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Abstract: Extended spectrump-lactamses (ESBL) are a group of plasmid mediated, diverse, complex, and rapidly evolving
enzymes that are posing a major therapeutic challenge today in the treatment of hospitalized and community patients. Due to
non-regulation of snacks, people are exposed to pathogenic bacteria. The aim of this study is to detect extended spectrum f3-
lactamases among bacteria isolates from snack foods sold in Kaduna metropolis Nigeria. A total of 144 samples comprising of
meat-pie, doughnut, egg-roll, buns, samosa, burger and pizza were cultured on blood agar, McConkey agar and Cysteine
Lactose Electrolyte Defficient Agar, for the presence of pathogenic bacteria. The isolated organisms were subjected to
biochemical tests for identification using standard procedures. The isolates were screened for Extended Spectrum fB-lactamase
(ESBLs) production using the Clinical Laboratory Standard Institute (CLSI) break point using ceftriazone (30ug) and
cefotaxime (30pg). Suspected ESBLs producing organisms from screening tests were subjected to double disc synergy test
(DDST) for confirmation and standard discs of Augmentin (30ng). Out of the 144 snack samples analysed, 24 Gram negative
entericbacteria were isolated and these includes: Citrobacter freundii 6(25%), Echerichia coli 1(4.2%), Enterobacter sp.
2(8.3%), Klebsiella pneumonia 7(29.2%), Proteus mirabilis 1(4.2%), Serratia marcenscens 4(16.7%), Morganella morganii
1(4.2%,), providencia sp. 1(4.2%) and Shigella sp. 1(4.2%,). Detection of ESBL among Gram-negative isolates based on CLSI
revealed that 16(66.7%) of the isolates were ESBL producers while 37.5% were confirmed as ESBLs producers using Double
Disc Synergy Test. Statistically, there was a significant relationship between the different beta-lactamases producing isolates
(P<0.05).1t also showed a significant relationship between the occurrences of beta-lactamase producing isolates among the
different snacks (P<0.05) This study indicated that snack foods can be contaminated by ESBLs producing bacteria and may
result to infections following consumption by humans which have public health implications for the general public.
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1. Introduction

Beta-lactamase are enzymes produced by some bacteria  carbapenems are relatively resistant to beta-lactamase. Peta-
that provide resistance to B-lactam antibiotics like penicillins,  lactamase provides antibiotic resistance by breaking the
cephalosporins, and carbapenems (ertapenem), although  antibiotics 'structure. These antibiotics have a common
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element in their molecular structure of a four-atom ring
known as a [-lactam. However, through hydrolysis the
lactamase enzyme breaks the [-lactam ring open,
deactivating the molecule's antibacterial properties. Peta-
lactam antibiotics are typically used to treat a broad spectrum
of Gram-positive and Gram-negative bacteria. Peta-lactamase
produced by Gram-negative organisms are usually secreted,
especially when antibiotics are present in the environment
[1].

Extended Spectrum B-Lactamase were first described in
1980s and have been detected in Klebsiella sp and later in
Escherichia coli, Pseudomonas aeruginosa, Serratia
marcescens and other Gram-negative bacilli. Extended
Spectrum p-Lactamase are enzymes conferring broad
resistance to penicillins, Aztreonamand Cephalosporins.
These enzymes are able to hydrolyze 3™ and 4™ generation
Cephalosporins and Monobactams. They are an increasing
important cause of transferable multidrug resistance in Gram-
negative bacteria throughout the world [2]. One of the
important features of Extended Spectrum p-Lactamase
producing strains is resistant to multiple clinically important
antibiotics [3].

Snacks have been described as “high-energy” foods which
are composed of nutrients such as carbohydrate, fat and oil,
protein and water. They include: meatpie, eggroll, doughnut,
chin-chin, sausage, puff-puff and also crispso fall types such as
meat or fried fish and also African dish like moi-moi and
bean cake, etc. Theseare usually consumed by all age groups in
the society at large, but mostly youths in various institutions
and also school children. They are described as ready to Eat
Foods (RTE), because of their status as food being ready for
immediate consumption at the point of sale [4].

The consumption of snacks is due to the convenience of
modern lifestyle, economic downturn, industrialization,
materialism, the quest for more wealth, lack of time to
prepare a proper meal and the low purchasing power [5].

The major concern with ready-to-eat food (snacks) is their
microbiological safety mainly because vending prepare such
food in places that may have poor sanitation. In some African
countries, such food shave tested positive for various
microorganisms of public health concern, including faecal
Coliforms  Escherichia  coli, Staphylococcus  aureus,
Salmonella sp, and Bacillus cereus. A study conducted in
2011 by Oranusi and friends observed that the presence of
Escherichia coli, Enterococcus, Klebsiella sp. And
Staphylococcus aureus are of concern and further support the
possibility of faecal contamination of product due to poor
sanitation [6, 7].

Snacks (RTE) are regarded as potentially hazardous
because such foods can support the growth of pathogens
which can result in food borne disease, resulting from the
ingestion of the bacterial pathogens and their toxins as
documented worldwide [8]. The microbial agents that cause
food borne illness may include bacteria such as Salmonella,
Staphylococcus aureus, Escherichia coli (pathogenic trains),
Bacillus  spp, Clostridium  botulinum,  Pseudomonas
aeruginosa, viruses such as Hepatitis A and E, fungi such as

mold and yeasts [9, 10]. The nature of these foods and their
method of preparation, which involves extensive handling
make them prone to contamination and cross contamination
from soil, water, air, human activities (baking and sales)
storage and distribution facilities. How ever a number of
foods in Nigeria have been reported to have high level of
contaminants [11].

In 2007, World Health Organisation estimated that a
significant proportion of the approximately 1.5 billion
episodes of diarrhea and more than three million deaths
globally recorded annually results from the consumption of
food with microbial pathogens and toxins [9].

These bacteria are present in soil as environmental
contaminants and opportunistic pathogens which are
abundant in human body (skin, nail and hair), water and air
and hence can be easily present in these foods, due to
handling, processing, transportation and storage [5, 12].
Hazards in the forms of microbial contamination and
ultimately foodborne illness will occur when consuming such
products.

More attention has been focused on hospitals as the
primary reservoir and place of transmission of many
antimicrobial-resistant organisms, but there is a need to
shift interest to the role of non-hospital community, such as
foods, as a significant reservoir of resistant pathogens [13].
A general observation of our society shows a social pattern
characterized by increased mobility due to urbanization,
large number of itinerant workers and less family or home
centred activities resulting in a large percentage of the
population depending on ready-to-eat foods for
employment and food. This situation, however, has resulted
that food sanitary measures and proper food handling have
been transferred from individual, families to the food
vendors who rarely enforce such practices [14]. The major
concern with ready-to-eat food (snacks) is their
microbiological safety mainly because vending is done in
places that may have poor sanitation. [-lactamase
producing bacteria are important in polymicrobial
infections [14]. They have a direct and indirect impact in
causing infection through their ability to produce the
enzymef-lactamase [15]. Hence there is a critical need for
microbiological quality evaluation of snacks to as certain
their safety standard. Therefore the aim of this study was to
detect extended spectrum [-lactamase among pathogenic
bacterial isolated and to confirm extended spectrum f3-
lactamase producing isolates using Double Disc Synergy
Test (DDS )from snack foods sold within Kaduna
metropolis.

2. Materials and Methods
2.1. Study Site

Kaduna is the capital of defunct Northern Region States
with coordinates at 10° 32 23° N7° 26" 25° E North-west
Nigeria with total area of 131Kmgq (51sqmi), a cosmopolitan
town where every kind of food is sold. It is the present
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capital of Kaduna State.
2.2. Sample Collection.

A total of one hundred and forty four (144) snacks samples
comprised of meatpie, buns, eggroll doughnut, sausageroll,
burger, samosa, were purchased froms tandardeateries,
localkiosks, and street hawkers located in Sabo Tasha,
Barnawa, Central Market, KASU and some Hospital
environment. Samples were aseptically collected in a clean
polyethylene bag and transported immediately to the
laboratory for analysis.

2.3. Sample Experiments

The sample analysis was done using the standard
recommended procedure. Ten (10g) gram seach of the
sample were blended and inoculated into peptone water and
incubated at 37°C for 24 hours. The 24hours homogenate
was then inoculated on to MacConkey agar (Oxoid),
Cysteine Lactose Electrolyte Deficient (CLED) agar and
Chocolate agar plates for isolation of enterobacteriaceae.The
inoculated plates were incubated aerobically at 370C for 24-
48hours for colony formation [28].

2.4. Morphological and Biochemical Characterization of
the Isolates

Morphological and biochemical characterization of the
pure isolates obtained was carried out as described by
Monica Cheesbrough [16].

2.5. Detection of ESBL Producing Gram-Negative Isolates
from the Snacks

2.5.1. Screening Test for ESBL Producers

A Mueller Hinton agar plate was incubated with the test
isolates.Then Cefotaxime(30pg) and Ceftriazone(30ug)
single disc were used alone. The discs were placed 20mm
apart and incubated aerobically at 37°C for 24 hours.
Diameters of the zones of growth inhibition were measured
using a transparent metricruler.

2.5.2. Phenotypic Confirmatory Test (Double Disc Synergy

A sterile Mueller Hinton agar was prepared and a 0.5
McFarland equivalent standard of the test isolates was
streaked on the surface of the agar with a sterile loop and
allowed for 15-20 minutes to pre-diffuse. An Augmentin disc
(containing amoxicillin 10pg + clavulanicacid 20pg ) was
placed at the centre of the plate, Ceftriazone (30ug), and
Cefotaxime (30pg) each were placed 20mm apart (centre to
centre) with a sterile forceps. These were incubated at370C
for 24hours. Diameters of the zones of growth inhibition
were measured using a transparent metric ruler. An enhanced
inhibition zone of Smm and above of any one of the test
antibiotics towards the augmentin disc was regarded as
positive for phenotypic production of ESBL enzyme. [17]

3. Result

This study revealed that among the 144 samples cultured,
34 revealed bacteria growth accounting for 23.61% of the
total samples analysed. The various organisms isolated from
the respective cultures include: Citrobacter freundii, (6)
Escherichia  coli, Klebsiella  pneumonia, Serratia
marcenscens, Provindencia species, Enterobacter species,
Staphylococcus aureus, Proteus mirabilis, Shigella species,
and Morganella marganii. The various biochemical tests
revealed the following percentage occurrences Citrobacter
freundii 6(25%), Enterobacter species 2(8.3%), Escherichia
coli 1(4.2%), Klebsiella pneumonia 7(29.2%), Morganella
marganii 1(4.2%), Proteus mirabilis 1(4.2%), Provindencia
species(4.2%), Serratia marscenscens 4(16.7%), Shigella
species1(4.2%) as shown in (Tablel). Detection of Extended
Spectrum Beta Lactamase using cefotaxime and ceftriazone
revealed the presence of Beta lactomase among sixteen out of
the twenty four isolates. 100% of the number of Escherichia
coli, Enterobacter species and Proteus mirabilis screened
revealed the presence of ESBLs enzymes while 85.7%,
33.3% and 16.67% of Klebsiella pneumoniae, Citobacter
fruendii, and Serratia marcenscens respectively revealed the
presence of ESBLs enzyme as shown in (Table 2). How ever
this enzyme was not observed in Shigella species,
Morganella morganii and Providencia species as shown in
(Table 3).

Test)
Table 1. Biochemical Characteristics of Gram-negative Bacteria isolated from Snacks.
Isolate Biochemical Characteristics No. %
Lac Urea Cit. Mot. MR VP H,S Gas Butt Slope  Ind. identified occurrence
Citrobacter fruendii coctF -/+ + + + - +/- + Y R/Y - 6 25.0
Enterobacter species + - +/- + - - + Y Y - 2 8.3
Escherichia coli + - - + + - - +/- Y Y + 1 42
Klebsiella pneumoniae  + 000t - - - S Y Y +/- 7 29.2
Morganella morganii - + - + + - - + Y R + 1 4.2
Proteus mirabilis - + + + + = + + Y R - 1 42
Serratia marcescens -+ -+ 4 + - + Y Y - 4 16.7
Shigella species - - - - + - - + Y R - 1 4.2
Provindecia species - S 4 4 + = - S Y R 4 1 42

Lac=lactose,Cit=Citrate,Ind=indole,H,S=hydrogen sulphide production,Mot=motility
R=Alkaline reaction,Y=Acid reaction,+=Late positive reaction,+/-=few species give negative reaction
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Table 2. Occurrence of ESBLs among the Gram negative Bacterial Isolates Based on CLSI Break point.

s/n Isolates No.screened No positive %occurrence
1 Citrobacter fruendii 6 2 8.33(33.3)
2 Enterobacter species 2 2 8.33(100)
3 Escherichia coli 1 1 4.17(100)
4 Klebsiella pneumonia 7 6 25(85.7)
5 Morganella morganii 1 0 0(0.0)
6 Proteus mirabilis 1 1 4.17(100)
7 Serratia marcescens 4 4 16.67
8 Shigella species 1 0 0.00
9 Provindencia species 1 0 0(0.0)
Total 24 16 66.67%
Table 3. Confirmation of ESBL among the Gram-negative Bacteria isolates base on Double Disc Synergy Test (DDST).
S/no Isolates No.screened No.positive No confirmed positive %occurrence
1 Citrobacter fruendii 6 2 1 6.25(16.67))
2 Enterobacter species 2 2 0 0(0.0)
3 Escherichia coli 1 1 1 6.25(100)
4 Klebsiella pneumoniae 7 6 3 18.75(42)
5 Morganella morganii 1 0 0 0(0.0)
6 Proteus mirabilis 1 1 1 6.25(100)
7 Provindencia species 1 0 0 0(0.0)
8 Serratia marcescens 4 4 3 18.75(75)
9 Shigella sspecies 1 0 0 0(0.0)
Total 24 16 9 37.5
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Figure 1. Graph showing bacteria contamination of snacks.

4. Discussion

In this research, the various organisms isolated from the
respective cultures include : Citrobacter freundii, Escherichia
coli, Klebsiella pneumoniae, Serratia marcenscens,
Provindencia species, Enterobacter species, Staphylococcus
aureus, Proteus mirabilis, Shigella species, and Morganella

marganii.

From the biochemical characteristics of the
enterobacteriaceae isolated from this research, it could be
observed that Klebsiella sp, are 7(29.3%), Citrobacter
fruendii 6(25.0%), and Serratia marcenscens 4(16.2%).
E.coli, Proteus mirabilis, Morganella morganii, Providencia
species and Shigella species had one isolate representing
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(4.2%) each, this is similar to the work of Yusha'u et al who
isolated 5(31.25%) Citrobacter freundii, one isolate of
Proteus and E.coli each from commercial foods [19].

The clinical importance of ESBL makes it necessary to
screen and confirm the presence of these bacteria in non-
hospital community, such as food as a significant source of
pathogens [13, 18]. In this current investigation, out of the
24 isolates subjected to ESBL screening 16(66.67%) were
found to be ESBLs positive, while 9(37.5%) were
confirmed to be positive for ESBL producers based on the
DDST (table 2). This values are considered high when
compared to the work of Yusha'u et al., [19] which shows
7(63.64%) of the enterobacteriaceac to be positive for
ESBL and confirmed 4(57.14%) as positive for ESBL
production from commercial drinks. Also from the research
of Adenike, et al, [20], on ESBL producing E.coli, it was
discovered that 18(45%) were ESBL producers .This
research revealed 100% ESBL producing E.coli and Proteus
mirabilis which is higher than that discovered by Adenike
et al. [21]

The high occurrence of the enterobacteriaceac ESBLs
pathogenic bacteria may be due to poor hygienic practice
which may result in some of then on-producing ESBL
isolates acquiring plasmids that are responsible for ESBL
production since plasmid scan easily be transferred between
organisms living in the same environment and replicate along
side bacterial chromosome. [22, 23].

The ESBL producers obtained from this research
possessed the ability to hydrolysed B-lactam antibiotics
containing an oxyiminogroup such as Augumentin
(amoxicillin and clavulanic acid), ceftriazone and
cefotaxime which are usually inactivated by Db-lactam
inhibitors. The production of B-lactamase remains the
major mechanism of resistance in Gram-negative bacilli to
B-lactam antibiotics. In recent years, Extended-Spectrum b-
lactamases (ESBLs) have become progressively wide
spread due to extensive use of third generation
cephalosporins in Hospital settings [24].

In this study, 37.5% of ESBL-positive isolates was
revealed, and this is quite higher compare to the work which
recorded 24.3% in are search conducted in hospitalized
patients in Curitiba, southern Brazil [24]. The occurrence and
distribution of ESBL differs from Country to Country and
from Hospital to Hospital [24]. The high occurrence of ESBL
in Klebsiella observed in this study is of great concern since
infections caused by this bacteria (particularly respiratory
tract infections) are very common in the Northern part of
Nigeria due to the contagious nature via the weather
condition and the resistance of the organisms to harsh
conditions, which may be due to the presence of capsules that
gives some level of protection [25, 26].

Statistically, a 2-tailed t-test showed a significant
relationship between the different beta- lactamase producing
isolates (P<0.05). It also showed a significant relationship
between the occurrences of beta-lactamase producing isolates
among the different snacks (P<0.05).

5. Conclusion

The study has established the presence of pathogenic
bacteria in snacks sold within Kaduna Metropolis which are
ESBLs producers and are multi-drug resistant.

The study further revealed that snacks are contaminated by
enterobacteriaceae which possess the ability to produce the B-
lactamase enzyme. The high occurrence of the Extended
Spectrum B-lactamase producing bacteria in snacks as
established in this study call for hygienic handling of these
snacks both during preparations and storage in order to avoid
contamination by pathogenic bacteria.The study also suggested
that most contaminations are via equipment to packaging as
well as handling. Therefore, vendors should been lightened on
standard hygienic methods of handling snacks.
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