Enterobacteriaceae which include Klebsiella oxytoca (31.7%), Klebsiella pneumonia (22.0%),
Proteus mirabilis (14.6%), Enterobacter gergoviae (13.4%), Proteus vulgaris (3.7%), Pantoea agglomerans
(3.7%), Hafnia alvei (3.7%), Enterobacter aerogenes (2.4%), Citrobacter sakazaki (1.2%), Citrobacter freundii
(1.2%), Salmonella arizonae (1.2%) and Serratia marcescens (1.2%) respectively were characterized using
Microgen GNA ID kit. The haemolysin production analysis showed that 96.6% of Enterobacteriaceae
produced cytolytic protein toxins (a-haemolysin), gelatinase (81.7%), serum resistance (87.9%), cell surface
hydrophobicity (92.4%) and 95.8% were resistant to cefotaxime and ceftazidime which implies that such
organisms are ESBL producers. The research showed that consumption of ready-to-eat fruits processed and
sold by unlicensed vendors with poor education levels and untrained in food hygiene may increase the risk

of food-borne diseases.
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INTRODUCTION

Ready-to-eat fruits are fruits bought directly from street
vendors, hawkers or at local markets and consumed
immediately that is without necessarily having to cut, peel
or rinse before consumption as they have already been
prepared by the vendors (Eni et al., 2010). Over the last
few years, there has been a significant increase in the
consumption of sliced/ ready-to-eat fruits in Nigeria
because they are easily accessible, convenient and most
importantly cheaper than whole fruits (Oranusi and
Olorunfemi, 2011). In the food matrix, microbes grow in a
compact ecosystem in which they can exploit metabolites
produced by other microbes (metabiosis) (Gram et al.,
2002). Growth and metabolism of spoilage and
pathogenic bacteria produce compounds such as
secondary metabolites that can affect the quality of foods,
causing either organoleptical, structural, chemical or
microbiological changes in the products (Gram et al.,
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2002). These compounds include volatile compounds,
proteolytic and lipolytic enzymes, toxins and biogenic
amines (Rokka et al., 2004).

In addition to enteric pathogens, some food spoilage
Enterobacteriaceae are opportunistic pathogens capable
of causing disease in conditions favourable for their
growth. Contamination from process surface biofilms is
an effective route for food contamination by pathogens or
spoilage microbes. Beta-lactamase is an enzyme located
in the periplasm on the outer surface of the inner
membrane of the cell envelope (Ghuysen et al., 1991).
The production of penicillinases and other B-lactamase is
the principal mechanism of resistance to pB-lactam
antibiotics among members of the Enterobacteriaceae
family (Bush et al., 2001). Thus, increased consumption
rate of ready-to-eat fruits coupled with the associated risk
of disease to which consumers may be exposed, is a
matter of great concern because ready-to-eat fruit street
vending is done without adequate storage conditions,
thereby exposing the fruits to flies and other disease-
causing agents. The aim of the research work was to
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screen some selected Enterobacteriaceae for extended
spectrum beta-lactamase (ESBL) production, phenotypic
confirmation of ESBL production through double disk
synergy test and detection of virulence factors such as
cell surface hydrophobicity using the salt aggregation test
(SAT), bacterial serum resistance, gelatinase and
haemolysin production.

MATERIALS AND METHODS
Isolation and characterization of Enterobacteriaceae

A total of fifty ready-to-eat fruit samples comprising of
Ananas comosus (pineapple), Carica papaya (pawpaw),
Citrus sinensis (orange) and Citrullus lanatus
(watermelon) obtained from five retail outlets in Osogbo,
Osun state were analyzed for presence of pathogenic
bacteria. The characterization was based on the
biochemical characteristics, colonial and cellular
morphologies. Colonial morphology such as shape, size,
colour, edge, elevation and surface texture of the
colonies were observed macroscopically. The cellular
morphology of the isolates was determined through Gram
staining. Different biochemical tests such as catalase,
indole production, oxidase, citrate utilization etc. were
carried out using Microgen GNA ID kit (Microbiology
International, Frederick, USA).

Detection of virulence factors

Haemolysin production

Cytolytic protein toxins (alpha haemolysin) produced by
most haemolytic bacteria were assayed by culturing on
5% sheep blood agar at 37°C for 24 h. Haemolysin
production was detected by the presence of complete
heamolytic zone around the colony (Sharma et al., 2007).

Gelatinase production

Gelatinase production was assayed for by inoculating test
organisms on Gelatin agar and incubated at 37°C for 24
h; the culture was flooded with mercuric chloride solution,
thus development of opacity in the medium and a zone of
clearance around the bacterial colonies were considered
positive for the presence of gelatinase (Doughari et al.,
2010).

Cell surface hydrophobicity test

Salt Aggregation Test (SAT) according to Sharma et al.
(2007) was utilized to determine the cell surface
hydrophobicity of the bacterial isolates. 10 pl of bacterial
suspension was prepared using 1 ml of phosphate buffer
(pH 6.8) and a loopful of the suspension was mixed with
equal volumes of ammonium sulphate solution of different
molarities (1.4, 2.0, and 4.0 M) on a glass slide.

The mixture was rotated carefully for 1min. and
microscopically observed for agglutination. The highest
4.0 M dilution of ammonium sulphate solution having a
visible agglutination of bacteria was categorized as the
SAT value. Bacterial suspension agglutinating at the
lowest dilution (1.4 M) was considered auto aggregative,
while those with SAT values of < 2.0 M were considered
hydrophobic.

Bacterial serum resistance assay

Bacterial suspension prepared in Hank’s Balanced Salt

Solution (HBSS) which composed of sodium chloride
(0.89 mg/L), potassium chloride (0.04 mg/L), potassium
phosphate monobasic (0.06 mg/L), glucose (0.10 mg/L),
phenol red (0.001 mg/L), sodium phosphate dibasic
(0.048 mg/L), magnesium sulfate (0.098 mg/L), calcium
chloride (0.014 mg/L) and sodium bi-carbonate (0.035
mg/L) was used. Equal volume (0.05ml) of the bacterial
suspension and serum were mixed in a test tube and
incubated at 37°C for 180 min. Viable count (%) was
determined by calculating the difference in absorbance
value obtained at 600 nm before and after incubation.
Resistance of bacteria to serum bactericidal activity was
expressed as the percentage of bacteria survival after
180 min of incubation with serum in relation to the original
count (count at Omin). Bacteria were termed serum
sensitive if viable count dropped to 1% of initial value and
resistant if > 90% of organisms survived after 180 min of
incubation (Sharma et al., 2007).

Screening of the isolates for extended spectrum beta
lactamase production

Isolates were screened for extended spectrum beta
lactamase production wusing disc dilution method
according to the recommendation of CLSI (2005).
Ceftazidime (30 pg) and cefotaxime (30 pg) were placed
on Muller Hinton agar plates previously inoculated with
test organism and incubated at 37°C for 18 h. After
incubation, ESBLS production was determined by the
appearance of zone of inhibition (< 22 mm for ceftazidime
and £ 27 mm for cefotaxime) against the bacteria
(Sharma et al., 2007).

Phenotypic confirmation of ESBL production

Bacterial suspension of 0.1 ml equivalent to 0.5
McFarland turbidity standards was spread on Muller
Hinton agar and a combined disc containing amoxicillin
(20 ug) and clavulanic acid (10 pg) was placed at the
centre of the petri dish while ceftazidime (30 pg) and
cefotaxime (30 pg) were placed 15 mm to the centre,
incubated at 37°C for 18 to 24 h. An enhanced zone of
inhibition (synergy, regardless of size) between any one
of the beta-lactam disc compared to the combined
amoxicillin - clavulanic acid disc was considered to be
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Table 1. Biochemical Characterization of Enterobacteriaceae isolated using Microgen GN A ID kit.

Ox Nt Ls Ot HS GI Mt ONPG In Ur VP Ct X T.D.A Species
R + +  +- + - + + o+ + +  +- + Klebsiella oxycota
- + o+ - - + o+ - + + + o+ +/- Klebsiella pneumonia
- 4+ + + + - - -+ -+ H- +/- Proteus mirabilis
R +- o+ - + - + o+ -+~ - + Proteus vulgaris
+- o+ - - + - - - + o+ - - 4 + Pantoea agglomerans
- + o+ o+ - + o+ + - - + + o+ +/- Enterobacter gergoviae
+ + + + - + + + - + + + +/- Enterobacter aerogenes
- + - - + + + + - + - + + + Citrobacter freundii
+ + + + + o+ + - - + - + - Citrobacter sakazaki
- + o+ -+ 4 - + - - + - + +/-  Hafnia alvei
- + + + + + + + + + - + + Salmonella arizonae
- + + + + + + + + + + - + Serratia marcescens

Legend: Ox = Oxidase, VP = Voges-Proskauer, Ls = Lysine, Ct = Citrate utilization, H,S = Hydrogen sulphide, Nt = Nitrate, Gl
= Glucose, Ot = Ornithine decarboxylase, Mt = Mannitol, T.D.A= Tryptophan deaminase, O.N.P.G. = beta-galactosidase, Nt =
Nitrate, Id = Indole, Ur = Urease, + = Reactive, - = Non-reactive.

Table 2. Incidence rate of Enterobacteriaceae isolated from ready-to-eat fruits.

Isolates

Number of strains

Percentage (O/o)

Citrobacter fruendii
Citrobacter sakazaki
Enterobacter aerogenes
Enterobacter gergoviae
Hafnia alvei

Klebsiella pneumonia
Klebsiella oxytoca
Pantoea agglomerans
Proteus mirabilis
Proteus vulgaris
Salmonella arizonae
Serratia marcescence
Total

01 1.2
01 1.2
02 2.4
11 13.4
03 3.7
18 22.0
26 31.7
03 3.7
12 14.6
03 3.7
01 1.2
01 1.2
82 100

positive for ESBL enzyme production (Doughari et al.,
2010).

RESULTS
Morphological characteristics such as  colonial
morphology (colony shape, colour and surface

appearance) and microscopic morphology (cell shape
and arrangement) were done according to the Bergeys
Manual of Determinative Bacteriology (1994). A total of
82 Enterobacteriaceae isolates were obtained based on
their biochemical characteristics and identified to specie
level using Microgen GN A ID kit (Microgen bioproducts),
these include Klebsiella oxytoca (31.7%), Klebsiella
pneumonia  (22.0%), Proteus mirabilis (14.6%),
Enterobacter gergoviae (13.4%), Proteus vulgaris (3.7%),
Pantoea agglomerans (3.7%), Hafnia alvei (3.7%),
Enterobacter aerogenes (2.4%), Citrobacter
sakazaki(1.2%), Citrobacter freundii (1.2%), Salmonella

arizonae (1.2%) and Serratia marcescens (1.2%) (Tables
1 and 2).

Virulence factors such as serum resistance, cell surface
hydrophobicity, haemolysin and gelatinase production
were determined for the isolates (Table 3). The
haemolysin production analysis showed that 96.6% of
Enterobacteriaceae produced cytolytic protein toxins (a-
haemolysin), gelatinase (81.7%), serum resistance
(87.9%), cell surface hydrophobicity (92.4%) and 95.8%
of the isolates were resistant to cefotaxime and
ceftazidime which implies that such organisms are ESBL
producers. The ESBL producers obtained were resistant
to augumentin (amoxicillin and clavulanic acid),
ceftazidime and cefotaxime which implies that the
isolates were positive for phenotypic confirmatory test.

DISCUSSION

Ready —to -eat fruits are extraordinary dietary sources of
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Table 3. Virulence factors and ESBL analysis of the Enterobacteriaceae.

Parameters analyzed

Percentage of Enterobacteriaceae (%)

Haemolysin production

Serum resistance

Cell surface hydrophobicity
Gelatinase production

ESBL production

ESBL Phenotypic confirmatory test

96.6
87.9
92.4
81.7
95.8
+

Legend: + = All ESBL producers were resistant to augumentin (amoxicillin and clavulanic acid), ceftazidime and cefotaxime,

thus there was growth.

nutrients, micronutrients, and vitamins for humans, thus
vital for health and well being. Presence of Klebsiella
species, Proteus spp., Enterobacter spp., and Salmonella
spp. in the samples analyzed are direct reflection of the
sanitary quality of the fruit storage and processing
according to the report of Chukwu et al. (2009) and
Vantarakis et al. (2011) respectively. Most of these
organisms are of intestinal origin which showed
inadequate sanitary practices by the fruit vendors. Gram-
negative bacteria pathogens isolated also expressed
some virulence factors to promote motility, attachment to
epithelial or endothelial cell surfaces, avoid host immune
responses, activate or inactivate host cellular pathways
and ultimately cause clinical disease (Drudy et al., 2006).

Cell surface hydrophobicity enhances the adherence of
bacterial cells to host cell surface including mucosal
epithelia cells and resistance to phagocytosis by host
cells (Costa et al., 2006). It is also a significant
determinant of adhesion and biofilm formation on
polystyrene surfaces (Pompilio et al., 2008). Expression
of cell surface hydrophobic determinant by 92.4% of the
isolates shows that effect of antibiotics on the target
organisms would not be significant which may eventually
lead to tissue destruction by causing soft tissue infection
when such fruits are consumed. Production of gelatinase
which is an extracellular metalloendopeptidase by 81.7%
of the Enterobacteriaceae indicated the ability of the
isolates to hydrolyze gelatin and other compounds such
as pheromone, collagen, casein and fibrinogen (Makinen
and Makinen, 1994). The enzyme plays a very significant
role in bacteria pathogenesis by causing direct or indirect
damage to host tissue, thus consumption of fruits
harboring such microbes will facilitate microbial invasion
and survival in the host cell (Alebougeh et al., 2005)

Haemolysin production by 96.6% of pathogens
obtained would lead to lysis of the red blood cells, leading
to anemia and may result to death of the host.
Haemolysis also contribute to tissue injury, survival of
renal parenchyma, and entry into the blood stream thus
increasing the possibility of establishing acute
pyelonephritis (Raksha et al., 2003) because the mode of
action of haemolysis involves pore formation on the
colonized host cell (Wiles et al., 2008). Serum resistance
is the property by which the bacteria resist killing by

normal human serum due to the Iytic action of
complement system thus, gram-negative bacilli (87.9%)
that showed serum resistance demonstrated high degree
of survival in the blood during bacteraemia (Raksha et al.,
2003).

The production of B-lactamase remains the major
mechanism of resistance in gram-negative bacilli to -
lactam antibiotics. In recent years, extended-spectrum (3-
lactamases (ESBLs) have become progressively
widespread due to extensive use of third generation
cephalosporins in hospital settings (Bradford, 2001). The
ESBL producers obtained in the research possessed the
ability to hydrolyze B- lactam antibiotics containing an
oxyimino group namely augumentin (amoxicillin and
clavulanic acid), ceftazidime and cefotaxime which are
usually inactivated by B-lactamase inhibitors. Thus, the
bactericidal effect of the antibiotics on organisms would
not be significant because Enterobacteriaceae especially
those producing extended spectrum [ - lactamases
(ESBLs) normally cause various nosocomial infections
(Quale et al., 2002).

Summarily, the results obtained in the present study
indicate the poor hygienic condition of the fruit vending
which implies that the consumers are at risk of contacting
food borne infections when ready-to-eat fruits are
consumed. Fruit hawkers/vendors in Nigeria are generally
unaware of food regulations and have no training in food-
related matters thus; there should be awareness amongst
the vendors about the safe and hygienic practices;
Government agencies and Non  Governmental
Organizations should establish guidelines for selling of
ready-to-eat or precut fruits.
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