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ABSTRACT

Meat and poultry products are reported to be the most frequently implicated vehicles
of transmission of Listeria monocytogenes, a Gram-positive bacterium. Listeria
monocytogenes is a foodborne pathogen causing diseases from severe blood and/or
central nervous system infections to mild gastroenteritis. This study investigated the
prevalence of Listeria monocytogenes in ‘Khebab’, a Street-Vended Spicy Grilled
Meat in the Accra Metropolis. A survey was carried out using a structured
questionnaire that had both observational and responsive questions for both the
processor and the consumer. Microbiological laboratory analysis was employed using
pour plate method, streak method and biochemical tests to isolate and identify
contaminants in the ‘khebab’ samples. A total of 120 samples comprising of 60
skewed raw meats and 60 grilled skewed meats were analyzed. Results showed that,
out of the 400 respondents who were Consumers, 196 (49%) were females while 204
(51%) were males. About half (49.75%) of the Respondents were in the age group
ranging from 20-39 years. Those that were less than 20 years were 21.5% while only
12.5% were in the age range of fifty years and above ((>50. About 361 (90.25%) of
the respondents indicated that they consume ‘Khebabs” while only 39 (9.75%)
indicated that they do not consume “khebabs”. A total of 20 processors who were all
males and between the ages of 30-49 were recruited for this study. Out of the total
number (20) 70% were in the age range of 30-39 while 30% were between 40 and 49
years. Six (6) had had Senior High School (SHS) education, seven (7) with Junior
High School education (JSS), three (3) with primary school education while four (4)
were illiterates. Majority (55%) of the processors bought their raw meat from the open
market while 45% bought their raw meat from slaughter houses.

The calculated Cohen’s Kappa co-efficient (k) was 0.02 implying a fair agreement in
terms of Listeria monocytogenes contamination. Out of a total of 120 samples of meat
consisting of 60 raw meats and 60 grilled meats (‘khebabs’) tested, 92 samples
(76.67%) were positive for Listeria monocytogenes with 45 samples (48.91%) being
raw meat and 47 samples (51.09%) being grilled meat. James Town vending area
recorded the highest count of 5.046 + 0.977 logiocfu/g whilst the least count of 2.239
+ 0.337log10 cfu/g was recorded in the Labone vending area for the raw meat. After
the meat had been grilled, Banana Inn vending area recorded microbial count of 5.929
+ 1.064 logiocfu/g whilst the least count of 2.739 + 0.370 logiocfu/g was recorded in
the Tabora vending area. Madina had the highest load of TVC (7.267 logio cfu/g)
whilst Sowutuom vending area had the least TVC of 4.732 logio cfu/g. Total coliform
count (TCC) was the highest in the Banana Inn vending area (6.394 log1o cfu/g) whilst
the lowest count of 0.00 logio cfu/g was in the Dome, Legon, North Kaneshie, and
Tabora vending areas. For the E. coli (EC) contamination, the highest level of 7.009
logiocfu/g was found in the Dansoman vending area whilst the lowest level of 0.00
logio cfu/g was found in the Dome, Sowutuom, and Tabora vending areas. Thus, there
should be education on food safety issues in order to protect the immuno-
compromised individuals such as diabetics, AIDS patients, those with renal failure,
organ transplant patients, cancer patients and pregnant women who are prone to
Listeria monocytogenes and other pathogens. Listeria monocytogenes limit for all
ready-to-eat food should be less than 100 colony-forming units per 25g or 25ml
portion of the food according to WHO microbiological guidelines for ready-to-eat
food. The microbial loads are therefore not below the WHO threshold value.
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CHAPTER ONE
1.0. INTRODUCTION
1.1. BACKGROUND INFORMATION

Foods that are prepared and/or sold by vendors in streets and other public places for
immediate consumption or later time consumption without processing or preparation
further are called street vended foods. Many study reports have indicated the
proliferation of street-vended foods probably due to business being generally
profitable and requiring low capitalization (Cho et al., 2011; WHO-INFOSAN, 2010).
Foods implicated in the transmission of foodborne diseases are street vended foods
(Chomvarin et al., 1993; Gillespie et al., 2000; Fang et al., 2003; Mahale et al., 2008).
‘Khebab’, a spicy grilled animal protein, is a street vended ready-to-eat meat easily
accessible to most Ghanaians. The meat is from either a goat, cow, sheep among
others. ‘Khebab’ is, however, a type of potentially hazardous food (PHF) that may
provide suitable medium for the rapid growth of microorganisms. Such a food can
affect the health of consumers when they are contaminated by microbial pathogens or
their toxins and may even result in death (Agbodaze et al., 2005). Food pathogens
levels do change during processing, storage and meal preparation thereby making it
difficult to determine the number of microorganisms or the concentration of the toxins
from the microorganisms at the time of ingestion by the consumer (Devlieghere et al.,
2004). Some of the pathogens associated with meat are Escherichia coli, Salmonella
spp., Clostridium spp, and Listeria monocytogenes among many others. According to
Roberts (1994), infective dose of Listeria monocytogenes seems to be more than 100
viable cells, depending on the strain of the pathogen and the host’s susceptibility.

Listeriosis is observed when L. monocytogenes is detected in blood, cerebrospinal



fluid, the placenta or foetus, and other such normally sterile areas in the body
(Ramaswamy et al., 2007).

Quantitative microbial risk assessment (QMRA), shows the microbial risk involved
with the consumption of specific food that are contaminated and forecasts the level of
illness that a pathogen can cause in a given affected population (Forsythe, 2002).
Controlling the risk may, thus, aid the safety of ‘khebabs’ patronized by consumers.
The safety of the meat can also be possible when the risk analysis is employed so that,
the microbial hazards with respect to the contaminated meat can be controlled by the
processors. Microbiologically safe foods could be provided to consumers when risk
analysis is employed to control microbial hazards in foods by both regulatory

authorities and food processors (Duffy et al., 2006).

1.2. PROBLEM STATEMENT

The transmission of many foodborne diseases implicates street foods (Chomvarin et
al., 1993; Gillespie et al., 2003; Mahale et al., 2008). Poultry products as well as meat
mostly and frequently serve as a conduit for transmission of Listeria monocytogenes
that causes human listeriosis. Ready-to-eat foods usually implicated in outbreaks of
mvasive listeriosis include smoked meat such as ‘khebabs’, smoked fish, and multi-
ingredient prepared foods such as sushi, chicken and salad among many others.
Listeria monocytogenes is able to grow or survive at refrigeration temperatures as
well as relatively low pH, high salt and low water activity conditions in so many
foods (Luchansky et al., 2017). According to Appiah and Dogbe (2010), some of the
foods that Listeria monocytogenes usually affect are meat and fish among others. This
study evaluated the contamination by Listeria monocytogenes of processed ready to

eat meat (khebabs) in some selected areas in Accra Metropolis.



1.3. JUSTIFICATION

Ready-to-eat foods usually implicated in outbreaks of invasive listeriosis include
smoked meat such as ‘khebabs’, smoked fish, and multi-ingredient prepared foods
such as sushi, chicken and salad among many others (Chomvarin et al., 1993;
Gillespie et al., 200; Fang et al., 2008). It is hoped that information from this study
may reveal consumer knowledge on the quality of ‘khebabs’ consumed in selected
areas in the Accra Metropolis. Data may reveal the demographic characteristics and
the insight of hygienic practices by processors of ‘khebabs’ in the areas selected. It is
also expected that the level of contamination of ‘khebabs’ sold in the various areas in
the Accra Metropolis would be revealed. This may help in the after-study
interventions and education by regulators and researchers as well as policy makers on
the best practices for safer foods advocated by the World Health Organization

(http://www.who.int/foodsafety/publications/5keysmanual/en/).

1.4. STUDY OBJECTIVES
1.4.1. Main Objective

The study is to evaluate the prevalence of Listeria monocytogenes in ‘Khebabs’, a

Streets-Vended Spicy Grilled Meat.

1.4.2. Specific objectives

1. To assess the knowledge of consumers on the quality of ‘Khebabs’ processed
in the selected areas in the Accra Metropolis

2. To assess the demographic characteristics and general knowledge of
processors of ‘Khebabs’ in the selected Accra Metropolis

3. To determine the load of Listeria monocytogenes in raw skewed meat and

grilled skewed meat in twenty selected areas in the Accra Metropolis

3



CHAPTER TWO
2.0. LITERATURE REVIEW
2.1. REVIEW OF MICROBIOLOGICAL FOOD SAFETY

Food serves as a source of energy and nutrients required by human for survival,
however, it also serves as a conduit for transportation and growth of pathogens. These
pathogens are responsible for foodborne illness in humans and animals. Correctly
associated foodborne illness by people with flu-like gastrointestinal symptoms such as
diarrhea and vomiting are just a few of the symptoms caused by foodborne pathogens.
Economic losses and death which still affect all countries worldwide are associated
with foodborne diseases (Thurston, 2006).

According to lyer et al. (2013), in the developing countries foodborne pathogens are
known to be the most cause of illness and death, 1.8 million people approximately are
annually killed. Deeper tissues invasions by some pathogens or production of toxins
which are absorbed consequently causes systemic symptoms, such as kidney failure,
fever, anaemia, headache and death. The Center for Disease Control and Prevention
(CDC), forecasted 76 million cases of foodborne illness each year, with 325,000
hospitalizations resulting in 5,000 deaths. Some foods are dangerous for some people
due to their likelihood of containing a particular pathogen. For instance, Listeria
monocytogenes infecting a pregnant woman affects the developing foetus also and
may kill it even though Listeria monocytogenes doesn’t often cause illness in the
general population.

Food safety which describes preparation, storage and handling of food in ways that
prevent foodborne illness must keep on being one of the highest needs of the

sustenance of the food industry worldwide. Microbiological safety of food can be



attained if both the manipulators (WHO, 2002) and the foods are continually

monitored (Gilling et al., 2001).

2.2. MICROBIOLOGICAL FOOD HAZARDS

The very common means by which commercially processed foods are contaminated
from the factory environment is the post-process contamination (Kornacki, 2000;
Allan et al., 2004; Reij and Den Aantrekker, 2004). The post cook handling practices,
food ingredients, condition and the duration of the food storage at selling points can
significantly contribute to growth of pathogenic and spoilage microorganisms in
ready-to-eat food (Khairuzzaman et al., 2014). Food workers frequently mishandle
food by subjecting them to unsanitary conditions usually on the street (Agbodaze et
al., 2005; Muinde and Kuria, 2005; Ghosh et al., 2007).

Nutritious foods, such as meat, provide the favourable intrinsic condition to support
the colonization of contaminating pathogenic and spoilage microorganisms (Clarence
et al., 2009). Animal products have been identified as the major vehicle for foodborne
pathogens such as Escherichia coli 0157:H7, Listeria monocytogens, Camphylobacter
jejuni, Clostridium perfringens, Salmonella spp., and Staphylococcus aureus
(Clarence et al., 2009).

The use of contaminated food ingredients and equipment in domestic kitchen may
also serve as major sources of high number of foodborne pathogens (Medeiros et al.,

2001; Beumer and Kusumaningrum, 2003; Redmond and Grifith, 2003)

2.3. THE MAGNITUDE OF FOODBORNE ILLNESSES

Broad degree of foodborne illness incidents are caused by foods that are improperly

prepared or mishandled at homes, eatery or markets. High cases of foodborne illness



are reported worldwide with their corresponding death. Table 2.1 shows the

percentage death of the corresponding foodborne illness cases.

Table 2.1: Percentage death to Foodborne Ilinesses

Pathogens Cases IlIness Death % Death
Listeria monocytogens 2,493 2,298 499 21.71
E. coli non- O157-STEC 31,229 921 26 2.82
E. coli- O157:H7 62,458 1,843 52 2.82
Mackerelella non-typhoidal 1,341,873 15,608 553 3.54
Campylobacter spp. 1,963,141 10,539 99 0.95

(Source: CDC, 2009)

2.4. READY-TO-EAT PROCESSED MEAT (‘KHEBAB’)

Meat in Ghana is mostly contaminated with foodborne pathogens, potential causes of
many foodborne infections (WHO, 1997; Adzitey et al.,, 2010a; Adzitey et al.,
2011b). The most frequently implicated vehicles of transmission of Listeria
monocytogenes are meat and poultry (Jay et al., 2005). Nutrients provided by meat
are ready source of nutrients for the microorganisms such as Staphylococcus spp.,
Aspergillus spp., Salmonella spp., Enterococcus spp., Streptococcus spp., and
Escherichia coli have all been implicated in meat contamination with high levels of
microbes like Salmonella, Staphylococcus aureus, Listeria monocytogenes,
Escherichia coli and others of which are often implicated in outbreak of food borne
disease (Bean et al., 1990). According to Dyckman and Lansburg (2002), meat that is
undercooked (not well grilled) may affect the health of consumers therefore food
safety hazard considered most important is attributed to undercooked poultry and
meat. ‘Khebab’ is a very popular street vended food and may therefore affect the
health of many consumers if not well grilled. The surroundings where these livestock
are kept as well as methods involved in processing after slaughtering also can cause

contamination by microorganisms (Adeyemo, 2002). Livestock farming in Ghana




contributes a lot towards the development of the country through meat production and
other products like the skin for bags , belts among others (Ansah et al., 2006). The
live production of animals such as cattle, goats, sheep and their meat production
depicts the meat consumption per year in Ghana. Goats, cattle, sheep and poultry are
commonly reared in Ghana (Teye and Salifu, 2006) and the demand for meat and its

products being high, as shown in Tables 2.2 and 2.3.

Table 2.2: Selected animal species live production in Ghana from 2006 to 2010

@”ima" 2006 2007 2008 2009 2010 Average
ear

catle 0% 1373000 M0 1438000 1454000 1403:200
Goats 3’9907’00 4,196,000 4'4005'00 4625000 4,855,000 4415600
Sheep 3’315"00 3,420,000 3'5209'00 3,642,000 3,759,000 3°32.:800
Pigs 477,000 491,000 506,000 521,000 536,000 506,200
Chickens 34,030 37,038 39,816 43,320 47,750 403912

Source: FAOSTA (2012)

Table 2.3: Selected animal species Meat production (tons) in Ghana from 2006 to 2010

Animal/Year 2006 2007 2008 2009 2010 Average
Beef 23,865 23,419 25,350 25538 25,775 24,789
Chevon 11,170 13,083 13,663 14,273 14,273 13,292
Mutton 10,370 10,773 15,881 16,389 16,914 14,065
Pork 15,456 16,506 16,968 17,506 17,506 16,788
Chicken 31,493 41,730 44,460 47970 51,675 43,466
Game meat 61,667 57,864 64,951 69276 74,100 65,572
Meat total 191,021 198093 220243 232516 244742 217323

Source: FAOSTA (2012)



2.4.1. Nutritional Information of Meat

Ready source of nutrients for microorganisms are from meat tissue. Meat contains
0.2% glucose and 0.4% amino acids, both of which are first nutrients to be
metabolized by microflora (Dainty and Mackey, 1992). Meat and meat products are of
so much importance since they are the actual source of all the B-complex vitamins
that include thiamin, riboflavin, biotin, vitamins B6 and B12. They are also best
sources of some minerals such as iron, copper, zinc and manganese. Meat plays a very
vital role in preventing zinc deficiency and particularly iron deficiency (Dainty and

Mackey, 1992).

2.4.1.1. Raw Meat and Grilled Meat Processing

According to Dyckman and Lansburg (2002), undercooked meat may affect health of
consumers therefore the most vital food safety hazard involves undercooked meat and
poultry. Some of the common pathogens associated with meat contaminations are
Salmonella spp., Escherichia coli, Clostridium perfringens, Listeria monocytogenes

and many others.

2.4.1.2. Sources of Contamination of Raw Meat and Grilled Meat

Contamination of fresh meat may be due to improper handling and improper hygiene
thereby affecting health of consumers (Koussemon et al., 2008). Cross contamination
of the food product after the heat treatment is possible and may subsequently lead to
the growth of pathogen (Buncic et al., 1990; Zaika et al., 1989). Possible source of
contamination are through slaughtering of unhealthy animals, butchers using dirty
water to wash meat, flies contamination as processing is done in an unhygienic
environments, transport of meat through rickety vehicles, and using equipment such

as knife that are contaminated. The perishable nature of meat is due to the sufficient



nutrient it contains that support microbial growth (Huda et al., 2010). The highest
significant food safety hazard involves foods from animals (Kivi et al., 2007;

Maripandi and Al-Salamah, 2010).

25. LISTERIOSIS

Listeria monocytogenes causes listeriosis. Listeria monocytogenes is a facultative,
intracellular, non-spore forming, Gram-positive and with a tumbling end-over-end
motility at room temperature (Brooks et al, 1998). Listeria is a foodborne pathogen
characterized into seven species namely: L. murrayi, L. innocua, L. ivanovii, L.
seeligeri, L. welshimeri, L. grayi, L. monocytogenes (Collins et al., 1991; Jones,
1992). Among them, only L. ivanovii and Listeria monocytogenes are pathogenic
(Robinson et al., 2000). The difference between Listeria monocytogenes and non-
pathogenic strains is the ability of Listeria monocytogenes to lyse red blood cells.
Listeria monocytogenes is distributed widely through many potential routes in order
to infect humans. The pathogen has the ability to cross the intestinal, placental and
blood-brain barriers in human which leads to gastroenteritis, maternofetal infection
and meningoencephalitis respectively. Extreme infections though rare is common
with healthy adults and young children through the ingestion of highly contaminated
food (Swaminathan and Gerner-Smidt, 2007). Individuals such as diabetics, AIDS
patients, those with renal failure, organ transplant patients, cancer patients who are
considered immune-compromised are at risk of listeriosis as well as elderly adults.
Pregnant women, foetus and also newborns are also at high risk (Vazquez-Boland et
al. 2001). Some of the common fatal symptoms seen in pregnant women are pre-term
labour, amnionitis, spontaneous abortion, stillbirth as well as early onset sepsis

(Vazquez-Boland et al., 2001).



2.5.1. Occurrence of Listeria monocytogenes

Asymptomatic faecal carriers of the pathogen involve patients with gastro enteritis,
pregnant women, workers of slaughter house, workers at the laboratory handling
Listeria patients undergoing haemodialysis of food handlers, as well as some healthy
people.

Some of the symptoms commonly seen in older adults and those with weakened
immune systems involves fever, muscle aches, nausea and diarrhea. When infection
spreads to the nervous system, other symptoms may include stiff neck, headache
confusion and convulsions. In pregnant women, it leads to miscarriages, stillbirth,
premature deliveries and infection of the newborn.

Listeria monocytogenes is accepted to have its development helped at a water
movement (aw) > 0.92 utilizing sodium chloride as the solute. The pathogen best
develops at (aw) >0.97 (Jay et al., 2005). The base water action for the development
of most strains is 0.93, some develop at (aw) 0.90 as some tend to make due for long
stretches at (aw) as low as 0.83 (Montville and Matthews, 2005). In one of the
examinations, a Scott A strain of Listeria monocytogenes in a fluid entire egg was
warmed at 60 °C for 3.5 minutes. The D-value was 2.1 minutes (Atlas, 1997). A
similar strain in a fluid entire egg to which NaCl of 10% was included and warmed at
63°C for 3.5 minutes gave a D-value of 13.7 minutes (Bartlett and Hawke, 1995). It
was watched that, regardless of a higher temperature (63°C) was utilized for fluid
entire egg with 10% salt. The D-value was around four times that of the fluid entire
egg without salt. This was because of the 10% salt which brought down the water
movement of the item from 0.98 to 0.915 (Linton et al., 1990). This infers, for salty
nourishment frameworks when the temperature is brought down, the capacity of the

pathogen to get by at high salt focus expands (Ryser and Marth, 1988). The security
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of cured items, for example, salted fish or meat is along these lines ensnared. The
pathogen can develop at a pH levels in the vicinity of 4.4 and 9.4 in research facility

media.

2.5.2. Meat Contaminated by Listeria monocytogenes

Occurrence of Listeria monocytogenes within slaughter houses and meat processing
facilities has been associated with environmental colonization, because of its ability
to adapt and survive even on ‘clean’ equipment and rooms (Lunden et al., 2000).
Listeria monocytogenes enters through infected animals and raw meat or
intermediate products processed by suppliers (Boerlin and Piffaretti 1991; Gill and

Jones 1995; Fenlon et al., 1996; Nesbakken et al., 1996; Sammarco et al., 1997).

2.5.3. Detection of Listeria monocytogenes

Generally, detection of Listeria monocytogenes in food include culturing on selective
media, description of colonial characteristics on solid selective media, morphology,
biochemical and confirmatory tests (Prentice and Neaves, 1992). The pathogen is a
poor contender and would along these lines not develop well when other organisms

are present.

2.5.4. Factors Influencing Listeria monocytogenes in Meat Initially.

Ready source of nutrients for microorganisms is provided by the meat tissue. Meat
contamination by microbes can occur from many sources and at different stages of
processing or slaughtering. The initial contamination by Listeria monocytogenes,
right from the live animal, slaughter house, storage and processing is based on water
activity, pH, temperature and preservatives in the food which supports the growth of

this pathogen (Gill, 1979; Borch et al., 1996).
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2.5.5. Contributing Factors of Contamination from Processors and Vendors

Listeria monocytogenes contaminates variety of foods. Production of food that
practically has no organism is impossible (Montville and Matthews, 2005). They have
been associated with cheese, raw (unpasteurized) milk, deli meats, salad, fish and
smoked fish, ice cream and hot dogs (Montville and Matthews 2005; Swaminathan
and Gerner-Smidt 2007). Mostly implicated in listeriosis outbreaks are ready to eat
foods (Mauro et al., 2008).The reason is that, these ready-to-eat foods are eaten
without any further treatment or processing. Poultry products as well as meat products
have been identified as the most common implicated modes of transmission (Jay et

al., 2005).

2.5.5.1. Poor Hygiene Practices

The use of contaminated food ingredients and equipment in domestic kitchen serves
as major sources of greater number of food borne pathogens (Medeiros et al., 2001;
Beumer and Kusumaningrum, 2003; Redmond and Grifith, 2003). The unclean water,
bowls, knives, apparels and others used by the processors and vendors aid in
contaminating the meat. The sales of grilled meat at unhygienic areas, such as,
closeness to open gutters, also make it possible for the pathogen to contaminate the

meat.

2.5.5.2. Cross-Contamination

Listeria monocytogenes is highly ubiquitous, usually associated with the soil, dust,
silage, water, waste from slaughter houses, effluent from sewage and many others
(Prescott et al., 1995; Garbutt, 1997; Black, 1999; Jay et al., 2005). The meat can
therefore be contaminated straight from the slaughter house or during transportation

to processing sites (Glass and Doyle, 1990).
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2.5.5.3. Sterile Processing Equipment, Processors and Vendors

Unclean hands of processors and vendors and their apparels tend to harbour this
pathogen thereby aiding the formation of biofilms. Unclean food processing
equipment have biofilms formed on them (Mauro et al., 2008). Irrespective of the
temperatures, pH and salt concentration at these areas the pathogen finds themselves,
as far as the processors or venders are concern, they are able to grow. This enables the
pathogen to colonize and adapt to various environment (Jay et al., 2005; Mauro et al.,
2008). The pathogen exhibits a very unique tumbling motility too at a temperature

between 20-25°C but not at 35°C (Prentice and Neaves, 1992).

2.5.5.4. ‘Khebab’ (Meat) Processing Methods

‘Khebab’ is produced from fresh meat through modifications that employ one or more
procedures, such as the addition of seasoning, and heat treatment among others. These
processes are known to prolong the shelf life of the meat or ‘khebab and these
processes have a lot of importance since they prevent contamination by bacteria since
bacteria are of health concern in meat (Table: 2.4). Salted and smoked meat is
processed for flavour and consequently preserved due to the presence of salt, smoke
and heat treatment. Seasoning such as ginger, black pepper and others have
antioxidant properties. Also, red pepper and ginger have bacteriostatic properties
which help preserve the meat. The red pepper, garlic, ginger, onion, black peppers are
the most common spices used in preserving and flavoring meat in Ghana. The spices
are usually ground for uniform dispersion on meat products. Thus, ‘khebabs’ are
mostly processed in order to prolong shelf life, enable incorporation of non-meat
components into it thereby increasing the volume and improving other desirable

qualities such as colour, texture, and flavour.
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Table 2.4: Sources of Bacteria of Health Concern in Meat

Organism Principal source

Staphylococcus aureus Skin, mucous membranes of handlers
Clostridium perfringens Soil, intestinal tract

Listeria monocytogenes Soil, water, air or intestinal tract
Enteropathogenic Escherichia coli  Intestinal tract

Yersinia enterocolitica Intestinal tract

Salmonella spp. Intestinal tract

(Source: Church & Wood, 1992)

The number of cases and mortality rate of food-borne illness caused by these
pathogens are high; for example, Salmonella 31% of food related deaths, Listeria
(28%), Campylobacter (5%), and Escherichia coli O157:H7 3% (Mead et al., 1999).
Hard smoking of meat is the common method employed and it involves much salty
and smoking at a low temperature until little moisture is left in it. The salt preserves
the meat as it inhibits the growth of the micro-organisms. Hot smoking requires a
temperature of at least 65.56°C so that the food can be cooked and flavoured with
smoke at the same time. Cooking is much longer than grilled meats, in lower
temperatures. Cold smoking on the other hand, requires temperature less than 37.78
OC. In this case, the meat is not cooked at all, but rather the meat is flavoured and
sealed with the smoke barrier so that bacteria cannot cause it to spoil.

Salt in meat reduces the moisture content in the meat through osmotic effect. Growth
of most microorganisms is inhibited when water activity is lowered due to residual

salt (Essuman, 1982).
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2.5.5.5. Regulations of Listeria monocytogenes in Food

A zero-tolerance for the pathogen has been declared by United Kingdom and United
States of America; however, set tolerance levels for the pathogen have been set by
most countries in the European Union (EU) (Gallagher et al., 2003).

The tolerance levels set by these countries are due to the counts of the organism in the
food which tells whether the food is acceptable or unacceptable. The zero-tolerance
policy faces two challenges, that is, listeriosis incidence in the USA is same as in
the EU which allows < 100 CFU/g (Montville and Matthews, 2005). This simply
implies that, the zero-tolerance offers no additional protection for consumers. The
International Commission on Microbiological Specifications for foods (ICMSF,
1996) concludes that, if the count of Listeria monocytogenes does not exceed 100
CFU/qg of food at the point of consumption, the food is acceptable. France believe
it is possible to expect zero counts of Listeria monocytogenes in raw foods,
particularly, given the inevitable presence of the pathogen in food processing

environment (Tompkin, 2002).
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CHAPTER THREE
3.0. MATERIALS AND METHODS
3.1. STUDY DESIGN

This study employed a mixed-method approach. The first phase of the study comprised
of a descriptive survey design to obtain baseline data using structured questionnaires
from the consumers and processors of ‘khebabs’. Observation method was also used to
ascertain the actual practices that might contribute to the contamination of the
‘khebabs’. The second phase comprised of a cross-sectional design to obtain data on the
microbial contamination of ‘khebabs’ using laboratory analysis.

The survey was carried out to yield information about the consumption patterns (type,
mass and frequency consumed) of ‘khebab’ and the hygienic practices by ‘khebab’
processors in twenty selected areas in the Accra Metropolis. The laboratory analysis
involved the isolation and identification of Listeria monocytogenes on ‘khebabs’

processed in selected areas in the Accra Metropolis.

3.2.  STUDY SITES

Samples were collected randomly from twenty selected geographical areas of the Accra
Metropolis (Figure 3.1). The population density as well as patronage of ‘Khebabs’ were
reasons for the selection of sites. The longitudes and latitudes of the specific sampling
points of the selected areas were recorded as follows:

Adentan (5.743260 and -0.151818), Banana Inn (5.542305 and -0.254963), Bubiashie
(5.573681,-0.231882), Cantonment (5.572526 and -0.186610), Dansoman (5.531570
and -0.285453), Dome (5.63846052 and -0.24210993), Dzorwulu (5.607384 and -
0.206485), James Town (5.540029 and -0.205956), Korle-Bu (5.537406, -0.227398),
Kwashieman (5.588847 and -0.261483), Labone (5.563013 and -0.170127),

Latebiorkorshie (5.548149 and -0.240324), Legon (5.640173 and -0.167042), Maamobi
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(5.597001 and -0.192969), Nima (5.581542 and -0.198869), North Kaneshie (5.598811

and -0.232324), Roman Ridge (5.602401 and -0.195165), Tabora (5.619192 and

0.261937), Sowutuom (5.631570 and -0.285453), and Madina (5.678669 and

0.168909).

o"IsW
L

S*dON -

LaNkwantanang-Madina
Municapalaty
Ga Wiest Mumn icipal ity

5°ISN,

Areas where samples were taken demarked by 9 5

Figure 3.1: Map showing selected sample sites/areas in the Accra Metropolis

3.3.  SURVEY AND SAMPLING SITES

A total of 400 consumers consisting of 20 each from the 20 selected areas were
interviewed with questionnaires (Appendix A). Twenty (20) ‘khebab’ processors for the
20 selected areas were also interviewed with questionnaires (Appendix B) regarding

their processing methods and practices.
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3.3.1. Consumer Survey
The number of consumers denoted by n was determined using the formula from Moore
and McCabe (1993):
n = (Zap/2m) 2
n = number of consumers

a= significance
Z, = critical value

Table 3.1: Confidence intervals and the respective significance and critical values

Confidence Significance Critical Value
(1-0) g 100% () (Za)
90% 0.1 1.645
95% 0.05 1.96
98% 0.02 2.326
99% 0.01 2.576

A confidence interval of 95% was chosen so that the margin of error would be 5%. It
implied that,
Zo.025 = 1.95, where m (error of margin) = 5%, a=0.05 and Confidence interval = 95%
N= (Zon/2m) 2
n = [(1.96/0.1)%]
n=19.6
19.6=20
n = 202 =400
The total number (n=400) was obtained since 19.6=20. This implied that 400

respondents for all the twenty (20) selected areas was required.

3.3.2. Processor Survey

Twenty (20) processors were selected based on areas where much of the ‘khebabs’ were

produced and consumed and their processing methods and general handling of the meat
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as well as practices. They were therefore interviewed with structured questionnaires
(Appendix B) to obtain information on their practices. The meat processing sites were

the interviewing points in order to observe the methods and practices.

3.4. LABORATORY ANALYSES

The laboratory examinations needed to do with isolation, identification and Listeria
monocytogenes enumeration and furthermore the general microbial checks/counts (total
coliform count, total plate count and Escherichia coli count) on the raw meat and the
processed meat ('khebab'). Affirmation of all presumptive Listeria monocytogenes
isolates was carried out utilizing Standard tests (Board et al., 1992). Aseptic methods
were utilized for sampling and microbiological investigations.

In all, 120 samples were taken for the lab investigations involving sixty (60) raw meat
and sixty (60) grilled ready- to-eat 'khebab' (Table 3.2). Samples were put into sterile
sample bags appropriately labeled with ice packs put on them until bacteriological

examination.

3.4.1. Sample Collection from the Processing Sites

Selected sites were visited prior to starting the study in order to explain to the vendors
the basis and significance of study. The vendors were engaged in the study after they
had given their approval and they were assured of confidentiality. Raw meat and grilled
meat totaling one hundred and twenty (120) were collected from the selected areas.
Hands were sanitized with 70% alcohol in the process to prevent contamination. The
vendors helped in sample selection and collection as well as putting samples into

sample bags to avoid cross contaminations.
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3.4.2. Enumeration of Microbes

The total viable counts, total coliform counts, and Escherichia coli counts were
determined for all the 120 samples using the protocol from the Center for Food Safety
and Applied Nutrition (USA) while the procedure recommended by the International
Organization for Standardization procedure (1SO17604:2015) was used for the
enumeration, isolation, and identification of Listeria monocytogenes. Ten grams (10 g)
of each sample were weighed aseptically into sterile plastic stomacher bags and
macerated. A 1:10 dilution was prepared by adding 90 mL of 0.1% sterile peptone
water (Merck, Darmstadt-Germany). The 1:10 suspension was mixed thoroughly
through ten- fold serial dilutions carried out by aseptically transferring 1ml of the 1:10
suspension into a 9 mL of the diluent, and serially diluted in the same buffer solution,

starting from 1:10 through 10,

3.4.2.1. Total viable count (TVC)

Total viable counts were carried on Standard Plate Count Agar (Merck, Darmstadt-
Germany). About 1 mL of diluent was added to 9 mL molten Standard Plate Count
Agar (Merck, Darmstadt-Germany) kept at 45-50°C in a water bath (Grant, OLS 200).
Using pour plate technique, mixing was well done by rotation and then poured into a

9cm sterile Petri dish, allowed to set and incubated at 37°C for 18-24hrs.

3.4.2.2.  Total coliform count (TCC)

Membrane Lactose Glucuronide Agar (Oxoid, CM1031, USA) was used for the total
coliform count. Applying the pour plate count technique, 1 mL of diluent was added to
9 cm Petri dish. Then, 9 mL molten Membrane Lactose Glucuronide Agar (Oxoid,
CM1031, USA) kept at 45-50°C in water bath (Grant, OLS 200) was added to the

sample in the Petri dish. Mixing well by swirling was done and allowed to set before
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incubation at 37°C for 18-24hrs. Plates that showed cream to yellowish colonies were

selected and counted using a colony counter (Stuart Scientific, UK).

3.4.2.3. E. coli count

Membrane Lactose Glucuronide Agar (Oxoid, CM1031, USA) was used for the E. coli
count. Applying the pour plate count technique, 1 mL of the diluent was added into 9cm
Petri dish. Then, 9 mL molten Membrane Lactose Glucuronide Agar (Oxoid, CM1031)
kept at 45-50°C in water bath was added to the sample in the Petri dish. Mixing was
well done by swirling, allowing to set and incubated at 37°C for 18-24hrs. Plates that
showed greenish colonies were selected and counted using colony counter (Stuart

Scientific, UK).

3.4.2.4. Listeria count

One milliliter (1 mL) of diluent was added to a 9 mL molten chromogenic Listeria
Selective Agar (Oxoid, CM1084) which was supplemented (Oxoid, SR0226E and
SR0244E) and kept at 45-50°C in water bath. Using pour plate technique (1ISO 11290),
mixing was well done by rotation and poured into a 9 cm sterile Petri dish, allowed to
set and incubated aerobically at 30°C for 96 hrs. Plates showing greenish colonies when
viewed at 45° were selected and counted using a colony counter (Stuart Scientific, UK).
Colonies counted were multiplied by the dilution factor and the results expressed as

x*10%cfu/g, where X is colony counted, y is the dilution factor and cfu/g as unit.

3.4.3. Isolation and ldentification of Microbes

Ten milliliter portions of 1:10 suspension were centrifuged at 10,000 rpm for 30
minutes in a refrigerated centrifuge (4°C). After decanting the supernatant, a loop-full

of the pellet was aseptically streaked onto Blood agar (Merck, Darmstadt-Germany) and
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MacConkey agar (Merck, Darmstadt-Germany) using the plate—out technique (Heritage
et al, 1996). Cultures were incubated aerobically at 37°C for 18-24hrs in bacteriological
incubator (Wagtech, USA). Impure cultures on primary media were purified by sub-
culturing onto selected secondary media such as Membrane Lactose Glucuronide Agar,
Xylose Lysine Deoxycholate, Brilliant Green Agar, Mannitol Salt Agar, and Blood
Agar.

After overnight incubation (96 hours for Listeria isolates), colonial morphology of
organisms based on their physiological characteristics were observed for size, shape,
outline, colour and change in medium. Standard microbiological techniques, including
Gram staining, cellular morphology, and biochemical tests such as Motility Indole Urea
(MIU) (Lioflichems.r.l. Bacteriology Products, 610236, Italy), Catalase, Triple Sugar
Iron (TSI) (Oxoid, CM 0277, Hamsphire — England), Indole Methyl Red Vorges-
Proskeur Citrate (IMVIC) test, carbohydrates Oxidation/Fermentation (O/F) test (to
detect gas and or acid production) among others were used to isolate and identify the

organismes.

3.4.3.1. Isolation and ldentification of Salmonella

One (1) mL of the diluent was added to 9 mL of Selenite Cystine broth (Oxoid, CM
0699). This was mixed thoroughly and incubated at 37°C overnight. Using plate-out
technique, sub-cultures were made from the broth aseptically onto Xylose Lysine
Deoxycholate (XLD) medium (Oxoid, CM0469). Cultures were incubated at 37°C for
24-48 hrs and examined for the physiological characteristics of colonies on the media
(colonial morphology). Colonies showing slight to heavy blackening due to hydrogen
sulphide production were isolated and identified as Salmonella species. Organism was

confirmed using tests based on Latex Agglutination (Oxoid, FT0201), Motility Indole
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Urea (MIU) (Lioflichems.r.l. Bacteriology Products, 610236, Italy) and Triple Sugar

Iron (TSI) agar (Oxoid, CM 0277, Hampshire — England) tests.

3.4.3.2. Isolation, Identification of Escherichia coli

All lactose fermenting colonies on MacConkey agar were selected and aseptically sub-
cultured onto Membrane Lactose Glucuronide Agar (Oxoid, CM1031) to isolate and
identify Escherichia coli. Cultures were incubated at 45°C for 24-48 hours in a
bacteriological incubator. After incubation, green colonies observed at an angle of 45°
to a light source, were isolated and identified to be Escherichia coli. The organism was
confirmed using cell morphology and Indole Methyl Red Vorges-Proskeur Citrate

(IMVIC) test which are some of the confirmatory tests for E. coli.

3.4.3.3. Isolation, Identification of S. aureus

Using sterile inoculating loop, all colonies showing colonial and cellular morphology of
S. aureus were plated from the Blood Agar (Lioflichems.r.l. Bacteriology Products,
610005, Italy) onto Mannitol Salt Agar (Oxoid, CM 0085, Hamsphire-England).
Cultures were incubated at 37°C overnight. Colonies showing golden yellow to cream
pigments with pinkish background were selected and based on the biochemical tests

such as catalase and coagulase, the organisms were identified as S. aureus.

3.4.3.4. Presumptive and confirmatory identification for Listeria

Purification of Listeria monocytogenes was done as the streaking on a nutrient agar was
done before incubating plates for 24 hours at 37°C (Board et al., 1992). Testing for the
purified colonies from the nutrient agar plates for their Gram reaction was done as
described by Black (1999). Pure colonies obtained through Gram reaction were used for

subsequent confirmatory identification tests.
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3.4.3.4.1. Catalase test

The catalase test procedure described by Elmer W. Koneman (2006, medical), was
used. A catalase test performed separates the Listeria monocytogenes from other
Listeria species. The enzyme catalase present in the organism mediates the breakdown
of hydrogen peroxide (H202) into oxygen and water. The oxygen thereby produces a
rapid effervescence of bubbles indicating a positive test. This occurred with most of the
colonies that were picked with a sterile loop onto a slide after placing few drops of 3%

hydrogen peroxide using a capillary pipette.

3.4.3.4.2. H>S Production in TSI (Triple Sugar Iron)

Hydrogen sulphide (H2S) production test was performed in order to detect the hydrogen
sulphide (H2S) gas produced by an organism. The sterile inoculating wire was used to
touch the top of the isolated colony and then inoculated by stabbing through center of
the medium to the bottom of the tube then streaking the surface of the agar slant. It was
then incubated in the tube for 24 hours at 35°C. The production of H2S when sulphur—

containing amino acids are decomposed indicating a positive test.

3.4.3.4.3. B-haemolysis test

B-haemolysis which is associated with complete lysis of red cells surrounding the
colony is caused by two hemolysins O and S where the O is inactive in the presence of
oxygen and S being oxygen-stable cytotoxin. The presumptive Listeria monocytogenes
isolates were picked with a sterile loop and streaked on the blood agar. It was then
incubated for 24 hours at 37°C. Clear bands around the lines of streak noticed indicated

a positive p—haemolysis (Board et al., 1992).
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3.4.3.4.4. Indole Test

An indole test was performed to determine the ability of the organism to split
tryptophan molecule into indole which is one of the metabolic degradation product of
the amino acid tryptophan. Tryptone Soya Broth (Oxoid, CM129) was inoculated with
the picked colonies and incubated for 24 hours at 37°C. The bright red colour at the
interface of the broth and reagent within seconds after adding reagent indicated the

presence of indole positive test.

3.4.3.4.5. Motility Test

The motility test was done to find out if the organisms present were motile or non-
motile. The picked colonies using the inoculating needle were stabbed into motility

media. Growth away from the stab line indicated a positive test.

3.4.3.4.6. Urease Test

This was performed in order to differentiate organisms based on their ability to
hydrolyze urea with the enzyme urease. The surface of a urea agar slant was streaked
with a portion of picked colonies that was done using a sterilized loop. Cap of the test
tube was closed and the content in test tube was incubated 37°C for 48 hours. The
colour change of phenol red from light orange to pink within 24 hours indicated urea

being hydrolyzed with the enzyme urease
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CHAPTER FOUR
4.0. RESULTS
41. DEMOGRAPHIC CHARACTERISTICS OF CONSUMERS

A shown in Figure 4.1, a total of 400 respondents comprising of 196 (49%) females
and 204 (51%) males were recruited for the study. Table 4.1, depicts that majority
(27.75%) of the respondents were in the age group ranging from 30-39 years and
resided in Adentan, Cantoments, Dansoman, Dzorwulu, Labone, Legon, Roman
Ridge, and Sowutuom vending areas. The age group range of 20-29 years made up
22% of the respondents and located in the Bubiashie, Dome, and Kwashieman
vending areas while those that were less than 20 years were 21.5% and located in the
Banana Inn, James Town, Korle-bu, Latebiorkorshie, Madina, Maamobi, Nima, and
Tabora. Only 12.5% were in the age range of fifty and above ((=50) and located in the
North Kaneshie vending area. About 361 (90.25%) of the Respondents indicated that
they consume ‘Khebabs” while only 39 (9.75%) indicated that they do not consume
“khebabs”. Kwashieman and Maamobi recorded the highest number of consumers
(100%) of which majority of them were females (80%). North Kaneshie recorded the
least consumers (70%) compared with the other locations with 45% of the

respondents being female consumers (Figure 4.2).
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Table.4.1: Demographic Characteristics of the Consumers

Age (%)
Location <20 20-29 30-39 40-49 >50
Adentan 3(15) 4(20) 7(35) 4(20) 2(10)
Banana Inn 7(35) 4(20) 5(25) 2(10) 2(10)
Bubiashie 4(20) 5(25) 2(10) 4(20) 5(25)
Cantoment 0(00) 2(10) 9(45) 7(35) 2(10)
Dansoman 3(15) 4(20) 8(40) 3(15) 2(10)
Dome 4(20) 6(30) 4(20) 3(15) 3(15)
Dzorwulu 2(10) 2(10) 9(45) 4(20) 3(15)
James Town 10(50) 5(25) 3(15) 1(5) 1(5)
Korle-bu 7(35) 5(25) 2(10) 5(25) 1(5)
Kwashieman 4(20) 9(45) 3(15) 2(10) 2(10)
Labone 1(5) 4(20) 8(40) 4(20) 3(15)
Latebiorkorshie 9(45) 7(35) 3(15) 1(5) 0(00)
Legon 0(00) 2(10) 9(45) 6(30) 3(15)
Madina 6(30) 5(25) 4(20) 2(10) 3(15)
Mamobi 5(25) 7(35) 3(15) 4(20) 1(5)
Nima 6(30) 4(20) 3(15) 2(10) 5(25)
North Kaneshie 4(20) 4(20) 5(25) 1(5) 6(30)
Roman Ridge 0(00) 2(10) 8(40) 6(30) 4(20)
Sowutuom 4(20) 3(15) 10(50) 1(5) 2(10)
Tabora 7(35) 4(20) 6(30) 3(15) 0(00)
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Female 49%
Male 51%

= Male H Female

Figure 4.1: Gender of consumers

Consumers 90.25%
Non-consumers 9.75%

Figure 4.2: Consumers and non-consumers

4.2. DEMOGRAPHIC CHARACTERISTICS OF THE PROCESSORS

A total of 20 processors were all males and between the ages of 30-49 were recruited

for this study. Out of the total number 70% were in the age range of 30-39 while 30%

were between 40 and 49 years (Table 4.2). Six (6) had had Senior High School (SHS)
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education, seven (7) with Junior High School education (JSS), three (3) with primary

school education while four (4) were illiterates. Majority (55%) of the Processors

bought their raw meat from the open market while 45% bought their raw meat from

slaughter houses (Figure 4.3). Eight (40%) of the processors sold their ‘khebabs’ in a

close glass cage while twelve (60) sold their ‘khebabs’ in the open (Figure 4.4).

Table.4.2: Demographic Characteristics of the Processors

Age

Location

Gender

20-29

30-39

40-49

Adentan
Banana Inn
Bubiashie
Cantoment
Dansoman
Dome
Dzorwulu
James Town
Korle-bu
Kwashieman
Labone
Latebiorkorshie
Legon

Madina
Mamobi

Nima

North Kaneshie
Roman Ridge
Sowutuom
Tabora

LI KLL

\/

2L 2 2 =2 2 2L =2 2 2 2

2L 2 2

2 <2

2 2 2

M = male

= selected range
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Open market 55%
Slaughter house 45%

B Open market ® Slaughter house

Figure 4.3: Source of raw meat

Closed glass case 40%
Open display 60%

H Closed glass case  ® Open display

Figure 4.4: Mode of storage of meat
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4.3. PREVALENCE OF LISTERIA MONOCYTOGENES IN THE
‘KHEBABS’

As shown in Figure 4.5, from a total of 120 samples of meat consisting of 60 raw
meats and 60 grilled meats (‘khebabs’) tested, 92 samples (76.67%) were positive for
Listeria monocytogenes. Out of these 92 samples being positive for Listeria
monocytogenes, 45 samples (48.91%) were raw meat and 47 samples (51.09%) were

grilled meat. Samples that were negative for Listeria monocytogenes were 28.

Raw meat(Lm+ve) 48.91%
Grilled meat(Lm+ve) 51.09%

M Grilled meat(Lm+ve) H Raw meat(Lm+ve)

Figure 4.5: Prevalence of Listeria monocytogenes in the ‘Khebabs’

Key: (Lm +ve) = Listeria monocytogenes detected
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Plate 4.1: A representative blood agar plate showing B -haemolysis of L.

monocytogenes

4.4.  Listeria Counts in both the raw and grilled Meat (‘Khebab”)

As shown in Table 4.3, Madina vending area recorded the highest count of 6.190
logiocfu/g whilst the least count of 0 log10 cfu/g was recorded at both Cantoment and
Roman Ridge vending area for the grilled meat. Dome recorded the highest listeria
count of 6.30 logiocfu/g whilst the least listeria count of 0 logiocfu/g was recorded at

both Labone and North Kaneshie vending areas.
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Table 4.3: Mean Microbial Count on both the Raw and Grilled Meat (‘Khebab’)

LC(raw LC(grilled

Location TVC EC TCC meat) meat)
Logiocfulg

Adentan 5.6 5.88
Banana Inn 6.596 6.556 6.394 5.83 4.3
Bubuashie 6.378 5.491 4.984 6.11 5.18
Cantoment 5.497 6.483 4.699 4
Dansoman 5.565 7.009 6.033 5.36 5.26
Dome 6.786 6.3 5.59
Dzorwulu 6.924 6.825 5.607 5.93 4
James Town 6.555 6.812 5.31 5.93 4.48
Korle-bu 5.154 6.827 5.363 6.04 5
Kwashieman 6.58 6.634 5.013 6.18 5.2
Labone 6.953 6.176 5.708 4.85
Latebiorkorshie 5.093 6.164 5.539 5.53 5.32
Legon 6.885 5.602 5.74 5.53
Mamobi 6.58 6.51 5.48 0 5.89
Madina 7.267 4.748 5.296 5.46 5.34
Nima 6.2 6.792 5.489 4
North Kaneshie 6.922 6.792 4
Roman Ridge 6.927 5.491 4.097 4.3 4.48
Sowutuom 4.732 4.826 4.6 4.3
Tabora 6.23 5.7 6.19

KEY: TVC = Total Viable Count, EC = E. coli Count, TCC = Total Coliform Count,

LC = Listeria Count

45. DISTRIBUTION OF LISTERIA MONOCYTOGENES AT THE
SELECTED VENDING AREAS

As shown in Figure 4.6, Banana Inn vending area recorded the highest pathogen
contamination level in the grilled meat whilst Cantoment, Dome, Laterbiorkorshie,
North Kaneshie and Tabora vending area recorded the least pathogen contamination
level. The grilled meat (‘khebab’) also had Banana Inn vending area recording the
highest pathogen contamination while Cantonment, Dome, Laterbiorkorshie, North

Kaneshie, and Tabora vending areas recorded the least pathogen contamination.
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N w

Logl0(average Cfu/g)
[y

Selected locality

B Average Cfu/g of raw meat (log10) i Average Cfu/g of grilled meat (log10)

Figure 4.6: Load of pathogens on both raw and grilled meat at the selected

localities

4.6.  Microbial Counts of TVC, EC and TCC on the Grilled Meat (‘Khebab”)

As shown in Table 4.3, Madina had the highest load of TVC (7.267 logio cfu/g) whilst
Sowutuom vending area had the least TVC of 4.732 logio cfu/g. In the case of the total
coliform count (TCC), the highest contamination was found in the Banana Inn
vending area (6.394 logio cfu/g) whilst the lowest count of 0.00 logio cfu/g was found
in the Dome, Legon, North Kaneshie, and Tabora vending areas. For the E. coli (EC)
contamination, the highest level of 7.009 logiocfu/g was found in the Dansoman
vending area whilst the lowest level of 0.00 logio cfu/g was found in the Dome,

Sowutuom, and Tabora vending areas.
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CHAPTER FIVE
5.0 DISCUSSION

This study sought to assess prevalence of Listeria monocytogenes in raw and grilled
meat (“khebab”) in selected vending areas in the Greater Accra Region of Ghana.
Survey of the “khebab” processors revealed that about 80% had had some form of
formal education and therefore could be inferred that majority of them have an insight
now with respect to safe grilled “khebabs”. The survey also revealed that “khebab”
processing is mainly a man’s job as all the 20 processors were males with majority of
them in the age range from 20 to 39 years. Processors all being males could be due to
the nature of the job.

‘Khebab’ is generally prepared using meat, usually from cattle, goat, sheep, chicken,
guinea fowl, and others with the meat cut into reasonable sizes, seasoned and grilled.
Most of the processors indicated that they purchased their meat from the open market
and/or slaughterhouses and transported to the site of processing. Thus, the
contamination of ‘khebabs’ by Listeria monocytogenes, in this study, could be
attributed foremost to the source of purchase and contact surfaces during
transportation of the meat from the open market or slaughter houses.

The occurrence of Listeria monocytogenes within slaughter houses and meat
processing facilities is associated with environmental colonization, because of its
ability to adapt and survive even on ‘clean’ equipment and rooms (Lunden et al.,
2000). The improper handling of the meat during and after transportation could also
be the reason for the presence of the pathogen in most of the meat samples. Improper
handling and improper hygiene may lead to the contamination of fresh meats and
eventually affect health of consumers (Koussemon et al., 2008). This could be

through unclean hands, bowls, knives, clothes and others of processors or vendors.
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The presence of the pathogen on the meat samples could also emanate from the
animals from which the meat was obtained. Listeria monocytogenes are known to
enter individuals through infected animals and raw meat or intermediate products
processed by suppliers (Boerlin and Piffaretti 1991; Gill and Jones 1995; Fenlon et
al., 1996; Nesbakken et al., 1996; Sammarco et al., 1997).

It was observed that most of the processing sites were close to open gutters and also in
dusty areas with the dust serving as vehicles for the contaminants. This could be a
contributing factor to the pathogen contaminating the meat samples since Listeria
monocytogenes is usually detected in the soil, dust, water, decay vegetation among
others (Garbutt, 1997; Jay et al., 2005).

The microbial counts performed were Total Viable Count, E. coli Count, Total
Coliform Count and Listeria Count. The isolates identified among the E. coli and
Coliforms were Salmonella spp., Staphylococcus spp., Bacillus spp., and others. The
mean counts for the raw meat in logio for the various selected areas were less than
their respective mean counts for the grilled meat of the selected areas apart from
Dome, Laterbiorkorshie and North Kaneshie. These areas had their mean counts for
the raw meat more than that of the grilled meat. The microbial count reduction after
grilling implies that, either the effect was from the spices before grilling or from the
heat from the grill. The mean microbial counts for Listeria for both the raw and
grilled meat exceeded the infective dose for Listeria monocytogenes in terms of viable
cells. The least count recorded was for Tabora which was logio (3.15 £ 1.63) for raw
meat and logio (2.739 £ 0.370) for grilled meat which is greater than logio (2). Listeria
monocytogenes limit for all ready-to-eat food should be less than 100 colony-forming
units per 25g or 25ml portion of the food according to WHO microbiological

guidelines for ready-to-eat food. The microbial loads are therefore not below the
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WHO threshold value.

The calculated Cohen’s Kappa co-efficient (k) was 0.02, indicating a fair agreement in
terms of Listeria monocytogenes contaminations as far as the raw meat contamination
and the grilled ‘Khebab’ contaminations are concerned. The E. coli counts and
coliform counts could be attributed to cross contamination through unhygienic
processing equipment, poor hygiene practices, poor personal hygiene and others. The
foods with coliforms contamination in general and E. coli, in particular, mostly results
from unhygienic handling of foods (Hobbs and Roberts, 1987; Jay et al., 2005).

The hazard in this study, Listeria monocytogenes, is responsible for the foodborne
disease listeriosis. The immuno-compromised individuals such as diabetics, AIDS
patients, those with renal failure, organ transplant patients, cancer patients and also
elderly adults are generally at risk from listeriosis. Pregnant women, foetus and also
newborns are also at high risk (Vazquez-Boland et al. 2001). The pathogen was
detected in 92 samples (76.67%) out a total of 120 samples of meat consisting of 60
raw meat and 60 grilled meat (‘Khebabs’). Also, out of the 120 samples of which 92
samples are positive for the pathogen, 37.5% was for raw meat and 39.17% was for
grilled meat. Samples that were negative for Listeria monocytogenes contamination
out of the same 120 samples recorded 23.33% where 12.5% was for raw meat and
10.83% was for grilled meat.

Listeria monocytogenes occurring in raw meat even from the slaughter house to the
processing point suggests that the meat products could be a vehicle for the
transmission of the pathogen to consumers. The level of microbial counts implicates
the sanitation of all these selected areas. This implies that, the sanitary conditions
were unsatisfactory due to occurrence of coliforms in general and Escherichia coli

even in the grilled ‘Khebabs’.
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This should therefore be a food safety issue in order to protect the immuno-
compromised individuals such as diabetics, AIDS patients, those with renal failure,
organ transplant patients, cancer patients and pregnant women who are prone to this

pathogen.
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CHAPTER SIX
6.0. CONCLUSIONS AND RECOMMENDATIONS
6.1. CONCLUSIONS

Most of the “khebab” processors had some form of formal education and had some
insight with respect to safety of grilled ‘“khebabs”. Listeria monocytogenes was
detected in majority of the ‘Khebab’ samples of the 20 selected areas of Accra
metropolis. Listeria monocytogenes occurred more in the grilled meat than the raw
meat probably due to cross contamination during processing which could be either
from the processor himself through his unclean hands or clothes, processing
equipment and poor sanitation of processing site. All the processors were males with
ages ranging from30 to 39 years and 40 to 49 years. Listeria monocytogenes was
detected in the grilled skewed meat more than the raw skewed meat samples collected

in the 20 selected areas in Accra Metropolis.

6.2. RECOMMENDATIONS

1. Further studies on the occurrence (prevalence and concentration) of the
pathogen in sausages, guinea fowls, chicken that are also grilled together with
the meat as ‘khebabs’ should be conducted.

2. Investigations of the role of other pathogenic Listeria species (Listeria

evanovii) in Ghana should be undertaken.
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APPENDICES

APPENDIX A: CONSUMER QUESTIONNAIRE
DEPARTMENT OF FOOD SCIENCE, KWAME NKRUMAH UNIVERSITY OF

SCIENCE AND TECHNOLOGY

PREVALENCE OF LISTERIA MONOCYTOGENES IN READY TO EAT MEAT IN

ACCRA

Dear respondent, this questionnaire is to help gather some information on the
consumption of processed grilled meat (Khebabs) in Ghana, as part of an Msc
Food Quality Management Thesis on the topic above. The information you
provide remains confidential and will be used for academic purposes only. Thank

you.

Date:

Location:

Please thick (Z7) or circle the responses that you desire. Where appropriate,
write out your own responses in the spaces provided.

BACKGROUND INFORMATION

Sex:
Male=M
Female=F

Age:

1=Less than 20 years
2=20-29 years

3=30-39 years

5=40-49 years

5=50-59 years and above

Highest level of education
1=None
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2=Primary

3=Middle School/JHS
4=Secondary

5=Tertiary

6=Other, specify.....................

PATTERNS FOR MEAT CONSUMPTION
Do you consume grilled meat?

1=Yes

2=No

If yes to 4, which of the following processed meat do you consume?
1=Grilled meat

2=Fried meat

3=Boiled meat

4=Smoke meat

5=Others, specify..................

Which spice of processed meat do you consume?
1=Goat

2=Sheep

3=Cow

4=O0Otbher, specify..............

How often do you consume the meat product?

Skewed grilled meat with lots of species
1=Daily

2=0nce a month

3=2-3 times a week

4= Once a week

5= Specify..............

Which of the meat do you consume?
1=Goat

2=Sheep

3=Cow

How many do u consume at an instance?
1=1 stick

2=2 sticks

3=3 sticks

4=more than 3 sticks

CONSUMPTION BY HIGH RISK GROUPS
I. CHILDREN

Do you have children (Above 3 years) in your home?
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How often do they consume grilled meat?
1=Daily

2=0nce a month

3=2-3 times a week

4= Once a week

Which of the meat do they consume?
1=Goat

2=Sheep

3=Cow

4=Chicken

[11. PREGNANT WOMEN
MEAT HANDLING PRACTICES

Where do you buy your raw meat?
1=Informal market

2=Slaughter houses

3=House to house vendors

4= Others, specify..................

How much processed meat do you often purchase?
1=enough quality for one meal

2= enough quality for three days

3= enough quality for one week

4= enough quality for one month

How do you store raw meat?
1=In refrigerator
2=Steaming
3=Boil
4=0thers, specify..................
In what form(s) do you consume processed meat?
1=Grilled with species
2=Grilled with pepper
3= Others, specify..................
APPENDIX B: PROCESSOR QUESTIONNAIRE

DEPARTMENT OF FOOD SCIENCE, KWAME NKRUMAH UNIVERSITY

OF SCIENCE AND TECHNOLOGY
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RISK ASSESSMENT FOR LISTERIA MONOCYTOGENES IN READY TO

EAT MEAT IN ACCRA

Dear respondent, this questionnaire is to help gather some information on the
consumption of processed grilled meat (Khebabs) in Ghana, as part of anMsc.
Food Quality Management Thesis on the topic above. The information you
provide remains confidential and will be used for academic purposes only. Thank

you.

Date:
Location:

Processor Code:

Please thick or circle the responses that you desire. Where appropriate, write out
your own responses in the spaces provided.

BACKGROUD INFORMATION

Sex:
1=Male=M
2=Female=F

Age:

1=Less than 20 years
2=20-29 years

3=30-39 years

5=40-49 years

5=50-59 years and above

Highest level of education
1=None

2=Primary

3=Middle School/JHS
4=Secondary

5=Tertiary

6=Other, specify.....................

How long have you been in the processing business?

1=1-5 years
2= 6-10 years
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3=11-15 years
4=16-20 years
5= More than 20 years

What kind meat products do you process? Tick as many as apply to you.
1=Smoke meat

2=Boiled meat

3=Crilled meat

4=All the above

5=Other, specify.....................

B: RAW MEAT ACQUISITION

What kind of meat do you process?

1=Goat meat

2= Cow meat

3= Chicken meat

4= Guinea fowl meat

5=0ther, specify........cooiiiiiiiiiiiiiiiii

Where do you get your raw meat?

1=Vendors

2=Slaughter houses

3=Cold store

4=0pen market

5=O0ther, specify.........cooviiiiiiiiiiiiiiieea,

What species of meat do you process?
1=Goat

2=Sheep

3=Cow

Do you inspect fresh/raw meat before purchasing?
1=Yes
2= No

If yes to Q27, what do you look out for?

1= Color of meat

2= Texture of meat

3= Odor of meat

4= Specify....coiiiiiiii

D. RAW MEAT TRANSPORTATION

How long does it take to transport raw meat to the processing site?
1=Less than 30 minutes

2=30mins — 1 hour

3=More than 1 hour, less than 10 hours

4=More than 10 hours, less than 24 hours

5=More than 24 hours
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How do you transport the raw meat to the processing site?
1= By foot

2= Public transport

3= Private transport

4= Refrigerated truck/van

5= Other, Specify......cccoviiiiiiiiiiiiiiiiiias

What containers do you use to carry the raw meat during transportation?
1=Bowls

2=Sacks

3=Ice chest

4=0ther, specify........cccevviiiiiiiiinn...

E. PROCESSING OF MEAT

Do you wash your hands before starting processing?
1=Yes

2=No

What do you use to wash your hands?
1=Only water
2=Water and soap

How long do you keep the meat before processing?
1=Less than 30 minutes

2=30mins — 1 hour

3=More than 1 hour, less than 1 week

4=More than 1 day, less than 1 week

How do you keep raw meat before starting processing?
1=At room temperature

2=In a fridge

3=In a freezer

4=0ther, specify.........cccceviiiiiiiin.n.

Describe how you process your meat.

How do you know when raw meat is adequately processed?

How much meat do you process at a time/what constitute a batch?

1=15 kilos

2=20 kilos

3=20-30 kilos

4=> 30 kilos

What do you do to keep raw meat from spoiling when processing is delayed?

F. HANDLING AND STORAGE OF GRILLID MEAT
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Where do you store processed meat?

1= Regular room

2= Boiling

3=In refrigerator

4=In deep freezer, freezer compartment of refrigerators
5=Other, specify..........ccoeiviiiiinninn..

How is the processed meat stored?

1= In sacks

2= In bowls

3= In solid boxes (not perforated)
4= On shelves

5= Other, specify..........cccooviiiiiiin.n.

For how long after processing do you store meat before selling?
1=Less than 1 day

2=1-3 days

3=More than 3 days, less 1 week

4=1 week — 1 month

5=More than a month

G. TRANSPORTATION OF GRILLED MEAT

Do you process meat before you transport to where you grill them?
Approximately how long does it take to transport processed meat from the
storage/processing site to where you grill them?

1=Less than 30 minutes

2=30mins — 1 hour

3=1-3 days

4=4-12 hours

5=More than 12 month

How do you transport processed meat to where you grill them?
1= By foot

2= Public transport

3= Private transport

4= Refrigerated truck/van

5= Other, specify........coceviiiiiiiiian..

Where exactly do you grill and sell the meat?
1=Drinking bars

2=Market places

3=0n the street in traffic

4=At churches

5=Specify............

THANK YOU

64



APPENDIX C: RAW DATA OF RESULTS FOR THE VARIOUS ISOLATES
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TVC (x105cfulg) 94 40 TVC (x10°cfu/g) 205 185
13
TCC (x10%fulg) 6 0 TCC (x10%fulg) 82 6
Nima 15 Madina
E. coli (x10%cfu/g) 6 0 E. coli (x10°cfu/g ) 438 0
29 22 50 156

LC (x10%cfu/g)

LC (x10%cfu/g)
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APPENDIX D: BIOCHEMICAL ANALYSIS

Purification of Listeria monocytogenes was done by streaking on nutrient agar before
incubating plates at 37°C for 24 hours (Board et al., 1992). The pure colonies obtained
through the Gram reaction were used for the subsequent confirmatory identification
tests. Listeria monocytogenes was subjected to test such as Catalase test, Indole, Urease

test, B- Haemolytic test, and others (Plate 4.1).

Plate 4.2: Biochemical tests of meat samples showing different reactions
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Table 4.3: Biochemical characterization of the L. monocytogenes in the grilled

samples
Catalase Presumptive Confirme
Isolate - ion TO! HeS MIU  Urea Cit. p-H organism d
organism
Jt + + + + - -+ Lm Lm
Thb + + + + - + + E. coli, Lm -
Lb + - + - - + + Enterobacter spp. -
Nm + + - + + -+ Salmonella spp., Lm Lm
Mb + + - + - -+ Salmonella spp. Lm
Bsh + - - + - - - E. coli -
NK + - - i i 4 Enterobacter spp,
Listeria spp.
Lt + + + + + + . Proteus mirabilis, )
Pseudomonas
Dm + + ) + + + 4 Enterobacter Lm
aerogenes
Kw + + - + - -+ Morganellamorganii -
Key:

Jt(Jamestown),  Th(Tabora), Lb(Labone), Nm(Nima), Mb (Mamobi),
Bsh(Bubiashie), NK(NorthKaneshie), Lt(Latebiorkorshie), Dm(Dome),
Kw(Kwashieman), TSI (Triple Sugar Iron test), MIU (Motility Indole Urease test), p
— H (Beta Haemolysis), Lm (Listeria monocytogenes)
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