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ABSTRACT

Bacteriological quality of selected fresh vegetables sold at Tudun-wada market in Gusau
metropolis, Zamfara Stae, Nigeria was investigated. Three different vegetable food
samples (lettuce, cabbage, cucumber) were randomly purchased. The samples were
prepared and analyzed using standard procedures. Mean viable counts of the bacteria and
coliforms were determined o lettuce (1.16x10° cfu/g and 9.89x10° cfu/g); cabbage
(1.38x10° cfu/g and 1.15x10f cfu/g); cucumber (1.07x108 cfu/g and 9.5x107 cfii/g),
respectively. Bucillus specie, Escherichia coli, Staphylococcus specie, Enterobacter specie
and Klebsiella specie, were isolated from the food samples analyzed. The presence of
coliform bacteria in the lettuce, cabbage, and cucumber could be as a result of poor,
improper and unhygienic handling/preparation practices and feacal contamination from the
food samples.
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CHAPTER ONE
INTRODUCTION

The term “Vegetables” designates an edible leaf plant or plant part commonly used for food
purposes. A vegetable is a tender plant part which is not sweet and is usually flavored with
salt, pepper or other condiments before eating (Okigbo, 1990). It is also an edible plant in
which reserved food is stored in the roots, stem, leaves and fruits. These plants are cooked
before eating or eaten raw as salad plants. A clear sharp distinction between vegetables and
fruits is difficult, if not impossible, however, vegetables are rich in most of the vitamins,
iron, calcium, some copper, proteins, carbohydrates, fats and minerals. The nutritional
content of vegetables varies considerably; some contain useful amounts of protein though
generally they contain little fat and varying proportions of vitamins such as vitamin A,
vitamin K, and vitamin B6; provitamins; dietary minerals: carbohydrates and some iron

contents (Thomas, 2008).

Demand for vegetable food has led to an increase in the amount and selection of different
products available for the consumers (Almualla, 2010). As well as being considered low-
calorie food, they are rich in fiber and provide a great variety of vitamins, minerals, and
other phytochemicals (Saroj, 2006). Their consumption is encouraged in many countries
by government health agencies to protect people against a range of illnesses such as cancer
and cardiovascular diseases (Mercanoglu, 2011). Therefore, continued increase in the

Consumption of fresh meals has occurred as a result of efforts to promote better nutrition in

the Population (Mercanoglu, 2011).




Vegetables are known to be rich i Vitamins, iron, calcjum, proteins, fat and l’l’liﬂﬁﬂ@a,‘.
dietary fiber and other nutrients including flavinoids, carotenoids and phenoitic
components that may lower the risk of eancer, heart disease and other illness (Nguyen and
Carlin, 2004). During harvesting and transportation, raw vegetables may be bruised
resulting in the release of plant nutrients angd thereby, providing substrate for
microorganisms present on the surface of the leafy vegetables to grow. In addition, the
processing of fresh vegetables salad may alter or increase the number and type of pathogens

present on the surface of the product,

According to the International Commission on Microbiological Specifications for Food
(ICMSF, 1974) the incidence of microorganisms in vegetables may be expected to reflect
the microbiological condition of the raw products at the time of processing, Raw vegetables
are consumed without enough heating process, and therefore the possibility of food

poisoning and food-borne infection always exist,

In case of nutrient composition, Lund (1981) gave an approximate percentage of the main
food content of vegetables as having 8.6% carbohydrates, 2.0% protein, 0.3% fats, 0.9%
ash and the remaining 88.3% constitute of water contents, Due to these percentage
composition, vegetables are capable of supporting the growth of microorganisms such as

mould, yeast and bacteria and can consequently be spoiled by any or all of these organisms.

While growing, vegetables may be exposed to many source of feacal contamination, For
“Xample water from rivers, rhines and meuse on entry to the Netherland is always
contaminated with large number of Salmonellg (Kampelmacter, 1973). If water thus

polluted is ysed for itrigation as artificial rain, which is ofien pecilGeddinn lone e




of drought as in the summer, contamination of vegetables (especially those caten raw)
treated with surface wager have been feported (Geldreish, 1971). Although after
contamination as described above drying may reduce the numbets of bacteria as do also
rainfall and recontamination during or after harvesting, In this respect, the wetting of

vegetables to help keep them fresh which generally take place shortly before sale, is of

specially interest (Geldreish, 1971).

As these vegetables undergo minimal processing or do not need further Preparation before
consumption, they could potentially contain pathogens that form part of their microflora,
posing a public health problem. Fresh vegetables can become contaminated by pathogens
as Salmonella at any point during the food production process, During pre-harvest, contact
with contaminated irrigation water, soil, manure, or fecal matter of wild animals may occur.
These pathogens can both bind to plant leaves and/or be internalized via the leaves or the
endophytic root system (Rutter er af., 2006). During harvest, asymptomatic human cartiers
might contaminate the products, and at the postharvest level, products become
contaminated by contact with polluted water, other asymptomatic human carriers, or the
production process environment, Over the last 30 years there has been at least a 24% of
increase in the average amount of fresh vegetable consumed per person in the United States

of America (Pollack, 201 1). Moreover, the number of gastroenteritis outbreaks caused by
foodborne Ppathogens after consumption of raw vegetables salads and Sprouts has increased

Worldwide (Gould et al,, 2013). Even though Salmonelia is the most common cause of
disease outhreaks associated with lettuce and sprouts (Lienemann ef af., 201 1), there are
other, Pathogens such as the Shiga toxin producing Escherichia coli (STEC) 0157 that have
been described as relevant microbial hazards (Friesema ef al, 2008). For example, a large

3
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outbreak of hemolytic-yrem;e syndrome cauged by STEC 0104:H4 linked to sprouts

oceurred in Germany (Buchholz ef 4. 2011),

1.1 Statement of Research Problem

the bacten'ological quality, health hazards or implications and possible pathogenic potential
associated with the consumption of these food produce in this part of the north, while some

studies have been Teported in other northern parts of Nigeria.
L2 Justification

This research work wil) provide baseline information on the bacterial load and the
prevalence of possible pathogenic bacteria associated with some selected fresh vegetables
sold in Gusay, Nigeria, in order to provide insight into any potential health hazards or
implications and pathogenic potential associated with the consumption of these

tommodities,

1.3 Aimof the Study

The aim of thig study is to evaluate the bacteriological quality of fresh vegetables collected

in Gusay Metropolis in other 1o determine whether these fresh foods may represent a

Potential risk for infection with pathogens for the consumers,
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. There are no bacteria associated with fresh vegetables sold in Gusau metropolis.

Objectives of the Study

To isolate and identify bacteria associated with fresh vegetables sold in Gusaﬁ

metropolis.
To quantify the bacterial load on fresh vegetables sold in Gusau mefropolis.

Hypotheses

There is no bacterial load on fresh vegetables sold in Gusau metropolis.
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CHAPTER TWO

LITERATURE REVIEW

31  Vegetables: An Overview

Vegetables are conveniently classified as herbage and fruit vegetables (Grolier, 2008). The
carth vegetables assumed the form of true roots and modified stems such as root stalks,
tubers, corms and bulbs. They are well protected underground and have high energy
contents e.g. beets, carrots, sweet potatoes, cassava and turnips. They also include the bulbs

such as onions, garlic, chive and shallot (Okigbe, 1990).

The herbage vegetables are similar to the vegetable found in food value and chemical
composition but contain less carbohydrate and more water proteins, mineral salt and
vitamins. They have their nutrient material in parts above the ground. The roughage or bulk
mineral value is higher than that of the earth vegetables and they include water cress,

asparagus, cabbage, lettuce and spinach.

The fruit vegetables are botanically fruits but are included as vegetables as they are cither

eaten raw in salads or cooked. They include bread fruit, okra, eggplant, cucumber,

tomatoes, pumpkin and pear ( Okigho, 1990).

22 Importance of Vegetables

Vegetables serve as a major patt of our food supply- Vegetables are known 0 be rich in

vitam'ms’ iron, calcium, prOlﬂil’lS, fats and minerals, dietary fibers and other nutrients

including flavonoids, carotenoids and phenolic compounds that may lower the risk of
013). Vegetable play a vital

i 1,2
cancer, heart disease and other illnesses (Osamwony! £l




role in human diet, supplying some of the nutrients which other food materials are deﬁe:mt,
for instance, onion give 188 milligrams of phosphorus and 2.1 milligrams of iron, carrot

gives 4.8 grams of protein and 1.2 grams of fats (Gital, 2007).

Vegetables are also important in neutralizing the acid substances produce in the course of
digestion of meat, cheese and other foods they are value as roughage which promotes
digestion and helps to prevent constipation (Oyenuga and Fetuga, 2005). Vegetables are
also sources of mineral elements needed by the body such as calcium and iron, they are
also valuable sources of vitamins, and some like legumes are sources of protein while others

such as sweet potatoes are important sources of energy being rich in carbohydrate.

Some vegetable species do not only fulfill their function of supplying nutrients in their own
right as vegetables, but are also used for flavoring food to improve appetite e.g. onions and

peppers. It is also interesting 1o note that some of the vegelables species like legumes are

used as vegetables when young but when mature and dry they are regarded as major stables.

Vegetable growing also provide a means of earning a living, and as valuable source of raw

materials for the vegetable industry thus providing job opportunities.

22,1 Nutrition

The nutritional content of vegetables varies considerably, though generally they contain

little protein or fat, and varying proportions of vitains such as vitamin A, vitamin K e

vitamin B6, provitamins, dietary minerals and carbohydrates. Vegetables contawn a great
ch have been claimed to have antioxidant,

Vatiety of other phytochemicals, some of whi

ies (Steinmetz and Potter, 1996). Some

antibacterial, antifungal and antiviral propert



vegetables also contain fibre, important for gastrointestinal function. Vegetables mnﬁm
important nutrients necessary for healthy hair and skin as well

222 Stimulation of the immune system
The relation of single nutrients to immune function (Chandra and Sanchielli, 2004), as well -
as the effect of nutrient-nutrient interactions (Kubena and McMurray., 1996) in humans
and in animal models has been reviewed comprehensively. Several of the vitamins
associated with diets high in fruit and vegetables have been shown to improye immune
status, particularly in other individuals. The human immune system has a central role in
protecting against various external discase promoting factors and perhaps against malignant
cells. Tt is & complex and highly interactive work of cells and their products. The immune
system regulates itself by means of helper and suppresser cells and soluble product.

Nutrient and other constituents of fruit and vegetable have the potential to affect aspect of
immune system (Kubena and MeMurray, 1996).

22.3 Antioxidant activity

Several of the antioxidant enzymes are metallo enzymes, which contain trace minerals for

which vegetables and fruits are significant sources. Mitochondria superoxide dismutase is

a manganese containing enzyme, glutathione peroxides are selenium dependent enzymes.

Vegetables and fruits are rich sources of manganese but not typically significant source of
selensum. However selenium is found in plant tissues in proportional to the mineral

concentration of the soil in which the plant grows (Stein Metz and Potter, 1996).

2.24 Blood pressure reduction
Blood pressure control is important for the prevention of heart discase, kidney disease, and

s factors. Hypertension can be caused by

stroke, and can be influenced by numerod



atherosclerosis, imbalances in the rennin angiotensin system, and hyperinsulinemie-l, w}ﬁeﬁr '.
increase sodium retention in the body and speeds atherosclerosis. Consequently, 2 géheral
nutritional plan to minimize hypertension risk has included attainting and maintéining a
healthy body weight; consuming alcoholic beverages and sodium in moderation (Dwyer,
2005). Replacing animal products with vegetable products in vegetarian diets trials reduces
blood pressure in normotensive and hypertensive individuals (Margettes ef al., 2006).
Lower intakes of fat and higher in takes of dietary fibre and materials, such as potassium
and magnesium, are aspects of a high vegetable, high fruit believed to reduce blood pressute
(Appel et al., 2001).

23  Contamination of Vegetables

As soon as vegetables are gathered into boxes, lugs, baskets or trucks during harvesting,
they are subjected to contamination with spoilage organisms from each other and from the
containers unless these have been adequately sanitized. During transportation to the market

or the processing plant mechanical damage may increase susceptibility to decay the growth

of microorganisms may take place, precooling of the product and refrigeration during

transportation will slow such growth.

Washing of vegetables may involve a preminary soaking or may be achieved by agitation

in water or preferably a spray treatment. Soaking and washing by agitation tend to distrblie

spoilage organisms from damage foods to whole foods. Recirculated or reused water may

moisten surfaces enough to permit growth of organisms during holding period. Washmng

; i i the food.
With detergent or germicidal solution will reduce numbers of microorganisms on the




afe water use insi = Il T

Uns d for rinsing the vegetables and sprinkling to keep them fresh is also a
urce of contaminati ;

S0 ination. Other possible sources of microorganisms include soil, faeces
man and ani e AP :

(hu d animal origin), water (irrigation, cleaning), ice, animals (including insects and

birds), handling of the product, harvesting and processing equipment and transport.

In the processing plant the vegetables are subjected to further contamination and chances
for growth of microorganisms and numbers and kinds of organisms may be reduced by
some procedures. Adequate washing of food, as do peeling by stem, hot water or lye and
blanching (Heating to activate enzymes etc.). Sweating of products during handlitig
increases numbers. Processes such as {rimming, mechanical abrasion or peeling, cutting,
pitting or coring and various methods of disintegration may add contaminants from the
equipment involved. In fact every picce of equipment coming in contact with food can be
a significant source of microorganisms unless it has been cleaned and sanitized adequately

(Frazer, 1998). Neglected parts of any food handling system can build up numbers of

microorganisms to contaminant the food. Hot water blanching although reduces total

number of organisms on the fi ood may cause the buildup of spores of thermophilic bacteria,

causing the spoilage of canned foods e.g. flat sour spores in peas.

Buildup of populations of microorganisms on equipment as the result of microbial growth

in the exudates and residues from food and the growth of the contaminants, Not only there
is the possibility of the addition of large numbers of organisms from this sources, there 1s
also the likelihood that these will be organisms 10 {heir logarithmic phase of growth and

wih. The effect is especially on vegetables following

therefore able to continue rapid g0
tents considerably damages many

blanching. The heat treatment reduces the Bacterial cott

10



of the surviving cells, and consequently lengthens their lag period. On the otﬁ& hand, ﬂw i
actively growing contaminants from the equipment can attain large numbers if enough time.

is allowed before freezing, drying, or caning, such growth is usually the cause of very high :

pacterial counts.

Raw vegetables harbor a number of pathogenic microorganisms, which may be dispersed

over the plants or appear as microcolonies embedded in the plant tissues (Rahman, 2012).

During harvesting and transportation, raw vegetables may be bruised resulting in the release
of plant nutrients, and thereby, providing substrates for microorganisms present on the

surface of the vegetables to grow (Rahman, 2012).

These contaminations of vegetables can be reduced depending primarily on the use of good
agricultural practices in growing the vegetables, good hygienic practices during harvesting,
picking, transporting and processing particularly washing should be paramount. The

importance of washing vegetable properly especially those that are eaten raw is to

effectively remove from the vegetable any pathogenic microorganism which may cause

infections upon ingestion. Chlorine-containing solutions or other antibacterial compound

for the treatment of raw eaten vegetables can be employed to reduce the number of

contaminating microorganisms in such vegetables (Lund, 1983).

23.1 Sources of microbial contamination of vegetables

Vegetables can be contaminated with palhogenic microorganisms as human enteric bacteria
during pre-harvest (Farber, 2003), during growing in the field through contact with soil,
nd animal feacss, oF during harvesting, post-

dust, imigation water, and manure of human &

marketing or in {he home kitchen. Therefore,

harvest, handling, processing, distribution and
11
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g FREE il dor many microorganisms from which -theybnlﬂiiiie =

inside these vegetables and infect susceptible host
2.3.1.1 Pre-harvest contamination

Organic fertilizer

The use of fertilizer such as animal manures, abatioir waste and sewage sludge may
introduce pathogen directly 1o the field, and run-off can contaminate irrigation water.
Animal wastes in the form of manure are largely recyeled to contaminate agricultural land
as the most economical and environmentally sustainable means of treatment and reuse.
Many outbreaks of infection have been associated with water or food, including processed

vegetables, directly or indirectly contaminated with animal manure (Farber, 2003).

Sludge from rural sewage treatment plants is spread onto agricultural land without any

sanitation procedure, and this entails some risk of introducing pathogenic agents into the

soil, which evaluate the health hazards to humans and animals. Controlling the levels of

pathogens in animal wastes used on agricultural ficlds should help to reduce pathogen

contamination of soil, surrounding water, and produce grown in these areas.

| Irrigation water

PRI used as
In many countries, wastewater is used for irrigation of vegetables and also

: sus cases of contamination on
fertilizers. Irrigation with poor-qualily waler can cause a serious cases of

3 mmonly used for
Vegetables. Groundwater, surface water, and human wastewaler are 60 Y
i icrobi v unless it is contaminated
irmigation. Groundwater is generally of good microbial quality,
Wi i microbial quality and
ith Surface runoff; human wastewaiet 15 usually of very Poor
; £
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requires extensive treatment before it can be used safely to irrigate crops; Stufaeel water i m

of variable microbial quality. In addition, wastewater also contains salts, toxic mewlﬁc

compounds and pathogenic organisms which may be harmful to the soil, crops, grazing-

animals and human health.

Microbiologically, irrigated vegetables are found to be highly contaminated with bacteria
that are harmful to plants, animals and human. Contaminated irrigation water can transport
pathogenic bacteria, which persists in the soil for a long period of time and contaminates
the vegetables growing in the field irrigated by this contaminated water. The risk of disease
transmission from pathogenic microorganisms present in irrigation water is influenced by
the level of contamination; the persistence of pathogens in water, in soil, and on crops; and

the route of exposure.

Seil

Pathogens are naturally present in soil. such as Listeria spp. (Nicholson et al., 2005) as L.

monocytogenes, Clostridium species, including C. botulinum, C. perfringens and Bacillus

cereus or may become incorporated in the soil matrix from organic wastes added as

fertilizer, Pathogens within soil may contaminate crops directly when heavy rain or water

gun irrigation causes leaf splash.

The ability of the pathogen to gurvive in the environment will impact on the likelihood of

: ion, Initially,
ttop contamination and pathogen viability at harvest and through to consumpti y

: il crops are planted out, or in
the pathogen must survive in the propagation environment until crops ate b
en 1 istent and reflect the
Organic wastes applied to the land Gurvival times a1¢ often incons
[ ic bacteria
+  wasle treatments. Pathogenic
Yariability in propagation environments and organic W aste o8
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d faecal indicator bacteri f : ; :
an 1 are known to survive in soil and manure for a longerfperiofi of

time.

2.3.1.2 Post-harvest contamination

Post-harvest sources of contamination include human handling, harvesting equipmenf,
transport containers, wild and domestic animals, insects, dust, washing water, ice, transport
vehicles, processing equipment, cutting, slicing, packaging, and shipping. Post harvesting
processes, ranging from storage and rinsing to cutting, are also possible sources of
contamination. Cut surfaces of leaves are a specific target for pathogenic bacteria such as
Salmonella. The number of recent food-poisoning outbreaks have been linked to the
consumption of fresh fruits and vegetables and that unhygienic product handling is
implicated as the principal source of contamination. Poor hygienic conditions in processing

increase the risk of contamination with foodborne pathogens.

The human hands, which come in contact with whole or cut produce, represent potential

points of contamination throughout the total system of growing, harvesting, packing,

processing, shipping, and preparing produce for consumption. Surface of vegetables may

be contaminated by this organism through human handling and other environmental factors

| and can be able to survive for several days.

24 Microbial Load of Vegetables

i in food is one of the
Plate count of aerobic mesophilic microorganisms found in
i : i . 2004). These organisms reflect
Microbiological indicators for food quality (Aycicek €f al., ) :
. i istence of favorable
the exposure of the sample to any sontamination 214 i general, the €x

; this parameter is
ems. Fot varl
rganism

ous reasons,
Sonditions for the multiplication of microo
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indicate i : e ! -
useful to e if cleaning, disinfection and temperature control during industrial

processing, transportation and storage, have been performed sufficiently (Tortora, 1995).

The number or population of bacterja present in raw vegetables among other things is
greatly dependent on the amount of moisture present. Studies on cabbage and cauliflower
(Lund, 1983) have shown that fresh vegetables at harvest can harbor as much as 10° — 10
cells/gram of bacteria flora; a significant amount of which are fluorescent Pseudontonas.

There is however relatively little quantitative information regarding the amount of wastage

resulting from bacteria spoilage.

Microorganisms on the surface of freshly harvested fruit and vegetables include not only
those of the normal flora but also those from soil and water and perhaps plant pathogens.
Pathogens are derived from effluents from crude and treated sewage (Edel et al., 1972) and
if water thus polluted is used for irri gation, which is often the practice during long periods
of drought, contamination of ficld crops may result. Many cases of illness caused by

consumption of vegetables treated with surface water have been reported (Geldreich and
Bordner, 1971).

Bacterial count on fresh vegetables 10 be processed upon arrival at the plant may range

i iti 7i thoff,
from 10° - 107 per gram depending on the species and condition (Frazier and Westhott,

idto1l - Pseudomonas, Alcaligenes,
1988). Bacteria associated with vegetables are said to include

ive mictococci, Baeillus, lactic acid Bacteria and

Erwinia, Xantomonas, other Gram negat!

: i {ation in the ber
Coryneforms (Frazier and WesthofT, 1988). There 18 considerable variation 1n e numbe

pecies, the amount of adhering

., The s
and types of microorganisms present ot vegetables
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i il, the locati
dirt or so ocation and the presence o absence of physical damage Would- 4 ﬁe

significant variables.

25  Microorganisms associated with fresh vegetables

The microorganisms normally present on the surface of raw fruits and vegetables may
consist of chance contaminants from the soil or dust, These include bacteria or fungi that
have grown and colonized by utilizing nutrients exuded from plant tissues. Among the
groups of bacteria commonly found on plant vegetation are those that test positive for
coliforms or faecal coliforms, such as Klebsiella and Enterobacter (Zhao et al., 2007).
Microorganisms capable of causing human illness and others whose foodborne discase
potential is uncertain, such as Aeromonas hydrophila. Citrobacter freundii, Enterobacter
cloacae and Klebsiella spp. have been isolated in lettuce and salad vegetables (Francis et

al., 1999).

Foodborne bacterial pathogens commonly detected in fresh vegetables were coliform

bacteria, E. coli, Staphylococcus aureus and Satmenella spp. (Tambekar, 2006). Coliforms

are facultative anaerobic, Gram-negative, non-spore forming rods that ferment lactose with

gas formation within 48 hours when grown in lactose broth at 35°C. They are commonly-

used bacterial indicator of sanitary quality of foods and water and considered as an indicator
o i o
of microbial pollution and they are common {nhabitants of animal and human guts (Tortora,
7 ination and is naturall
1995). Escherichia coli is the species associated with faccal contamination a y

-blooded animals. The presence of these

found in the intestines of humans and warm

h outbreaks arising from food and water

bacteia poses a serious threat to public health Wit .
g OF SeWage: Staphylococcus Gureus is

that hias hear B iaminated by human of animal fece
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: 1 _
the third most common cause of confirmed fooq poisoning in the world (Acco eral,, 2003)

and the iliness is due 1o the ingestion of preformed enterotoxins produced in foods
uced in foods.

2 lcassated with the consumption of contaminated vegetables

Several outbreak of human gastrocnteritis have been linked to the consumption of
contaminated fresh vegetables has occurred with increased frequency during the plant
decade. Raw vegetables are widely consumed in the form of salad in most countries.
Consumption of raw or slightly cooked vegetables can increase the risk of foodbome
disease and increasingly recognized as vehicle for moulds dominate the microflora on raw

vegetables (Beuchat, 1996).

Vegetables salads minimally processed containing raw vegetables, contaminated by
pathogen that can be as vehicle of bacterial agent to human (Beuchat, 1996). As listeria
monocytogen, E. Coli 0157:H7, and Salmonella. outbreak of enterohemorrhagic E. Coli

0157:H7 infection associated with eating contaminated vegetables as lettuce and other leaf

crops have oceurred with increasing [requency in recent years. Several cases of typhoid

fever outbreak have been associated with eating contaminated vegetables grown in or

| fertilizer with contaminated soil or sewage.

I 27  Prevention and control of Microbial Contamination of Fresh Vegetables
- idemiological and
The ability of public health agencies to identify through enhanced epidemiologic

i i the risk of illness
Sutveillance techniques, raw vegetables as pmbablc sources of infections,
, removing or killing pathogenic
associated with raw vegetables products €an pe reduced by removing g
: itiz wever, the hydrophilic
MiCroorganisms by washing or {reating them with sanitizers. Ho s
S
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in. diverse surface mi i :
cutin, div orphologies and abrasions in the epidermis of fruits and habl-es
its and vege

{imits the efficacy of this treatment,

tables are fre ¢ i
Vegetables are irequently consumed raw without being exposed to the processes that

relinbly eliminates pathogens. Washing fruits and vegetables in chlorinated water can

reduce bacterial levels but cannot be relied upon to eliminate pathogens. However cleaning

processes reduce the number of microorganisms. Fresh vegetables and fruits must be

washed or treated specifically to minimize microbial load.

While a limited amount of contamination of vegetables will take place between harvesting
and processing or consumption, gross contamination can be avoided. Boxes, lugs, baskets
and other containers should be practically free of the growth of microorganisms, and some
will need cleaning and sanitation between uses. Contamination from equipment at the

processing plant can be reduced by adequate cleaning and sanitizing.

Therefore, early intervention measures during crop development and harvesting through
the use of good agricultural practices (GAP) will provide good reductions in yield loss due

to spoilage at all subsequent steps in the processing.
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CHAPTER THREE
WATERYALS AND METHODS

31 Sample Collectig

Atotal of 30 SAmES Commiing 10 wudh :
WG 1O cuch of three vegetable sample [cabbage (10), lettuce

! cugunrben (MO Wi iardhnod e |
(10) an R ipdirchased from ten (10) different retailers at Tudun-wada

macket. The samplies were colliodied wieekly for three weeks during which ten (10) samples

ont retailers. All the samples were collected polythene

per week was collected Boin

bags as sold and ramsp ihe microbiology laboratory at Federal University Gusau,

for analysis wit The polythene bags were opened under aseptic

condition; by cleamimg dne s »¢ of the working bench'table first with disinfectant and

1 it on which the vegetables were placed, after being

then a clean foil paper w:

- The znalvsis was then carried out immediately.

removed from the pols

32 Preparation of Sample

- s camnle was weighed using mettle weighing balance and
Ten (10) grams of each vegetable sample was weighed using me ghing

then homogenized in 90m! of sterile distilled water to form the stock solution (homogenate)

of the sample.

33 Media Preparation

oy red 1 dance with
The following commercially available dehydrated media were prepared in accor

MacConkey agar, motility medium, peptone
} 3

the manufacturer's instructions: Nutrient agar- P) t, TSI
cauer (MR - VP) reagent,
water, Kovae’s indole reagent, Methyl Red and Voges proskauer (
. 3 ‘nine reagents.
(Triple Sligar jon) agar, Simmon citrate g ot &% :
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]'de. s
on th sh A positive test result was indicated b bubbllng and fi othi
e y I 1

roduction while in the i
p n the absence of these, it signifies 4 negative test result

3.54 Indole Test

The isolates wer: :
€8 were grown in Sml peptone water for 24 hours. After this, 3 drops of Kovac’s

indole r '
reagent was added and shaken gently. A positive reaction was indicated by the
s : ;
evelopment of a red colour in the reagent layer above the broth within one minute while

in the negative reaction, the indole reagent would retain its yellow colour.
3.5.5 Citrate Test

The isolates were inoculated into Simmon citrate agar slant in a test tubes and incubated
for 24 — 72 hours at 37°C the development of a deep blue colour would indicate a positive

reaction while in the negative reaction, the Simmon citrate agar retained its green colour.

3.5.6 Methyl Red — Voges Proskauer (MR — VP) Test

The isolates were grown in Sml of MR — VP broth and incubated for 48 — 72 hours at 37°C.

After this 1ml of the broth was transferred into a sterile serological tube. To this small

quantity 3 drops of methyl red would be added. A red colour on the addition of the indicator
signified a positive methy] red test, a yellow colour signified 2 negative test. To the
ining broth in the original tubes, 5 drops of 40% potassium hydroxide (KOH) was
remaini
in e 1. The tube was then shaken and
- alpha-napthol in ethano
added followed by 15 drops of 2
d colour starting from the liquid air
position The development of red co

placed in a sloping
¢ Yoges Proskauer test result. Absen

e hour indicated a positi¥

ce of red
interfere within on

colour indicated a negative result
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357 Testin Triple Sugar Iron Agey (TsI)

The isolates we

ti

pushed from the bottom.

Hydrogen sulphide formation wag determined by the blackening of the whole butt or a ring
of blackening at the slant butt Jjunction. Glucose fermentation was indicated by the butt
becoming vellow, when no other sugar (i.e. lactose or/and sucrose) was fermented, the slant
was red while the butt was yellow. This is referred to as Alkaline/Acid or (K/A) reaction.
When gas is also formed it was indicated by the designation (K/AG). But when in addition
to glucose fermentation, lactose or sucrose or both sugar were fermented in the medium,

both the butt and the slant became yellow. The reaction is designated as A/A or A/G (if gas

is formed).

3.5.8 Urease Test

The isolates were inoculated into urea agar slant in a test tubes and incubated for 24 hours
e :

t 37°C the development of a bright pink colour would indicate a positive reaction while in
al e

ined i colour.
the negative reaction, the urea agar retained its yellow
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CHAPTER F OUR
RESULTS

The data in Table 1 shows the mean bacterial load and coliform index, followed by the
standard deviations ang range of the selected fresh vegetable food samples (lettuce, cabbage

and cucumber respectively) analyzed, which were obtained from ten (1 0) different retailers.

The data in Table 1 also shows that cabbage has the highest mean bacterial count (1.38x10°
cfu/g) followed by lettuce (1.16x10% cfu/g) then cucumber (1.07x10% cfu/g). The table also
reveals that cabbage had the highest number of coliforms (1.15x10° cfu/g) followed by

lettuce (9-89x107 cfu/g) and then cucumber (9.57x107 cfurg)

24




Table 1: Tota] Bacteria] ang Coliform Coungs of

Vegetable Food Samples Analyzed
Total Bacteria] Count Total Coliform Count

Sample N Mean (SD) Range  Mean (SD) Range
Lettuce 10 1.16x10% (7.42x107) 1.94x10F 9.89x107(4.55x10")  1.51x10°
Cabbage 10

1.38x10° (6.6x107) 1.99x108 L15x10%(5.35x107) 1.72x108

Cucumber 10 7510t (5.38x10")  1.56x10° 9.57x107(5.29x107)  1.89x10®
Nindicates number of samples ana)
the corresponding standard deviat;
bacterial and coliform counts are

yzed. Mean counts are indicated without brackets, while
ons are indicated in brackets followed by the range. Total
expressed as colony forming units per gram (cfu/g).
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CHAPTER Frvg

DISCUSSsION

The mic i i
Toorganisms present In vegetables are a direct reflection of the sanitary quality of

the cultivati resti i

ation water, havesting, transportation, storage and pracessing of the produce
(Beuchat, 1996), All the bacteria isolated in this study have previously been isolated from
vegetables in other studies, both in Nigeria and elsewhere (Olayemi, 1997; Uzeh et al.,

2009; Abdullahj and Abdulkareem 2010).

This study revealed that the mean bacterial load was higher in cabbage (1.38x10% cfu/g)
compared to lettuce (1.16x108 cfu/g) and cucumber (1.07x10% cfu/g). The data in Table 1,
also reveals that cabbage had the highest number of coliform counts (1.15x10% cfu/g)

followed by lettuce (9.89x 107 cfu/g) and then cucumber (9.57x10 ¢fu/g) having the lowest
bacterial load.

The microbial loads of vegetables evaluated in Table | were far higher than WHO standards
of TBC 1.6x10 cfu/g and total coliform count 1x10 cfu/g (WHO, 1996) this result is in line
with the findings of Abdulkareem (2004). According to Geldrich and Bordner (1971}, high
bacterial counts in vegetables (as obtained in this study) could be attributed to the

i tent of exposure to dust under which
ieni iti d practice as well as the ex
unhygienic conditions an

indicator itary conditions, unhygienic practices
i iforms are indicator of unsanitary ¢
they are displayed. Coliforms
hat, 1996).
during and after production and poor source of water used (Beuc
ring
in this study may be a

: tables
s bserved in the vege
: i ial contamination 0
The high microbia . et kept Hefore ey were

¥ these produc
reflection of storage conditions and how long P
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ay transfer to produce and cross
contaminatio 7 i
n between Produce is probable particularly where produce are pre-washed

with the 7 .
Same wash water by the vendor Or processor, More importantly, bacteria on the

roduc iply i i
P! € may multiply over time depending on the storage conditions especially those that

are phsychrotrophic (Abadias et g/, 2008).

Among the Genera of bacteria isolated in this study as shown in Table 2, Escherichia coli,
Bacillus specie and Staphylacoccus specic were predominant in all the 3 (three) vegetables
analysed. The presence of these organisms in vegetables can be due 1o ecological and
environmental influence since their survival in the atmosphere depends on a number of
factor such as nature of microorganism, susceptibility 1o changes, resistance to new
physical environment and their ability to form resistant spores. Godon (2007) reported that
endospare of Bacillus are more resistant than vegetative cells to heat, drying, disinfectants

and other destructive agents thus remaining viable for centuries, hence the high frequency

of isolation of Bacillus specie from the analysed samples.

Also, the Staphylococcus specie isolated in this study could be attributed to poor hygienic,
s gl
0 i § itions and also the manner in which the vegetables are
storage conditions and
poor handling, poor

Id that continually predisposes them 1o contamination (Geldrich and Border, 1971). The
sold that contin 3

'CHS ;cause health hazard  because
consumption of this bacteria (Staphylococens) may  cause hea ¥,
i ey serious intoxication in man,
ies secrete enteroloxing which canses serious intexication w1
Staphylococcus specie
l i Their sence in vegetable
i (] cnvimnmcn!ul contaminants, Thelr presence
Enrerobacter species ar \
aminat slean hands of
d handling practices, Cross contamination, unclea
indi ion an
indicates poor preparation i
ol water (Heuehat, 1990).
t with sewage or contaminated water {Heuehe
the vendors and contac!
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consumed without heat treatment,

Coliforr indi i
ms are indicators of feacal contamination by enteric bacteria, The high coliform

count obtained in this study (i.c. average coliform count ranging from 3.10x107 - 1.82x10°
cfu/g, 3.80x107 - 2.10x1 0% cfu/g and 2.20x107 - 2.11x10" cfu/g for lettuce, cabbage and
cucumber respectively) where in line with the findings of Abdullahi and Abdulkareem
(2010) and this could be attributed to the effluent from sewage and run off water which was

used for irrigation as its ofien practiced in this part of the country.
5.1 Conclusion

The study revealed high microbial load in the vegetables investigated (lettuce, cabbage and
cumber), the study also shows that there is contamination in fresh vegetables sold in Tudun-
wada market. The average counts for bacteria were above the maximum allowable limit in
foods to be marked for consumption (1.6x10 cfu/g). Of the five bacterial species isolated
(Escherichia coli, Bacillus sp., Klebsiella sp., Enterobacter sp. and Staphylococcus sp.)

some occurred in three food samples, others occurred in two food samples.

5.2  Recommendations

«ash vegetables before consumption
i Consumers should endeavor 10 thoroughly wash vegetables betore co I
i s to reduce the bacterial load on them and
i i <hildren so as to reduce the
n given to child
particularly whe
ie microorganisms.
possible elimination of pathogenic microorga
s fo inspect vegetables before they
hould provide hygiene inspectors {o inspect vegetable
il,  Government shou i
imi et infoetion and enfiice
; ers in other fo limit consumer infeetion &
i sume
are being sold to cons
28




ii.

retailers a e to st - i
dhere tg stipulated hygiene rules and regulations gg defaulters would be

Penalized.

It is rec :
cCommended that the Storage and preservation of these vegetables should he

BIven greater attention especially improved facilities at domestic level under

controlled conditions,

Cleanliness, proper handling and washing of vegetables with water before sale
should be observed by retailers and highly stressed by the government.

It is recommended that vegetable retailers and vendors should be provided with
adequate information as to the harmful and potentially hazardous effect of
contaminated vegetables to consumers and should also be provided with relevant

guidelines pertaining methods of preventing the aforementioned health problem.
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APPENDIX A

Biochemical Characterization of all Isolated Colonies from Lettuce, Cabbagé dnd

Cucumber Samples.

e & Glu Lac Suc Gas H:S Genuas/Specie
£ I = @ 2a
= = =) = 2 a9 a ‘E
= g ﬁ. = ; g [l =
= B ) = = w85 8
o § o= g
1 Gt Cocei + - ++ ++ - + + + - - Staphylococeus sp.
2 G- Rod - - + 4+ ++ - + + - + - Klebsiella sp.
3 G+ Cocci + - ++ + + - + + 3 - - Staphylocoeccus sp.
4 G- Rod - - ++++ - + + - + - Klebsiella sp.
5 G+ Cocci + - ++++ + + + - - -
6 G- Rod - -+ 4+ ++ -+ + - + -

7o GE CGocei + - FHE S - + + 3 "

8 CF Rod = = & h = FF # + & o Bocilles sp

e G- Rod - - ¥4+ +oF + = | 5 Klehuiedie g
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i1 G- Rod a i A H H w 1 | ORI O
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B R 75
BEE Bedt UL T a g e

- + + = o i [fiff}’;‘ﬁmwrw
18 G- Rod - 4+ . 4 + 4+ + + + 5 + . Exchertehia eolf
19 G- Cocci + - + ++ + . + e = . ) Sciphlocendg
20 G+ Cocci + - + + + + - + + + o i Stephylooocess o,

21 G+ Cotci 3 - + + 4 4 - 4 + 5 = 3 Sushloconenr s,

22 G- Rod - - +4++ -+ + . + +  Enterobacter sp.
23 G+ Cocei + - + + + + + + + - + + Staphylococcus sp.
24 G- Rod - +- +++ + + + + + - Escherichia coli
25 G- Cocei + - +++ + - + + + - o Staphy i

BRI R G ok i * + - Escherichia coli

27 G+ Cocci + - ++++ - + + . - -

28 G+ Rod - - ++++ + + = g = y

29 G- Rod = = F At P + + + l

30 G+ Rod ERER il e - + - - Bacillus sp.

Keys:

i = Positive test result
G+ = Gram positive G- = Gram negative + = Positive test

P = Voges Proskauer
- = Negative test result MR = Methy! Red VP = Voges Prosk

Suc = Sucrose HaS = Hydrogen sulphide Glu = Glucose

Lac = Lactose
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APPENDIX 3

Bacterial Types Isolated from Different Vepetable Youg 8 !
SHM e

L $ Ababyzed

R T

Bacterial Species Vegetahle food sampley

.
Lettuce Cabbage Cacinmber

Baciflus specie + it o

Kilebsiella specie 5 i h

Enterobacter specie + . +

Staphylococcus specie  + 4
Keys: T ——

+ = Bacteria present

- = Bacteria not present

all




