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ABSTRACT
Fish products contribute significantly to protein nutriture, food security, livelihoods and the economy in
West Africa. Food safety of processed fish products however remains an important concern. The purpose of
this study was to investigate the safety of traditionally processed fish from Ghana. Microbiological analysis
of selected traditionally processed fish products was conducted. Challenge tests were employed to determine
the effects of storage temperature on survival of Salmonella Typhimurium and Staphylococcus aureus. The
effects of salting, temperature, pH and inoculum size on the survival and enterotoxin production of S. aureus
was also determined. Food safety surveys were conducted. Self-reported and observed food safety practices
and the role of food safety inspectors were assessed. The pH levels observed in all samples were not at
optimum levels to inhibit microbial growth. Water activity (aw) levels were: fried bonga (0.82 – 0.95), koobi
(0.53 – 0.75), kako (0.55 – 0.70, smoked catfish (0.72 – 0.95), smoked herrings (0.54 – 0.94) and smoked
mackerel (0.84 – 0.99). Salmonella and Clostridium perfringens were not detected in 25g and 1g,
respectively, of any of the samples. Varying levels of Bacillus cereus, S. aureus and yeast and mould were
detected in fried bonga and smoked fish samples. Aerobic bacteria and coliforms were present in 50% and
44.4%, of fried bonga. Only yeast and moulds were detected in kako and koobi at levels of <2 log to 4 log
cfu/g in koobi and from <2 log to 5 log cfu/g in kako. High levels of between 5 log10 CFU/g and 6 log10
CFU/g aerobic bacteria were recorded in smoked mackerel. On the basis of aw levels and microbial quality,
smoked mackerel and fried bonga were classified as high risk fish products requiring time-temperature
control, and salted koobi, kako, smoked herrings and catfish as low risk products. Challenge tests with S.
aureus in salted smoked mackerel and catfish showed no growth and no enterotoxin A and B at 4°C. S.
aureus numbers increased in smoked catfish and mackerel samples stored at 30 oC but decreased with
increasing NaCl concentration (p<0.001; r2=0.0507). At 30oC, SEA and SEB were detected in samples
formulated with 5% (w/w) NaCl with high inoculum. Samples formulated with higher than 5% (w/w) NaCl
suppressed growth and enterotoxin production. Food safety knowledge among respondents was good and
consumers were concerned with some aspects of food safety in Ghana although not fish in particular. Very
few food handlers had received adequate food safety training, the majority of whom overestimated their food
safety compliance, evidenced by observed poor hygiene practices. Only 43.8% of inspectors had higher
professional qualifications and 29.2% were trained in HACCP. Inspectors identified lack of information
(41.7%), support (41.7%) and operational costs (39.6%) among the barriers to food safety compliance. These
findings suggest a need for education at all levels including food safety enforcement professionals. A
framework model which integrates all aspects of the findings in developing a national regulatory and policy
framework for fish food safety has been proposed. Some of the skills that are missing are identified and
suggestions put forward that will benefit traditional fish processing.
Norbert Ndaah Amuna BSc (Hons) Botany/Zoology; Dip Ed.;MPhil Entomology; MBA
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Chapter 1
1.0
1.1

Introduction

Background and context of the study

Fish is a highly nutritious, protein-rich food commodity with wide consumer acceptance. It contains
essential amino acids, minerals, vitamins and polyunsaturated essential fatty acids (PUFAs),
especially omega-3 PUFAs and is low in saturated fat, and constitutes an important component of a
healthy human diet (Kolanowski and Laufenberg, 2006). Scientific evidence indicates that fish
consumption reduces the risk of coronary heart diseases, strokes, decreases mild hypertension,
prevents certain cardiac arrhythmias, and also aids in the neurological development of foetuses
(Kris-Etherton et al., 2002; McMichael and Butler 2005). Its consumption is therefore highly
encouraged. Worldwide, fish provides more than 1.5 billion people with almost 20 per cent of their
average per capita intake of animal protein, and 3.0 billion people with at least 15 per cent of such
protein (FAO, 2010). The fish industry in many sub-Saharan African countries plays a vital role in
contributing directly to food and livelihood security, poverty alleviation, employment generation,
wealth creation, rural development, export diversification and foreign exchange revenue (Ponte et
al., 2007; Lokuruka, 2009; FAO, 2010).

Many sub-Saharan African countries depend heavily on fish as an important protein source to
alleviate protein-energy malnutrition (PEM) and as a source of essential micronutrients, including
various vitamins and minerals (Seaman, 1999; Gopalan, 2000; FAO, 2010). Fish also generates
significant employment and livelihood for whole communities. In fact, it is estimated that around
60 per cent of the population in many developing countries derive over 30 per cent of their animal
protein supplies from fish, while almost 80 per cent of the population in most developed countries
obtains less than 20 per cent of their animal protein supplies from fish (Ababouch, 2003).
Traditional fish processing constitutes an enormous informal micro- or small-scale cottage-type
sector which supplies much of the fish consumed in Ghana.
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1.2

Food safety concerns of traditionally processed fish

Naturally, fish is highly perishable and has a short shelf-life under ambient conditions unless
preservation methods are used. Its high moisture and nutrient content makes it a good substrate for
both pathogenic and spoilage microorganisms, which are widely distributed in nature and are able
to survive and proliferate under various environmental conditions. Consequently, fish safety and
quality remain a dynamic situation heavily influenced by multiple factors along the food chain from
farm to fork, including the harvest environment, sanitary conditions, processing and post-processing
procedures and practices associated with equipment and personnel in the processing environment
(FDA, 2001a; Huss, 2003). Governments and industry in developing countries, however, still face
major challenges of producing safe fish products for their local markets and for export to markets in
developed countries (Bagumire et al., 2009) as fish can be a dietary source of hazards including
chemical contaminants and foodborne pathogenic bacteria. Conditions in fish processing
environments in Ghana and other parts of the continent have been generally described as
rudimentary, unhygienic and good hygienic practices are said to be rarely practiced (Igene and
Mohammed, 1983; Ababouch, 1990; Essuman, 1992a; Plahar et al., 1999; Akinola et al., 2006;
Anihouvi et al., 2006). In Ghana, Plahar et al. (1999) have observed that quality assurance systems
are not in place in the whole raw material procurement, processing, storage and distribution chain to
facilitate prevention of consumer hazards or to produce high quality fish products. Recent
investigations by Nyarko et al. (2011) have also reported the widespread use of old news prints,
cement papers and polyethylene bags as packaging for smoked fish during storage, retail and
handling of fish. There is also a serious gap and a paucity of data in respect of the food safety
knowledge, attitudes and practices as well as production, processing and post-processing handling
conditions, chemical and microbial contamination and the whole issue of food safety in the
traditional food processing system in Ghana.

Good hygiene and manufacturing practices, appropriate cleaning, sanitation programmes, and
temperature control are important requirements for the prevention and inhibition of microbial

2

growth (Sofos and Geornaras, 2010). Unhygienic fish processing environments and inappropriate
practices can potentially contribute to contamination of fish along the fish chain from catch to fork.
Concern has also been raised about the safety of West African traditionally processed fish products
exported to the EU (Ward, 2003) due to heavy deposition of smoke. Of particular concern are
pathogenic bacteria such as Salmonella spp, Escherichia coli, Shigella spp, Vibrio spp., and
Clostridium botulinum, Staphylococcus aureus and Clostridium perfringens in tropical fish (Plahar
et al., 1999; Feldhusen, 2000) which may survive and grow and eventually reach infectious levels
(Medvedova et al., 2009). Under abusive storage and handling conditions, background flora of
foodborne pathogens which may already be present in the fish products may grow and increase in
numbers and/or produce toxins. Indeed, Plahar et al. (1999) in their study of smoked anchovies and
Sardinella sp., reported that even though the initial microbial types and numbers decreased during
smoking, they were not completely eliminated and microbial loads, including S. aureus and
Bacillus spp., increased under traditional post-processing handling and storage conditions. Plahar et
al. (1999) also observed that inadequate sunshine or inadequate thermal treatment, inadequate
drying and storage of smoked fish may result in spoilage due to growth of filamentous fungi which
may present a potential risk of mycotoxin production, and insect infestation. Nketsia-Tabiri (2004)
has reported Total Viable Count (TVC) between 4.11 - 6.78 log cfu/g, counts of S. aureus between
2.85 - 4.15 log cfu/g and mould and yeast count of between 1.38-3.38 log cfu/g in market samples
of salted and dried tilapia (koobi). The total viable count in this product increased to 7.5 ± 2.5 log
cfu/g after 4 weeks storage under ambient conditions. Anihouvi et al. (2006) also reported S. aureus
in 17.7 per cent of salted and fermented traditional fish products as well as histamine, moulds and
Clostridium spp., but did not report the presence of Salmonella. In view of these facts, there is the
need for an investigation into the safety of traditionally processed fish products in Ghana. It is also
important to investigate food safety knowledge and how this knowledge is applied in traditional fish
processing settings with the aim of developing appropriate recommendations and training for the
improvement of hygiene in artisanal fish processing. Furthermore it would be useful to verify the
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effectiveness of current government oversight functions in terms of food safety control,
enforcement strategies and compliance in the Ghanaian fish industry.

1.3

Rationale and justification

The development of the fish industry is primarily one way to mitigate food insecurity and PEM in
developing countries. For many developing countries, the development and production of valueadded fish products also offers an opportunity to expand exports. The promotion of fish
consumption also has potential health benefits in a country with relatively high levels of childhood
protein-energy malnutrition associated with consumption of mainly starchy foods with little added
protein. However, the benefits of fish consumption must be weighed against the potential health
risks associated with fish consumption. The threat of food-borne disease from contaminated fish is
real and of major concern to developing countries like Ghana, where fish production, marketing and
distribution contributes significantly to the country’s agricultural GDP. These facts make the
fishing industry in Ghana an important area to examine with respect to their operations and their
overall contribution to health and well being in the country.
1.4

Aims and objectives of the study

The study presented here was conducted to determine the safety of traditionally processed fish
products manufactured in Ghana. The effects of a combination of hurdles on microbial growth and
shelf-life extension would be investigated. The aim of this study is to contribute to the reduction of
foodborne diseases in the traditional fish value chain through the development of effective food
safety management system and standard food safety practices that are acceptable to micro and
small-scale fish enterprises in Ghana. The primary objectives of the study were therefore:
1. To identify potential hazards in selected traditionally processed fish products (smoked fish
and salted and dried fish) and to ascertain their suitability relative to food safety and risk to
public health.
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2. To compare bacterial survival and changes that occur in traditional fish products formulated
with sodium chloride, contaminated with pre-selected levels of inocula of named foodborne
pathogens under various post-processing storage temperatures.
3. To evaluate fish handlers’ practical implementation and compliance with standard food
safety and hygiene guidelines (CAC, 2009) as well as the food safety knowledge, attitudes
and practices (KAPs) and concerns of various stakeholders involved in catch, handling,
processing, storage, sale and consumption of fish in Ghana and how this contributes to food
safety standards along the fish value chain.
4. To assess the effectiveness of current government oversight functions in terms of food
safety control, enforcement strategies and compliance in the Ghanaian fish industry.

Addressing these issues would help risk managers to take regulatory and practical actions and
would be of benefit to industry, local consumers and importing countries. It can be envisaged that
empirical evidence gathered at the end of this study would be useful for implementing reliable food
safety standards along the chain as well as contribute to implementing in-plant risk-based food
safety management tools like the Hazard Analysis and Critical Control Point (HACCP) safety
control systems in developing countries like Ghana. The key stages of this study will include
microbial analysis of selected traditionally processed fish products from Ghana, challenge-testing
selected fish products and toxin analysis to determine the risk they may pose to consumers,
observation of food handling practices along the fish chain and a survey of fish handlers and
consumers. This approach will identify any risk pathways that may lead to contamination and
subsequent spread of fish-related food-borne disease. Necessary recommendations to strengthen the
weak links along the food supply chain would be made.
1.5

Structure of thesis

This thesis is divided into nine chapters. Chapter 1 provides an introduction and background to the
research. Chapter 2, a literature review of the research area defines the research issue and identifies
food hazards in the context of traditional food processing in developing countries. Chapter 3
5

describes microbiological analysis of selected traditionally processed fish products. Chapter 4
describes the effects of storage temperature on the survival of Salmonella and S. aureus, and
sensory and shelf-life studies. Chapter 5 is a survey of food safety knowledge, practices, attitudes
and concerns. Consumer risk perception, as well as the strategies of risk reduction adopted by
consumers, are also reviewed and discussed. Chapter 6 describes the growth and enterotoxin
production of S. aureus in selected traditionally processed fish products. Chapter 7 is a survey of
fish handlers’ food safety compliance, self-reported and observed practices and a survey of food
safety inspectors in Ghana. Chapter 8 is a general discussion of the results and findings of this
study, the implications for food safety, together with recommendations, future research and
conclusion.
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Chapter 2
2.0 Literature Review
2.1 General background
In Ghana fish resources are from the marine and inland (freshwater) sectors, coastal lagoons and
aquaculture (Quaatey, 1997; NAFAG, 2007). Average per capita fish consumption in Ghana is
estimated at 27 kg, higher than Africa’s per capita consumption of 8.5 kg and the world’s average
of 17 kg per annum (FAO, 2010). However, FAO and World Fish Centre (2008) estimates suggest
that freshwater fish landings from Lake Volta may be much higher than previously thought,
implying that average per capita fish consumption may exceed 40 kg per annum. Fish may therefore
constitute over 70 per cent of the total animal protein intake in Ghana (FAO, 2004a; Gordon et al.,
2011; Nyarko et al., 2011), with marine fish accounting for nearly 80% of fish production (Nyarko
et al., 2011). Individual and micro-enterprises represent a large proportion of the food enterprises
responsible for fish capture, handling, processing and retailing a large share of the fish consumed in
the region (Diei-Ouadi and Mensah, 2005). Fish capture, processing, transport, storage, marketing
and associated services contribute an estimated 4 per cent of GDP and employs directly or
indirectly about 10 per cent of Ghana’s economically active population (World Bank, 2007). Large
quantities of different species of fish such as sardines and anchovies are landed during the season of
glut between July and October each year, which are preserved by one of several traditional
processing techniques to avoid excessive wastage (Okraku, 1999; Kegan, 2001). Fishing is a highly
gender-segregated occupation in Ghana (Odotei, 2003). Whereas men are engaged in the main
fishing activity, women are involved with the on-shore post-harvest activities which involve
processing, storage and trading. The latter is largely based on traditional processing methods which
involve low capital investments and low technological requirements (Palmer, 2007) including direct
drying, salting and drying, smoking and frying. Women’s role is significant because they add value
to fresh fish, by transforming, preserving and distributing fish to ensure its availability long after the
peak season. In short, women are at the heart of the domestic fish market, without whose input, the
sector would shrink significantly. The main sources of fish for processing plants in Ghana are
7

landing sites on the beaches along the Gulf of Guinea or banks of the Volta Lake. However, during
periods of low domestic production (lean seasons), fish processors buy imported frozen fish species
such as herrings (Sardinella aurita), bonga (Ethmalosa fimbriata) and mackerel (Trachurus
trachurus) from cold stores to offset shortfalls. These imports help maintain price stability as well
as satisfy consumer demand. Inadequate facilities, poor practices coupled with the hot and humid
tropical conditions contribute to reduce shelf life and quality of fish.

2.2

Fresh fish

2.2.1 Fresh fish spoilage, quality changes and post-harvest losses
Fresh fish is subject to rapid quality deterioration and prone to contamination by both spoilage and
pathogenic microorganisms if it is not handled correctly after capture. This is because of the high
moisture content, high water activity (0.98), moderate pH levels (5.5– 6.5) and readily available
energy sources, carbon, nutrients, protein and soluble nitrogen compounds, vitamins and minerals
(Varnam and Sutherland, 1985; Mossel et al., 1995; Ray, 1996; Jay, 2000). Annual fish losses in
developing countries are estimated at 10 to 12 million tonnes and this amounts to about 10% of
global capture and cultured fish (FAO, 2008). In West Africa alone, fish post-harvest losses are
estimated to be about 20% (Horemans, 1998). These include various forms of physical loss of
material, quality loss and nutritional loss. Post-harvest fish loss may involve fish spoilage which
include deteriorative changes in the sensory characteristics of a product such as appearance, flavour,
odour and texture, attributes which can also be used to indicate nutritional value, and safety
(Bremner, 2002). These spoilages are usually caused by microbial growth, metabolism and
biochemical changes (involving enzymatic and oxidative reactions) resulting in the formation of
amines, sulphides, alcohols, aldehydes, ketones and organic acids with unpleasant and unacceptable
off-flavours, odour, texture, and colour (Dalgaard, 1995; Gram and Dalgaard, 2002).
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2.2.1.1 Fresh fish spoilage microorganisms
The microbial status of freshly caught fish is diverse and depends among other things on the
environment, water temperature, area of catch and handling and processing procedures (Jay, 2000).
Only a part of these flora, known as the specific spoilage organisms (SSO), contribute to spoilage
(Dalgaard, 1995). Typically fish from temperate waters with temperatures <10°C, have
psychrophilic (cold-tolerant) bacteria of the genera Pseudomonas, Moraxella, Acinetobacter,
Shewanella, Flavobacterium, Vibrio, Photobacterium and Aeromonas as part of their natural flora,
and depending on where they are captured yield counts of 102-104 CFU/cm2 of skin and gill surface
(Gram and Huss 1996). However, fish from tropical waters normally have mesophilic spoilage
bacteria including Bacillus, Micrococcus and Corynebacterium, at levels of 103-106 CFU/cm2
(ICMSF 1998). When fish is held at temperatures between 35-37°C, fish from the tropics decays
much faster (within 24 hours) than fish from temperate waters by virtue of the high mesophilic
microbial load of tropical fish and the fact that mesophilic bacteria are not inhibited under these
conditions. As a consequence, if chilling is delayed after harvest, fish from tropical waters may
spoil faster than fish from temperate waters (Smulders and Collins, 2002). There is usually an
extended lag phase while numbers increase so icing, rapid chilling and sustained low temperature
storage immediately after capture can result in long shelf-life for tropical fish species (Gram et al.,
1989) as chilling tends to inhibit mesophiles (Shewan and Murray 1979, Liston 1980, ICMSF 1998;
Smulders and Collins, 2002). This is due to temperature shock of the intrinsic mesophilic
microflora. In contrast, rapid chilling or low temperature storage tend to promote better survival and
the proliferation of psychrotrophs and psychrophiles on fish, which in turn enhance spoilage at
chilled condition, shortens the shelf life and ultimately causes severe losses of fish (Karungi et al.,
2004).

Several studies have shown that under chilled storage conditions (0-5°C), Shewanella putrefaciens,
Photobacterium phosphoreum, Aeromonas spp. and Pseudomonas spp. are the predominant bacteria
most commonly associated with spoilage, whereas at high temperature (15-30°C), different species
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including, Vibrionaceae, Enterobacteriaceae and Gram-positive organisms are found to be
responsible for spoilage (Liston, 1992; Gram et al., 1990; Gram et al., 1987).The natural incidence
of psychrotrophic bacteria on tropical fish is low. The bacteria most commonly identified with
spoilage are species of Shewanella putrefaciens and Pseudomonas group 3 (Huss et al. 1997). The
latter has been found to be dominant in spoiling tropical marine or fresh water fish (Huss 1994a).
Gram and Huss (1996) attributed the importance of Pseudomonas in fish spoilage, to their wide
distribution in the environment, their ability to utilise a wide range of materials as substrates for
growth and the ability to contaminate a product from many sources. Quality control and potential
shelf-life of fish is currently still often estimated based on the total aerobic psychrotrophic count
(APC). A microbial load of >106/g in the fish muscle may be indicative of advanced stages of
spoilage or the upper limit of microbiological acceptability (Liston 1980, Howgate 1982, Connell
1990). However, according to Gram et al. (1989) the total counts of bacteria on/in fish rarely
indicate the sensoric quality or expected shelf-life of the fish as high counts may prevail for a long
time before rejection. During storage, the microflora changes, owing to different abilities of the
microorganisms to tolerate the preservation conditions (Gram and Dalgaard, 2002) and the origin of
fish (fast or slow flowing river, deep water or brackish water fish).
2.2.1.2

Fresh fish autolytic spoilage

Autolytic changes lead to decomposition of proteins, and other vital compounds that consequently
eventually result in the softening of the fish flesh and unpleasant loose/mushy substances in the gut
cavity (Bremner, 2002). According to Huss (1994b) autolytic changes are responsible for the early
quality loss in fresh fish but contribute very little to spoilage of chilled fish and fish products.
Factors, including species, size, temperature, physical condition, and methods of catching and
handling fish determine the onset and end of rigor mortis and shelf-life during storage (Huss, 1995;
1988). Although the onset and duration of rigor mortis are more rapid at high temperatures,
observations on tropical fish show the opposite effect of temperature with regard to the onset of
rigor. In these species the onset of rigor is accelerated at 0°C compared to 10°C (Poulter et al.,
1982; Iwamoto et al., 1987). Abe and Okuma (1991) attribute this to the difference in water
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temperature and storage temperature. When the difference is large the time from death to onset of
rigor is short and vice versa. Stunning and killing by hypothermia (the fish is killed in iced water)
give the fastest onset of rigor, while a blow on the head gives a delay of up to 18 hours (Azam et
al., 1990; Proctor et al., 1992). Low molecular weight components, such as, trimethylamine-oxide
(TMAO) and free amino-acids produced by the autolysis of proteins not only lower the commercial

acceptability of fish, but have been shown to accelerate the growth of spoilage bacteria by providing
a superior growth environment for such organisms (Aksnes and Brekken, 1988; Huss, 1988; Huss,
1994b). The microbial activity and especially the formation of volatiles such as trimethylamine

(TMA), ammonium and H2S of SSOs such as Shewanella putrefaciens and Pseudomonas spp.
(Dalgaard, 1995; Koutsoumanis and Nychas, 1999; Tryfinopoulou et al., 2002; Vogel et al., 2005),
contribute to the characteristic "fishy" smell of spoiled fish, off-flavours and taste associated with
spoilt seafood. The fish viscera contain proteolytic enzymes responsible for food digestion but
when fish die, they attack the organs and the surrounding tissues culminating into a condition
known as belly-burst. They are also capable of penetrating the flesh and causing additional damage
(Connell 1990). The bacteria in the gut also contribute to this. Autolytic tissue degradation tends to
be more pronounced in heavily feeding fish than petite feeders (Gildberg and Raa, 1980). Fish is
also highly susceptible to oxidative rancidity because of their high degree of unsaturated lipids
(Connell 1990; Huss 1994b). The main reactants in these processes involve atmospheric oxygen
and fish lipid but the reactions are initiated and accelerated by heat, light (especially UV-light) and
several organic and inorganic substances like copper and iron ions. The end products are aldehydes
and ketones, which impart the strong rancid flavour of spoilt fish (Huss 1994b).

2.2.2

Fresh fish chemical hazards – histamine

Naturally occurring chemicals such as histamine, putrescine and cadaverine are considered likely
causes of scombrotoxicosis and can pose health hazards in fish if elevated levels are consumed
(Taylor, 1990; Lehane and Olley, 2000). Scombroid fish poisoning results from the consumption of
spoiling scombroid or other marine fish, that contain hazardous levels of toxigenic biogenic amines,
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which may form on exposure of fish to abuse temperature (Klausen and Lund, 1986). Many cases
of histamine (or scombroid) fish poisoning (HFP) have been reported (Dalgaard et al., 2008). HFP
foodborne intoxication occurs when people ingest fish in which bacteria have decarboxylated
histidine to histamine. Two fish families, scombroideae (tuna, mackerel and bonito) and
scombrososcideae (herring and marlins) which contain very large amounts of histidine in their
muscle tissues are commonly implicated in incidents of histamine poisoning (Lokuruka, 2009). A
considerable number of scombroid fish are found in the marine catches of the major African fishing
nations. Tropical fish that have been confirmed to be potentially scombrotoxic include herring
(Mackie et al., 1997), yellow fin tuna (Du et al., 2002), mackerel (Chakrabarti, 1991, 1993,1998;
Kim et al., 2001; Shakila et al. 2002), tuna (Thunnus thynnus) (Lopez-Sabater et al., 1996), the
grouper (Plecteropomus maculates) (Surti et al., 2001), sailfish (Hwang et al., 1995), sardines
(Ababouch et al. 1991; Plahar et al. 1999) and anchovies (FDA, 2001). Dried sardine has been
implicated in histamine poisoning in Japan (Kanaki et al., 2004). Salted and fermented anchovy
have also been found to contain high levels of histamine of 15.5–57.9 mg/100g (Mah et al., 2002).
In a study of stored sardine and anchovy samples in Ghana, Plahar et al. (1999) reported
1.1mg/100g, 1.8mg/100g and 1.5mg/100g levels of histamine in raw, smoked and 6 months stored
sardine samples respectively, but no histamine was found in anchovy samples. Histamine levels
ranging between 17.4 - 25.4mg/100g in cassava fish (Pseudotolithus sp.) and 26.5 - 39.7mg/100g in
king fish (Scomberomorus tritor) have been reported in the Republic of Benin (Anihouvi et al.,
2006). Seventy-five percent of the cassava fish and the entire king fish (100%) sampled in this
study showed histamine contents higher than the maximum allowable level of 20mg/100g.
Histamine >50 ppm in fish flesh is legally regarded as hazardous in the U.S. (FDA, 1998), whereas
in the EU levels must be greater than 100 ppm to be regarded as hazardous (Veciana-Noguez et al.,
1997). Due to lack of reporting or ignorance about histamine poisoning in developing countries,
estimates of its consequences are not known. In the U.S.A. according to the CDC, scombrotoxicosis
is the most frequently reported chemical foodborne illness (CDC, 1996).
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Histamine poisoning is more commonly the result of high temperature spoilage than of long term,
relatively low temperature spoilage (FDA, 2001a). Histamine-forming bacteria are capable of
growing and producing histamine over a wide temperature range. Mesophilic histamine producing
bacteria such as Morganella morganii, Raoultella planticola, Klebsiella pneumoniae and Hafnia
alvei can grow to high levels and form histamine in toxic concentrations above 500–1000 ppm
when exposed to elevated temperatures, above 7–10°C (Lehane and Olley, 2000). Other studies
show that the psychro-tolerant bacteria Morganella psychrotolerans and Photobacterium
phosphoreum can produce toxic concentrations of histamine in seafood even when products are
stored chilled (Dalgaard et al., 2008). However, growth and the rate of accumulation of histamine
are more rapid at high-abuse temperatures (20–45oC) than at moderate-abuse temperatures (e.g.
7.2°C). Growth is particularly rapid at temperatures near 32.2°C (FDA, 2001a). In a study by
Mitchell (1993) the level of histamine in mackerel stored at 0ºC for 18 days was low whereas, the
level observed in mackerel stored at 10ºC for only 5 days was high. Freezing may inactivate the
enzyme-forming bacteria and cooking can inactivate both the enzyme and the bacteria. However, if
histamine is present before freezing it will remain in fish and histamine is not inactivated by hot
smoking, cooking and retorting or freezing (FDA, 2001b). Thus, to prevent histamine formation
fish should be chilled rapidly after capture and maintained at chill or freezing temperatures. The
time of storage and distribution (the safe shelf-life) must be limited depending on storage conditions
and product characteristics (Emborg and Dalgaard, 2008). A temperature range of 0-2oC is
recommended for fresh fish storage and any storage temperature above 4oC is regarded as abuse
temperature (FDA, 1998). Rapid chilling in ice or iced seawater and/or freezing are very important
methods of preserving fish in international seafood trade in order to avoid losses and disruptions
arising from potential scombrotoxicity (Lokuruka, 2009). Freezing in particular is a more effective
procedure to arrest scombrotoxin formation in stored fish and fish products than ice storage
(Lokuruka, 2009). Connell (1975) has reported that icing is more effective in suppressing bacterial
growth in tropical than in temperate fish. Lokuruka and Regenstein (2004) have also reported that
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iced tropical fish had much lower potential for scombrotoxicity under comparable handling
conditions as temperate Atlantic mackerel.

2.2.3 Environmental contaminants in fish
Fish are constantly exposed to many potentially dangerous chemicals (e.g. heavy metals, pesticides
and algal toxins) from polluted and contaminated waters including industrial and domestic waste
water, mining, fuel combustion, natural runoff and tributary rivers (Tariq et al., 1991; Rashed,
2001; Mendil et al., 2010). Estuarine and coastal environments are often most seriously affected by
contamination because of agricultural and urban runoff, industrial effluents and domestic discharges
(Mendil et al., 2010). Pesticide residues (Osafo, 1997; Ntow, 2001; Ntow et al., 2008), chemical
contaminants and biotoxins (WHO, 2006) have been detected in fish in Ghana. Adimado and Baah
(2002) and Babut et al. (2003) reported the presence of mercury contamination in fish in Ghana at
levels exceeding EU threshold levels. EU legislation EC 466/2001 establishes maximum
permissible levels of mercury in fish at 0.5 mg of mercury per kg of fresh weight of fish, except for
a maximum level of 1.0mg/kg for fish on a certain list (e.g. eel, halibut, swordfish and tuna). In
Nigeria elevated levels of arsenic have been reported in smoked fish (Adekunle and Akinyemi,
2004).

2.2.4 Fresh fish pathogenic microorganisms
Microbiological health hazards in fresh fish need to be controlled to prevent or reduce outbreaks of
foodborne diseases and reduce losses of this important commodity. The presence of foodborne
pathogens depends on the harvest environment, sanitary conditions, and practices associated with
equipment and personnel in the fish processing environment (FDA, 2001; Huss, 2003).
Contamination of food is influenced by multiple factors and may occur before harvest or anywhere
in the food production, processing, storage, handling and distribution process (Huss et al., 2000;
Newell et al., 2010; Amagliani et al., 2012). Pathogenic bacteria, including Clostridium botulinum
type E, pathogenic Vibrio spp., Aeromonas, C. botulinum type A and B; and Listeria
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monocytogenes are naturally present in aquatic environments (Huss et al. 2000). Vibrio sp.
including V. parahaemolyticus (Vuddhakul et al., 2006; Yano et al., 2006) and V. cholerae (Alam
et al., 2006) are examples of indigenous pathogenic bacteria that inhabit tropical coastal and aquatic
environments. They are frequently implicated in foodborne outbreaks (Lee et al., 1996). Certain
Salmonella types may also be part of the indigenous microflora in tropical aquaculture (Huss et al.
2000). Other non-indigenous pathogenic bacteria come from the disposal of sewage, land run-off
(Reilly and Twiddy, 1992), contaminated feeds and animal faeces (Bhaskar et al., 1998) and may
include Escherichia coli, Staphylococcus aureus, Salmonella Typhimurium, Bacillus cereus,
Shigella spp., and C. botulinum.

Pre-harvest contamination with pathogens from animal or human reservoir (Salmonella, Shigella,
E.coli, enteric viruses) may pose a risk since in some cases a very low infective dose is required to
cause illness (Huss et al., 2000). Bacteria may be found in high numbers on the skin (102-107 cm-2),
gills (103-109 g-1) and intestines (103-109 g-1) (Hielm et al., 2002). Accidental contamination can
also occur during catch, processing, manufacturing, distribution and sale resulting in heavy losses
and public health problems (Farkas, 1990; 1999; Roca and Incze, 1990). Lack of temperature
control in the hot tropics will permit the growth of pathogenic microorganisms, including
Salmonella spp., E. coli, Shigella spp, Campylobacter spp., Vibrio spp., and C. botulinum, S. aureus
and C. perfringens in tropical fish (Feldhusen, 2000; WHO, 1999a) with consequent risk to
consumer health. In addition, outbreaks of foodborne infection or intoxication can occur if there is
failure of food safety practices at any stage along the fish chain. Identifying points in the fish food
chain where these microorganisms either singly or in combination may flourish or pose a risk to
human health is important for the fisheries industry in West Africa, including Ghana.

2.2.5 Prevention of fresh fish contamination and handling challenges in developing countries
Preventing pre-harvest contamination can be very difficult, as naturally occurring disease agents
will always be present. Chemical pollution and faecal pollution can be prevented at a cost (Huss et
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al., 2000). The method of catch and the subsequent on-board handling greatly affect the number and
types of bacteria on the raw material (Hielm et al., 2002). Poor handling practices such as using
dirty canoes, equipment, fish boxes and baskets; not washing fish; washing fish in dirty water;
placing fish on dirty surfaces; and physically damaging fish by throwing or standing on them lead
to sustained and increased microbial contamination, hastening the spoilage rate of fish (Diei-Ouadi
and Mgawe, 2011). High ambient temperatures influence the rate of spoilage and deterioration of
fresh fish (Diei-Ouadi and Mgawe, 2011) and will result in autolysis and subsequent quality loss
during long fishing trips.

Sustainable and reliable fish supply systems are needed to ensure availability, access at the
household level, and more opportunities for improved livelihood. Knowledge about the
microbiological status of the different fishing grounds is of utmost importance when deciding on
risk management strategies. Immediate preventive measures include monitoring of fishing areas for
the presence of toxic algae and faecal pollution (Huss et al., 2000). Fish also requires proper
handling, processing and distribution for cost effective and efficient utilisation (FAO, 2010).
Appropriate post-harvest technologies and handling facilities are also necessary. Adequate
infrastructure, including hygienic landing centres, electric power supply, potable water, roads, ice
plants, cold rooms, refrigerated transport, and standard processing and packaging facilities are
lacking in many developing countries (Buckle et al., 1998; Abila, 2003; FAO, 2010). In Ghana,
with improvement in electricity supply a number cold storage facilities and ice production facilities
are now being built. Consequently, ice packing or top icing is increasingly used for fresh fish during
transport, distribution and storage. Other fish handlers use domestic refrigerators or freezers to store
fish or site their processing plants near the landing sites so as to shorten the supply chain.

Where refrigerators or freezers are used, they may run at inadequate temperatures, either because
they lack maintenance or irregular power supply. These factors, linked with the high ambient
temperature and humidity of the tropics cause a high percentage of post-harvest losses through
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various forms of biochemical, physical, microbial and quality deterioration at various stages along
the distribution chain from capture to consumption (FAO, 2010). To improve food security better
use can be made of fish produced by reducing post-harvest losses and increasing the percentage of
fish available for direct household consumption. Provision of essential infrastructure will add value
to fish caught in the country.
2.3

Processed fish

Utilisation of fish and processing methods vary according to local tradition and geographic
preferences. In Ghana, about 80 percent of the total fish supply is cured before consumption
(Essuman, 1992a) and fish products not consumed immediately are converted into a variety of
traditional products primarily as a means of preservation for longer storage at ambient temperature.
Traditional fish products are usually heavily salted and dried, fermented, heat-treated or smoked
over open fires to cook and dehydrate them, fried or pickled or processed by various combinations
of these methods (Essuman, 1992a; Plahar et al., 1999; Nti et al., 2002; Nyarko et al., 2011). Fish
processed using these methods are often considered to be shelf-stable without the need for
refrigeration and may be eaten directly with or without re-hydration and cooking (Egbunike and
Okubanjo, 1999).

A process flow diagram for various traditional fish product preservation and

processing is shown on Figure 2.1.

Traditional processing techniques involve manipulation of a range of factors which can impact on
microbial growth. These include moisture content, water activity (aw) and pH value, which when
combined with heat treatment and/or chemical preservatives like sodium chloride, result in shelfstable intermediate moisture fish (IMF) or dried fish products. These intermediate or dried fish
products partially or totally inhibit the development of pathogenic and spoilage microorganisms and
offer food security and economic advantages for local populations in developing countries. Several
authors (Van Garde and Woodburn, 1994; Wang et al., 1995; Canovas and Mercado, 1996) have
noted advantages of IMFs including their shelf stability, convenience and safety.
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Raw material (Fresh fish)

Water

Salt

Dressing (Scaling, gutting, removal of
gills, removal of slimes)
Washing

Saturated brine

Dry salting (Rub dry salt into gills
and belly cavity) and fermentation
for 1 to 6 days

Brining for 1-3
hours.

Packed and interlaced
with salt and allow
fermentation for 1 day.
Partial drying (1 day)

Packaging storage
and distribution.
e.g. Momone and
guedj

Dry for ½ to 1 hour

2-7 days sun drying

Storage and
distribution
(local/export). e.g.
koobi and kako

Fry in hot oil

Hot smoke

Fried fish

Smoked fish

Fig 2.1. Process flow diagram for the traditional production of various fish products from
Ghana/West Africa

The processes applied are based on principles similar to the concept of hurdle technology, a
centuries’ old technology that has been known and used in many developing countries to produce
shelf-stable traditional foods (Leistner and Goris 1995). Hurdle technology involves the intelligent
use of combinations of different preservation factors or techniques (‘hurdles’) that cannot be
overcome by microorganisms present in the food (Leistner, 1995, 2000; Leistner and Gorris,
1995).The 'higher" the hurdle, the greater the effort needed to overcome it. The growth retarding
and lethal effect of various combinations of preservative factors applied during traditional
preservation and processing are well established (Leistner, 1995).
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2.3.1

Fish smoking in West Africa

Most (70%) of the total fish caught in Ghana’s marine waters is preserved by smoking, a process
through which volatile compounds from thermal combustion of wood penetrate fish flesh
(Essuman, 1992a; Ward, 1995). The most widely used smoking process, hot smoking, is undertaken
over smouldering wood, sawdust or other local sources of energy (Ako and Salihu, 2004). This is
usually done using traditional kilns or round mud ovens with a single platform above the
combustion chamber, onto which a single layer of fish is loaded ready for smoking (Ako and
Salihu, 2004) or the ‘Chorkor smoker’ (Plahar et al., 1999). The Chorkor smoker oven consists of a
65-cm-high rectangular combustion chamber made of burnt bricks with stock holes leading to fire
pits and a set of framed wire mesh trays (usually 10). The rectangular trays make up the smoking
unit when stacked up on the oven, each loaded with one layer of fish (Nti et al., 2002). Smoking is
often undertaken in conjunction with salting, cooking and drying, important to the products’ shelflife and safety. Depending on the type of fish to be smoked, its uses and the length of time for
storage, the smoking process in Ghana can take the form of wet hot smoking or dry hot smoking
(Hall, 2011). Both processes are carried out at temperatures above 80°C, high enough to cook the
flesh of the fish and de-activate enzymes present (Berkel et al., 2004).

Marine fish like mackerel are usually wet hot-smoked. Wet hot smoking usually takes about 1-2
hours and yields a moist, versatile product with about 40-55 per cent moisture content but a limited
shelf life of 1-3 days under ambient conditions (UNDP 2001; Hall, 2011). Dry hot smoking, which
is usually preceded by the former process, takes about 10-18 hours, sometimes, days, yielding fish
with 10-15 per cent moisture content or even below 10 per cent (UNDP 2001; Hall, 2011).
Freshwater fish and marine species are usually dry hot smoked. Fish species that are commonly
smoked in Ghana include catfish (Clarias spp.), sardinella (herring) (Sardinella aurita, S.
maderensis), mackerel (Scomber spp.) and tuna (Thunnus albacores, Katsuwonus pelamis). The
shelf-life of a dry hot smoked fish can be 6-9 months (UNDP, 2001) or last as long as one year
(Britwum, 1993). When packaged and stored properly this product can be transported long
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distances within Ghana and beyond (UNDP, 2001). The longer shelf-life allows women some
measure of control over the distribution process and fish prices.

The preservation effect of smoking is generally attributed to several antimicrobial and antioxidant
substances which can effectively inhibit microorganisms, limit harmful enzymic and oxidative
reactions, especially in combination with high temperature application (FAO 1992; Horner 1997;
Muratore et al., 2007). Contact and embedding of phenolic compounds generated from burning
wood, combined with the temperature and conditions of smoking can reduce microbiological
development and oxidation and provide longer shelf-life (Efiuvwevwere and Ajiboye, 1996;
Ravishankar and Juneja, 2000; Varlet et al., 2007). Effective heat treatment can reduce water
activity (aw) sufficiently to inhibit survival and growth of spoilage and pathogenic bacteria
(Knøchel, 1983; Vandenbergh, 1993). Moreover, heat generated during hot smoking accelerates the
drying process by reducing moisture content, lowering the pH and destroying microbes thus
ensuring shelf-stable intermediate moisture products (Horner, 1997; Nickelson et al., 2001; Berkel
et al., 2004; Sengor et al., 2004; Abolagba and Melle, 2008). This growth retarding and lethal effect
of smoking on spoilage and pathogenic microflora is influenced by salt content in the water phase
of the product, time and temperature of heating, humidity, density and duration of smoking, and
concentration of active components including antimicrobials in smoke (Kolodziejska et al., 2002).
Efiuvwevwere and Ajiboye (1996) evaluated microbial characteristics of smoked catfish subjected
to different concentrations of sodium benzoate or potassium sorbate and stored at tropical ambient
temperature. They found that smoking reduced the total viable count significantly in all samples,
but samples treated with 0.4% (w/v) potassium sorbate showed the greatest microbial reduction.
However there was significant increase in the total bacteria counts and staphylococci population
within 4 days of storage. This may be due to post-processing contamination. Smoking is also
responsible for significant modifications of the organoleptic properties of fish (Kjallstrand and
Petersson, 2001), including taste, odour, colouration and flavour (Horner, 1997; Sengor et al., 2004;
Abolagba and Melle, 2008).
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2.3.2

Salting and sun-drying of fish products

Salted fish products are widely consumed in Ghana and other African countries. Salting and fish
drying is carried out in coastal areas and along lakes and rivers in rural communities in Ghana
where modern preservation facilities and infrastructure for transportation are relatively lacking.
Salting is often used to enhance the quality and acceptability of naturally dried fish. Freshwater fish,
tilapia (Oreochromis niloticus), is widely supplied to the market in the salted and dried form, called
koobi in Ghana. Larger demersal species such as sharks, skates and rays are often dry-salted and
dried in the sun to produce a product called kako. Other salt-cured fish products in Ghana include
εwule, a salted fermented and dried triggerfish (Balistes spp.) product and mͻmͻne, a semi-dried
fermented fish product characterised by a strong pungent odour often used in small quantities as a
condiment. Fresh fish for frying is often brined for about three hours before frying (Figure 2.1).
Some of the most commonly fermented fish products widely consumed in Africa are listed in Table
2.1.
Table 2.1. Selected fish products and the fermentation process
Country
Burundi

Local/Common
Name of Product
Ndagala

Chad

Salanga

Côte d'Ivoire

Gyagawere, adjonfa

The Gambia

Guedj

Ghana

Momone,
koobi,
kako, ewule
Djegue, jalan

Mali
Senegal
The Sudan

Uganda

Guedj, tambadiang,
yeet
Fessiekh,
kejeick,
terkeen, mindeshi
Dagaa

Fermentation
Period
2-5 days (normally
during drying, no
salting)
Overnight
(3-6
hours), no salting
6 hours to 3 days
with salting
Overnight to 2
days with salting
Overnight to3 days
with salting
Overnight,
no
salting
Overnight to 2
days with salting
10-20 days with
salting
3-6 hours without
salting

Drying Period

Packaging

2-5 days on ground
or rack

Sacks, polythene bags

3-7 days

Baskets, sacks

3-5 days on grass,
nets, mats or raised
platforms
3-5 days on raised
platforms
3-5 days on straw,
nets, stones
3-7 days on grass,
mats or ground
3-7 days

Baskets, sacks

No
drying
(fessiekh) 3-7 days
(kejeick)
2-5 days

Cartons,
bags

Sacks
Sacks, baskets
Sacks, mats and ropes
Sacks, baskets
cans,

polythene

Sacks, baskets

Adapted from Essuman (1992a).

Salting techniques are simple and involve covering the fish with dry salt crystals or immersion in
saturated brine solution or a combination of both. The raw fish are dressed, thoroughly washed and
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dry-salted by rubbing salt into the gills and belly cavity and on the surface. The fish are then
arranged in alternate layers with salt before being allowed to ferment for two to three days and then
dried for several more days on mats, raised platforms, racks/poles, or spread on the floor by the
roadside until the fish is almost completely dehydrated. This practice exposes fish to insect
infestation including, blow flies (Chrysomya spp.) and their larvae (maggot) and beetles. Loss of
dried products due to pests e.g. rats, cats, dogs and birds are relatively common. A number of
improved solar-drying techniques have been developed to reduce drying time, insect and
microorganism infestation; and prevent bird, cat and rodent attacks and protect the fish from windborne dust (Curran and Trim, 1982; Osei-Opare and Kukah, 1989; Ampratwum and Dorvlo 1997;
Sablani et al., 2003).

Salt and water transfer in fish muscle during the salting process is complicated and depends on
various transfer mechanisms (Andrés et al., 2002), including diffusion (Wang et al., 2000; Barat et
al., 2003), osmotic pressures between the muscle and the salting agent (Raoult-Wack, 1994) and the
concentration gradients within the muscle (Erikson et al., 2004). Brine concentration and
temperature are the main factors affecting the rate of water and salt diffusion (Bellagha et al., 2007;
Boudhrioua et al., 2009). Salt-dried fish have low water activity resulting from rapid dehydration
and only halophilic microorganisms are able to develop in them (Rodrigues et al., 2003; Andrés et
al., 2005; Brás and Costa, 2010) thus improving their shelf-life. According to Poulter et al. (1982),
a good quality salted and sun dried fish with aw of 0.65 and moisture content of below 20 % could
have a predicted mould-free shelf-life between 100 and 450 days. Foods with aw above 0.85 require
refrigeration or another barrier to prevent growth of pathogens and spoilage microorganisms
including moulds and yeast. Foods with medium aw i.e. between 0.65 and 0.85 on the other hand do
not often require refrigeration to control pathogens, but have a limited shelf-life because of
spoilage, primarily by yeasts and moulds. For the most part, foods with a water activity below 0.60
are shelf-stable at ambient temperature and are not considered to be potentially hazardous (Poulter
et al., 1982). Salted fish products have a long shelf-life and are considered low risk foods because
22

of their low moisture and low water activity levels (Rodrigues et al., 2003; Andrés et al., 2005).
Nevertheless potentially pathogenic micro-organisms have been found in these products (Huss and
Valdimarsson, 1990). The low aw environment represses any bacteria present and their virulence
capabilities might be reduced in salted dried fish. For dried or cured products stored under normal
conditions in a tropical climate, aw can be considered the best index to determine product stability
and how quickly microorganisms will grow in them (Chiralt et. al., 2001; Jeyasekaran and Shakila,
2003). Salting, by increasing rapid dehydration from fish, inhibits microbial growth by lowering aw,
thereby restricting the amount of water available to support microbial growth. Salt also forms a
membranous surface which inhibits growth of microorganisms in food (Leroi and Joffraud, 2000;
Rorvik, 2000) and chloride ions in salt are toxic for some microorganisms (Leroi et al., 2000).
Salted and dried fish are themselves generally considered safe and acceptable but unhygienic food
production processing and unsanitary fermentation practices, contaminated environments as well as
improper personal hygiene of food handlers and the presence of vermin (e.g. house flies) could pose
a significant threat to consumers (Steinkraus, 1997). Halo-tolerant and moderately halophilic
psychrotrophs that have survived salting and / or drying could still grow during soaking (desalting)
and pose risk to consumer health (Rodrigues et al., 2003). The drying behaviour, preservative effect
and characteristics of the final product depends on the length of the salting period, the salt or brine
concentration applied, the rate of penetration, the degree of contamination with salt tolerant
organisms and storage temperature (Berhimpon et al., 1990; Bellagha et al., 2007; Boudhrioua et
al., 2009). Salt and water transfer in fish muscle during the salting process is complicated and
depends on various transfer mechanisms (Andrés et al., 2002), including diffusion (Wang et al.,
2000; Barat et al., 2003), osmotic pressures between the muscle and the salting agent (RaoultWack, 1994) and concentration gradients within the muscle (Erikson et al., 2004). Jittinandana et
al. (2002) have reported that brine concentration and time of salting affect the pH, protein
solubility, water-holding capacity, water activity and textural properties of brine-salted rainbow
trout fillets.
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In Ghana, salting and sun-drying are sometimes combined with fermentation. Traditional
applications of fermentation are based on experience gained through trial and error by generations
of food producers and households who use the technology for domestic preparation and
preservation of foods (Motarjemi, 2002). The use of starter cultures is virtually unknown in these
communities and microorganisms including yeast and lactic acid bacteria present in the raw
materials or introduced through salt or recycled brine usually bring about fermentation.
Consequently, a mixture of bacteria, yeast, and moulds all contribute to traditional fermentation
resulting in distinct change or a series of changes in the product. Production of dry-salted tilapia
(koobi) and dry-salted demersal fish (kako) does not include steps such as cooking or
pasteurisation, which kill pathogenic bacteria. The preservative effect of salting and drying is due to
a combination of factors which have been variously described (Mensah et al., 1988; Simange and
Rukure, 1991; Vandenbergh, 1993; Lee et al., 1994; Østergaard et al., 1998; Riebroy et al., 2004).

The pH range at which microorganisms grow on food is quite wide (pH 4.0-9.5), with most of them
surviving and growing well within the range 6.5 to 7.0 (Rodrick and Schmidt, 2003). Generally, pH
should be below 4.5-5 in order to inhibit pathogenic and spoilage bacteria (Owens and Mendoza,
1985). However, some microorganisms including yeasts and moulds, survive below pH 4.0 and a
few grow at very low pH. Lactic acid fermentation using high levels of culture of log ≥ 8.0 cfu/g
inhibit Salmonella, Staphylococcus and coliform bacteria (Raccach, 1992). Studies also reveal that
fermentation to a pH level below pH 4 significantly inhibits proliferation of diarrhoea-causing
pathogens including Campylobacter jejuni, Salmonella Typhimurium, enterotoxigenic E. coli,
Shigella sonnei, S. aureus, L. monocytogenes and B. cereus (Adams, 1990; Mensah et al., 1988;
Svanberg et al., 1992). However, failure of fermentation processes can result in spoilage and / or
survival of pathogens, thereby creating unsafe and undesirable end products with inherent health
risks

to

consumers

(Holzapfel,

2002).

A

number

of

biological

hazards,

including

Enterohaemorrhagic E. coli, Clostridium botulinum and S. aureus have shown patterns of acid
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resistance and salt tolerance and may survive certain fermentation processes. Fermentation should
thus not be relied upon for the elimination or reduction of these hazards (Motarjemi, 2000).

The main problems associated with dried fish are the variable but often low quality final product,
high salt content, microbial contamination, and mould and fungal growth resulting from inadequate
drying. The latter makes sun-dried fish susceptible to rapid deterioration and spoilage (Bellagha et
al., 2007). Excess sodium consumption has been cited as a primary cause of hypertension and
cardiovascular diseases (AFSSA, 2002; Matthews and Strong, 2005; WHO, 2006; Havas et al.,
2007; Taormina, 2010). Excess salt in the diet therefore constitutes an important potential public
health hazard. Efforts to reduce salt content of fish products must take into consideration
microbiological food safety and quality implications of NaCl reduction in foods. Flegel and Magner
(2009) have argued that “refrigeration has largely replaced the need for sodium salts as food
preservatives”. However, refrigeration alone would not prevent the growth of psychrotrophic food
borne pathogens like Listeria monocytogenes, Yersinia enterocolitica, and Aeromonas hydrophila
(Taormina, 2010). Such generalizations are rather unhelpful and need to be contextualized. Whereas
refrigeration has become fairly routine and affordable in middle and high income countries, it is still
very expensive, nor is the power supply system efficient enough for them to work well in low
income countries likes Ghana. Diminished food safety and increased risk of microbial hazards could
be an unintended consequence of salt and sodium reduction in processed foods due to the lowering
of a key hurdle against food borne pathogens (Taormina, 2010). Moreover, heavily salted fish is not
usually consumed in the salted-dried state but soaked in water to desalt prior to cooking.
2.4

Food safety and quality issues associated with traditional fish processing

The safety of fish and seafood products vary considerably and is influenced by a number of factors,
therefore it is important to determine whether the hazard is significant for a particular product, and
how it should be controlled (Amagliani et al., 2012). Identifying points in the fish food chain where
microorganisms may flourish or pose a risk to human health is important for the fisheries industry
in West Africa, including Ghana.
25

2.4.1

Microbial hazards in processed fish products

Hot-smoked fish may contain relatively heat-stable organisms such as Bacillus, Micrococcus, and
yeasts (Nickelson et al., 2001). The microbial quality and storage stability of the smoked product
are determined by fish type, the quality of fish at smoking, salt content, smoking temperature,
drying time and post-smoking storage conditions (Nickelson et al., 2001; Antonia da Silva et al.,
2008). Eyabi et al. (2001) have described traditional smoked fish as generally of variable quality
and sometimes of poor quality, essentially manifested by mould growth after a few days of storage.
In Ghana, 17 genera of bacteria including food pathogens have been isolated from smoked and sundried anchovies obtained from markets and feed-mills (Osei-Somuah and Nartey, 1999). NketsiaTabiri et al. (2003) reported the presence of Staphylococcus spp., Enterobacter sakazakii, Klebsiella
pneumonia ozaenae, Bacillus spp., and mycotoxin-producing Aspergillus spp. and Penicillium spp.
in smoked sardines. Other studies have reported the presence of various spoilage and
pathogenic bacteria in smoked fish (Plahar et al., 1999; Adu-Gyamfi, 2006; Nyarko et al., 2011).
Salmonella species are transmitted through the human/animal reservoir (Shabarinath et al., 2007)
and have been isolated from smoked fish in Ghana (Nyarko et al., 2011). However, Salmonella
spp., are unable to grow under desiccated conditions (Norhana et al., 2010). Microbial pathogens
such as Listeria monocytogenes, and the non-proteolytic or saccharolytic strain of C. botulinum type
E may also be present high risks in fishery products (Heinitz and Johnson, 1998; Kolodziejska et
al., 2002). However, Fuchs and Surendran (1989) have observed that Listeria spp. other than L.
monocytogenes appear to be common in tropical areas. C. botulinum type E is able to grow and
produce toxins at low temperatures (Sikorski et al., 1990) and mild thermal treatment may be
insufficient to inactivate the spores. Experiments with naturally contaminated hot-smoked fish
produced from fish with high levels of C. botulinum show that toxin may be formed under
conditions of temperature abuse (Ward, 2001). There are no reports of Campylobacter jejuni in
smoked fish. Lightly salted, mildly heated or cold-smoked, hot-smoked or fermented fish may
contain spoilage and pathogenic bacteria including Gram-negative organisms such as Pseudomonas
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and Moraxella–Acinetobacter that may have re-contaminated the final product during handling
(Nickelson et al., 2001).
2.4.1.1

Staphylococcus aureus

S. aureus is a major cause of gastroenteritis worldwide (Soriano et al., 2002) and a known hazard in
fish products, particularly if unsalted and if adequate hygienic measures have not been employed
(Embarek, 1994; Plahar et al., 1999; Huss, et al., 2003; Simon and Sanjeev, 2007). Staphylococci
thrive in environments relatively free of competition from other bacteria, such as foods with high
concentrations of salt and sugar that impede the growth of other organisms (Aycicek et al., 2005). It
has been recognized as an indicator of deficient food hygiene and processing (Soriano et al., 2002).
Food poisoning caused by staphylococcal intoxication follows ingestion of foods containing
preformed thermotolerant staphylococcal enterotoxins (SE) (Scherrer et al., 2004; Bergdoll and Lee
Wong, 2006). An enterotoxin dose of ≤ 1.0 µg in contaminated food produces symptoms of
staphylococcal intoxication, but this toxin level is typically reached only when S. aureus
populations exceed 105 cfu/g (Notermans and Heuvelman, 1983; Jablonski and Bohach, 1997; U.S.
FDA, 2007). Environmental conditions during food storage and preparation conducive to growth of
S. aureus (i.e. time and temperature abuse) result in production of staphylococcal enterotoxins,
which are potentially harmful for consumers (Todd et al., 2008). Several outbreaks have been
reported in the United States of America and European countries (EFSA, 2006). There are however
no reports of outbreaks in Ghana and other West African states, probably due to lack of reporting or
poor record keeping. Humans are thought to be the primary source of strains associated with food
matrix staphylococcal intoxication (Rosec et al., 1997). S. aureus are usually present in the nasal
passages, throat, hair, and skin of healthy people, and are abundant in cuts, pustules, and abscesses
(Bergdoll, 1990; Dillon et al., 1992). The organism is also widely present on work surfaces and
utensils in food services (Sneed et al., 2004; DeVita et al., 2007) and on worker hands (Sattar et
al., 2001).
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Staphylococci, micrococci and non-faecal coliforms have been detected in smoked and dried king
salmon strips in Alaska but these have not been linked to food-borne illness (Himelbloom et al.,
1996). Smoked and charred Baltic herrings have however been implicated in staphylococcal
outbreaks in Finland (Korkeala and Pakkala, 1988). S. aureus is known for its tolerance of lower aw
levels, but will not grow at aw ≤ 0.83 under aerobic conditions or at aw ≤ 0.88 under anaerobic
conditions (Troller and Stinson, 1975; ICMSF, 1996; Baird-Parker, 2000). S. aureus can grow at aw
0.83 and produce toxin at aw 0.85, survive in sodium chloride concentration of up to 25% (w/w)
(ICMSF, 1996), grow in a wide range of temperatures ranging from 7° to 48.5°C with an optimum
of 30 to 37°C (Schmitt et al., 1990) and pH between 4.0 and 10.0, with an optimum of 6.0–7.0;
(ICMSF, 1996). This organism should therefore be considered a target pathogen for drying (Huss et
al., 2003). Water activities of less than 0.85 could also arrest the growth of organisms such as C.
sporogenes and reduce viability of B. cereus spores during storage (Kanatt et al., 2002). Whereas
under anaerobic conditions, S. aureus toxin production is inhibited at temperatures below 8°C,
water activity below 0.92, and pH of 5.0, under aerobic conditions, toxin production is limited at
water activity below 0.87, and pH of 4.5 (ICMSF, 1996). Control of the critical control points
(CCPs) will ensure pathogenic bacteria such as S. aureus are eliminated or reduced to acceptable
levels. Safe handling will enhance seafood safety while maintaining product quality attributes
(Himelbloom and Crapo 1998).
2.4.1.2

Salmonella

Salmonella spp., one of the important bacterial pathogens associated with gastrointestinal diseases
worldwide, can be found both in water, especially of contaminated coastal regions or ponds, and in
fresh fish from these areas, although incidence is low ( Feldhusen, 2000; Panisello et al., 2000;
Vieira et al., 2004). Salmonella can survive over long periods, months or even years in soil and
aquatic environments (Winfield and Groisman, 2003). Salmonella prevalence is influenced by
rainfall, storm water (Bienfang et al., 2011) and intense sunlight (Setti et al., 2009). Salmonella has
been isolated from fish and seafood (Heinitz et al. 2000; Novotny et al., 2004) and can contaminate
fish during storage and processing (Panisello et al., 2000). It has been found in fish boxes and on
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the hands of fishermen (Cox, 2000). Salmonella has also been found in the gastrointestinal tract,
internal organs and muscle tissue in several fish species, e.g. rainbow trout (Salmo gairdneri),
Israeli mirror carp (Cyprinus carpio) and tilapia (Tilapia aurea), and Atlantic salmon (Salmo salar)
(Nesse et al., 2005; Gaertner et al., 2008). The microorganism has been identified as the cause of
seafood related outbreaks in the European Union (EFSA, 2010), the United States (CSPI, 2009) and
other countries worldwide. Huss et al. (2000) reported that about 12% of the foodborne outbreaks
related to consumption of fish are caused by bacteria including Salmonella.

Salmonella is a facultatively anaerobic, non-sporulating, Gram negative bacterium; most strains are
motile by means of flagella (Amagliani et al., 2012). The genus Salmonella belongs to the family of
Enterobacteriaceae. Salmonella bacteria are believed to cause two distinct disease syndromes,
described simply as systemic disease and gastroenteritis. Gastroenteric disease is most frequently
associated with food-borne transmission (Bremer et al., 2003). The non-typhoid Salmonella
serotypes most often encountered in human infections are Enteritidis followed by Typhimurium
(Greig and Ravel, 2009). An amount as low as 100 -101 Salmonella cells may cause human
infection in a high fat substrate such as chocolate (D’Aoust 1994). The elderly, infants, and the
immunocompromised are the most vulnerable to developing illness (Hohmann 2001; CDC 2004).
The optimum growth aw of Salmonella is 0.99 (Mattick et al., 2000) and the minimum is 0.92–0.93
(Bremer et al., 2003). However, Salmonella can tolerate many stressful conditions and some
serovars may survive at low aw of 0.43 foods for long periods (Juven et al. 1984; Jung and Beuchat,
1999; Arkoudelos et al., 2003; Ristori et al., 2007). Therefore, knowledge of the behaviour of
Salmonella in salted and/or dried products is important from a food safety point of view.
Salmonella are mesophilic, with optimum growth temperature between 35 and 37°C and a growth
range of 5 to 46°C. The growth of Salmonella is very slow below 10°C, although it can withstand
freezing conditions. Refrigeration retards salmonellae growth, but is not an effective means of
killing the organism. Cells survive under frozen and dried states for a long time and to multiply in
many foods without affecting the acceptance qualities (Murray, 1999). The optimum pH is neutral,
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in the range from 6.6 to 8.2, but the bacteria are able to grow between pH 4.05 and 9.0 (Jay et al.
2005) and survive relatively high salt conditions (Jay et al., 2003). They are killed by pasteurization
temperature and time, are sensitive to low pH (≤4.5) and do not multiply at a w 0.94, especially in
combination with a pH of 5.5 and less (Bibek, 2001). EC regulation (Regulation EC No 2073/2005)
sets microbiological criteria defining the acceptability of a product, a batch of foodstuffs or a
process, based on the absence, presence or number of micro-organisms, and/or on the quantity of
their toxins/metabolites, per unit(s) of mass, volume, area or batch.
2.4.2

Mould growth and mycotoxin contamination in processed fish

Fish is frequently infected with fungi that produce mycotoxins pre or post processing (Bagy et al.,
1993; Efiuvwevwere and Ajiboye 1996). Spores of moulds often present in air and soil contaminate
fish during processing. Insects and mites are also known to cause mould contamination by carrying
the spores on their bodies. Mould growth on processed fish products is therefore an important issue,
as it may present economic, food safety and aesthetic problems for the producer. The xerophilic
moulds (Wallemia sebi and Eurotium spp.) tolerate diverse conditions of moisture, pH, water
activity and temperature and are able to grow under much dryer conditions compared to bacteria
(Abarca et al., 2001; APHA 2001; Gock et al. 2003; Magan and Olsen, 2004). Their water activity
requirements for growth may be 0.75 or less (Kinderlerer, 1984; Fafioye et al., 2002) and their
moisture requirements are relatively low (Pitt and Christian, 1968). The optimum temperature for
mould growth under tropical conditions is 30°C and the maximum ranges from 40° to 55°C
depending on species (Christensen and Kaufmann, 1974). Extensive mould growth in food can
result in marked deterioration in quality and may lead to off-flavour development and outright
destruction. The dun mould (Wallemia sebi), which is a defect associated with cured fish, results
from mould growth on fish with aw of 0.75 and salt concentration of 10-15 percent. Although it
does not produce any objectionable flavour or change in texture in the fishery products, its visible
growth and discoloration of the products is undesirable. A more compelling reason for preventing
the growth of moulds in food is production of mycotoxins, a group of toxic secondary metabolites
which can cause serious long-term diseases (Smith and Moss, 1985; Bauerand and Gareis, 1987;
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Essono et al., 2007). The most widespread and most important xerophilic moulds belong to the
genera Aspergillus and Penicillium. Aspergillus spp., are major producers of aflatoxins and include
Aspergillus flavus, A. parasiticus and A. nomius. Other species that produce aflatoxin in minute
quantities include A. pseudotamarii, A.bonbysis and A. ochraceoroseus. The four main naturally
produced aflatoxins are B1, B2, G1 and G2; with B1, usually the aflatoxin found at the highest
concentration in contaminated food and feed (Sweeney and Dobson, 1998). These aflatoxins cause
chronic liver damage, are potentially carcinogenic, suppress the immune system and retard growth
and therefore occupy a prominent position as a food safety risk (Efiuvwevwere and Ajiboye, 1996;
Dutton et al., 2001). One of the most extensively studied compounds, ochratoxin A (OTA), has
been shown to be a nephrotoxic, immunosuppressive, teratogenic and carcinogenic agent (Battilani
et al., 2003).

Moulds commonly associated with dried cured fish in storage are Aspergillus halophillus; A.
restrictus; Wallemia sebi; Eurotium spp.; A. candidus; A. ochraceus; A. flavus and Penicillum spp.
(Christensen and Kaufmann, 1974). Several studies have reported moulds as problems in
traditionally processed fish products in Ghana (Plahar et al., 1999; Nketsia-Tabiri et al., 2003; AduGyamfi, 2006; Oduor-Odote et al., 2010) and in Nigeria (Nwokolo and Okonkwo, 1978; AdebayoTayo et al., 2008). The xerophilic moulds, Aspergillus spp. and Penicillium spp., have been
reported in fresh fish (Bagy et al. 1993; Efiuvwevwere and Ajiboye 1996), smoked dried salted fish
(Atapattu and Samarajeewa 1990; Fafioye et al. 2002) and in salted dried fish products (Atapattu
and Samarajeewa 1990; Jonsyn and Lahai 1992; Ahmed et al., 2005). Various researchers have also
reported dangerous levels of aflatoxin in dried fish (Okonkwo et al., 1977). The most important
sources of mould contamination of fish include the natural environment (Sallenave-Namont et al.
2000), raw fish (Bagy et al. 1993; Delcourt et al. 1994), fish skin (Yanong, 2000), internal organs
(Bagy et al. 1993), additives, especially salt (Delcourt et al. 1994) and fish handling or processing.
High humidity and temperatures favour fungal proliferation resulting in contamination of food and
feed (Wagacha and Muthomi, 2008). Mycotoxin contamination and spoilage of fish can also occur
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during transport and in storage (FAO, WHO, UNEP, 1987). The acceptable limit for mould in
salted fish is <104 cfu/g at the point of sale (FSAI, 2001; Ghana Standard Boards, 1998). Preprocessing handling practices, handling during processing, moisture levels during transportation,
marketing and processing; and insect damage can increase the risk of mycotoxin contamination.
Possible intervention strategies include good food handling practices, discarding contaminated and
deteriorating fish, proper drying, and use of clean containers, sanitation, proper storage and insect
management among others. When moisture is reduced to 25% wet basis, contaminating agents
cannot survive and autolytic activity is greatly reduced (Bala and Mondol, 2001). To prevent mould
growth during storage, moisture must be reduced to below 15% (Bala and Mondol, 2001). For
smoked fish to survive mould attack during storage after, moisture should be below 12% (Daramola
et al., 2007). Reported incidents of aflatoxin poisoning in Africa are rare, probably due to the long
period of heating during food preparations or lack of records. Also, aflatoxin poisoning is long-term
and cumulative (chronic rather than acute), hence attribution is difficult.
2.4.3

Insect pest infestation

In Ghana traditionally smoke-dried fish are stored in round smoking ovens and covered in
polyethylene and jute sacks. Occasional re-smoking is undertaken to maintain dryness and drive off
insect pests and control mould attack. For salted and sun-dried fish, the traditional method of drying
is to lay them out in the sun on a sandy beach or raised platforms for a few days, then to gather
them into heaps and pack them, along with adhering sand, and small stones, into jute bags or
baskets for transport and storage. Fish dried in this way often become mouldy very quickly. Storage
under such conditions also results in frequent insect infestation, microbial decomposition and rodent
attack (Fialor et al., 2002; Directorate of Fisheries, 2003). Insect infestation can cause losses
ranging from 30 to 50 percent of fish meat (Eyo and Mdaihi, 2001; Khan and Khan, 2001; 2002).
Blowfly infestation has been identified as the major cause of losses during processing and the early
stages of storage in cured fish. The flies lay their eggs in the flesh of wet fish before and during
processing. The larvae eat the fish until moisture inhibits their development. The flies are deterred
from laying eggs during smoking, but larvae already present penetrate the deeper regions of the fish
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and may survive in smoked fish that is not properly heat-treated. Humidity level above 25%
(Oduor-Odote et al., 2010), moisture content above 20% and salt level below 3% do not completely
halt the activity of maggots. Blowflies are also notorious carriers of diseases particularly cholera,
diarrhoea and dysentery in developing countries (Yu, 1994). Optimal temperatures for insect
development in such cured fish are between 25 to 35°C (Haines and Rees, 1989; Oduor-Odote et
al., 2010). Attempts have been made to use extracts from neem (Azadirachta indica) and neem
powder as insect deterrent during storage (Oduor-Odote et al., 2010) with limited success. As the
fish dries it becomes less attractive to flies, but becomes more appealing to beetles which can eat up
the entire flesh (Waterman, 1976). Plahar et al. (1999) reported the presence of Dermestes
maculatus Deg in smoke-dried fish during storage and marketing in Ghana.

According to

Waterman (1976) the dermestes beetle can lay up to 300 eggs in cracks and fissures in the fish
during drying; the larvae hatch in 1-2 days and eat through the dried fish, leaving tunnels for further
egg laying and pupation. The fish is already highly infested by the time the journey begins, and
uncontrolled infestation increases rapidly during the long journey and the fish may be completely
hollowed out by the end resulting in loss of as much as half the weight of the product. This is a
major problem of inland fishing where drying is the main form of preservation, and some
processors store fish for up to six months to await better prices during the lean season. Moisture
content of 15–20% in smoked or sun-dried fish is conducive for infestation by Dermestes species.
Where wood is available, periodic re-smoking is practised. Some processors prevent insect attack
by applying insecticides. There are also reports of the illegal use of chemical insecticides such as
deltametluin, a pyrethroid insecticide, Lindane, Baygon, Shelltox (Dichlorvos aerosol) and
Gamallin 20, Gardona and DDT to prevent insect infestation of cured fish (Azeza, 1986; Akande
and Asuquo-King 2001). Unfortunately, these chemicals are used without strict control over the
safe dosage levels, hence the product though protected from insects could be harmful to consumers.
In Ghana, the use of camphor to control insects in fish has been reported.
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2.4.4

Polycyclic aromatic hydrocarbons in smoked fish

A major drawback of fish smoking is that wood smoke also contains a large number of polycyclic
aromatic hydrocarbons (PAH) (Stołyhwo and Sikorski, 2005) and their alkylated derivatives such as
nitro-PAH or oxygenated PAH, N-nitroso compounds and heterocyclic aromatic amines. Many
PAH compounds, including benzopyrenes are carcinogenic (Bartoszek, 2002; Scientific Committee
on Food, 2002; Stołyhwo and Sikorski, 2005). In a study of traditionally smoked fish from Ghana,
benzopyrene levels of up to 83.928ug/kg were detected (Palm et al., 2011) and in Nigeria,
benzopyrene levels ranged from 8.7 to 34.8ug/kg (Ogbadu and Ogbadu, 1989). A maximum
benzopyrene residue limit of 5ug/kg has been fixed by the European Commission (208/2005/EC)
for smoked seafood products (European Commission, 2005). Research has shown that the
formation of benzopyrene can be influenced by the smoking conditions. In Ghana, Plahar et al.
(1999) have reported excessive deposition of wood smoke chemicals on smoked fish. Modern
smoking ovens allow for the control of these conditions, for example by controlling the level of
smoke present in the oven (Karl and Leinemann, 1996). Whilst the role of smoking techniques in
preservation and fish safety is not in doubt, the levels of metabolites such as benzopyrenes need to
be checked and regulated, and consumers educated, in the interests of consumer health. The
difficulty is how such regulation should be formulated and how it can be enforced, given the fact
that most traditional fish processing is currently done by small independent family fishmongers.
One way of addressing this issue would be to design and test different models of traditional kiln
developed to reduce the amounts of these toxic by-products and where they do not currently exist,
encourage the formation of fish processing cooperatives. These cooperatives can serve as a basis for
health screening, education, training and eventually, the introduction of newer, safer ways of
treating fish for the market. The formation of such recognised self-help groups would also allow the
implementation of a traceability framework and regulation of the fish processing trade and lead to
improved standards of practice, quality of products, consumer safety and export potential of fishery
products. The design of a framework that incorporates the fish traders’ needs and interests with that
of consumers and the fish market is a subject of particular interest in this project.
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2.5

Prerequisite programmes

Food safety is mainly ensured by preventive approaches, such as the implementation of good
hygiene practices or application of procedures based on the Hazard Analysis and Critical Control
Point (HACCP) system (Vilar et al., 2012). However, before HACCP or a similar food safety
management system can properly be applied to a process, it is important that a solid foundation of
good prerequisite programmes (PRPs) is in place to underpin the HACCP system. PRPs describe
the measures that provide the basic environmental and operating conditions that are necessary for
the production of safe and wholesome food (Seward, 2000; McSwane et al., 2003). Mortimore and
Wallace (1998) view PRPs as the HACCP Support Network, which shows the inter-relationship of
management systems and procedures in any food business for the production of safe, high quality
products. Well-designed prerequisite programmes provide a solid foundation on which an
effective HACCP system can be based. They are “universal steps or procedures that control the
operational conditions within a food establishment allowing for environmental conditions that are
favourable for the production of safe food” (UK Expert HACCP Steering Group, 1999). The US
National Advisory Committee on Microbiological Criteria for Foods (NACMCF, 1997) defines
PRPs as ‘Procedures, including GMPs that address operational conditions providing the foundation
for the HACCP system.' The World Health Organisation defines PRPs as ‘practices and conditions
needed prior to and during the implementation of HACCP and which are essential for food safety'
(WHO, 1999a). These practices and conditions are described in the Codex Alimentarius
Commission's General Principles of Food Hygiene and other Codes of Practice (CAC, 2009).

In Ghana where HACCP is not a mandatory requirement for traditional fish processors, the Codex
Alimentarius General Principles of Food Hygiene (CAC, 2009), the Codex Codes of Practice for
fish and fishery products (CAC/RCP 52-2003) and the Food and Drugs law constitute the basis of
food safety management in the fish industry. Common prerequisite programmess may include but
are not limited to: proper fishing and harvesting vessel design and construction, proper facilitydesign practices and construction to include a product flow-through pattern that is designed to
prevent potential sources of contamination, minimize process delays, prevent cross-contamination
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and allow ease of cleaning and disinfection, preventative maintenance of equipment, hygiene
control programme (including cleaning and disinfection schedule, cleaning and sanitation standard
operating procedures (SSOPs), pest control system, supply of water, ice and steam, and waste
management), good personal hygiene and health (GPH) (including the exclusion of persons with
communicable diseases and the provision of appropriate clothing), appropriately designed vehicles
for transportation, product tracing and recall procedures, Good Manufacturing Practices (GMPs),
training, chemical control and supplier selection and specification programmes (NACMCF, 1997;
CAC, 2003a; CAC, 2009). Effective environmental cleaning and disinfection, excluding infected
staff, implementing hand hygiene principles, and preventing cross-contamination should be treated
as integral parts of the production process (Adams and Moss, 1995; Greig and Lee, 2009). It is
important that strict personal hygiene measures should be adopted during food preparation.
Cruickshank (1990) has argued that proper hand washing with soap and water followed by drying is
effective in removing large numbers of pathogenic bacteria. Improvement of fish handling
conditions and proper sewage disposal are other intervention strategies (Pozio, 2008). Proper
processing of fish is necessary to ensure the reduction or elimination of the growth of harmful
microorganisms. Hygienic measures are required throughout the continuum from “catch to fork”.

There are however, concerns about the level of compliance with prerequisites, including hygiene
standards, handling conditions, and general food safety standards along the traditional fish
processing chain in Ghana and other West African countries (Plahar et al., 1999; Kleter, 2004).
Extensive handling of fish during production, processing and marketing provides opportunities for
foodborne pathogens to contaminate fish products if insufficient attention is given to hygienic food
safety practices. As large quantities of food pass through a multitude of food handlers and
middlemen, the risk of exposing food to unhygienic environments, contamination and adulteration
increases. Mishandling of food can introduce and spread pathogenic microorganisms from
contaminated hands of food workers to food and subsequently to other surfaces when food handlers
fail to observe critical behaviours during handling and preparation (Chen et al. 2001, Montville et
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al. 2001, Bloomfield 2003; McCabe-Sellers and Beattie, 2004). Surveys of food vendors in Nigeria
attribute the failure to wash hands to the fact that water and hand washing or toilet facilities are not
readily available in most of the vending sites surveyed (Idowu and Rowland, 2006; Omemu and
Aderoju, 2008). Data on the contributory factors are of great importance for assessing risks. The
pressure of time may also prevent food handlers from carrying out food safety actions (Clayton et
al., 2002). Further studies are therefore required to identify the food safety problems in the
traditional fish chain and the reasons for lack of adherence.
2.6 Food safety management and the Hazard Analysis and Critical Control Point (HACCP)
concept
The HACCP concept, a risk-based system of food safety management, has become the universally
accepted method for increasing food safety and is now an important part of national governments
and international strategy to reduce the prevalence of food-borne disease (Griffith, 2000; Kirby et
al., 2003; CAC, 2009). The four most prominent driving forces for use of HACCP are: (1) HACCP
is focused on food safety, (2) is science based, (3) is a prevention-oriented approach for identifying
hazards and risks rather than retrospective end-product testing, and (4) focuses control on those
food safety hazards that are reasonably likely to occur (Steinkraus, 1997; Motarjemi, 2002; Walker
and Jones, 2002; CAC, 2003a; McSwane et al., 2003; Reij et al. 2004; Walls and Buchanan, 2005;
Baş et al., 2006; Dong and Jensen, 2008). The intent of the HACCP system is to identify potential
hazards and focus control at critical control points (CCPs) at which the identified hazards may
occur. Critical limits should be established that can be monitored and give a real time response, e.g.
pH level, time/temperature. Criteria such as microbiological levels or absence of pathogens cannot
be used as it takes too long to obtain these results. This requires product specific hazard analysis to
determine the CCPs in each process. Monitoring should measure accurately the chosen parameters
which have been identified as control measures specific for the identified hazard at the CCPs, and
be able to detect deviations from specifications or criteria (Huss 1994a). When there is a failure,
pre-determined corrective actions may be taken for the CCP that is not under control. Verification
activities will confirm that the critical limit identified is appropriate for the identified hazard.
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Documentation concerning all procedures and records according to the HACCP principles and their
application need to be maintained (Holdsworth, 1997; McSwane et al., 2003; CAC, 2009). Review
of the operation should be considered if a new hazard which must be controlled is identified but no
control measures have been identified or the process is changed in anyway.

Although HACCP holds great promise for minimizing the risk of foodborne disease and is now part
of the legislative framework for most countries in the world, the application of the process has not
yet been widely realised in small-scale operations in most developing countries because of several
challenges (Ward, 2001; Holzapfel, 2002). Many of the operators in the artisanal and traditional fish
processing sector are small- or micro-scale operators who may not be familiar with the hazards
associated with their operations. Moreover, HACCP is still not considered feasible for small-scale
subsistence operators because of the cost involved in implementation (Holzapfel, 2002). In addition,
its practical roll out requires a mix of managerial, organizational and technical resources to cope
with the technical barriers it presents (Panisello and Quantick, 2001). In practice, even large food
firms with their resources of money and expertise face significant hurdles in developing a
successful HACCP system (Taylor, 2001) and small and medium sized enterprises (SMEs) may feel
that the difficulties of HACCP are potentially insurmountable (Ehiri et al., 1995; Route, 2001).
Small and medium-sized enterprises in particular may be lacking not only financial resources and
time but also experience, information, support, technical expertise, available personnel and interest
in food safety management (Jouve, 1994; Mortlock et al., 1999; Taylor 2001). Micro businesses
have been found to have an even poorer understanding of food safety management systems
(Fielding et al. 2005). Karipidis et al. (2009) have observed that food enterprises that implement
quality assurance systems may do so because they are forced, either by their customers or by public
authorities to ensure food safety and to protect public health, or are driven by their own firm belief
that the benefits of implementing food safety outweigh all associated costs. In Ghana, HACCP is
not yet considered an obligation in small and micro-scale fish processing operations supplying fish
to the local market. There is also no requirement for traditional fish handlers to be aware of or to
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have any knowledge of HACCP in order to develop and implement the system. However, all food
businesses supplying food to European retailers are required to implement HACCP. To achieve the
successful implementation of HACCP in the industry, the concept must be understood first, by the
managers of the establishments (FAO/WHO, 2006). It is also important to ascertain conditions that
restrain the implementation of HACCP-based Food Safety and Quality Management. In this regard,
it is important to identify the contribution of the food industry, consumers and government along
with its inspection authorities and regulatory agencies. The underlying hindrances to compliance
with the regulations may also include a lack of trust in food safety legislation and authorities, a lack
of motivation in dealing with food safety legislation and a lack of knowledge and understanding
(Yapp and Fairman 2006).
2.7

The role of fish handlers in food safety

Typically, major risks of food contamination originate from the working practices of food handlers
(Gordon-Davis, 1998). Unsafe food handling practices, a lack of knowledge or incorrect application
of sound hygiene practices by food handlers are potential causes of serious outbreaks of foodborne
diseases (FSA, 2002; Caswell, 2003; Walker et al., 2003a; Baş et al., 2006; Santos et al., 2008).
Unclean, insufficiently or inadequately cleaned hands, processing equipment, including knives and
chopping boards have been identified as sources of bacterial contamination including Shigella spp.,
Escherichia coli, Staphylococcus aureus, Salmonella spp., Bacillus cereus and faecal streptococci
in processed seafood (Ash, 1997; Lawrie, 1998; Snyder 1998; Jiang and Doyle, 1999;
Kusumaningrum et al., 2002; Shena et al., 2007). In many cases, foodborne infections are
transmitted from infected food handlers (FDA 2000) who may not know that they are carrying the
pathogen as they may not feel unwell and may exhibit no symptoms (Adams and Motarjemi, 1999).

Poor hygiene, particularly deficient or absence of hand washing has been identified as the causative
mode of transmission (Reij et al. 2004). Studies also show that unsound food safety behaviours or
practices are more common in small- and medium-sized food businesses and these businesses
constitute important locations in the transmission of foodborne illness (Walker et al., 2003a).
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McCabe-Sellers and Beattie (2004) listed the leading causal behaviours of food safety problems as
failure to: (a) hold and cool foods appropriately, (b) practice proper personal hygiene, (c) prevent
cross-contamination, (d) cook to proper internal temperatures, and (e) procure food from safe
sources. Other researchers have also identified inadequate cleaning of food surfaces, inadequate
handwashing, inadequate heat treatment, inappropriate storage of foods, infected food handlers and
cross-contamination as causes of foodborne illness (Kassa et al., 2000; Paulson, 2000; WHO,
2000a; Sagoo et al., 2003; Baş et al., 2006). Good agricultural practice and good manufacturing
practice should be adopted to prevent introduction of pathogens into food products (Koopmans and
Duizer, 2004).
2.8

Food safety training, knowledge and attitude

General good hygiene and proper food handling practices are recognized as effective measures to
control the spread of pathogens especially when considered along with the restriction of ill workers
(Cruickshank, 1990; Adler 1999; Montville et al., 2001). Some researchers are of the view that food
safety knowledge and training will ensure that food handlers practice the correct way of handling
food and that, knowledge and training should constitute an essential as part of their job training
(Seaman, 2010; Martins et al., 2012). Practical knowledge about the intrinsic properties of the
products, as well as food handling practices, food safety knowledge and PRPs would constitute
crucial lines of defence in the prevention of most food-borne illnesses. However, training alone is
not enough, attitude change, continuous education and enforcement, are necessary to ensure
positive behaviour change and the sustainability of food safety practices (Howes et al., 1996; Baş et
al., 2006). Moreover, food handlers’ knowledge of food safety is not always translated into good
hygiene practices in reality (Howes et al., 1996). It is therefore, crucial to gain an understanding of
the interaction of prevailing food safety beliefs, knowledge and practices of food handlers (WHO,
2000b). Training and hygiene promotion programmes are therefore, more likely to be effective if
they are built on local research and use locally appropriate channels of communication repeatedly
and for an extended time (Pinfold and Horan, 1996; Curtis et al., 2001). Further research is required
to explore pathways of the foodborne illness and to determine the vehicles of the greatest
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importance (Unicomb, 2009). Prevention strategies should also focus on creating awareness among
consumers regarding proper refrigeration and storage of foods, prevention of cross-contamination of
food, use of clean slicing boards and utensils while cooking; and washing hands often while
preparing food (Linscott, 2011).
2.9

Role of governments in developing countries

Foodborne illnesses are an obstacle to global development efforts and in the achievement of the
Millennium Development Goals (MDGs) (WHO, 2011). Food safety concerns, particularly
microbial contamination, are the basis for the worldwide promotion of safety standards.
International regulations and national legislations of developed countries require that food safety
management should be based on a comprehensive and integrated approach so that all food chain
participants, including food handlers, are responsible for ensuring food safety (Garayoa et al.,
2011). Governments have an important role in providing policy guidance on the most appropriate
food safety and quality assurance systems and verifying/auditing their implementation as a means
of regulatory compliance (FAO, 2003). To this end, there is no doubt that national trading standards
and food safety laws should exist in countries such as Ghana. Nonetheless, studies show that
governments and industry in developing countries face major challenges of producing safe fish and
fishery products for domestic and international markets (Jaffee and Henson, 2004; Jaffee, 2004;
Ponte et al., 2007; FAO, 2004b, 2007). Of particular concern is the ability of developing countries
in sub-Saharan Africa to upgrade their legislation, integrate laws and regulations in a
comprehensive and user-friendly document, and harmonize the responsibilities of multiple
institutions dealing with food safety issues, and reorganise inconsistent and selective enforcement
(Nguz, 2007).

Other weaknesses in developing country food safety management include the non-use of risk
assessment to develop standards, the non-existence or insufficient number of efficient accredited
control laboratories, the confusion between quality and safety and the lack of a framework of
collaboration between governmental institutions and the food industry (Nguz, 2007). These
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weaknesses exist partly because of the lack of human resource capacity, the costs involved and the
frequent changes in standards (Henson et al., 2000; Athukorala and Jayasuriya, 2003).

The capacity of local Ghanaian processors to meet current food safety and quality standards is also
severely affected by poorly developed food safety policies and plans of action, legislation,
insufficient

governmental oversight

including, inspection, surveillance

and monitoring,

inadequately trained food workers and the lack of basic infrastructure. Even where international
standards are implemented they are mostly driven by government regulations generally in response
to importing countries’ provisions to secure traditional export markets (Zaibet, 2001). Donovan et
al. (2000) have observed that poor countries allocate their meagre resources to achievement of the
requirements for the export markets with a lack of attention to the safety and quality of the locally
consumed products. It is therefore important to develop food safety policies and effective strategies
for implementation of food safety programmes. In order to access prime markets for their fish
products, sub-Saharan countries would need to develop effective official National Food Control
Systems (NFCS) in line with international guidelines. The NFCS should typically comprise the
following five components: (1) Food law and regulations, (2) National food control management,
(3) Inspection services, (4) Laboratory services and (5) Information, education, communication and
training process aimed at imparting knowledge and skills to key players in food safety control and
management (FAO/WHO, 2003; Safe Food International, 2003; Jukes, 2003; Vytelingum, 2003).
National legislative bodies should develop the capacity for coordination of food safety policies with
an operational arm of an appropriate authority to foresee the food safety control function.

In Ghana, the safety of food, including the hygiene of fish products, is regulated by the Ghana Food
and Drugs Board (FDB), under the Ministry of Health. Ghana’s fish exporters must fulfil EU
requirements on health and food safety as described by the EU Council Regulations EC/852/2004
(hygiene of foodstuffs), EC/853/2004 (specific hygiene rules for food of animal origin),
EC/2073/2005

(microbiological

contamination),

EC/396/2005

(pesticides),

EC/1881/2006

(contaminants), EC/1224/2009 (minimum labelling) among others for fishery products intended for
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export to the EU. Imports of fishery products into the EU are subject to official certification, which
is based on the recognition of a competent authority (CA) of the non-EU country by the European
Commission (EC). This formal recognition of the reliability of the CA is a pre-requisite for the
country to be eligible and authorised to export to the EU. The nominated CA in Ghana is the Ghana
Standards Board (GSB), under the Ministry of Trade and Industry. The GSB facilitates compliance
with EU requirements and issues licences to compliant firms. Although Ghana’s FDB has
progressively improved its inspection, monitoring and control systems and therefore meet the
minimum requirements for fish trade with the EU and the US, improved controls for fish exports
has occurred mainly for products from the large EU approved fish processing plants but not the
small and micro-scale artisanal processing units.
2.10

Statement of the problem and context of the present study

Considerable progress has been made to improve fish safety for local markets and to boost exportoriented supply chains that are reliant on high-value markets in developed countries. Considering
that most of the fish traded and consumed in West Africa is processed using traditional methods, it
is important to ensure that the traditional food processing sector is producing safe food. Smoke
drying is by far the commonest method, since the distribution process of the smoked fish may take a
long time and producers often want to store it for months while waiting for a more favourable
market (Britwum, 1993). Smoked fish from Ghana is mainly destined for the domestic market
where demand is very strong. However, small quantities of smoked fish are exported to regional
countries including, Togo, Benin and Nigeria, and to Europe and the US (Ward, 2003). In the UK
alone, there are about 20-30 importers, specialized in West African food products, who import airfreighted smoked fish from Ghana and other West African countries (Ward, 2003). These products
are well suited to local needs, tastes and cultures. It has previously been estimated that more than
60% of fish consumers in Ghana rank smoked fish as the most preferred cured fishery product
(Essuman, 1992b). The quantity of smoked fish from West Africa entering the UK is estimated to
be 500 metric tonnes per year with a retail value of £5.8 to £9.35 million (Ward, 2003).
Approximately 120 metric tonnes arrive in the UK by airfreight. A significant proportion of the
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remainder is thought to enter as accompanied baggage or overland from mainland Europe (Ward,
2003). Major exporting countries in West Africa include Nigeria, Ghana, the Ivory Coast, the
Gambia and Cameroon. Cross border trade in these products within the sub-region is also a vibrant
activity.

Despite the significant production and distribution of traditional fish products in Ghana, there is no
documentation of the application of risk analysis to traditional processing of these products.
Moreover, there is very little insight into the actual food safety management practices of traditional
fish processors in Ghana. The traditional fish processing sector has not been well studied to
understand the food safety implications of their practices and to identify areas that need
improvement in order to ensure safe fish production. Moreover, many of the small and micro-scale
producers who supply the bulk of their products to local markets have not received the level of
support given to the large export-oriented firms. Consequently, not all companies are able to meet
the stringent food safety regulations and requirements. References to the way things are done, why
they are done in that way and the impact on food safety are only made in relatively few studies and
there is a need to understand risks linked to specific products.

This study would evaluate the safety of traditionally processed fish in Ghana, in combination with
the food safety management practices, knowledge, attitudes and concerns of various stakeholders in
order to provide insight into the causes of food safety problems and solutions. Studies show that
food handlers tend to overestimate the frequency with which they carry out food safety practices
(Howes et al., 1996; Manning and Snider, 1993; Oteri and Ekanem, 1989). Redmond and Griffith
(2003a) are of the opinion that observation, although not without its limitations, represents the most
accurate and reliable method of assessing consumers’ implementation of hygiene practices. As part
of this study visits to landing, processing and retailing sectors will be conducted to observe
practices. The study seeks to identify any hazards that may pose a public health risk to consumers.
This approach provides science-based data on potential hazards which can be included in a formal
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risk analysis. Findings in respect of this analysis should be matched with outcomes of analysis of
fish samples and help inform any scientific deductions made in this study. The influence of
temperature, water activity and pH levels of a medium on the viability and growth of
microorganisms have been demonstrated (Walton and Pringle, 1980; Li and Torres 1993). The pH
level, temperature of storage, microbial load, salt content and aw are factors generally considered to
influence storage life and safety of cured fish products (Gopakumar, 1997).

This study would also investigate the physico-chemical properties of traditionally processed fish
and evaluate how these properties affect microbial growth. The fates of these microorganisms,
including S. aureus, during storage of processed fish and associated risk factors will be studied. An
attempt will be made to identify major factors that influence food safety in the traditional fish sector
and to suggest strategies to improve the food safety situation. In this context, reference will be made
to the need to have up-dated food legislation, improved surveillance and monitoring programmes,
health education in food safety and a number of other strategies in place. The findings from this
study can form the basis for developing public health guidelines for consumers and the
manufacturing and processing industry. Food safety problems are more prominent in developing
countries where food production, processing, and marketing systems are highly fragmented,
dominated by a large number of small producers and quality control is poorer than in industrialised
countries (WHO, 2007). Tackling the problems would require that gaps in information are filled.
There are opportunities for designing and implementing educational packages for handlers at
different levels along the food chain as part of a package of measures to improve safety in the fish
trade sector. It is one’s contention that in carrying out studies of this kind, there should be an end
point which provides opportunities for practical application of knowledge to benefit the wider
community for example through education. It is however important to first ascertain prior
knowledge, attitudes and practices before embarking upon an educational intervention. It is for
those reasons that a knowledge, attitude and practice survey has been built into this study to enable
data to be collected among fisher folk, traders and processors (fish mongers) and consumers in
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Ghana to help understand the current system in place and set the scene for any future
recommendations and interventions. Unless the context of this study as a whole is fully understood,
including the environmental, socio-cultural and traditional food culture aspects, it would be difficult
for people without indigenous knowledge to fully understand and appreciate both the nature and
potential value of the approaches employed in this study.
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Chapter 3
3.0

Assessment of the quality characteristics and microbial safety of different artisan-

produced fish products of West African origin procured from retail outlets in London.
3.1

Introduction

Traditional fish products which are widely consumed in Ghana include fried bonga
(Ethmalosa fimbriata), smoked herrings (Sardinella aurita), smoked catfish (Clarias spp.), smoked
mackerel (Trachurus trachurus), heavy-salted and sun-dried tilapia (Oreochromis niloticus) called
koobi and heavy-salted and sun-dried sharks, skates and rays popularly called kako. A large amount
of preserved fish is produced in household or cottage-type industry for the local markets. However,
there is increasing export potential of these products to Western countries such as the UK where
they are widely patronised by the African community (Ward, 1995). Hygiene and food safety
issues could be a major problem of traditional fish products processed in developing countries
(Plahar et al., 1999; Kleter, 2004) as fish can become contaminated with several pathogens along
the food chain. Nketsia-Tabiri et al. (2003) reported the presence of Staphylococcus spp.,
Enterobacter sakazaki, Klebsiella pneumonia ozaenae, Bacillus spp., and mycotoxin-producing
Aspergillus spp. and Penicillium spp. in smoked sardines. Annan (2008) and Nyarko et al. (2011)
have reported higher microbial loads in smoked fish samples obtained from retail markets compared
to samples collected from smoking sites.

Ready-to-eat smoked mackerel served from food service outlets in Accra have also been reported to
harbour varying levels of indicator organisms, sometimes as high as 109 cfu/g, including coagulasepositive S. aureus, faecal Streptococci, faecal coliforms, notably Escherichia coli and Shigella
flexneri (Adu-Gyamfi, 2000). Poor handling, packaging, transporting and storage conditions may be
the probable factors for higher counts obtained in these products. The quality of smoked fish is
essentially linked to processing and post-processing procedures. The practice of displaying smoked
fish uncovered in open baskets and trays during storage, transportation and retail can increase the
risk of contamination. Koobi or salt-cured and dried tilapia (Oreochromis niloticus) is produced
47

from thoroughly washed, split, fresh or thawed tilapia. The fish are most often heavily dry-salted
and sun-dried on raised platforms or on the ground, by the roadside until very dry. They are stored
and sold under ambient conditions. To prolong the shelf-life, stored koobi is occasionally sun-dried
and aired. Koobi is usually eaten after washing, rehydration and cooking or boiling in the
household, but the rehydration process is time consuming. Kako is processed using similar methods
as koobi but from shark as the raw material. The objective of this part of the study was to assess
microbial and physicochemical quality of smoked catfish, smoked mackerel, smoked herrings,
salted and dried tilapia (koobi), salted and dried shark (kako) and fried bonga in order to identify the
risks that traditional fish products might present. The findings can be used to make decisions on
whether to accept as safe or reject the products. In the experimental analysis of microbial safety,
products will be classified on the basis of high risk, medium risk and low risk.

3.2

Materials and methods

3.2.1 Sampling

Eighteen samples each of three smoked fish products prepared in and imported from Ghana (catfish,
herrings and mackerel), two salted and dried fish products (koobi and kako), fried ready-to-eat fish
product (bonga shad, Ethmalosa fimbriata), were obtained from retail outlets in London and used
for this experiment. The fried bonga products were processed in London using traditional West
African processing techniques. The fish products were selected on the basis of their commercial
value and availability in retail outlets in London. In all 108 samples were aseptically collected into
sterile plastic bags and transported to the laboratory at the University of Greenwich, Medway
campus for analysis. Table 3.1 is a summary of the fish products sampled.
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Table 3.1. The sample types obtained and their packaging and storage conditions when being
marketed.
____________________________________________________________________________
Product Group
Product
Packaging and storage condition
____________________________________________________________________________
Salted/dried
Koobi (salted and dried tilapia)
Ambient storage/no packaging
Kako (salted and dried shark)
Ambient storage/no packaging
Smoked

Adwene (smoked catfish)
Amani (smoked herrings)
Saman (smoked mackerel)

Fried product

Bonga (fried fish)

Ambient storage/no packaging
Ambient storage/no packaging
Ambient storage/no packaging

Ambient display in sauce pan
PE* or no packaging
____________________________________________________________________________
PE* = Polyethylene packaging

3.2.2 Microbiological methods
3.2.2.1

Microorganism and inocula preparation

Pure cultures of bacteria were obtained in freeze-dried form from the National Collection of Type
Cultures (NCTC), PHLS Central Public Health Laboratory, London and used to inoculate the fish
samples. The bacterial samples included Salmonella Typhimurium (NCTC 74), S. aureus (NCTC
8532), Bacillus cereus (NCTC 2599) and Clostridium perfringens (NCTC 6719). All the stock
cultures were maintained in cryoprotect beads (Technical Consultant Services Ltd, Lancashire,
U.K.) at -20oC and subcultures of these stock cultures were prepared and used as working cultures.
To prepare working cultures, one cryobead of stock culture was transferred into 10 ml of Nutrient
Broth (Oxoid, CM1) in a test tube and subsequently incubated at 37 ± 1°C for 24 h, after which,
cells from the broth cultures were inoculated into Nutrient Agar (NA-Oxoid, CM3) slants. The
inoculated Nutrient Agar slants were incubated for an additional 24h at 37 ± 1°C and used as
working cultures which were maintained at 4°C and transferred to new slants monthly. These
operations were carried out in a laminar airflow cabinet to minimise the risk of contamination. To
start an experiment, a colony picked from the nutrient agar slopes was transferred into a sterile
universal bottle containing 10ml Maximum Recovery Diluent (MRD), incubated overnight at 37C
for 24  2h, centrifuged for 2 minutes at 6000 revolutions per minute (RPM) (Mistral 3000N)
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streaked on a Petri dish NA - and incubated overnight at 37C for 24  2h. From this, a colony was
transferred to 10 ml MRD, and incubated overnight at 37C for 24  2h. Serial dilutions were
prepared with MRD as per the requirement of the work. In every experiment, the cells employed to
inoculate the test foods were obtained from an 18h old secondary culture which had undergone only
one transfer beyond the working culture. The microbiological methods used were standard
(CCFRA, 2003).
3.2.2.2

Detection of Salmonella

The presence of Salmonella spp. in each of the products was determined by blending 25 g of each
sample in 225 ml of Buffered Peptone Water (BPW – Oxoid, CM 509) for 1 minute. The
homogenate was incubated at 37°C for 18 to 24 h. Upon the completion of pre-enrichment, 10 ml
was transferred to 100 ml Selenite Cysteine Broth (SCB - Oxoid, CM0699) and incubated at 37 ±
1°C for 24 ± 3 h and 0.1 ml from the broth streaked in duplicate on Xylose-Lysine-Desoxycholate
Agar (XLD - Oxoid, CM0469) and Brilliant Green Agar (BGA- Oxoid, CM0263) plates. The plates
were incubated at 37°C for 24 ± 3 h. Suspect colonies on either XLD or BGA were confirmed using
API strips after checking for purity.
3.2.2.3 Detection of S. aureus
The samples (25 g) were weighed into sterile stomacher bags diluted with 225 ml MRD (Oxoid)
and homogenized in a stomacher for 2 minutes. The samples were further decimally diluted with
MRD and 0.1 ml portion of various dilution levels were spread on the surfaces of Baird-Parker
Agar (BP, Oxoid CM275) supplemented with egg yolk–tellurite emulsion (Oxoid, SR54) and
incubated at 37oC for 48h. Colonies with typical S. aureus morphology (that is, black, convex and
with or without light halo on Baird-Parker agar) were subjected to Gram staining, examined
microscopically. Typical colonies were tested with the “StaphytectPlus” test (Oxoid DR850), a
latex agglutination test for the detection of clumping factor, Protein A. Atypical staphylococci were
identified using the API Staph System (BioMerieux, France).
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3.2.2.4

Detection of C. perfringens

The presence of C. perfringens was determined with Perfringens Agar (OPSP, Oxoid CM 0543)
after the addition of rehydrated Perfringens supplements A (Oxoid, SR 0076) and B (Oxoid, SR
0077).

Pour plates were prepared using 1ml aliquots of a ten-fold dilution series of the

homogenised test samples and the plates were incubated at 35°C for 24h with anaerobic gas
generating pack (Oxoid, BR0038) in a gas-jar. All tests were done in triplicate, the results recorded
and the mean values calculated. Typical black colonies were counted as presumptive C. perfringens
colonies.
3.2.2.5

Detection of B. cereus

The level of B. cereus in the samples was determined on B. cereus Selective Agar (Oxoid, CM 617)
after aseptically adding one vile of B. cereus selective supplement (Polymyxin B Supplement,
OXOID, SR0099) and incubating at 35°C for 24h. 0.1 ml of the decimally diluted samples was
surface-plated in duplicate on B. cereus Selective Agar (Oxoid, CM 617). Plates were incubated at
37°C for 24h and typical turquoise to peacock blue colonies were counted as presumptive B. cereus.
3.2.2.6

Aerobic plate counts

The level of aerobic bacteria was determined on Plate Count Agar (PCA- Oxoid, CM 463). PCA
plates were incubated at 35°C for 48h according to the procedures of the Manual of Microbiological
Methods for the Food and Drink Industry (CCFRA, 2003). Decimal dilutions up to 10 -6 were
prepared from the suspension with MRD. Using 1.1 ml pipettes, 1.0 ml aliquots of each dilution
were placed in two Petri dishes. About 12 to 15 ml of tempered PCA (45°C) was poured on each
plate and the plates gently swirled up/down, side to side, and round to mix the sample with the
medium. After the agar in each plate had solidified, the plates were dried, inverted and incubated at
30oC for 48 h after which total aerobic bacteria were counted.
3.2.2.7

Detection of coliforms

Total number of coliforms was determined with Violet Red Bile Agar (VRBA - Oxoid, CM0978)
after incubation at 35°C for 24 h. Decimal dilutions of up to 10-6 were prepared from the suspension
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with MRD. Using pipettes 1.0 ml aliquots were placed in duplicate plates and tempered VRBA
added. After the agar had solidified an overlay of about 5.0 ml VRBA was added. After the agar
had solidified the plates were inverted and incubated at 35oC for 48 h. Red colonies surrounded by a
zone of precipitate were counted as presumptive coliforms cfu/g.

3.2.2.8

Detection of yeasts and moulds

Yeasts and moulds were counted on Dichloran Rose-Bengal Chloramphenicol Agar (DRBC Oxoid, CM0727) supplemented with chloramphenicol selective supplement (Oxoid, SR0078). Each
plate was inoculated on the medium surface with 0.1ml of the prepared sample, spread and
incubated for 5-7 days at 25°C, after which the number of colonies were counted.
3.2.3 Physico-chemical analysis
To ascertain the physico-chemical properties of the fish products, all the samples were tested for a w,
pH and moisture content.
3.2.3.1

Water activity (aw)

The water activity (aw) values of the samples were determined using Decagon water activity system
model series CX-1(Decagon Devices Inc., Washington, USA) at room temperature. For calibration,
Decagon manufactured ampoules containing verification standards were used. Samples from each
batch of products were crushed in stomacher bags to produce homogenized tissues. Approximately,
5 grams of homogenized sample were spread evenly on the bottom of an Aqua Lab sample cup,
fitted into the vapour chamber, and a reading was obtained after 3-5 min of equilibration. There
were three replicates for each sample.

3.2.3.2

pH measurements

A Corning pH meter, model 240 (Corning Inc., Corning, NY) was used for all pH measurements.
The pH meter was calibrated using standard buffer solutions (Merck) at pH 4.0 and 7.0. The pH
values were determined by weighing 10 g of each sample and blending with 10 ml of distilled water
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to make slurry. The pH level of the slurry was then measured with an immersed electrode according
to instructions from the manufacturer's manual. Each sample was measured in triplicate.
3.2.3.3

Measurement of moisture content

Moisture content was determined by oven drying (using Gallenkamp oven 300 plus series moisture
analyzer) using 5g of fish muscle at 125oC for 2-4 h until a constant weight was obtained (AOAC
950.46B, 2000). Analysis of the samples was performed in triplicate. Loss in weight was reported
as moisture.
3.3

Results and their interpretation

3.3.1 Physico-Chemical Analysis
The water activity, moisture content and pH levels of the fish samples are stated as mean ± SEM
(standard error of mean) and ranges in Table 3.2. Dried fish products are usually considered shelf
stable and are therefore often stored and distributed unrefrigerated. In the present study, the mean
moisture content of fried bonga was 51.75 ± 1.14% (w/w, wet basis) (p>0.05). Wide variations
were observed in the moisture content of all smoked products. The mean moisture contents of
smoked catfish and smoked mackerel were 33.51 ± 1.09% and 53.55 ± 0.74%, respectively. Such
variations are not unexpected because the products come from different manufacturers and are of
different ages. There were no significant differences (p>0.05) in moisture levels among the various
smoked fish samples. Smoked herring samples had the lowest water content with mean percent
moisture level of 10.34 ± 0.54%. Plahar et al. (1996) have recommended initial smoked fish
moisture content below 13% before storage. They reported that this condition would also not favour
the development of aflatoxin-producing moulds. In the present study, only the smoked herring
samples satisfied this requirement. Kaneko (1976) have also stated that at moisture levels of 15%
and above, proteolytic and lipolytic deterioration occur and microbial proliferations are favoured.
The mean moisture contents of the salted and dried fish, koobi and kako were 42.48 ± 0.80 and
42.45 ± 1.07, respectively. Similarly, no significant differences in moisture levels were observed
among the koobi and kako samples.
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Table 3.2. Percent moisture, water activity and pH values of traditional African fish products collected from retail outlets in London.
_________________________________________________________________________________________________________
Moisture (%)
pH
aw
Risk
Product
Mean ± SEM Range
Mean ± SEM Range
Mean ± SEM Range
rating
_________________________________________________________________________________________________________
Fried products
Bonga
51.75 ± 1.14 44.89 - 62.26
6.45 ± 1.55 6.33 – 6.58
0.90 ± 0.01 0.82 – 0.95
high*
Salted and fermented products
Koobi
42.48 ± 0.80 37.28 - 47.87
Kako
42.45 ± 1.07 33.19 - 51.65

6.09 ± 0.01
6.15 ± 0.02

5.94 – 6.16
6.08 – 6.36

0.64 ± 0.01
0.63 ± 0.00

0.53 – 0.75
0.55 – 0.70

low
low

Smoked products
Catfish
33.51 ± 1.09 26.36 - 41.50
6.65 ± 0.03 6.39 – 6.79
0.83 ± 0.02 0.72–0.95
intermediate/high**
Herrings
10.34 ± 0.54 5.81 - 14.78
6.16 ± 0.04 5.90 – 6.39
0.67 ± 0.03 0.54 – 0.94
variable **
Mackerel
53.55 ± 0.74 48.27 - 57.36
6.33 ± 0.04 6.03 – 6.56
0.92 ± 0.01 0.84 – 0.99
high*
___________________________________________________________________________________________________________
SEM = Standard error of mean
*Depending on how long and when these products are prepared before consumption or on the preparation method.
** The ranges in aw are extremely broad in terms of microbial stability.
N = 18 for each sample
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The moisture values observed in this study for koobi and kako were similar to the 39.9% (koobi)
and 43.9% (kako) reported in previous studies (Eyeson and Ankrah 1975; Essuman, 1992a; Riebroy
et al., 2007). However, Mohamed et al. (2011) have recently reported moisture levels of 15.9% in
salted tilapia fillets and 13.4% in salted tilapia fillets treated with a dilute mixture of citric acid and
ascorbic acid (5%), dried using solar driers. Akinola et al. (2006) have observed that the lack of
control over the drying rate, sometimes results in under-drying or over-drying of fish, exposure of
fish to unexpected winds, dust, dirt, insect infestation, including flies.The mean pH level of fried
bonga was 6.45 ± 1.55. Mean pH of koobi was 6.09 ± 0.01 and kako, 6.15 ± 0.02 (p>0.05). From
these results, the koobi and kako sampled cannot be described as fermented fish products as
previously described by Essuman (1992a). Changes observed in these salted and dried fish are more
likely to be due to the actions of enzymes which break down proteins into simpler substances.
Among the smoked products, smoked herrings had the lowest mean pH value of 6.16 ± 0.04,
smoked catfish had the highest mean pH value of 6.65 ± 0.03 ranging from 6.39 to 6.79 and smoked
mackerel had a mean pH of 6.33 ± 0.04. Generally, the mean pH level of salted and dried samples
was lower than those of fried and smoked products with the exception of smoked herrings (P <
0.05).

The characteristic of dried fish that makes them shelf stable is a low aw below 0.6. In this study, the
mean aw levels observed in fried bonga (0.90 ± 0.01) and smoked mackerel (0.92 ± 0.01) were very
high. Nearly 40% (38.89%) of the 18 fried bonga sampled had aw levels above 0.92. Products with
high aw levels above 0.85 would support the growth of many microorganisms and tends to be high
risks products. However, low levels of aw were observed in koobi (0.64 ± 0.01) and the highest aw
levels recorded for these product was 0.75. Similarly, low aw level as observed in kako (0.63 ± 0.00)
with a maximum of 0.70. This level of water activity is sufficient to prevent growth and
multiplication of most microorganisms in koobi and kako (Poulter et al., 1982; Kanatt et al., 2002;
Huss et al., 2003). Mohamed et al. (2011) have reported aw of 0.66 in salted tilapia fillets dried with
solar driers. The mean aw levels of smoked herring (0.67 ± 0.03), and smoked catfish (0.83 ± 0.02)
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were low to moderate, respectfully. Two out of 18 samples (11%) of smoked herrings had a w values
exceeding 0.92, whereas catfish had 1 (5.6%) and mackerel had 11 (61.1%) samples with aw
exceeding 0.92. High levels of aw were recorded for all smoked mackerel samples, with a mean of
0.92 ± 0.01 and a maximum of 0.99. The low water activity observed in kako and koobi can be
attributed to heavy salting and brining as well as the drying process that these products were
subjected to. The low aw and low moisture content observed in smoked herrings and catfish samples
may also be attributed to the curing period, concentration of the salt solution in which the products
are soaked, the smoking process and the drying time. Traditional smoking generally cooks and
partially dries the fish, has both pasteurizing and inhibitory effects due to heat and wood smoke,
effectively reduces the water activity and allows long-term storage of smoked fish (Kagan, 1970;
Okraku-Offei, 1970; Plahar et al., 1991; Neequaye-Tetteh et al., 2002). Although, pathogenic
bacteria would not grow in dehydrated foods, they are capable of surviving in them. Moreover,
xerophilic moulds can grow in dehydrated foods at aw as low as 0·61 (Corry 1987; Jay 1992).
However, food spoilage problems are rare at aw levels below 0·65 (Pitt and Hocking 1985; Corry
1987). Low aw level of 0.85 or below will prevent the growth and toxin production of all
pathogens, including S. aureus and C. botulinum, and is necessary for a shelf-stable dried product.
The FDA recommends that the aw be reduced to 0.85 or below, if the product will be stored and
distributed unrefrigerated (FDA, 2001a).

Given the high and varying physical properties observed in fried bonga and smoked mackerel, these
products are more likely to be susceptible to microbial and fungal attack and bacterial pathogens
may be capable of growth and survival in them (Jay, 1992; ICMSF, 1996). These products are
usually stored and distributed un-refrigerated and to render them shelf-stable and safe, aw values of
0.85 or below are required (Huss et al., 2003). These will prevent the growth of both spoilage and
pathogenic microorganisms including toxin producing S. aureus and C. botulinum but yeast and
mould can grow at this level of aw under ambient conditions. Based upon aw, only the salted and
“fermented” products are relatively low risk. The smoked catfish and herrings could be classified
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as medium to high risk and the smoked mackerel as a high risk product. Fried bonga is also
classified as a high risk product and should be eaten immediately after preparation, refrigerated at 5
°C or below, kept hot at 63 °C or above or time controlled for 4 hours or less to control the
multiplication of bacteria.

3.3.2 Microbial load on selected traditional African fish products sampled from retail outlets
in London
Table 3.3 shows the results of bacterial analyses of fried fish (bonga), smoked fish (smoked catfish,
smoked herrings and smoked mackerel) and salted and dried fish products (koobi and kako).
Salmonella or C. perfringens were not detected in any of the fried fish, smoked fish and salted and
dried fish samples tested (absent 1g and 25g respectively). This result conforms to previous studies
(Plahar et al., 1991; 1999; Neequaye-Tetteh et al., 2002; Adu-Gyamfi, 2006) where Salmonella was
not detected in smoked fish samples with the exception of a study by Nyarko et al. (2011), who
reported the presence of Salmonella typhi in fish sample obtained from Tema Community 1 market.
However, the aw and pH level observed in this study could support the survival and growth of these
pathogens. Traditionally all fried fish products including bonga are salted, sun-dried and sometimes
sprinkled with corn flour to absorb excess moisture before pan-frying in hot oil. The combination of
salting, drying and hot-frying should usually lead to a reduction in moisture content and water
activity as demonstrated here. These should have a synergistic effect on the survival and growth of
bacterial pathogens. However, the range of pH, water activity and moisture content recorded for
fried bonga and in smoked mackerel would not inhibit bacterial and fungal growth. Storing fried
bonga and smoked mackerel under ambient conditions and without appropriate packaging may
therefore pose a food safety risk. The microbial contamination of these products could be attributed
to a number of factors including, contaminated raw materials, insufficient heat processing, poor
handling and unhygienic packaging, and the lack of adequate storage and display facilities in retail
outlets implemented at the time of purchase of the samples.
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3.3.2.1.

Microbial quality of ready-to-eat fried fish (bonga)

Of the 18 fried bonga sampled, half (50%) contained aerobic bacteria, 44.4% had coliform bacteria,
22.2% had presumptive B. cereus, 16.7% had S. aureus and 44.4% contained yeasts and moulds.
Aerobic bacteria levels were over 6.0 log cfu/g in 22.2% of samples. Faecal coliforms levels
detected in 33.3% of fried bonga samples were also greater than the unsatisfactory level of ≥ 104
cfu/g. Four fried bonga products had yeast and mould contamination up to 4 Log cfu/g. These may
grow to levels that can have public health implications, especially when mycotoxins are produced in
these products. The wide variability in aw of the samples, the moderate pH levels and the ambient
temperatures of the tropics are suitable for fungal growth and mycotoxin production in these fish
products. High mould counts (≥106/g) are generally thought to indicate poor quality with the
possibility of the presence of mycotoxins (Gourama and Bullerman, 1995). With the exception of
one sample, S. aureus levels in fried bonga were under 3.0 log cfu/g. Low numbers of S. aureus in
fishery products is not a serious problem. However, the high aw levels observed in fried bonga may
result in high multiplication of S. aureus (>1 × 105 cfu g−1) and consequently, food poisoning may
occur when the fish products are stored at temperatures ranging from 7°C to 48.5°C (optimum of 30
to 37°C) (Schmitt et al., 1990) or handled carelessly during processing (Varnam and Evans, 1991;
Vishwanath et al., 1998). The ICMSF recommended limit for S. aureus for smoked and salted fish
products is 1 × 103 cfu g−1 (Connell, 1995).

3.3.2.2 Microbial quality of smoked fish products
Aerobic bacteria were detected in 16.7% of samples of catfish and smoked herrings, and in more
than half (55.6%) of smoked mackerel samples. The ICMSF (1986) has established an aerobic
bacteria count limit of 7 log cfu/g for smoked fish that is fit for human consumption and the Ghana
Standards Board (GSB) has set a limit of 1.0 x 106 cfu/g in smoked fish products (Nyarko et al.,
2011). All the smoked fish samples analysed had aerobic counts below this threshold; however,
under ambient storage conditions aerobic bacteria levels could exceed the maximum limit. Aerobic
bacteria count is used as an indicator of the hygienic quality of food. Coliform bacteria were
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Table 3.3. Overall incidence of pathogenic bacteria, yeast and mould (cfu/g) in traditional African processed fish products
_____________________________________________________________________________________________________
Number of
Number of positive samples
Product
samples
tested
ND* 102-103
103-104
104-105
105-106

_________
>106

________________________________________________________________________________________________________________________________________________________________________

Fried fish
Fried
bonga

APC
Total coliforms
B. cereus
S. aureus
Yeast and mould

18
18
18
18
18

8
10
14
15
12

10
1
4
2
4

7
1
1
4

Smoked fish
Smoked
catfish

3
-

2
-

APC
18
15
3
4
1
1
Total coliforms
18
15
1
1
1
B. cereus
18
16
S. aureus
18
18
1
1
Yeast and mould
18
8
1
5
3
1
Smoked
APC
18
15
1
2
herrings
Total coliforms
18
15
1
2
B. cereus
18
17
1
S. aureus
18
17
1
Yeast and mould
18
14
2
2
Smoked
APC
18
8
5
5
3
2
mackerel
Total coliforms
18
12
1
4
1
B. cereus
18
10
7
1
S. aureus
18
17
1
Yeast and mould
18
8
5
3
1
1
Salted and dried fish
Koobi
APC
18
14
2
2
Yeast and mould
18
14
2
2
Kako
APC
18
14
2
2
Yeast and mould
18
12
2
2
2
________________________________________________________________________________________________________

ND* = Not detected
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4
1
-

detected in 16.7% of catfish and smoked herrings, and in 33.3 of smoked mackerel sampled. One
sample each, of smoked catfish and smoked mackerel had coliform levels exceeding 10 4 cfu/g.
Faecal contamination is evidenced by the presence of faecal Streptococci, faecal coliforms and E.
coli (Vishwanath et al., 1998). Their presence in foods possibly indicates the presence of enteric
pathogens (Frazier and Westhoff, 1983) and the possibility of human and animal sources of
contamination after processing (Plahar et al., 1999). S. aureus were detected in 1 (5.6%) sample
each of smoked herrings and smoked mackerel and in 2 (11.1%) samples of smoked catfish, one of
which was above 104 cfu/g, an unacceptable level. However, S. aureus levels were below the 105
cfu/g threshold for toxin production. B. cereus was present in 1 (5.6%) sample of smoked herrings
and 8 (44.4%) samples of smoked mackerel. B. cereus was not detected in any of the smoked
catfish sampled.

Yeast and mould were detected in 10 (55.6%) samples of smoked catfish, 4 (22.2%) samples of
smoked herrings and 10 (55.5%) samples of smoked mackerel samples. High levels of yeast and
moulds (105–106 g−1) were detected in smoked mackerel. This is a potential public health hazard.
Contamination with yeast and mould is possible if the fish is handled improperly during and after
processing. Observations at the retail outlets where these products are sold also showed poor postprocessing handling of some products particularly regarding time-temperature control. Smoked
mackerel can therefore be classified as potentially hazardous, requiring better time-temperature
control. However, traditionally smoked mackerel are not classified as ready to eat products and are
usually subjected to further heat treatment during soup and sauce preparations. The real risks may
therefore come from any preformed toxins in these fish products.

3.3.2.3 Microbial quality of salted and dried fish products
The salted fish products were the most stable of all the fish products in this study. Bacterial and
fungal counts of koobi and kako are shown in Table 3.3. No coliforms, S. aureus, B. cereus,
Salmonella or C. perfringens were detected in any of the salted and dried fish products. However
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yeast and mould were detected in the two salted and dried fish products. Previous studies reported
the presence of strains of mould including Aspergillus flavus, A. tereus, A. fumigatus, A. niger,
Absidia sp., Rhizopus sp., Mucor sp. Fusarium sp. and Penicillium sp. in smoke-dried fish in
Nigeria (Doe, 1983; Fafioye et al., 2002; Adebayo-Tayo et al., 2008; Fafioye et al., 2008) and
Penicillium, Mucor, and Aspergillus spp. in smoked fish in Ghana (Plahar et al., 1999). AdebayoTayo et al. (2008) also reported the presence of aflatoxin in all the smoke-dried fish sampled. In the
present study, the occurrence of yeast and moulds to a magnitude of 104–105 g−1 in the salted and
dried fish may result in spoilage and may potentially be hazardous to health if consumed. Based on
these results, the major public health problem that may result from eating the traditionally salted
and dried koobi and kako would be mycotoxins. It is therefore important that the drying process of
salted and dried fish is adequately monitored to minimize contaminations with mould.
3.4

Discussion

In this study, Salmonella was not detected in any of the samples analysed. In similar studies by
Plahar et. al. (1999), on smoked fish products and Nerquaye-Tetteh et al (1978) to isolate various
micro-organisms on fermented fishery products obtained from the open markets in Ghana,
Salmonella spp., were not isolated. Some of the fish sampled were contaminated with microbial
flora and yeast and mould. One sample of fried bonga recorded 106 levels of coliform bacteria.
Aerobic bacteria was detected in four samples of fried bonga with counts reaching 106. The reason
for this contamination could be related to poor food handling practices along the fish chain,
including, the failure to chill or refrigerate freshly caught fish, poor hygiene and sanitation and
cross-contamination during processing and post-processing, placing fish in dirty basins, equipment,
fish boxes and baskets. Moreover, the presence of bacterial pathogens, such as S. aureus in
thermally treated fish products and stored products can be attributed to human and animal sources
following post-processing contamination during preparation and storage. C. perfringens and
Salmonella spp. can also be transferred this way or carried by foods themselves. Fish handled in
this way may support the growth of both spoilage and pathogenic bacteria, and toxin formation in
the finished product and become vehicles for consumer illness. Other researchers have reported
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varying levels of microbial loads in traditionally processed fish (Adu-Gyamfi, 2006; Diei-Ouadi
and Mgawe, 2011; Kombat et al., 2013). Most of the vegetative cells of bacteria detected should be
readily destroyed during hot thermal processing, except heat resistant bacterial spores. However, the
primary pathogens of concern are the spore formers and producers of heat-stable toxins including,
S. aureus and C. botulinum, as well as xerophilic moulds that produce mycotoxins. The extensive
mould growth observed in some of these fish products can also result in marked deterioration in
quality and contribute to off-flavour.

Dried products are usually considered shelf stable and are, therefore, often stored and distributed
unrefrigerated. In this study smoked herrings, smoked catfish, salted and dried koobi and kako can
be classified as dried products and can be stored and distributed unrefrigerated. However, smoked
mackerel and fried bonga should be stored and retailed under refrigerated conditions. The
characteristic of dried foods that makes them shelf stable is their low water activity levels. Gramnegative bacteria require a higher aw than Gram-positives for their development (Jay, 1992).
Staphylococci grow best in foods in which the competing organisms are present in low numbers
including dried, salted and low water activity foods (Vishwanath et al., 1998). For toxic levels of
enterotoxin to occur, increases of about 106 to 4 × 107 CFU/g staphylococcal levels must be reached
(Anunciacao et al., 1995; Walls and Scott, 1997; Fujikawa and Morozumi, 2006). This level of S.
aureus was not observed in the samples analysed in this study except in one sample of smoked
mackerel (Table 3.3). Toxins produced by S. aureus will not be eliminated by processing. Some
toxins may also not be destroyed if they have already been formed in the product. Because many
hazards can enter the food chain at different points a preventative approach that controls processes
is the preferred method for improving safety. This approach requires steps to reduce the prevalence
of these pathogens in the food throughout the food production chain, that is, from catch to table
food safety approach. S. aureus is able to grow in a wide range of temperatures (7 to 48.5°C with an
optimum of 30 to 37°C) (Schmitt et al., 1990), pH (4.0 to 10.0, with an optimum of 6.0 to 7.0)
(ICMSF, 1996), and sodium chloride concentrations (up to 25% NaCl) (ICMSF, 1996), and survive
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at a minimum water activity of 0.83 (Lotter and Leistner, 1978; Bergdoll, 1989; Schmitt et al.,
1990). These characteristics enable S. aureus to grow in a wide variety of foods as well as persist in
stressful environments (e.g. dry surfaces) for long periods. It can produce enterotoxin from 10 to
46°Cat aw above 0.88 (Lotter and Leistner, 1978). A water activity of 0.85 or below will prevent the
growth and toxin production of all pathogenic bacteria, including S. aureus and C. botulinum, and is
critical for the safety of a shelf-stable dried product. For xerophilic moulds, a water activity of 0.5
to 0.75 is recommended to assure a shelf-stable dried product. The production of koobi and kako
does not include cooking or pasteurisation that destroys pathogenic microorganisms. Owens and
Mendoza (1985) have stated that the pH level of fermented fish products should be below 4.5 in
order to inhibit pathogenic bacteria. The results of this study showed that all the salted and dried
fish had pH level above 5. Salmonella can grow at a temperature range from 7 to 49.5oC with an
optimum of 35-37oC, and at pH levels between 3.8 and 9.5 with an optimum of 7-7.5 (NZFSA,
2001). The minimum aw value for growth of Salmonella strains is 0.93 (Varnan and Evans, 1991;
Bremer et al., 2003) with an optimum of 0.99 (Mattick et al., 2000). Although the proliferation of
Salmonella is inhibited at aw, 0.93 (D’Aoust, 1997), the pathogen can survive in low aw foods for
long periods (Jung and Beuchat, 1999; Arkoudelos et al., 2003; Ristori et al., 2007). The survival of
Salmonella and S. aureus in low aw traditionally processed fish products, and their association with
different storage temperatures has been little studied. Therefore, the contamination of these fish
products with pathogenic bacteria could pose public health risks to consumers and to importing
countries.

3.5

Conclusion

The results of this investigation show some degree of bacteriological contamination of a variety of
traditionally processed fish products. Overall microbiological qualities of the majority of processed
fish products sampled were acceptable. The fish products with the largest number of unsatisfactory
rates of indicators and pathogens were fried bonga and smoked mackerel. The hazard associated
with retailed traditionally processed fish, determined as the presence of specific bacterial pathogens
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and indicators, was relatively low for these samples. Fried bonga and smoked mackerel are
classified as high risk and potentially hazardous requiring identification of the critical control points
for remedial action during processing and storage. In contrast, smoked herrings and smoked catfish
samples tested are low to medium risk, and salted and dried koobi and salted and dried kako are
classified as low risk. The results of this study highlight the need to monitor the use of drying,
salting and smoking in the traditional West African fish processing settings so as to control the
intrinsic properties of the final fish product and minimise any food safety risks associated with the
products. It should be noted that the precise history of these products is not known. As shown in
this study, the fish products that were adequately dried (smoked herrings and smoked catfish, salted
koobi and kako) had low water activity levels and have potentially low to medium risks associated
with them. However, smoked mackerel products could have high biological risks associated with
them because of their high moisture content and high water activity compared to reference
normative values for food safety and bacterial growth. Fried bonga was similarly high in pH,
moisture content and water activity thus rendering them high risk products. Since traditionally
processed fish is widely consumed in West Africa and exported to European Union countries, it is
important that its microbiological assessment be available. It is recommended that consumers
should be informed about the possible health hazards related to each of these fish products since
careful handling is required in some circumstances to prevent contamination and growth of any
pathogens present.
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Chapter 4
4.0

Effects of storage temperature on microbiological, sensory and shelf-life changes in

salt-dried fish and hot-smoked fish products from Ghana.
4.1

Introduction

While no confirmed outbreaks of food-borne illness have been directly attributed to the
consumption of smoked or salted fish in Ghana, probably because of the lack of monitoring, these
products have been found to be subject to contamination with pathogenic microorganisms
(Ababouch, 1990; Essuman, 1992; Mensah, 1997; Plahar et al., 1999; Nerquaye-Tetteh et al., 2002;
Akinola et al., 2006; Anihouvi et al., 2006; Nyarko et al., 2011). Several of the studies conducted in
Ghana have not documented the presence of Salmonella in cured fish in Ghana, with the exception
of Nyarko et al. (2011) who reported the presence of Salmonella typhi in smoked Sardinella aurita
in a community market. However, in the US and other countries, studies have also documented the
presence of Salmonella spp. and S. aureus in similar seafood or fish products including salted/dried
fish, dried anchovies and the potential of these products to disseminate pathogens to humans
(Heinitz et al., 2000; Huss et al., 2000; Ling et al., 2002; Kumar et al., 2009). The presence of S.
aureus in smoked fish has also been documented as an important gastroenteritis-causing pathogen
in Ghana (Essuman, 1992; Mensah, 1997; Plahar et al., 1999; Nerquaye-Tetteh et al., 2002; Nyarko
et al., 2011). Although S. aureus must grow to approximately 105 cfu/g to produce toxin and cause
illness (Bergdoll, 1989), it can survive for extended periods under conditions where growth is
inhibited. Therefore, the potential impact on the safety and quality of these products must be first
understood. In general, salmonellosis is transmitted when Salmonella cells are introduced into food.
Contamination of fish and seafood is most often the result of faecal contamination through polluted
water, infected food handlers or cross-contamination during production or transport (Lunestad and
Borlaug, 2009). Poor hygienic practices during handling and transportation from landing centres to
fish markets, multiplication in food due to inadequate storage temperature, insufficient cooking or
cross-contamination are often implicated in salmonellosis outbreaks (Ryan, et al., 1996; Todd,
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1997). The main transmission routes of this pathogen are foods of animal origin contaminated with
faecal matter (Haeghebaert et al., 2003; Swartz, 2002). Good hygiene practices before, during, and
after food preparation can reduce the chances of contracting an illness.

Limited information has been published on the growth of bacterial food pathogens in commercially
processed, heavily salted and dried fish or hot smoked fish stored under different temperature
conditions in Ghana. The survival of Salmonella in food is influenced by different factors, including
temperature, water activity and pH of the food. Low temperatures are used to retard chemical
reactions and the action of food enzymes, and to slow or stop growth and activity of
microorganisms in food (Frazier and Westhoff, 1988). A well-designed inoculation study or other
published scientific research can be used to determine whether a food can be held without
time/temperature control (FDA, 2005). As part of a series of studies to establish the safety of
traditionally processed fish products from Ghana, this study was conducted to establish the effects
of salting, water activity and storage temperature on the survival and growth of S. aureus strain
NCTC 8532 and Salmonella Typhimurium strain NCTC 74 in salted and dried fish and smoked fish
products stored at 4°C and 25°C. The second part of this study investigated the impact of product
water activity and storage temperatures on overall quality, shelf-life and sensory characteristics. The
study forms part of a wider investigation of the safety and quality of traditional fish products.

4.2

Materials and methods

4.2.1 Sampling and preparation of fish products
A total of six batches each of two smoked fish products (catfish and herrings) and two salt-dried
fish (koobi and kako) products were obtained from retail outlets in London. The fish products were
all traditionally processed in Ghana and imported into the UK. All products were transported to the
laboratory within 1 hr of purchase and refrigerated (4 ± 1oC) until used. The samples were divided
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into lot 1 and lot 2 and put in plastic containers with lids. Lot 1 was further sub-divided into two
and used for inoculated and un-inoculated studies. Lot 2 was used for quality, sensory and shelf-life
studies. The fish samples were individually and aseptically cut into 25g pieces with approximate
weights of 25g. The cut pieces were randomly assigned, each to one of two treatments, inoculated
and un-inoculated.

4.2.1.1

Inoculum preparation

Salmonella Typhimurium (NCTC 74) and S. aureus (NCTC 8532) were selected for the challenge
study of foodborne pathogens. S. aureus was selected because of its extreme tolerance of low water
activity, its potential for common transfer by human hands and its ability to grow and produce toxin
at ambient temperatures. S. Typhimurium was selected because of its ability to grow at ambient
temperature. The broth culture of each organism was prepared following the procedures described
in Section 3.2.2.1

4.2.1.2

Inoculation of fish slices with Salmonella and S. aureus and storage

To inoculate the fish slices, 0.1 ml of serially diluted overnight culture of Salmonella Typhimurium
or S. aureus were surface inoculated into each 25g slice and distributed as evenly as possible with a
sterile bent plastic spreader to yield a starting count of 4 log cfu/g of product. The sliced fish pieces
were then allowed to dry for at least 30 min. Fifty percent of the inoculated fish products was stored
at 4 ± 1°C (to simulate refrigeration) and the other 50 percent at 25 ± 1°C (to simulate ambient
temperature) throughout the product shelf life. Positive and negative microbial controls were
included throughout the experiments to ensure that the background microflora on the fish slices was
minimal and that all plating media were working properly. The control samples were inoculated
with sterile distilled water and stored under the same conditions. Three individual replicates of each
experiment were performed, in all cases. Viable counts of the samples were made immediately after
inoculation (t0) and subsequently on day 1, 6, 12 and 18 of storage for each microorganism.
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4.2.1.3

Microbial sampling and recovery procedures

At pre-determined time intervals during storage, each of the inoculated and un-inoculated plastic
containers was opened and the contents subjected to physico-chemical and microbiological analysis
to determine and quantify bacterial growth, survival, or inactivation over time. All the experiments
were performed in duplicate. In each case, the entire slice (25.0 g) was aseptically removed and
transferred into sterile stomacher bags and stomached for 2 min with 225 ml of Maximum Recovery
Diluent (MRD, Oxoid). The resultant filtrate was serially diluted in MRD and spread on appropriate
plates. The numbers of viable Salmonella and S. aureus cells in both batches of inoculated and uninoculated pieces of products were determined. Salmonella were determined by plating 0.1ml
aliquots of the diluted sample on XLD (Oxoid) plates. Plates were incubated at 37C for 24 hours.
The presence of Salmonella spp. and S. aureus in each of the products was determined following
the methods described in Section 3.2.2.2 and 3.2.2.3, respectively.

4.2.2 Quality, shelf-life and sensory analysis
Un-inoculated samples were used for sensory analysis and shelf-life studies. A panel of trained
students (N = 10) analysed the fish products. The panellists were trained and briefed on the nature
of the experiment without disclosing the identity of the samples. The panellists were male and
female (50:50) and were chosen to be representative of the consumer population. Sensory analysis
(assessment of some organoleptic properties) was carried out following the methods described by
Ruiz-Capillas and Moral (2001a, 2001b). The selected fish slices were wrapped in aluminium foil.
The panellists were required to evaluate a range of locally available and culturally familiar
traditionally processed African fish products on the basis of appearance, odour, texture, and overall
acceptability using a standard score sheet and to record any comments about product characteristics.
Sensory evaluation was conducted between 12 noon and 2 pm and focused mainly on visual
appearance, texture examination and odour. Hand-wash liquid was provided to the panellists to
wash their hands in-between samples and after the analysis. The samples were not tasted.
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Each characteristic was scored on a one to nine hedonic scale-rating, where 9 = excellent; 1 =
extremely poor. Higher scores indicate higher quality products and products with very low scores or
1 were regarded as low quality. All product groups including smoked products and salted products
were assessed on the basis of their appearance (9 = very acceptable to 1 = extremely unacceptable),
odour (9 = characteristic product odour to 1 = extreme off odour), texture (9 = very good texture to
1 = extremely bad texture), and overall acceptability (9 = very acceptable to 1 = extremely
unacceptable) on the nine point descriptive scale. On the basis of the sensory scores, the samples
were classified with a score of 7–9 indicating “very good to excellent” quality, a score of 4.0–6.9
“good” quality, and a score of 1.0–3.9 denoting “unacceptable” quality. Lots scoring less than 4
were therefore rejected. Rejection time was determined as the time taken to reach the mean
acceptability rating of 50 per cent of panellists for a sample was within the 1.0-3.9 score range or
the average score grades the sample as spoiled. All the experiments were performed in duplicates

4.2.3. Physico-chemical analysis
The pH and water activity levels of the salted/dried fish and the salted/smoked fish were
determined. The aw of representative product samples were measured with a Decagon water activity
meter (CX-1, Decagon Devices Inc., Washington, USA) as described in Section 3.3.3.1. The pH
levels of similar samples were also measured using a Corning pH meter 240 following the method
described in Section 3.3.3.2.

4.2.4 Data analysis
The average log cfu/g for the fish slices for each sampling day was calculated and plotted against
time to provide a microbial survival/growth curve. To evaluate the effects of storage temperature
and aw on the change in Salmonella and S. aureus populations (in log cfu), correlation coefficients (r
values) were computed. Mean sensory scores were computed and graphically presented.
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4.3

Results

4.3.1 Results of physico-chemical and microbiological analysis of fish products
4.3.1.1

Physico-chemical and microbiological analysis of kako

Mean aw of dry-salted kako at baseline (day 0) was 0.74 and the mean pH was 6.6 (Table 4.1). The
low aw, observed in the majority of samples were most likely due to the curing period, the
concentration of salt and the drying time. The aw decreased in all samples of kako throughtout the
storage period. This played a role in Salmonella Typhimurium and S. aureus inhibition in kako.
Arkoudelos et al. (2003) in their study of the survival of Salmonella Enteritidis on salted sardines
observed a similar trend of a drop in aw values from the initial level of 0.93 to 0.69 in 5 days.
Besides aw, other factors also affect adaptation and multiplication of bacteria, such as pH,
temperature and oxidation–reduction potential (Jay, 1992). However, the pH levels observed in
these samples were not low enough to inhibit Salmonella Typhimurium or S. aureus. S.
Typhimurium and S. aureus counts of salted dried kako during the storage period are shown in Fig.
4.1. On day 1, S. Typhimurium decreased by 1.2 log cycles in kako stored at 4°C and 1.8 log units
in kako stored at 25°C. The population of S. Typhimurium decreased continuously throughout the
storage period at the two temperatures. Salmonella were not detected in kako by day 12 and later in
the storage trial.

Survival of S. aureus in kako during 18 days of storage was similar at 4°C and at 25°C. Mean
counts of S. aureus on day 0 were 4.49 and 4.47 log cfu/g at 4 and 25°C, respectively. Mean counts
after 18 days of storage at 4 and 25°C were 1.28 and 1.25 log cfu/g, respectively. The difference
between counts of S. aureus in kako held at 4oC and 25oC were not statistically significant after 18
days of storage (p > 0.05). Statistical analysis using Pearson’s correlation showed that Salmonella
(Fig. 4a-b) and S. aureus counts (Fig. 4.2c-d) observed in kako strongly correlated with the water
activity levels observed in kako (R2=0.9443; Fig. 5.2a). Normal ambient (25°C) temperature did not
appear to affect water activity and pH of samples (Table 4.1) as shown by the non-significant pvalues obtained for all the samples tested.
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Table 4.1. Water activity and pH values of salted and dried kako collected from retail outlets
in London
____________________________________________________________________
4°C
25°C
Storage time Mean ± SE
Range
Mean ± SE
Range
p-value
____________________________________________________________________
Water activity
Day 0
0.74 ± 0.018 0.61 - 0.83
0.73 ± 0.018 0.63 - 0.86
0.99
Day 1
0.72 ± 0.016 0.62 - 0.82
0.71 ± 0.015 0.63 - 0.81
0.87
Day 6
0.69 ± 0.015 0.59 - 0.77
0.68 ± 0.010 0.62 - 0.75
0.65
Day 12
0.70 ± 0.035 0.57 - 0.75
0.65 ± 0.006 0.59 - 0.71
0.27
Day 18
0.67 ± 0.016 0.56 - 0.75
0.64 ± 0.008 0.61 - 0.75
0.38
pH value
Day 0
6.56 ± 0.116 5.70 - 7.11
6.64 ± 0.081 6.04 - 7.06
0.76
Day 1
6.58 ± 0.113 5.70 - 7.17
6.43 ± 0.115 5.67 - 7.23
0.60
Day 6
6.41± 0.120 5.70 - 7.13
6.43 ± 0.113 5.67 - 7.20
0.97
Day 12
6.37 ± 0.111 5.68 - 7.03
6.37 ± 0.097 5.77 - 6.97
0.98
Day 18
6.37 ±0.108 5.70 - 6.98
6.37 ± 0.116 5.67 - 6.97
0.98
_____________________________________________________________________
Mean±SE of 6 samples
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Fig. 4.1. Survival of Salmonella Typhimurium (at 4oC● and 25oC●) and S. aureus (at 4oC● and
25oC●) in kako
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Fig.4.2d. Correlation between water activity of kako stored at 25ᴼC and
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4.3.1.2

Physico-chemical and microbiological analysis of koobi

The mean aw of dry-salted tilapia (koobi) sample was 0.74 and the mean pH was 6.9 at 25°C and
these played a role in the inhibition S. Typhimurium and S. aureus in koobi (Table 4.2) and render
koobi microbiological safe (Table 4.2). Koobi has traditionally been described as a salted and
fermented fish product.

Table 4.2. Water activity and pH values of salted and dried koobi collected from retail outlets
in London
____________________________________________________________________
4°C
25°C
Storage time Mean ± SE
Range
Mean ± SE
Range
p-value
____________________________________________________________________
Water activity
T0
0.72 ± 0.01 0.64 - 0.79
0.74 ± 0.01 0.63 - 0.85
0.44
T24
0.71 ± 0.01 0.63 - 0.79
0.72 ± 0.01 0.63 - 0.80
0.80
Day 6
0.70 ± 0.01 0.62 - 0.77
0.69 ± 0.01 0.62 - 0.79
0.67
Day 12
0.70 ± 0.01 0.62 - 0.78
0.68 ± 0.01 0.63 - 0.75
0.60
Day 18
0.68 ± 0.01 0.61 - 0.75
0.68 ± 0.01 0.61 - 0.74
0.86
pH value
T0
6.65 ± 0.13 5.97 - 7.77
6.90 ± 0.09 6.25 - 7.64
0.40
T24
6.66 ± 0.09 6.07 - 7.43
6.89 ± 0.08 6.35 - 7.63
0.23
Day 6
6.57 ± 0.09 5.97 - 6.98
6.87 ± 0.09 6.29 - 7.54
0.19
Day 12
6.83 ± 0.09 6.00 - 6.93
6.83 ± 0.09 6.27 - 7.65
0.26
Day 18
6.74 ± 0.07 6.03 - 6.97
6.74 ± 0.07 6.25 - 7.37
0.33
_____________________________________________________________________
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The range of pH observed in these products (6.57-6.90) does not lend evidence to this. S.
Typhimurium and S. aureus counts of salted dried tilapia (koobi) during the storage period are
shown in Fig. 4.3. Initial S. Typhimurium populations in koobi samples were 4.52 log10 cfu/g and
4.45 log10 cfu/g at 4°C and 25°C, respectively. At 4°C and 25°C, Salmonella counts in koobi
decreased steadily and no cells were detected by the 18th day of storage after enrichment. On koobi
stored at 25°C, the cell counts of S. aureus decreased from an initial 4.39 log cfu/g count on day 0,
reaching 1.91 log cfu/g on day 12. Similarly, at 4°C, S. aureus counts in koobi decreased from an
initial count of 4.43 to 2.14 log cfu/g on day 12. No significant differences between samples stored
at 4°C and 25°C were detected. Salmonella or S. aureus were not recovered from koobi on day 18.
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Fig. 4.3. Survival of Salmonella Typhimurium (at 4oC● and 25oC●) and S. aureus (at 4oC● and
25oC●) in koobi.

A reduction in aw of the koobi resulted in an increase in the death of Salmonella. Normanno et al.
(2005) have reported no growth of S. aureus at temperatures below 8°C combined with low pHs.
However, potential food safety problems may arise when the fish samples are not adequately salted
and dried so as to achieve low water activity levels. Pearson correlation analysis showed a strong
correlation (R2=0.99) between aw levels of koobi and Salmonella (Fig.4.4a-b) and S. aureus counts
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(Fig. 4.4c-d). Low (4°C) and normal ambient (25°C) temperature did not appear to affect water
activity and pH of samples (p = 0.44) (Table 4.2) as shown by the non-significant p-values obtained
for all the samples tested.
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Fig. 4.4a. Correlation between water activity of koobi stored at 4ᴼC and
survival of Salmonella Typhimurium
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Physico-chemical and microbiological analysis of herrings

The mean aw of smoke-dried herrings sampled was 0.84 and this decreased throughout the storage
period, reaching 0.72 and 0.69 for samples stored at 4°C and 25°C, respectively, after 18 days of
storage (Table 4.3). The low aw played a role in the inhibition S. Typhimurium and S. aureus in
smoke-dried herrings. Similarly, the mean pH level of smoke-dried herrings was 6.7 and this
decreased to 6.4 after 18 days. However, the pH levels of this product varied widely (4.2 to 9.3) and
may support the growth of S. Typhimurium and S. aureus. S. Typhimurium and S. aureus counts of
smoke-dried herrings during the storage period are shown in Fig. 4.5. The result showed that
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irrespective of the storage temperature, there was significant reduction in S. Typhimurium and S.
aureus counts throughout the storage period in smoke-dried herrings from the initial mean levels.
Initial mean levels of S. Typhimurium in smoked herrings were 4.28 log cfu/g for samples stored at
4°C and 25°C. The numbers of S. Typhimurium decreased gradually throughout the storage period
reaching 1.05 log and 1.0 log cfu/g on the 18th day of storage at 4°C and 25°C, respectively.

Table 4.3. Water activity and pH values of smoked herrings collected from retail outlets in
London
___________________________________________________________________
4°C
25°C
Storage time Mean ± SE
Range
Mean ± SE
Range
p-value
___________________________________________________________________
Water activity
Day 0
0.83 ± 0.01 0.75 - 0.89
0.84 ± 0.01 0.74 - 0.89
0.76
Day 1
0.80 ± 0.01 0.73 - 0.86
0.81 ± 0.01 0.73 - 0.88
0.74
Day 6
0.76 ± 0.01 0.69 - 0.84
0.75 ± 0.01 0.72 - 0.79
0.67
Day 12
0.74 ± 0.01 0.65 - 0.78
0.71 ± 0.01 0.63 - 0.75
0.13
Day 18
0.72 ± 0.01 0.62 - 0.78
0.69 ± 0.01 0.63 - 0.74
0.17
pH value
Day 0
6.79 ± 0.07 6.31 - 7.54
6.65 ± 0.07 6.33 - 7.65
0.40
Day1
6.66 ± 0.06 6.28 - 7.24
6.68 ± 0.07 6.33 - 7.25
0.92
Day 6
6.57 ± 0.06 6.25 - 7.23
6.54 ± 0.07 6.25 - 7.25
0.84
Day 12
6.53 ± 0.06 6.18 - 6.94
6.45 ± 0.05 6.22 - 6.97
0.54
Day18
6.46 ± 0.05 6.16 - 6.88
6.41 ± 0.05 6.13 - 6.76
0.70
___________________________________________________________________

However, no significant difference in S. Typhimurium counts were observed between samples
stored at 4°C and 25°C. Mean initial counts of S. aureus were 4.33 log and 4.38 cfu/g in smoked
herrings stored at 4°C and 25°C, respectively. These steadily decreased throughout the storage
period reaching 1.05 log and 0.84 log cfu/g on the 18th day of storage for samples stored at 4°C and
25°C, respectively. However, higher levels of S. aureus counts were recovered from smoked
herrings stored at 4°C than at 25°C on day 12, but difference was not significant.
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Fig. 4.5. Survival of Salmonella Typhimurium (at 4oC● and 25oC●) and S. aureus (at 4oC● and
25oC●) in smoked herrings

The Pearson correlation analysis showed that there was a strong correlation (R2 ≥ 0.91) between aw
of smoked herrings and Salmonella and S. aureus counts in smoked herrings stored at 4°C (Fig. 4.6
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a-d).
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Fig. 4.6a. Correlation between water activity of smoked herrings stored at
4oC and survival of Salmonella Typhimurium
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4.3.1.4

Physico-chemical and microbiological analysis of catfish

The mean aw of smoke-dried catfish sampled was 0.80 and this decreased throughout the storage
period, reaching 0.76 and 0.74 for samples stored at 4°C and 25°C, respectively, after 18 days of
storage. The low aw played a role in the inhibition S. Typhimurium and S. aureus in smoke-dried
catfish and render smoke-dried catfish microbiological safe. Similarly, the mean pH levels of
smoke-dried catfish were 6.8 and 6.7 for samples stored at 4°C and 25°C, respectively (Table 4.4).
This level of pH would not inhibit S. Typhimurium and S. aureus.
Table 4.4. Water activity and pH values of smoked catfish collected from retail outlets in
London
_____________________________________________________________________
4°C
25°C
Storage time Mean ± SE
Range
Mean ± SE
Range
p-value
_____________________________________________________________________
Water activity
Day 0
0.79 ± 0.01 0.75 - 0.83
0.80 ± 0.01 0.72 - 0.87
0.59
Day 1
0.79 ± 0.01 0.75 - 0.85
0.79 ± 0.01 0.73 - 0.84
0.72
Day 6
0.78 ± 0.01 0.73 - 0.83
0.76 ± 0.01 0.71 - 0.83
0.41
Day 12
0.76 ± 0.01 0.69 - 0.80
0.75 ± 0.01 0.68 - 0.78
0.31
Day 18
0.76 ± 0.01 0.69 - 0.80
0.74 ± 0.01 0.63 - 0.78
0.27
pH
Day 0
6.86 ± 0.07 6.56 - 7.71
6.74 ± 0.04 6.39 - 7.15
0.31
Day 1
6.67 ± 0.02 6.41 - 6.81
6.67 ± 0.03 6.45 - 6.90
0.83
Day 6
6.66 ± 0.01 6.56 - 6.78
6.67 ± 0.03 6.25 - 6.90
0.85
Day 12
6.66 ± 0.03 6.48 - 6.79
6.72 ± 0.03 6.44 - 6.90
0.33
Day 18
6.63 ± 0.02 6.47 - 6.76
6.71 ± 0.03 6.45 - 6.87
0.14
____________________________________________________________________
Effects of storage temperature on the survival of S. Typhimurium and S. aureus in smoked catfish
are shown in Fig. 4.7. Salmonella numbers decreased during storage at all temperatures and
throughout the storage period. There was a 1.6 log units decrease in Salmonella counts from 4.37
log on day 0 to 2.79 log on day 1 in catfish samples stored at 25°C. This was significantly greater
(p= 0.008) compared to a 1.0 cfu/g decrease observed in smoked catfish stored at 4°C which
decreased from log 4.29 on day 0 to log 3.30 cfu/g on day 1. Generally, the results showed a
significantly higher number of S. Typhimurium in samples stored at 4°C than those stored at 25°C
throughout the study period. This is likely due to the low levels of water activity recorded in the
samples stored at 25°C compared to those stored at 4°C (Table 4.5). No significant differences were
observed in the counts of S. aureus in smoked catfish stored at 4 or 25°C during the first 24 hours of
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storage. The mean S. aureus counts on day 6 was significantly lower at 25°C (2.36 logs) than at 4°C
(3.0 logs). Similarly, mean S. aureus numbers were significantly lower (p < 0.05) at 25°C (1.08
logs) than at 4°C (1.84 logs) on storage day 12. S. aureus was not detected on day 18 in any of the
smoked catfish samples.
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Fig. 4.7. Survival of Salmonella Typhimurium (at 4oC● and 25oC●) and S. aureus (at 4oC● and
25oC●) in smoked catfish

The Pearson correlation analysis showed a strong correlation (p<0.05) between S. Typhimurium
counts and aw of smoked catfish (Fig. 4.10a-d).

5

Log (cfu/g)

4
3
2
1
0
0.76

0.77

0.78
0.79
Water activity
Fig. 4.8a. Correlation between water activity of smoked catfish stored
at 4oC and survival of Salmonella Typhimurium
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4.3.2 Results of sensory analysis
Table 4.5 is a summary of shelf life of the salted and smoked fish analysed by panellists.
Table 4.5. Table of shelf life of traditionally salted and dried fish and smoked fish products
stored at 4oC and 25 oC
___________________________________________________
Rejection day
Fish Product
4 ± 1oC
25 ± 1oC
_
Koobi
>72
>72
Kako
>72
>72
Smoked catfish
>72
>72
Smoked herrings
>72
>72
___________________________________________________
4.3.2.1 Sensory analysis of salted and dried kako and koobi products
Most salted and dried samples received scores above 7 on the first day of sampling for appearance,
odour, texture and overall acceptability. Mean odour scores were however, below 7. On the whole
therefore, all samples were classified as “very good to excellent” by panellists. Figure 4.9 shows the
sensory scores of koobi. The effect of 72 days of storage on the sensory scores of koobi was

Sensory scores at 4oC

minimal despite a general decline in sensory parameters.
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Fig. 4.9. Sensory evaluation of salted and dried tilapia (koobi) stored at
4 and 25oC
The appearance, texture and overall acceptability scores of koobi were significantly higher at
storage temperature 25oC than at 4oC. Mean odour scores were significantly higher at 4oC than at
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25oC. Mean appearance and overall acceptability scores were between 7 and 9 (very good to
excellent score) throughout the storage period. Mean scores for texture were relatively high, but
koobi scored low for odour. Figure 4.10 shows the sensory scores of kako. With the exception of
overall acceptability, there was no difference in appearance, texture and odour scores for kako
stored at 25oC and at 4oC. Appearance and texture scores remained above 7 throughout the storage
period for kako stored at 4oC. However, odour and overall acceptability scores decreased during the
same period for products stored at 4oC. For kako stored at 25oC, appearance, texture and overall
acceptability remained relatively high during storage.
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Fig. 4.10. Sensory evaluation of kako stored at 4 and 25oC.

Odour scores, however, decreased with increasing storage time, probably due to decreasing water
activity and decreased microbial activity. Acceptability or rejection of the salted and dried fish
products was not found to be influenced by odour of the products. Samples stored at 25oC scored
higher than those stored at 4oC, except for odour. The odour characteristics were described as
strong, pungent or fermented and rancid. Panellists commented that the aroma from salted and
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fermented products were generally acceptable because this imparts a characteristic flavour to food.
Texture of koobi and kako were described as dry, leathery and hard.

4.3.2.2 Sensory analysis of smoked herrings and smoked catfish products
As the results show, smoked catfish and smoked herring samples were scored as excellent or very
good throughout the entire storage period. Mean scores for appearance, odour, texture and overall
acceptability of smoked catfish and smoked herring samples were above 7.0 throughout the 72 day
storage period. Appearance, odour, texture, and the overall acceptability scores of mackerel samples
decreased regardless of storage temperature. Figure 4.11 shows the results of the sensory analysis of
smoked catfish. Catfish products sampled received significantly higher scores for appearance,
texture, odour and overall acceptance throughout the storage period. Generally, catfish products
stored at 25oC received higher scores for appearance, texture, odour and overall acceptability than
samples stored at 4oC throughout the storage period. However, this difference was not significant.
Overall acceptability, odour, texture and appearance scores for catfish products stored at 25 oC were
in the 7-9 range and declared “very good to excellent”. For catfish samples stored at 4oC, sensory
scores for acceptability remained between 7-9 throughout the storage period, however, this was
lower than the acceptability scores for their counterparts stored at 25oC with means of 7.44 ± 0.83
0.87 and 7.74 ± 0.68 0.71, respectively. Texture, odour and appearance scores followed a similar
pattern to acceptability scores, and there were no observations of deterioration in sensory features.
Mean scores for texture were 6.83 ± 0.95 and 7.34 ± 0.63; mean odour scores were 6.88 ± 0.79 and
7.39 ± 0.60; and mean appearance scores were 7.37 ± 0.87 and 7.74 ± 0.71 at 4 oC and at 25oC,
respectively.
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Fig. 4.11. Sensory scores of smoked catfish stored at 4 and 25oC

Figure 4.12 shows the sensory scores of smoked herrings. In general, after 72 days of storage the
overall scores for appearance for smoked herrings only decreased slightly with increasing storage
time and the higher sensory scores at 25oC may be attributed to improved drying. Samples stored at
25oC scoring higher than those stored at 4oC. As storage time progressed, the sensory scores of
samples of smoked herrings decreased and this decrease was higher in products stored at 4oC than
for products stored at 25oC. Smoked herrings are usually stored as dried products Overall
acceptability scores for smoked herrings were 7.25 and 7.5 for samples stored at 4oC and 25oC on
the 72nd day of storage. None of the smoked herring samples was rejected on the 72 nd day of
assessment, an indication that this product may have a longer shelf-life beyond 72 days. The
texture, odour, appearance and overall acceptability remained significantly unchanged throughout
the storage time. Refrigeration and freezing lower the temperature of food to levels at which
bacterial metabolic processes are stopped and the rates of chemical and biochemical reactions
reduced and therefore, are well-known techniques for extending the shelf-life of food products
(Norhana et al., 2010). It is important that GMPs and PRPs are strictly adhered to during
processing, storage, transportation, retail and consumer handling of these products. Refrigeration
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did not however, have any significant impact on the shelf-life and sensory properties of the salted
and dried fish (koobi and kako) and smoke-dried catfish and herrings. These were dried products
with low water activity and can therefore be regarded as low risk products even under ambient
conditions.
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Fig. 4.12. Sensory evaluation of smoked herrings stored at 4 and 25oC
4.4

Discussion

Studies on survival of Salmonella and S. aureus in artificially contaminated salted-dried tilapia
(koobi), shark (kako), smoke-dried herrings and smoke-dried catfish from West Africa have to date
not been reported in the scientific literature. The findings from this study show that in smoke-dried
fish samples (smoked herrings and smoked catfish) Salmonella and S. aureus counts decreased
throughout the storage period. Similarly, S. Typhimurium and S. aureus counts decreased in salted
and dried fish (koobi and kako) throughout the storage period. This decrease in number seems
rather likely to be due to their low water activity levels and the drying process involved in the
processing of these fish products. This drying process continues even after processing and in
storage. However, the possibilities for the growth of Salmonella and S. aureus under the aw
conditions observed in these products is small and probably negligible. The minimum aw for the
growth of Salmonella strains is 0.92-0.93 (Bremer et al., 2003) and the optimum is 0.99 (Mattick et
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al., 2000). The highest aw levels observed in this study were kako (0.83), koobi (0.79), smoke-dried
herrings (0.89) and smoke-dried catfish (0.80). However, Salmonella can tolerate many stressful
conditions and can survive in low aw foods for long periods (Jung and Beuchat, 1999; Arkoudelos et
al., 2003; Ristori et al., 2007). In this study S. Typhimurium survived for 6 days in kako, 12 days in
koobi, 18 days in smoked herrings, 12 days at 25°C and 18 days at 4°C in smoke-dried catfish.
Wijnker et al. (2006) have also found that at aw levels of 0.85 or lower, S. Typhimurium inoculated
(5 log cfu/g) on salted natural casings could survive less than 15 days during storage at 20± 1.5°C.
In contrast to these findings, long term survival of Salmonella has been shown in salted horse
mackerel (Mol et al., 2010) and salted sardines (Arkoudelos et al., 2003). Arkoudelos et al. (2003)
reported that at aw levels of 0.69, Salmonella Enteritidis survived in salted sardine for 60 days. Mol
et al. (2010) however, observed that Salmonella survived longer in salted samples than in salteddried and dried samples. These differences may be due to variations in the drying process of fish.

Staphylococci thrive in environments relatively free of competition from other bacteria, such as
foods with high concentrations of salt and sugar that impede the growth of other organisms
(Aycicek et al., 2005). Basti et al. (2006) have reported the presence of S. aureus in heavy-salted
fish and heavy-salted, cold-smoked fish. Staphylococci have also been shown to grow best in salty
and low water activity-containing foods in which competing organisms are in reduced numbers
(Vishwanath et al., 1998). In this study, at 4°C and 25°C S. aureus survived for 12 days in koobi
and smoke-dried catfish and 18 days in kako and smoke-dried herrings. The findings also show that
S. aureus and Salmonella numbers declined with time under both refrigeration and ambient
conditions of storage. At 4 and 25°C S. Typhimurium and S. aureus survived in dry salted koobi (aw
range: 0.61 – 0.85) for 12 days. At 4 and 25°C S. Typhimurium survived in dry salted kako (aw
range: 0.57 – 0.83) for only 6 days and S. aureus survived for up to 18 days. These findings are
consistent with those of Ristori et al (2007) who reported that at low aw greater numbers of
Salmonella rubislaw survived in ground black pepper stored at 5°C, than at 25°C and 35°C. The
minimum number of ingested salmonellae necessary to produce clinical symptoms in humans
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remains a contentious issue (D'Aoust, 1985). Akman and Park (1974) had earlier reported that large
doses of salmonellae are required to initiate food poisoning. These large doses can arise only
through massive contamination or through light contamination followed by the opportunity for
growth before ingestion (Akman and Park, 1974). D'aoust (1985) has also reported that very few
salmonellae can be infectious and the US FDA has put the infective dose at as few as 15-20 cells
(FDA, 2009).
According to the U.S. Food and Drug Administration, a toxin dose of less than 1.0 μg in
contaminated food will produce symptoms of staphylococcal intoxication and this toxin level is
reached when S. aureus populations exceed 105 cfu/g (FDA, 1992). Other studies report that for
toxic levels of enterotoxin to occur, increases of about 106 to 4 × 107 cfu/g staphylococci levels
must be reached (Anunciacao et al., 1995; Walls and Scott, 1997; Fujikawa and Morozumi, 2006).
In this study, only smoked mackerel samples recorded higher than 105 cfu/g growth of S. aureus.
NaCl and other solutes inhibit S. aureus from staphylococcal enterotoxin A synthesis, glucose
utilization, and respiratory activity (Taormina (2010). Reduced levels of water activity may inhibit
toxin synthesis more than growth. The decline in the number of S. Typhimurium and S. aureus in
the salted fish products and smoke-dried herring and catfish may be attributed to high salt level and
low water activity of the products. These conditions do not favour the growth of Salmonella or
survival and would inhibit growth and toxin production by S. aureus. Dry salt application to animalderived products appears particularly lethal to bacterial pathogens (Taormina, 2010). However,
Staphylococcus is more salt-tolerant than most other bacteria. Lowering of aw by NaCl is viewed by
some researchers as most likely the primary cause of microbial growth inhibition (Shelef and Seiter,
1993). Very low levels of NaCl may however provide a stimulatory, rather than inhibitory effect on
Salmonella (Taormina, 2010). Jung and Beuchat (1999) reported a protective effect of refrigeration
temperature on the viability of S. Typhimurium. In this study, the numbers of S. Typhimurium in
the refrigerated samples were higher than in the samples stored under ambient conditions.
Refrigeration may therefore have some protective effect on S. Typhimurium. Although Salmonella
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does not grow in aw below 0.93 (Varnan and Evans, 1991), it has been reported that the bacteria
may survive for long periods (Sperber, 1983) under low aw and low temperature conditions.

The preservation of fish products by rendering the fish unsuitable for microbial proliferation has
long been realised by reducing aw through drying and salting (Sen 2005). Decreasing aw further
eliminates bacterial growth, and only extremophiles (such as halophiles or osmophiles) and
filamentous fungi are capable of developing on dried, salted fish (Pitt and Hocking, 1997). The aim
of salting and drying is not only to extend the shelf-life of fresh fish, but also to provide desirable
sensorial changes (Andres et al., 2005). In this study salted-dried koobi and kako, and smoke-dried
catfish and herrings were stored beyond 72 days without any significant changes in sensory
characteristics. In addition to the preservation effect, temperature has been shown to be an
important environmental parameter influencing the growth rate and type of spoilage
microorganisms of highly perishable foods such as fish products. In this study storage temperature
did not significantly affect sensory characteristics and shelf life of the fish products under
consideration. The educational message here is that it is more important to avoid contamination
with microorganism at all costs during processing, and prior to storage of the food product since
some organisms can survive low temperature storage conditions. It is also recommended that
processing periods should be long enough to reduce aw sufficient to inhibit pathogens. In
conclusion, this study indicated that S. Typhimurium and S. aureus may survive in salted and dried
koobi, kako and smoke-dried herrings and catfish but their numbers decrease rapidly with storage
time. Other hazards could be present such as histamines. Salmonellae can survive 40 weeks at
refrigerator temperatures (Park et al., 1970). However, traditional food preparations in Africa
involve a long period of cooking. Since Salmonella spp. is heat labile, any surviving Salmonella in
these products would be destroyed during intense cooking. However, any staphylococcal
enterotoxin formed by S. aureus would not be destroyed by cooking. In addition, some hot-smoked
mackerel are sometimes consumed without further cooking. This may pose risk of foodborne
infections and intoxications.
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Chapter 5
5.0 Food safety knowledge, attitudes, practices and concerns of consumers and food handlers
in Ghana
5.1 Introduction
Food safety issues are of concern to the regulatory authorities in Ghana and attempts are being made
to improve their operations (Amoa-Awua et al., 2007). Ghana Food and Drugs Board (FDB) data
show that in 2006 alone, 297,104 cases of food borne diseases and 90,692 deaths from food and
personal hygiene-related illnesses were reported (FDB, 2008). It has also been estimated that one in
forty people suffer each year from serious food-borne disease (Anon, 2008a). The Ministry of Health
estimates that eight deaths occur every hour in Ghana due to inadequate sanitation and as many as
420,000 out-patient cases of food and water borne diseases occur each year with an annual death rate
of not less than 65,000 (Anon, 2008a; Anon, 2008b). Thus the impact of food-borne illness on public
health and clinical services are not insignificant. A significant proportion of foodborne illnesses arise
from poor food handling and hygiene practices of consumers (Scott et al., 1982; Bean and Griffin, 1990;

Williamson et al., 1992; Scott, 1996; Redmond and Griffith, 2003b). Poor hygienic practices in food
businesses result from either a lack of knowledge or negligence and are considered a major contributor to the
prevalence of foodborne illnesses (WHO, 2000a). This is especially the case in small businesses and

commercial catering (Fein et al., 1995; Howes et al., 1996; Motarjemi and Käferstein, 1999; Olsen et
al., 2000; WHO, 2000b; Clayton et al., 2002; Clayton and Griffith, 2004; Egan et al., 2007; Knight et al.,
2007).
5.1.1 Study Rationale and scope of the survey
There is currently limited information available regarding food safety awareness, attitudes and
practices of food industry employees and consumers in Ghana. In addition, there have been only a
few published studies on HACCP in Ghana. The only two reported studies are on cassava-based
convenient foods (Johnson et al. 2008) and kenkey (Amoa-Awua et al. 2007). This study investigated
the hygiene perceptions of consumers and food handlers in industries processing fish.
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5.1.2 Study goal and objectives
The goal of this part of the study was to identify: (a) food safety practices, attitudes, and knowledge
of users of traditional fish products, consumers and fish industry employees; and (b) the major risk
factors that may contribute to food-borne disease outbreaks. The objectives of the study were to:


identify food safety practices that contribute to the occurrence of foodborne illnesses in retail
foodservice operations;



identify the areas where food safety knowledge is lacking among commercial food handlers
and consumers;



assess the level of public concern about perceived risks associated with various food
production, processing and safety issues; and



identify food safety training needs of retail foodservice employees

The following hypotheses were tested:
Null hypothesis 1 (Ho1): Current traditional food safety knowledge, perceptions and practices among
fish retailer/handlers and consumers in Accra meet satisfactory food safety and quality standards.
Null hypothesis 2 (Ho2): Good food safety attitudes and practices currently exist among stakeholders
in Accra, Ghana to assure a higher degree of safe food among the population.
5.2

Survey methodology

A cross-sectional survey was conducted to obtain information about commercial food handlers’ and
consumers’ knowledge, attitudes, practices and concern of a variety of food safety and hygiene
issues. Two questionnaires were designed, one for consumers (Appendix A) and another for fish
industry employees (fishermen, fish processors, fishmongers, cold store workers and vendors) or
commercial users of traditional fish products (restaurants and commercial catering facilities)
(Appendix B). The questionnaires were administered in the Greater Accra region of Ghana between
June and July 2007.
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5.2.1 Questionnaire design
Each of the questionnaires consisted of a demographic section as well as questions that addressed
food safety knowledge of respondents including personal hygiene, knowledge of food hazards, causal
agents of food poisoning and food borne illness and high-risk food groups. Other questions were
designed to assess food safety practices and attitudes, self-reported food-handling practices, food
safety concerns, cross-contamination, food safety training, profile of food processing or vending
establishment and the impact of food safety requirements on food business.
Most of the questions were closed-ended and asked for a check box yes/no/don’t know or
true/false/don’t know answer; or asked the respondent to select from a pre-defined set of possible
answers, usually numerical. Other sections were followed by four response options, always, most of
the time, sometimes and never or a check box yes/no/don’t know answer. Perceived susceptibility
was assessed by asking, “How common do you think it is for people in Ghana to become sick from
food poisoning?” followed by four response options using the hedonic (Likert) rating scale ( Babbie,
2005), ranging from 1 = very common, 2 = somewhat common, 3 = not very common and 4 = don’t

know or 1 = always, 2 = most of the time, 3 = sometimes and 4 = never. Respondents were also asked
to choose one of five options, not at all concerned, slightly concerned, concerned, highly concerned
and extremely concerned, to show the extent to which they were worried or concerned about a
number of food safety issues. The food handlers’ questionnaire also covered sources of food safety
information, barriers to compliance, confidence in food safety competent authorities, food safety
training and impact of food safety requirements on business. Finally, the last four sections were
administered only to commercial food handlers and included questions on food safety training,
barriers to training, profile of the food service facility, sources of food safety information and impact
of food safety practices on market opportunities. These questions were compiled from an extensive
review of the food safety literature using simple, concise, specific and closed-ended questions.
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5.2.2 Pilot study
Questionnaires were pilot-tested in ten food business units and 15 households to assess question
clarity and validity, identify response options and gauge interview duration. Based on feedback
questionnaires were revised. The results of these pilot studies were not included in any further
assessment.
5.2.3 Sampling, subject recruitment and assignment and delivery of food handler
questionnaire
The survey was divided into two parts involving household consumers and food service workers
(food handlers) in different districts of Greater Accra. Districts were selected by means of a cluster
sampling procedure (Farmer et al., 1996) to ensure distribution from the Eastern, Southern, Central,
Western and Northern parts of the region. A total sample of 224 adults (consisting of 109
consumers and 115 commercial food handlers) was interviewed. The age distribution of subjects
ranged from 18 years to 64 years with a male: female ratio of 49.5:50.5 (household consumers) and
30.1:60.9 (food handlers) respectively. All questionnaires were administered by face-to-face
interviews. Each business or household was visited by personnel trained in conducting face-to-face
interviews and administering this questionnaire. All interviewers had educational backgrounds in
food science and nutrition. Questionnaires were prepared in English, but interviewers translated the
questions into the preferred local dialects of the respondents, including, Ga, Ewe, Twi, Frafra,
Hausa and Kasim. To avoid response bias, care was also taken not to lead respondents in answering
the questions in a specific manner. All respondents were encouraged to answer honestly.
5.2.4 Respondents’ consent and data protection
For ethical reasons, subject recruitment was purely voluntary and based on prior informed consent.
Subjects were first approached and the survey explained to them. The letter of consent was either
given to them or read to those who could not read and subjects asked if they would volunteer to take
part. Assurances of confidentiality and their freedom to withdraw from the study at any time were
given. Those who declined to take part were excluded from the study. A total of 224 subjects
94

consented to take part and are included in this report. Respondents were assured that no information
they provided would be passed on to third parties e.g. their manager or health and safety enforcement
officers.
5.2.5 Data analysis
The questionnaire responses were analysed using the statistical software program, SPSS version 18.0
and Excel 2010. Mean responses with standard error of means and percentages of responses in each
category were calculated and presented in tabular or graphical form. Descriptive statistics were used
to summarize the demographic data. To examine the relationship among and between the variables,
cross-tabulations, χ2 test, independent sample t-test, Pearson correlation coefficient and analysis of
variance were used and significant differences determined between and among groups.
5.3

Results and Discussion

5.3.1 Demographic profile of respondents
Demographic characteristics of survey participants are shown on Table 5.1. Of the 224 respondents,
109 were household consumers and 115 were commercial food handlers. The mean age of food
handlers was 38.7 years, the majority were female (60.9%) and married (67.8%). Twenty-three
percent of food handlers surveyed had no form of formal education. Compared with women, men
were more likely to have at least some primary education (p=0.008). The high proportion of female
participants among the food handlers reflects the high ratio of the female population involved in
traditional food handling in Ghana. The mean age of the consumers surveyed was 35.6 years, most
(70.6%) had secondary level education, 54.1% were married and just over half (50.5%) were female.
Nearly 6% of the consumers surveyed were unemployed and 17% were students. The rest of the
consumers were all full-time, part-time or self-employed.
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Table 5.1. Demographic characteristics of respondents
__________________________________________________________________
Consumers
Food handlers
Factor
Level
n
%
n
%
__________________________________________________________________
Age group
18-24
25
22.9
9
7.8
25-34
28
25.7
36
31.3
35-44
29
27.5
32
27.8
45-54
21
19.3
35
30.4
55-64
5
4.6
3
2.6
Gender

Male
Female

54
55

49.5
50.5

45
70

39.1
60.9

Marital status Single
Married
Others

47
59
3

43.1
54.1
2.8

28
78
9

24.3
67.8
7.8

Education

None
Primary
Secondary
Tertiary

0
29
77
3

0.0
26.6
70.6
2.8

27
32
25
31

23.5
27.8
21.7
27.0

Work status

Employed full time
Employed part time
Self-employed
Unemployed
Student
Others

55
15
13
6
19
1

50.5
13.8
11.9
5.5
17.4
0.9

43
8
64
0
0
0

37.4
7.0
55.7
0.0
0.0
0.0

35
29
12
16
13
4

32.1
26.6
11.0
14.7
11.9
3.7

41
36
18
15
5

35.7
31.3
15.7
13.0
4.3

Income group
Below GH¢ 10, 000 p.a.
GH¢ 10,000 – 15,000 p.a.
GH¢ 15,001 – 20,000 p.a.
GH¢ 20,001 – 30,000 p.a.
GH¢ 30,001 and over p.a.
Missing

In the last 12 months have you experienced any foodborne illness?
Yes
86
78.9
87
75.7
No
23
21.1
28
24.3
Is it common to get food poisoning in Ghana?
Very common
84
77.1
67
58.3
Somewhat common 13
11.9
31
27.0
Not very common
5
4.6
4
3.5
Don’t know
7
6.4
13
11.3
________________________________________________________________
The majority of food handlers (67.0%) and consumers (58.7%) earned below GH¢ 15,000 per annum
(the equivalent of £6000 in 2007), making them low income earners. These findings further
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corroborate previous studies which show that fishing communities in Ghana have low incomes and
less income stability because of wide seasonal fluctuations in fish catch (Bortei-Doku, 2000). A very
high number of the respondents, including 75.7% of food handlers and 78.9% consumers reported
contracting some form of foodborne illness in the 12 months prior to the survey. Significantly a
higher proportion of consumers (77.1%) than food handlers (58.3%) surveyed said it was very
common to become sick from food poisoning because of the way the food was prepared or handled in
Ghana (p=0.014). Respondents with secondary or lower education (68.9%) were more likely to say
that foodborne diseases were very common in Ghana than those with higher education (50.6%) (p =
0.52). Female respondents (69.6%) were also more likely than their male (44.4%) counterparts to say
that foodborne diseases were very common (p = 0.62).

The perception that foodborne disease was very common in Ghana varied with age. Significantly,
only 7.1% and 13.1% of younger respondents (18-25) and older respondents (56-64) thought that
foodborne diseases were very common in Ghana (p = 0.022). These perceptions among respondents
may not necessarily reflect the incidence of food poisoning. It is apparent that very young and older
respondents did not regard it as such a problem. From this result, the fact that people are concerned
about the condition should hopefully influence their own preventive practices. The true burden of
foodborne illness in Ghana is likely under-reported and any official data for foodborne illness may
represent only the tip of the iceberg as in many other countries (Mossel, 1989; Wheelock, 1999; Soon
et al., 2011). Although many foodborne diseases are self-limiting, it is important that foodborne
diseases are reported at health facilities so that outbreak investigations can be carried out in a timely
and systematic manner, and appropriate prevention and control measures applied.

Respondents who reported having had some foodborne diseases cited diarrhoea (28.1%), vomiting
(33.9%), abdominal cramps (15.2%), headache (10.3%), fever/chills (0.5%) and constipation (1.9%)
(Fig. 5.1). Significantly, only 14.5% of those who reported having had foodborne disease, including
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19.3% of consumers and 2.6% of food handlers, said their foodborne disease was diagnosed in the
hospital.

45.2

Percentage of respondents

50
40
30

Consumers

32.1
24.3

Food handlers

22

20

19.3

15.6

20
10.1
5.2

10

0.9

0.9

1.7

0

2.6

0

Symptoms cited to support illness
Fig. 5.1 Reasons cited by respondents as evidence of their
contraction of foodborne infections
5.3.2 Food safety knowledge assessment
5.3.2.1 Knowledge of food safety hazards
A significant majority (70.0%) of the respondents perceived microbiological hazards as the greatest
threat to food safety followed by pesticides (58.0%) (p < 0.001) (Table 5.2). A higher percentage of
consumers (78.9%) compared with food handlers (61.7%) identified microorganisms as the main
risk to food safety (p < 0.001). However, a slightly higher percentage of food handlers (60.0%) than
consumers (56.0%) identified pesticides as the main risk to food safety (p = 0.001). In surveys
conducted in America (Sloan, 1998), Japan (Hoban, 1999) and in New Zealand (Scully, 2003),
microbial contamination was regarded as the most significant food safety problem by most of the
respondents. In contrast, in a survey in the Caribbean region, consumers rated pesticide residues as
the highest perceived food safety risk (Jackson et al., 2003). Risk perception is largely influenced by
food safety information and communication provided by the media, public authorities, peer groups and is
amplified by trust in the information sources and food safety scares (Yeung and Morris, 2001; Yee et al.,

2005; Lobb et al., 2007). The majority of respondents were aware that insects (96.9%), food
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handlers (91.5%) and raw food materials (82.1%) could serve as vehicles for the transmission of
food poisoning bacteria. Significantly (p = 0.01), a higher percentage of consumers (93.3%) than
food handlers (89.6%) perceived food handlers as vehicles for the transmission of food poisoning
bacteria. Proper hand washing has been recognized as one of the most effective measures to control
the spread of pathogens. Survey participants were asked how long hands should be rubbed together
with soap during hand washing.
Table 5.2. Knowledge of sources of food safety hazards and hand washing exhibited by
consumers and food handlers
____________________________________________________________________
Statement

Consumers
Food handlers
%
%
p-value
____________________________________________________________________
Perception of major food safety problems
Pesticides
56.0
60.0 p<0.001
Hair
0.0
17.4 0.0004
Microorganisms
78.9
61.7 0.03
Food poisoning bacteria may be brought into the kitchen by
By insect
96.0
97.4 0.5
By handlers
93.3
89.6 0.01
In raw food
82.1
81.7 0.43
When washing your hands, you should rub your hands together with soap for at least
20 seconds
33.0
34.8 p < 0.05
5 seconds
20.2
11.3
10 seconds
44.0
48.7
Don’t know
2.8
5.2
____________________________________________________________________
Significantly, only 33% (p < 0.05) of consumers and 34.8% (p < 0.05) of food handlers believe that
hands should be washed for at least 20 seconds. Chi-squared analysis showed that knowledge of
hand washing requirements was not influenced by age, gender or education. To prevent food
poisoning, consumers and food handlers must be aware of the importance of the appropriate
sanitation of kitchen utensils as well as thorough hand washing procedures. However, there are no
guidelines for hand washing in Ghana.
5.3.2.2

Participants’ perception of where food safety problems will most likely occur

When the respondents were asked to identify ‘‘Where food safety problems were most likely to
occur”, the majority identified the home (91.6%) and restaurants (84.4%) (Table 5.3).
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Table 5.3. Knowledge of likely sources or places where food safety problems can occur exhibited by consumers and food handlers (N=224)
____________________________________________________________________________________________________________________________
All
Consumers (n=109)_____________
Food handlers (n=115)
Respondents
Education
Age
Gender
Education
Age
Gender
n
%
(%)
p-value
p-value
p-value
%
p-value
p-value
p-value
____________________________________________________________________________________________________________________ ________
Consumers (n=109)
Personal hygiene of consumer
202
90.2 89.0 0.374 ns
0.233 ns
0.174 ns
91.3 0.086 ns
0.325 ns
0.086 ns
Personal hygiene of food handlers
202
90.2 88.1 0.507 ns
0.190 ns
0.400 ns
92.2 0.335 ns
0.226 ns
0.035 s
Personal hygiene on farm
186
82.2 88.1 0.377 ns
0.134 ns
0.109 ns
77.4 0.0001 s
0.701 ns
0.153 ns
Abattoir
202
90.2 90.8 0.929 ns
0.206 ns
0.748 ns
89.6 0.318 ns
0.693 ns
0.326 ns
Processing factory
190
84.8 84.4 0.816 ns
0.208 ns
0.248 ns
85.2 0.071 ns
0.466 ns
0.937 ns
Restaurant
189
84.4 82.6 0.714 ns
0.240 ns
0.739 ns
86.1 0.557 ns
0.186 ns
0.325 ns
Supermarket
175
78.1 75.2 0.900 ns
0.146 ns
0.354 ns
80.9 0.088 ns
0.504 ns
0.720 ns
Retailers
207
92.4 91.7 0.179 ns
0.001 s
0.282 ns
93.0 0.349 ns
0.700 ns
0.390 ns
Storage
214
95.6 96.3 0.703 ns
0.014 s
0.572 ns
94.8 0.748 ns
0.453 ns
0.429 ns
Home
205
91.6 93.6 0.445 ns
0.021 s
0.126 ns
89.6 0.404 ns
0.220 ns
0.910 ns
Cooking
193
86.3 89.9 0.196 ns
0.483 ns
0.221 ns
82.6 0.053 ns
0.151 ns
0.145 ns
Pets and pests
209
93.3 93.6 0.950 ns
0.198 ns
0.428 ns
93.0 0.680 ns
0.154 ns
0.710 ns
Temperature abuse
159
71.1 73.4 0.666 ns
0.108 ns
0.273 ns
68.7 0.348 ns
0.279 ns
0.021 s__
Ns = not significant; s = significant (significance was set at the 5% level).
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This result does not support previous studies which suggest that consumers generally underestimate
the percentage of food safety problems that originate from home (Williamson et al., 1992; Altekruse
et al., 1996). Abattoirs (90.2%), supermarkets (78.1%), food processing units (84.8%) and retail units
(92.4%) were identified by respondents, as likely places where food poisoning could occur. Improper
cooking procedure (86.3%), storage (95.6%) and temperature abuse (71.1%) were perceived as
possible reasons for food poisoning. Respondents also associated personal hygiene of consumer
(90.2%), food-handlers (90.2%) and personal hygiene on the fish farm (82.2%) to the likely
occurrence of food poisoning. Chi square analysis of the influence of gender, education and age
showed that among food handlers, the higher the educational status, the higher the perception of poor
hygiene as a source of foodborne disease problems (p<0.0001) (Table 6.3). A statistically significant
difference was also observed between male and female food handler respondents in their perception
of hygiene and temperature abuse as likely sources of food safety problems (p<0.035). Among
consumers, age was a significant factor in the perception that retailers and the home were sources of
food safety problems. No significant difference was detected between food handlers and consumers
in their perception of likely causes of food poisoning. These results show that people can relate
hygiene and sanitation to food safety problems and such understanding should constitute a basis for
food safety education.
5.3.2.3 Knowledge of good personal hygiene requirements and practices
Poor personal hygiene amongst food handlers is one of the most common contributors to outbreaks
of food poisoning (Collins, 2001; Cogan et al., 2002). In this study, most respondents (>92%;
p<0.05) were aware of proper personal hygiene requirements including proper hand-washing, daily
bathing, regular dental checks, hand-washing with soap and running water, thorough hand-drying
and covering cuts and infections (Table 5.4). The hands of food handlers can be pivotal as vectors
in the spread of foodborne disease due to poor personal hygiene or cross-contamination (Setiabudhi
et al., 1997). Significantly, most consumers (>97%; p<0.05) and food handlers (>88%; p<0.05)
were aware of the need to wash their hands after touching their hair, using a handkerchief, visiting
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Table 5.4. Food Handlers’ and consumers’ knowledge of good hygiene requirements (N=224)
_____________________________________________________________________________________________________________________
Responses
Education
Age
Gender
2
2
Statements
(%)
χ
p-value
χ
p-value
χ2
p-value
_____________________________________________________________________________________________________________________
Consumers (n=109)
Proper hand washing
98.2
0.847
0.655 ns
1.604
0.808 ns
2.075
0.150 ns
Daily bathing
98.2
0.847
0.932 ns
5.179
0.738 ns
2.075
0.354 ns
Getting regular dental checks
96.3
1.729
0.019 s
0.610
0.225 ns
1.41
0.494 ns
Washing hands with soap and running water 96.3
1.726
0.786 ns
0.800
0.214 ns
1.41
0.494 ns
Drying hands thoroughly
91.7
1.782
0.939 ns
1.590
0.479 ns
2.174
0.537 ns
Covering cuts and infections
97.2
1.282
0.527 ns
7.762
0.101 ns
0.362
0.547 ns
Sanitising surfaces in contact with food
97.2
3.594
0.464 ns
6.280
0.039 s
1.028
0.311 ns
Food handlers (n=115)
Proper hand washing
100
Daily bathing
98.3
1.681
0.641 ns
3.816
0.282 ns
1.308
0.253 ns
Getting regular dental checks
88.7
11.091
0.086 ns
7.399
0.286 ns
0.441
0.802 ns
Washing hands with soap and running water 98.3
1.681
0.641 ns
1.053
0.788 ns
1.308
0.253 ns
Drying hands thoroughly
92.2
8.714
0.190 ns
6.994
0.321 ns
2.005
0.367 ns
Covering cuts and infections
97.4
8.347
0.039 s
2.008
0.571 ns
1.98
0.159 ns
Sanitising surfaces in contact with food
91.3
8.191
0.515 ns
7.948
0.539 ns
1.399
0.706 ns
______________________________________________________________________________________________________________________
ns = not significant; s = significant (significance was set at the 5% level).
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Table 5.5. Food handlers’ and consumers’ knowledge of when to implement hand washing during food handling (N=224)
____________________________________________________________________________________________________________________
Statements
Correct
Education
Age
Gender____
2
2
2
Responses (%)
χ
p-value
χ
p-value
χ
p-value
____________________________________________________________________________________________________________________
Consumers (n=109)
Touching your hair
97.2
0.820
0.664 ns
1.912
0.752 ns
2.036
0.153 ns
Using a handkerchief
94.5
9.115
0.058 ns
12.67
0.124 ns
1.001
0.606 ns
Using the toilet
97.2
1.282
0.527 ns
4.387
0.356 ns
0.324
0.569 ns
Touching pimples or sores
98.2
0.847
0.655 ns
3.514
0.476 ns
0.000
0.990 ns
Coughing or sneezing
96.3
1.726
0.786 ns
9.251
0.322 ns
4.001
0.135 ns
Handling the rubbish
99.1
0.419
0.811 ns
2.539
0.638 ns
1.028
0.311 ns
Biting your nails
93.6
8.945
0.062 ns
3.120
0.108 ns
1.363
0.506 ns
Touching pets and other animals
100.0
Food handlers (n=115)
Touching your hair
88.7
14.04
0.121 ns
10.85
0.286 ns
0.573
0.903 ns
Using a handkerchief
92.2
8.191
0.515 ns
7.948
0.539 ns
1.399
0.706 ns
Using the toilet
98.3
2.020
0.568 ns
4.467
0.215 ns
0.101
0.751 ns
Touching pimples or sores
100
Coughing or sneezing
97.4
4.606
0.595 ns
4.266
0.641 ns
0.743
0.69 ns
Handling the rubbish
98.3
1.961
0.581 ns
2.087
0.554 ns
1.308
0.253 ns
Biting your nails
96.5
1.733
0.630 ns
8.868
0.031 s
0.347
0.556 ns
Touching pets and other animals
99.1
3.288
0.349 ns
4.264
0.234 ns
0.648
0.421 ns
_____________________________________________________________________________________________________________________
ns = not significant; s = significant (significance was set at the 5% level).
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their toilet, touching pimples or sores, coughing or sneezing, handling the rubbish, biting their nails
during food preparation and after touching pets and animals (Table 5.5). Chi square analysis did not
reveal significant differences in terms of gender, age or educational level among respondents.
However, the degree of knowledge exhibited by the respondents is unlikely to be translated into
improved food safety practice. This view is supported by Rheinländer et al. (2008) who reported
that hygiene practices of food handlers in Kumasi, Ghana, including hand washing, were
insufficient to ensure the safety of food. Other studies show that knowledge alone does not always
result in improved food safety practices (Howes et al., 1996; Chang et al., 2003; Walker et al.,
2003a; Tokuc et al., 2009). Poor personal hygiene after visiting the lavatory can result in the hands
being heavily contaminated with enteric pathogens (Taylor et al., 2000; Barza, 2004). Washing
hands with soap and water before preparation of food makes food poisoning less likely to occur
(Altekruse et al., 1995).
5.3.2.4 Cleaning and sanitation in the kitchen and food processing area
To gain further insight into the dynamics of kitchen sanitation and cleaning practices, respondents
were asked about dish washing and use of cutting boards. The majority of consumers (>94.5%;
p<0.05) and food handlers (85.2%; p<0.05) were aware that dishes and utensils must be washed
with hot soapy water and that dishes and utensils must be rinsed and dried with clean napkins
(Table 5.6). Significantly, only a minority of consumers and food handlers thought that dishes and
utensil could be dried with used napkins (<11.3%; p<0.05) and dishes and utensils should be dried
with their apron (<11.9%; p<0.05). The survey found that 45.0% of consumers and 64.3% of food
handlers would wash their cutting board with only water after trimming raw chicken or meat.
However, 91.7% of consumers and 93.9% of food handlers would clean and sanitize the surface if
they had the sanitising materials. The majority of respondents did not however know the difference
between cleaning and sanitising. Just over 10% of consumers and 13.9% of food handlers dried the
cutting board with a paper towel. Epidemiologic surveillance summaries of foodborne diseases
clearly indicate that poor hygienic practices are important contributors to outbreaks of foodborne
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Table 5.6. General food safety knowledge scores of consumers and food handlers in food businesses in Accra
__________________________________________________________________________________________________
Consumers’ Response (%)

Food handlers’ Response (%)

Statement
True False Don’t know
True False Don’t know__
Which of the following can be used to kill bacteria in foods?
Disinfectant
13.8 75.2 11.0
11.3 78.3 10.4
Cold water
33.9 56.0 10.1
43.5 53.0 3.5
Detergent
29.4 59.6 11.0
41.7 55.7 2.6
Scrubbing brush/sponge
33.9 56.0 10.1
40.9 54.8 4.3
After trimming raw chicken on a cutting board, I
Rinse the surface with water.
45.0 53.2 1.8
64.3 33.9 1.7
Dry the surface with a paper towel.
10.1 80.7 9.2
13.9 79.1 7.0
Clean and sanitize the cutting surface.
91.7 4.6
3.7
93.9 2.6
3.5
Dishes and utensils in the kitchen or processing unit are
Washed in hot soapy water or dish washer
96.3 1.8
0.9
85.2 5.2
8.7
Rinsed and dried with a clean napkin
94.5 5.5
0.0
95.7 4.3
0.0
Rinse and dried with a used napkin
11.0 86.2 2.8
11.3 83.5 5.2
Left on the drainer to dry
88.1 9.2
2.8
87.8 7.0
5.2
Air-dried
74.3 16.5 9.2
84.3 10.4 5.2
Not dried with apron
86.2 11.9 1.8
81.7 8.7
9.6
Knowledge of pet and animal control in kitchen area
Food or dirty dishes are left on the benches
6.4
91.7 1.8
4.3
93.0 2.6
Fly screens are used
85.3 3.7
11.0
87.8 3.5
8.7
Food covers are used
95.4 3.7
0.9
96.5 2.6
0.9
Pets not allowed in the kitchen
11.0 87.2 1.8
10.4 89.6 0.0
Pets have their own feeding bowl
82.6 14.7 1.8
91.3 3.5
2.6
_________________________________________________________________________________________________
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diseases (Patil et al., 2004). It is therefore important that consumers and food handlers are aware of
behaviours and practices that may result in the spread of foodborne illnesses.
5.3.2.5 Knowledge of food storage practices, temperature control and cross-contamination
A significant minority of consumers (45.0%) and food handlers (38.3%) had the misguided
perception that rotating food to use the oldest food first was bad food storage practice (p < 0.05)
(Table 5.7). Some 73.4% of consumers and 74.8% of food handlers correctly indicated that storing
raw meat above ready-to-eat food was bad food storage practice. Temperature is a critical factor for
ensuring the safety and quality of many food products. Thawing and freezing food over and over
again was classified as bad food storage practice by 78% of consumers and 83.5% of food handlers.
Whereas 56.9% of consumers indicated that covering and labelling food before storage was bad
practice, only 39.1% of food handlers thought so. The majority of respondents surveyed displayed
poor knowledge of the temperature at which bacteria can multiply. Only 46.8% of consumers and
32.2 % of food handlers correctly indicated that at body temperature (37 oC) bacteria grow quickly
or quicker. Similarly, only 40.4% of consumers and 31.3% of food handlers knew that bacteria can
readily multiply at 25oC or room temperature. This result is however, significantly higher than that
observed in a survey by Kennedy et al. (2005), in which only 22% of respondents were aware of the
temperature ranges that supported microbial survival and growth. Significantly, only 12.8% of
consumers and 11.3% of food handlers in food business were able to specify the correct temperature
level recommended for holding hot food prior to hot service. Temperature or thermal treatments
constitute a critical control point for most of the traditional smoking, frying or cooking of fish and
meat products. Poor understanding of temperature control could therefore be a major hindrance to
effective HACCP implementation (Walker et al., 2003). In warm tropical conditions, any abuse of
temperature during food storage and display could prove a public health disaster. It is therefore vital
that food handlers are aware of and apply appropriate food storage temperature at all times. Only
11% of consumers and 14.8% of food handlers used thermometers to determine the doneness or
internal cooking temperature of large portions of fish. Nearly 70% of food handlers and 56.9% of
consumers would usually taste the fish to verify if it is well cooked.
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Table 5.7. Knowledge of food storage practices as exhibited by consumers and food handlers in Accra, Ghana
____________________________________________________________________________________________________________________
Correct responses (%)
Food safety statement
Consumers
Food handlers
_____________________________________________________________________________________________________________________
Rotating food to use oldest food first is bad food storage practice
45.0
38.3
Covering and labelling food before storage is bad food storage practice
56.9
39.1
Storing raw meat above ready-to-eat food is bad food storage practice
73.4
74.8
Thawing and freezing food over and over is bad food storage practice
78.0
83.5
o
At body temperature (37 C) food poisoning bacteria Grow quickly
46.8
32.2
Harmful bacteria readily multiply at 25oC
40.4
31.3
Check refrigerator temperature regularly
9.2
20.9
o
Hot holding food temperature should not be below 63 C
12.8
11.3
Ice point and boiling methods are recommended methods for calibrating food thermometers
68.8
37.4
In the refrigerator, cooked food is stored above raw foods
38.5
28.7
To ensure that meat is thoroughly cooked to safe temperature I cut in the middle to see if the meat/fish is pink
28.4
7.8
To ensure that meat is thoroughly cooked to safe temperature I smell the meat/fish
2.8
7.8
To ensure that meat is thoroughly cooked to safe temperature I taste the meat/fish
56.9
69.6
To ensure that meat is thoroughly cooked to safe temperature I use a food thermometer
11.0
14.8
Cross-contamination is most likely to occur when you cut ready-to-eat food on a cutting board used for fresh meat
86.2
84.3
Cross contamination is likely to occur when you touch raw meat and switch to touch cooked or ready-to-eat food.
86.2
80.9
____________________________________________________________________________________________________________________
N=109 consumers, 115 food handlers
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Twenty-eight per cent of consumers and 7.8% of food handlers usually cut in the middle, and 2.8%
of consumers and 7.8% of food handlers said they smell the fish to verify that it is well cooked. The
practice of tasting fish to determine its doneness is not acceptable as this could lead to infection if
the fish was not fresh, to start with, and if the fish was undercooked. The majority of consumers
(86.2%) and food handlers (84.3%) were aware that to prevent cross-contamination, cutting boards
and utensils used to cut raw meat should not subsequently be used for cooked foods or ready-to-eat
food (Table 5.7). Consumers (86.2%) and food handlers (80.9%) were also aware that cross
contamination was most likely to occur when they handle raw fish and subsequently switch to
handle cooked food without washing their hands. However, significantly, only 38.5% of consumers
and 28.7% of food handlers knew that in the refrigerator cooked food must be stored above raw
foods (p < 0.05).

5.3.2.6

Familiarity with food safety terms

Respondents’ familiarity with some food safety terms including HACCP, CCP and GMP, is shown
in Figure 5.2. Only a small minority of food handlers (19.1%) and consumers (21.1%) were familiar
with HACCP. There was no significant difference in the level of HACCP knowledge between
consumers and food handlers (p=0.699). Similarly, only 22.0% of consumers and 21.7% of food
handlers were familiar with CCP and the difference was not statistically significant (p=0.960). It is
essential to have hygienically designed equipment and prerequisite programmes (PRPs) as well as
Good Manufacturing Practices (GMP), Good Hygiene Practices (GHP) and sanitation standard
operational procedures in place, prior to HACCP implementation (Panisello and Quantick,
2001; Walker et al., 2003b; Roberto et al., 2006; Kök, 2009). A higher percentage of consumers
(26.6%) were familiar with Good Manufacturing Practice (GMP) than food handlers (23.5%)
(t=0.538, p=0.591). This was perhaps due to the lack of or relatively low level of education among
food handlers.
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Figure 5.2. Food handlers' and consumers' awarenes of food
safety and HACCP terms

Only a minority of consumers (19.3%) and food handlers (23.3) were familiar with pre-requisite
programmes (PRPs) (t=0.766, p=0.445). The lack or low level of formal education among food
handlers would pose a challenge to introducing GMP and risk-based food safety management like
HACCP into their operations unless these are simplified, properly tailored and targeted. However,
familiarity of the terms food poisoning and foodborne disease was high among both consumers and
food handlers. The majority of food handlers (93.9%) and consumers (93.6%) were familiar with
food poisoning and foodborne disease. In all cases statistical analysis did not show any significant
difference between consumers and food handlers.

5.3.2.7 Knowledge of high risk food groups
Perceived personal vulnerability to disease is believed to be an important initiator for preventative
behaviours (Bennett and Murphy, 1999). When asked to classify chicken, beef, fruits, vegetables,
shellfish and eggs in terms of their potential as carriers of harmful foodborne microorganisms, over
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half (54.1%) of consumers and 62.2% of food handlers surveyed thought raw chicken was very
likely to carry harmful foodborne microorganisms (Table 5.8).
Table 5.8. Consumers’ and food handlers’ risk perception of foods
_____________________________________________________________________
Statement
Perception that food may contain foodborne microorganisms (%)
Very
May
Very
Likely
likely
be
Unlikely
unlikely
_____________________________________________________________________
Consumers (n = 109)
Raw chicken
54.1
11.9
18.3 10.1
5.5
Raw beef
47.7
15.6
18.3 11.9
6.4
Raw fruits
38.5
10.1
33.0 8.3
10.1
Raw vegetable
48.6
10.1
22.0 13.8
4.6
Raw shellfish
33.9
10.1
26.6 22.0
7.3
Raw eggs
24.8
9.2
25.7 20.2
20.2
Food handlers (n = 115)
Raw chicken
62.6
Raw beef
52.2
Raw fruits
20.0
Raw vegetable
42.6
Raw shellfish
25.2
Raw eggs
13.9

11.3
15.6
11.3
12.2
10.4
8.7

12.2
18.3
32.2
27.8
33.9
43.5

20.0
11.9
14.8
12.2
23.5
20.0

4.3
6.4
21.7
5.2
7.0
13.9

Nearly half (47.7%) of consumers and 52.2% of food handlers believed that beef was a very likely
source of harmful food poisoning microorganisms. Raw vegetables were perceived by 48.6% of
consumers and 42.6% of food handlers as more likely to have harmful microorganism, and higher
than raw eggs and raw shellfish. The mean food safety perception ratings were classified as low(between 0 and 2), medium- (between 2 and 4) or high (between 4 and 5) on the basis of gender,
age and education (Fig. 5.3a and 5.3b). Fewer than thirty-four percent (33.9%) of consumers and
25.2% of food handlers thought raw shellfish was very likely to contain harmful microorganisms.
Similarly, only 24.8% of consumers and 13.9% of food handlers thought raw eggs were very likely
to have harmful microorganisms. Among consumers and food hadlers, better educated people
perceived raw egg and raw shellfish as high risk and vegetables as low risk. Among food handlers,
older respondents (55+) rated fruits, vegetables, raw shellfish and eggs as high risk products.
Significantly, all food handlers rated chicken as low risk. In terms of gender, there were no
differences between male and female in their risk perception.
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Fig. 5.3a Consumers' perception of foods that have high risk of microbial contamination
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Fig. 5.3b Food handlers' perception of foods that have high risk of microbial
contamination
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5.3.3 Extent of food safety concerns in Ghana
Results from this study show varied levels of food safety concern among Ghanaians surveyed
(Figure 5.4). Respondents had at least high concerns about pesticide residues in food (81.7%), use
of antibiotics in the production of food (69.2%) and use of hormones in animal production (68.8%).
This level of concern reported here are higher than those previously reported elsewhere e.g. Brewer
and Prestat (2002) and Brewer and Rojas (2008) with regard to pesticides and hormones in studies
conducted in the US. However, only 32.1% of consumers had high or very high concerns for the
use of additives/colourings/preservatives in food.

About novel food technologies, 50.9% of respondents expressed high or very high concern about
food irradiation and another 50.9% of respondents expressed serious concerns about genetically
modified foods although they did not know much about these technologies. Irradiation carried out
under conditions of Good Manufacturing Practices (GMPs), is recommended as a safe and
effective food processing and preservation method that can reduce the risk of food poisoning and
preserve foods without detriment to health and with minimal effect on nutritional quality (The
Institute of Food Science and Technology, 1999). Comments made by respondents about
genetically modified food included, “don’t know what effect it will have on me”,” don’t know what
it is”, “we need to know the health risks”. Although there has been little research conducted on
consumer attitudes towards genetically modified foods in developing countries, a study by Pachico
and Wolf (2002) found that 66% of respondents in Colombia were willing to try genetically
modified foods, and the willingness to purchase genetically modified foods was high among those
who felt they did not have adequate or high quality foods available at home.

The survey on hygiene and sanitation included restaurants, traditional food service areas (‘chopbars’), butchers’ shop and home. Within this category, only 8.9% of respondents had high or very
high concern about hygiene standards at home, which goes to confirm the generally held belief by
consumers that their foodborne illness is caused by food prepared somewhere other than the home.
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The low level of concern about food hygiene at home corroborates studies by Redmond and Griffith
(2004) which indicate that consumers associate a low personal risk of food poisoning from homeproduced food.
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Fig. 5.4. Respondents who have high or very high concern about food
safety issues
In Redmond and Griffith’s (2003a) view, the actual proportion of food safety incidents that
originate in the home is likely to be much higher than reported. An under-estimation of personal
risk to food, as findings in this study suggest, may prevent consumers from taking appropriate steps
to reduce their exposure to food-related hazards (Frewer et al., 1995). Other studies estimate that
between 50% and 87% of reported foodborne disease outbreaks have been associated with the home
(Redmond and Griffith, 2003b). Improving consumer food safety behaviour in domestic settings is
necessary to reduce the risk and incidence of food poisoning (Anderson et al., 2000; Redmond et
al., 2001; Redmond and Griffith 2003a). In contrast to the low level of concern expressed about
food hygiene at home, 52% of respondents were very concerned about hygiene standards in ‘chop113

bars’ and 48.7% were very concerned about the hygiene standards in main stream restaurants and
“take-aways”. Other concern expressed by respondents was a 56.3% high concern rating for
hygiene standards in the butchers’ shop. The traditional catering sector (‘chop-bars’) constitute the
largest food service business in Ghana, providing convenience and value to consumers who dine
outside the home. Foodborne disease outbreaks can be costly for restaurants in terms of negative
publicity, loss of consumer trust, and loss of customers as well as legal costs (Grover and Dausch,
2000).

Within the category of microbiological hazards including food poisoning from Products of Animal
Origin (POAO), 78.6% of respondents considered food poisoning in Ghana as an issue of high or
very high concern and 73.7% expressed high or very high concerns about the microbiological safety
of their food. When respondents were asked about getting food poisoning from POAO, 50.9%
expressed serious or high concerns about getting food poisoning from eating pork, 36.2% were
highly concerned about getting food poisoning from chicken, 32.6% from beef. However, only
23.2% had high or very high concerns about getting food poisoning from eating fish. It appears
from this survey that respondents did not particularly view fish or fish products as high risk as far as
microbial contamination was concerned. Microbiological health hazards may be present in fresh
fish and need to be controlled to prevent outbreaks of foodborne diseases. Poor handling practices
and the high ambient temperatures of the tropics may result in fish safety problems (Plahar et al.,
1999; Diei-Ouadi and Mgawe, 2011).

5.3.3.1 Mean ratings of food safety concerns in Ghana
Concern rating were classified as either low- (between 1 and 2), medium- (between 2 and 3) or
high-risk (between 3 and 5) using means on a scale of 1-5 (i.e. low-high concern) (Appendices G1
to G4). Average concern in food safety, represented by the mean scores of the eighteen statements,
was high (3.20 ± 0.173). Significantly (F = 0.012), consumers had an overall higher mean concern
rating (3.29 ± 0.190) than their food handler counterparts (3.11 ± 0.173). The youngest age group
(18-24) registered the lowest mean concern rating (1.68 ± 0.236), followed by elderly respondents
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(55+) with mean concern rating of 2.85 ± 0.181(Appendix G2). Significantly (p < 0.001), the age
groups 25-34, 35-44 and 45-54 showed high concerns for the safety of their food. Female
respondents worried more (3.22±0.177) about the safety of their food than their male counterparts
(3.17 ± 0.181; t = 2.11, p = 0.097) (Appendix G3). Previous studies have reported that generally,
women perceive greater risks than men (Grobe et al., 1999; Dosman et al., 2001; Fox et al., 2001).
In this study, female respondents indicated slightly higher level of concern (3.67 ± 0.118) about
irradiated foods than their male counterparts (3.62 ± 0.140). However, this difference was not
significant (P= 0.759). Misra et al. (1995) have observed that females treated food irradiation as
more serious problem even though women had lower stated awareness of irradiation. Respondents
who had no education were the least concerned about the safety of the food (2.99 ±0.186; F = 2.74,
p = 0.726) (Appendix G4). The data from this study showed that consumer concern in the safety of
food is fairly high in Ghana (i.e. above the midpoint). Misra et al. (1995) found that education level
significantly affects risk perception for irradiation and suggested that female respondents with less
than a college education and low income treat irradiation as a more serious problem. Dosman et al.
(2001) also suggested that highly educated respondents usually perceive less risk in the sphere of
food safety.
5.3.4 Food handlers’ perception of the Ghana Food and Drugs Board
To ensure that food safety practices are implemented at every stage of the food chain, national and
local food safety inspection and monitoring is essential. Respondents were asked to rate the Ghana
Food and Drugs Board’s ability to monitor food safety and respond to their food safety needs on a
scale of 1-5, where 1 = very poor and 5 = excellent. There is a fairly high level of confidence in the
Ghana Food and Drugs Board assuring food safety. The Ghana FDB was rated very poor by 6.0%
and poor by 5% of the food handlers interviewed and very good (19%) or excellent (22%),
respectively (Fig. 5.5). The role of the FDB is to safeguard and promote public health by ensuring
the safety of food. As these findings reflect the opinion of industry respondents, it can be a direct
reflection of the extent to which the FDB is known and the extent to which food safety inspection
and monitoring is currently being conducted. For any food regulatory framework to be developed
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and for it to work effectively, the public needs to know more about the regulatory bodies and how
they function.

Don’t know,
38, 33%

Very Poor, 7,
6%

Poor, 5, 5%
Good, 17,
15%

Very good,
22, 19%

Excellent, 25,
22%

Fig. 5.5. Food handlers' perception of the Ghana Food and
Drugs Board

5.3.5 Food safety training and attitudes, perceptions and challenges
Education and training of food industry personnel in hygiene and sanitation is a recognised means
of improving food handling practices and consequently the safety of food. The results of this
survey indicate that only 28.7% (33) of food handlers had attended staff seminars in the last 2 years
and less than a third of them (31.3%) had received some training on food safety and hygiene related
to their jobs in the 12 months preceding the survey (Table 5.9). More than half (52%) of food
handlers viewed food safety training as very useful and nearly half (49.6%) said it was very
important that production employees in their establishment participate in food safety training. More
than half (58.3%) of the respondents could not say how much time they spent on food safety
training. Poor staff training in food hygiene is a real threat to the safety of food. Hence effective
training is an important prerequisite to successful implementation of a food safety management
system (Arvanitoyannis and Kassaveti, 2009). When asked about the food safety capabilities of
other staff in their establishments, only a minority of food handlers (24.3%) thought that production
employees in their establishments knew about food safety hazards and how to control them.
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Table 5.9. Food handlers’ responses on food safety training issues
___________________________________________________________________
Item
Frequency (n=115) Percentage (%)
___________________________________________________________________
Have you or any staff attended food safety seminar in the last 2 years?
Yes
33
28.7
No
57
49.6
Not aware
6
5.2
Cannot say
19
16.5
Have you received food safety training in past 12 months?
Yes
36
No
55
Don’t know
18

31.3
47.8
15.7

How useful was your last food safety training to you?
Very useful
Moderately useful
Somewhat useful
Minimally useful
Not at all useful

60
8
12
20
12

52.2
7.0
10.4
17.4
10.4

How important is it to participate in food safety training?
Very important
Somewhat important
Not very important
Not at all important
Cannot say

57
7
3
3
45

49.6
6.1
2.6
2.6
39.1

How long does it take to train new employees on food safety?
Zero hours
11
Less than half day
3
Half a day
4
One day
9
1-3 days
7
More than 3 days
13
Cannot say
67

9.6
2.6
3.5
7.8
6.1
11.3
58.3

Do production employees know food safety hazards and their control?
Yes
28
24.3
No
29
25.2
Cannot say
40
34.8
Don’t know
18
15.7
_________________________________________________________________

Training and education of those involved in the preparation, processing and handling of food are
critical lines of defence in the prevention of most types of foodborne illness (Black et al., 1981).
However, training designs which primarily emphasise the provision of information seldom translate
into positive attitudes and behaviours (Ehiri et al., 1997). The low levels of food safety and hygiene
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training observed in this survey raise serious concerns about the safety and quality standards in the
traditional food processing and catering settings. These findings provide an opportunity to review
current training provision and practices and ways in which training can be scaled up to benefit
people working in the food service sector in Ghana. Providing training and information on safe food
handling to food handlers would also help to facilitate or persuade behaviour modification. In
addition, their health is not periodically evaluated by an independent health authority.

When food handlers were asked about the main challenges limiting their ability to undertake food
safety training, cost of training (34.8%), illiteracy (18.3%), the lack of training institutions (8.0%)
and lack of training materials (8%) were regarded as their main challenges (Fig. 5.6).
Other
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9, 8%

Illiteracy, 21,
18%

High turnover
of employees,
3, 2%

Accessing
training
materials, 9,
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Distance from
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35%
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8%

Fig. 5.6. Food safety challenges affecting food handlers in Ghana

Other researchers have identified personnel resources, cost of training, lack of materials and
resources for teaching, literacy, socioeconomic standards, lack of interest, lack of motivation, lack
of trainers, time, characteristics of the trainers, among others as the potential barriers to training
(Mortlock et al., 2000; Nummer et al.,2010). Griffith (2000) observed that behavioural change
(including the implementation of required hygiene practices) is not easily achieved and that
consideration must be given to motivation, constraints, barriers and facilities as well as to cultural
aspects. It is also important that training of trainers’ programmes are instituted to help develop
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personnel with the requisite skills to train food handlers. Training is only as good as the trainer
(Nummer et al., 2010).

5.3.6 Food safety requirements and the food industry in Ghana
Only 21.7% of food handlers thought that food safety requirements had helped significantly to
market their products (Table 5.10). A minority (13 %) said it helped moderately and 2.6% said it
had no impact on marketing opportunities. Based on these findings, it is clear that some industry
stakeholders know that they stand to gain an advantage in the market place if they meet standard
food safety and quality requirements. However, the majority of respondents are yet to make positive
links between product safety and marketing opportunities. Only 13.9 and 6.1 % of food handlers
surveyed said their companies found it very difficult or difficult, respectively, to comply with
standard food safety requirements.

Others said it was neither difficult nor easy (8.7%) and 11.3% found it somewhat easy or easy to
comply. However, a greater number of respondents (69) representing 60% of respondent could not
say whether it was easy or difficult complying with food safety requirements. This represents a
significant area of concern, as it is very important that food handlers comply with standard food
safety requirements. Industry supports needs to be improved so as to make it easy to comply with
requirements. The major challenges identified as impediments to food safety compliance were cost
(27%), time (25.2%), access to training (19.1%), lack of access to technical and scientific
information

(13.9%),

lack

of

management

commitment

(7.8%),

commitment/attitude (6.1%) and high turn-over of employees (0.9%).
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Table 5.10. Impact and challenges of food safety requirements on food businesses
_____________________________________________________________________
Factor
Frequency (n = 115) Percentage (%)
_____________________________________________________________________
Has standard food safety requirements helped in the marketing of your products
Hindered significantly
0
0.0
Hindered moderately
1
0.9
Had no impact
3
2.6
Helped moderately
15
13
Helped significantly
25
21.7
Cannot say
71
61.7
Has standard food safety requirements helped to create new markets for your products
Hindered significantly
0
0.0
Hindered moderately
0
0.0
Had no impact
5
4.3
Helped moderately
9
7.8
Helped significantly
25
21.7
Cannot say
76
66.1
Level of ease or difficulty in complying with standards food safety requirements
Very difficult
16
13.9
Somewhat difficult
7
6.1
Neither difficult nor easy
10
8.7
Somewhat easy
10
8.7
Very easy
3
2.6
Cannot say
69
60.0
Major challenges experienced in complying with food safety requirements
Management commitment
9
7.8
Employee commitment/attitude
7
6.1
High Turn-over of employees
1
0.9
Access to technical information
16
13.9
Access to training
22
19.1
Cost
31
27.0
Time
29
25.2
_____________________________________________________________________

5.3.6.1 Staff and management commitment and participation in firm’s food safety
programmes
Implementation of a comprehensive food safety management system would require both staff and
management commitment and active participation. Only 15.7 % and 7.0% participated fully or a lot,
respectively, in the development of their firms’ food safety plan (Table 5.11). The rest either had
moderate participation (7.0%), some participation (14.8%) or no participation at all (9.6%). With
regards to the level of daily participation in their company’s food safety operations, 47.8% of
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respondents could not say how much they were involved, 13.9% participated fully, 7.8%
participated a lot, 7.0% moderately, 14.8% had some participation and 8.7% did not participate at
all.
Table 5.11.Participation of food handlers in firm’s food safety programme
_____________________________________________________________________
Factor
Frequency
Percentage (%)
_____________________________________________________________________
Own level of participation in developing your firm’s food safety programme
No participation
Some Participation
Moderate Participation
A lot of Participation
Full Participation
Cannot say

11
17
8
8
18
53

9.6
14.8
7.0
7.0
15.7
46.1

Own level of participation in day to day operation of your firm’s food safety programme
No participation
10
8.7
Some Participation
17
14.8
Moderate Participation
8
7.0
A lot of Participation
9
7.8
Full Participation
16
13.9
Cannot say
55
47.8
_____________________________________________________________________
5.3.7 Self-reported food safety practices of consumers
To assess food safety attitudes, participants responded to various statements adapted from Medeiros
et al. (2001a), on a 4-point Likert-scale, where 1 was “always” and 4 was “never”. Table 5.12
shows a summary of all participants’ responses to questions on their food safety practices, including
cleaning and disinfection practices, hot-holding and reheating, storage and temperature control, use
of equipment and managing cuts and infections. The results indicate that some consumers and food
handlers are generally aware of food safety principles and the majority claim to use hygienic food
handling procedures most of the time (Table 5.12). The results also indicate that unsafe food
handling behaviours may be prevalent including unfamiliarity with the correct procedure for
freezing and thawing of foods.
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5.3.7.1 Self-reported cleaning, disinfection and Prevention of cross-contamination
Consumers (90.8%) were more likely than food handlers to always clean and sanitise cutting
surfaces after cutting raw meat (75.7%) (Table 5.12). Only 44.0% of consumers and 47.8% of food
handlers always wash cutting board, knife, and counter top with hot soapy water. Similarly, only
13.8% of consumers and 23.5% of food handlers routinely (always) wash dirty dishes in hot soapy
water. Slightly more consumers (69.7%) than food handlers (61.7%) always wash fruits and
vegetables thoroughly under running water. 42.2% of consumers and 44.3% of food handlers
always air-dry their dishes after washing. 71.6% of consumers and 73% of food handlers always
clean and sanitise utensils after use. 67.9% of consumers and 72.2% of food handlers always
discourage pests by keeping kitchen clean. Using the same equipment and utensils for cooked and
raw foods can increase the risk of cross-contamination. Most consumers (68.8%) and 55.7% of food
handlers said they always store cold food in the freezer as much as possible. Only one-fifth (19.3%)
of consumers and 37.4% of food handlers reported that they always thaw frozen foods in the
refrigerator. The study showed that 51.4% of the consumers and 44.3% of food handlers routinely
store raw meat below ready-to-eat or cooked food in refrigerator. However, 71.6% of consumers
and 60% of food handlers always keep raw meat separate from cooked food. Whereas 55% of
consumers and 36.5% of food handlers always keep food covered when in the fridge only 22% of
consumers and 10.4% of food handlers cover and correctly label prepared food before storing.
Nearly forty per cent (34.9%) of consumers and 27% of food handlers always use the oldest food
products first, and 12.8% of consumers and only 6.1% of food handlers divide food into smaller
containers to cool more quickly.
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Table 5.12. Self-reported food safety practices of consumers and food handlers in Accra, Ghana
Consumers (%)
Most of
Always the time Sometimes Never

Food handlers (%)
Most of
Always the time Sometimes Never

90.8
44
71.6
68.8
69.7
13.8
59.6
42.2
67.9

6.4
18.3
25.7
27.5
20.2
25.7
16.5
28.4
24.8

1.8
22.9
2.8
3.7
6.4
49.5
22
24.8
4.6

0.9
14.7
0
0
3.7
11
1.8
4.6
2.8

75.7
47.8
73
68.7
61.7
23.5
54.8
44.3
72.2

15.7
19.1
20
24.3
23.5
12.2
21.7
25.2
16.5

7.8
20
6.1
7
14.8
36.5
21.7
26.1
8.7

0.9
13
0.9
0
0
27.8
1.7
4.3
2.6

Hot Holding and Reheating
Hot food kept hot and cold food cold
Reheat left over thoroughly before serving
Cook high risk food thoroughly
Reheat left-over food steaming hot

56.9
79.8
83.5
58.7

24.8
10.1
9.2
18.3

16.5
10.1
5.5
22

1.8
0
1.8
0.9

50.4
73
74.8
51.3

30.4
16.5
15.7
13.9

17.4
8.7
7.8
31.3

1.7
1.7
0.9
3.5

Storage and Temperature Control and Cross Contamination
Store cold food at 5 degrees celcius or less
Store cold food in freezer as much as possible
Thaw frozen foods in refrigerator
Keep raw meat separate from cooked food
Store raw meat below ready-to-eat/cooked food in the refrigerator
Use the oldest food products first
Divide food into smaller containers to cool more quickly
Cover and correctly label prepared food before storing
Keep food covered when in the fridge
Keep food covered when on the bench

36.7
68.8
19.3
71.6
51.4
34.9
12.8
22
55
77.1

22
16.5
9.2
21.1
12.8
25.7
7.3
10.1
26.6
19.3

27
13.8
37.6
5.5
23.9
33
43.1
24.8
18.3
3.7

14.7
0.9
33.9
1.8
11.9
6.4
36.7
43.1
0
0

25.2
55.7
37.4
60
44.3
27
6.1
10.4
36.5
60

17.4
33.9
15.7
23.5
28.7
20.9
15.7
6.1
28.7
30.4

45.2
9.6
27
14.8
20.9
44.3
53
16.5
29.6
9.6

12.2
0.9
20
1.7
6.1
7.8
25.2
67
5.2
0

33
13.8
33

15.6
1.8
32.1

25.7
10.1
34.9

24.8
73.4
0

14.8
5.2
32.2

13
5.2
34.8

27
6.1
30.4

45.2
83.5
2.6

57.8
26.6

26.6
24.8

12.8
40.4

2.8
8.3

63.5
25.2

24.3
17.4

10.4
45.2

1.7
12.2

Statement
Cleaning and Disinfection
Clean sanitise cutting surface after cutting raw meat
Wash cutting board, knife, counter top with hot soapy water
Clean and sanitise utensils after use
Wash hands before preparing and handling raw meat or poultry
Wash fruits and vegetables thoroughly under running water
Wash dirty dishes in hot soapy water
Wash hands in running water and soap
Air dry dish where possible
Discourage pests by keeping kitchen clean

Use of Equipment
Regularly check refrigerator temperature
Use calibrated food thermometer when checking food temperature
Use clean equipment, not hands to pick food
Cuts and Infections
Cover cuts and infections on hands
Avoid preparing food when sick
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5.3.7.2 Self-reported hand-washing, cooking, reheating, hot holding, cooling and thawing and
use of equipment
More than two-thirds of consumers (68.8%) and food handlers (68.7) reported that they always
wash hands before preparing and handling raw meat or poultry. More than half (59.6%) of
consumers and 54.8% of food handlers routinely wash their hands in running water with soap.
Similarly, 58.7% of consumers and 51.3% of food handlers always reheat left over steaming hot.
Just under three-quarters (74.8%) of food handlers and 83.5% of consumers always cook high risk
food thoroughly. More than half of consumers (56.9) and just over half of food handlers (50.4) said
they always keep hot food hot, and cold food, cold. Just over a quarter of food handlers (25.2%) and
36.7% of consumers always store cold food at 5oC or less. Just 33% and 32.2% of consumers and
food handlers respectively use clean equipment, not hands, to pick food. Only 13.8% of consumers
use a calibrated food thermometer when checking food temperature as many as 73.4% never do
this. Similarly, even fewer food handlers (5.2%) said they always use calibrated thermometers to
check food temperature. Only a third (33%) of consumers and 14.8% of food handlers who were
interviewed regularly check refrigerator temperature.

5.4 Discussion and conclusion
The present study has attempted to find any gaps in food safety knowledge, practice or attitude
among consumers and food handlers in Ghana in order to address food safety problems in the
traditional fish processing sector. The objective of this survey was to ascertain knowledge of safe
food-handling, attitudes and behaviours towards safe food-handling of consumers and handlers of
traditionally processed fish in Ghana. The study also explored perceived risk of contracting
foodborne illness and food safety concerns in Ghana. The hypothesis tested was that, sufficient
knowledge of food safety and practice existed among Ghanaians to ensure good food safety
practices. Overall, participants answered knowledge questions about safe food-handling behaviours
correctly. It should be noted that by using multiple choice questions, participants would have a high
probability of randomly guessing the correct response which can lead to artificially high correct
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answers. Both consumers and food handlers generally knew they should wash their hands before
cooking, should wash their hands after using the toilet, keep pests and pets out of the food
processing area, and use different cutting boards for high risk food and low risk food. However,
knowledge of time-temperature control was not adequate. Previous studies have revealed three key
factors that play a decisive role in the occurrence of food poisoning, especially with regard to food
handlers: knowledge, attitude, and practice (Angelillo et al., 2001a; Patil et al, 2005). Poor
knowledge and practice of time temperature-temperature control, especially in the tropics, can
negate much of the effort made to improve food safety.

The findings also indicate that a great majority of food handlers have very positive food safety
attitudes. Respondents also have a high level of concern for food safety standards in Ghana. These
findings support the hypothesis and suggest that the level of awareness of food safety and practice
should be sufficient to assure a good level of food safety practice. Several researchers have
however, identified gaps between levels of self-reported food safety knowledge and actual foodhandling practices of consumers and food handlers, and concluded that food safety knowledge was
not always positively correlated with hygienic food handling (Fein et al., 1995; Wilcock et al.,
2004; Tobin et al., 2005; Badrie et al., 2006). It was however also quite clear that the respondents
recognised training on food safety particularly in food service outlets to be insufficient (around 31%
training provision). This needs to be urgently addressed by food safety educators. This is
particularly important as it reflects knowledge of good manufacturing and trading practices in the
food sector with implications on food safety for consumers. Limited training provision was
attributed to the cost of training, the lack of food safety training places and illiteracy. It is also
important to note that if in the commercial sector there is limited training and screening of workers,
the level of screening and training would most likely be even less among independent small holder
traders or street food vendors. Other studies suggest that training does not always result in increased
food safety knowledge and a positive change in food handling behaviour (Howes et al., 1996;
Powell et al., 1997; Clayton et al., 2002; Green et al., 2005; Seaman and Eves, 2008). Nevertheless,
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the results of this study suggest that the level of knowledge, attitudes and practices of consumers
and food handlers in Ghana needs to be improved. To be effective food safety and hygiene training
needs to target changing those behaviours most likely to result in foodborne illness (Egan et al.,
2007). It is essential to have hygienically designed equipment and prerequisite programmes (PRPs)
as well as Good Manufacturing Practices (GMP), Good Hygiene Practices (GHP) and sanitation
standard operational procedures in place, prior to HACCP implementation (Panisello and Quantick,
2001; Walker et al., 2003b; Roberto et al., 2006; Kök, 2009). In this study, proper hand washing,
time-temperature control, prevention of cross-contamination and general hygiene and sanitation
training were identified as the critical areas requiring appropriate food safety training intervention.
Substantive food safety training can be built on the knowledge base and positive attitude of the
respondents. And this should focus on basic concepts and requirements of PRPs, including personal
hygiene (Adams and Moss, 1997). To ensure this, there should be some form of induction training
with regular updating and refresher courses for the food handlers. These findings further support the
need for such training provision.

This study sheds light on hygiene perceptions and practices consumers and food handlers in Ghana.
It is clear that respondents’ perceptions play an important role in determining hygiene practices, as
has been shown in previous studies (Nielsen et al., 2001; Yeung and Morris, 2001; Yee et al., 2005;
Usfar et al., 2010). Furthermore, perceptions are shaped by existing culture and norms within the
community (Usfar et al., 2010). It appeared that the more educated in the age groups 25 to 50 years
were more concerned about food safety and perceived that foodborne illnesses were a major
concern in Ghana. Young people and the older age groups on the other hand did not perceive food
safety risk to the same extent. This age and education disparity in food safety risk of illness
perception merits further investigation. It is also noteworthy that respondents did not particularly
see fish and fish products as ‘high risk’ in terms of microbial contamination and food safety risk.
They rather thought meats and chicken were more high risk. This raises the question as to how
people perceive fish and fish processing in Ghana. Did it mean that the traditional processing
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methods employed now are deemed satisfactory and safe? This study highlight the need to further
study the actual food handling practices and to identify any gaps between self-reported food safety
practices and actual food safety practices. The picture painted from the survey should also
contribute to the overall review process for food safety in Ghana and contribute to the formation of
a framework for addressing the problem of food safety in Ghana. Further work using other question
types, such as open ended questions would also be important.
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Chapter 6
6.0

Effects of sodium chloride and storage temperature on Staphylococcus aureus and

staphylococcal enterotoxin A and B production in smoked fish products
6.1

Introduction

S. aureus is a major cause of illness (including gastroenteritis) in humans worldwide. It is an
indicator of deficient hygiene of food processing (Soriano et al., 2002). Possible sources of
contamination of S. aureus are human (FDA, 2001; Sattar et al., 2001; Huss, 2003), contaminated
surfaces and utensils (Reij et al., 2004; Sneed et al., 2004; DeVita et al., 2007), ingredients (Hansen
et al., 1995) and raw fish (Ferreira et al., 2007). S. aureus produces enterotoxin when the population
reaches 5 log cfu/g and this is possible in products with high aw levels above 0.85. Although several
studies have reported the presence of S. aureus in traditional smoked fish products in Ghana,
production of enterotoxins has not been previously reported in these fish products (Mensah, 1997;
Plahar et al., 1999; Akinola et al., 2006; Anihouvi et al., 2006; Nyarko et al., 2011). In Ghana,
smoke-drying of fish is used to extend shelf-life and ensure year-round supply. Smoke-dried or semidried fish are produced by hot-smoking (over an open fire) and drying over low heat. The process
may involve the use of sodium chloride as curing agent. However, there is no guidance for the
processing, use of additives, final pH, moisture content, water activity or standard requirements for
shelf-life for smoke-dried fish in the country. The final products have wide range of a w levels,
variable shelf-life and are usually stored and retailed under ambient conditions in the tropics.
Consequently, smoked mackerel has been described as potentially high risk, and smoked catfish and
herrings as potential variable or medium to high risk products as reported in Chapter 3.0 of this
thesis.

If environmental conditions during food storage and preparation allow the growth of S. aureus (i.e.
time and temperature abuse) staphylococcal enterotoxins may be produced, being potentially harmful
for consumers (Todd et al., 2008). The key to controlling S. aureus and limiting their potential risk is
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an understanding of the intrinsic and extrinsic factors that influence its growth in foods (McMeekin et
al. 2002; McCann et al., 2003; Valero et al., 2007). Sodium chloride applied either directly or as
brine serves multiple functions, amongst which is the inhibition of microorganisms. The
antimicrobial action of sodium chloride comprises a non-specific water activity reduction effect and
an additional inhibitory effect. This part of the study investigates the survival and the formation of
staphylococcal enterotoxins A (SEA) and B (SEB) in high risk smoked fish (mackerel) and medium
to high risk smoked fish (smoked catfish) model systems. The model systems consisted of macerated
and salted smoked catfish or smoked mackerel, inoculated with S. aureus reference strain (NCTC
10657) that produces staphylococcal enterotoxins A and B.
6.2

Materials and methods

6.2.1 Sample collection and preparation
Fish products tested included smoked mackerel, smoked catfish and salted and dried tilapia products.
Fresh catfish, Atlantic mackerel, and tilapia were obtained from the fish market at Billingsgate. The
fish was transported in ice chests packed with ice cubes to a designated processing site where they
were cleaned, scaled, gutted, gills removed and washed and carefully arranged on mesh wire trays
according to common traditional practice employed in Ghana. The fish were initially hot-smoked
over an oven fired with hard wood for three hours. This was followed by a second phase of smoking
over moderate fire for 8 hours to continue the drying process and reduce the moisture content.
Samples of processed fish were also collected from the retail market for comparison. The fish
samples were cut into pieces and blended using a Kenwood blender.
6.2.1.1

Sample preparation and culture preparation

Sodium chloride was added to blended fish samples to achieve 0, 5, 10 or 15% (w/w) sodium
chloride. Processed fish samples and the samples collected from retail markets were separately
bulked together according to the fish type and the sodium chloride treatment they were subjected to
and aseptically mixed thoroughly. Enterotoxigenic S. aureus (NCTC 10657) strain which produces
SEA and B was maintained on Nutrient agar (Oxoid) slopes at 4oC. The culture was transferred to
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fresh Nutrient agar slopes every four weeks. Overnight culture was prepared by inoculating a loopful
of individual colony of S. aureus (NCTC 10657) into 10 ml Nutrient broth (Oxoid) followed by
incubation at 37 ± 1oC for 18 hours. From this, a 10-fold dilution series was prepared in Nutrient
broth and 1 ml of the 10-2 or 10-4 dilutions was added for every 100 g of smoked fish to yield initial
levels of 103 or 104cfu/g of smoked fish sample. After thoroughly mixing together, 100 g of each
formulation was tightly packed into 180 ml sterile plastic pots in a modification of the system
described by Deibel et al. (1961). The loaded plastic pots were incubated at 30°C and duplicate
samples were taken at 0, 1 3 and 7 days to determine growth and toxin production. Un-inoculated
samples were used as control.
6.2.2 Sample analysis
At the pre-determined time intervals, each pot was opened. Portions were used to determine
microbial load and evaluate the production of S. aureus enterotoxin. Three experiments were
performed in duplicate.
6.2.2.1 Enumeration of S. aureus
A sample of 25 g of fish was weighed from each pot, added to 225 ml of buffered peptone water in a
stomacher bag and homogenised with a Colworth stomacher (Seward, London. UK). Serial decimal
dilutions were prepared and 0.1 ml of suitable decimal dilutions spread onto the surfaces of BairdParker agar plates. The plates were incubated for 48 hours at 37°C. Duplicate plates for each dilution.
Aerobic bacteria were determined on Plate Count Agar (PCA) (Oxoid CM 463) as described in
section 3.4.3.6.
6.2.2.2 Enterotoxin assay
The Reverse Passive Latex Agglutination method (RPLA) was used to detect enterotoxin with a
SET-RPLA detection kit (Oxoid). In this method, latex particles sensitized with antibodies of
staphylococcal enterotoxin react with the enterotoxins in the specimen and form agglutinations. This
detection kit has a sensitivity of 1–2 µg/ml (Anon, 1990). To test for staphylococcal enterotoxins 10g
of sample was homogenised with 10ml of sodium chloride solution (0.85%) in a stomacher 400
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(Seward Medical, London, England) for 1 min and then centrifuged at 900g at 4° C for 30 minutes.
The supernatant fluid was gently taken up with a capillary tube and filtered through a 0.2µm-0.45µm
low protein-binding membrane filter. The filtrate was retained and assayed for enterotoxin content.
The agglutination reactions were classified according to the manufacturer’s instructions as, +++
(complete agglutination), ++, + (small pellet visible in the centre of the agglutination latex), +/- (just
detectable difference from negative control well) and - (negative). Reactions scoring +++, ++, and +
were considered positive.
6.2.3.

Physico-chemical analysis

This included moisture, pH and water activity of the salted/dried fish and the salted/smoked fish were
determined. The aw of representative product samples were measured with a Decagon water activity
meter (CX-1, Decagon Devices Inc., Washington, USA) as described in Section 3.3.3.1. The pH
levels of similar samples were measured using a Corning pH meter 240 following the method
described in Section 3.3.3.2.
6.3. Results and discussion
6.3.1 Effect of sodium chloride, water activity, temperature and pH on growth of S. aureus
in smoked catfish
Salt concentration, water activity, pH and temperature can affect the survival or proliferation of
microbial pathogens in food. Results of S. aureus counts, aerobic plate counts, salt concentration,
water activity and pH values of smoked catfish samples are shown in Tables 6.1. The pH levels of
smoked catfish samples analysed were between 6.16 and 6.71. This level of acidity is not high
enough to inhibit staphylococci growth. Generally the addition of sodium chloride (0, 5, 10 and 15 %
(w/w) to smoked catfish resulted in a decrease in water activity corresponding to 0.99, 0.92, 0.81 and
0.77, respectively. The water activity level of the sample from retail outlets was 0.93. S. aureus were
absent in all the control samples analysed. Treatment with sodium chloride (5, 10 and 15 % (w/w)
presented statistically significant inhibitory effect (p < 0.001) on the survival of S. aureus in smoked

131

Table 6.1. Growth and enterotoxin A and B production of S. aureus in relation to sodium chloride concentration, water activity, pH and
storage time of smoked catfish at 30oC.
__________________________________________________________________________________________________________________________
Low inoculum
High inoculum
NaCl
Water
Time S. aureus counts
Aerobic counts
S. aureus counts
Aerobic counts
(% w/w)
pH
activity
(Days) (log cfu/g)
(log cfu/g)
SEA SEB
(log cfu/g)
(log cfu/g) SEA SEB
__________________________________________________________________________________________________________________________
0
6.54 0.987
0
3.54 ± 0.05
3.79 ± 0.03
4.06 ± 0.55
4.75 ± 0.29 1
5.37 ± 0.65
6.08 ± 0.65
7.14 ± 0.31
7.59 ± 0.08 ++
+
3
4.69 ± 0.54
5.15 ± 0.66
+
+
5.84 ± 0.64
6.56 ± 0.59 +++ +++
7
4.29 ± 0.36
4.85 ± 0.17
+
+
5.65 ± 0.56
6.52 ± 0.61 +++ +++
5
6.39 0.924
0
3.10 ± 0.30
3.69 ± 0.08
4.58 ± 0.09
4.70 ± 0.17 1
5.02 ± 0.78
5.44 ± 0.83
6.52 ± 0.20
7.17 ± 0.16 +
+
3
4.37 ± 0.63
5.11 ± 0.53
4.73 ± 0.44
5.27 ± 0.62 +
+
7
4.45 ± 0.41
5.20 ± 0.72
4.87 ± 0.34
5.67 ± 0.53 +
+
10
6.38 0.814
0
2.47 ± 0.15
3.27 ± 0.12
4.61 ± 0.14
4.80 ± 0.19 1
3.61 ± 0.59
4.15 ± 0.56
4.82 ± 0.37
5.63 ± 0.11 3
2.72 ± 0.36
3.57 ± 0.13
3.57 ± 0.56
3.52 ± 0.10 7
2.83 ± 0.32
3.57 ± 0.14
3.26 ± 0.35
3.61 ± 0.14 15
6.16 0.766
0
2.82 ± 0.33
3.39 ± 0.08
4.31 ± 0.22
4.67 ± 0.14 1
2.72 ± 0.50
3.45 ± 0.24
4.05 ± 0.15
4.99 ± 0.40 3
1.86 ± 0.45
2.64 ± 0.36
2.50 ± 0.54
2.94 ± 0.28 7
2.01 ± 0.55
2.92 ± 0.40
2.78 ± 0.24
2.99 ± 0.20 Inoculated 6.71 0.927
0
3.56 ± 0.22
4.94 ± 0.52
4.78 ± 0.22
5.86 ± 0.54 retail
1
5.87 ± 0.17
6.13 ± 0.28
+
+
7.50 ± 0.11
7.78 ± 0.22 +
++
samples
3
5.62 ± 0.11
6.40 ± 0.02
+
+
6.99 ± 0.30
8.45 ± 0.37 ++
+++
7
5.48 ± 0.03
6.36 ± 0.33
+
+
7.07 ± 0.35
8.20 ± 0.11 ++
+++
Un-inoculated
0
2.52 ± 0.01
3.35 ± 0.36
retail
6.71 0.927
1
3.54 ± 0.01
3.93 ± 0.25
Samples
3
3.75 ± 0.31
4.49 ± 0.13
(control)
7
3.80 ± 0.32
4.18 ± 0.37
___________________________________________________________________________________________________________________________
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catfish. There was no such inhibitory effect on S. aureus inoculated into unsalted catfish stored at
30oC. S. aureus survived in all unsalted samples and samples formulated with 5% sodium chloride
and stored at 30oC. Survival of S. aureus was generally variable, but declined with increasing sodium
chloride concentration and decreasing aw of the catfish products. In the formulation containing 15 %
(w/w) sodium chloride S. aureus counts decreased throughout the 7 days of storage reaching
2.01±0.55 at 30oC on day 7. Regression analysis showed that S. aureus count decreased by 0.281 for
a unit increase in NaCl. This marginal effect is statistically significant (p<0.001) and 33% of the
variation in S. aureus is explained by NaCl (r2=0.3320). The growth of S. aureus in smoked catfish
was significantly affected by the inoculum size. At the lower initial inoculum level (102 cfu/g) S.
aureus counts increased by nearly 2 log cycles by day 1 in the smoked catfish formulated with 5%
(w/v) sodium chloride. At the higher inoculum level (104 cfu/g), cell counts of S. aureus in unsalted
catfish reached 7.14 ± 0.31 cfu/g after 24 hours of storage compared to 5.37 ± 0.65 for the lower
inoculum (102 cfu/g).

The effects of storage temperature on the survival of S. aureus in smoked catfish samples are shown
in Table 6.2. Decreasing the storage temperature significantly inhibited the growth of S. aureus in
smoked catfish. At 4oC growth of S. aureus in the refrigerated samples was inhibited, reaching 3.85
± 0.338 cfu/g on the seventh day from an initial level of 3.48 ± 0.08 cfu/g in unsalted catfish
samples. For smoked catfish samples treated with 5% (w/w) sodium chloride and stored at 4oC
there was a reduction in growth from an initial count of 3.42 ± 0.06 cfu/g at time 0 to 3.18±0.25 on
storage day 7. The levels of S. aureus also declined in the formulation containing 10 and 15 %
(w/w) sodium chloride. S. aureus was able to grow in the unsalted catfish stored 30oC reaching 5.37
± 0.65 cfu/g after 24 hours from an initial inoculum of 3.54 ± 0.05 cfu/g. However, cell counts of S.
aureus subsequently decreased till the seventh day. Counts of S. aureus increased by log 1.83
cycles in the unsalted catfish stored at 30oC over the same period, and gradually decreased to
4.29±0.17 cfu/g after 7 days of storage. S. aureus did not grow in catfish stored at 4oC at any level
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Table 6.2.
Effect of temperature on survival of Staphylococcus aureus in laboratory-formulated smoked catfish
___________________________________________________________________________________________________________
Inoculum

S. aureus survival at 4oC

S. aureus survival at 30oC

size

Sample

Day 0

Day 7

Day 0

Day 7

Low

Unsalted

3.48 ± 0.08

3.85 ± 0.34

3.54 ± 0.05

4.29 ± 0.36

5% NaCl

3.42 ± 0.06

3.18 ± 0.25

3.10 ± 0.30

4.45 ± 0.41

10% NaCl

3.18 ± 0.17

2.83 ± 0.36

2.47 ± 0.15

2.83 ± 0.32

15% NaCl

3.06 ± 0.04

1.53 ± 0.12

2.82 ± 0.33

2.01 ± 0.55

Inoculated retail samples

3.47 ± 0.07

3.55 ± 0.10

3.56 ± 0.22

5.48 ± 0.03

Uninoculated retail samples

2.15 ± 0.37

2.42 ± 0.08

2.52 ± 0.01

3.80 ± 0.32

Unsalted

4.94 ± 0.42

4.61 ± 0.16

4.06 ± 0.55

5.65 ± 0.56

5% NaCl

4.86 ± 0.28

3.67 ± 0.10

4.58 ± 0.09

4.87 ± 0.34

10% NaCl

4.76 ± 0.25

3.02 ± 0.25

4.61 ± 0.14

3.26 ± 0.35

15% NaCl

4.67 ± 0.14

2.64 ± 0.134

4.31 ± 0.22

2.78 ± 0.240

Inoculated retail samples

4.54 ± 0.17

4.91 ± 0.30

4.07 ± 0.35

8.20 ± 0.11

High

____________________________________________________________________________________________________________
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of NaCl concentration. Statistical analysis showed that S. aureus count increased by 0.24 log cycles
for a unit increase in temperature. This marginal effect is statistically significant (p<0.001) but only
5% of the variation in S. aureus count is explained by temperature alone (r2=0.05). A summary of
the regression analysis for smoked catfish (Table 6.3) show that temperature, NaCl, aw, pH,
inoculum size had significant (p<0.001) effects on the rate of decline of the S. aureus population in
smoked catfish.
Table 6.3. Table of multiple regression analysis results for the survival of S. aureus and
aerobic bacteria in smoked catfish
_____________________________________________________________
Factor
Rate of
Significance
R2
decline
_____________________________________________________________
S. aureus
NaCl
-0.13
p<0.001
0.33
aw
8.24
p<0.001
0.24
ph
2.92
p<0.001
0.17
Time
-0.04
p= 0.163
0.00
Inoculum size
-1.21
p<0.001
0.25
Uninoculated
-1.81
p<0.001
0.25
Interactive effect of temperature, sodium chloride, water activity,
pH, time and inoculum size
NaCl
-2.678
p=0.258
aw
-98.32
p=0.290
ph
-43.60
p=0.269
Time
-0.09
p<0.0001
Inoculum size
-1.18
p<0.0001
Aerobic bacteria
NaCl
Aw
Ph
Time
Inoculum size
Uninoculated

0.12
9.51
4.18
-.035
-1.33
-1.97

p<0.0001
p<0.0001
p<0.0001
0.535
p<0.0001
p<0.0001

0.31
0.10
0.11
0.00
0.09
0.09

Interactive effect of temperature, sodium chloride, water activity,
pH, time and inoculum size
NaCl
-2.89
0.256
aw
-106.35
0.287
Ph
-47.59
0.262
Time
-.071
0.002
Inoculum size
-1.09
p<0.0001
__________________________________________________________________
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It is important to note that although the r2 values for temperature ((r2 = 0.05), NaCl (r2 = - 0.33), aw
(r2 = 0.24), pH (r2 = 0.17), time (r2 = 0.00), inoculum size (r2 = 0.25) and un-inoculated (r2 = 0.25)
were low, the correlation between S. aureus counts and these factors were significant (p<0.001),
indicating a strong inhibition on the survival of S. aureus. Interactive effect of temperature, sodium
chloride, water activity, pH, time and inoculum size on survival of S. aureus in smoked catfish was
highly linear (r2 = 0.62). Analysis of the cumulative effect of temperature, sodium chloride, aw, pH,
time and inoculum size also showed a linear effect on the aerobic bacteria count observed on
smoked catfish.
6.3.2 Effect of sodium chloride, water activity, temperature and pH on growth of S. aureus
in smoked mackerel
The growth and entertoxin production of S. aureus in smoked mackerel as influenced by sodium
chloride concentration (w/w), water activity, inoculation dose (low and high) and pH at 30ºC
holding temperature is shown on 6.4. The inhibitory effects of sodium chloride on S. aureus in the
smoked mackerel products (Table 6.4) was similar to those observed with S. aureus in salted
smoked catfish samples (Table 6.2). Treatment with sodium chloride (10 and 15 % (w/w) presented
statistically significant inhibitory effect (p < 0.001) on the survival of S. aureus in smoked
mackerel. Growth was not recorded in the samples formulated with 10% (w/w) NaCl (a w levels of
0.79 and pH of 6.16) and 15% (w/w) NaCl (aw levels of 0.75 and pH of 6.13).There was no such
inhibitory effect on S. aureus in unsalted smoked mackerel or smoked mackerel treated with 5%
sodium chloride. At 30ºC, the population of S. aureus in unsalted smoked mackerel (aw levels of
0.96 and pH of 6.29) with an inoculation size of 3.55 ± 0.14 log cfu/g increased to 6.01 ± 0.62 log
cfu/g in 12 h but subsequently decreased to 3.10 ± 0.067 log cfu/g by the seventh day. Similarly, the
population of S. aureus in salted smoked mackerel formulated with 5% NaCl (aw levels of 0.90 and
pH of 6.20) with an inoculation size of 3.50 ± 0.26 increased to 5.78 ± 0.77 log cfu/g in 12 h but
subsequently decreased to 2.81 ± 0.08 log cfu/g by the seventh day. This observation is very
important for smoked fish products, in which the intrinsic properties of the fish (pH, aw and salt) and
the storage temperature must interact to prevent growth or preferably promote inactivation of the
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Table 6.4. Growth and enterotoxin A and B production of S. aureus in relation to sodium chloride concentration, water activity, pH and
storage time in laboratory-formulated smoked mackerel at 30oC.
__________________________________________________________________________________________________________________________
Low inoculum
High inoculum
NaCl
Water
Time S. aureus counts
Aerobic counts
S. aureus counts
Aerobic counts
(% w/w)
pH
activity
(Days) (log cfu/g)
(log cfu/g)
SEA SEB
(log cfu/g)
(log cfu/g) SEA SEB
__________________________________________________________________________________________________________________________
0
6.29 0.96
0
3.55 ± 0.14
4.15 ± 0.20
4.13 ± 0.58
4.67 ± 0.43 1
6.01 ± 0.62
6.81 ± 0.69
+
7.36 ± 0.38
7.88 ± 0.22 +
+
3
5.67 ± 0.09
7.14 ± 0.34
++
+
6.49 ± 0.66
7.08 ± 0.47 ++
++
7
3.10 ± 0.07
5.64 ± 0.57
++
++
3.79 ± 0.66
7.05 ± 0.53 ++
++
5
6.20 0.90
0
3.50 ± 0.26
3.75 ± 0.30
4.53 ± 0.20
5.02 ± 0.37 1
5.78 ± 0.77
6.40 ± 0.90
6.70 ± 0.17
7.18 ± 0.32 +
3
4.48 ± 0.69
6.22 ± 0.29
5.55 ± 0.71
6.14 ± 0.74 +
+
7
2.81 ± 0.08
5.36 ± 0.26
3.31 ± 0.29
6.11 ± 0.50 +
+
10
6.16 0.79
0
3.08 ± 0.16
3.28 ± 0.25
4.50 ± 0.21
4.92 ± 0.14 1
3.74 ± 0.37
4.59 ± 0.51
5.02 ± 0.22
5.32 ± 0.36 3
3.00 ± 0.43
3.55 ± 0.14
4.07 ± 0.51
4.78 ± 0.62 7
1.89 ± 0.47
3.68 ± 0.09
2.63 ± 0.65
4.65 ± 0.61 15
6.13 0.75
0
3.36 ± 0.15
3.84 ± 0.39
4.52 ± 0.26
4.82 ± 0.10 1
3.10 ± 0.69
3.48 ± 0.64
4.23 ± 0.17
4.69 ± 0.40 3
2.27 ± 0.56
3.06 ± 0.41
3.28 ± 0.46
3.62 ± 0.52 7
1.77 ± 0.38
3.46 ± 0.08
2.03 ± 0.25
3.56 ± 0.51 Inoculated 6.28 0.94
0
3.52 ± 0.50
4.32 ± 0.39
5.13 ± 0.34
6.82 ± 0.48 Retail
1
5.74 ± 0.08
5.98 ± 0.15
7.50 ± 0.08
8.03 ± 0.26 ++
++
Samples
3
5.69 ± 0.04
6.00 ± 0.24
+
+
7.32 ± 0.20
7.95 ± 0.30 +++ +++
7
3.18 ± 0.33
6.03 ± 0.33
+
+
4.24 ± 0.15
8.09 ± 0.39 +++ +++
Un-inoculated
0
2.50 ± 0.18
4.04 ± 0.41
Retail
6.28 0.94
1
3.55 ± 0.03
4.17 ± 0.37
Samples
3
3.64 ± 0.11
4.29 ± 0.20
(control)
7
2.30 ± 0.69
4.37 ± 0.23
________________________________________________________________________________________________________________________
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pathogen (Whiting et al., 1996). Furthermore, it was also observed that the growth of S. aureus in
the smoked mackerel products tested was in general faster in samples with high inoculation size
than in samples with low inoculums size under similar holding condition. The effect of storage
temperature (5oC and 30oC) on the growth behaviour of S. aureus in smoked mackerel products is
shown on Table 6.5. Temperature had a strong effect on the probability of growth and toxin
production by S. aureus in smoked mackerel. There was a rapid rise in both S. aureus and aerobic
plate population when smoked mackerel was stored at 30oC. At 30ºC, much higher growth was
recorded in the unsalted smoked mackerel (aw level of 0.96 and pH of 6.29), reaching 7.36 ±
0.38cfu/g after 24 hours. Growth was also recorded in salted smoked mackerel formulated with 5%
NaCl (aw levels of 0.90 and pH of 6.20) and in the inoculated retail samples (a w levels of 0.94 and
pH of 6.28) at this temperature. Storing smoked fish under ambient temperature conditions favoured
growth of S. aureus but at 4oC growth of this pathogen was inhibited. Similarly at 4ºC, growth did
not occur in the unsalted mackerel and mackerel formulated with 5% NaCl but remained nearly
stable.

As NaCl concentration increased, counts of S. aureus decreased continuously, reaching 1.86 ±
0.380 cfu/g and 1.31 ± 0.91 cfu/g in smoked mackerel formulated with 10 and 15% (w/w) NaCl,
respectively, after seven days of storage at 4oC. Generally, S. aureus grew more rapidly at 30oC.
There was only slight unexplained increase in S. aureus counts in unsalted smoked mackerel, pH
6.29 and aw 0.96 at4oC and this occurred with the first 12 h of storage. However, there was marked
growth in unsalted samples stored at 30oC, ranging from an initial count of 3.55±0.14 cfu/g to
6.01±0.62 cfu/g after 24 hours of storage and finally decreasing to 3.10±0.07 cfu/g on day 7. For the
salted mackerel, a high growth occurred at 30oC, pH 6.2 and aw 0.90, reaching 5.78±0.77 after 24
hours of storage. At 10% (w/w) and 15% (w/w) sodium chloride treatments, counts of S. aureus
decreased regardless of the storage temperature.
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Table 6.5.
Growth of Staphylococcus aureus and enterotoxin production in smoked mackerel inoculated with log 102 S. aureus under
different temperature conditions
_________________________________________________________________________________________________________
Inoculum

S. aureus survival at 4oC

S. aureus survival at 30oC

size

Sample

Days) 0

Day 7

Day 0

Day 7

Low

Unsalted

3.15 ± 0.16

3.89 ± 0.30

3.55 ± 0.14

3.10 ± 0.07

5% NaCl

3.19 ± 0.35

3.26 ± 0.24

3.50 ± 0.26

2.81 ± 0.08

10% NaCl

3.21 ± 0.18

1.86 ± 0.38

3.08 ± 0.16

1.89 ± 0.47

15% NaCl

3.14 ± 0.17

1.31 ± 0.91

3.36 ± 0.15

1.77 ± 0.38

Inoculated retail samples

3.80 ± 0.41

2.40 ± 0.75

3.52 ± 0.50

3.18 ± 0.33

Uninoculated retail samples

2.55 ± 0.10

1.80 ± 0.44

2.50 ± 0.18

2.30 ± 0.69

Unsalted

4.94 ± 0.24

2.84 ± 0.10

4.13 ± 0.58

3.79 ± 0.66

5% NaCl

4.84 ± 0.30

2.14 ± 0.44

4.53 ± 0.20

3.31 ± 0.29

10% NaCl

4.54 ± 0.14

1.66 ± 0.07

4.50 ± 0.21

2.63 ± 0.65

15% NaCl

4.56 ± 0.10

1.58 ± 0.24

4.52 ± 0.26

2.03 ± 0.25

Inoculated retail samples

5.67 ± 0.45

2.74 ± 0.12

5.13 ± 0.34

4.24 ± 0.15

High

____________________________________________________________________________________________________________
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A summary of the regression analysis for smoked mackerel is shown in Table 6.6. Results from the
regression analysis show that temperature, NaCl, aw, pH, inoculum size had significant (p<0.001)
effects on the rate of decline of the S. aureus population in smoked mackerel.
Table 6.6. Table of multiple regression analysis results for the survival of S. aureus and
aerobic bacteria in smoked mackerel
_________________________________________________________________
Factor
Rate of
P>|t|
r2
decline
__________________________________________________________________
Staph. aureus
Temp
0.04
p<0.0001
0.11
NaCl
-0.13
p<0.0001
0.30
aw
7.55
p<0.0001
0.21
Ph
9.58
p<0.0001
0.18
Time
-0.03
0.296
0.00
Inoculum size
-1.23
p<0.0001
0.25
Uninoculated
-1.95
p<0.0001
0.25
Interactive effect of temperature, sodium chloride, water activity,
pH, time and inoculum size
Temp
0.03
p<0.0001
0.61
NaCl
-0.08
0.208
aw
5.27
0.198
Ph
-3.35
0.444
Time
-0.06
0.006
Inoculum size
-1.14
p<0.0001
Aerobic bacteria
Temp
NaCl
Aw
Ph
Time
Inoculum size
Uninoculated

0.04
-.14
8.71
11.20
-0.03
-1.13
-1.63

p<0.0001
p<0.0001
p<0.0001
p<0.0001
0.319
p<0.0001
p<0.0001

0.10
0.33
0.26
0.24
0.00
0.19
0.19

Interactive effect of temperature, sodium chloride, water activity,
pH, time and inoculum size
Temp
0.03
p<0.0001
0.58
NaCl
-0.11
0.121
aw
4.88
0.277
pH
-4.44
0.356
Time
-0.05
0.033
Inoculum size
-0.99
p<0.0001
________________________________________________________________
It is important to note that although the r2 values for temperature ((r2 = 0.11), NaCl (r2 = - 0.30), aw
(r2 = 0.21), pH (r2 = 0.18), time (r2 = 0.00), inoculum size (r2 = 0.25) and un-inoculated (r2 = 0.25)
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were low, the correlation between S. aureus counts and these factors were significant (p<0.001),
indicating a strong influence on the number of viable S. aureus. Interactive effect of temperature,
sodium chloride, water activity, pH, time and inoculum size on survival of S. aureus in smoked
catfish was highly linear (r2 = 0.61), however this effect was statistically significant (p<0.001) only
for temperature and inoculum size. Analysis of the cumulative effect of temperature, sodium
chloride, aw, pH, time and inoculum size also showed a linear effect on aerobic bacteria count in
smoked catfish (r2 = 0.58). Total aerobic counts were lower in the higher salt samples and these
differences were statistically significant (P < 0.0001). Similarly, total aerobic counts at 4oC were
lower than at 30oC. There was significant difference in total aerobic counts between storage
temperatures (P< 0.0001).

6.3.3 Enterotoxins A (SEA) and B (SEB) production in smoked catfish and smoked
mackerel
The results show that varying amounts of SEA and SEB were produced in smoked catfish and
smoked mackerel. No SEA and SEB were produced in any of the unsalted smoked catfish and
smoked mackerel samples stored at 4oC. These results are consistent with studies by Hung et al.
(1993), and Yang et al. (2001), who reported no growth and enterotoxin production by S. aureus
held at 5°C, in rice products and in egg products, respectively, regardless of initial inoculum size. In
salted catfish and mackerel, SEA and SEB were detected only in samples formulated with 5%
(w/w) sodium chloride and stored at 30oC. The results demonstrate the inhibitory effects of low
temperature, low water activity and sodium chloride on the survival and production of enterotoxins
by S. aureus in smoked catfish and smoked mackerel. The population of S. aureus in unsalted
smoked catfish with low inoculum reached 5.37 ± 0.65 cfu/g on day 2 in samples stored at 30oC.
SEA and SEB levels were low in these samples. However when unsalted smoked catfish was
inoculated with the higher level of inoculum (104 cfu/g), counts of S. aureus reached 7.14 ± 0.31
cfu/g in samples stored at 30oC, resulting in complete agglutination (+++) for enterotoxins A and B
within 24 h.
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Similar unsalted catfish samples inoculated with lower inoculum size did not yield detectable levels
of enterotoxins A and B until the third day and this was detected at the lowest detectable level (+).
These results therefore indicate a dose-dependent effect of inoculum on enterotoxin production.
Other studies have indicated the importance of inoculum size on the ability of a microbial
population to initiate growth (Razavilar and Genigeorgis, 1998; Masana and Baranyi, 2000; Pascual
et al., 2001; Robinson et al., 2001) or the location of the growth/no growth boundary for different
strains of bacteria (Robinson et al., 2001). At 30oC, SEA and SEB were detected only in the
samples formulated with 5 % (w/w) sodium chloride and inoculated with high inoculum. No SEA
and SEB were present in any of the un-inoculated catfish from the retail outlets. However, SEA and
SEB were detected in the inoculated retail samples inoculated with low and high inoculum and
stored at 30oC.
The population of S. aureus in unsalted smoked mackerel with low inoculum reached 6.01 ± 0.62
cfu/g on day 2 in samples stored at 30oC and SEA was detectable at this stage (characterised by
small pellet visible in the centre of the agglutination latex). SEA and SEB were detected in these
samples on the third day of storage. At high inoculum (104 cfu/g) and 30oC storage temperature,
counts of S. aureus in unsalted smoked mackerel reached 7.36 ± 0.38 cfu/g within 24 hours and
agglutination reactions showed complete agglutination for SEA and SEB. For the salted mackerel
samples, SEA and SEB were not detected in any of the samples stored at 4oC and in the samples
inoculated with low inoculum. At 30oC, SEA and SEB were detected only in the samples
formulated with 5% (w/w) sodium chloride and inoculated with high inoculum. No enterotoxins
were detected in the smoked mackerel formulated with higher than 5% (w/w) sodium chloride. No
SEA and SEB were present in any of the un-inoculated smoked mackerel from the retail outlets.
However, SEA and SEB were detected in the inoculated retail samples stored inoculated with low
and high inoculum and stored at 30oC.
6.4

Discussion and conclusion

Plahar et al., (1999) reported the incidence of S. aureus in smoked fish in Ghana. Heavy
contamination of fish with SEB and SEA producing strains of S. aureus have also been reported in
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processed fish samples in Nigeria (Sokari, 1991). Studies show that S. aureus is capable of
producing enterotoxins under a wide range of temperatures (Bergdoll, 1989; Schmitt et al., 1990).
Despite extensive handling and widespread sale of smoked fish products under ambient conditions
in developing countries like Ghana, to our knowledge there have not been previous studies
investigating the survival and production of enterotoxins by S. aureus in this kind of fish products
in the country. Based on the assumption that the pathogen can be introduced into fish through raw
materials, handling, and unsanitary procedures and equipment (Pepe et al., 2006), this study has
demonstrated the ability of S. aureus to produce enterotoxins in salted smoked mackerel and
smoked catfish at low temperature (4oC) and at 30oC storage conditions. Microbial survival and/or
growth depend not only on water activity (aw) but also on the chemical and physical properties of
the humectant (Stewart et al., 2002). Lanciotti et al. (2001) studied the effect of temperature, pH, aw
and ethanol concentration on the probability of growth of S. aureus, but only at growth
temperatures above 10°C. Moreover, Lanciotti et al. (2001) in their study used glycerol instead of
NaCl as humectant to adjust aw levels. Stewart et al. (2002) studied the effect of different
humectants on the growth of S. aureus, but only at optimal growth temperature (37°C). In the
present study, the inhibitory effect of NaCl, aw and temperature on S. aureus was investigated. The
results show that 10% (w/w) sodium chloride was able to limit the growth of S. aureus below the
level that can produce enterotoxins.

Several studies have reported the tolerance of S. aureus to high concentrations of sodium chloride
(Bergdoll, 1989; Thomas and Wimpenny, 1996; Bayani and Azanza, 2005). Rieman et al., (1972)
reported S. aureus growth and toxin production in laboratory media with sodium chloride
concentrations of up to 15% (w/v) and in food with sodium chloride concentrations of 10% (w/v) at
the pH normally found in cured meats. Whether growth at such a high sodium chloride
concentrations was due to inadvertent selection of a few salt-tolerant cells or by other metabolic
processes was not determined. However a number of studies have attributed the osmotolerance of S.
aureus to NaCl to its ability to maintain its outer membrane structural integrity (Hajmee et al.,
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2006) and accumulate osmoprotectants such as proline, choline, taurine and glycinebetaine under
osmotic stress (Neidhardt et al., 1990; Townsend and Wilkinson, 1992; Jablonski and Bohach,
1999).

In this study the addition of 10% (w/w) salt to smoked catfish or smoked mackerel would seem to
constitute a substantial hurdle for S. aureus to overcome and grow to reach levels that can cause
food safety problems. Generally therefore, the model used in this study showed a decline in S.
aureus populations with increasing salt concentration and with storage time. This decline was
higher in smoked fish products stored at refrigeration temperature (4 oC) than similar fish products
stored at simulated ambient conditions (30oC). S. aureus is a mesophilic bacterium and temperature
is one of the most important growth controlling factors that affect the location of the growth/no
growth boundaries (Lanciotti et al., 2001; Fujikawa and Morozumi, 2006). Decreasing the storage
temperature constituted an additional hurdle which together with NaCl significantly inhibited the
growth rate of S. aureus in smoked catfish and mackerel. These findings are in agreement with
results from other studies which highlight the inhibitory effects of low temperature on growth rate
of S. aureus in different foods (Lindgvist et al., 2002; Wong et al., 2004; Rho and Schaffner, 2007).

The results also show that although S. aureus may be inhibited in salted smoked fish and
refrigerated smoked fish, the pathogen can remain dormant under extremely low temperatures, low
aw and high salt concentrations. This may be due to the ability of S. aureus to tolerate low water
activity food. Smoked fish products in which S. aureus can survive and remain dormant may
become hazardous if the fish is used as an ingredient in other foods in which staphylococci can
grow. However although S. aureus survived in smoked catfish and smoked mackerel formulated
with 10% and 15% (w/w) sodium chloride, enterotoxins were not detected in these samples.
Generally, as the sodium chloride concentration increased from 0 to 15% in these samples, the
yields of enterotoxins A and B decreased to undetectable levels. McLean et al. (1968) have
observed that, although sodium chloride concentrations of up to 10% had a relatively slight effect
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on total growth, they caused a definite decrease in toxin production above 3% NaCl. The result also
shows that initial inoculum size was very important in determining the survival of S. aureus and the
production of enterotoxins in smoked catfish and mackerel products. These results therefore suggest
that even if smoked mackerel or smoked catfish become contaminated with low (102 cfu/g) S.
aureus, the population of the bacteria is likely to decline with time in adequately salted smoked fish
and may not to grow to levels that could produce toxins. Other studies have highlighted the
importance of inoculum size on the ability of a microbial population to initiate growth (Masana and
Baranyi, 2000; Pascual et al., 2001; Robinson et al., 2001).

The present study extends our knowledge of the combined effects of NaCl, aw, pH and temperature
on the growth of staphylococci and on the subsequent production of enterotoxins A and B in
smoked fish. Treating smoked catfish and smoked mackerel with sodium chloride can therefore
make them safe to store by lowering the water activity to a point that will not allow S. aureus to
grow. Other factors, including pH, water activity, were also significant. This implies that the effect
of sodium chloride treatment is more pronounced when other interactive factors, including the
intrinsic composition of the food and storage temperature act together in synergy. Genigeorgis
(1989) has also highlighted the importance of the intrinsic characteristics of the food (pH, water
activity, Eh, preservatives, competing microbial flora, natural food) and extrinsic parameters of
processing and storage (temperature, freezing, irradiation, dehydration, packaging, humidity) in
inhibiting S. aureus. In this study, when one of the growth conditions improved, for example higher
growth temperature, the effects of sodium chloride on S. aureus decreased. The risk of S. aureus
contamination is high when food handlers with skin infections contaminate foods that are
undercooked or when food is left under ambient temperature and is generally associated with
extensive manual handling, inadequate heating and/or inappropriate storage of the food (Catteau,
1993; Sattar et al., 2001; Le Loir et al., 2003; Smyth et al., 2004; Sneed et al., 2004; Pepe et al.,
2006; DeVita et al., 2007). For smoked catfish and smoked mackerel destined for ambient storage
therefore, the processes applied must ensure that the water activity levels are low enough to prevent
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the growth of S. aureus to the threshold level of 105 cfu/g (Notermans and Heuvelman, 1983;
USDA, 2007).

Whilst staphylococci can be destroyed easily, the enterotoxins are heat stable and may be present in
food when S. aureus are absent (Balaban and Rasooly, 2000). The minimal water activity for the S.
aureus growth is in the range from 0.83 to 0.86 aw (Troller and Stinson 1975). Fish processors
must therefore aim at achieving aw levels below 0.82 in order to ensure their safety. This can be
achieved in fish smoking by the addition of salt and prolonging the drying period under low heat
conditions. The results suggest that the interaction between a number of factors, including,
temperature, water activity, salt, pH and inoculum size could be more important at influencing the
growth of S. aureus in smoked fish. For smoked fish formulated with 5% (w/w) sodium chloride or
unsalted fish products the drying period must be long enough to reduce the water activity to lower
than 0.85 in order to enhance the antimicrobial properties of these products and prevent the growth
and toxin production by S. aureus. The raw material quality, handling, equipment, and sanitary
procedures as well as the heating, storage and retail of the fish must be improved so that fish does
not become contaminated with S. aureus during any of these stages. The use of appropriate utensils,
gloves e.t.c will greatly improve safety of smoked fish. Furthermore, standardising the preparation
methods would help minimise the variability in product characteristics and ensure that traditional
fish products are safe.
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Chapter 7
7.0

Self-reported and observed food safety practices in fish processing units in Ghana

7.1

Introduction

Commercial food establishments are a potential source for outbreaks of foodborne diseases. It is
also widely recognised that food handlers play a critical role in spreading foodborne infections.
Food workers who do not carry out appropriate food safety practices and good personal hygiene,
including handwashing at the appropriate times, can contaminate food. Food safety surveys
conducted in many countries provide general indications of the food safety practices undertaken by
commercial food handlers (Manning, 1994; Angelillo et al., 2000, 2001b; Clayton et al., 2003;
Walker et al., 2003a). Many of these studies show that food handlers tend to overestimate the
frequency with which they carry out food safety practices (Oteri and Ekanem, 1989; Manning and
Snider, 1993; Howes et al., 1996). Consequently, it has been argued that direct observation,
although not without its limitations, represents a more accurate and reliable method of capturing
food handlers’ actual hygiene practices and place the behaviour in context (Gittelsohn et al., 1997;
Redmond and Griffith, 2003a). Data on food handling practices in Ghana are limited and much of the
information collected to date concerns food safety awareness and knowledge rather than
actual food handling practices (King et al., 1998; Nuer, 2001; Acheampong, 2005; Annor and
Baiden, 2011). This survey was undertaken to identify and compare differences between selfreported food-handling behaviours and actual food safety behaviours of fish handlers in Ghana.
Specific information on purchasing, transport, storage, thawing, processing, retail and
hygiene practices was requested in the questionnaire. The primary purpose was to provide data to
support food safety promotion. Specifically, the objectives of this study were to:
1.

determine whether fish handlers followed food safety guidelines in the purchasing, storage,

processing and retail of fish,

2. compare the self-reported food safety behaviour of fish handlers with their observed food
safety behaviour and,
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3. determine any barriers to food safety compliance and food safety inspectors views,

challenges and limitations about the enforcement of food safety and hygiene regulations.
It was hypothesised that:
1.

fish handling practices during purchasing, storage, transportation, processing and retail

would not meet food safety standards,
2.

most fish handlers know the basics of food safety but do not always practice these behaviours

The data reported here are qualitative, obtained through structured interviews and direct
observations of purchasing, transportation, storage, thawing, processing and retailing and hygiene
practices. The observed food safety practices were compared according to socio-demographic
variables and prior food safety education.
7.2

Methodology

7.2.1 Interviews with fish handlers and food safety enforcement officers
This study took a dual approach, examining the roles and activities of food handlers and
enforcement agents and communication between the two groups. The study was conducted between
January and February 2011 to collect data on contributing factors to food safety problems in the
traditional fish processing sector in Ghana. The sample was composed of 161 randomly selected
fish handlers from 4 districts in the Central region (Gomoa, Mfantsiman, Cape Coast and the
Komenda, Edina, Eguafo, Abirem Districts) and 3 districts from the Greater Accra region (Tema,
Accra and Ga) of Ghana, using a cluster sampling procedure (Kelly, 2006). Sixty self-completed
questionnaires were also distributed to staff of the Food and Drugs Board and seven local
authorities in the Greater Accra and Central Regions of Ghana to collect data on food safety
enforcement and compliance. Forty-eight of the sixty questionnaires were returned, a response rate
of 80 per cent. A two-stage sampling method was used in which in the first stage, the survey
districts were selected by means of cluster sampling and in the second stage, a convenient sample of
respondents within the selected districts were interviewed and observed. Respondents were at least
18 years old. Five interviewers were recruited and trained by the principal investigator to administer
the questionnaire. Before data was collected, the interviewers took turns to interview each other for
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practice after which a convenient sample of 20 fish handlers was selected to pilot-test the
questionnaires. The questionnaires were revised using comments collected from the pilot test.
7.2.2 Food safety questionnaire design
The fish handlers’ questionnaire (Appendix D) centred on fish-handling and preparation practices,
personal hygiene, and hand-washing and food handlers’ perceptions of food safety. This was based
on Codex Alimentarius Food Hygiene Basic Text (CAC, 2009) and the Codex Codes of Practice for
fish and fishery products (CAC/RCP 52-2003). Food safety opinions and sources of information,
food handling unit food safety policies, food safety management and business culture as well as
supervision, peer support, regulatory compliance and training programmes were also assessed.
Other questions focused on factors essential to successful implementation and challenges during
implementation of food safety practices. The study also sought to identify stages in the food chain
that appeared to be particularly problematic for food businesses. The questionnaire for the
enforcement agents (Appendix E) was created after interviews with food safety inspectors from the
Food and Drugs Board and the public health units of the districts and metropolitan assemblies. The
questions were either of yes/no format, Likert rating scales format or open, with the interviewees
selecting responses from a list provided in the questionnaire and recording those not on the list as
“other”. The officers were asked to rate their competence with some items on a five-point answer
scale, with categories of “1 = not competent, 2 = moderately competent, 3 = competent, 4 = very
competent and 5 = extremely competent” categories. The questionnaire consisted of 30 questions.
7.2.3 Self-reported and observed fish handling practices
Participant observation of fish handlers at landing, processing and vending sites as well as the state
of hygiene and sanitation in and around the handling sites was conducted using a checklist adapted
from the Codex basic text on food hygiene (CAC, 2009) and the Codex Codes of Practice for fish
and fishery products (CAC/RCP 52-2003) (Appendix F). Twenty-eight premises were randomly
selected and the structured checklist used to interview food workers actively employed in the fish
industry about their self-reported and observed food safety behaviours. Selected commercial units
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were visited and meetings held with managers and/or workers and owners to arrange for
observation, followed by assessment of food safety practices and compliance at control points
(landing sites, retail units, processing and storage facilities) by fish handlers during their operations.
7.2.4 Participant observation procedures
During the visit, a tour of the landing sites, transport facilities, processing units, fish storage units,
waste storage areas, water reservoirs and water sources was conducted under the guidance of the
fish handlers and/or managers and/or owners. Important and relevant observations were recorded
using the checklist. Presence of public and sanitary utilities were determined, availability of toilets,
adequate washing facilities, electricity, and refrigeration/freezer storage at handling and processing
units and in retail outlets. The exterior of the landing/processing/vending premises were assessed.
The appearance of fish handlers, processors and retailers was noted. Participants in the study were
observed on an individual basis. After the tour a question and answer (Q&A) session was held with
managers and/or employees or owners of the fish handling unit (landing sites, cold stores, transport,
processing, and retail and storage units) for a survey on self-reported practices using the checklist
(Appendix F).
7.2.4.1 Coding observed behaviours
The observational checklist was used to track the following behaviours: hand-washing, avoiding
cross-contamination, sanitation and hygiene. The number of times a particular action was required
to be correctly performed and the number of times it was correctly performed was recorded using a
coding scheme. This scheme was applied to behaviours for which a correct practice was defined
(e.g. properly washing hands after use of the toilet, rinsing hands with water and wiping with a
towel). A second coding scheme was applied to the premises (infrastructure) structure and its
suitability for fish processing, fish handlers’ skills and knowledge. These remaining behaviours
were coded as either yes (i.e. observed) or no (i.e. not observed).
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7.2.5 Statistical analysis
Questionnaire responses were entered into an electronic database (Access 2010, Microsoft
Corporation, Redmond, WA). Entry-validation checks were performed on all questionnaires by
manually comparing the database and hard-copy versions. The data were then exported and
analysed for means, standard deviations and correlation using Excel (Excel 2010, Microsoft
Corporation, Redmond, WA) and SPSS (Version 18, Chicago, IL). Descriptive statistics, including
frequencies and percentages, were calculated for all variables. Observed food safety practices and
self-reported practices were compared. Results were presented in tables. Results of statistical
analyses were also reported with a significance level of p ≤ 0.05.
7.3 Results
7.3.1. Demographic characteristics of fish handlers
The demographic characteristics of the 161 fish handlers interviewed in this survey are shown in
Table 7.1. The results show that 67.1% of the respondents were female. These results are consistent
with previous studies which show that women are largely responsible for fish processing and
handling in Ghana (Odotei, 2002; Britwum et al., 2006). The mean age of the respondents was 36.6
years and nearly a third (27%) of them had no formal education.

The majority (69.5%) of the fish handlers had been working in the fish industry for at least 5 years
and in various stages of the fish chain, including fishing (13.7%), fresh fish retail (38.5%), fish
processing (25.5%), transportation (9.3%) and processing and retail (8.7%). The majority (77%)
had no food safety certification and had never heard of Hazard Analysis and Critical Control Point
(HACCP). This is not surprising since small and micro businesses are more likely to be unfamiliar
with HACCP. Taylor et al. (2011) have also reported low levels of HACCP awareness among food
handlers in studies carried out in Barbados, Dubai, Nigeria and Oman. The 26 (16.1%) fish handlers
who had heard of HACCP, cited the press (30.8), food safety inspectors (23.1%) food safety
seminars (15.4%) and the Food and Drugs Board (11.5%) as their source of HACCP information.
Some of these sources, including the press are not reliable sources of HACCP information.
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Table 7.1. Demographic characteristics of respondents
_____________________________________________________________________
Factor Level
n
%
_____________________________________________________________________
Age group
18-24
11
6.8
25-34
62
38.5
35-44
50
31.1
45-54
35
21.7
55-64
3
1.9
Gender

Male
Female

53
108

Education

32.9
67.1

No school
43
26.7
Primary
61
37.9
Secondary
51
31.7
College
4
2.5
Higher education
2
1.2
Number of years in fish business
1-4
27
16.8
5-9
58
36.0
10-19
54
33.5
20-29
11
6.8
30-45
11
6.8
Food safety certification
Yes
35
21.7
No
124
77.0
Primary area in food business
Fishing
22
13.7
Fresh fish retail
68
38.5
Fish processing
41
25.5
Fish transport
15
9.3
Fish processing and retail
14
8.7
Others
7
4.3
Ever heard of hazard analysis and critical control points (HACCP)?
Yes
26
16.1
No
124
77.0
Source of HACCP information
Food safety inspector
6
23.1
The press
8
30.8
Food safety seminars
4
15.4
Food and Drugs Board
3
11.5
Others
5
19.2
Rank your understanding of HACCP
Very Poor
5
19.2
Poor
14
53.8
Good
4
15.4
Very good
2
7.7
Excellent
1
3.8
__________________________________________________________
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Only a minority of those who indicated that they had heard of HACCP said they had good (15.4%),
very good (7.7%) or excellent (3.8%) knowledge of HACCP. This lack of knowledge of the
HACCP concept is a main barrier to its implementation. The survey also found that none of the fish
firms had any documentation of food safety management.
7.3.2. Fish handling practices and their safety
7.3.2.1. Raw fish handling practices and their safety
At least 51.9% of fish handlers handle raw fresh, frozen or thawed fish (Table 7.2). The fresh fish
are usually bought directly from fishermen or their agents. However, in many cases frozen fish are
imported fish retailed in cold stores. An important determinant of fresh fish safety and overall
quality during storage, distribution and consumption is the time/ temperature conditions. In this
study, just over 76% of fish handlers use home fridges or freezers to store raw fish. After buying
fresh fish 42.2% always and 46.6% sometimes use clean ice chests, basins, boxes packed with ice
flakes or cubes to transport fish to the processing sites. As many as 54.7% did not have ice flakes or
cubes to quickly reduce and maintain the temperature of fish to 5oC or below during capture, retail,
transportation or purchase. The quality and freshness of fish rapidly declines post-mortem due to a
variety of microbial and biochemical degradation mechanisms (Pigott and Tucker, 1990; Whittle et
al., 1990; Olafsdóttir et al., 1997). Some 38.5% of the fish handlers spend one to two hours and
another 29.2% spend more than two hours transporting fish to processing sites. Thus, there is the
possibility that high ambient temperatures and long pre-processing periods together with the long
distances from the landing sites to processing units may accelerate the deterioration of fish
quality and can result in potential health risks (Ababouch et al., 1996; Cheke and Ward. 1998;
Karungi et al., 2004). To slow the mechanisms involved in quality loss and microbial growth,
appropriate interventions including fish refrigeration immediately after capture, cooling and storage
in either flake ice (Nunes et al., 1992) or ice slurries (Rodríguez et al., 2004; Rodríguez et al., 2006;
Barros-Velázquez et al., 2008; Rey et al., 2012) or preservation with chemical agents (Hwang and
Regenstein, 1995) are required. Nearly half (47.2%) of the fish handlers thawed fish in tap water
and 18.6% thawed fish in the sun or along-side the mud ovens used for fish smoking. Inappropriate
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defrosting may further accelerate microbial growth and spoilage. More than one-half of the
respondents (51.6%) said they sometimes refreeze thawed fish whilst 30.4% always refreeze thawed
fish.

Table 7.2.

Fish handlers’ handling of fresh, frozen and thawed fish products

_______________________________________________________________________
Factor
n
%
______________________________________________________________________
Type of raw fish handled
Fresh
72
44.7
Frozen
67
41.6
Thawed
9
5.6
Others
13
8.1
Do you have a fridge or freezer?
Yes, a fridge
2
1.2
Yes, Freezer
81
50.3
Yes, Fridge and freezer
40
24.8
No
38
23.6
Raw fish placed in clean ice chests/basins/boxes during transportation to processing site
Yes, always
68
42.2
Yes, sometimes
75
46.6
No
18
11.2
Time between purchase of raw fish and processing
Up to one hour
51
31.7
From one to two hours
62
38.5
Two hours or more
47
29.2
How you thaw frozen fish
No thawing at all
29
18.0
In hot water
8
5.0
In cold water
76
47.2
On counter
6
3.7
In fridge
9
5.6
In the sun or along-side mud oven
30
18.6
Others
2
1.2
Refreeze thawed fish
Yes, always
49
30.4
Yes, sometimes
83
51.6
No
27
16.8
_______________________________________________________________________
7.3.2.2. Processed fish handling practices and their safety
Nearly half (44.7%) of fish handlers cooled processed fish to room temperature before storing it in
the fridge, 24.8% stored processed fish in open air, at room temperature and 18.6% outdoor in the
sun. Processed fish was stored for 24 hours (54%), one week (35.4%), one month or less (6.8%),
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one to three months (1.9%) and over three months (1.2%) to ensure drying. Observations showed
that much of the smoked fish was left on/in the smoking oven for several days and occasionally
reheated to facilitate drying. Similarly, salted tilapia was dried in the sun. Though this process
facilitates drying, it exposes processed fish to the elements and could pose a public health risk if not
properly controlled. Plahar et al. (1999) reported a protective top cover. However, this practice was
not observed in this study. When asked about risks associated with their storage methods, the
majority (79.5%) said there were no risks associated with their way of fish storage. Among those
who thought there were risks associated with the way fish was stored (20.5%), 8.7% mentioned
food poisoning and 13% mentioned fungal attack as the likely risk associated with fish storage.
Whereas 31.4% of respondents thought the risks inherent in their fish storage practice would
increase, 54.3% thought their storage methods would decrease the risks. Others (14.3%) thought
poor storage can contribute to fish contamination with pathogenic and spoilage microorganisms.
Unless potentially protected inherently, simply storing hazardous foods such as smoked fish or
salted fish in the open without regard to temperature and microbial growth may increase the risk of
contamination with microorganisms which may cause foodborne illnesses. Pathogens which may
survive as a result of inadequate heat treatment, or introduced as a result of poor handling practices
and post-processing contamination may increase to levels that may cause foodborne illnesses in
products with high aw level. Almost two-thirds (61.5%) of fish handlers were of the opinion that
smoked fish products in Ghana were very safe and 35.4% said smoked fish was somewhat safe, the
latter group clearly unsure of the certainty of fish safety overall (Table 7.3). Only 19.3% thought
that it was not safe to leave smoked fish in the open. A majority (75.8%) of fish handlers thought
their fish products posed a low risk to consumers and 94.4% of them expressed their willingness to
change the way they handled fish if they knew people could become sick after eating improperly
handled fish. Adu-Gyamfi (2006) reported total viable counts of 2.45 to 9.09 log10 cfu/g, coliform
counts of 0 to 8.13 log10 cfu/g and mould and yeast counts of 0 to 5.87 log10 cfu/g in smoked
mackerel and smoked tuna on open display in retail outlets in Accra, a selected site for this survey.
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Table 7.3. Processed fish storage practices
___________________________________________________________________
Fish handling practice
n
%
___________________________________________________________________________
How do you store processed fish?
In open air, at room temperature
40
24.8
Outdoor in the sun
30
18.6
Cool it to room temperature and store in fridge
72
44.7
Put into fridge immediately
14
8.7
Others
5
3.1
Reasons for storing processed fish in open air
To dry properly
42
26.1
I have no other way
17
10.6
No fridge to store
23
14.3
Best way to store
63
39.1
Others
14
9.2
How long do you store processed fish in open air?
24 hours
87
54.0
One week
57
35.4
One month or less
11
6.8
One to three months
3
1.9
Three months or more
2
1.2
Any risks associated with way of fish storage?
Yes
33
20.5
No
123
76.4
What risks associated with way of fish storage
Food poisoning
14
8.7
Fungal growth
21
13.0
Others
36
22.4
Would this risk increase or decrease?
Increase
11
31.4
Decrease
19
54.3
No change
5
14.3
Opinion of safety of smoked fish
Very safe
99
61.5
Somewhat safe
57
35.4
Not safe
4
2.5
Not at all safe
1
0.6
Opinion of safety of smoked fish left in the open
Very safe
56
36.6
Somewhat safe
66
41.0
Not safe
31
19.3
Not at all safe
5
3.1
In your view what level of risks do your fish products pose to consumers
Low risk
122
75.8
Medium risk
15
9.3
High risk
12
7.5
If you knew people could become sick after eating improperly handled processed
fish, would you change the way you handle fish?
Yes
152
94.4
No
9
5.6
__________________________________________________________________________
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7.3.3. Food safety and hygiene awareness and hand-washing practices
7.3.3.1.

Knowledge of good hand-washing and personal hygiene practices

The hands of food handlers are an important vehicle for the spread of potentially pathogenic
microorganisms from faeces, nose and skin to food and for cross-contamination (Allwood et al.,
2004; Sneed et al., 2004; Fry et al., 2005). In this study, more than half (57.8%) of the respondents
said they always washed their hands before handling raw fish and 39.8% said they did so sometimes
(Table 7.4). Nearly half (49.7%) of fish handlers who wash their hands do so with only tap water or
water stored in drums. Just over a third (37.3%) of the fish handlers said they wash their hands with
detergent and hot water and a minority (9.3%), said they wipe their hands with a cloth towel.
Desmarchelier et al. (1999) have reported that hand washing with water alone has no effect on S.
aureus counts on hands and that the reduction of bacteria on hands depends on the mechanical
action, the duration and the type of soap and sanitizers used.

The main problem observed during this study was the absence of sanitary and hand washing
facilities, adequate levels of water supply and soap in majority of the premises visited (Table 7.4).
These may serve as barriers to achieving effective levels of hand washing in these premises. A
logical step towards reducing the risks of foodborne illness from fish handling premises should
focus on educating food handlers, improving the environmental conditions under which the trade is
carried out and providing essential services including water, sanitary and hand washing facilities
(CAC, 2009). The majority (78.3%) of fish handlers reported that they were well informed about
food safety (Table 7.4). However, only 34.8% regularly received food safety information. Only
14.9% of fish handlers did not make any effort to receive food safety information.
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Table 7.4. Hand-washing and food safety regulation compliance among fish handlers
_____________________________________________________________________________
Fish handling practice
n
%
_____________________________________________________________________________
Do you wash hands before handling raw fish?
Yes, always
93
57.8
Yes, sometimes
64
39.8
No
3
1.9
Others
1
0.6
How do you clean your hands after handling raw fish?
No cleaning
2
1.2
Wipe with towel
15
9.3
Wash with water only
80
49.7
Wash with detergent and hot water
60
37.3
Others
4
2.5
Well informed about food safety?
Yes
126
78.3
No
32
19.9
Do you frequently receive food safety information?
Yes
56
34.8
No
103
64.0
How much effort do you make to get food safety information?

A great deal
23
14.3
Some effort
52
32.3
A little
62
38.5
None
24
14.9
_____________________________________________________________________________

Only a minority (8.1%) of respondents were not aware of the importance of separating raw from
processed fish and 3.1% did not think it important or effective to wash raw fish before processing
(Table 7.5). Only 3.1% of handlers did not know that hand-washing after using the toilet was
important or effective, 9.9% did not know that hand-washing after handling raw fish was important
and 7.5% did not know that hand-washing after shaking hands was important during food handling.
Similarly, 3.7% did not know that hand-washing after handling money was important and 1.9% did
not know that hand-washing after handling refuse was important. These results clearly show that
basic knowledge on hygiene and hand-washing was good. Annor and Baiden (2011) in their study
of food handlers in food business in Accra also observed that although food handlers in Accra had
satisfactory level of food hygiene knowledge, they lacked knowledge on specific hazards and their
knowledge was not always put into practice. Clayton et al. (2002) have also observed that whilst
food handlers were aware of food safety behaviours, the majority did not always comply.
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Table 7.5

Perception of the importance or effectiveness of health and personal hygiene practices

Not important/
Effective

Moderately
important/effective

Important/
effective

n

%

n

%

n

%

n

%

Washing raw fish

5

3.1

34

21.1

52

32.3

70

43.5

Keeping raw fish separate from processed fish

13

8.1

20

12.4

43

26.7

85

52.8

Hand-washing after using the toilet

5

3.1

15

9.3

36

22.4

105

65.2

Hand-washing after handling raw fish

16

9.9

22

13.7

53

32.9

70

43.5

Hand-washing after shaking hands

12

7.5

38

23.6

68

42.2

43

26.7

Hand-washing after touching money

6

3.7

50

31.1

53

32.3

52

32.3

Hand-washing after handling refuse

3

1.9

26

16.1

49

30.4

83

51.6

Thoroughly cooking fish

9

5.6

28

17.4

70

43.5

54

33.5

Fish safety by looking

22

13.7

32

19.9

74

46.0

33

20.5

Freezing food

12

7.5

34

21.1

77

47.8

38

23.6

Washing hands for 20 seconds

12

7.5

61

37.9

57

35.4

31

19.3

Using anti-bacterial soap to wash hands

4

2.5

23

14.3

65

40.4

69

42.9

Washing counter-top with hot soapy water

3

1.9

34

21.1

71

44.1

53

32.9

Mopping the kitchen floor

8

5.0

31

19.3

75

46.6

46

28.6
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Very important/
effective

In contrast, other studies reveal poor personal hygiene knowledge among food handlers and
failure to observe good personal hygiene practices in Accra (King et al., 1998; Nuer, 2001;
Acheampong, 2005). Mensah et al. (2002) have observed that the lack of running water and
basic sanitary facilities prevent food handlers from carrying out food safety actions.
7.3.3.2.

Awareness of food safety legal requirements

Ghana’s national legislation on hygiene and safety of food is based on Codex standards (CAC,
2009). The majority of fish handlers (88.8%) were aware that it was a legal requirement to
produce safe food (Fig. 7.1).

100

Yes
No

88.8

63.4

Percentage responses

80

56.5

60

36.6

41.6

40
20

10.6

0

legally required
to produce safe
food

Aware of
Aware of
structural
standard
requirements
operating
for premises
procedures
Awareness of food safety requirements

Fig. 7.1. Fish handlers' awareness of food safety legal requiremnets
7.3.3.3.

Perception of the level of food safety awareness in the fish industry in Ghana

Lack of knowledge about standard operating procedures (SOPs) can result in increased risk. The
majority (63.4%) reported that they were aware of structural requirements for food handling
premises. However, more than half of respondents (56.5%) were not aware of any standard
operating procedures in the fish processing industry. Mandatory training may improve
knowledge and enforcement on these requirements.
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Table 7.6
Fish handlers’ perception of food safety in fish industry in Ghana
________________________________________________________________
Factor
n
%
________________________________________________________________
Food safety is understood and communicated in fish industry in Ghana
Strongly agree
Agree
Disagree
Strongly disagree
Food safety principles are understood by employees
Not very well
Not well
Uncertain
Well understood
Very well understood
Supervisors understand principles of food safety
Not very well
Not well
Uncertain
Well understood
Very well understood
How would you describe food safety within your firm?
Food safety is not part of our vision
Food safety is a necessary and unavoidable cost
Food safety is an opportunity to build brand value
Food safety is a means of differentiation for our company
If you thought fresh fish was unsafe would you report
Yes
No
If you thought fresh fish was unsafe would you buy?
Yes
No
Refuse
If you thought fresh fish was unsafe would you buy if price is reduced?
Yes
No
Refuse

39
74
33
15

24.2
46.0
20.5
9.3

15
7
37
86
10

9.7
4.3
23.0
53.4
6.2

12
8
37
82
19

7.5
5.0
23.0
50.9
11.8

10
75
58
17

6.2
46.9
36.2
10.6

126
19

78.3
11.8

8
146
7

5.0
90.7
4.3

29
94
38

18.0
58.4
23.6

_______________________________________________________________

Nearly half (46%) of fish handlers thought that they understood food safety and 24.2% thought
that food safety issues were very well understood in Ghana (Table 7.6). More than half (53.4%)
of fish handlers thought that fish handlers understood food safety principles and over half
(50.9%) of the respondents thought that their supervisors understand food safety principles. The
importance of food safety in the respondents’ firms were described variously as, a necessary and
unavoidable cost (46.9%); food safety is an opportunity to build brand value (36.2%); food
safety is a means of differentiation for our company (10.6%); and food safety is not part of our
vision (6.2%). The majority (78.3%) of respondents indicated that if they thought fresh fish was
unsafe to consume they would report it. Over 90% of the fish handlers said they would not buy
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unsafe fresh fish. However, at a reduced price, only 58.4% of the fish handlers said they would
not buy unsafe fish. This affirms the fact that for economic reasons, food safety measures may be
sacrificed.
7.3.4. Food safety compliance and motivations for compliance
Only 45.3% of fish handlers had been issued licenses to operate their fish business (Table 7.7).
This indicates that many of the fish businesses were unregistered or not licensed to operate.
Among the businesses that were registered to operate, only 34.2% were inspected before the
licenses were issued. This may be due to the lack of food safety inspectors. Under these
circumstances regulating or inspecting these premises would be difficult. In this study, when
fish handlers were asked to comment on food safety compliance levels of other fish handlers,
they rated only 26.1% of their fellow fish handlers as compliant most of the time and 42.2% as
compliant sometimes. This may be evidence of their own self-reflection. Approximately 60.9%
of respondents have not been assessed on the level of their food safety compliance and 74.5%
said they have never been informed of any non-compliance. Regarding their firm’s level of food
safety compliance, 37.9% rated their compliance level as acceptable. The majority (74.5%) have
never been informed of non-compliance. It would appear from these findings that levels of
compliance need to be improved. Approximately 14.3% of fish handlers were driven by fear of
prosecution and sanctions, 8.7% were driven by the quest to meet industry and customer
expectations, 6.8% were driven by fear of spreading foodborne disease and 0.6% were driven by
the desire to promote brand image. Only 0.6% of enterprises complied because of their desire to
prevent food borne disease. The study identified key hindrances to compliance to include lack of
knowledge/understanding about what constitutes compliance (21.3%), poor understanding of
legislative requirements (23%). Other respondents listed a combination of several factors,
including cost and the lack of information (36.1%).
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Table 7.7. Food safety compliance and motivations
____________________________________________________________________
Factor
n
%
______________________________________________________________________
Have permit to operate?
Yes
73
45.3
No
69
42.9
License not required
19
11.8
Was site inspected before license issued?
Yes
55
34.2
No
100
62.1
Others
3
1.8
Are fish handlers complying with food safety standards?
Yes, sometimes
68
42.2
Yes, most of the time
42
26.1
No
47
29.2
Has your level of food safety compliance been assessed?
Yes
63
39.1
No
98
60.9
What is the level of your company’s food safety compliance?
Non compliance
20
12.4
Very low compliance
45
28.0
Low compliance
27
16.8
Acceptable compliance
61
37.9
Almost total compliance
6
3.7
Full compliance
1
0.6
Informed of any none compliance?
Yes
38
23.6
No
120
74.5
Reasons for complying with food safety regulations
Fear of prosecution and sanctions
23
14.3
To meet industry and customer expectations
14
8.7
Fear of being named and shamed
16
9.9
Fear of spreading food borne disease
11
6.8
To promote brand image
1
0.6
Fear of prosecution/meeting industry standards
7
4.3
All of the above
31
19.3
Reasons given by those who find it difficult to comply
Poor knowledge/understanding of what constitute compliance
13
21.3
Poor understanding of legislative requirements
14
23.0
Do not consider particular issues to constitute compliance
4
6.6
Cannot implement appropriate control methods
4
6.6
No food safety guidance information
3
4.9
Cost of compliance too high
1
1.6
Others
22
36.1
_____________________________________________________________________________

7.3.4.1 Inspections and opinion of inspections
The survey also revealed inconsistencies in the reported inspection regime (Table 7.8).
Approximately 42% of fish handlers were inspected when necessary, 26.7% said they were
inspected twice a year and 13.7% were inspected once a year. Half (50%) of the fish handlers
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said the inspectors mainly advised them on food safety during inspections, 21% said inspectors
looked for violations and applied sanctions, 16.7% said the inspectors run food hygiene courses
during visits and 11.9% said inspectors adopted a highly educational approach and encourage
them to comply with food safety standards. Sanctions applied against violators included heavy
financial penalty (16.7%) or light financial penalty (11.1%).

Table 7.8 Food safety compliance
_________________________________________________________________
Factor
n
%
_________________________________________________________________________
Number of times visited by inspectors in the last one year?
Inspected when necessary
67
41.6
Once a year
22
13.7
Twice a year
43
26.7
Once every two years
8
5.0
Once every five years
20
12.4
Actions taken by enforcement agents against fish handlers
Highly educational approach to encourage me to comply
5
11.9
Visited and advised me
21
50.0
Run food hygiene courses
7
16.7
Looked for violations and applied sanctions
9
21.4
Nature of sanctions applied
Cautioned/given final warning of closure
5
27.8
Heavy financial penalty
3
16.7
Light financial penalty
2
11.1
Notification of closure
1
0.6
Effects of the sanctions and penalties on you
Hindered
1
2.7
Improved
33
89.2
No effect
3
8.1
What have you done to comply?
No action taken
11
28.9
Followed the inspectors recommendations
27
71.1
Opinion about approach of government food safety agency
Adversarial
92
57.1
Collaborative
69
42.9
______________________________________________________________________

More than a quarter of fish handlers (27.8%) said they were cautioned or given final warning and
0.6 were given notification of closure by inspectors. Most (89.2%) fish handlers were of the view
that the inspections helped to improve food safety in their business. Most (71.1%) respondents
said they followed the inspectors’ recommendations following sanctions. Many fish handlers
(57.1%) viewed their relationship with government food safety enforcement agencies as
adversarial and 42.9% thought it was collaborative. The regulated may misunderstand or be
misguided in their understanding of their legal duties (Hutter, 2001). The enforcement approach
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is therefore very crucial in defining or promoting ongoing relationships between the regulator
and regulated (Hutter, 1997, Hawkins, 1984 and 2002).
7.3.4.2 Requirements for improving food safety and HACCP compliance
The survey also revealed a variety of factors perceived by fish handlers as very important
requirements for improving food safety and HACCP compliance in the fish industry (Table 7.9).
Nearly 93% of the fish handlers believed that communication to industry stakeholders and the
provision of food safety guidelines and manuals (92%) to fish handlers were very important for
improving food safety and HACCP compliance in the fish industry. The government and its
agencies can play facilitative roles by providing objective scientific information and raising
awareness of the benefits of and the need for introducing HACCP and food safety management
systems in the fish industry. Training is considered fundamental to effective food safety
management. In this survey, 92.6% of the fish handlers surveyed identified training of fish
handlers and quality managers as very important.

Table 7.9. Factors identified by fish handlers as important in helping them improve their
food safety knowledge and compliance
_________________________________________________________________________________
Not
Moderately
Very
Important
Important
Import
_________________________________________________________________________________
Communication
9 (5.6)
18 (11.2)
133 (82.6)
Graphic presentation
7 (4.3)
18 (11.2)
136 (84.4)
Available local food safety experts
3 (1.9)
5 (3.1)
153 (95.0)
Training for quality managers
5 (3.1)
7 (4.3)
149 (92.6)
Programme materials/ guidelines and manuals
8 (5.0)
5 (3.1)
148 (92.0)
Training for production Workers
3 (1.9)
9 (5.6)
149 (92.6)
Financial incentives
3 (1.9)
4 (2.5)
154 (95.7)
Involving employees in developing the programme
5 (3.1)
7 (4.3)
149 (92.6)
Management commitment
5 (3.1)
7 (4.3)
149 (92.6)
Upgrading your facility
6 (3.7)
6 (3.7)
155 (96.3)
Acquiring food safety certificate
16 (9.9)
30 (18.6)
115 (71.5)
Obtaining a license to operate
24 (14.9)
33 (20.5)
104 (64.7)
__________________________________________________________________________________

Training will however only lead to improvement in food safety if the knowledge imparted leads
to desired changes in food handlers’ safety behaviour and practices (Seaman and Eves, 2006).
Another factor identified by 92.6% of the fish handlers as very important to the successful
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implementation of HACCP and food safety compliance is management commitment. Other
studies have also identified lack of management commitment and understanding as a major
impediment to successful implementation of HACCP and food safety compliance (Panisello et
al., 1999; WHO, 1999b; Sprenger, 2002). Other factors identified by the fish handlers were,

financial incentives (95.7%), upgrading the fish processing facilities (96.3%) and certification
(71.5%).
7.3.4.3 Opinions of fish handlers about the enforcement and food firm safety policies
The opinions of fish handlers about the enforcement guidelines, advice and communications
from inspectors, as well as their views about the inspectors (Fig. 7.2) and their companies’
specific food safety policies are shown in Fig. 7.3.
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Fig. 7.2. Fish handlers' perceptions of food safety inspections and
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Fig. 7.3 Self-reported firm food safety policy
7.3.5. Food safety training
Training is fundamentally important to any food safety management system. In this study, twothirds (68.9%) of fish handlers surveyed indicated that training in food safety was a legal
requirement in Ghana and 74.5% of respondents had received some form of training on fish
handling and food safety (Table 7.10). However, 31.7% were self-taught, 11.2% were taught by
parents and 21.1% learned their skills through observations of other fish handlers. Nearly half of
all fish handlers indicated that they had attended food handling and sanitation training in the last
year. Nonetheless, only 14.9% of the fish handlers said they had formal training on food safety
management. This is far lower than the 55% formal food hygiene training reported by Walker et
al. (2003a) in a survey of small business food handlers in the UK. The low level of formal food
safety training may contribute to poor food safety knowledge and skills. A food safety
management programme is only as effective as the skills and knowledge of the team developing
and implementing it because a weak analysis of the potential hazards will lead to ineffective food
safety management (Manning and Baines, 2004). A minority (26.1%) of fish handlers identified
the Food and Drugs Board, 8.1% mentioned the District Assemblies (i.e. local government
authorities), training consultants (7.5%), corporate trainers (8.7%) and various combinations of
these trainers (47.2%) as food safety training providers.

167

Table 7.10. Food safety and sources of training
_____________________________________________________________________
Factor
n
%
______________________________________________________________________
Is food safety training a legal requirement in your industry?
Yes
No
Trained in food hygiene and sanitation
Yes
No
In the last year any training in food handling and sanitation
Yes
No
How were you trained in food safety?
Self-taught
Taught by parents
Formal training
Observing others
Self-taught/taught by parents
Self-taught/formal training
Self-taught/observing others
Taught by parents/formal training
Self-taught/taught by parent/formal training
Self-taught/taught by parent/observing others
Self-taught/formal training/observing others
Others
Who provided the training?
FDB
District assembly
Training consultants
College/university
Corporate trainer
Others
Exchange of food safety information within industry
Yes, always
Yes, sometimes
No
Willing to share best practice
Yes, very willing
Willing
Not willing
Not very willing
Awareness of government support
Yes
No
How did you become aware of government support?
From involvement with industry associations
From interaction with government organizations
From interaction with food safety inspectors
Have you ever sort help from the Food and Drugs Board?
Yes
No

111
49

68.9
30.4

120
41

74.5
25.5

80
78

49.7
48.4

51
18
24
34
5
6
5
4
5
1
3
2

31.7
11.2
14.9
21.1
3.1
3.7
3.1
2.5
3.1
0.6
1.9
1.2

42
13
12
3
14
76

26.1
8.1
7.5
1.9
8.7
47.2

17
118
25

10.6
73.3
15.5

49
100
7
5

30.4
62.1
4.3
3.1

52
109

32.3
67.7

16
21
18

9.9
13.0
11.2

52
107

32.3
66.5

______________________________________________________________________
Over 50% of fish handlers funded their own training and more than half of the respondents
thought enough time and resources were being spent on training. For the majority (68.9%), the
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effectiveness of their training was assessed by on the job observations. The majority (73.3%)
said they sometimes shared information and 62% were willing to share best practices. This
willingness to share information and to learn from each can be useful to fish handlers who
cannot afford the cost of training. It is worth noting that 67.7% of fish handlers in this study are
not aware of any form of government support for their industry and 67% have never sought for
help from the FDB regarding their operations.
7.3.5.1.

Factors that influence food safety training

Survey respondents recognised the benefits of food safety training. However a number of key
issues including lack of time (24.8%), language problems (8.8%), cost (8.8%), lack of relevant
food safety course (13%) and a combination of these various reasons were cited as barriers to
training (Table 7.11).

Table 7.11

Factors that influence food safety training

________________________________________________________________
Difficulties affecting food safety training
n
%
________________________________________________________________
Difficulties encountered in training staff
Language problems
14
8.8
High turnover
1
0.6
Lack of time
40
24.8
Have experienced staff who need no training
7
4.4
Lack of interest
10
6.2
Lack of course availability
5
3.1
Cost
14
8.8
Courses not relevant to business
21
13.0
Lack of time/cost
14
8.8
Lack of time/lack of courses/cost/
4
2.5
Lack of course availability/cost
6
3.7
Others
23
14.4
Reasons why you train your staff
Fear of prosecution
4
2.5
Improve food hygiene
104
64.6
Satisfy EHO requirements
1
0.6
Certificates on display look good to customers
3
1.9
Enhance brand
12
7.5
To satisfy due diligence and food law requirement
2
1.2
Fear of prosecution/improve food hygiene
5
3.1
Improve food hygiene/enhance brand
3
1.9
Improve hygiene/looks good to customers
16
9.9
Fear of prosecution/improve hygiene/satisfy EHO
4
2.5
Others
7
4.3
________________________________________________________________
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These issues must be addressed if uptake and effectiveness of food safety training is to improve
in Ghana. A great majority of respondents (64.6%) train their staff because they wanted to
improve food hygiene.
7.3.5.2

Food safety training providers, sources of funding and content of training

To evaluate the effectiveness of food safety training available to fish handlers, respondents were
asked to list the detailed composition of their training by answering yes or no to a list of
questions. The results show that 36% of respondents had food safety training that included the
role of the Ghana Food and Drugs Board and 54.7% were taught about public health legislation
and regulation (Table 7.12). Only 23% said they had training that included HACCP. A majority
(89.4%) had training that included safe food handling and storage as well as food handler
hygiene and sanitation.

Other fish handlers mentioned food premise sanitation, design and maintenance (60.2%),
Prevention of allergies, incidents and response (56.5%), Fish handling and processing (86.3%)
and cross contamination and pest control (68.3%) as constituting part of their food safety
training. There appears to be a need to standardize the food safety training and this should
include detailed requirements for the prevention of contamination using risk-based management
systems. Currently, HACCP is not a mandatory requirement for small-scale traditional fish
processors in Ghana. Only 35.4% of food SMEs had a food safety compliance manager and
47.2% of food handlers said they had effective food management team in place.
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Table 7.12
The food safety programme available for fish handlers included
_____________________________________________________________
Factor
n
%
_____________________________________________________________
Funding of training
From own resources
85
52.8
Paid district assembly
15
9.3
Paid by FDB
24
14.9
NGO
2
1.2
Others
27
16.8
Enough time and resources spent on food safety training
Yes
89
55.
No
63
39.1
Role of Food and Drugs Board
Yes
58
36.0
No
102
63.4
Public health legislation and regulation
Yes
88
54.7
No
72
44.7
HACCP-based principles
Yes
38
23
No
122
75.8
Safe food handling and storage
Yes
144
89.4
No
16
9.9
Food handler hygiene
Yes
144
89.4
No
17
10.6
Food premise sanitation, design and maintenance
Yes
97
60.2
No
64
39.8
Prevention of allergies, incidents and response
Yes
91
56.5
No
70
43.5
Fish handling and processing
Yes
139
86.3
No
22
13.7
Cross contamination and pest control
Yes
110
68.3
No
51
31.7
______________________________________________________________________

7.3.5.3.

Willingness to attend food safety training

Nearly 65% of fish handlers were satisfied or very satisfied with fish industry food safety
standards. A majority (70.2%) of them expressed interest in learning about food safety and
nearly two-thirds (62.1%) were willing to pay for food safety training and an overwhelming
majority (95.0%) would attend food safety training if it was free (Table 7.13).
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Table 7.13
Food safety management, training and business culture
______________________________________________________________________
Factor
n
%
_______________________________________________________________________
Level of satisfaction with fish industry food safety standards
Satisfied/very satisfied
104
64.6
Unsatisfied
40
24.8
Very unsatisfied
17
10.6
Level of interest in food safety and sanitation workshops
Not very likely to attend
6
3.7
Not likely to attend
21
13.0
Uncertain
21
13.0
Very likely/likely to attend
113
70.2
Would you pay to attend food safety training?

Yes
No

100
61

62.1
37.9

Would you attend free food safety training?

Yes
No

153
8

95.0
5.0

Have you identified food safety risks in your business

Yes
No

123
38

76.4
23.6

Staff shown how to handle fish safely

Yes
No

119
39

73.9
24.2

Food safety is a subject of scheduled discussions

Yes
No

74
85

46.0
52.8

Have you a compliance manager

Yes
No

57
104

35.4
64.6

Have food safety management team

Yes
No

76
85

47.2
52.8

Nominated compliance manager
has high authority and can initiate food safety actions

Yes
58
40.8
No
82
57.7
_________________________________________________________________________

7.3.6 Self-reported and observed food safety practices in the traditional fish processing
section in Ghana.
Food safety remains an important economic and public health issue with outbreaks of foodborne
diseases resulting in costs to the individuals, industry and the economy. Most outbreaks occur in
developing countries (Tauxe et al., 2010). In this section of the study, the self-reported practices
of fish handlers in 28 fish handling premises were compared with their observed practices
including time/temperature abuse, sanitation and hygiene, and cross-contamination. One of the
more the major findings of this study is that fish handlers, who were interviewed, over-reported
their food safety practices (Tables 7.14 to 7.16).
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7.3.6.1 Self-reported and observed fish handling, hygiene and temperature control at
landing

The production of safe and quality fish and fishery products requires effective temperature
control. In this study, 53.7% of the 28 fish handlers interviewed reported that fresh fish was
always quickly covered with ice to keep the temperature below 5oC. However, it was observed
that, on 65 occasions that fresh fish was required to be chilled, this was done only on 22
occasions indicating 38.8% compliance (P<0.05). Fish was held under ambient temperature
conditions for over three hours on at least 61% of the occasion. Kombat et al. (2013) have
reported the presence of heterotrophic bacteria, coliform bacteria, yeast and moulds and Bacillus
cereus in fresh fish from landing sites in Accra and Tema. The microbial levels detected in these
samples were below the Ghana Standard Authority (GSA) and ICMSF standards (1.0 x106cfu/g
for total heterotrophic counts; and 1.0 x104cfu/g for total colony counts, yeast and mould counts,
and Bacillus cereus counts). However, under the hot tropical conditions, if fish is not
immediately chilled, any microorganisms present are likely to multiply rapidly. Only 67.9% of
the premises visited had insulated containers to transport fresh fish, compared to the 96.4%
(39.3% always; 57.1% sometimes) who reported that they used insulated containers.

Observations showed that fish handlers were required to use insulated containers to transport raw
fish on 68 occasions but significantly, this was done only on half of the occasions, indicating
50% compliance (P<0.05). Although a majority (78.6%) of respondents reported that they stored
potentially hazardous fish under temperature control, this practice was observed only in 53.6% of
premises. The opportunity to correctly store potentially hazardous fish under temperature control
occurred 62 times but was performed only on 28 occasions, a compliance rate of 45.2%
(P<0.05). Temperature is a very important factor with regard to quality, shelf life and safety of
fish. Increase in temperature above 4°C can result in more rapid growth of both spoilage and
pathogenic microorganisms present in fish and autolysis (Feldhusen, 2000; WHO, 1999a; DieiOuadi and Mgawe, 2011), with consequent quality loss, shorter shelf life and risk to consumer
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Table 7.14 Self-reported and observed food safety practices during purchasing and storage of fish
____________________________________________________________________________________________________________________________________
Self-reported
Observed
Implementation of
behaviours
behaviours
food safety practices
Compliance
n
%
n
%
χ2
Required (n) Attempted (n) rate
P value
____________________________________________________________________________________________________________________________________
Temperature control of fresh fish
Fresh fish quickly covered with ice
Always
10
35.7
7
70.0
0.166
65
22
38.8
<0.05
o
to keep temperature below 5 C
Sometimes
13
46.4
8
61.5
during purchasing
Never
5
17.9
1
20.0
Statement

Potentially hazardous fish stored under Always
temperature control in premise
Sometimes
Never

7
15
6

25.0
53.6
21.4

7
8
3

100
53.3
50.0

0.074

62

28

45.2

<0.05

Basins/boxes/chests insulated/protected Always
to prevent heat loss/contamination
Sometimes
Never
Hygiene, sanitation and cross-contamination
Fish placed in clean basin/boxes/ice
Always
chests
Sometimes
Never

11
16
1

39.3
57.1
3.6

9
10
0

81.8
62.5
0.0

0.192

68

34

50.0

<0.05

16
12
0

57.1
42.9
0.0

13
10
0

81.2
83.3
0.0

0.887

65

38

58.5

0.001

Harvest containers/packaging labelled
to ensure traceability

Always
Sometimes
Never

12
10
6

42.9
35.7
21.4

8
7
3

66.7
70.0
50.0

0.703

66

31

47.0

0.0004

Processed fish packaged to prevent
contamination

Always
Sometimes
Never

11
9
8

39.3
32.1
28.6

11
4
0

100.0
44.4
0.0

<0.001

58

21

36.2

<0.05

Raw and processed fish stored separately Always
23
82.1
22
95.7
0.171
65
52
80.0
0.08
Sometimes
3
10.7
2
66.7
Never
2
7.1
2
100.0
___________________________________________________________________________________________________________________________________

174

health. Fish handling equipment and utensils can also act as sources of contamination. Clean basins,
boxes and ice chests were used only on 38 occasions, indicating 58% compliance (P<0.001).
Placing fish in dirty basins, equipment, fish boxes and baskets lead to increased microbial
contamination and hasten the spoilage rate of fish (Diei-Ouadi and Mgawe, 2011). Regarding the
use of labelled containers and packaging to transport fish, only 50.0% of the respondents had
labelled containers compared to the 78.6% (42.9% always; 35.7% sometimes) who reported using
labelled containers and packaging to transport fish. The use of labelled containers was required on
66 occasions but used only on 31 of this, indicating 47% compliance (P=0.0004). Over 71 % of
those who were interviewed reported that they always (39.3%) or sometimes (32.1%) packaged
processed fish to prevent contamination. Observations showed that this was likely to be done in
only 50.0% of the premises visited. Packaging was done in 21 out of 58 work activities that
required packaging, a compliance rate of 36.2% (P<0.05). Contaminated or uncooked raw foods can
cause harmful microorganisms to be passed to safe foods and cause a foodborne illness (National
Assessment Institute, 1998). Observation showed that in majority of the premises (85.7%), raw and
processed fish were stored separately. This was nearly equal to self-reported practice (92.9%) in the
premises. The opportunity to separate raw fish from processed fish occurred 65 times and was
performed on 52 occasions, a high compliance rate of 80% (p=0.08).
7.3.6.2.
Self-reported and observed fish handling, hygiene and temperature control
during transportation, processing and distribution.
Direct participant observation showed that many of the fish handlers did not always engage in
recommended safe food handling practices during transportation, processing and distribution of
fish. There were deficiencies in food safety and hygiene practices especially in the areas of chilling,
temperature control and cross contamination. For example, it was reported in all the fish handling
premises visited that raw fish was always washed before processing (Table 7.15). Observations
showed that fish was adequately washed 46 times out of 69 occasions, a compliance rate of 66.7%
(P=0.003). Safe thawing procedures were sometimes complied with in 64.3% of the premises.
However, this function had a low compliance rate of 32.8% (P<0.05) as most fish handlers did not
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follow recommended safe food handling practices to thaw or defrost fish. Regarding the use of
adequate procedures to prevent contamination or cross-contamination of fish, all the premises
visited reported that they had adequate measures to prevent cross-contamination. Observations
showed that study participants engaged in recommended measures to prevent cross-contamination
only on 36.8% of occasions (P<0.05). Cross contamination by microbial pathogens may play an
important role in sporadic as well as epidemic foodborne illnesses (Fendler et al., 1998).

In 71.4% of the premises visited, potentially hazardous fish was left out of temperature control for
more than 2 hours. This was higher than the 50 self-reported. Overall, on 29 out of 76 occasions,
potentially hazardous fish was kept out of temperature control for more than 2 hours, a noncompliant rate of 32.8% (P<0.05). In the majority (89.3%) of premises, respondents reported that
potentially hazardous fish was displayed under temperature control, however only 53.6% actually
did so during observation. Overall, 21 out of 71 occasions, potentially hazardous fish was displayed
under temperature control, a compliance rate of 29.6% (P<0.05). None of those who answered
never were seen performing the function on any occasion. In general, there seems to be a low
adherence to temperature control and hygienic food safety practice from the fish landing sites to the
processing and retail sites. Kombat et al. (2013) in a previous microbiological study of fish in Accra
and Tema in Ghana found that microbial loads in samples obtained from retail markets were
significantly higher than those obtained at harvest and from landing sites. Adu-Gyamfi (2006) has
also reported high levels of total viable counts, coliforms, mould and yeast in smoked mackerel and
smoked tuna on open display in retail outlets in Accra. This may be due to the low hygiene
compliance and poor rates of adherence to time–temperature control guidelines observed in the
current study. This finding is consistent with previous research that showed deficiencies in
prerequisites, including hygiene standards, handling conditions, and general food safety standards
along the traditional fish processing chain in Ghana and other West African countries (Plahar et al.,
1999; Kleter, 2004; Akinola et al., 2006; Anihouvi et al., 2006). Clearly, this raises the need for
intensified food safety training and inspections along the chain.
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Table 7.15 Self-reported and observed food safety practices during processing, transportation and distribution of fish
_____________________________________________________________________________________________________________________________
Statement
Fish processing practices
Fish adequately washed before use

Using safe procedures to thaw fish

Use adequate procedures to prevent
contamination/cross-contamination
Potentially hazardous fish out of
temperature control for more than
2 hours
Potentially hazardous fish displayed
under temperature control

Always
Sometimes
Never
Always
Sometimes
Never
Always
Sometimes
Never
Always
Sometimes
Never
Always
Sometimes
Never

Self-reported
behaviours
n
%

Observed
behaviours
n
%

19
9
0
13
15
0
17
11
0
6
8
14
9
16
3

17
8
0
9
9
0
15
9
0
6
8
6
6
9
0

67.9
32.1
0.0
46.4
53.6
0.0
60.7
39.3
0.0
21.4
28.6
28.6
32.1
57.1
10.7

89.5
89.7
0.0
69.2
60.0
0.0
82.2
81.8
0.0
100.0
100.0
62.5
66.7
56.2
0.0

Fish transportation and distribution
Potentially hazardous fish distributed
under temperature control

χ2

Implementation of
food safety practices _ Compliance
Required
Attempted
rate
P value

0.963

69

46

66.7

0.003

0.611

67

22

32.8

<0.05

0.636

76

28

36.8

<0.05

0.587

76

29

38.2

<0.05

0.127

71

21

29.6

<0.05

Always
7
25.0
6
85.7
0.002
80
31
38.8
<0.05
Sometimes
15
53.6
11
73.3
Never
6
21.4
0
0.0
Fish distributed using appropriate
Always
11
39.3
9
81.8
<0.001
101
43
42.6
<0.05
packaging materials
Sometimes
11
39.3
10
90.0
Never
6
21.4
0
0.0
Fish protected from cross-contamination Always
20
71.4
15
75.0
0.057
86
31
36.0
<0.05
Sometimes
7
25.0
7
100.0
Never
1
3.6
0
0.0
___________________________________________________________________________________________________________________________
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In a majority (78.6%) of premises visited, it was reported that potentially hazardous processed fish
was distributed under temperature control. This was higher than the 60.7% observed during the
visits. Potentially hazardous fish was distributed under temperature control only on 38.8% of the
occasion (P<0.05). Respondents in the majority (78.6%) of premises reported that they used
appropriate packaging material to distribute processed fish, however, this was observed only in
67.9% of the premises (P<0.05). Similarly in 96.4% of the premises visited it was reported that they
ensured that fish was protected from cross-contamination. However, observations showed that just
over half (53.6%) of the fish handlers did this. Overall, compliance rate for this function was 36%
(P<0.05).
7.3.6.3.

Self-reported and observed personal hygiene practices of fish handlers

Discrepancies were found between self-reported and observed personal hygiene practices required
to reduce health hazards related to food (Table 7.16). In 71.4% of premises visited fish handlers
reported always (35.7%) or sometimes (35.7%) wearing proper uniforms. Observations showed that
only 36.0% of handlers wore appropriate uniforms (p <0.05). In more than half (53.6%) of
premises, respondents said they always practiced good personal hygiene and in 46.4% of
respondents did so sometimes. However, in 113 work activities that needed good personal hygiene,
fish handlers were observed to do so only on 61 occasions, a compliance rate of 54% (p = 0.001).
Proper hand washing has been recognized as one of the most effective measures to control the
spread of pathogens (Adler, 1999; Montville et al., 2001). In 64.3% of the premises visited, fish
handlers said they always washed their hands after handling garbage and in 35.7% of the premises
fish handlers said they did so sometimes. Approximately 85.7% of those who said they ‘always’
washed their hands after handling garbage were seen doing so, and 92.9% of those who said they
did it ‘sometimes’ were observed doing so. Out of 96 expected hand washing opportunities, hands
were washed only on 51 occasions, a compliance rate of 53.1% (p = 0.0003). The most common
failure to wash occurred when fish handlers were switching between handling raw fish and
processed fish, touching unclean surfaces and handling money.
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Table 7.16 Self-reported and observed fish handler handwashing and hygiene practices
____________________________________________________________________________________________________________________________________
Self-reported
Observed
Implementation of
behaviours
behaviours
food safety practices____ Compliance
Statement
Wearing proper uniform

Good personal hygiene practiced

Washed hands after handling garbage

Washed hands correctly before food
Preparation
Hands washed with soap and water
before handling fish
Hands washed with soap and water
after handling fish
Hands washed long enough

Used same towel to dry hand and dish

Used disposable towel/hand-dryers

Always
Sometimes
Never
Always
Sometimes
Never
Always
Sometimes
Never
Always
Sometimes
Never
Always
Sometimes
Never
Always
Sometimes
Never
Always
Sometimes
Never
Always
Sometimes
Never
Always
Sometimes
Never

χ2

n

%

n

%

10
10
8
15
13
0
18
10
0
14
14
0
14
11
13
13
13
2
12
14
1
5
11
12
2
2
24

35.7
35.7
28.6
53.6
46.4
0.0
64.3
35.7
0.0
50.0
50.0
0.0
50.0
10.7
46.4
46.4
46.4
7.1
46.4
50.0
3.6
17.9
39.3
42.9
7.1
7.1
85.7

10
4
0
15
12
0
12
13
0
15
10
0
11
8
2
10
10
1
12
13
1
4
10
4
2
2
2

100.0 <0.001
86
31
36.0
<0.05
40.0
0.0
100.0 0.274
113
61
54.0
0.001
92.3
0.0
85.7
0.541
96
51
53.1
0.0003
92.9
0.0
83.3
0.172
74
52
70.3
0.003
100.0
0.0
78.6
0.888
93
41
44.1
<0.05
72.7
66.7
76.9
0.698
98
40
40.8
<0.05
76.9
50.0
92.3
0.959
97
27
27.8
<0.05
92.9
100.0
80.0
0.011
67
24
35.8
<0.05
90.9
33.3
100.0 <0.001
12
7
58.3
0.187
100.0
8.3_______________________________________________________
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Required

Attempted

rate

P value__

Fifty percent of the participating premises said their staff always washed their hands correctly
and the other 50% said their staff did so sometimes. Observations showed that hands were
correctly washed 70.3% of the time before food preparation, indicating a high compliance rate
(p=0.003). Hands were said to be washed with soap and water ‘always’ in 46.4% of premises and
sometimes in another 46.4%. Among those who said they always or sometimes washed their
hands with soap and water before handling fish 76.9% of them did so. Overall, hands were
washed with soap and water on 41 occasions, a compliance rate of 44.1% (p<0.05). Hand
washing compliance rate reported here are however higher than the 27% compliance rate
reported by Green et al. (2006). The very low compliance rate reported by Green et al. (2006) is
likely due to the fact that they limited their study to specific activities. On average, in 46.4% of
premises, fish handlers reported that they ‘always’ washed their hands long enough and in 50%
of premises handlers said they did so ‘sometimes’. Among those who answered ‘always’, 92.3%
were observed doing so and among those who answered ‘sometimes’ 92.9% were also observed
doing so. Opportunities to wash hands occurred 97 times during the visits but significantly hands
were washed adequately and long enough only on 27 occasions, a compliance rate of 27.8%
(p<0.05). This rate of adequate hand hygiene practices is comparable to the 31% reported by
Clayton et al. (2004). A failure to use soap occurred in 58 out of 98 occasions and a failure to
dry hands adequately 43 out of 67 occasions. Soap was not available in a majority of the
premises visited. Respondents reported that they used same towel to dry hand and dishes in
57.3% of the premises visited. Overall, in 24 cases out of 67, same towel was used to dry hands
and dishes, a non-compliance rate of 35.8% (p <0.05). Only 14.2% of the premises indicated that
they used disposable towel/hand-dryers, and in these premises employees were seen using paper
towel on 58.3% of the occasion (p=0.187).
Improved personal hygiene and scrupulous hand-washing would lead to basic control of faecesto-hand-to-mouth spread of potentially pathogenic microorganisms (Daniels et al., 2002;
Allwood et al., 2004; Sneed et al., 2004; Fry et al., 2005).
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Table 7.17 Self-reported and observed food premises standards and facilities
___________________________________________________________________________________________________________________
Self-reported
Observed
n
%
n
%
___________________________________________________________________________________________________________________
Premise structure and hygiene
Premise designed and constructed to meet legal standards
21
75.0
7
25.0
Floors/walls/ceilings kept clean
17
60.7
15
53.6
Floors/walls/ceilings in good repair
18
64.3
7
25.0
Food preparation area adequate and in good repair
18
64.3
13
46.4
Premise kept in satisfactory state of cleanliness
19
67.9
19
53.6
Food contact surface cleaned and sanitised
14
50.0
12
42.9
Premise in good state of repair
23
82.1
14
50.0
Waste containers maintained to prevent contamination
22
78.6
11
39.3
Effective pest control procedure in place
14
50.0
10
35.7
Doors/screens well sealed and self-closing
7
25.0
3
10.7
No evidence of pest present
12
42.9
8
28.6
Adequate supply of potable water
17
60.7
13
46.4
Adequate hand-washing facilities
22
78.6
17
60.7
Recalls
Adequate system in place to ensure unsafe/unsuitable fish is recalled and not sold

6

21.4

2

7.1

Food handler skills and knowledge
Staff have appropriate food safety skills and knowledge
Nominated food safety advisor adequately trained

21
13

75.0
46.4

16
11

57.1
39.3

_____________________________________________________________________________________________________________________
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However, there are many social, behavioural and infrastructural barriers that make it difficult for
fish handlers in many of the premises visited to adhere to standard sanitation and hygienic practices.
These findings agree with previous observations that a range of personal, social, and environmental
factors influence food worker practices and that these factors need to be addressed to successfully
change food workers’ behaviour (Rennie, 1995; Ehiri and Morris 1996; Pittet, 2001).
7.3.6.4.

Self-reported and observed fish handling premise structure and hygiene

Two-thirds (75.0%) of respondents indicated that their premises were designed and constructed to
meet food safety standards, however, inspections showed that only a minority (25.0%) of fish
processing and handling premises were designed and constructed to meet food safety standards
(p=0.0003) (Table 7.17). Although a few of the processing sites had wooden structures with metal
roofing sheets, the majority of fish handlers worked in open spaces, exposed to the elements. More
than 60% of the fish handlers indicated that the floors/walls/ceilings of their premises were kept
clean. Just over half (53.6%) of the premises visited had floors, walls and ceilings that were kept in
hygienic conditions (p=0.597).

Although 64.3% of the fish handlers reported that their floors/walls/ceilings were in good repair,
inspections showed that only 25% of the premises were in good repair (p=0.003). Similarly, 64.3%
of respondents said their food preparation areas were adequate and in good order, however only
46.4% of the premises visited met this requirement (p=0.01). The results also indicate that 67.9% of
respondents said they kept their premises in satisfactory state of cleanliness. Observations
confirmed this. Half (50%) of the respondents said their food contact surface were regularly cleaned
however only 42.9% of food contact surfaces were in clean states (p=0.599). The majority of the
facilities did not have worktops or chopping boards but handled their fish in basins and cleaning of
these basins was poorly done or neglected on some occasions. A majority (82.1%) of respondents
said their premises were in good state of repairs however, only half of these (50%) were found to be
in a good state of repair (p=0.01).
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Nearly 78.6% of fish handlers reported that they had waste containers maintained to prevent
contamination. Based on observation, only 39.3% of fish handlers had waste containers (p=0.002).
Many of these containers were dirty and were conspicuously close to the processing sites. Half
(50%) of respondents reported having effective pest control procedure in place. This was higher
than the 35.7% observed during the visits (p=0.289). A minority (10.7%) of the premises had their
doors screened, well-sealed and self-closing compared to a reported 25% (p=0.169).

About 42.9% of respondents indicated that there was no evidence of pests present in their premises
in contrast to the observed 28.6% (p=0.272). Only 46.4% of the premises had adequate supply of
potable water (p=0.292). Water was carried to many of the processing sites in containers. This
water was usually not enough for dish washing, personal hygiene and food preparation. Warm
water was usually not available. The majority of respondents (75%) said their staff had appropriate
food safety skills and knowledge (p=0.164). Similarly, 46.4% of respondents said they had a
nominated food safety supervisor who was adequately trained (p=0.597). Only 21.4% said they had
adequate systems in place to ensure unsafe or unsuitable fish is recalled and not sold. Adequate
hand-washing facilities were reported to be available in 78.6% of the premises visited. However,
observations showed that although 60.7% of the premises had hand-washing facilities, these were
not adequate and majority did not have running water (p<0.05). All the premises visited lacked
sinks.
7.3.6.5.

Interpretation

This study was designed to compare directly observed food safety behaviour with self-reported
behaviour. To my knowledge, this study is the first to assess self-reported and observed food safety
and hygiene practices along the fish chain in Ghana. The results show that the majority of fish
handlers engaged in significantly fewer safe fish handling practices than was self-reported. This
study supports the findings of other studies which also reported that food handlers tend to
overestimate the frequency with which they carry out safe food handling practices (Oteri and
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Ekanem, 1989; Manning and Snider, 1993; Howes et al., 1996; Redmond and Griffith, 2003a;
Abbot et al., 2009).

Keeping fresh fish out for several hours under abuse temperature was a common behaviour.
Chilling and refrigeration represent a useful means of suppressing microbial growth and extending
shelf-life of fish. The proportion of participants who practise handwashing before and after handling
raw or cooked fish was low. Sanitary and handwashing facilities were absent or inadequate in the
majority of the premises visited. However importantly, the majority of fish handlers had more
positive attitude toward proper handwashing after using the toilet.

The study identified a variety of factors which serve as barriers to good food handling practices in
the fish industry in Ghana. Non-compliance with safe food handling practice was greatly influenced
by the general poor food safety infrastructure, resulting in the majority of fish handlers working in
open spaces, exposed to the elements. Furthermore, this study found that the low compliance to
recommended food safety practice is compounded by problems with clean water and electricity
supply, the lack of basic sanitation infrastructure, the lack of adequately skilled staff, the lack of
training and technical assistance, poorly or inadequately developed compliance policies due to
limited resources and often poor management.

These results agree with the findings of other studies, in which the lack of adequate infrastructure,
including hygienic landing centres, electric power supply, potable water, roads, ice plants, cold
rooms, refrigerated transport, and standard processing and packaging facilities were identified as
barriers to safe food handling practice in many developing countries (Buckle et al., 1998; Abila,
2003; FAO, 2010).

Some studies have highlighted the effectiveness of training at improving food safety knowledge and
food safety behaviours (Cohen et al., 2001; McElroy and Cutter, 2004). However, training alone is
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not enough as the infrastructure to support safe food handling is lacking in the communities in
which this study was conducted. Further research, including identifying gaps in the infrastructure,
and developing tailored food safety training programmes designed to improve food handling skills
and address the deficiencies would add value to the available evidence. Future researchers might
also focus on impact of food handler knowledge, food handler food safety training and the
provision of infrastructure on food safety compliance. This study is limited by the number of
participants.
7.3.7 Survey of food safety inspectors
7.3.7.1 Demographic characteristics of food safety inspectors
As part of this study, a survey was conducted to understand the nature of the work of food safety
inspectors as well as the difficulties they encountered in carrying out their duties. The demographic
characteristics of food safety inspectors interviewed are presented in Table 7.18. Thirty (62.5%) of
inspectors were male and 18 (37.5%), female. Twelve (25%) of the inspectors had secondary,
technical or vocational education, 15 (31.2%) had college education and 21 (43.8%) had higher
(professional or graduate) education. Thirty-four (70.8%) of the inspectors had food safety
certification, of which 21 (61.8%) had environmental health certificates and 13 (38.2%) had
certificate in food premise inspection.
A majority (64.8%) of the inspectors had been working as inspectors for at least 5 years. Nearly all
(91.7%) the inspectors surveyed had visited fish handlers in the last 12 months, mainly on routine
visits (47.9%), to investigate unsafe food handling practice (14.6%) or to close down premises for
violation of regulation (4.2%) and for other reasons (31.3%). These visits were mainly
unannounced (83.3%). Nearly all (97.9%) of the inspectors have had food hygiene training but only
14 (29.2%) had training in HACCP.
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Table 7.18. Inspectors’ Demographic characteristics
_____________________________________________________________________
Factor
n
%
____________________________________________________________________________
Gender
Male
30
62.5
Female
18
37.5
Education
No school
0
0
Primary
0
0
Secondary/technical/vocational
12
25.0
College
15
31.2
Higher education (professional/graduate)
21
43.8
Have food safety/environmental health certificate
Yes
34
70.8
No
14
29.2
What qualification do you hold?
Environmental health officer certificate
21
61.8
Certificate in food premise inspection
13
38.2
Number of years employed as EHO/inspector/food safety expert
1-4
14
29.0
5-9
10
20.8
10-19
11
23.1
20-29
9
18.9
30-32
1
2.1
Missing
3
6.2
Working hours/week
More than 40
23
47.9
36-40
23
47.9
26-35
1
2.1
Less than 16
1
2.1
Have you visited any fish handlers in the last 12 months?
Yes
44
91.7
No
4
8.3
Reasons for visit
Routine inspectors
23
47.9
To investigate unsafe food handling practices
7
14.6
Close down premise for violation of regulation
2
4.2
Investigate consumer complaints
1
2.1
Others
15
31.3
Inspections announced or unannounced
Announced
3
6.2
Unannounced
40
83.3
Announced and unannounced
3
6.2
Any training on food hygiene
Yes
47
97.9
No
1
2.1
Any HACCP training?
Yes
14
29.2
No
34
70.8
What HACCP certificate
Foundation
10
20.8
Intermediate
2
4.2
Advanced
1
2.1
Missing
35
72.9
__________________________________________________________________________
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7.3.7.2.

Views of food safety inspectors

Most inspectors (93.8%) kept records and 93.8% indicated that their inspections were monitored
(Table 7.19). More than half (52.1%) of them said food handlers were not required to have food
safety training but the majority of inspectors thought that food handlers needed appropriate training.
The majority (79.2%) of inspectors said that food handlers were receiving the required training.
However 93.8% of inspectors thought that trained food handlers were not applying the knowledge
gained. These findings support previous studies that food handlers’ knowledge and understanding of
food safety are not always translated into actual behaviours and good food safety practices (Howes
et al., 1996; Ehiri et al., 1997; Clayton et al., 2003). Nearly 67% of inspectors believed that fish
handlers did not understand the principles of food safety, 70.8% indicated that inspectors were not
receiving adequate training and 55.3% believed that their authorities had the capacity and resources
to build food safety expertise.

Strategies adopted by the inspectors to ensure food safety compliance included highly
educational/preventative/conciliatory or advisory approach (31.2%), training (14.6%), deterrent
measures (20.8%) and prosecution of offenders (14.6%). Previous empirical work in food safety
compliance by Yapp and Fairman (2004), show that educational approaches to inspections are
significantly more effective than inspections driven by enforcement objectives. Legalistic and
punishment oriented strategies in the United States have also been found in some circumstances to
achieve lower results than other more flexible regimes (Kagan and Axelrad, 2000). In this study,
47.9% of the inspectors thought that the preventive/conciliatory approach was more effective and
the other half (47.9%) thought the inspections and sanctions were more effective. Other studies
show that enforcement activity is better at achieving compliance with prescriptive requirements
(Baldwin, 2004; Fairman and Yapp, 2005).
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Table 7.19
Views of food safety inspectors
_________________________________________________________________________
Statement
n
%
_________________________________________________________________________________
Do you keep records of your inspections?
Yes
45
93.8
No
2
6.2
Are food handlers required to complete food safety training?
Yes
23
47.9
No
25
52.1
Do food handlers need appropriate training in their operations?
Yes
41
85.4
No
7
14.6
Are fish handlers getting the required training?
Yes
10
20.8
No
38
79.2
Do they always apply the food safety knowledge they have?
Yes
3
6.2
No
45
93.8
Do fish handlers understand food safety principles?
Yes
13
27.7
No
32
66.7
As an inspector are your food safety activities monitored?
Yes
45
93.8
No
3
6.2
Has the FDB or your agency addressed your training needs?
Yes
14
29.2
No
34
70.8
Does your authority have the means to build food safety expertise?
Yes
18
38.3
No
26
55.3
Regulatory tools available to inspectors
Use of penalty infringement notice/on-the-spot fine
4
8.3
Initiation of legal action
0
0.0
Issuing of improvement notice
23
47.9
All of the above
14
29.2
When are these regulatory tools applied?
After routine inspections of a food business
35
72.9
As a result of investigation of a complaint
4
8.3
After inspections/investigation of complaints
6
12.5
Strategies and sanctions applied to ensure compliance
Highly educational/preventative/conciliatory/advisory approach
15
31.2
Run food hygiene courses
7
14.6
Adopt a deterrent strategy/detect violations and punish offenders
10
20.8
Serving notices and prosecuting offenders
7
14.6
Others
9
18.8
Most effective enforcement methods
Preventive/conciliatory approach
23
47.9
Inspections and sanction
23
47.9
Preventive/conciliatory/sanctions approach
1
2.1
__________________________________________________________________________________
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7.3.7.3 Factors affecting behaviour change and the adoption of efficient food safety
management practices
A complex of factors including poor facilities (29.2%), lack of awareness of procedures (12.5%),
failure to follow procedures (8.3%) and a combination of others were cited as constrains to the
adoption of efficient food safety and quality management (Table 7.20). Many inspectors also
thought that low awareness of health risks (45.8%), difficulties in shedding old habits (14.6%), lack
of investments (8.3%), potential losses (4.2%) and other internal factors hindered behaviour change
and the adoption of recommended food safety practice in the fish industry in Ghana. Important
external factors that were identified by inspectors as constraints to behaviour change and the
adoption of recommended food safety practice included the lack of credit (loans and subsidies)
(14.6%), the inability to enforce food safety regulations and controls (14.6%), not giving
recognition to those who adopt standard food safety practice (10.4%), and a combination of other
reasons including those outlined above (37.5%). Fairman and Yapp (2005) are of the view that
education, advisory visits and training can address a number of the attributes of legal requirements
that make compliance difficult for SMEs. In order of most serious barriers, the majority of
enforcement officers rated lack of access to information

(41.7%), lack of support (41.7%),

operational costs (39.6%), lack of money (38.3%), lack of experience (36.2%), lack of knowledge
(35.4%), lack of compliance guidelines (34%), lack of time (21.3%) and lack of interest (8.3%).
Similar barriers including lack of trust in enforcement and food safety officers, lack of motivation,
and lack of knowledge and understanding of complex technical requirements for voluntary
implementation of food safety protocols such as the HACCP (Hazard Analysis and Critical Control
Point program) have been identified by Yapp and Fairman (2006) as the main barriers to
implementing food safety requirements. In seeking to achieve compliance, a holistic, co-ordinated
approach which factors in infrastructural development, incentives, training and inspections may
facilitate adherence to food safety standards.
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Table 7.20

Factors affecting behaviour change and barriers to regulatory compliance

_______________________________________________________________________________
Factors affecting adoption/behaviour change
n
%
_______________________________________________________________________________
Factors that constrain the adoption of efficient food safety and quality management
Lack of competence
3
6.2
Failure to follow procedure
4
8.3
Lack of awareness of procedures
6
12.5
Poor facilities leading to impaired performance
14
29.2
Infrastructural difficulties
2
4.2
Inappropriate monitoring
3
6.2
Others
16
33.6
Internal factors that hinder behaviour change/adoption of recommended food safety practice
Low awareness of health risks
22
45.8
Difficulties in shedding old habits
7
14.6
Investment
4
8.3
Potential losses
2
4.2
Others
13
7.1
External factors that hinder behaviour change/adoption of recommended food safety practice
Lack of credit (loans and subsidies)
7
14.6
Lack of enforced regulations and controls
7
14.6
Lack of public awareness/media publicity
2
4.2
Recognition is not given to who adopt standard food safety practice
5
10.4
No provision for extra training
2
4.2
Lack of support for dedicated extension service
4
8.3
Lack of market incentive for ‘safer food’
2
4.2
Others
18
37.5
Most serious barriers to food safety compliance
Lack of money
31
66.0
Lack of time
13
27.7
Lack of experience
27
57.5
Lack of access to information
31
64.6
Lack of support
32
66.7
Lack of interest
11
22.9
Lack of knowledge
28
58.3
Lack of compliance guidelines
31
65.9
Operational costs
33
68.8
_______________________________________________________________________________

7.3.7.4

Food safety campaigns and provision of food safety information

If good hygiene practices are to become a norm in the food industry, a multi-dimensional
promotion, which engages food handlers and emphasises primary prevention, is needed to persuade
people to change their behaviour (Kreuter et al., 2000; Elder et al., 2009). In this study 77.1% of
inspectors said they did not have any on-going food safety campaigns but 45.8% of them provided
some form of food safety information through various media (Table 7.21).
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Table 7.21. Food safety campaigns and provision of food safety information
___________________________________________________________________
Statement
n
%
__________________________________________________________________________
Is there any on-going food safety campaign?
Yes
11
22.9
No
37
77.1
How long has educational campaign been going on?
1 year
2
4.2
2 years
1
2.1
5 years
2
4.2
About 10 years
2
4.2
Do you provide food safety information through the media?
Yes
22
45.8
No
26
54.2
How to successfully reduce food safety risk in fish chain
Use participatory approach
3
6.2
Develop appropriate communication channels
7
14.6
Benefits must outweigh costs
1
2.1
Facilitate access to accurate information
2
4.2
Supporting training and capacity building
6
12.5
Facilitating technology upgrading
2
4.2
All of the above
27
56.3
Do the inspectors understand food safety principles and practice?
Not very well
8
16.7
Not well
7
14.6
Uncertain
3
6.2
Well
16
33.3
Very well
14
29.2
Level of satisfaction with fish industry efforts to comply with food safety requirements
Very satisfied
1
2.1
Satisfied
21
43.8
Unsatisfied
21
43.8
Very unsatisfied
4
8.3
______________________________________________________________________

More than half (56.3%) of the inspectors thought that to reduce food safety risks in the fish chain, a
combination of efforts including, the adoption of participatory approach, develop appropriate
communication channels, benefits must outweigh costs, facilitate access to accurate information,
supporting training and capacity building and facilitating technology upgrading needed to be
applied. When the inspectors were asked about whether or not they understood food safety
principles and practice, 33.3% indicated that they understood food safety principles well and 29.2%
said they understood very well. Nearly half (48%) of the inspectors were not very satisfied with the
level of fish industry efforts to comply with food safety requirements.
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7.3.7.5 Inspectors’ food safety competence
Government food control agencies play an important role in the development and/or application
of HACCP systems and food safety compliance activities. In this regard, food safety inspectors must
have the requisite food safety knowledge and skills to implement HACCP-based food
safety compliance. In this survey food safety inspectors' knowledge on HACCP, food safety and

food safety promotion was limited (Table 7.22). Only 41.7% of the inspectors said they were very
competent in evaluating HACCP plans, 33.4% said they were very competent in developing food
safety management system based on HACCP and 31.2% were very competent in carrying out
HACCP audits/external verification.
From these results it is apparent that the majority of food safety inspectors are ill equipped to handle
issues regarding HACCP. The skills and knowledge of food safety inspectors will need to be
considerably improved to handle issues regarding HACCP, including developing, evaluating and
auditing HACCP plans and general food safety management. Many countries have integrated
the HACCP system into their regulatory mechanisms, as a way of reducing the incidence of foodborne disease as well as ensuring a safe food supply for the population, promote and facilitate trade
in food products

and

to

promote

tourism

(WHO,

1995; WHO,

1997).

Under

a

mandatory HACCP programme, there is a crucial need for HACCP training and competencies to be
developed, not only for the food industry personnel but also for food control regulators (Al-Kandari
and Jukes, 2011). The majority (79.1%) of inspectors said they were familiar and knowledgeable of
the entire “catch-to-table” continuum of the fish chain.
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Table 7.22

Areas of competence of food safety inspector

____________________________________________________________________________________________________________________________________

Not
Moderately
Very
Extremely
competent
competent
competent
competent competent
Statement
n
%
n
%
n
%
n
%
n
%
_______________________________________________________________________________________________________________________
Evaluating HACCP plans and their evaluation
23
47.9 5
10.4 12
25.0 6
12.5 2
4.2
Developing food safety management system based on HACCP
23
47.9 8
16.7 7
14.6 8
16.7 1
2.1
Carrying out HACCP audits/external verification
26
54.2 7
14.6 5
10.4 10
20.8 0
0.0
Inspecting premises and processes for hygiene compliance
4
8.3
2
4.2
9
19.8 13
27.1 20
41.7
Sampling food during processing/storage/transport/sale
3
6.2
7
14.6 14
29.2 17
35.4 7
14.6
Recognising different forms of food decomposition
1
2.1
7
14.6 10
20.8 18
37.5 12
25.0
Identifying food which is unfit for human consumption
0
0
2
4.2
4
8.3
25
52.1 17
35.4
Identifying food which is otherwise deceptively sold
0
0
1
2.1
8
16.7 27
56.2 12
25.0
Recognizing/collecting/transmitting evidence
1
2.1
2
4.2
13
27.1 25
52.10 7
14.6
Voluntary compliance by means of quality assurance procedures
3
6.4
3
6.4
22
46.8 16
34.0 3
6.4
Inspecting/sampling/certification of food for export/import
3
6.2
8
16.7 11
22.9 19
39.6 7
14.6
Delivering of information/education/advice to stakeholders
2
4.2
5
10.4 14
29.2 19
39.6 8
16.7
Provision of balanced factual information to consumers
3
6.2
4
8.3
14
29.2 24
50.0 3
6.2
Provision of information packages to key food industry officers
4
8.3
5
10.4 16
33.3 20
41.7 3
6.2
Training of trainers/extension workers in food industry
2
4.2
7
14.6 21
43.8 15
31.2 2
4.2
Familiarity/knowledge of entire “catch-to-table” continuum of fish chain 6
12.5 4
8.3
15
31.2 17
35.4 6
12.5
Assisting with implementation of FDB approved food safety schemes
7
14.6 5
10.4 14
29.2 20
41.7 2
4.2
Assisting food manufacturers meet third-party certification schemes
9
18.8 4
8.3
17
35.4 17
35.4 1
2.1
_______________________________________________________________________________________________________________________
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7.4 Conclusion
This study has attempted to track the handling, preparation, transportation and retail of traditional
fish products and to determine the implementation of specific food safety practices by fish handlers
in Ghana. The results show inconsistencies between self-reported and observed food safety
practices among fish handlers in Ghana and suggest that food safety compliance level is relatively
low although there was some evidence of good practice in places. Although good food safety
knowledge and a positive attitude toward food safety and hygiene was reported by the majority of
food handlers, this knowledge and attitude was not supported by some of the food handling and
hygiene practices observed. A significant proportion of fish handlers used unsafe food handling
practices in their premises. The results particularly highlight infrequent hand-washing practices, the
lack of sanitary facilities and sanitising chemicals, the lack of separate hand and dish-drying
napkins, poor time-temperature control during handling and storage of fish and inappropriate fish
handling facilities. In fact, studies show that shortcomings related to time/temperature control,
improper hygiene and cross contamination contribute most significantly to incidence of foodborne
illnesses (Motarjemi and Käferstein, 1999; Olsen et al., 2000; FDA, 2004; Sumner et al., 2004;
Luning and Marcelis, 2006).
The low levels of food safety compliance could partly be attributed to inadequate food safety
training, lack of basic sanitary facilities and infrastructure in the processing facilities and the
workload of the fish handlers. This view is in line with Green and Selman’s (2005) view that food
handlers’ ability to implement food safety was limited by time pressure; equipment and resource
availability; food safety emphasis by management and co-workers; and food safety education and
training. Clayton et al. (2003) have also noted that pressure of time may prevent food handlers from
carrying out food safety actions. Actual food handling and hygiene practices were not predicted by
self-report measures of practice. The findings are congruent with Abbot et al. (2009) who, using a
similar evaluation strategy, found an increased likelihood of food handlers over-reporting their level
of food safety compliance. The low rate of had hygiene, personal hygiene and premise cleanliness
raise a lot of concern. The results also raise the need to use food safety training and education to
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promote the adoption of desired food handling practices and improve knowledge and food safety
practices.
The results also show that levels of competence among food safety inspectors are low and there is
need to train inspectors. In addition to training, inspections and motivation, basic facilities are
needed in the processing units to ensure food safety. In view of these findings, changing habits to
good practice need to be given priority and attention must be given to establishing the most
effective way of doing this. Practical training is clearly required in order to change habits and
institute attitude changes which are reflected in good hand hygiene practice. At the same time,
consideration could also be given to the provision of basic infrastructure. In short, this study
confirms the existence of inherent barriers in the traditional fish industry which hinder the effective
implementation of the HACCP food safety system. These barriers include knowledge, attitudinal
and infrastructural and operational. Other researchers (Gilling et al., 2001; Bas et al., 2007; Taylor,
2008) have reported similar barriers. Food safety inspectors would also need to be retrained and
equipped. Overall the study highlighted the need for greater food handler education regarding safe
food handling practices in the fish industry. While the results of this study highlight the problems in
the traditional fish industry, the results must also be interpreted with caution considering the small
sample size of the study. From the point of view of HACCP, potential CCPs have been identified
along the fish food chain and food inspectors have indicated very little training in HACCP. These
findings need to be collated as part of a framework to inform the regulatory process, incorporating
all the different stakeholders and actors in the fish food chain in Ghana.
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Chapter 8
8.0
8.1

Overall Discussion

Discussion of results

The present study was set out in three key focus areas aimed at:
1) assessing the incidence of pathogenic microorganisms in traditional fish products from Ghana;
2) investigating the survival of Salmonella and enterotoxigenic S. aureus in fish; and
3) ascertaining links between food safety knowledge, concerns, practices and how these relate to
current hygiene and sanitation conditions along the fish chain in Ghana.
8.1.1 The microbiological safety of sampled traditional retailed fish products
Microbiological analysis of traditional fish products did not detect Salmonella and C. perfringens in
25g and 1g, respectively of salted any of the samples analysed. Microbial counts, including total
counts, coliform bacteria and S. aureus were low (< log 3 CFU/g) in smoked cat fish, smoked
herrings, salted and dried koobi and kako and generally were within the limits set in the European
Commission Regulation (EC 2073/2005) on microbiological criteria for foodstuffs. Total aerobic
bacteria and coliform numbers, S. aureus and B. cereus in some samples of smoked mackerel and
fried bonga were above the maximum acceptable limits, i.e. <5.0 log10 cfu/g for total aerobic
counts, <3.0 log10 cfu/g for S. aureus and B. cereus, and zero tolerance for other pathogens (Mensah
et al., 2002). Fried fish are ready-to-eat fish products usually retailed under ambient conditions. The
high temperatures involved in deep frying (up to 250oC in some cases) are deemed too high for the
survival of most bacteria. The protection derived from the method of fish processing does not
necessarily confer absolute safety to the end product at the end-user phase if for instance, fried but
cooled fish were served by a handler whose fingers were contaminated with Salmonella spp. or S.
aureus because of poor personal hygiene. These findings raise questions about possible safety
concerns around smoked mackerel and fried bonga. Ambient storage conditions for long periods of
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time could result in pathogen growth and potentially render this fish unsuitable for human
consumption.
The ranges of water activity (aw) detected in fried bonga (0.82 – 0.95) show that S. aureus could
grow to high levels in the samples and therefore, fried bonga was classified in this study as high risk
fish product and potentially hazardous; and should therefore be retailed under strict temperaturetime control. S. aureus is one of the most resistant bacteria species capable of tolerating low water
activity (aw) (Kannat et al., 2006). As an indicator of hygiene and sanitary conditions, the presence
of this organism in the retail smoked fish products and fried fish products analysed indicated that
the sanitary conditions during processing, storage and retail were poor, and this may have created a
conducive environment for their growth and a potential health risk to consumers. Several factors,
including the bacteriological quality of the raw ingredients, delay in processing, inadequate
refrigeration, poor personal hygiene; storage temperature and post-process contamination are
among conditions that have been associated with staphylococcal growth and enterotoxin production
(Wieneke et al., 1993). Small numbers of S. aureus are to be expected in foods that have been
exposed to human contact because of its ubiquitous distribution and the fact that S. aureus is a
normal resident of human skin surface and the nostrils. Staphylococcal food contamination is often
linked to workers who are carriers and/or to contact with inadequately cleaned equipment (Herrera
et al., 2006). Post-processing contamination by S. aureus represents a significant health hazard due
to the elimination of microbes that would normally out-compete S. aureus (Gundogan et al., 2005).
Even if S. aureus was absent on freshly processed fish products, opportunities for post-processing
contamination exist during handling at the retail level because participant observation in this study
has demonstrated that a majority of traditionally processed fish products are sold without adequate
packaging. Furthermore, traditionally processed fish products are stored and vended under ambient
conditions. Therefore, the presence of S. aureus in fried bonga and the smoked fish samples most
likely resulted from post-processing handling contamination. It is recommended to use fish
industry-specific PRPs as specified in the Codex Codes of Practice for fish and fishery products
(CAC/RCP 52-2003) be applied in respect of post-process handling in this case. There is also a
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need to educate fish workers on the importance of hygienic and sanitary practices and
implementation GMP and HACCP.
Yeast and moulds were detected in the majority of fried bonga, smoked fish and salted and dried
fish samples analysed, suggesting that the spores may have survived the effects of frying, salting,
drying or smoking or may be due to post-processing contamination. The numbers of yeast and
moulds were however below the maximum acceptable limits of <104 cfu/g for salted fish (FSAI,
2001). The xerophilic moulds, Aspergillus spp. and Penicillium spp., have been reported in fresh
fish (Bagy et al. 1993; Efiuvwevwere and Ajiboye 1996), smoked dried salted fish (Atapattu and
Samarajeewa 1990; Fafioye et al. 2002) and in salted dried fish products (Atapattu and
Samarajeewa 1990; Jonsyn and Lahai 1992; Ahmed et al., 2005). Various researchers have also
reported dangerous levels of aflatoxin in dried fish (Okonkwo et al., 1977). Spores of moulds often
present in the air and soil contaminate fish during and after processing. Extensive mould growth not
only cause important economic losses due to spoilage, but may also produce hazardous mycotoxins.
To prevent mould growth during storage, moisture must be reduced to below 15% (Bala and
Mondol, 2001). For smoked fish to survive mould attack during storage, moisture should be below
12% (Daramola et al., 2007). Therefore, the drying process should be properly monitored to ensure
adequate drying and prevent mould contamination. Results of the sensory analysis showed that
koobi and kako were usually not well liked because of their ‘strong and pungent’ smell. However
microbiological analysis showed that they are free of pathogenic microorganisms and on this basis,
their wholesomeness and microbiological safety is without question, although the levels of salt
concentration used to preserve them may have implications for total daily salt intake and risk of
cardiovascular disease (Cohen et al., 2006).
8.1.2 Effect of holding temperature on survival S. Typhimurium and S. aureus
Temperature is one of the most important factors affecting growth and survival of microorganisms.
Results of the challenge tests showed that at temperatures below 4°C, growth of S. aureus and S.
Typhimurium were inhibited. S. Typhimurium and S. aureus counts were drastically reduced or
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eliminated within a few days of storage of salted and dried products (koobi, kako) and hot-smoked
herrings and catfish products, irrespective of storage temperature. These products were also
generally characterised by very low aw values. These observations are consistent with findings from
previous studies (Humphrey et al., 1989; Saeed and Koons 1993; Yang et al., 2001; Lublin and
Sela, 2008) in which it was observed that Salmonella and S. aureus showed no growth when held at
5°C. Other studies have reported no growth of S. aureus at temperatures below 8 °C combined with
low pH (Normanno et al., 2005). The range for Salmonella growth and survival is between 2 to
47°C with rapid and optimal growth occurring between 25 to 43°C (D’Aoust, 2001) and 37°C,
respectively. Lanciotti et al. (2001) reported a minimum growth temperature value of 4.69°C for
Salmonella enteritidis, whilst growth was reported at temperatures as high as 40°C. Others have
reported complete inhibition of growth at temperatures below 7°C (Gray and Fedorka-Cray, 2002).
8.1.3 Fish safety, shelf-stability and the impact of water activity and storage temperature
The results also show a great variability in water activity and pH of the fish products sampled.
Water availability as measured by aw is an important growth parameter crucial for the survival of
microorganisms including Salmonella (Hayes et al., 2000), and has a direct implication for
microbiological safety of food and is thus an important component of GMP within the food
processing industry. The levels of aw achieved are known to affect the survival of pathogens (Hew
et al., 2005) and also influences the storage stability of foods as some deteriorative processes in
foods are mediated by water. At the same temperature, storage life of foods with low aw is generally
longer than foods with higher aw. In this study, koobi, kako, smoked herrings and smoked catfish
had longer shelf-lives. Microbiological analysis showed that Salmonella and S. aureus numbers
decreased in kako and koobi held at 4oC and at 30oC. Pearson’s correlation analysis also showed a
strong association between aw and Salmonella survival in kako (r2 = 0.944, koobi (r2 = 0.993),
smoked herrings (r2 = 0.998) and smoked catfish (r2 = 0.848), respectively. Because of this
association between physical property aw and the chemical and microbiological properties of fish
samples, it is appropriate to emphasise these aspects in any food safety education programme. This
effect was also observed in smoked catfish, and smoked herring.
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The decrease in numbers was higher in samples held at 30oC than at 4oC. This is unexplained,
except to speculate that perhaps with already dry products e.g. kobi and kako, the higher
environmental temperature, coupled with salting add to desiccation, thus rendering the environment
less conducive for bacterial growth and reproduction. Thus the faster rate of decrease of Salmonella
and S. aureus in the kako, koobi, smoked catfish and smoked herrings held at 30oC could be the
result of drying of the samples held under ambient conditions. Viable but non-culturable response
of Salmonella and S. aureus at low temperature has also been reported (Asakura et al., 2002;
Masmoudi et al., 2010). Asakura et al. (2002) observed that Salmonella becomes non-culturable
under osmotic stress, but retain its pathogenicity. Loss of colony forming ability at low temperature
is caused by exposure to oxidative stress (Wai et al., 2000; Kong et al., 2004; Masmoudi et al.,
2010). It is possible that S. aureus and Salmonella, facing high salt concentration, low aw and low
level of nutrients may activate survival mechanisms that depend on temperature (Leboeuf et al.,
2000; Giard et al., 2001). Other studies show that bacteria which adapt to heavily stressed
environments are more likely to survive levels of stress that would previously be considered lethal
(Gahan et al., 1996). Food safety relies primarily on the use of multiple hurdle technology
(Leistner, 2000). Therefore, depending on processing, pathogens may be exposed to various stresses
simultaneously (Niksic et al., 2005; Yoon et al., 2006) and these exposures may affect their
survival, growth and replication to levels which convert them from mere hazards to actual disease
risks.
8.1.4 Effect of salting, holding temperature and water activity on survival and enterotoxin
production by S. aureus
S. aureus growth and enterotoxin production was inhibited in smoked catfish and mackerel
formulated with higher than 5% (w/w) sodium chloride. Furthermore, reducing the sodium chloride
concentration resulted in less log bacterial population reduction. Holding temperature, sodium
chloride concentration, water activity, pH and inoculum sizes were all shown to interact and
influence the growth, survival and enterotoxin production of S. aureus in smoked catfish and
smoked mackerel. Higher inoculum levels were required to initiate growth of S. aureus and
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enterotoxin A and B production in samples with higher salt concentration. At lower inoculum level,
longer incubation period was required for S. aureus to begin to produce enterotoxins. The results
also show that cell number and temperature were important factors that affected the production of
enterotoxin by S. aureus in smoked fish products.
Regardless of the inoculum size, no enterotoxin was detected from fish products held at 4oC during
the entire 7 days holding period. Refrigeration (4°C) is therefore an appropriate method of lowering
the incidence of S. aureus food poisoning. Higher levels of SEA and SEB were detected in smoked
fish which were held at 30oC and with high inoculation dose. This suggests that a combination of
chemical and biological factors including, lower aw, higher salt content of the product, low storage
temperature in combination with adequate processing conditions would inhibit growth and
production of enterotoxins by S. aureus. Any time and temperature abuse conditions during food
storage and preparation that would allow for growth of S. aureus may result in the production of
staphylococcal enterotoxins and potentially pose public health risks to consumers (Todd et al.,
2008). Furthermore, S. aureus produced a relatively higher level of enterotoxin on unsalted fish
products than salted fish products. The results further suggest that there may be the need for fish
handlers to change the way smoked mackerel and fried fish is stored and retailed as their inherent
water activity levels may not inhibit the growth of bacterial pathogens like Salmonella and S.
aureus under ambient conditions. S. aureus can survive in smoked fish products and remain
dormant even in smoked fish held at 4oC. Therefore, to ensure that smoked fish products will be
safe for human consumption consumers should abide by temperature time requirements when
handling smoked fish.
The findings suggest that current traditional processing methods may be contributing to food
preservation and safety and therefore need to be explored as part of any comprehensive framework
for improving and maintaining the microbial safety of fish products from Ghana and other West
African countries. The importance of proper handling, processing and storage of food in the
prevention of contamination however merits serious consideration. Furthermore the results show
that a key critical control point applied by fish handlers i.e. heat treatment is often adequately
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applied. Fish handlers may not be aware that heat treatment is a critical control point and therefore
must be made aware of this and ensure that any measures applied at this stage add to overall safety.
Salting, drying and hot-smoking steps can achieve a reduction in the levels of pathogenic
microorganisms in processed fish but salt levels and salting practices differ markedly between
processors.
Any pathogenic bacteria present in smoked, fried or salted fish products are most likely the result of
post-processing re-contamination or inadequate processing. The extent of this contamination, both
in terms of frequency and the level of pathogen present will subsequently be dependent on how the
product is handled and maintained during final processing, distribution, marketing, and use by the
consumer. Current post-processing handling and storage practices such as the ambient storage
conditions of smoked fish products do not necessarily provide any guarantees against growth of
pathogens to hazardous levels. Critical control points (CCPs) that guarantee that counts of microbial
pathogens do not increase to hazardous levels can be introduced, e.g. by refrigeration or frozen
storage or by ensuring that the water activity levels are reduced to below 8.2 during processing.
8.2

Food safety knowledge, attitudes, practices, concerns of consumers and food handlers

in Ghana
This study has also highlighted gaps in food safety knowledge and some critical food safety
violations along the fish chain regarding handling, hygiene and sanitation; and confirms that fish
handlers over-estimate (exaggerate) their degree of food safety compliance, whilst at the same time
recognising limitations in their knowledge. Results of participant observation have shown a general
absence of GHP along the fish chain and non-adoption of specific PRPs and HACCP principles in
the fishing trade in Ghana.
Survey results also show a great variability in the way that fish and fish products are handled,
processed, distributed and marketed in (and from) Ghana. Correct handling of food during all stages
of preparation and storage is vital in reducing the incidence of food borne illness (NHMRC, 2003).
Although some fish handlers knew what proper procedures were, many failed to follow them during
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fish handling, storage, processing and retail. This lack of fish handlers’ performance of required
food safety practices included time-temperature abuses, inadequate handwashing, inappropriate fish
storage procedures and personal hygiene and sanitation problems. These findings are similar to
those of Howes et al. (1996) who also observed that employees’ food safety knowledge does not
always translate into good food safety practices and that food handlers tend to overestimate their
food safety practices (Howes et al., 1996; Clayton and Griffith, 2004; Kennedy et al., 2005; ByrdBredbenneret al.2007). Clayton and Griffith (2008) have also reported very little relationship
between participants’ self-reported and actual hand-washing behaviour.
The effects of socio-economic factors on non-compliance were also examined. The cause of nonadherence to food safety requirements in this population appears to be multi-factorial and include
poor economy, poor facilities, apparent lack of cold chains, lack of handwashing and sanitary
facilities, frequent disruptions in water and electricity supply. A major concern identified in this
study is the fact that the majority of fish handlers surveyed did not report receiving the appropriate
education and training on food safety. Inadequate knowledge about food safety and food safety
management, inadequate training, inadequate inspections and nonchalant attitude associated with
denial of the presence of problems along the chain were highly prevalent. Survey results also show
that both food handlers and inspectors have very little knowledge of HACCP a risk-based food
safety management system. Observations of food safety practices along the fish chain also reveal
the absence of adequate time-temperature control from catch to retail. Majority of fish handlers who
indicated that they were trained were either self-taught or taught by their parents. The degree to
which these factors (either singly or in combination) contribute will probably be the subject of
another study. However these findings and the links observed between the microbiological analysis
and survey findings provide a useful framework for modelling on food safety guidance and
regulation which can then be tested within the Ghanaian and West Africa context.
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8.3

Food safety intervention measures for the traditional fish processing sector

The low levels of formal food safety and hygiene training for food handlers in Ghana found in this
study raises serious concerns about the safety and quality standards in the traditional food
processing and catering settings. The findings also provide an opportunity to review current training
provision and practices and ways in which training can be scaled up to benefit people working in
the food service sector in Ghana. Training and education of those involved in preparation,
processing and handling of food is a crucial line of defence in the prevention of most types of food
borne illness (Black et al., 1981; Green and Selman, 2005). To reduce the incidence of foodborne
illness, it is important to improve food handlers’ food handling practices and knowledge (Green and
Selman, 2005).
The results reveal the need for fish handler and consumer education regarding safe food handling
practices from catch to the home. Food safety agencies should play an important role in the
education and training of fish handlers. Training strategies need to emphasise hand hygiene actions,
time-temperature control and cross-contamination. Providing appropriately designed and targeted
food safety educational material about PRPs, SOPs, GHPs and GMPs to food handlers would also
help to facilitate or persuade behaviour modification. Mullan et al. (2010) have suggested that
future interventions need to target participant’s understanding of safe food handling behaviour.
Food safety training should ideally be provided for all food handlers and inspectors before they
begin to work in the food industry, supported and reinforced with periodic in-service continuing
professional development (CPD) or refresher courses to ensure and maintain high standards of
practice across all stakeholders. A risk-based approach to food safety management has been
advocated, and a range of reviews have identified major risk factors contributing to food borne
disease (Weingold et al., 1994; Bryan, 1995; Ryan et al., 1996; Coleman and Griffith, 1998; WHO,
2000a; Clayton and Griffith, 2004). Data from the present study show that some of these risk
factors persist in the traditional fish chain. Typically these factors include inadequate heat
treatment, inappropriate storage of foods, infected food handlers and cross-contamination (WHO,
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2000a). Medeiros et al. (2001b) have suggested that food safety educational programs should be
organized according to five categories namely: (1) personal hygiene, (2) adequate cooking, (3)
avoiding cross-contamination, (4) cold storage/hot-holding, and (5) avoiding foods from unsafe
sources. Any attempt to address food safety hazards and improve food safety in the traditional fish
processing industry in Ghana must include a comprehensive plan that tackles hazards at the primary
production and intermediate stages: i.e. before processing, during processing, transportation, storage
and retail as well as educational programmes to educate food handlers and consumers to follow
proper food handling practices. In addition, there is the need to periodically evaluate the health of
food handlers in Ghana through appropriately targeted screening and certification. It is also of vital
importance to properly train food safety educators in order to transmit food safety and hygiene
principles fish handlers. As the results show, only 43.8% of the inspectors had higher (professional
or graduate) qualification and only 29.2% were trained in HACCP.
A number of researchers (Manning and Snider, 1993; Clayton et al., 2003; Clayton and Griffith,
2004; Green and Selman, 2005;) have observed that food safety education was not enough to
encourage food handlers to perform proper food safety and sanitation procedures. The provision of
basic hygiene and sanitation facilities along the chain, including water, cold chains and
improvements in the processing facilities is also needed. It is hoped that as more attention is paid to
the problems along the fish chain, food safety will be achieved across this and other related sectors.
The human dimension including food handlers’ and consumers’ attitude towards food safety issues,
food safety inspectors and professionals’ attitude and behaviour towards food safety inspections and
management; local authority and the governments’ commitment to providing the required facilities
and amenities merit further investigation. Further research, including microbiological,
epidemiological and psychological is needed to help our fuller understanding of the food safety
challenges along the chain, improve hygiene and sanitation practices, and improve training,
interventions and inspections in the traditional fish processing sector. It is hoped that the findings
from this study will help stimulate further interest and work in this vital aspect of food safety
control in Ghana and elsewhere, especially in sub-Saharan Africa.
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8.4

Conclusion

This thesis is the culmination of a number of years of work investigating food safety aspects of the
fish processing business in Ghana. The study suggests that smoked herrings, smoked catfish, salted
and dried koobi, salted and dried kako products are relatively low risk fish products. However, fried
bonga and smoked mackerel products may support the growth of S. aureus and Salmonella and
when an incorrect temperature is used for storage of the final product before consumption; such
precooked products may represent a potential risk for consumers. Although the survey results
indicated that majority of the food handlers and consumers had very good food safety knowledge,
observations from catch to processing and retail show that the knowledge is not fully applied in
food handling throughout the chain. Observed food handling practices appear to contradict selfreported practices and may indeed contravene standard food safety practices and need to be
addressed. Key important utilities including, potable water supplies, safe disposal sites for wastes,
refrigeration facilities, poor transportation are common. In addition some of the processing units are
poorly sited and hygiene standards in these units must be addressed throughout the chain. A number
of serious constraints including absence of PRPs that hinder the possible implementation of
HACCP and standard food safety management were found. In addition, there are challenges posed
by inadequate support from government and its agencies as well as from trade associations. Because
of limited resources and tools, the Ghana Food and Drugs Board appear to be limited to a reactive
rather than a pro-active role in providing leadership and enforcement of existing statutory
regulations, however inadequate these may be at the present time. Consequently, processing
decisions and food safety management in the traditional food processing chain needs to be
addressed. However one also recognises the need for the consumer survey results to be interpreted
with caution because of possible sampling bias based on the small sample size and the
representativeness of the sample, albeit through a cluster (probability) sampling design. National
food control systems are a key element in the protection of consumers from unsafe foods and from
other fraudulent practices (Alomirah et al., 2010). Based on the microbiological analysis, food
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safety surveys and the observations along the traditional fish chain, four interlinked options have
been proposed for intervention and the management of food safety risks in the traditional fish chain:
1. Education and training of fish handlers and enforcement officers (including training on the
identification and adoption of good traditional practices, as well as training on GHP and
risk-based food safety management, e.g. HACCP, and general public education to sensitise
consumers),
2. The provision of reasonable level of basic infrastructure (adequate fish handling areas,
potable water, sewage and refuse collection services),
3. Adoption of appropriate and enforceable regulatory framework including national and local
byelaws. To achieve this, there must be institutional linkages between local and national
government.
4. Facilitating credit availability to small and medium food business
This study has identified inadequate refrigeration, poor handling and the open display of processed
fish far in advance of planned use, as well as the opportunity to transfer pathogenic microorganisms
from infected food handlers along the fish chain. These conditions may contribute to contamination
and allow the growth and production of the toxin in traditionally processed fish products. Moreover,
any toxin that is not affected by subsequent cooking processes may result in food poisoning even if
the fish is cooked before consumption. It is therefore crucial that any food safety management
programme or risk assessment programme for the traditional fish processing and retail sector should
considered human behaviour and practices along with the potential for contamination, growth and
toxin production by microorganisms, including S. aureus.
8.4.1 Contributions of the study and future work
The study makes a number of contributions to theory, methodology and practice. Regarding theory,
the research shows that storing koobi, kako, smoked herrings and smoked catfish under ambient
conditions improve their quality and microbiological safety. Relating to practice, the study showed
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that the high food safety knowledge level of food handlers is not fully applied practically in food
handling. Food safety training that emphasises risk reducing strategies has the potential to help
consumers, the government and food industry develop appropriate risk management strategies and
effective risk communication message. This study focused on microbiological hazards. Doubtless,
the nature of these hazards may differ from other types of food hazard. These hazards may arise
from actions of different parties particularly consumers. Actions such as ‘cooking well’ to control
microbiological hazard and refrigeration of fish regarded as ‘high risk’ would minimise the risk of
food borne disease. Chemical hazards arise mainly during food production or food processing and
this cannot be reduced by consumers’ own control. Future studies would involve an investigation
into levels of organochlorines and trace metals in the fish and water to determine if they are within
recommended safe levels. Testing the proposed framework model developed from the present study
would also provide further insight into addressing current food safety needs and hopefully provide a
comprehensive food safety framework for fish products in Ghana. Finally, potential HACCP
systems cannot be successfully applied if PRPs and GHPs are not in place (CCFH, 1998;
Anandavally and FAO, 2002; CCFH, 2003). Further work on the development of appropriate
science- and risk-based PRPs and GHP tools is needed. Therefore, future studies should involve
developing an appropriate tool for use by the traditional production and processing sector as a basis
for training. In addition, the use of different questionnaire designs could be employed, for example
open ended questions, in order to elicit more detailed responses. This is because multiple choice
questions can both guide the participant and also allow for a high proportion of guessed responses
that may coincide with the correct response predicted.

208

References
Ababouch, L. (1990) Histamine in fishery products: a review. Proceedings of the FAO expert consultation
on fish technology in Africa, FAO, Abidjan, Côte d’Ivoire
Ababouch, L. (2003) Impact of Fish Safety and Quality on Food Security: Report of the Expert Consultation
on International Fish Trade and Food Security. Rep. 708, FAO Fisheries Report, Rome
Ababouch, L. (2006) Assuring fish safety and quality in international fish trade. Marine Pollution Bulletin.
53 (10–12), pp. 561–568
Ababouch, L., Afilal, M.E., Rhafiri, S. and Busta, F. (1991) Identification of histamine-producing bacteria
isolated from sardine (Sardina pilchardus) stored in ice and at ambient temperature (25°C). Food
Microbiology, 8, pp.127-136.
Ababouch, L.H., Souibri, L., Rhaliby, K.., Ouadhi, O., Battal, M. and Busta, F.F. (1996) Quality changes in
sardines (Sardina pilchardus) stored in ice and at ambient temperatures. Food Microbiology, 13, pp.
123–132
Abarca, M. L., Accensi, F., Bragulat, M. R. and Cabañes, F. J. (2001) Current importance of ochratoxin Aproducing Aspergillus spp. Journal of Food Protection, 64, pp. 903–906
Abe, H. and Okuma, E. (1991) Rigor mortis progress of carp acclimated to different water temperatures,
Nippon Suisan Gakkaishi, 57, 2095-2100.
Abila, R.O. (2003) A Socio - Economic Study of the Yala Swamp Fisheries. Paper presented at ECOTOOLS
Scientific Workshop on Yala Swamp. Switel Hotel, Bondo, Kenya. 9th–10th December, 2003.
Abbot, J. M., Byrd-Bredbenner, C., Schaffner, D., Bruhn, C. M. and Blalock, L. (2009) Comparison of food
safety cognitions and self-reported food handling behaviours with observed food safety behaviours
of young adults. European Journal of Clinical Nutrition, 63, pp. 572-579
Abolagba, O.J. and Melle, O.O. (2008) Chemical composition and keeping qualities of a Scaly Fish Tilapia
(Oreochromis niloticus) Smoked with two Energy Sources. African J. Gen. Agric., 4 (2), pp.113117.
Acheampong, I. (2005) “Food Hygiene of the Cafeteria Facilities of the University of Ghana,” BSc Project
Report, Department of Nutrition and Food Science, University of Ghana, Legon, 2005
Adams, M.R. (1990) Topical aspects of fermented foods. Trends in Food Science & Technology, 1, pp. 140144
Adams, M.R. and Moss, M. O. (1995) Food Microbiology. The Royal Society of Chemistry, Cambridge,
UK. 18-203 pp.
Adams, M.R., and Moss, M.O. (1997) Food microbiology. Cambridge: The Royal Society of Chemistry
Adams, M. and Motarjemi, Y. (1999) Basic food safety for health workers. Rep. WHO/SDE/PHE/FOS/99.1,
World Health Organisation, Geneva
Adebayo-Tayo, B.C., Onilude, A.A., Patrick, U.G. (2008) Mycofloral of Smoke-Dried Fishes sold in Uyo,
Eastern Nigeria, World J. Agric. Sci., 4(3), pp. 346-350.
Adekunle, I. M. and Akinyemi, M. F. (2004) Lead levels of certain consumer products in Nigeria: A case
study of smoked fish foods from Abeokuta. Food and Chemical Toxicology, 42, pp. 1463–1468.
Adimado, A. A. and Baah, D. A. (2002) Mercury in human blood, urine, hair, nail and fish from the Ankobra
and Tano River Basins in Southwestern Ghana. B. Environmental Contamination and Toxicology,
68, pp. 339–346.
Adler, K., (1999) Recommendation on bare-hand contact with ready-to-eat foods finalized by micro
committee. Food Chemistry News 41 (33), pp. 9.
Adu-Gyamfi, A. (2000) Studies on microbiological quality of ready-to-eat smoked fish. BNARI Technical
Report.
Adu-Gyamfi, A. (2006) Studies on microbiological quality of smoked fish in some markets in Accra, ghana.
Ghana J. Sci. 46, pp. 67-75
AFSSA, (2002) Rapport du groupe de travail sur le sel (86p).
Ahmed, A. M., Ismail, S. A. and Abd-El-Rahman, H. A (2005) Quantitative, qualitative and toxigenic
evaluations of xerophilic mold in traditional Egyptian salted fish, molouha, Journal of Food Safety
25, pp. 9–18.
Akande, G.R. and Asuquo-King, M.A. (2001) Control of insect infestation in smoked West African sardines
Sardinella maderensis 'Sawa' using actellic 50 EC solution. In: 14th Annual Conference of the
Fisheries Society of Nigeria (FISON), 19-23 January 1998, Ibadan, Nigeria.

209

Akinola, O.A., Akinyemi, A. A, Bolaji, B. O. (2006) Evaluation of Traditional and solar drying systems
towards enhancing fish storage and preservation in Nigeria (Abeokuta Local Government as a case
study). Journal of Fisheries International, 1, pp. 44-9
Akman, M. and Park, R.W.A. (1974) The growth of salmonellas on cooked cured pork. J. Hyg., Camb., 72:
369
Ako, P. A. and Salihu, S. O. (2004) Studies on some major and trace metals in smoked and oven - dried fish.
J. Appl. Sci. Environ. Manage. 8(2): 5-9.
Aksnes, A. and Brekken, B. (1988) Tissue degradation, amino acid liberation and bacterial decomposition of
bulk stored capelin. J. Sci. Food Agric. 45, 53-60.
Alam, M., Hasan, N.A., Sadique, A., Bhuiyan, N.A., Ahmed, K.U., Nusrin, S., Nair, G.B., Siddique, A.K.,
Sack, R.B., Sack, D.A., Huq, A. and Colwell, R.R. (2006) Seasonal cholera caused by Vibrio
cholerae serogroups O1 and O139 in the coastal aquatic environment of Bangladesh. Appl Environ
Microbiol. 72(6), pp. 4096 - 4104.
Al-Kandari, D. and Jukes, D.J. (2011) Incorporating HACCP into national food control systems - Analyzing
progress in the United Arab Emirates. Food Control, 22 (6), pp. 851–861
Allwood, P.B., Jenkins, T., Paulus, C., Johnson, L. and Hedberg, C.W. (2004) Handwashing compliance
among retail food establishment workers in Minnesota. Journal of Food Protection, 67 (12), pp.
2825–2828
Alomirah, H. F., Al-Zenki, S. F., Sawaya, W. N., Jabsheh, F., Husain, A. J., Al-Mazeedi, H. M., AlKandari, D. and Jukes, D. (2010) Assessment of the food control system in the State of Kuwait.
Food Control, 21(4), pp. 496-504
Altekruse, S.F., Street, D.A., Fein, S.B. (1995) "Consumer knowledge of foodborne microbial hazards and
food-handling practices", Journal of Food Protection 59 (3), pp. 287-94.
Altekruse, S.F., Street, D.A., Fein, S.B. and Levy, A.S. (1996) Consumer knowledge of foodborne microbial
hazards and food-handling practices. Journal of Food Protection, 59 (3), pp. 287-94.
Amagliani, G. Brandi, G. and Schiavano, G.F. (2012) Incidence and role of Salmonella in seafood safety.
Food Research International, 45, pp. 780–788
Amoa-Awua,W.K., Ngunjiri, P., Anlobe, J., Kpodo, K., Halm, M., Hayford, A.E. and Jakobsen, M. (2007)
The effect of applying GMP and HACCP to traditional food processing at a semi-commercial
kenkey production plant in Ghana. Food Control 18 (11), pp. 1449-1457
Ampratwum, D. B. and Dorvlo, A. S. S. (1997) Evaluation of a solar cabinet dryer as an air heating system.
Applied Energy 59, pp. 63-71
Anandavally, N. and FAO, (2002) A case study on Hazard Analysis Critical Control Point System (HACCP):
Implementation in India.
Anderson, J.B., Gee, E., Mendenhall, V.T., Shuster, T.A., Hansen, K. and Volk, A. (2000) “A Camera’s
View of Consumer Food Handling and Preparation Practices.” Final report prepared for the U.S.
Food and Drug Administration. North Logan, Utah: Spectrum Consulting.
Andrés, A., Rodríguez-Barona, S., Barat, J.M., and Fito, P. (2005) Salted cod manufacturing: influence of
salting procedure on process yield and product characteristics. Journal of Food Engineering, 69, pp.
467–471.
Andrés, A. Rodríguez-Barona, S., Barat, J. M. and Fito, P. (2002) Mass transfer kinetics during cod salting
operation, Food Science and Technology International, 8 (5), pp. 309–314
Angelillo, I.F., Viggiani, N.M.A., Rizzo, L. and Bianco, A. (2000) “Food handlers and foodborne diseases:
knowledge, attitudes and reported behaviour in Italy”, Journal of Food Protection, 63 (3), pp. 381-5.
Angelillo, I.F., Viggiani, N., Greco, R.M. and Rito, D. (2001a) “HACCP and food hygiene in hospitals:
knowledge, attitudes and practices of food-service staff in Calabria Italy”, Infection Control and
Hospital Epidemiology, 22 (6), pp. 363-9.
Angelillo, I.F., Foresta, M.R., Scozzafava, C., and Pavia, M. (2001b). Consumers and foodborne diseases:
knowledge, attitudes and reported behaviour in one region of Italy. International Journal of Food
Microbiology, 64, pp. 161-166.
Anihouvi, V. B., Ayernor, G. S., Hounhouigan, J. D. and Sakyi-Dawson, E. (2006) Quality Characteristics of
Lanhouin : A Traditionally Processed Fermented Fish Product in the Republic of Benin. African
Journal of Food Agriculture Nutrition and Development, 6, pp. 1-15
Annan, T. (2008) B.Sc project work; University of Cape Coast, (Cape Coast, Ghana, 2008)
Annor, G.A and Baiden, E.A.(2011) Evaluation of Food Hygiene Knowledge Attitudes and Practices of
Food Handlers in Food Businesses in Accra, Ghana. Food and Nutrition Sciences, 2, pp. 830-836

210

Anon, (1990) Staphylococcal enterotoxin detection kit by Lopes, H.R., Noleto, A.L.S., de Las Heras, M.D.,
Bergdoll, M.S., reversed passive latex agglutination. Ref. (63 E) No. 1809, Denka Seiken Co., Ltd.,
Tokyo, Japan.
Anon,
(2008a).
Contaminated
Food
Killed
90,692
In
2006.
Available:
http://www.modernghana.com/news/164578/1/contaminated-food-killed-90692-in-2006.html
(Accessed 20 April 2009)
Anon

(2008b)
Ghana
–
Poor
sanitation
tops
causes
of death.
Available:
http://www.modernghana.com/news/174428/1/poor-sanitation-tops-causes-of-death.html (Accessed
3 August 2009)

Antonia da Silva, L. V., Prinyawiwatkul, W., King, J. M., No, H. K., Bankston, J. D., Jr. and Ge, B. (2008)
Effect of preservatives on microbial safety and quality of smoked blue catfish (Ictalurusfurcatus)
steaks during room-temperature storage, Food Microbiology, 25, pp. 958–963
Anunciacao, LLC., Linardi, W R., Do Carmo, LS. and Bergdoll, MS. (1995) Production of staphylococcal
enterotoxin A in cream-filled cake, International Journal of Food Microbiology 26: 259–263
APHA, (2001) Compendium of Methods for the Microbiological Examination of Foods, 4th Ed. (F.P.
Downes and K. Ito, eds.) American Public Health Association, Washington, DC.;
Arkoudelos, J. S. Samaras, F. J. and Tassou, C. C. (2003) Survival of Staphylococcus aureus and Salmonella
Enteritidis on salted sardines (Sardina pilchardus) during ripening, Journal of Food Protection 66
(8), pp. 1479–1481.
Arvanitoyannis, I.S. and Kassaveti, A. (2009) HACCP and ISO 22000 – A comparison of the two systems.
In: I.S. Arvanitoyannis (Ed.), HACCP and ISO 22000: Application to foods of animal origin, WileyBlackwell Limited, Oxford (2009), pp. 3–45
Asakura, H., Makino, S.-I., Takagi, T. Kuri, A., Kurazano, T., Watarai, M. and Shirahata, T. (2002) Passage
in mice causes a change in the ability of Salmonella enterica serovar Oranienburg to survive NaCl
osmotic stress: resuscitation from the viable but non-culturable state, FEMS Microbiol. Lett. 212, pp.
87–93.
Ash, M. (1997) Staphylococcus aureus and Staphylococcal Enterotoxins. In: Foodborne microorganisms of
public health importance, 5th Edition, (Eds) Hocking, A.D., Arnold, G., Jenson I., Newton, K.,
Sutherland, P. ,1997, pp 313-332. AIFST (NSW Branch), Sydney.
Atapattu, R. and Samarajeewa, U. (1990) Fungi associated with dried fish in Sri-Lanka. Mycopathologia
111(1), pp. 55–59.
Athukorala, P. and Jayasuriya, S. (2003) "Food Safety Issues, Trade and WTO Rules: A Developing Country
Perspective", 26, pp. 1395-416
Aycicek, H., Cakiroglu, S. and Stevenson, T. H. (2005) Incidence of Staphylococcus aureus in ready-to-eat
meals from military cafeterias in Ankara, Turkey, Food Control, 16 (6) pp. 531-534
Azam, K., Mackie, I.M. and Smith, J. (1990) Effect of stunning methods on the time of onset, duration and
resolution of rigor in rainbow trout (Salmo gardineri) as measured by visual observation and
analysis for lactic acid, nucleotide-degradation products and glycogen. In: Chilling and freezing of
new fish products. Sci. Tech. Froid. 3. Proceedings of the meeting of Commission C2 I.I.F.-I.I.R.
Aberdeen. 351-358.
Azeza N.I (1986). The problem of choice and safer methods of reducing post harvest losses in Lake Chad
processed fish. Proceedings of the FAO expert consultation on fish technology in Africa. Lusaka,
Zambia, 21 25 January 1985. FAO Fish Report, 329, Suppl. pp. 340-8.
Babbie, E.R. (2005) The Basics of Social Research; Thomson Wadsworth, p. 174
Babut, M., Sekyi, R., Rambaud, A., Potin-Gautier, A., Tellier, S., Bannerman, W., Beinhoff, C. (2003)
Improving the environmental management of small-scale gold mining in Ghana: a case study of
Dumasi. Journal of Cleaner Production 11, pp. 215-221.
Badrie, N., Gobin, A., Dookeran, S. and Duncan, R. (2006) Consumer awareness and perception to food
safety hazards in Trinidad, West Indies. Food Control, 17, pp. 370-377.
Bagumire, A., Todd, E.C.D., Nasinyama, G.W., Muyanja, C., Rumbeiha, W.K., Harris, C. and Bourquin,
L.D. (2009) Potential sources of food hazards in emerging commercial aquaculture industry in subSaharan Africa: a case study for Uganda. International Journal of Food Science and Technology, 44,
pp. 1677–1687
Bagy, M. M., Hemida, S. K. and Mahmoud, U. M. (1993) Terrestrial fungi inhabiting certain species of Nile
fishes in Egypt. J. Zentralbl. Mikrobiol. 148 (4), pp. 289–297.

211

Baird-Parker, T. C. (2000) Staphylocococcus aureus, In: Lund, B.M., T.C. Baird-Parker and G.W. Gould
(eds.) The Microbiological Safety and Quality of Foods. Aspen Publishers Inc., Gaitherburg,
Maryland, USA. pp.3-18.
Bala, B.K. and Mondol, M.R.A. (2001) Experimental Investigation on Solar drying of fish using solar tunnel
dryer. Drying Technology, 19 (2), pp. 427-436.
Balaban, N. and Rasooly A. (2000) Staphylococcal enterotoxins. International Journal of Food
Microbiology, 61(1), pp. 1-10.
Baldwin, R. (2004) ‘The New Punitive Regulation’. Modern Law Review, 67 (3), 351-383
Barat, J. M. Rodríguez-Barona, A., Andrés, A. and Fito, P. (2003) Cod salting manufacturing analysis, Food
Research International 36 (5), pp. 447–453.
Barros-Velázquez, J., Gallardo, J.M., Calo, P. and Aubourg, S.P. (2008) Enhanced quality and safety during
on-board chilled storage of fish species captured in the Grand Sole North Atlantic fishing bank.
Food Chemistry, 106, pp.493–500
Bartoszek A, ed. (2002) Mutagenic, carcinogenic, and chemopreventive compounds in foods. Boca Raton:
CRC Press. 307-36 pp.
Barza, M. (2004) Efficacy and tolerability of ClO2-generating gloves. Clinical Infectious Diseases 38, pp.
857–863.
Baş, M., Safak, E. A., and KIvanç, G. (2006) The evaluation of food hygiene knowledge, attitudes, and
practices of food handlers’ in food businesses in Turkey. Food Control, 17(4), pp. 317-322.
Baş, M. Yüksel, M. and Cavusoglu, T. (2007) Difficulties and barriers for the implementing of HACCP and
food safety systems in food businesses in Turkey. Food Control, 18 (2), pp. 124–130
Basti, AA., Misaghi, A., Salehi, TZ. and , Kamkar, A. (2006) Bacterial pathogens in fresh, smoked and
salted Iranian fish. Food Control 17: 183-8
Battilani, P., Giorni, P. and Pietri, A. (2003). Epidemiology and toxin-Producing fungi and ochratoxin A.
European Journal of Plant Pathology. 109, pp. 723-730.
Bauerand, J. and Gareis, M (1987). Ochratoxin A in der Nahrungsmittelkette. J. Vet. Med. 34, pp. 613-627.
Bayani, M.M. and Azanza, M.P.V. (2005) Inhibition of Staphylococcus aureus by Garlic and NaCl in Broth
Systems. Food Sci. Technol. Res., 11(2), pp. 214-221.
Bean, N. and Griffin, P. (1990) Foodborne disease outbreaks in the United States, 1973-1987: pathogens,
vehicles and trends. Journal of Food Protection 53, pp. 814-817.
Bellagha, S., Sahli, A., Farhat, A., Kechaou, N. and Glenza, A. (2007) Studies on salting and drying of
sardine (Sardinella aurita): experimental kinetics and modelling, Journal of Food Engineering, 78,
pp. 947–952.
Bennett, P. and Murphy, S. (1999) Psychology and health promotion, University Press, Buckingham, UK.
Bergdoll, M.S., ed. (1989) Staphylococcus aureus. New York: Marcel Dekker Inc. 463–523 pp.
Bergdoll, M.S. (1990) Staphylococcal food poisoning. In D.O. Cliver (Ed.), Foodborne Diseases, Academic
Press, San Diego, pp. 85–106
Bergdoll, M. S. and Lee Wong, A. C. (2006) Staphylococcal intoxications. In: Rieman, H.P., Cliver, D.O.
(Eds.), Foodborne Infections and Intoxications. Academic Press, Elsevier Inc., San Diego,
California, pp. 523–562.
Berhimpon, S, Souness, R. H., Buckle, K. A. and Edwards, R. A. (1990) Salting and drying of yellowtail
(Tachurus mcculochi Nichols). International Journal of Food Science and Technology, 25, pp. 40919
Berkel, B. M-V, Boogaard, B. V.D., Heijnen, C. (2004). Preservation of fish and meat, Agromisa
Foundation, Wageningen, Wageningen, the Netherlands
Bhaskar, N., Setty, T.M.R., Mondal, S., Joseph, M.A., Raju, C.V., Raghunath, B.S. and Anantha, C.S. (1998)
Prevalence of bacteria of public health significance in the cultured shrimp (Penaeus monodon). Food
Microbiology, 15, pp. 511-519.
Bibek, R. (2001). Fundamental Food Microbiology (2nd edn). The CRC press Ltd Washington, DC. pp 5690.
Bienfang, P.K., DeFelice, S.V., Laws, E.A., Brand, L.E., Bidigare, R.R. and Christensen, S. (2011)
Prominent human health impacts from several marine microbes: History, ecology, and public health
implications. International Journal of Microbiology. doi:10.1155/2011/152815.
Black, R.E., Dykes, A.C., Anderson, K.E., Wells, J.G., Sindeir, S.P., Gary, G.W., Hatch, M.H. and
Gangarosa, E.J. (1981) Handwashing to prevent diarrhea in day-care centres. American Journal of
Epidemiology, 113, pp. 445–451

212

Blaser, M. J. and Newman, L. S. (1982) A review of human salmonellosis. I. Infective dose. Rev Infect Dis.,
4: 1096-1106.
Bloomfield, S. F. (2003) Home hygiene: a risk approach, International Journal of Hygiene and
Environmental Health, 206, pp. 1–8.
Bortei-Doku, A.E. (2000) Moree Individual Survey on Small Scale Fisheries, Population Dynamics and
Fisheries Management. Final Report prepared for project on Small Scale Fisheries in Africa,
Demographic Dynamics and Resource Management, Institute of Social Statistical and Economic
Research (ISSER), University of Ghana, Legon, Ghana
Boudhrioua, N. Djendoubi, N., Bellagha, S. and Kechaou, N. (2009) Study of moisture and salt transfers
during salting of sardine fillets, Journal of Food Engineering 94, pp. 83–89.
Brás, A. and Costa, R. (2010) Influence of brine salting prior to pickle salting in the manufacturing of
various salted-dried fish species. Journal of Food Engineering, 100, pp. 490–495
Bremner, H.A. (2002) Safety and Quality issues in Fish processing. Wood head Publishing limited
Bremer, P. J., Fletcher, G. C., Osborne, C. (2003) Salmonella in seafood. New Zealand Institute for Crop &
Food Research Limited.
Brewer, M.S. and Prestat, C. (2002) Consumer attitudes towards issues in food safety. Journal of Food
Safety 22 (2), pp. 67–85
Brewer, M.S. and Rojas, M. (2008) Consumer attitudes toward issues in food safety. Journal of Food Safety
28, pp. 1–22
Britwum, A.O. (1993) The Impact of Women and Development Projects on the Status of Rural Women
Within their Families. Unpublished Mphil dissertation, University of Ghana, Legon.
Britwum, A.O., Agbesinyale, P. and Ghartey, N.K.T. (2006) Organising Labour in the Informal Sector: the
Conditions of Rural Agriculture in Ghana. Accra: Ghana Universities Press.
Buckle, K. A., Souness, R. A., Putro, S. and Wuttijumong P. eds. (1998) Food Preservation by Moisture
Control. UK: Elsevier Applied Science Publishers Ltd. 103-15. pp.
Bryan, F. L. (1995) “Hazard analyses of street foods and considerations for food safety”, Dairy, Food and
Environmental Sanitation, 15, pp. 64-9.
Byrd-Bredbenner, C., Maurer, J., Wheatley, V., Schaffner, D., Bruhn, C. and Blalock, L. (2007) “Food safety
self-reported behaviours and cognitions of young adults: results of a national study”, Journal of
Food Protection, 70 (8), pp. 1917-26.
CAC, (2003a) General Principles of Food Hygiene and other Codes of Practice Codex
CAC, (2003b). Recommended international code of practice general principles of food hygiene. Cac/rcp 11969, Rev. 4. Rome
CAC, (2009) Food hygiene Basic texts (Fourth edition). WHO/FAO, Rome. Available at
http://www.fao.org/docrep/012/a1552e/a1552e00.htm Accessed 7 December 2011.
Canovas, G. and H. Mercado. (1996) Dehydration of Foods. Chapman and Hall. ITP International Thomson
Publishing, NY, 330 pp.
Caswell, J. A, ed. (2003) Food Safety in Food Security and Food Trade: Trends in Food Safety Standards
and Regulation: Implications for Developing Countries., 10. Washington: International Food Policy
Research Institute. 9-10 pp.
Catteau, M. (1993) Infections microbiennes d’origine alimentaire. Ann. Fals. Exp. Chim. 86, I7 -24.
CCFH, (1998) Discussion paper on HACCP in small and less developed businesses (CX/FH 98/12).
Prepared by the Netherlands and presented at the Codex Committee on Food Hygiene, Orlando,
Florida, 26-30 Oct. 1998.
CCFH (Codex Committee on Food Hygiene), (2003) Consideration of the obstacles to the application of
HACCP particularly in small and less developed businesses and approaches to overcome them
(CX/FH 03/4-add.1). Prepared by the Netherlands and presented at the Codex Committee on Food
Hygiene, Orlando, Florida, 27 Jan.- 1 Feb. 2003
CCFRA, (2003) Manual of Microbiological Methods for the Food and Drink Industry
CDC (Centers for Disease Control and Prevention), (2004) Preliminary FoodNet data on the incidence of
infection with pathogens transmitted commonly through food – selected sites, United States, 2003.
MMWR Weekly, 53, pp. 338-343.
CDC, (1996) Surveillance for food-borne disease outbreaks. Centers for Disease Control, Atlanta, GA, 2-39.
Chakrabarti, R. (1998) Shelf life and histamine content of ten species of fish stored at tropical ambient
temperature, Journal of Food Science and Technology, 35(1), pp. 62
Chakrabarti, R. (1993) Processing of Penaeus indicus, Decapterus sp. and Stolephorus sp. to dried product
with low histamine and their storage characteristics. Fishery Technology, 30 (2), pp. 130–133.

213

Chakrabarti, R. (1991) Histamine content in dried fish products from kakinada coast. Fishery Technology 28
(1), pp. 59–62.
Chang, H.J., Lee, J.S. and Kwak, T.K. (2003) Effectiveness of HACCP-based training on the food safety
knowledge and behaviour of hospital foodservice employees. Nutritional Sci. 6, pp. 118–126.
Cheke, R.A. and Ward, A.R. (1998) A model for evaluating interventions designed to reduce post-harvest
fish losses. Fisheries Research, 35 (1), pp. 219–227
Chen, Y., Jackson, K. M., Chea, F. P. and Schaffner, D. W. (2001) Quantification and variability analysis of
bacterial cross-contamination rates in common food service tasks, Journal of Food Protection, 64,
pp. 72–80
Chiralt, A., Fito, P., Barat,J.M., Andrés, A., González-Martínez, C., Escriche, I. and Camacho, M.M.2001.
Use of vacuum impregnation in food salting process. Journal of Food Engineering, 49 (2-3): pp
141-151
Christensen, C.M. and Kaufmann, H.H. (1974) Microflora. In Storage of cereal grains and their products.
C.M. Christensen (ed.). Monograph Series Am. Assoc. Cereal Chem., 5 rev. edition, pp. 158-92
Clayton, D.A., Christopher J. and Griffith, C.J. (2004) "Observation of food safety practices in catering using
notational analysis". British Food Journal 106 (3), pp. 211-227.
Clayton, D., Griffith, C.J. (2008), "Efficacy of an extended theory of planned behaviour model for predicting
caterers' hand hygiene practices", International Journal of Environmental Health, Vol. 18 pp.83-98.
Clayton, D. A., Griffith, C. J., Price, P. and Peters, A. C. (2002) Food handlers’ beliefs and self-reported
practices, International Journal of Environmental Health Research 12, pp. 25–39.
Clayton, D. A., Griffith, C. and Price, P. E. (2003) An investigation of the factors underlying consumers'
implementation of specific food safety practices. British Food Journal, 105, 434-53
Cogan, T.A., Slader, J., Bloomfield, S.F., and Humphrey, T.J. (2002) Achieving hygiene in the domestic
kitchen: The effectiveness of commonly used cleaning procedures. Journal of Applied Microbiology
92, pp. 885–892.
Cohen, E., Reichel, A. and Schwartz, Z. (2001) “On the efficacy of an in-house food sanitation training
program: statistical measurements and practical conclusions”, Journal of Hospitality and Tourism
Research, 25 (1), pp. 5-16
Cohen, H.W. Hailpern, S.M. Fang, J. and Alderman, M.H. (2006) Sodium Intake and Mortality in the
NHANES II Follow-up Study. Am. Journal of Medicine, 119(3), pp. 275 – 275.
Coleman, P. and Griffith, C. (1998) “Risk assessment: a diagnostic tool for caterers”, Hospitality
Management, 17, pp. 289-301.
Collins, J.E. (2001) Impact of changing consumer lifestyles on the emergence/re-emergence of foodborne
pathogens. Emerging Infectious Diseases, 3(4), pp. 1–13.
Connell, J.J. (1975). Control of fish quality. Fishing News (Books) Ltd., Farnham, Surrey, UK.
Connell, J.J. (1990) Control of Fish Quality. Oxford: Fishing News Books 3rd ed.
Connell, J.J. (1995) Control of Fish Quality. Fishing News Books (Blackwell Science Ltd). 256 pp.
Corry, J.E.L. (1987) Relationships of water activity to fungal growth. In Food and Beverage Mycology ed.
Beuchat, L.R. pp. 51–88. New York: Van Nostrand Rienhold.
Cox, J. (2000) Salmonella. In: R. K. Robinson, C. A. Batt and P. D. Patel, Editors, Encyclopedia of Food
Microbiology, 3, Academic Press, New York (2000), pp. 1928–1937.
Cruickshank, J. G. (1990) Food handlers and food poisoning: training programmes are best. British Medical
Journal 300, pp. 207-8
CSPI, Center for Science in the Public Interest (2009). Outbreak alert. Available at http://cspinet.org/
new/pdf/outbreakalertreport09.pdf last access 10 April 2012.
Curran, C.A. and Trim, D.S. (1982) Comparative study of three solar dryer for use with fish. FAO Fish.
Report, FAO Rapp. Peches Supplement 268, pp. 146-158.
Curran, C. A., Nicolaides, L. and Al-Alawai, Z. (1981) Quality changes during ice storage of three
commercially important species of fish from Bahrain, Tropical Science 23 (4), pp. 253–268.
Curtis, V., Kanki, B., Cousens, S., Diallo, I., Kpozehouen, A. and Sangare, M. (2001) Evidence of behaviour
change following a hygiene promotion programme in Burkina Faso,. Bulletin of World Health
Organisation, 79, pp. 518-27
Dalgaard, P. (1995) Qualitative and quantitative characterization of spoilage bacteria from packed fish.
International Journal of Food Microbiology, 26 (3), pp. 319–333

214

Dalgaard, P., Emborg, J., Kjølby, A., Sørensen, N.D. and Ballin, N.Z. (2008) Histamine and biogenic
amines: formation and importance in seafood. In: T. Børresen (Ed.), Improving Seafood Products for
the Consumer, Woodhead Publishing Ltd, Cambridge (2008)
D'Aoust, J.-Y. (1985) Infective dose of salmonella typhimurium in cheddar cheese, American Journal of
Epidemiology,122 (4): 717-720
D'Aoust, J-Y. (1994) Salmonella and the international food trade. International Journal of Food
Microbiology, 24, pp. 11-31.
D’Aoust, J.-Y. (1997) Salmonella species. In: Doyle, M.P., Beuch at, L.R., Montville, T.J. (Eds.), Food
Microbiology: Fundamentals and Frontiers, ASM Press, Washington DC, pp. 129–158.
D’Aoust, J.-Y. (2001) Salmonella. In: Guide to foodborne pathogens. R.G. Labbe and S. Garcia, ed. John
Wiley and Sons, Inc., New York. pp. 163-191.
Daniels, N. A., MacKinnon, L., Rowe, S. M., Bean, N. H., Griffin, P. M., and Mead, P. S. (2002). Food
borne disease outbreaks in United States schools. The Pediatric Infectious Disease Journal, 21 (7),
pp. 623–628.
Daramola, J.A., Fasakin, E.A. and Adeparusi, E.O. (2007) Changes in physicochemical and sensory
characteristics of smoke-dried fish species stored at ambient temperature. African Journal of Food
Agriculture Nutrition and Development, 7, (6).
Deibel, R. H., Wilson, G. D. and Niven, C. F. Jr. (1961) Microbiology of meat curing. IV. A lyophilized
Pediococcus cerevisiae starter culture for fermented sausage. Applied Microbiology, 9, pp. 239-243
Delcourt, A., Rousset, A. and Lemaitre, J. P. (1994) Microbial and mycotoxic contamination of peppers and
food safety. Boll. Chim. Farm. 3 (4), pp. 235–238
Desmarchelier, P.M., Higgs, G.M., Mills, L., Sullivan, A.M. and Vanderlinde, P.B. (1999) Incidence of
coagulase positive Staphylococcus on beef carcasses in three Australian abattoirs. International
Journal of Food Microbiology, 47, pp. 221–227.
DeVita, M. D., Wadhera, R. K., Theis, M. L. and Ingham, S. C. (2007) Assessing the potential of
Streptococcus pyogenes and Staphylococcus aureus transfer to foods and customers via a survey of
hands, hand-contact surfaces and food-contact surfaces at foodservice facilities, Journal of
Foodservice 18, pp. 76–79.
Diei-Ouadi, Y, Mensah E. M. (2005) Improving Livelihoods Through Exporting Artisanally Processed Fish.
In FAO Fisheries Circular. Rome, Italy: Food and Agriculture Organization.
Diei-Ouadi, Y. and Mgawe, Y.I. (2011) Post-harvest fish loss assessment in small-scale fisheries: A guide
for the extension officer. FAO Fisheries and Aquaculture Technical Paper. No. 559. Rome, FAO.
2011. 93p.
Dillon, R., Patel, T. and Ratnam, S. (1992) Prevalence of Listeria in smoked fish. Journal of Food
Protection. 55, pp. 866–70.
Directorate of Fisheries (2003) Ghana Postharvest Fisheries Overview. Ministry of Food and Agriculture
Project R8111, Accra, Ghana 2003.
Doe, P.E. (1983) Spoilage of dried fish. The need for more data on water activity and temperature effects on
spoilage organisms. FAO Fisheries Report, Rome, 27(9): 126-129.
Dong, F. and Jensen, H.H. (2008) Sanitation and Hygiene Deficiencies as Contributing Factors in
Contamination of Imported Foods. In M. Doyle and M. Erickson (eds.) Imported Food:
Microbiological Issues and Challenges. Washington, D.C.: ASM Press. 2008. pp.139-150.
Donovan, J. A. Caswell, J. A. and Salay, E. (2000) The effect of strict foreign regulations on food safety
levels in developing countries: a study of Brazil, Rev. Agric. Econ. 23 (1), pp. 163–175.
Dosman, D.M., Adamowicz, W.L., and Hrudey, S.E. (2001) Socioeconomic determinants of health- and
food safety-related risk perceptions. Risk Analysis, 21(2), pp. 307-317.
Du, W. X., Lin, C. M., Phu, A. T., Cornell, J. A., Marshall, M. R., and Wei, C. I. (2002) Development of
biogenic amines in yellow fin tuna (Thunnus albacares): Effect of storage and correlation with
decarboxylase-positive bacterial flora. J. Food Sci. 67, pp.292-301.
Dutton, M. F., Chuturgoon, A. A., Myburg, R., Chelule, P., Coumi, N., Palanee, T. and Pillay, D. (2001)
Fungal poisons in South African foods – are they really killing consumers? Presented at the
SAAFoST 16th Biennial Congress, Durban, KwaZulu-Natal, South Africa.
Efiuvwevwere, B. J. O. and Ajiboye, M. O. (1996) Control of microbiological quality and shelf-life of
catfish (Clarias gariepinus) by chemical preservatives and smoking. J. Appl. Bact. 80, pp. 465- 470.
EFSA, European Food Safety Authority (2010) The community summary report on trends and sources of
zoonoses, zoonotic agents and food-borne outbreaks in the European Union in 2008. The EFSA
Journal, 8, pp. 1496.

215

EFSA, (2006) The community summary report on trends and sources of zoonoses, zoonotic agents,
antimicrobial resistance and foodborne outbreaks in the European Union in 2005, EFSA Journal 94,
pp. 1–288.
Egan, M.B., Raats, M.M., Grubb, S.M., Eves, A., Lumbers, M.L., Dean, M.S. and Adams, M.R. (2007) A
review of food safety and food hygiene training studies in the commercial sector. Food Control 18,
pp. 1180–1190
Egbunike, G. N and Okubanjo, A. O. (1999) Effects of processing upon the quality of Nigerian meat
products. Livestock Production Science 59, pp. 155-63
Ehiri, J. E., Morris, G. P. and McEwen, J. (1995) Implementation of HACCP in food business: The way
ahead. Food Control, 6, 341-5
Ehiri, J. and Morris, G. (1996) Hygiene training and education of food handlers: does it work? Ecol. Food
Nutr. 35, pp. 243–251.
Ehiri, J.E., Morris, G.P. and McEwen, J. (1997) A survey of HACCP implementation in Glasgow: is the
information reaching the target? International Journal of Environmental Health Research 7, pp. 7184
Elder, J.P., Ayala, G.X., Slymen, D.J., Arredono, E.M. and Campbell, N.R. (2009) Evaluating psychosocial
and behavioral mechanisms of change in a tailored communication intervention. Health Educ Behav.
36, pp. 366–380.
Embarek, P.K.B. (1994) Presence, detection and growth of Listeria monocytogenes in seafoods, a review.
Int. J. Food Microbiol., 23, pp. 17–34
Emborg, J. and Dalgaard, P. (2008) Modeling the effect of temperature, carbon dioxide, water activity, and
pH on growth and histamine formation by Morganella psychrotolerans. International Journal of
Food Microbiology, 128, pp. 226-233
Erikson, U., Veliyulin, E., Singstad, T.E. and Aursand, M. (2004) Salting and desalting of fresh and frozenthawed cod (Gadus morhua) fillets: a comparative study using 23Na NMR, 23Na MRI, low-field 1H
NMR, and physicochemical analytical methods, Journal of Food Science 69, pp. 107–114.
Essono, G., Ayodele, M., Akoa, A., Foko, J., Olembo, S. and Gockowski, J. (2007) Aspergillus species on
cassava chips in storage in rural areas of southern Cameroon: their relationship with storage
duration, moisture content and processing methods, African Journal of Microbiology Research, 1
(1), pp. 001-008.
Essuman, K.M. (1992a) Fermented fish in Africa: A study on processing marketing and consumption. FAO
Fisheries Technical Paper 329. Available at http://www.fao.org/DOCREP/T0685E/T0685E00.HTM
Accessed 11 January 2011
Essuman,
K.M.
(1992b)
The
Role
Of
Inland
Fish
In
Food
Consumption In West Africa: A Review. In Proceedings of the symposium on post-harvest fish
technologyCompte rendu du Colloque sur la technologie du poisson après capture. Kenya CIFA
Technical Paper T0606
Essuman, K.M. (1992c) Artisanal Fish Containers In Ghana: A Case Study. In Proceedings of the
symposium on post-harvest fish technologyCompte rendu du Colloque sur la technologie du poisson
après capture. Kenya CIFA Technical Paper T0606
European Commission (2005) 208/2005/EC Commission Regulation of 4 February 2005 amending
Regulation (EC) No 466/2001 as regards polycyclic aromatic hydrocarbons. Official Journal of the
European Union, L34, 3–5
Eyabi, E.G.D., Hanson, S.W. and Barlow, P.J. (2001) Brine treatment, smoking and storage techniques:
Their effects on the microbial quality of smoked mackerel. J. Food Technol. Afr., 6, pp. 59-62.
Eyeson, K.K. and Ankrah, E.K (1975) Composition of foods commonly used in Ghana. Accra, Ghana, Food
Research Institute (CSIR)
Eyo, A.A. and Mdaihi, M. (2001) Assessment of Post-Harvest Losses in the Nigeria Fishery: The Kanji Lake
Model Fisheries Report No. 712, 2001.
Fafioye, O. O., Efuntoye, M. O. and Osho, A. (2002) Studies on the fungal infestation of five traditionally
smoke-dried freshwater fish in Ago-Iwoye. Nigeria. Mycopathologia 4 (4), pp. 177–179.
Fafioye, O.O., Fagbohun, TR. and Olubanjo, OO. (2008) Fungal Infestation and Nutrient Quality of
Traditionally Smoke-Dried Freshwater Fish. Turkish Journal of Fisheries and Aquatic Sciences 8: 713
Fairman, R. and Yapp, C. (2005) Enforced Self-Regulation, Prescription, and Conceptions of Compliance
within Small Businesses: The Impact of Enforcement. 27 (4), pp. 492-519
FAO/WHO/UNEP (1987) Report of the Second Joint International Conference on Mycotoxins, Bangkok,
Thailand from 28 September to 2 October 1987 (1987)

216

FAO (1992) Small-scale food processing—a guide for appropriate equipment. London: Intermediate
Technology. Available at: http://www.fao.org/WAIRdocs/x5434e/x5434e00.htm Accessed 5 May
2011
FAO, (2002) 〈www.fao.org/es/ESN/food/foodquality_en.stm
FAO/WHO, (2003) Assuring Food Safety and Quality: Guidelines for Strengthening National Food Control
Systems. FAO Food and Nutrition Paper 76, Food and Agriculture Organization/World Health
Organization. Available at: <http://www.fao.org/docrep/006/Y8705E/Y8705E00.HTM> (accessed
12 March 2011).
FAO (2003) A Conceptual Framework for National Agricultural, Rural Development, and Food Security
Strategies and Policies. ESA Working Paper No. 03-17 November 2003. Retrieved 24 January 2013
from ftp://ftp.fao.org/docrep/fao/007/ae050e/ae050e00.pdf
FAO, (2004a) Information on Fisheries Management in the Republic of Ghana.: Food and Agricultural
Organisation, Rome, Italy.
FAO, (2004b) The state of the World Fishery and Aquaculture in 2004., Fisheries Department, Food and
Agriculture Organization, Rome, Italy. 153 pp.
FAO/WHO. (2006). FAO/WHO guidance to governments on the application of HACCP in small and/or lessdeveloped food businesses.
FAO Food and Nutrition Paper, 86. RomeFAO, (2007) The State of World Fisheries and Aquaculture-2006.,
Food and Agriculture Organisation, Rome.
FAO (2008) Reducing post-harvest losses. Accessed from. FAO Fisheries and Aquaculture Department
FAO and the WorldFish Center, (2008) Small-scale capture fisheries: a global overview with emphasis on
developing countries - A preliminary report of the Big Numbers Project. Food and Agricultural
Organization of the United Nations, Rome, and The WorldFish Center, Penang.
FAO, (2010) The State of World Fisheries and Aquaculture 2010. FAO Fisheries and Aquaculture
Department, Food and Agriculture Organization of the United Nations, Rome, 2010
Farkas, J. (1990) Combination of irradiation with mild heat treatment. Food Control 1, pp. 223-9.
Farkas, J. (1999) Radiation processing: an efficient means to enhance the bacteriological safety of foods.
New Food 2, pp. 31-3
Farmer, R., Miller, D. and Lawrenson, R. (1996) Epidemiology and Public Health
Medicine (4th ed.), Blackwell Science, Oxford.
FDA, (1992) Foodborne Pathogenic Microorganisms and Natural Toxins Handbook. Available at:
www.cfsan.fda.gov/~mow/chap3.html. Accessed 12 May 2008
FDA, (1998) Scombrotoxin (histamine) formation. Ch. 7. In: Fish and fishery products hazards and controls
guide. 2nd ed. Washington, DC: Office of Seafood, Center for Food Safety and Applied Nutrition,
Food and Drug Administration. pp. 73-90.
FDA, 2000. Report of the FDA Retail Food Program Database of Foodborne Illness Risk Factors., US Food
and Drug Administration, Center for Food Safety and Applied Nutrition, Washington DC.
FDA, (2001a) Processing parameters needed to control pathogens in cold smoked fish potential hazards in
cold-smoked fish: Biogenic amines. Found at: http://www/ cfsan.fda.gov/~comm/ift2-toc.html.
Accessed 20 March, 2009.
FDA, (2001b) Scombrotoxin. In: Fish and fishery product hazards and controls guide. 3 rd edn.,Office of
Seafood, Center for Food Safety and Applied Nutrition, Food and Drug Administration, Public
Health Service, Department of Health and Human Services. Washington, D.C. 2001: 63-84, 91-6.
FDA, (2005), Food code. Accessed 3, June 2009, Available http://www.cfsan.fda.gov/~dms/fc05-toc.html.
FDA, (2007) U.S. Food and Drug Administration, Bad bug book, U.S. Food and Drug
Administration (2007) Available at: http://vm.cfsan.fda.gov/_mow/intro.html. Accessed 26 March
2008.
FDA, (2009) Bad Bug Book: Foodborne Pathogenic Microorganisms and Natural Toxins HandbookSalmonella
spp.
Avalable
at
:
http://www.fda.gov/food/foodsafety/foodborneillness/foodborneillnessfoodbornepathogensnaturalto
xins/badbugbook/ucm069966.htm (Accessed 18 January 2010)
FDB (2008) THE Ghana Food and Drugs Board (FDB) Report of 2006.
Fein, S.B., Lin, C.T.J. andLevy, A.S. (1995) Foodborne illness perceptions, experience, and preventive
behaviors in the United States. Journal of Food Protection, 58(12), pp. 1405-1411.
Feldhusen, F. (2000) The role of seafood in bacterialfoodborne diseases Microbes and Infection, 2 (13), pp.
1651-1660

217

Fendler, E.J., Dolan, M.J. and Williams, R.A. (1998) Hand washing and gloving for food protection: Part I.
Examination of the evidence. Dairy Food Environ. Sanit., 18, pp. 814–823
Ferreira, J. G., Hawkins, A. J. S., Bricker, S. B., (2007) Management of productivity, environmental effects
and profitability of shellfish aquaculture – The Farm Aquaculture Resource Management (FARM)
model. Aquaculture, 264, pp.160-174.
Fialor, S.C., Osei-Agyemang, K., Haywood-Dadzie, H., Nazaar, F., Mensah, E.M., Ayoke, S. and Ward,
A.R. (2002) Report of the postharvest fish losses in Keta District in Ghana. DFID Post-Harvest
Fisheries Research Programme Seedcom Activity Report UK, 2002.
Fielding LM, Ellis L, Beveridge C and AC Peters, (2005) An evaluation of HACCP implementation status in
UK small and medium enterprises in food manufacturing. International Journal of Environmental
Health Research 15, pp. 117-126.
Flegel, K. and Magner, P. (2009) Get excess salt out of our diet. Can Med Assoc J. 180, pp.263.
Food and Drug Administration (2004) FDA report on the occurrence of foodborne illness risk factors in
selected institutional foodservice, restaurant, and retail food store facility types. Available at:
http://www.cfsan.fda.gov/~acrobat/retrsk2.pdf. Accessed June 25,2006.
Fox, J., Bruhn, C., and Sapp, S. (2001) Consumer acceptance of irradiated meats. In N.H. Hooker & E.A.
Murano (Eds.), Interdisciplinary food safety research (pp. 139-158). Boca Raton, FL: CPC Press.
Frazier, WC. and DC. Westhoff (1983) Fundamental of Food Microbiology, 540 pp. Tata Mc. Graw Hill,
New York.
Frazier, WC. and Westhoff , DC. (1988) Preservation by use of low temperatures. In Food Microbiology. 4th
edition. McGraw-Hill Co., Inc., Singapore, p. 121.
Frewer, L.J., Howard, C. and Shepherd, R. (1995) Consumer perceptions of food risks. Food Science and
Technology Today 9 (4), pp. 212–216.
Fry, A.M. Braden, C.R. Griffin, P.M. Hughes, J.M. (2005) Foodborne disease. G.L. Mandell, J.E. Bennett,
R. Dolin (Eds.), Principles and practice of infectious diseases (6th ed.), Elsevier, Churchill
Livingston, New York (2005), pp. 1286–1297
FSA, (2002) Catering workers hygiene survey, 2002. Food Standards Agency Scotland, St Magnus House,
6th Floor, 25 Guild Street, Aberdeen AB11 6NJ, Scotland.
FSAI, (2001) Guidelines for the Interpretation of Results of Microbiological Analysis of Some Ready-to-Eat
Foods Sampled at Point of Sale. Guidance Note No. 3. Food Safety Authority of Ireland, ISBN 09539183-5-1.
Fuchs, R.S. and Surendran, P.K. (1989) Incidence of Listeria in tropical fish and fishery products, Letters in
Applied Microbiology, 9 (2), pp. 49-51
Fujikawa, H. and Morozumi, S. (2006) Modeling Staphylococcus aureus growth and enterotoxin production
in milk. Food Microbiol., 23: 260-267.
Gaertner, J., Wheeler, P. E., Obafemi, S., Valdez, J., Forstner, M. R. J., Bonner, T. H., et al. (2008).
Detection of Salmonellae in fish in a natural river system. Journal of Aquatic Animal Health, 20, pp.
150–157.
Gahan, C. G., O'Driscoll, B. and Hill, C. (1996) Acid adaptation of Listeria monocytogenes can enhance
survival in acid foods and during milk fermentation, Applied and Environmental Microbiology 63,
pp. 1252–1255.
Garayoa, R., Vitas, A.I., Díez-Leturia, M. and García-Jalón, I. (2011) Food safety and the contract catering
companies: Food handlers, facilities and HACCP evaluation. Food Control, 22, pp.2006-2012.
Genigeorgis, C.A., (1989) Present state of knowledge on staphylococcal intoxication. International Journal
of Food Microbiology, 9, pp. 327–360.
Ghana Standard Boards (1998). Microbiological specification for Food samples, Accra, Ghana.
Giard, J.C., Laplace, J.M., Rince, A., Pichereau, V., Benachour, A., Leboeuf, C., Flahaut, S., Auffray, Y. and
Hartke, A. (2001) The stress proteome of Enterococcus faecalis, Electrophoresis 22, pp. 2947–2954
Gildberg, A. and Raa, J. 1980. Tissue degradation and belly busting in capelin. In: Connell, J.J. ed. Advances
in Fish Science and Technology, p. 255. Oxford: Fishing News Books.
Gilling, S.J., Taylor, E.A., Kane, K. and Taylor, J.Z. (2001) Successful hazard analysis critical control point
implementation in the United Kingdom: understanding the barriers through the use of a behavioral
adherence model. Journal of Food Protection, 64 (5), pp. 710–715
Gittelsohn, J., Shankar, A.V., West, K.P., Ram, R.M., Gnywali, T. (1997) Estimating reactivity in direct
observation studies of health behaviours. Human Organization, 56, pp.182-9.
Gock, M. A., Hocking, A. D., Pitt, J. I. and Poulos, P.G. (2003). Influence of temperature, water activity and
pH on growth of some xerophilic fungi. International Journal of Food Microbiology. 81(1), pp. 11–
19.

218

Gopakumar, K. 1997. Tropical fishery products. Oxford & IBH Publishing Co. Pvt. Ltd., New Delhi. pp. 144.
Gopalan, S. (2000) Malnutrition: causes, consequences, and solutions. Nutrition 16, 556-8
Gordon,
A.,
Pulis,
A.
and
Owusu-Adjei,
E.
(2011)
Smoked marine fish from Western Region, Ghana: a value chain assessment.
Available
at:
http://www.crc.uri.edu/download/ValueChainFINAL_508.pdf Accessed: 6 march 2012:
Gordon-Davis, L., 1998. The hospitality industry handbook on hygiene and safety: for South African
students and practitioners. , Juta, Kenwyn.
Gram, L. and Dalgaard, P. (2002) Fish spoilage bacteria – problems and solutions. Current Opinion in
Biotechnology, 13, pp. 262–266.
Gram, L. and Huss, H.H. (1996) Microbiological spoilage of fish and fish products. International Journal of
Food Microbiology, 33 pp. 121-137.
Gram L., Oundo J. and Bon J. (1989) Storage life of Nile perch (Lates niloticus) in relation to temperature
and initial bacteria load. Tropical science, 29, pp. 221-236.
Gray, J. T., and P. J. Fedorka-Cray, P. J. (2002) Salmonella. Pages 56-68 in Foodborne Diseases. D. O.
Cliver, and H. P. Riemann, ed. Academic Press, San Diego, CA.
Green, L.R. and Selman, C. (2005) “Factors impacting food workers’ and managers’ safe food preparation
practices: a qualitative study”, Food Protection Trends, 25 (12), pp. 981-90.
Green, L., Selman, C., Banerjee, A., Marcus, R., Medus, C., Angulo, F.J. (2005) Food service workers’ selfreported food preparation practices: And EHS-NET study. International Journal of Hygiene and
Environmental Health, 208 (1-2), pp. 27–35
Green, L.R, Selman, C.A., Radke, V., Ripley, D., Mack, J.C., Reimann, D.W., Stigger, T., Motsinger, M.
and Bushnell, L. (2006) Food Worker Hand Washing Practices: An Observation Study. Journal of
Food Protection, 69(10), pp. 2417–2423
Greig, J.D., and Lee, M.B. (2009) Enteric outbreaks in long-term care facilities and recommendations for
prevention: a review. Epidemiology and Infection, 137 (2), pp. 145- 155.
Greig, J. D., and Ravel, A. (2009) Analysis of foodborne outbreak data reported internationally for source
attribution. International Journal of Food Microbiology, 130, pp. 77–87.
Griffith, C. (2000) Food safety in catering establishments. In: J.M. Farber, E.C.D. Todd (Eds.), Safe handling
of foods, Marcel Dekker, Inc, New York (2000), pp. 235–256
Griffith, C.J., Hayburn, G. and Clayton, D.A. (2003) An Evaluation of the Butchers’ Licensing Initiative in
England, CSA Reference ZB00036, Food Standards Agency, London
Grobe, D., Douthitt, R., and Zepeda, L. (1999) A model of consumers' risk perceptions toward recombinant
bovine growth hormone (rbGH): The impact of risk characteristics. Risk Analysis, 19, pp. 661-73.
Grover, S.F., Dausch, J.G. (2000) "Hepatitis A in the foodservice industry", Food Management, February,
pp. 80-8.
Gourama, H. and Bullerman, L.B. (1995) Relationship between aflatoxin production and mold growth as
measured by ergosterol and plate count. LWT - Food Science and Technology, 28, (2), pp. 185–189
Gundogan, N., S. Citak, N. Yucel, and A. Devren. 2005. A note on the incidence and antibiotic resistance of
Staphylococcus aureus isolated from meat and chicken samples. Meat Sci. 69, pp. 807–810.
Haeghebaert, S., Sulem, P., Deroudille, L., Vanneroy-Adenot, E., Bagnis, O., Bouvet, P. (2003). Two
outbreaks of Salmonella enteritidis phage type 8 linked to the consumption of Cantal cheese made
with raw milk, France, 2001. Eurosurveillance, 8, pp. 151–156.
Haines, C.P. and Rees, D.P. (1989) A Field Guide to the type of Insects and Mites Infesting Cured Fish. FAO
Fisheries Technical Paper No. 303.
Hajmeer, M., Ceylan, E., Marsden, J.L. and Fung, D.Y.C. (2006) Impact of sodium chloride on Escherichia
coli O157:H7 and Staphylococcus aureus analysed using transmission electron microscopy. Food
Microbiology, 23 (5), pp. 446–452.
Hall, G.M. (2011) Fish Processing: Sustainability and New Opportunities. John Wiley & Sons. 312 p.
Hansen, L., Gill, T., Truelstrup, T., Huss, H. H. (1995) Effects of salt and storage temperature on chemical,
microbiological and sensory changes in cold-smoked salmon, Food Research International. 28,
pp.123-130.
Havas, S., Dickinson, B.D., and Wilson, M. (2007). The urgent need to reduce sodium consumption. JAMA.
298 pp.1439–1441.

219

Hawkins K. (1984) Environment and enforcement: regulation and the social definition of pollution.
Clarendon Press, Oxford
Hawkins, K. (2002) (ed.), The Uses of Discretion Clarendon Press, Oxford 1992.Hawkins, K., Law as last
resort: prosecution decision-making in a regulatory agency. Oxford University Press, Oxford.
Hayes, J. R., Carr, L. E., Mallinson, E. T., Douglass, L. W. and Joseph, . W. (2000) Characterization of the
contribution of water activity and moisture content to the population distribution of Salmonella spp.
in commercial poultry houses. Poult. Sci. 79, pp. 1557-1561.
Heinitz, M. L. and Johnson, J. M. (1998) The incidence of Listeria spp., Salmonella spp., and Clostridium
botulinum in smoked fish and shellfish. Journal of Food Protection. 61, pp. 318-23
Heinitz, M. L., Ruble, R.D., Wagner, D. E. and Tatini, S. R. (2000) Incidence of Salmonella in fish and
seafood, Journal of Food Protection 63 (5), pp. 579–592.
Herrera, F. C, Santos, J. A., Otero, A. and Garcia-Lopez, M.-L. (2006) Occurrence of foodborne pathogenic
bacteria in retail prepackaged portions of marine fish in Spain. Journal of Applied Microbiology 100,
pp. 527-36
Henson, S., Brouder, A. M. and Mitullah, W. (2000) Food safety requirements and food exports from
developing countries: the case of fish exports from Kenya to the European Union. American Journal
of Agricultural Economics 82, pp. 1159-69.
Hew, C. M., Hajmeer, M. N. Farver, T. B. Glover J. M. and Cliver, D. O. (2005) Survival of Listeria
monocytogenes in experimental chorizos, Journal of Food Protection 68, pp. 324–330.
Hielm, S., Lindström, M. and Korkeala, H. (2002) Food safety in seafood: Epidemiological concerns related
to the geography of fishing grounds. In F.J.M., Smulders and J.D. Collins (eds). Food safety
assurance and veterinary public health: Food safety assurance in the pre-harvest phase. Wageningen
Academic Publishers. 400 pages
Himelbloom, B. H. and Crapo, C. A. (1998) Factors influencing the microbial quality of cold-smoked
salmon strips. Journal of Food Science 63 (2), pp. 356-358.
Himelbloom, B. H., Crapo, C. A. and Pfutzenreuter, R. C. (1996). Microbial quality of an Alaska Native
smoked salmon process. Journal of Food Protection, 59 (1), pp. 56-58.
Hoban, T.J. (1999) ConsumeracceptanceofbiotechnologyintheUnitedStatesand Japan. Food Technology,
53(5), pp. 53
Hohmann, E.L. (2001) Nontyphoidal Salmonellosis. Clinical Infection Diseases, 32, pp. 263-269.
Holdsworth, S. D. (1997) Thermal processing of packaged foods. London: Blackie Academic and
Professional [an imprint of Chapman and Hall]. 245-51 pp.
Holzapfel, W. H. (2002) Appropriate starter culture technologies for small scale fermentation in developing
countries. International Journal of Food Microbiology, 75, pp. 197-21
Horemans, B. (1998) The State of Artisinal Fisheries in West Africa in. Rep. IDAF/WP/122., Food and
Agriculture Organization of the United Nations, Cotonou, Benin
Horner, W.F.A., (1997) Preservation of Fish by Curing (Drying, Salting and Smoking). In Fish processing
Technology 2nd ed. Edited by G.M. Hall. pp: 34-36.
Howes, M., McEwen, S., Griffiths, M. and Harris, L. (1996) “Food handler certification by home study:
measuring changes in knowledge and behaviour”, Dairy, Food and Environmental Sanitation, 16
(11), pp. 737-44.
Howgate, P.F. (1982) Quality assessment and Quality control. In Aitken, A., Mackie, I.M., Merrit, J.H. and
Windsor Crown, M.L. eds. Fish Handling and Processing. Edinburgh, Scotland.
Humphrey, T. J., Greenwood, M., Gilbert, R. J., Chapman, P. A. and Rowe, B. (1989) The survival of
Salmonellas in shell eggs cooked under simulated domestic conditions. Epidemiol. Infect. 103, pp.
34–45.
Hung, S.S., Huang, T.P. and Ko, H.C. (1993) Detection of Staphylococcal enterotoxins in rice using enzyme
immunoassay kits. J. Food Drug Anal., 1, pp. 297–304.
Huss, H.H. (1988) Fresh Fish Quality and Quality Changes. Danish International Development Agency,
Rome: FAO. Pp. 15-103. 132p.
Huss, H.H. (1994a) Quality and quality changes in fresh fish. FAO Fisheries Technical paper 348.
Huss, H. H. (1994b) Assurance of Seafood Quality. FAO Fisheries Technical Paper No. 334. FAO. Rome.
Huss, H.H. (1995) Quality and changes in fresh fish. Food and Agriculture Organization of the United
Nations. FAO Fisheries Technical Paper, 348, pp. 1–195
Huss, H. H. (2003) Assessment and management of seafood safety and quality. Food Agriculture
Organisation (FAO). Fisheries Technical Paper 444. Rome: FAO.
Huss, H. H. and Valdimarsson, G. (1990) Microbiology of salted fish. FAO Fish. Technol. News 10 (1), pp.
1–2.

220

Huss, H.H., Dalgaard, P. and Gram, L. (1997) Microbiology of fish and fish products. In Luten, J.B.,
Borresen, T. and Oehlenschlager, J eds. Seafood from Producer to consumer, intergrated approach
to quality. Amsterdam: Elsevier Science Publishers.
Huss, H.H., Reilly, A., and Ben Embarek, K.P. (2000) Prevention and control of hazards in seafood. Food
Control, 11, pp. 149–156.
Huss, H. H., Ababouch, L. and Gram, L. (2003) Assessment and Management of Seafood Safety and
Quality, FAO Fisheries Technical Paper 444, Rome, 230 pp.
Hutter, B. M., Compliance: Regulation and Environment Clarendon Press, Oxford 1997.
Hutter, B. M. (2001) Regulation and risk: occupational health and safety on the railways Oxford University
Press, Oxford
Hwang, K. and Regenstein, J. (1995) Hydrolysis and oxidation of mackerel (Scomber scombrus) mince
lipids with NaOCl and NaF treatments. Journal of Aquatic Food Production and Technology, 4
(1995), pp. 19–30
Hwang, D. F., Chang, S. H., Shiau, C.Y., and Cheng, C. C. (1995) Biogenic amines in the flesh of sailfish
(Istiophorus platypherus) responsible for scombroid poisoning. J. Food Sci. 60, pp. 926-928.
ICMSF (1986) Microorganisms in Foods. 2. Sampling for microbiological analysis: Principles and specific
applications. 2nd ed. Blackwell Scientific Publications.
ICMSF (1996) Microorganisms in foods. Microbial Ecology of Food Commodities. London: Blackie
Academic and Professional. 1-17 pp.
ICMSF (1998) Micro-organisms in foods: Microbial ecology of food commodities. London: Blackie
Academic & Professional.
Idowu, O. A. and Rowland, S. A. (2006) Oral fecal parasites and personal hygiene of food handlers in
Abeokuta, Nigeria, African Health Science 6 (3), pp. 160–164.
Igene, J.O. Mohammed, I.D. (1983) Consumers' preferences and attitudes to 'suya', an indigenous meat
product. Annals of Borno 1, pp.169-76
Iwamoto, M., Yamanaka, H. Watabe, S. and Hashimoto, K. (1987). Effect of storage temperature on rigormortis and ATP degradation in plaice (Paralichthys olivaceus) muscle. J. Food Sci. 52, 6.
Jablonski, L. M. and Bohach, G. A., (1997) Staphylococcus aureus. In Food Microbiology: fundamentals
and frontiers, (Eds) doyle, M. P., Beuchat, L. R., Montwille, T. D., pp. 353-375. ASM Press,
Washington, D.C., USA.
Jablonski, L.M. and Bohach, G.A. (1999) Staphylococcus aureus. In: M.P. Doyle, L.R. Beuchat, T.J.
Montville (Eds.), Food Microbiology Fundamentals and Frontiers, ASM Press, Washington, DC.
Jackson, J.C., Morris, A.J., Henry, F.J., Copeland, E.P. and Johnson, P. (2003) Strengthening Caribbean food
safety: The role of consumers. Presented at the 2003 Institute of Food Technologists (IFT) Annual
Meeting-Chicago, USA. Available at: http://ift.confex.com/ift/2003/techprogram/paper_14934.htm,
(Accessed 4 May 2009).
Jaffee, S. (2004) Managing Standards for Developing Country Competitiveness in High Value Food Trade.
Paper Prepared for IAMA Congress, June 12–15, 2004 Session on Market Opportunities for
Developing Countries. International Trade Development, World Bank.
Jaffee, S.M., Henson, S., (2004) Agro-food exports from developing countries: The challenges posed by the
Standards. In: Aksoy, M. A., Beghin, J.C. (Eds.), Global Agricultural Trade and Developing
Countries. Washington, DC: World Bank, 2004. pp. v–xviii, 329.
Jay, J.M. (1992) Intrinsic parameters of foods that affect microbial growth. In Modern Food Microbiology
ed. Jay, J. M. pp. 38–62. New York: Chapman and Hall.
Jay, J. M. (2000) Modern Food Microbiology. Gaithersburg, MD: Aspen Publishers, Inc.,
Jay, J.M., Lessner, M.J. and Golden, D.A. (Eds) (2005) Modern Food Microbiology. Seventh Edition. Food
Science Text Series. Springer Science + Business Media, Inc.,USA. 790 p.
Jay, S., Diane, D., Dundas, M., Frankish, E., and Lightfoot, D. (2003) Salmonella. In A. D. Hocking (Ed.),
Foodborne microorganisms of public health significance (pp. 207–266). (6th ed.). Waterloo, NSW,
Australia: Australian Institute of Food Science and Technology Inc.
JEFCA, (1991) Evaluation of certain food additives and contaminants. 37th report of the Joint FAO/WHO
Expert Committee on Food Additives. WHO Technical Report Series, No. 806, Geneva, pp. 29– 31
Jeyasekaran, G. R. and Shakila, J. (2003) Occurrence of Biogenic Amine Forming Bacteria in Cured Fishery
Products of Thoothukkudi Region of Tamil Nadu, India, Asian Fisheries Science, 16 (3), pp. 185278
Jiang, X. P. Doyle, M. P. (1999) Fate of Escherichia coli O157:H7 and Salmonella enteritidis on currency.
Journal of Food Protection, 62, pp. 805-7

221

Jittinandana, S., Kenney, P. B., Slider, S. D. and Kiser, R. A. (2002) Effect of brine concentration and
brining time on quality of smoked rainbow trout fillets. Journal of Food Science, 67, pp. 2095–2099.
Johnson, P.-N.J., Tomlins, K.I., Oduro-Yeboah, C., Tortoe, C. and Quayson, E.T. (2008) A Case Study to
Develop an Appropriate Quality Assurance System for Two Cassava-based Convenience Foods in
Ghana. Internet Journal of Food Safety, 10, pp. 81-84
Jonsyn, F. E. and Lahai, G. P. (1992) Mycotoxic flora and mycotoxins in smoke-dried fish from Sierra
Leone. Nahrung, 36 (5), pp. 485–489.
Jouve, J. L. (1994) HACCP as applied in the EEC. Food Control, 5, pp. 181-6
Jukes, D. J. (2003) Developing a food control system: the Tanzanian experience, Food Policy 13 (2003), pp.
293–305.
Jung, Y. S. and Beuchat, L. R. (1999) Survival of multidrug-resistant Salmonella typhimurium DT104 in egg
powders as affected by water activity and temperature. International Journal of Food Microbiology,
49, pp. 1-8.
Juven, B.J., Cox, N.A., Bailey, J.S., Thompson, J.E., Charles, O.W. and Schutze, J.W. (1984) Survival of
salmonella in dry food and feed. J Food Protect. 47, pp. 445-448.
Kagan, B. (1970) Fish Processing in Ghana. FAO Publication. FAO, Rome. AGS, SG/GHA 7.
Kagan, R.A. and Axelrad, L. (2000) Regulatory Encounters: Multinational Corporations and American
Adversarial Legalism University of California Press, Berkeley.
Kanatt, S. R., Chawla, S. P., Chander, R. and Bongirwar, D. R. (2002) Shelf-stable and safe intermediate
moisture (IM) meat products using hurdle technology. Journal of Food Protection, 65, pp. 1628–31.
Kanatt, S. R., Chawla, S. P., Chander, R. and Sharma, A. (2006) Development of shelf-stable, ready-to-eat
(RTE shrimps (Penaeus indicus) using g-radiation as one of the hurdles. LWT 39, pp. 621–6
Kanaki, M., Yoda, T., Ishibashi, M. and Tsukamoto, T. (2004) Photobacterium phosphoreum caused a
histamine fish poisoning incident. International Journal of Food Microbiology, 92 (1), pp. 79-87
Kaneko, S. (1976) Smoked meat and microorganisms. New Food Ind. 18, 17-23. In A review of Japanese
studies. Fish smoking and drying. The effect of smoking and drying on the nutritional propertirs of
fish (ed. T. Moto) (1988). Elsevier Applied Science(ed. J.R. Burt), pp. 191-120.
Karl, H. and Leinemann, M. (1996) Determination of polycyclic aromatic hydrocarbons in smoked fishery
products from different smoking kilns. Zeitschrift fuer Lebensmittel-Untersuchung und –Forschung,
202, pp. 458-464.
Karungi, C.,
Byaruhanga, Y.B.
and
Muyonga,
J.H.
(2004) Effect
of
pre-icing duration
on quality deterioration of iced Nile perch (Lates niloticus). Food Chemistry, 85 (1), pp. 13–17
Kassa, H., Harrington, B., Bisesi, M. and Khuder, S. (2000) “Comparisons of microbiological evaluations of
selected kitchen areas with visual inspections for preventing potential risk of foodborne outbreaks in
food service operations”, Journal of Food Protection, 64 (4), pp. 509-13.
Kegan, B. (2001) Fish Processing In Ghana, FAO Publication AGS,SG/GHA7. Food And Agric
Organisation of The United Nations, Rome, pp. 4.
Kelly, A. (2006) Cluster Sampling. In Jupp, V. (ed.) The SAGE Dictionary of Social Research Methods.
SAGE publication ltd, London
Kennedy, J., Jackson, V., Blair, I.S., McDowell, D.A., Cowan, C. and Bolton, D.J. (2005) Food safety
knowledge of consumers and the microbiological and temperature status of their refrigerators.
Journal of Food Protection 68, pp. 1421-30
Khan, A.A.M. and Khan, A.S.Y. (2001) Insects infestation and preventive measures in dry fish storage of
Chittagong, Bangladesh. Journal of Biological Sciences, 1 (10), pp. 963-965.
Khan, A.A.M. and Khan, A.S.Y. (2002) Study on the abundance and infestation of blowfly during drying of
fish in the coastal area of Bangladesh. Journal of Biological Sciences, 1 (7), pp. 499-501.
Kim, S. H., Field, K. G., Chang, D. S., Wei, C. I., and An, H. (2001) Identification of bacteria crucial to
histamine accumulation in Pacific mackerel during storage. J. Food Prot. 64 (10), pp. 1556-1564.
Kinderlerer, J. L. (1984) Spoilage in desiccated coconut resulting from growth of xerophilic fungi. Food
Microbiol. 1, pp. 23–28.
King, L.K. Awumbila, B., Canacoo, E.A. and Ofosu-Amaah,S. (1998) An Assessment of Safety of Street
Foods in the Ga District of Ghana; Implications for Spread of Zoonoses, Acta Tropica, 76 (1), pp.
39-43
Kirby, R. M., Bartram, B. and Carr, R. (2003) Water in food production and processing - Quality and quality
concerns. Food Control 14, pp. 283-99
Kjhallstrand, J. and Petersson, G. (2001) Phenolic antioxidants in wood smoke. The Science of the Total
Environment, 27, pp. 69–75.

222

Klausen, N. K. and Lund, E. (1986) Formation of biogenic amines in herring and mackerel. Zeitschrift fur
Lebensmittal Untersuchung and Forschung, 182, pp. 459 – 463.
Kleter, G. A. (2004) Control and prevention of contamination and spoilage in the traditional production of
smoked fish in Ghana: Discussion paper prepared for the Tailor Made Biotechnologies project.
RIKILT - Institute of Food Safety Available at www.rikilt.wur.nl
Knight, A.J., Worosz, M.R. and Todd. E.C.D. (2007) Serving food safety: consumer perception of food
safety at restaurants. International Journal of Contemporary Hospitality Management, 19(6), pp.
476–484
Knøchel, S. (1983) Fermented fish in Scandinavia, Kor. J. Appl. Microbiol. Bioeng. 11 (4) (1983), pp. 347–
351.
Kök, M.S. (2009) Application of food safety management systems (ISO22000/ HACCP) in the Turkish
poultry industry: a comparison based on enterprise size. Journal of Food Protection 72, pp. 2221–
2225.
Kolanowski, W. and Laufenberg, G. (2006) Enrichment of food products with polyunsaturated fatty acids by
fish oil addition. European Food Research And Technology, 222 (3-4), pp. 472-477.
Kolodziejska, I., Niecikowska, C., Januszewska, E. and Sikorski, Z. E. (2002). The microbial and sensory
quality of mackerel hot smoked in mild conditions. Lebensm.-Wiss. Technol, 35, pp. 87-92
Kombat, E.O., Nunoo,F.K.E., Ampofo, J.A. and Addo, P.G.A. (2013) Effects of environmental conditions on
the microbiological quality of two small marine pelagic fishes landed in Accra and Tema, Ghana.
Archives of Applied Science Research, 5 (2), pp. 180-188
Kong, I. S. Bates, T. C., Hülsman, A., Hassan, H.,Smith, B. E. and Oliver, J. D. (2004) Role of catalase and
oxyR in the viable but non-culturable state of Vibrio vulnificus, FEMS Microbiol. Ecol. 50, pp. 133–
142.
Koopmans, M., & Duizer, E. (2004). Foodborne viruses: an emerging problem. International Journal of
Food Microbiology, 90 (1), pp. 23-41.
Korkeala, H. J. and Pakkala, P. K., (1988) Microbiological changes in smoked and charred Baltic herring
during storage, Journal of Food Protection, 51, pp. 197–200.
Koutsoumanis, K, and Nychas, G.J.E. (1999) Chemical and sensory changes associated with microbial flora
of Mediterranean boque (Boops boops) stored aerobically at 0, 3, 7 and 10°C. Appl Environ
Microbiol, 65, pp. 698-706.
Kreuter, M.W., Oswald, D.L., Bull, F.C., Clark, E.M., (2000) Are tailored health education materials always
more effective than non-tailored materials? Health Educ Res. 15, pp. 305–315
Kris-Etherton, P.M., Harris, W.S. and Appel, L. J. (2002) Fish consumption, fish oil, omega-3 fatty acids,
and cardiovascular disease. Circulation, 106 (21), pp. 2747-2757.
Kumar, R., Surendran, P.K. and Thampuran, N. (2009) Distribution and genotypic characterization of
Salmonella serovars isolated from tropical seafood of Cochin, India. Journal of Applied
Microbiology, 106, pp. 515–524
Kusumaningrum, H. D., van Putten, M. M., Rombouts, F. M. and Beumer, R. R. (2002) Effects of
antibacterial dishwashing liquid on foodborne pathogens and competitive microorganisms in kitchen
sponges. Journal of Food Protection, 65, pp. 61– 65.
Lanciotti, R., Sinigaglia, M., Gardini, F., Vannini, L. and Guerzoni, M.E. (2001) Growth/no growth
interfaces o Bacillus cereus, Staphylococcus aureus and Salmonella enteritidis in model systems
based on water activity, pH, temperature and ethanol concentration. Food Microbiol., 18, pp. 659668.
Lawrie, R. A. (1998) Lawrie’s meat science. Cambridge, England: Woodhead Publishing Ltd. 176 pp.
Leboeuf, C., Leblanc, L., Auffray, Y., and Hartke, A. (2000) Characterization of the ccpA gene of
Enterococcus faecalis: Identification of starvation-inducible proteins regulated by CcpA, J. Bacteriol.
182, pp. 5799–5806.
Lee, C. H., Adler-Nissen, J. and Barwarld, G. (1994) Lactic acid fermentation of non-dairy food and
beverages., garn Lim Won, Sel
Lee, W-C., Sakai, T., Lee, M-J., Hamakawa, M., Lee, S-M. and Lee, I-M. (1996) An epidemiological study
of food poisoning in Korea and Japan. International Journal of Food Microbiology, 29 (2–3), pp.
141–148
Lehane, L. and Olley, J. (2000) Histamine fish poisoning revisited. International Journal of Systematic
Microbiology 58
Leistner, L. (1995) Principles and applications of hurdle technology. p. 1–21. In G. W. Gould (ed.), New
methods of food preservation. Blackie Academic & Professional, Glasgow, United Kingdom.

223

Leistner, L. (2000) Basic aspects of food preservation by hurdle technology, International Journal of Food
Microbiology 55, pp. 181–186.
Leistner, L. and Gorris, L. M. G. (1995) Food preservation by hurdle technology. Trends in Food Science
and Technology 6, 35-67
Le Loir, Y., Baron, F. and Gautier, M. (2003) Staphylococcus aureus and food poisoning. Genet. Mol. Res.
2, pp. 63–76.
Leroi, F. Joffraud, J. J. (2000) Salt and smoke simultaneously affect chemical and sensory quality of coldsmoked salmon during 5 °C storage predicted using factorial design. Journal of Food Protection, 63,
pp. 1222-7
Leroi, F., Joffraud, J. J. and Chevalier F. (2000) Effect of salt and smoke on the microbiological quality of
cold-smoked salmon during storage at 5 °C as estimated by the factorial design method. Journal of
Food Protection, 63, pp. 502-8
Li, K.Y. Torres, J. A. (1993) Microbial growth estimation in liquid media exposed to temperature
fluctuations. Journal of Food Science, 58, pp. 644-8
Lindgvist, R., Sylyen, S. and Vagsholm, I (2002) Quantitative microbial risk assessment exemplified by
Staphylococcus aureus in unripened cheese made from raw milk. Int. J. Food Microbiol., 78, pp.
155-170.
Ling, ML., Goh, KT., Wang, GC., Neo, KS. And Chua, T. (2002) An outbreak of multidrug-resistant
Salmonella enteric subsp. enterica serotype Typhimurium, DT104L linked to dried anchovy in
Singapore. Epidemiol. Infect., 128: 15.
Linscott, A.J. (2011) Food-Borne Illnesses. Clinical Microbiology Newsletter, 33(6), pp. 41-45.
Liston, J. (1980) Microbiology in fishery science. In: J. J. Connell (editor), Advances in Fishery Science and
Technology. Fishing News Books, Farnham, England, pp.138-157.
Lobb, A.E. and Mazzocchi, M. and Traill, W.B. (2007) Modelling riskperception and trust
in foodsafety information within the theory of planned behaviour. Food Quality and Preference, 18
(2), pp. 384–395
Lokuruka, M. N. I. (2009) Scombrotoxicosis in African fisheries-Its implications for international fish trade:
an overview. AJFAND, 9 (7), pp. 1617-1634
Lokuruka, M. N. I. and Regenstein, J. M. (2004) Biogenic amines in iced and temperature- abused tropical
fish: A comparative study with temperate Atlantic mackerel. J. Aquatic Food Prod. Technol. 13(1),
pp. 87-89.
Lopez-Sabater, E.I., Rodriguez-Jerez, J.J., Hernandez-Herrero, M., and Mora-Ventura, M.T. (1996)
Incidence of histamine-forming bacteria and histamine content in scombroid fish species from retail
markets in the Barcelona area. Int. J. Food Microbiol. 28 (3), pp. 411-418.
Lotter, LP., and Leistner, L. (1978) Minimal water activity for enterotoxin A production and growth of
Staphylococcus aureus. Appl. Environ. Microbiol. 36:377-380.
Lublin, A. and Sela, S. (2008) The impact of temperature during the storage of table eggs on the viability of
Salmonella enterica Serovars Enteritidis and Virchow in the eggs. Poultry Science, 87 (11), pp.
2208-2214.
Lunestad, B. T., & Borlaug, K. (2009) Persistence of Salmonella enterica serovar Agona in oil for fish feed
production. Journal of Aquaculture Feed Science and Nutrition, 1, pp. 73–77.
Luning, P.A. and Marcelis, W.J. (2006) A techno-managerial approach to food quality management. Trends
in Food Science & Technology, 17 (7), 378-385.
Mackie, I. M., Pirie, L., Ritchie, A. H., and Yamanaka, H. (1997) Histamine formation in adductor muscle of
scallop (Pectin maximus) and skeletal muscle of mackerel (Scomber scombrus) and herring (Clupea
harengus) by HPLC. Food Chem. 60 (3), pp. 291-295.
Magan, N. and Olsen, M. (2004) Mycotoxins in food, Detection and control. Woodhead Publishing Ltd,
Oxford, England.
Mah, J. H. Han, H. K., Oh, Y. J., Kim, M. G. and Hwang, H. J. (2002) Biogenic amines in Jeotkals, Korean
salted and fermented fish products, Food Chem. 79, pp. 239–243.
Manning, C.K. (1994) “Food safety knowledge and attitudes of worker’s from institutional and temporary
food service operations”, Journal of the American Dietetic Association, 94 (8), pp. 895-7.
Manning, C.K. and Snider, O.S. (1993) “Temporary public eating places: food safety knowledge, attitudes
and practices”, Journal of Environmental Health, 56 (1), pp. 24-8.
Manning, L., Baines, R.N. (2004), "Effective management of food safety and quality", British Food Journal,
106 (8), pp.6-15.
Martinez, M. G. and Poole, N. (2004) The development of private fresh produce safety standards:
implications for developing Mediterranean exporting countries, Food Policy, 29, pp. 229–255.

224

Martins, R.B., Hogg, T. and Otero, J. G. (2012) Food handlers’ knowledge on food hygiene: 232 The case of
a catering company in Portugal. Food Control, 23 (1), 184-190.
Masana, M.O. and Baranyi, J. (2000) Growth/no growth interface of Brochothrix thermosphaacta as a
function of pH and water activity. Food Microbiol., 17, pp. 485-493.
Masmoudi, S., Denis, M. and Maalej, S. (2010) Inactivation of the gene katA or sodA affects the transient
entry into the viable but non-culturable response of Staphylococcus aureus in natural seawater at low
temperature, Marine Pollution Bulletin, 60 (12), pp. 2209-2214
Matthews, K. and Strong, M. (2005) Salt – its role in meat products and the industry’s action plan to reduce
it. British Nutrition Foundation Nutrition Bulletin, 30, pp. 55–61.
Mattick, K. L., Jorgensen, F., Legan, J. D., Lappin-Scott, H. M., & Humphrey, T. J. (2000). Habituation of
Salmonella spp. at reduced water activity and its effect on heat tolerance. Applied and
Environmental Microbiology, 66 (11), pp. 4921–4925.
McCabe-Sellers, B. J. and Beattie, S. E. (2004) Food safety: Emerging trends in foodborne illness
surveillance and prevention. Journal of The American Dietetic Association. 104, pp. 1708-17
McElroy, D.M. and Cutter, C.N. (2004) “Self-reported changes in food safety practices as a result of
participation in a statewide food certification program”, Food Protection Trends, 24 (3), pp. 150-61
McCann, T.L., Eifert, J.D., Gennings, C., Schilling, M.W. and Carter Jr, W.H. (2003) A predictive model
with repeated measures analysis of Staphylococcus aureus growth data. Food Microbiol, 20, pp.139–
147
McInerney, J. M. D., Sahgal-Punnet, M. D., Vogel-Mitchell, M. D., Rahn-Elsa, M. D., Jones-Ernesto, M D.,
(1996) Scombroid poisoning. Annals of Emergency Medicine. 28 (2), pp. 235-238
McLean, R.A., Lilly, H.D. and Alford, J.A. (1968) Effects of meat-curing salts and temperature on
production of staphylococcal enterotoxin B1. J. Bacteriol. 95 (4), pp. 1207-1211.
McMeekin T. A., Olley J., Ratkowsky D. A., Ross T. (2002) Predictive microbiology: towards the interface
and beyond. International Journal of Food Microbiology, 73, pp. 395–407.
McMichael, A. J. and Butler, C. D. (2005) Fish, Health, and Sustainability. American Journal of Preventive
Medicine, 29 (4), pp. 322-323.
McSwane, D., Rue, N. and Linton, R. (2003) Essentials of food safety and sanitation. (3rd ed.), Pearson
Education, New Jersey pp. 169–196.
Medeiros, L.C., Kendall, P., Hillers, V. and Mason, A. (2001a) Evaluation of food safety education for
consumers. Journal of Nutrition Education 33, S27-S34.
Medeiros, L.C., Kendall, P., Hillers, V., Chen, G. and DiMascola, S. (2001b) Identification and classification
of consumer food-handling behaviors for food safety education. Journal of the American Dietetic
Association 101(11), pp. 1326-1339.
Medeiros, L., Hillers, V.N., Gang, C., Bergmann, V., Kendall, P. and Schroeder, M. (2004) Design and
development of food safety knowledge and attitude scales for consumer food safety education.
Journal of the American Dietetic Association, 104, pp. 11.
Medvedova, A., Valik, L. and Studenicova, A. (2009) The effect of temperature and water activity on the
growth of Staphylococcus aureus. Czech Journal of Food science, 27(2), pp. (S2-28 – S2-35)
Mendil, D., Demirci, Z., Tuzen, M. and Soylak, M. (2010) Seasonal investigation of trace element contents
in commercially valuable fish species from the Black sea, Turkey. Food and Chemical Toxicology,
48 (3), pp. 865-870
Mensah, P. (1997) Fermentation - the key to food safety assurance in Africa? Food Control 8: 271-8
Mensah, P. A., Tomkin, A. M., Drasar, B. S. and Harrison, T. J. (1988) Effect of fermentation of Ghanaian
maize dough on the survival and proliferation of four strains of Shigella flexneri. Transactions of
Royal Society of Tropical Medicine and Hygiene, 82, pp. 635–6.
Mensah P, Yeboah-Manu, D., Owusu- Darko, K. and Ablordey, A. (2002) Street foods in Accra, Ghana: how
safe are they? Bulletin of the World Health Organization. The International Journal of Public
Health. 80 (7), Pp.546-553
Misra, S.K., Fletcher, S.M., and Huang, C.L. (1995) Irradiation and food safety: Consumer attitudes and
awareness. In J.A. Caswell (Ed.), Valuing food safety and nutrition (pp. 435-455). Boulder, CO:
Westview Press.
Mitchell, J. (1993) Scombrotoxic fish poisoning. Report for the Ministry of Health, Wellington.
Mohamed, G.F., Hegazy, E.M. and Abdellatef, M. (2011) Physicochemical Properties and Mycotoxins
Contents of Tilapia Fish Fillets after Solar Drying and Storage. Global Veterinaria. 7 (2), pp. 138148.

225

Mol, S., Cosansu, S., Alakavuk, DU. and Ozturan, S. (2010) Survival of Salmonella Enteritidis during salting
and drying of horse mackerel (Trachurus trachurus) fillets, International Journal of Food
Microbiology, 139 (1-2): 36-40
Montville, R., Chen, Y., Schaffner, D.W. (2001). Determination of bacterial cross-contamination rates from
hand to food through a glove barrier. Journal of Food Protection, 64 (6), pp. 845– 849.
Mortimore, S. (2000) An example of some procedures used to assess HACCP systems within the food
manufacturing industry. Food Control. 11 (5), pp 403-413
Mortlock, M. P., Peters, A. C. and Griffith, C. J. (1999) Food hygiene and hazard analysis critical control
point in the United Kingdom food industry: Practices, perceptions, and attitudes. Journal of Food
Protection, 62, pp. 786-92
Mortlock, M.P., Peters, A.C. and Griffith, C.J. (2000) A national survey of food hygiene training and
qualification levels in the UK food industry. International Journal of Environmental Health
Research, 10 (2), pp. 111-123
Mossel, D.A.A. (1989) “Food safety and the need for public reassurance”, Food Science and Technology
Today, 3, pp. 2-10.
Mossel, D. A. A., Corry, J. E. L., Struijk, C. B. and Baird, R. M., eds. (1995) The microbiological
monitoring of foods; recommended monitoring procedures., pp. 268–412. Chichester: Wiley
Mortimore, S.E. and Wallace, C.A. (1998) HACCP: A Practical Approach, Second Edition. Aspen
Publishers Inc. (Springer), Gaithersburg.
Motarjemi, Y. (2000) Regulatory assessment of HACCP: a FAO/WHO Consultation on the role of
government agencies in assessing HACCP. Food Control, 11, pp. 341-4
Motarjemi, Y. (2002) Impact of small scale fermentation technology on food safety in developing countries.
International Journal of Food Microbiology, 75, pp. 213-29
Motarjemi, Y. and Käferstein, F. (1999) Food safety, hazard analysis and critical control point and the
increase in foodborne diseases: a paradox? Food Control 10(4–5), pp. 325–333.
Mullan, B. A., Wong, C. L. and O’Moore, K. (2010) Predicting hygienic food handling behaviour: modelling
the health action process approach, British Food Journal, 112, (11), pp. 1216-1229
Muratore, G., Mazzaglia, A., Lanza, C.M. and Licciardello, F. (2007) Effect of process variables on the
quality of swordfish fillets flavored with smoke condensate. J. Food Process. Preservat., 31, pp.
167-177.
Murray, P. R. (1999) Manual of clinical microbiology (7th ed.). Washington, D.C.: ASM Press (Chapter 28).
NACMCF (National Advisory Committee on Microbiological Criteria for Foods), (1997) Hazard analysis
and critical control point principles and application guidelines. NACMCF: wwwseafood.ucdavis.edu/Guidelines/nacmcf1.htm
NAFAG, (2007) National Fisheries Association of Ghana, About Us web-page (available at:
www.nafagfish.org/aboutus.htm) Accessed 1 February 2011
National Assessment Institute, (1998) Handbook for Safe Food Service Management. Prentice Hall, New
Jersey.
Nerquaye-Tetteh, G., Eyeson, KK. and Tette-Marmon (1978) Studies on "Bomone" - A Ghanaian fermented
fish product. Accra, Ghana, Food Research Institute (CSIR)
Neequaye-Tetteh, G.A., Dassah, A.L. and Quarshiesam, S.J. (2002) Effect of fuel wood type on the quality
of smoked fish–Chrysichthys auratus. Ghana Jnl agric. Sci. 35. Pp. 95-101.
Neidhardt, F.C., Ingraham, J.L. and Schaechter, M. (1990) Physiology of the Bacterial Cell: A Molecular
Approach. Sinauer associates, Inc., Sunderland, MA
Nesse, L.L., Løvold, T., Bergsjø, B., Nordby, K., Wallace, C., and Holstad, G. (2005) Persistence of orally
administered Salmonella enterica serovars Agona and Montevideo in Atlantic salmon (Salmo salar
L.). Journal of Food Protection, 68, pp. 1336–1339.
Newell, D.G., Koopmans, M., Verhoef, L., Duizer, E., Aidara-Kane, A., Sprong, H. and Opsteegh, M. (2010)
Foodborne diseases - The challenges of 20 years ago still persist while new ones continue to emerge.
International Journal of Food Microbiology, 139, (Supplement 1), S3-S15.
Nguz, K. (2007) Assessing food safety system in sub-Saharan countries: an overview of key issues. Food
Control, 18 pp. 131-4
NHMRC (2003) National Health and Medical Research Council. (2003). NHMRC dietary guidelines for
Australian adults. A guide to healthy eating.

226

Nickelson, R.I., McCarthy, S. and Finne, G. (2001) Fish, crustaceans and precooked seafoods In: Downes,
E.P., Ito, K. (Eds.), compendium of methods for the Microbiological Examination of Foods, fourth
ed. American Public Health Association, Washington, DC, pp. 497-505.
Nielsen, M., Hoogvors,t A., Konradsen, F., Mudasser, M. and Van der Hoek, W. (2001) Childhood diarrhoea
and hygiene: mothers’ perception and practices in the Punjab, Pakistan Available at:
http://www.iwmi. cgiar.org/Publications/Working_Papers/ working/WOR25.pdf. InternationalWater
Management Institute working paper 25. Accessed 12 May, 2009.
Niksic, M., Niebuhr, S. E., Dickson, J. S., Mendonca, A. F., Koziczkowski, J. J. and Ellingson, J. L. E.
(2005) Survival of Listeria monocytogenes and Escherichia coli O157:H7 during Sauerkraut
fermentation. Journal of Food Protection 68, pp. 1367–1374.
Nketsia-Tabiri, J. (2004) Radiation decontamination and disinfestation of salted dried tilapia fish (koobi).
Ghana Journal of Agricultural Science, 37, pp. 85-90
Nketsia-Tabiri, J., Adu-Gyamfi, A., Montford, K.G., Gbedemah, C.M. and Sefa-Dedeh, S. (2003)
Optimising Processing Conditions for Irradiated Cured Fish. In Radiation processing for safe,
shelfstable and ready-to-eat food. IAEA-TECDOC- 1337, Vienna.
Norhana, M. N. W., Poole, S. E., Deeth, H. C. and Dykes, G. A. (2010) Prevalence, persistence and control
of Salmonella and Listeria in shrimp and shrimp products: A review. Food Control, 21 (4), pp. 343361
Normanno, G., A. Firinu, S. Virgilio, G. Mulab, A. Dambrosio, A. Poggiu, L. Decastelli, R. Mioni, S.
Scuota, G. Bolzoni, E. Di Giannatale, A. P. Salinetti, G. La Salandra, M. Bartoli, F. Zuccon, T.
Pirino, S. Sias, A. Parisi, N. C. Quaglia, and G. V. Celano. (2005) Coagulase-positive Staphylococci
and Staphylococcus aureus in food products marketed in Italy. International Journal of Food
Microbiology 98:73-79.
Notermans, S. and Heuvelman, C. J. (1983) Combined effect of water activity, pH and sub-optimal
temperature on growth and enterotoxin production of Staphylococcus aureus, Journal of Food
Science 48, pp. 1832–1835.
Novotny, L., Dvorska, L., Lorencova, A., Beran, B. and Pavlik, I. (2004) Fish: A potential source of bacterial
pathogens for human beings. Vet. Med. Czech., 49(9), pp. 343-358.
Nti, C. A., Plahar, W. A. and Larweh, P. M. (2002) Impact of adoption in Ghana of an improved fish
processing technology on household income, health and nutrition. International Journal of
Consumer Studies 26
Ntow, W. J. (2001) Organochlorine pesticides in water, sediment, crops, and human fluids in a farming
community in Ghana. Arch. Environ. Contam. Toxicol., 40, pp. 557–563.
Ntow, W. J., Tagoe, L.M., Drechsel, P., Kelderman, P., Gijzen, H.J. and Nyarko, E. (2008) Accumualtion of
persistent organochlorine contaminants in milk and serum of farmers from Ghana. Environ. Res.,
106, pp. 17–26.
Nuer, T. (2001) Knowledge, Attitudes and Practices of Fan Milk Product Vendors on Food Hygiene and
Food Borne Illness,” BSc Project Report Department of Nutrition and Food Science, University of
Ghana, Legon, 2001.
Nummer, B., Fraser A., Marcy, J. and Klein R. (2010) Assessing Food Safety Training Needs of
Environmental Health Specialists in the U.S.: Focus Group Summary. Journal of Environmental
Health, 72(8), pp. 16-7.
Nunes, M., Batista, I. and Morâo de Campos, R. (1992) Physical, chemical and sensory analysis of sardine
(Sardina pilchardus) stored in ice. Journal of the Science of Food and Agriculture, 59, pp. 37–43
Nwokolo, C., and Okonkwo, P. O., (1978) Aflatoxin load of foods in savannah and forest regions of Nigeria.
Trans. Soc. Med. Hyg. 72, pp. 328–332.
Nyarko, H.D., Obodai, E.A., Boamponsem, L.K., Coomson, S.S. and Aniwe, Y. (2011) Microbial profile of
smoked sardine (Sardilella aurita) at smoking sites and market centres of Tema, Ghana. Archives of
Applied Science Research, 3 (3), pp. 443-453
NZFSA, (2001)
Non-typhoid Salmonellae. Accesed 1 August
2010. Available at:
http://www.nzfsa.govt.nz/science/data-sheets/non-typhoid-salmonellae.pdf (Accessed 4 June 2010)
Odotei, I. K. (2003) “‘Sea Power, Money Power’ Ghanaian Migrant Fishermen and Women in the Republic
of Benin”, in Kropp-Dakubu. (ed.) History and Development Project. Legon: Institute of African
Studies, University of Ghana.
Oduor-Odote, P.M., Obiero, M. and Odoli, C. (2010) Organoleptic effect of using different plant materials
on smoking of marine and freshwater catfish. African Journal of Food, Agriculture, Nutrition and
Development, 10 (6), pp. 2658-2677

227

Ogbadu, G.H., Ogbadu, L.J. (1989) Levels of benzo[a]pyrene in some smoked ready-to-eat Nigerian foods.
Lebensmittel-Wissenschaft und-Technologie 22: 313-314.
Okraku, G.A. (1999) Processing and Preservation of Fish in Ghana. FRI Project Report, Food Research
Institute, Accra Ghana, pp. 27-29.
Okraku-Offei, G. A. (1970) Processing and preservation of fish in Ghana. FRI Project Report. Food
Research Institute, Accra, Ghana.
Okonkwo, P.O., Umerah, G. and Nwokolo, C. (1977) Procedures to Reduce Aflatoxin Levels in Common
Foods. W. Afr. J. Pharmocol. Drug Res. 4(1), pp. 621-3.
Olafsdóttir, G., Martinsdóttir, E., Oehlenschläger, J., Dalgaard, P., Jensen, B. and Undeland I. (1997)
Methods to evaluate fish freshness in research and industry. Trends in Food Science & Technology,
8, pp. 258–265
Olsen, S.J., MacKinnon, L.C., Goulding, J.S., Bean, N.H., Slutsker, L. (2000) Surveillance for foodborne
disease outbreaks United States 1993-1997. Morbidity and Mortality Weekly, CDC Surveillance
Summary, 49, pp. 1-51.
Omemu, A. M. and S.T. Aderoju, S. T. (2008) Food safety knowledge and practices of street food vendors
in the city of Abeokuta, Nigeria. Food Control. 19 (4), pp. 396-402
Osafo, A.S. (1997) Lindane and endosulfan residues in water and fish in the Ashanti region of Ghana. In:
Environmental Behaviour of Crop Protection Chemicals. Proceedings; Proceedings Series (IAEA);
International Symposium on the Use of Nuclear and Related Techniques for Studying Environmental
Behaviour of Crop Protection Chemicals, Vienna, pp. 471–478.
Osei-Opare F, and Kukah A. (1989) Improving the quality of dried fish through solar drying. Presented at
Proceedings of the FAO Expert Consultants of Fish Technology, In Africa, Abidjan
Osei-Somuah, A. and Nartey, P.W.K. (1999) Microbial flora of Anchovies spp. used in poultry and livestock
feed preparation in Ghana. Ghana Jnl agric. Sci. 32, pp. 185-188.
Østergaard, A., Embarek, P.K.B., Yamprayoon, J., Wedell-Neergaard, C., Huss, H.H., Gram, L., 1998.
Fermentation and spoilage of Som Fak, a Thai low-salt fish product. Trop. Sci. 38, 105–112.
Oteri, T. and Ekanem, E.E. (1989) “Food hygiene behaviour among hospital food handlers”, Public Health,
103 (3), pp. 153-9.
Owens, J. D. and Mendoza, L. S. (1985). Enzymically hydrolysed and bacterially fermented fishery
products. J. Food Technol. 20, pp. 273–293.
Pachico, D. and Wolf, M. (2002, July) Attitudes toward genetically modified food in Colombia. Paper
presented at the 6th International ICABR Conference, Ravello, Italy.
Palm, L.M.N., Carboo, D., Yeboah, P.O., Quasie, W.J., Gorleku, M.A. and Darko, A. (2011)
Characterization of Polycyclic Aromatic Hydrocarbons (PAHs) Present in Smoked Fish from Ghana.
Advance Journal of Food Science and Technology, 3 (5), pp. 332-338
Palmer, R. (2007) Skills for work?: From skills development to decent livelihoods in Ghana’s rural informal
economy. International Journal of Educational Development 27, pp397–420
Panisello, P. J. and Quantick, C. Q. (2001) Panisello and C.Q. Quantick, Technical barriers to hazard
analysis critical control point (HACCP). Food Control 12, pp. 165–73
Panisello, P.J., Quantick, P.C., Knowles, M.J. (1999), "Towards the implementation of HACCP: results of a
UK regional survey", Food Control, 10 (2), pp.87-98.
Panisello, P.J., Rooney, R., Quantick, P.C., Stanwell-Smith, R. (2000) "Application of foodborne disease
outbreak data in the development and maintenance of HACCP systems", International Journal of
Food Microbiology, 59, pp.221-34.
Park, H.S., Marth, E.H. and Olson, N.F. (1970) Survival of Salmonella typhimurium in cold-pack cheese
food during refrigerated storage. J. Milk Food Technol. 33: 383–388.
Pascual, C., Robinson, T.P., Ocio, M.J., Aboaba, O.O. and Mackey, B.M. (2001) The effect of inoculum size
and sublethal injury on the ability of Listeria monocytogenes to initiate growth under suboptimal
conditions. Lett. Appl. Microbiol., 33, pp. 357-361.
Patil, S.R., Cates, S., and Morales, R. (2005) Consumer food safety knowledge, practices and demographic
-analysis. Journal of Food Protection, 68(9), pp. 1884-1894.
Patil, S.R., Morales, R., Cates, S., Anderson, D., and Kendal, D. (2004). An application of meta-analysis in
food safety consumer research to evaluate consumer behaviours and practices. Journal of Food
Protection, 67(11), 2587-2595.
Paulson, D.S. (2000) “Handwashing, gloving and disease transmission by the food preparer”, Dairy, Food
and Environmental Sanitation, 20 (11), pp. 838-45.

228

Pepe, O., Blaiotta, G., Bucci, F., Anastasio, M., Aponte, M. and Villani, F. (2006) Staphylococcus aureus
and staphylococcal enterotoxin A in breaded chicken products: detection and behavior during the
cooking process. Applied and Environmental Microbiology 72, 7057–7062.
Pinfold, J. V. and Horan N. J. (1996) Measuring the effect of a hygiene behaviour intervention by indicators
of behavior and diarrhoeal disease, Transactions of Royal Society of Tropical Medicine and Hygine
90, pp. 366-71
Pigott, G. Tucker, B. (1990) Science opens new horizons for marine lipids in human nutrition. Food Reviews
International, 3, pp. 105–138
Pitt, J. I. and Christian, J. H. B. (1968) Water relations of xerophilic fungi isolated from prunes. Appl.
Microbiol. 16, pp.1853-1858.
Pitt, J.I. and Hocking, A.D. (1985) Fungi and Fungi Spoilage. Orlando: Academic Press
Pitt, J.I., Hocking, A.D. (1997) Fungi and Food Spoilage, 2nd ed. Blackie Academic and Professional, 596
pp.
Pittet, D. (2001) Improving adherence to hand hygiene practice: a multidisciplinary approach. Emerg. Infect.
Dis. 7, pp. 234–240.
Plahar, W.A., Pace, R.D. and Lu, J.Y. (1991) Effect of storage conditions on the quality of smoke-dried
herring (Sardinella eba), .J. Sci. Fd Agric. 57, pp. 597-610.
Plahar, W.A., Hodari-Okae, M.A. and Osei, A.Y. (1996) Assessment on storage Stability of smoked and
dried fish packaged in polystyrene and vacuum. Food Research Institute, pp. 9-12.
Plahar, W.A., Nerquaye-Tetteh, G.A. and Annan, N.T. (1999) Development of an integrated quality
assurance system for the traditional Sardinella sp. and anchovy fish smoking industry in Ghana.
Food Control, 10, pp. 15-25
Ponte, S., Raakjaer, J. and Campling, L. (2007) Swimming upstream: market access for African fish exports
in the context of WTO and EU negotiations and regulations, Development Review 25 (1), pp. 113–
138.
Poulter, R.G., Curran, C.A. Rowlands, B. and Disney, J.G. (1982). Comparison of the biochemistry and
bacteriology of tropical and temperate water fish during preservation and processing. Paper
presented at the Symposium on Harvest and Post- Harvest Technology of Fish, Cochin, India, Trop.
Dev. and Res. Inst., London.
Powell, S.C., Attwell, R.W. and Massey, S.J. (1997) The impact of training on knowledge and standards of
food hygine DA pilot study, International Journal of Environmental Health Research 7, pp. 329–
334.
Pozio, E. (2008). Epidemiology and control prospects of foodborne parasitic zoonoses in the European
Union. Parassitologia, 50 (1-2), 17-24.
Proctor, M.R.M., Ryan, I.A. and McLoughlin, J.V. (1992). The effects of stunning and slaughter methods on
changes in skeletal muscle and quality of farmed fish. Proceedings from TNO, The Netherlands,
International Conference Upgrading and Utilization of Fishery Products.
Quaatey, S. (1997) Synthesis of recent evaluations undertaken on the major fish stocks in Ghanaian waters:
A working document for the eleventh session of the CECAF Working Party on Resource Evaluation
held in Accra, Ghana. 35p
Raccach, M. (2006) Lactic Acid Fermentation Using High Levels of Culture and the Fate ofStaphylococcus
aureus in Meat. Journal of Food Science, 51 (2), pp 520–521
Raccach, M. (1992) Some aspects of meat fermentation. Food Microbiology, 9, pp.55-65
Raoult-Wack, A. L. (1994) Recent advances in the osmotic dehydration of foods, Trends in Food Science
and Technology, 5, pp. 255–260.
Rashed, M.N. (2001) Monitoring of environmental heavy metals in fish from Nasser Lake. Environmental
International, 27, pp. 27–33.
Ravishankar, S. and Juneja, V. K. (2000) Sodium chloride. In Natural Food Antimicrobial Systems. 2000.
Edited by A.S. Naidu. CRC Press LLC. N.W. Corporate Blvd., Boca Raton, Florida.
Ray B. (1996) Fundamental food microbiology. Boca Raton (FL): CRC Press. 516 pp.
Razavilar, V. and Genigeorgis, C. (1998) Prediction of Listeria spp. growth as affected by various levels of
chemicals, pH, temperature and storage time in a model broth. Int. J. Food Microbiol., 40, pp.149157.
Redmond, E.C. and Griffith, C.J. (2003a) Consumer food handling in the home: a review of consumer food
safety studies. J. Food Prot. 66(1), pp. 130-161,
Redmond, E. and Griffith, C.J. (2003b), “A comparison and evaluation of research methods used in
consumer food safety studies”, International Journal of Consumer Studies, 27 (1), pp. 17-33.

229

Redmond, E.C. and Griffith, C.J. (2004) Consumer perceptions of food safety risk, control and
responsibility, Appetite 43(3), pp. 309-313
Redmond, E.C., Griffith, C.J., Slader, J. and Humphrey, T.J. (2001) The evaluation and application of
information on consumer hazard and risk to food safety education. Food Standards Agency, London.
Reij, M. W., Den Aantrekker, E. D. and ILSI Europe Risk Analysis in Microbiology Task Force, (2004)
Recontamination as a source of pathogens in processed foods. International Journal of Food
Microbiology. 91, pp. 1-11
Reilly, P.J.A. and Twiddy, D.R. (1992) Salmonella and Vibrio cholerae in brackish water cultured tropical
prawns. Int. J. Food Microbiol., 16, pp. 293–301.
Rennie, D. (1995) Health education models and food safety education. Journal of Royal Society of Health,
115, pp. 75–79.
Rey, .S., García-Soto, B., Fuertes-Gamundi, J.R., Aubourg, S. and Barros-Velázque, J. (2012) Effect of a
natural organic acid-icing system on the microbiological quality of commercially relevant
chilled fishs pecies. LWT - Food Science and Technology, 46, (1), pp. 217–223
Rheinländer, T., Olsen, M., Bakang, J.A., Takyi, H., Konradsen, F. and Samuelsen, H. (2008) Keeping Up
Appearances: Perceptions of Street Food Safety in Urban Kumasi, Ghana. J Urban Health, 85 (6),
pp. 952–964.
Rho, M.J. and Schaffner, D.W. (2007) Microbial risk assessment of staphylococcal food poisoning in Korean
kimbab. Int. J. Food Microbiol., 116, pp. 332-338.
Riebroy, S., Benjakul, S., Visessanguan, W., Kijrongrojana, K. and Tanaka, M. (2004) Some characteristics
of commercial Som-fug produced in Thailand. Food Chemistry, 88, pp. 527–535
Riebroy, S., Benjakul S., Visessanguan W., Munehiko, B. and Tanaka, M. (2007). Effect of iced storage of
bigeye snapper (Priacanthus tayenus) on the chemical composition, properties and acceptability of
Som-fug, a fermented Thai ﬁsh mince. Food Chem. 102: 270-280.
Riemann, H, Lee, W.H. and Genigeorgis, C. (1972) Control of Clostridium botulinum and Staphylococcus
aureus in semi-preserved meat products. J. Milk Food Technol., 35, pp. 514-523.
Ristori, C. A., dos Santos Pereira, M. A. and Gelli, D. S. (2007) Behavior of Salmonella Rubislaw on ground
black pepper (Piper nigrum L.), Food Control, 18, pp. 268–272
Roberto, C.D., Brandão, S.C.C. and da Silva, C.A.B. (2006) Costs and investments of implementing and
maintaining HACCP in a pasteurized milk plant. Food Control, 17, pp. 599–603.
Robinson, T.P., Aboaba, O.O., Kaloti, A., Ocio, M.J. and Mackey, B. (2001) The effect of inoculum size on
the lag phase of Listeria monocytogenes. Int. J. Food Microbiol., 70, pp. 163-173
Roca, M and Incze, K. (19900 Fermented sausages. Food Reviews International, 6, pp. 1-118
Rodrick, G. E and Schmidt, R. H., ed. (2003) Physiology and survival of foodborne pathogens in various
food systems. Hoboken, New Jersey.: Wiley & sons Inc. 137-56. pp.
Rodrigues, M.J., Ho, P., López-Caballero, M.E., Vaz-Pires, P., Nunes, M.L., (2003) Characterization and
identification of microflora from soaked cod and respective salted raw materials. Food
Microbiology, 20, pp. 471–481.
Rodríguez, O., Losada, V., Aubourg, S.P. and Barros-Velázquez, J. (2004) Enhanced shelf-life of chilled
European hake (Merluccius merluccius) stored in slurry ice as determined by sensory analysis and
assessment of microbiological activity. Food Research International, 37, pp. 749–757
Rodríguez, O., Barros-Velázquez, J., Piñeiro, C., Gallardo, J.M. and Aubourg, S.P. (2006) Effects of storage
in slurry ice on the microbial, chemical and sensory quality and on the shelf life of farmed turbot
(Psetta maxima). Food Chemistry, 95, pp. 270–278
Rorvik, L. M. (20000 Rorvik, Listeria monocytogenes in the smoked salmon industry. International Journal
of Food Microbiology, 62, pp. 183–90.
Rosec, J. P., Guiraud, J. P., Dalet, C. and Richard, N. (1997). Enterotoxin production by staphylococci
isolated from foods in France. Int. J. Food Microbiol. 35, pp. 213-221.
Route, N. (2001) HACCP and SMEs: a case study. In: T. Mayes and S. Mortimore, Editors, Making the most
of HACCP, Woodhead Publishing Ltd., Cambridge (2001).
Ruiz-Capillas, C. and Moral, A. (2001a) Chilled bulk storage of gutted hake (Merluccius merluccius L.) in
CO2 and O2 enriched controlled atmospheres Food Chemistry, 74 (3): 317-325
Ruiz-Capillas, C. and Moral, A. (2001b) Correlation between biochemical and sensory quality indices in
hake stored in ice. Food Research International, 34 (5): 441-447
Ryan, M. J., Wall, P. G., & Gilbert, R. J. (1996). Risk factors for outbreaks of infectious intestinal disease
linked to domestic catering. Communicable Disease Report, 6, pp. 179–183.

230

Sablani SS, Rahman, M. S., Haffar, I., Mahgoub, O., Al-Marzouki, A. S., Al-Ruzeiqi, M. H., Al-Habasi, N.
H. and Al-Belushi, R. H. (2003) Drying rates and quality parameters of fish sardines processed
using solar dryers. Agricultural and Marine Sciences, 8, pp. 79–86
Saeed, A. M. and Koons, C. W. (1993) Growth and heat resistance of Salmonella enteritidis in refrigerated
and abused eggs. Journal Food Protection 56, pp. 927–931.
Safe Food International (SFI), (2003) Guidelines for Consumer Organizations to Promote National Food
Safety Systems. Safe Food International. A project of International Centre for Science in Public
Interest Washington USA, p. 18
Sagoo, S.K., Little, C.L., Griffith, C. and Mitchell, R. (2003) “Study of cleaning standards and practices in
food premises in the United Kingdom”, Communicable Disease and Public Health, 6 (1), pp. 6-17.
Sallenave-Namont, C., Pouchus, Y. F., Robiou Du Pont, T., Lassus, P. and Verbist, J. F. (2000) Toxigenic
saprophytic fungi in marine shellfish farming areas. Mycopathologia, 149 (1), pp. 21–25.
Santos, M.J., Nogueira, J.R. and Patarata, L. (2008) Knowledge levels of food handlers in Portuguese school
canteens and their self-reported behaviours towards food safety. International Journal of
Environmental Health Research, 18 (6), pp. 387-401.
Sattar, S.A., Springthorpe, S., Mani, S., Gallant, M., Nair, R. C., Scott, E. and Kain, J. (2001) Transfer of
bacteria from fabrics to hands and other fabrics: development and application of a quantitative
method using Staphylococcus aureus as a model, Journal of Applied Microbiology, 90, pp. 962–970
Scherrer, D., Corti, S.,Muehlherr, J. E., Zweifel, C. and Stephan, R. (2004) Phenotypic and genotypic
characteristics of Staphylococcus aureus isolates from raw bulk-tank milk samples of goat and
sheep, Veterinary Microbiology, 101, pp. 101–107.
Schmitt, M., Schuler-Schmidt, U. and Schmidt-Lorenz, W. (1990). Temperature limits of growth, TNase and
enterotoxin production of Staphylococcus aureus strains isolated from foods. Int. J. Food Microbiol.,
11, pp. 1-20.
Scientific Committee on Food, (2002) Opiion of the Scientific Committee on Food on te risks to human
health of polycyclic aromatic hydrocarbons in food. Rep. SCF/CS/CNTM/PAH/29, European
Commission, Health and Consumer Protection Directorate, Brussels
Scott, E. (1996) A review: foodborne disease and other hygienic issues in the home. Journal of Applied
Bacteriology 80, pp. 5-9.
Scott, E., Bloomfield, S.F. and Barlow, C.G. (1982) An investigation of microbial contamination in the
home. Journal of Hygiene 89, pp. 279-293
Scully, J. (2003) “Genetic engineering and perceived levels of risk”, British Food Journal, 105(1/2), pp. 5977.
Seaman J. (1999) Malnutrition in Emergencies: how can we do better and where do the responsibilities lie?
Disasters, 23, pp. 306-15
Seaman, P. (2010). Food hygiene training: Introducing the Food Hygiene Training Model. Food Control, 21,
pp. 381-387.
Seaman, P. and Eves, A. (2006) The management of foodsafety—the role of food hygienetraining in the UK
service sector. International Journal of Hospitality Management, 25 (2), pp. 278–296
Seaman, P. and Eves, A. (2008) Food hygiene training in small to medium-sized care settings, International
Journal of Environmental Health Research 18 (5), pp. 365–374.
Sen, D.P. (2005) Traditional salted and dried fish products: Advances in Fish Processing, Allied Publishers
Pvt Ltd, Mumbai, India (2005), pp. 254–304
Sengor, G.F., Kalafatoglu, H. and Gun, H. (2004) The determination of Microbial flora, water activity and
chemical analysis in smoked Mussels (Mytilus galloprovincialis, L.) Turk. J. Vit. Anim. Sci., 28, pp.
793-797.
Setiabudhi, M., Theis, M., and Norback, J. (1997) Integrating hazard analysis and critical control point
(HACCP) and sanitation for verifiable food safety. Journal of the American Dietetic Association,
97(8), pp. 889–891
Setti, I., Rodriguez-Castro, A., Pata, M.P., Cadarso-Suarez, C., Yacoubi, B., Bensmael, L., Moukrim, A. and
Martinez-Urtaza, J. (2009) Characteristics and dynamics of Salmonella contamination along the
coast of Agadir, Morocco. Appl. Environ. Microbiol. 75, pp. 7700–7709.
Seward, S. (2000) Application of HACCP in food service. Irish Journal of Agriculture and Food Research,
39, pp. 221-227.

231

Shabarinath, S., Kumar, S.H., Khushiramani, R., Karunasagar, I. and Karunasagar, I. (2007)Detection and
characterisation of Salmonella associated with tropical seafood. Int. J. Food Microbiol. 114, pp.
227–233.
Shakila, R. J., Lakshmanan, R. and Jeyasekaran, G. (2002) Survival of amine-forming bacteria during the
ice storage of fish and shrimp. Food Microbiology, 19, pp. 617-625.
Shelef, LA. and Seiter, JA. (1993) Indirect antimicrobials. In “Antimicrobials in Foods,” ed. by P.M.
Davidson and A.L. Branen. Marcel Dekker, Inc., New York, pp. 539-562
Shena, S. S. and Sanjecv, S. (2007) Prevelence of enterotoxigenic Staphylococcus aureus in fishery products
and fish processing factory work. Food Control, 18 (12), pp. 1565-1568
Shewan, J.M. (1961) The microbiology of Sea water fish. In Borgstrum, G. ed. Fish as Food 1, pp. 487-9.
Shewan, J.M. and Murray, C.K. (1979) The microbial spoilage of Fish with special reference to the role of
Psychrophiles. In Russel, A.D. and Fuller, R. eds. Cold tolerant microbes in fish spoilage and the
environment. Academic Press.
Sikorski, Z. E., Kolakowska, A. and Burt, J. R. (1990) Post harvest biochemical and microbial changes. In:
Z.E. Sikorski, Editor, Seafood: Resources, nutritional composition and preservation, CRC Press,
Boca Raton, FL (1990), pp. 55–75.
Simange, C. and Rukure, G. (1991) Survival of Campylobacter and pathogenic Escherichia coli in Mahewu,
a fermented cereal gruel. Transactions of the Royal Society of Tropical Medicine and Hygiene, 85,
pp. 399–400.
Simon, S. S. and Sanjeev, S. (2007) Prevalence of enterotoxigenic Staphylococcus aureus in fishery products
and fish processing factory workers, Food Control 18, pp. 1565–1568.
Sloan, A.E. (1998) Manufacturers must address the ‘‘FrontEnd.’’ Food Technology, 52(11), pp. 2
Smith, J. E and Moss, M. O. (1985) Mycotoxins. Formation and Significance. Wiley, Chichester, UK.
Smulders, F.J.M. and Collins, J.D. (2002) Food Safety Assurance and Veterinary Public Health: Food safety
assurance in the pre-harvest phase. Wageningen Academic Publication, 395 pages
Smyth, C. J., Smyth, D. S., Kennedy, J., Twohig, J. and Bolton, D. (2004) Staphylococcus aureus: from man
or animals – an enterotoxin iceberg? In Food Pathogen Epidemiology: Microbes, Maladies and
Methods, Proceedings of European Union Risk Analysis Information Network (EURAIN)
Conference, Padua, Italy, December 2004, pp. 85–102. Edited by B. Maunsell, J. Sheridan & D. J.
Bolton. Dublin: Teagasc – The National Food Centre.
Sneed, J., Strohbehn, C., Shirley, A. G. and Mendonca, J. (2004) Microbiological evaluation of foodservice
contact surfaces in Iowa assisted-living facilities, Journal of the American Dietetic Association, 104,
pp. 1722–1724.
Snyder, O. P. (1998). Hand washing for retail food operations - a review. Dairy Food Environ. Sanit., 18, pp.
149– 162.
Sofos, J.N. and Geornaras, I. (2010) Overview of current meat hygiene and safety risks and summary of
recent studies on biofilms, and control of Escherichia coli 0157:H7 in nonintact, and Listeria
monocytogenes in ready-to-eat, meat products. Meat Science, 86, pp. 2-14
Sokari, T. (1991) Distribution of enterotoxigenic Staphylococcus aureus in ready-to-eat foods in eastern
Nigeria. International Journal of Food Microbiology, 12 (2-3), pp. 275-279
Soon, J.M., Singh, H. and Baines, R. (2011) Foodborne diseases in Malaysia: A review. Food Control, 22
(6), pp. 823–830
Soriano, J. M., Font, G., Moltó, J. C. and Mañes, J. (2002) Enterotoxigenic staphylococci and their toxins in
restaurant foods, Trends of Food Science and Technology 13, pp. 60–67.
Sperber, WH. (1983) Influence of water activity on foodborne bacteria - A review. Journal of Food
Protection, 46 (2): 142–150.
Sprenger, R.A. (2002), Hygiene for Management, Highfield Publications, Doncaster,
Steinkraus, K. H. (1997) Classification of fermened foods: Worldwide review of household fermentation
techniques. Food Control, 8, pp.311-7
Stewart, C.M., Cole, M.B., Legan, J.D., Slade, L., Vandeven, M.H. and Schaffner, D.W. (2002)
Staphylococcus aureus growth boundaries: moving towards mechanistic predictive models based on
solute-specific effects. Appl. Environ. Microbiol., 68, pp. 1864-1871.
Stołyhwo, A. and Sikorski, Z.E. (2005) Polycyclic aromatic hydrocarbons in smoked fish – a critical review.
Food Chemistry, 91 (2), pp. 303–311
Sumner, J., Raven, G., and Givney, R. (2004) Have changes to meat and poultry food safety regulation in
Australia affected the prevalence of Salmonella or of Salmonellosis. International Journal of Food
Microbiology, 92 (2), 199-205.

232

Surti, T., Taylor, A. and Ma’ruf, F. (2001) The effect of storage and tropical ambient temperature on the
quality and shelf life of grouper (plecteropomus maculatus) (29-32oC ambient temperature). Int. J.
Food Sci. Technol. 36 (5), pp. 517.
Svanberg U, Sjögren, E., Lorri, W., Svennerholm, A.-M. and Kaijser, B. (1992) Inhibited growth of
commom enteropathogenic bacteria in lactic-fermentad cereal gruels,. World Journal of
Microbiology and Biotechnology, 8, pp. 601–6
Swartz, M. N. (2002). Human diseases caused by foodborne pathogens of animal origin. Clinical Infectious
Disease, 34, pp. 111–122.
Sweeney, M. J. and Dobson, A. D. W. (1998) Mycotoxin production by Aspergillus, Fusarium and
Penicillium species. International Journal of Food Microbiology, 43 (3): pp.141-158
Taormina, P. J. (2010) Implications of Salt and Sodium Reduction on Microbial Food Safety. Critical
Reviews in Food Science and Nutrition, 50, pp. 209–227.
Tarıq, J., Jaffar, M. and Moazzam, M., (1991) Concentration correlations between major cations and heavy
metals in fish from the Arabian Sea. Marine Pollution Bulletin, 22 (11), pp. 562–565.
Tauxe, R. V., Doyle, M. P., Kuchenmüller, T., Schlundt, J., and Stein, C. E. (2010) Evolving public health
approaches to the global challenge of foodborne infections. International Journal of Food
Microbiology, 139, p. S16-S2.
Taylor, E. (2001) HACCP in small companies: benefit or burdens? Food Control, 12, pp. 217-222.
Taylor, S. L. (1990) Other microbial intoxications. Ch. 9. In: Foodboorne diseases. Cliver, D.O. (Ed.) San
Diego, CA: Academic Press. pp. 164-170.
Taylor, S. L. and Sumner, S. S. (1986) Determination of histamine, putrescine and cadaverine. In: Seafood
quality determination. Kramer, D.E. and Liston, J. (Eds.) Amsterdam: Elsevier. pp. 235-245.
Taylor, J.H., Brown, K. L., Toivenen, J. and Holah, J.T. (2000) A microbiological evaluation of warm air
hand driers with respect to hand hygiene and the washroom environment. Journal of Applied
Microbiology, 89 (6), pp. 910-19.
Taylor, J.Z. (2008) HACCP for the hospitality industry: a psychological model for success. International
Journal of Contemporary Hospitality Management, 20 (5), pp. 508–523
Taylor, J., Akanji, T., Al Shaikh, A., Collison, F. and Whitehall, P. (2011) Barriers to HACCP in hospitality:
a global problem with global solutions? Worldwide Hospitality and Tourism Themes, 3 (5), pp. 387401
The Institute of Food Science and Technology, (1999) The Institute of Food Science and Technology, The
use of irradiation for food quality and safety. Food Science and Technology Today, 13, pp. 32–35.
Thomas, L.V. and Wimpenny, J.W. (1996) Investigation of the Effect of Combined Variations in
Temperature, pH, and NaCl Concentration on Nisin Inhibition of Listeria monocytogenes and
Staphylococcus aureus. Appl. Environ. Microbiol. 62(6), pp. 2006–2012.
Tobin, J., Henehhan, G., and Moran, F. (2005) Food safety knowledge, attitudes and behavior of Irish
teenagers. Food Protection Trends, 25(11), pp. 832-837.
Todd, E. C. (1997). Epidemiology of foodborne diseases: A worldwide review. World Health Statistics
Quarterly, 50, pp. 30–50.
Todd, E. C. D., Greig, J. D., Bartleson, C. A. and Michaels, B. S. (2008) Outbreaks where food workers have
been implicated in the spread of foodborne disease. Part 4. Infective doses and pathogen carriage,
Journal of Food Protection 71 (11), pp. 2339–2373.
Tokuc, B., Ekuklu, G., Berberoglu, U., Bilge, E. and Dedeler, H. (2009) Knowledge, attitudes and selfreported practices of food service staff regarding food hygiene in Edirne, Turkey. Food Control. 20,
pp. 565–568.
Townsend, D.E. and Wilkinson, B.J. (1992) Proline transport in Staphylococcus aureus: a high-affinity
system and a low-affinity system involved in osmoregulation. J. Bacteriol., 174, pp. 2702–2710.
Troller, J. A., Stinson, J. V., (1975). Influence of water activity on growth and enterotoxin formation by
Staphylococcus aureus in foods. J. Food Sci., 40, pp. 802-4.
Tryfinopoulou, P., Tsakalidou, E. and Nychas, G-J.E. (2002) Characterization of Pseudomonas spp.,
associated with spoilage of gilt-head sea bream stored under various conditions. Appl Environ
Microbiol 68, pp. 65–72.
UK Steering Group on HACCP Training Standards. (1999). HACCP principles and their application in food
safety (advanced level) training standard. London: Royal Institute of Public Health and Hygiene.
UNDP, (2001) Sharing innovative experience: Improved fish smoking-Ghana. UNDP, Rome p. 240-254.
Accessed 19 April 2011. Available at http://ssc.undp.org/uploads/media/improved.pdf

233

Unicomb, L. E. (2009). Food Safety: Pathogen Transmission Routes, Hygiene Practices and Prevention,
27(5), pp. 599-601
Usfar, A.A., Iswarawanti, D.N., Davelyna, D. And Dillon, D. (2010) Food and Personal Hygiene Perceptions
and Practices among Caregivers Whose Children Have Diarrhoea: A Qualitative Study of Urban
Mothers in Tangerang, Indonesia. Journal of Nutrition Education and Behavior, 42 (1), pp. 33-40.
U.S. Food and Drug Administration, (2007) Bad bug book. U.S. Food and Drug Administration. Available
at: http://vm.cfsan.fda.gov/_mow/intro.html. Accessed 11 May 2008.
Valero, A., Pérez-Rodríguez, F., Carrasco, E., Fuentes-Alventosa, J.M., García-Gimeno, R.M. and Zurera, G.
(2007) Modelling the growth boundaries of Staphylococcus aureus: Effect of temperature, pH and
water activity. International Journal of Food Microbiology, 133, pp. 186–194
Vandenbergh, P. (1993) Lactic acid bacteria, their metabolic products and interference with microbial
growth. FEMS Microbiol Rev., 12, pp.221–38.
Varlet, V., Sérot, T. and Prost, C. (2007) New procedure for the study of odour representativeness of
aromatic extracts from smoked salmon. Food Chemistry, 100, pp. 820–829.
Varnan, A.H. and Evans, M.G. (1991) Foodborne pathogens—an illustrated text (chapter 4, pp. 51–85). St.
Louis: Mosby Year Book, London: Wolfe Publishing Ltd.
Varnam, A. H., Sutherland, J. P., (1985) Meat and meat products. In: Technology, Chemistry and
Microbiology, Chapman and Hall, UK, pp. 98–386.
Varnan, A.H. and Evans, M.G. (1991) Foodborne pathogens—an illustrated text (chapter 4, pp. 51–85). St.
Louis: Mosby Year Book, London: Wolfe Publishing Ltd.
Veciana-Noguez, M. T., Marine-Font, A., and Vidal-Carou, M. C. (1997) Biogenic amines as hygienic
quality indicators of tuna. Relationship with microbial counts, ATP-related compounds, volatile
amines and organoleptic changes. J. Agric. Food Chem., 45, pp. 2036-2041.
Vieira, R. H. S. F., de Lima, E. A., Sousa, D. B. R., dos Reis, E. F., Costa, R. G and Rodrigues, D. D. P.
(2004) Vibrio sp. and Salmonella spp., presence and susceptibility in crabs Ucides cordatus, Revista
do Instituto de Medicina Tropical de São Paulo, 46, pp. 179–182.
Vishwanath, W., Lillabati, H. and Bijen, M. (1998) Biochemical, nutritional and microbiological quality of
fresh and smoked mud eel fish Monopterus albus: a comparative study. Food Chemistry 61: 153-6
Vogel, B.F., Venkateswaran, K., Satomi, M. and Gram, L. (2005) Identification of Shewanella baltica as the
most important H2S-producing species during iced storage of Danish marine fish. Appl Environ
Microbiol, 71, pp. 6689–6697.
Vuddhakul, V., Soboon, S., Sunghiran, W., Kaewpiboon, S., Chowdhury, A., Ishibashi, M., Nakaguchi, Y.
and Nishibuchi, N. (2006) Distribution of virulent and pandemic strains of Vibrio
parahaemolyticus in three molluscan shellfish species (Meretrixmeretrix, Perna viridis, and Anadara
granosa) and their association with foodborne disease in Southern Thailand. Journal
of Food Protection, 69, pp. 2615–2620
Vytelingum, S.A., (2003) National Food Safety System: A case study of Mauritius. Food Africa Internet
Forum March 31 to April 11 2003. University of Mauritius, Quatre-Bornes, Mauritius
Wagacha J.M. and Muthomi, J.W. (2008) Mycotoxin problem in Africa: Current status, implications to food
safety and health and possible management strategies. International Journal of Food Microbiology,
124, pp. 1-12.
Wai, S.N., Mizunoe, Y., Takade, A. and Yoshida, S. (2000) A comparison of solid and liquid media for
resuscitation of starvation and low temperature-induced nonculturable cells of Aeromonas
hydrophila, Arch. Microbiol. 173, pp. 307–310.
Walker, E. and Jones, N. (2002) An assessment of the value of documenting food safety in small and less
developed catering businesses. Food Control, 13 (4–5), pp. 307–314
Walker, E., Pritchard, C. and Forsythe, S. (2003a) Food handlers’ hygiene knowledge in small food
businesses, Food Control 14(5), pp. 339–343
Walker, E., Pritchard, C. and Forsythe, S. (2003b) Hazard analysis critical control point and prerequisite
programme implementation in small and medium size food businesses. Food Control 14, pp. 169–
174.
Walls, I. and Scott, V.N. (1997) Use of predictive microbiology in microbial food safety risk assessment.
International Journal of Food Microbiology 36: 97–102.
Walls, I. Buchanan, R. L. (2005). Use of food safety objectives as a tool for reducing foodborne listeriosis.
Food Control, 16, pp. 795–799
Walton, E. F., and Pringle, J. R. (1980). Arch. Microbiol. 124, pp. 285–7

234

Wang, D., Tang, J. and Correia, L. R. (2000) Salt diffusivities and salt diffusion in farmed Atlantic salmon
muscle as influenced by rigor mortis, Journal of Food Engineering, 43, pp. 115–123.
Wang, F. J., Shye, B. and Chrong, P. (1995) The study on processing of intermediate moisture foods from
mixed squid surimi by far-infrared drying. Food Science Taiwan, 22 (5), pp. 574-585.
Ward, D.R. (2001) Description of the situation. In Processing Parameters Needed to Control Pathogens in
Cold-smoked Fish. Special Supplement to the Journal of Food Science 66(7) S-1067-1071.
Ward, A.A. (2003) Study of the Trade in Smoked Dried Fish from West Africa to the United Kingdom. FAO
Fisheries Circular No 981 FIIU/C981
Ward, A. R. (1995) Fish smoking in the tropics: a review,. Tropical Science, 35, pp. 103-12
Waterman, J.J. (1976) The production of dried fish. FAO publication FTP 160. Digitally published on
24/12/2004. Available at http://www.archive.org/details/productionofdrie034553mbp Accessed 9
January 2011
Weingold, S. E., Guzewich, J. J. and Fudala, J. K. (1994) “Use of foodborne disease data for HACCP risk
assessment”, Journal of Food Protection, 57, pp. 820-30.
Wheelock, V. (1999) “Food safety in perspective”, British Food Journal, 93, pp. 31-6.
Whiting, R.C., Sackitey, S., Calderone, S., Morely, K. and Phillips, J.G. (1996) Model for the survival of
Staphylococcus aureus in non growth environments. International Journal of Food Microbiology,
31, pp. 231-243.
Whittle, K., Hardy, R. and Hoobs, G. (1990) Chilled fish and fishery products. T. Gormeley (Ed.), Chilled
foods. The state of the art, Elsevier Applied Science, New York (USA) (1990), pp. 87–116
Wieneke, A. A., Roberts, D. and Gilbert, R. J. (1993). Staphylococcal food poisoning in the United
Kingdom, 1969-1990. Epidemiol. Infect., 110, pp. 519-531.
Wijnker, J.J., Koop, G. And Lipman, L.J.A. (2006) Antimicrobial properties of salt (NaCl) used for the
preservation of natural casing. Food Microbiology, 23, pp. 657–662.
Wilcock, A., Pun, M., Khanona, J. and Aung, M. (2004) Consumer attitudes, knowledge and behaviour: a
review of food safety issues. Trends in Food Science and Technology, 15, pp. 56-66.
Williamson, D.M., Gravani, R.B. and Lawless, H.T. (1992) Correlating food safety knowledge with home
preparation practices. Food Technology 46, 94-100
WHO, (1995) Hazard analysis critical control point system: Concept and application. Report of a WHO
consultation
with
the
participation
of
FAO.
Available
at
http://whqlibdoc.who.int/hq/1995/WHO_FNU_FOS_95.7.pdf WHO
document
WHO/FNU/FOS/95.7. Geneva, 29–31 May 1995 Accessed 12 January 2012
WHO, (1997) HACCP - Introducing the hazard analysis and critical control point system. Available at
http://www.who.int/foodsafety/fs_management/en/intro_haccp.pdf Accessed 12 January 2012
WHO, (1999) Strategies for implementing HACCP in small and/or less developed businesses. The Hague,
16–19 June, 1999. World Health Organisation, WHO/SDE/FOS/99.7, Geneva.
WHO (2000a) World Health Organization (WHO), Foodborne disease – a focus for health education
(1stEdition), World Health Organization, Geneva, Switzerland
WHO (2000b) Foodborne disease: Focus on health education.
WHO (2000c), The WHO Surveillance Programme for Control of Foodborne Infections and Intoxications in
Europe: 7th Report (1993-1998), World Health Organization, Geneva.
World Health Organization (WHO) (2011). Initiative to estimate the Global Burden of Foodborne Diseases:
Information
and
publications.
Accessed
3
May
2011,
Available
at
http://www.who.int/foodsafety/foodborne_disease/ferg/en/index7.html
World Health Organisation (2000). Foodborne disease: Focus on health education.
WHO,
(2007)
Food
safety
and
foodborne
illness.
Available
at
http://www.who.int/mediacentre/factsheets/fs237/en/.
WHO, (2006) Reducing salt intake in populations: report of a WHO forum and technical meeting. 5–7
October 2006, Paris, France. Available at: http://www.who.int/dietphysicalactivity/reducing salt
intake EN.pdf. Accessed 20 June 2010
WHO, (1999) Food Safety Issues Associated With Products From Aquaculture: Report of a Joint FAO⁄
NACA⁄ WHO Study Group. WHO Technical Report Series 883. Geneva. Pp. 68.
Winfield, M.D. and Groisman, E.A. (2003) Role of nonhost environments in the lifestyles of Salmonella and
Escherichia coli. Applied and Environmental Microbiology, 69, pp. 3687–3694.

235

Wong, T.L., Whyte, R.J., Graham, C.G., Saunders, D., Schumacher, J. and Hudson, J.A. (2004) Growth of
enterotoxigenic Staphylococcus aureus in povi masima, a traditional Pacific island Appl. Microbiol.,
97, pp. 1185- 1191.
World Bank, (2007) Ghana: Meeting the Challenge of Accelerated and Shared Growth. Country Economic
Memorandum Report No. 4093-GH.
Yang, S-E., Yu, R-C. and Chou, C-C. (2001) Influence of holding temperature on the growth and survival of
Salmonella spp. and Staphylococcus aureus and the production of staphylococcal enterotoxin in egg
products. International Journal of Food Microbiology, 63 (1–2), pp. 99–107
Yano, Y., Satomi, M. and Oikawa H. (2006) Antimicrobial effect of spices and herbs on Vibrio
parahaemolyticus. International Journal of Food Microbiology, 111 (1), pp. 6–11
Yanong, R. P. (2000) Fungal diseases of fish. Veterinary Clin. North. Am. Exot. Anim. Pract. 6 (2), pp. 377–
400.
Yapp, C., Fairman, R. (2004). Evaluation of effective enforcement approaches for SMEs in food safety, FSA
Yapp, C. and Fairman, R. (2006) Factors affecting food safety compliance within small and mediumsized
enterprises: implications for regulatory and enforcement strategies. Food Control 17, pp. 42-51.
Yee, W.M.S., Yeung, R.M.W. and Morris, J. (2005) "Food safety: building consumer trust in livestock
farmers for potential purchase behaviour", British Food Journal,107 (11), pp.841 - 8
Yeung, R.M.W. and Morris, J. (2001) "Food safety risk: Consumer perception and purchase behaviour",
British Food Journal, 103 (3), pp.170 - 187
Yoon, Y., Skandamis, P. N., Kendall, P. A., Smith, G. C. and Sofos, J. N. (2006) A predictive model for the
effect of temperature and predrying treatments in reducing Listeria monocytogenes populations
during drying of beef jerky, Journal of Food Protection, 69, pp. 62–70.
Yu, S.Y. (1994) Salted dried fish in Southeast Asia, status and advances in Research and development.
ASEAN Food handling Newsletter Jan/Mar. No. 43 pp. 4-5.
Zaibet, L. (2001) Compliance to HACCP and Competitiveness of Oman Fish Processing. International Food
and Agribusiness Management Review, 3 (3).

236

Appendix A: Questionnaire for households and consumers

Section A: Personal Data
Please indicate the appropriate box by a tick for the following items.
Gender:
[1] Male
[2] Female
Age ………………………….
Marital Status:

[1] Single

Education Background:
[1] Primary
[2] Secondary
Employment Status:
[1] F/T Employed
[4] Unemployed

[2] Married

[3] Others

[3] Tertiary

[4] None

[2] P/T Employed
[5] Student

[3] Self Employed
[6] Others

Occupation: __________________________________________________________
Total Household Income:
[1] Below Gh¢10,000 p.a.
[3] Gh¢15,000-20,000 p.a.
[5] Gh¢ 30,000 or over p.a.

[2] Gh¢10,000-15,000 p.a.
[4] Gh¢ 20,000-30,000 p.a.

Section B: FOOD SAFETY KNOWLEDGE
1. The greatest food safety problem is
[1] Pesticides
[2] hair
[3] microorganisms
[4] Don’t know
2. Common symptom of food poisoning include
Headache/fever/chills
[1] True, [2] False [3] Don’t know
Diarrhoea/abdominal cramps
[1] True, [2] False [3] Don’t know
Rash
[1] True, [2] False [3] Don’t know
Constipation
[1] True, [2] False [3] Don’t know
Vomiting/fever/chills
[1] True, [2] False [3] Don’t know
3. When putting on disposable gloves to prepare food you should
[1] wash your hands and then put on gloves.
[2] put on gloves and then wash your gloved hands.
[3] put on gloves without washing your hands.
[4] Don’t know
4. Food poisoning bacteria may be brought into the kitchen ….
In raw food
[1] True, [2] False [3] Don’t know
By insects
[1] True, [2] False [3] Don’t know
By food handlers
[1] True, [2] False [3] Don’t know
5. Food safety problems are most likely to occur
a. through lack of personal hygiene by the people who prepare and
serve it.
b. through lack of hygiene in the farm.
c. at the abattoir / slaughter house.
d. in the food processing factory
e. in the restaurant
f. in supermarkets
g. due to improper handling by food retailer.
h. due to improper storage at home.
i. due to poor food handling at home.
j. due to improper cooking procedure.

237

[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know

[1]True, [2] false, [3] Don’t Know
[1]True, [2] False, [3] Don’t Know

k. when pests and pets come into contact with food
l. as a result of temperature abuse

6. Which of the following can be used to kill bacteria in foods?
Disinfectant
[1] Yes, [2] No [3] Don’t know
Cold water
[1] Yes, [2] No [3] Don’t know
Detergent
[1] Yes, [2] No [3] Don’t know
Scrubbing brush/sponge
[1] Yes, [2] No [3] Don’t know
7. After trimming raw chicken on a cutting surface, what must you do to the cutting surface?
a. Rinse the surface with water.
[1] True, [2] False [3] Don’t know
b. Dry the surface with a paper towel.
[1] True, [2] False [3] Don’t know
c. Clean and sanitize the cutting surface.
[1] True, [2] False [3] Don’t know
8. Cross-contamination is most likely to occur when you
a. cut ready to eat food on a cutting board used for fresh meat
b. touch raw meat and then touch cooked or ready-to-eat food.
c. check the refrigerator temperature regularly.
d. hold food at temperatures below 60°C.

[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know

9. At body heat temperature (37 oC) food poisoning bacteria
[1]Die [2] Do not grow
[3] Grow quickly
[4] Grow slowly
10. Bacteria readily multiply at
[1] 10 oC
[2] 25 oC
[3] 75 oC

[4] 120 oC

[5] Don’t know

[5] Don’t know

11. When preparing food hands should be washed after
a. touching your hair
b. using a handkerchief
c. going to the toilet
d. touching pimples or sores
e. coughing or sneezing
f. Handling the rubbish
g. biting your nails
h. touching pets or other animals

[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK

12. Good personal hygiene practices include
a. proper hand washing.
b. daily bathing.
c. getting regular dental check-ups.
d. washing hand with soap and running water
e. drying hands thoroughly
f. Cuts and infections on hands are covered

[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK

13. Bad food storage practice is
a. rotating food to use the oldest food first
b. covering and labeling food before storage
c. storing raw meat above ready-to-eat food
d. thawing and freezing food over and over again

[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK

14. The HACCP system is used to
[1] identify and control possible food safety hazards.[2] keep the kitchen pest-free.
[3] identify faulty food preparation equipment. [4] choose what food to cook
[5] Don’t Know
15. In the kitchen/food processing room any surfaces that comes into contact with food must always cleaned
and sanitized,
[1]True,
[2]False,
[3] DK
16. A recommended method of calibrating food thermometers is the
[1] Ice-point method. [2] Boiling point method.
[3] Room-temperature method.
[4] DK
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17. When washing your hands, you should rub your hands together with soap for at least
[1]. 20 seconds.
[2] 5 seconds.
[3] 10 seconds.
18. When cooking meat/fish, what is the correct way to determine if the meat/fish is cooked thoroughly?
[1]. cut into the middle and see if the meat/fish is pink
[2]. smell the meat/fish
[3]. taste the meat/fish
[4]. use a food thermometer
19. In the refrigerator, cooked foods should be stored
[1]above raw foods
[2] below raw foods

[3] it does not matter

[4] DK

20. Dishes and utensils in the kitchen or processing unit are
a. washed in a sink of hot soapy water or dish washer [1]True, [2]False, [3] DK
b. Rinsed and dried with a clean napkin
[1]True, [2]False, [3] DK
d. Rinse and dried with a used napkin
[1]True, [2]False, [3] DK
e. left on the drainer to dry
[1]True, [2]False, [3] DK
f. air-dried
[1]True, [2]False, [3] DK
g. dried with your apron
[1]True, [2]False, [3] DK
21. To control pets and animals
a. Food or dirty dishes are left on the benches
b. Fly screens are used
c. Food covers are used
d. Pets are allowed in the kitchen
e. Pets have their own feeding bowl

[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK

Please state the likelihood or unlikelihood of the following by circling the answer
on a scale of 1 to 5, where 1 = very likely, and 5 = not at all likely and 3 = may be.
22. How likely do you think the following foods could contain germs
make you sick?
Very
May
likely
be
a. raw chicken
[1]
[2]
[3]
[4]
b. raw beef
[1]
[2]
[3]
[4]
c. raw fruits
[1]
[2]
[3]
[4]
d. raw vegetables
[1]
[2]
[3]
[4]
e. raw shellfish
[1]
[2]
[3]
[4]
f. raw eggs
[1]
[2]
[3]
[4]

or other microorganisms that could
Not at all
likely
[5]
[5]
[5]
[5]
[5]
[5]

23. Are you familiar with these terms as they apply to food safety?
HACCP
[1]Yes, [2]No
Critical control point (CCP)
[1]Yes, [2]No
Good manufacturing practice (GMP)
[1]Yes, [2]No
Food borne diseases
[1]Yes, [2]No
Food poisoning
[1]Yes, [2]No
Prerequisite programmes
[1]Yes, [2]No
Section C: FOOD SAFETY PRACTICES SURVEY
Write the number of your response in the box provided.
1. Always
2. Most of the time.
3. Sometimes
4. Never
I follow these food safety practices (or habits)...
24. clean and sanitize cutting surfaces after cutting up raw meat.
25. After cutting raw meat or chicken, I like to wash the cutting board, knife, and counter top
with hot soapy water before continuing cooking.
26. I store cold foods at 5°C or less.
27. I reheat leftovers thoroughly before serving.
28. I keep food covered when on the bench
29. I Store cold food in the refrigerator as much as possible
30. I thaw frozen food in the refrigerator
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31. I wash fruits and vegetables thoroughly under running water to remove dirt and other
contaminants.
32. I regularly check the temperature of the refrigerator
33. I clean and sanitize cooking utensils after each use or when there is a chance that
they have been contaminated.
34. High-risk foods are cooked thoroughly
35. I wash my hands before I prepare food and after handling raw meat or poultry.
36. Hot food is kept hot and cold food cold.
37. I cover cuts and infections on hands.
38. I use a calibrated food thermometer when checking food temperatures.
39. I discourage pests by keeping kitchen clean.
40. I use clean equipment, not hands to pick up food.
41. I divide large quantities of food into smaller containers to cool the food more quickly.
42. I cover and correctly label prepared food before storing.
43. I let dishes air dry where possible.
44. I use the oldest food products first.
45. I avoid preparing food when sick.
46. I reheat leftovers until steaming hot.
47. I keep raw meat separate from cooked food.
48. I store raw meat in the refrigerator below ready-to-eat or cooked foods.
49. I wash dirty dishes in hot, soapy water.
50. I wash hands in running water and soap.
51. I keep food covered when in the fridge
Section D: Food safety concerns
54. Have you ever experienced any food borne illness? (Please tick (√).
55. If yes, how did know?
[1] Had diarrhoea
[2] Had vomiting
[4] Headache
[5] Fever/chills

[3] abdominal cramps
[6] Constipation

[1] Yes
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[
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]
]
]
]
]
]
]
]
]
]
]
]

[2] No

[7] was diagnosed in hospital

56. How common do you think it is for people in Ghana to become sick (from food poisoning) because of the
way food is handled or prepared in?
[1] very common
[2] somewhat common
[3] not very common
[4] don't know
Indicate your concern about the following question
57. I am concerned if I thaw perishable food on the kitchen counter.

[1] Yes,

[2]No [3] DK

58. Cooking and eating meat that is pink in the middle is important to me for my nutrition and health.
[1] Yes,
[2]No
[3] DK
59. I am interested in using a meat thermometer.

[1] Yes, [2]No [3] DK

60. I worry that I may get sick if I eat meat that is not thoroughly cooked
61. I don't worry about washing my hands after playing with my pets.
62. I don't worry when I see pets and animals in the kitchen
63. I am worried that I may get sick if I eat fried fish in a restaurant.
64. I am worried if cooked foods are stored below raw foods in the refrigerator
65. I am concerned that I may get sick if I eat smoked fish
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[1] Yes, [2]No[3] DK
[1] Yes, [2]No [3] DK
[1] Yes, [2]No [3] DK
[1] Yes, [2]No [3] DK
[1] Yes,[2]No [3] DK
[1] Yes, [2]No [3] DK

Section E: Consequent Loss
Please circle the answer on both sides, on the left hand side answer yes or no; and on right-hand side 1 = not
at all, and 5 = very much that there could be serious loss.
Are the following likely to occur if you
eat fish, chicken or meat products

If yes. how serious
is the loss to you if it did occur?

Occurrence

[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No

[1] Yes, [2] No

[1] Yes, [2] No
[1] Yes, [2] No

66. I could become sick
67.I could die
68. My health could be adversely affected.
69. My health could be adversely
affected for long term.
70. My money could be wasted. (e.g.
disposal of food, payment for medicine)
71. I could lose income / job due to
Poor health because of contaminated chicken meat.
72. My time could be lost.
(e.g.. sickness, seeking compensation)
73. I could be let down or embarrassed
among friends / family due to the contaminated
fish, chicken or meat I have bought.
74. I could feel upset or personally
dissatisfied due to the contaminated
chicken meat I have bought.
75. My lifestyle could be adversely affected.
76. The taste of chicken could be adversely affected.

Serious loss
Not
at all
[1]
[2]
[1]
[2]
[1]
[2]
[1]
[2]

N
[3]
[3]
[3]
[3]

Very
Much
[4]
[4]
[4]
[4]

[5]
[5]
[5]
[5]

[1]

[2]

[3]

[4]

[5]

[1]

[2]

[3]

[4]

[5]

[1]

[2]

[3]

[4]

[5]

[1]

[2]

[3]

[4]

[5]

[1]

[2]

[3]

[4]

[5]

[1]
[1]

[2]
[2]

[3]
[3]

[4]
[4]

[5]
[5]

Section F: Sources of food safety information
Please tick (√) 1 of the answer choices.
77. How well informed would you say you are about food safety?
[1] Very informed
[2] moderately informed
[3] somewhat informed
[4] minimally informed
[5] not at all informed
78. Does your council, government or trade association have a food safety
website to keep you up to date?
[1] Yes
[2] No
[3] Not currently connected to the internet
[4] Not aware of website
[5] Cannot say
79. How well informed are you about national food safety standards?
[1] Very informed
[2] moderately informed
[4] minimally informed
[5] not at all informed

[3] somewhat informed

80. How well informed are you about international food safety standards?
[1] Very informed
[2] moderately informed
[3] somewhat informed
[4] minimally informed
[5] not at all informed

81. How often do you try to find information about safe food handling?
[1] Always
[2] Most of the time
[3] Sometimes

[4] Never

82. Which of the following sources of information on safe food handling are more useful?
[1] TV
[2] Radio
[3] Newspapers
[4] Written material
[5] Health inspectors
[6] The internet
[7] Training course material
[8] Seminars
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Section G: Intention for future purchases
83. After an outbreak of food scare,
[1]. I will continue to purchase that product.
[3]. I will purchase that product after 3 months.

[2]. I will purchase that product after 1 month.
[4] I will never purchase that product

84. To select and purchase food
a. I check the cleanliness of the outlet before purchasing
b. I take note of expiry dates on labels before buying
c. I ensure that cold items are packed together
d. I ensure cold items are taken home to the refrigerator as quickly as possible

[1] True,
[1] True,
[1] True,
[1]True,

[2] False
[2] False
[2] False
[2]False

85. If there is evidence of microbiological risk in fish, chicken or meat, what would your response be?
Very
Very
Unlikely
N
Likely
a. I will continue to purchase.
[1]
[2]
[3]
[4]
[5]
b. I will purchase fresh chicken meat again after 1 month.
[1]
[2]
[3]
[4]
[5]
c. I will purchase fresh chicken meat again after 3 months.
[1]
[2]
[3]
[4]
[5]
d. I will purchase fresh chicken meat again after 6 months.
[1]
[2]
[3]
[4]
[5]
e. I will buy chicken meat when evidence proved clear of the risk. [1]
[2]
[3]
[4]
[5]
86. How concerned/worried are you about the following food safety issues?
1 = Not all concerned and 5 = extremely or highly concerned
The use of pesticides in food production
[1]
[2]
Getting food poisoning in Ghana
[1]
[2]
The use of additives/ colourings/preservatives in food
[1]
[2]
Hygiene standards in the chop-bar
[1]
[2]
Food and its safety in your daily life
[1]
[2]
Eating genetically modified foods
[1]
[2]
Getting food poisoning after eating chicken
[1]
[2]
Hygiene standards in the butchers’ shop
[1]
[2]
The use of hormones in animal production
[1]
[2]
Hygiene standards of food in your home
[1]
[2]
The nutritional balance of your diet
[1]
[2]
Lack of information about food from the government
[1]
[2]
Getting food poisoning after eating pork
[1]
[2]
Hygiene standards in the food industry
[1]
[2]
Hygiene standards of food in restaurants and take-aways.
[1]
[2]
Getting food poisoning after eating fish
[1]
[2]
Getting food poisoning after eating beef
[1]
[2]
The use of antibiotics in food production
[1]
[2]

[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]

[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]

[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5
[5]
[5]
[5]
[5]
[5]

87. Any other suggestion for reducing the food risks / improving the food safety:
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Thank you for completing this questionnaire!
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Appendix B: Questionnaire for food handlers
Section A: Personal Data
Please indicate the appropriate box by a tick for the following items.
Gender:
[1] Male
[2] Female
Age ………………………….
Marital Status:

[1] Single

Education Background:
[1] Primary
[2] Secondary
Employment Status:
[1] F/T Employed
[4] Unemployed

[2] Married

[3] Others

[3] Tertiary

[2] P/T Employed
[5] Student

[4] None

[3] Self Employed
[6] Others

Occupation: ______________________________________________
Total Household Income:
[1] Below Gh¢10,000 p.a.
[4] Gh¢ 20,000-30,000 p.a.

[2] Gh¢10,000-15,000 p.a.
[5] Gh¢ 30,000 or over p.a.

[3] Gh¢15,000-20,000 p.a.

Section B: FOOD SAFETY KNOWLEDGE
1. The greatest food safety problem is
[1] Pesticides
[2] hair
[3] microorganisms
2. Common symptom of food poisoning include
Headache/fever/chills
[1] True, [2] False [3] Don’t know
Diarrhoea/abdominal cramps
[1] True, [2] False [3] Don’t know
Rash
[1] True, [2] False [3] Don’t know
Constipation
[1] True, [2] False [3] Don’t know
Vomiting/fever/chills
[1] True, [2] False [3] Don’t know

[4] Don’t know

3. When putting on disposable gloves to prepare food you should
[1] wash your hands and then put on gloves.
[2] put on gloves and then wash your gloved hands.
[3] put on gloves without washing your hands.
[4] Don’t know
4. Food poisoning bacteria may be brought into the kitchen ….
By insects
[1] True, [2] False [3] Don’t know
By food handlers
[1] True, [2] False [3] Don’t know
In raw food
[1] True, [2] False [3] Don’t know
5. Food safety problems are most likely to occur
b. through lack of personal hygiene by

[1] True, [2] False [3] Don’t know

the people who prepare and serve it.
b. through lack of hygiene in the farm.
c. at the abattoir / slaughter house.
d. in the food processing factory
e. in the restaurant
f. in supermarkets
g. due to improper handling by food retailer.
h. due to improper storage at home.
i. due to poor food handling at home.
j. due to improper cooking procedure.

[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know

k. when pests and pets come into contact with food
l. as a result of temperature abuse

[1]True, [2] false, [3] Don’t Know
[1]True, [2] False, [3] Don’t Know
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6. Which of the following can be used to kill bacteria in foods?
Disinfectant
[1] Yes, [2] No [3] Don’t know
Cold water
[1] Yes, [2] No [3] Don’t know
Detergent
[1] Yes, [2] No [3] Don’t know
Scrubbing brush/sponge
[1] Yes, [2] No [3] Don’t know
7. After trimming raw chicken on a cutting surface, what must you do to the cutting surface?
a. Rinse the surface with water.
[1] True, [2] False [3] Don’t know
b. Dry the surface with a paper towel. [1] True, [2] False [3] Don’t know
c. Clean and sanitize the cutting surface. [1] True, [2] False [3] Don’t know
8. Cross-contamination is most likely to occur when you
a. cut ready to eat food on a cutting board used for fresh meat
b. touch raw meat and then touch cooked or ready-to-eat food.
c. check the refrigerator temperature regularly.
d. hold food at temperatures below 60°C.

[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know
[1] True, [2] False [3] Don’t know

9. At body heat temperature (37oC) food poisoning bacteria
[1]Die
[2] Do not grow
[3] Grow quickly
[4] Grow slowly
[5] Don’t know
10. Bacteria readily multiply at
[1] 10oC
[2] 25oC
[3] 75 oC
[4] 120oC
[5] Don’t know
11. When preparing food hands should be washed after
a. touching your hair
[1]Yes, [2] No, [3] DK
b. using a handkerchief
[1]Yes, [2] No, [3] DK
c. going to the toilet
[1]Yes, [2] No, [3] DK
d. touching pimples or sores
[1]Yes, [2] No, [3] DK
e. coughing or sneezing
[1]Yes, [2] No, [3] DK
f. Handling the rubbish
[1]Yes, [2] No, [3] DK
g. biting your nails
[1]Yes, [2] No, [3] DK
h. touching pets or other animals
[1]Yes, [2] No, [3] DK
12. Good personal hygiene practices include
a. proper hand washing.
b. daily bathing.
c. getting regular dental check-ups.
d. washing hand with soap and running water
e. drying hands thoroughly
f. Cuts and infections on hands are covered

[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK
[1]Yes, [2] No, [3] DK

13. Bad food storage practice is
a. rotating food to use the oldest food first
b. covering and labeling food before storage
c. storing raw meat above ready-to-eat food
d. thawing and freezing food over and over again

[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK

14. The HACCP system is used to
[1] identify and control possible food safety hazards.
[3] identify faulty food preparation equipment.
[5] DK

[2] keep the kitchen pest-free.
[4] choose what food to cook

15. In the kitchen/food processing room any surfaces that comes into contact with food must always cleaned
and sanitized,
[1]True,
[2]False,
[3] DK
16. A recommended method of calibrating food thermometers is the
[1] Ice-point method.
[2] Boiling point method.
[3] Room-temperature method. [4] DK
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17. When washing your hands, you should rub your hands together with soap for at least
[1]. 20 seconds.
[2] 5 seconds.
[3] 10 seconds.
18. When cooking meat/fish, what is the correct way to determine if the meat/fish is cooked thoroughly?
[1]. cut into the middle and see if the meat/fish is pink [2]. smell the meat/fish
[3]. taste the meat/fish
[4]. use a food thermometer
19. In the refrigerator, cooked foods should be stored
[1]above raw foods
[2] below raw foods

[3] it does not matter

20. Dishes and utensils in the kitchen or processing unit are
a. washed in a sink of hot soapy water or dish washer
b. Rinsed and dried with a clean napkin
d. Rinse and dried with a used napkin
e. left on the drainer to dry
f. air-dried
g. dried with your apron

[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK

21. To control pets and animals
a. Food or dirty dishes are left on the benches
b. Fly screens are used
c. Food covers are used
d. Pets are allowed in the kitchen
e. Pets have their own feeding bowl

[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK
[1]True, [2]False, [3] DK

[4] DK

Please state the likelihood or unlikelihood of the following by circling the answer on a scale of 1 to 5,
where 1 = very likely, and 5 = not at all likely and 3 = may be.
22. How likely do you think the following foods could contain germs
make you sick?
Very
May
likely
be
a. raw chicken
[1]
[2]
[3]
[4]
b. raw beef
[1]
[2]
[3]
[4]
c. raw fruits
[1]
[2]
[3]
[4]
d. raw vegetables
[1]
[2]
[3]
[4]
e. raw shellfish
[1]
[2]
[3]
[4]
f. raw eggs
[1]
[2]
[3]
[4]

or other microorganisms that could
Not at all
likely
[5]
[5]
[5]
[5]
[5]
[5]

23. Are you familiar with these terms as they apply to food safety?
HACCP
[1]Yes, [2]No
Critical control point (CCP)
[1]Yes, [2]No
Good manufacturing practice (GMP)
[1]Yes, [2]No
Food borne diseases
[1]Yes, [2]No
Food poisoning
[1]Yes, [2]No
Prerequisite programmes
[1]Yes, [2]No
Section C: FOOD SAFETY PRACTICES SURVEY
Write the number of your response in the box provided.
1. Always
2. Most of the time.
3. Sometimes
4. Never
I follow these food safety practices (or habits)...
24. clean and sanitize cutting surfaces after cutting up raw meat.
25. After cutting raw meat or chicken, I like to wash the cutting board, knife, and
counter top with hot soapy water before continuing cooking.
26. I store cold foods at 5°C or less.
27. I reheat leftovers thoroughly before serving.
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28. I keep food covered when on the bench
29. I Store cold food in the refrigerator as much as possible
30. I thaw frozen food in the refrigerator
31. I wash fruits and vegetables thoroughly under running water to remove dirt and
other contaminants.
32. I regularly check the temperature of the refrigerator
33. I clean and sanitize cooking utensils after each use or when there is a chance
that they have been contaminated.
34. High-risk foods are cooked thoroughly
35. I wash my hands before I prepare food and after handling raw meat or poultry.
36. Hot food is kept hot and cold food cold.
37. I cover cuts and infections on hands.
38. I use a calibrated food thermometer when checking food temperatures.
39. I discourage pests by keeping kitchen clean.
40. I use clean equipment, not hands to pick up food.
41. I divide large quantities of food into smaller containers to cool the food more quickly.
42. I cover and correctly label prepared food before storing.
43. I let dishes air dry where possible.
44. I use the oldest food products first.
45. I avoid preparing food when sick.
46. I reheat leftovers until steaming hot.
47. I keep raw meat separate from cooked food.
48. I store raw meat in the refrigerator below ready-to-eat or cooked foods.
49. I wash dirty dishes in hot, soapy water.
50. I wash hands in running water and soap.
51. I keep food covered when in the fridge
Section D: Food safety concerns
54. Have you ever experienced any food borne illness? (Please tick (√). [1] Yes
55. If yes, how did know?
[1] Had diarrhoea
Fever/chills

[2] Had vomiting
[6] Constipation

[3] abdominal cramps
[7] was diagnosed in hospital

56. How common do you think it is for people in Ghana to become sick
(from food poisoning) because of the way food is handled or prepared in?
[1] very common
[2] some what common
[3] not very common

[
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]
]
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]
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]
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]
]

[2] No

[4] Headache

[4] don't know

Indicate your concern about the following question
57. I am concerned if I thaw perishable food on the kitchen counter.
[1] Yes, [2]No
58. Cooking and eating meat that is pink in the middle is important to me
for my nutrition and health.
[1] Yes, [2]No
59. I am interested in using a meat thermometer.
[1] Yes, [2]No [3] DK
60. I worry that I may get sick if I eat meat that is not thoroughly cooked
[1] Yes, [2]No
61. I don't worry about washing my hands after playing with my pets.
[1] Yes, [2]No
62. I don't worry when I see pets and animals in the kitchen
[1] Yes, [2]No
63. I am worried that I may get sick if I eat fried fish in a restaurant.
[1] Yes, [2]No
64. I am worried if cooked foods are stored below raw foods in the refrigerator [1] Yes, [2]No
65. I am concerned that I may get sick if I eat smoked fish
[1] Yes, [2]No
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[3] DK
[3] DK
[3] DK
[3] DK
[3] DK
[3] DK
[3] DK
[3] DK

[5]

Section E: Consequent Loss
Please circle the answer on both sides, on the left hand side answer yes or no; and on right-hand side 1 = not
at all, and 5 = very much that there could be serious loss.
Are the following likely to occur if you
eat fish, chicken or meat products

If yes how serious is the loss to
you if it did occur?
Serious loss

Occurrence
[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No
[1] Yes, [2] No

[1] Yes, [2] No

[1] Yes, [2] No
[1] Yes, [2] No

66. I could become sick
67.I could die
68. My health could be adversely affected.
69. My health could be adversely
affected for
long term.
70. My money could be wasted. (e.g.
disposal of food, payment for medicine)
71. I could lose income / job due to
poor health because of contaminated chicken meat.
72. My time could be lost.
(e.g.. sickness, seeking compensation)
73. I could be let down or embarrassed
among friends / family due to the contaminated
fish, chicken or meat I have bought.
74. I could feel upset or personally
dissatisfied due to the contaminated
chicken meat I have bought.
75. My lifestyle could be adversely
affected.
76. The taste of chicken could be
adversely affected.

Not
at all
[1]
[1]
[1]

[2]
[2]
[2]

N
[3]
[3]
[3]

Very
Much
[4]
[5]
[4]
[5]
[4]
[5]

[1]
[1]

[2]
[2]

[3]
[3]

[4]
[4]

[5]
[5]

[1]

[2]

[3]

[4]

[5]

[1]

[2]

[3]

[4]

[5]

[1]

[2]

[3]

[4]

[5]

[1]

[2]

[3]

[4]

[5]

[1]
[1]

[2]
[2]

[3]
[3]

[4]
[4]

[5]
[5]

Section F: Sources of food safety information
Please tick (√) 1 of the answer choices.
77. How well informed would you say you are about food safety?
[1] Very informed
[2] moderately informed
[4] minimally informed
[5] not at all informed

[3] somewhat informed

78. Does your council, government or trade association have a food safety website to keep you up to date?
[1] Yes
[2] No
[3] Not currently connected to the internet
[4] Not aware of website
[5] Cannot say
79. How well informed are you about national food safety standards?
[1] Very informed
[2] moderately informed
[3] Somewhat informed
[4] minimally informed
[5] not at all informed
80. How well informed are you about international food safety standards?
[1] Very informed
[2] moderately informed
[3] Somewhat informed
[4] minimally informed
[5] not at all informed
81. How often do you try to find information about safe food handling?
[1] Always
[2] Most of the time
[3] Sometimes
[4] Never
82. Which of the following sources of information on safe food handling are more useful?
[1] TV
[2] Radio
[3] Newspapers
[4] Written material
[5] Health inspectors [6] The internet
[7] Training course material
[8] Seminars
Section G: Intention for future purchases
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83. After an outbreak of food scare,
[1]. I will continue to purchase that product.
[3]. I will purchase that product after 3 months.

[2]. I will purchase that product after 1 month.
[4] I will never purchase that product

84. To select and purchase food
a. I check the cleanliness of the outlet before purchasing
b. I take note of expiry dates on labels before buying
c. I ensure that cold items are packed together
d. I ensure cold items are taken home to the refrigerator as quickly as possible

[1] True,
[1] True,
[1] True,
[1] True,

[2] False
[2] False
[2] False
[2] False

85. If there is evidence of microbiological risk in fish, chicken or meat, what would your response be?

a. I will continue to purchase.
b. I will purchase fresh chicken meat again after 1 month.
c. I will purchase fresh chicken meat again after 3 months.
d. I will purchase fresh chicken meat again after 6 months.
e. I will buy chicken meat when evidence proved clear of the risk.

Very
Unlikely

N

[1]
[1]
[1]
[1]
[1]

[3]
[3]
[3]
[3]
[3]

[4]
[4]
[4]
[4]
[4]

[5]
[5]
[5]
[5]
[5]

[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]

[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]

[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]

[2]
[2]
[2]
[2]
[2]

Very
Likely

86. How concerned/worried are you about the following food safety issues?
1 = Not all concerned and 5 = Extremely or highly concerned
The use of pesticides in food production
Getting food poisoning in Ghana
The use of additives/colourings/preservatives in food
Hygiene standards in the chop-bar
Food and its safety in your daily life
Eating genetically modified foods
Getting food poisoning after eating chicken
Hygiene standards in the butchers’ shop
The use of hormones in animal production
Hygiene standards of food in your home
The nutritional balance of your diet
Lack of information about food from the Government
Getting food poisoning after eating pork
Hygiene standards in the food industry
Hygiene standards of food in restaurants and take-aways.
Getting food poisoning after eating fish
Getting food poisoning after eating beef
The use of antibiotics in food production

[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]

[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]

Section G: Food Safety Training
87. Have you or any of your staff attended any information seminars/sessions about safe food handling in the
last 2 years?

88. In the past 12 months, on average, how much time (hours/days) did each production employee (not
including managers and supervisors) spend on training related to your establishment’s food safety
management Plan? Please specify average number of hours.
yee in Hours is ___________ or Days is _________.
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89. On average, how much time does each new production employee (not including managers and
supervisors) spend on learning about the requirements of your establishment’s food safety plan? Check one
only

-3 days
90. How would you rate the Food and Drugs Board’s ability to respond to your establishment’s questions
related to food safety?
(Poor
Excellent)
91. How useful do you think training courses are as a source of information on safe food handling?
useful

92. Would you say that production employees in your establishment
supervisors) understand food safety hazards and how to control them?

(not including managers and

93. What training challenges, if any, has your establishment experienced? Please check all that apply.
n-over of employees

94. How important is it for your establishment to have its production employees participate in training
related to food safety?
Not very important

Section H: Establishment Profile
95. What is your position or job title in the company?
Current Position/Title: _________________________________________
96. What was your own level of participation in the development of your company’s
food safety Plan?
No participation
Some Participation
Moderate Participation
A lot of Participation
Full participation
Cannot say
97. What is your own level of participation in the day-to-day operation of your
company’s food safety Plan?
No participation
Some Participation
Moderate Participation
A lot of Participation
Full participation
Cannot say
Section I: Impact of food safety practice on Markets
98. Has standard food safety requirements hindered or helped your company
to maintain market for your food products?
Hindered significantly
Hindered moderately
Had no impact
Helped moderately
Helped significantly
Cannot say
99. Has standard food safety requirements hindered or helped your company to
enter new markets for your food products?
Hindered significantly
Hindered moderately
Had no impact
Helped moderately
Helped significantly
Cannot say
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100. How would you rate your company’s level of ease or difficulty in complying with
standard food safety requirements to date?
Very difficult
Somewhat difficult
Neither difficult nor easy
Somewhat easy
Very easy
Cannot say
101. What are the major challenges your company experienced in complying with
the Standard food safety requirements? (Please check all that apply)
Management commitment
Employee commitment/attitude
High Turn-over of employees
Seasonality
Access to technical and scientific information Access to training
Cost
Time
Understanding food safety requirements
Language/literacy
Other (specify) _________________________________________________
No challenges
Cannot say
102. How do you gauge consumer/buyer confidence in your food product(s)?
(Please check all that apply)
Consumer satisfaction survey
Consumer feedback
Buyer feedback
Third party audits
Sales figures
Do not gauge consumer confidence
Do not gauge buyer confidence
Other (please specify)_________________
Cannot say
Comments
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Thank you for completing this questionnaire!
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Appendix C: Photographic depiction/Participant Observation of food handling along the fish
processing chain in Ghana.
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transport
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handling of
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time
control

C11: Drying of
smoked fish over low
heat
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C4:
Transporting
C8: Poor
hygiene fish
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trucks.
during
handling
of raw
fish

Appendix D: Interviews with fish handlers

Location: …………………………………….
Interviewer: Place a √ in the box of the selected answer(s). Do not read responses unless the directions
indicate.
A.
General and demographic questions
1. What is your age? ……………
2. Gender?

[1] Male

[2] Female

3. What is the highest level of education you have completed?
[1] No school
[2] Primary
[3] Secondary
[4] College
[5] Higher education (professional or post-graduate)
[6] Literacy classes only
4. Do you have food safety certification?

[1] Yes

[2] No

5. How many years have you been employed in the fishing/fish processing/fish retail business? ………….
6. What is/are the primary area (s) in the fish handling chain you focus on? Tick all that apply.
[1] Fishing
[2] Retail of fresh fish
[3] Fish processing
[4] Fish transport
[5] Processed fish retail
B.
Fish handling and preparation
7. The raw fish you usually buy/sell is ………
[1] Fresh
[2] Frozen
[3] Thawed
8. For transportation to the processing site, are fish placed into clean basins/chests/bins/boxes in ice and
properly protected to prevent heat, losses and cross contamination?
[1] Yes , always
[2] Yes, sometimes
[3] No
9. Is the temperature of the fish at catch/retail/purchase reduced as quickly as possible to below 5ºC?
[1] Yes
[2] No
10. After purchasing the raw fish, how long does it take you before processing the fish?
[1] Up to one hour
[2] From 1 h to 2 h
[3] Two hours or more
11. Do you have a fridge or freezer?
[1] Yes, a fridge
[2] Yes, a freezer

[3] Yes, a fridge and freezer

12. How do you usually thaw frozen raw fish?
[1] No thawing at all
[2] In hot water
[4] On counter-top
[5] With microwave
[7] In the sun or alongside the mud oven

[4] No

[3] In cold water
[6] In refrigerator

13. Do you refreeze thawed raw fish that is not immediately needed?
[1] Yes, always
[2] Yes, sometimes
[3] No
14. Do you wash your hands before you handle raw fish?
[1] Yes, always
[2] Yes, Sometimes
[3] No
15. How do you usually clean your hands after handling raw fish?
[1] No cleaning
[2] Wiping with a towel
[3] Wash with water only
[4] wash with detergents and hot water
[5] Others (specify) ………………………………………
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16. How do you usually store processed fish?
[1] In open air, at room temperature
[3] Cool it to room temperature and then store it in refrigerator
[4] Put it into refrigerator immediately after meals

[2] Outdoors in the sun

17. Why do you store the fish in this manner?
[1] To make it dry properly
[2] I have no other space to dry it
[3] I have no fridge to store in [4] it is the best way to dry it
[5] Other reasons specify …………………………………………….
18. How long do you store processed fish in the open?
[1] 24 hr or less
[2] One week or less
[4] One month to three months [5] Three months or more

[3] One month or less

19. Are there any risks or dangers associated with storing/drying processed fish in this manner?
[1] Yes (go to 19a-c)
[2] No (go to 20)
19a. If yes, what are the risks of storing/drying fish in this manner?
[1] Food poisoning
[2] fungal growth, [3] other ………………………
19b. Would this danger increase or decrease when processed fish is dried in open air?
[1] Increase
[2] Decrease
[3] No change
19c. Do you know of a much safer way of storing the fish after processing?

[1] Yes

[2] No

20. How safe would you say it is to eat freshly smoked fish?
[1] Very safe
[2] Somewhat safe
[3] Not very safe

[4] Not at all safe

21. How safe would you say it is to eat smoked fish that has been left in the open for up to a day?
[1] Very safe
[2] Somewhat safe
[3] Not safe
[4] Not at all safe
22. In your view what level of risks do your fish products pose to consumers?
[1] Low risk
[2] Medium risk
[3] High risk

[4] Don’t know

23. If you knew people could become sick after eating improperly processed fish, would you change the way
you do things? [1] Yes
[2] No
C.

Food safety opinions and sources of information

24. Do you feel well informed about food safety?

[1] Yes

[2] No

25. What are the sources of information that you think can most effectively reach people like you with
information on food safety? (Please choose as many as applicable.)
[1] Newspapers and magazines
[2] Radio
[3] TV
[4] Billboards
[5] Leaflets, posters and other printed materials [6] Health workers
[7] Family, friends, neighbours and colleagues [8] Religious leaders
[9] Teachers
10] Other (please explain) ...............................................................................................
26. Do you frequently receive food safety information from the FDB/inspectors or the council?
[1] Yes
[2] No
27. How much effort would you say you have made to get information regarding safe food handling and
processing practices, if any?
[1] A great deal [2] Some effort [3] A little
[4] None
28. Have you ever heard the expression HACCP (Hazard Analysis Critical Control Point) system?
[1] Yes (if yes, go to 28a-b)
[2] No (if no, go to 29)
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28a. If yes, who did you first hear about the HACCP system from?
[1] The food/sanitary inspectors [2] in press
[3] During informative seminars
[4] in literature
[5] From the Food and Drugs Board
[6] through education
[7] Others …..
28b. How would you rank your understanding of HACCP?
[1] Very low [2] Low
[3] Good
[4] Very good

[5] Excellent

29. On a scale of 1 - 5 where 1 = Not important, 2 = Moderately important
, 3= Important, 4 =
Very important and 5 = Extremely important, please indicate how important the following are in
helping you improve your understanding and compliance with food safety and HACCP?
29a. Communication
[1]
[2]
[3]
[4]
[5]
29b. Graphic presentations
[1]
[2]
[3]
[4]
[5]
29c. Having a local food safety expert who is
available when needed
[1]
[2]
[3]
[4]
[5]
29d. Training for quality managers
[1]
[2]
[3]
[4]
[5]
29e. Programme materials (guidelines and manuals)
[1]
[2]
[3]
[4]
[5]
29f. Training for production workers
[1] [2]
[3]
[4]
[5]
29g. Financial incentives
[1] [2]
[3]
[4]
[5]
29h. Involving employees in developing the programm [1]
[2]
[3]
[4]
[5]
29i. Management commitment
[1]
[2]
[3]
[4]
[5]
29j. Upgrading your facilities
[1] [2]
[3]
[4]
[5]
29k. Acquiring a food safety certificate
[1]
[2]
[3]
[4]
[5]
29l. Obtaining a licence to operate
[1] [2]
[3]
[4]
[5]
30. To what extent do you agree that the importance of Food Safety is well understood and communicated
within the fish industry in Ghana?
[1] Strongly agree
[2] agree
[3] disagree
[4] strongly disagree
31. Is there any exchange of information between different operators regarding food safety best practices in
key areas of food safety practice?
[1] Yes, always
[2] Yes, sometimes
[3] No
32. Are you willing to share at least some best practices information with other operators in the fish industry?
[1] Very willing
[2] Willing
[3] Not willing
[4] Not very willing
33. Are you aware of any government/FDB or council support programmes in the form of food safety
training or financial support to fish firms?
[1] Yes (go to 33a)
[2] No (go to 34)
33a. If yes, how did you become aware of this support? (Please choose as many as applicable.)
[1] From involvement with industry associations
[2] From interaction with the government organizations
[3] From interaction with food safety inspectors
D.
Regulatory compliance and inspections
34. Today, at what level would you place your company’s food safety compliance efforts on a scale of 1- 6?
[1] None compliance
[2] Very low compliance
[3] Low compliance
[4] Acceptable compliance
[5] Almost total compliance
[6] Full compliance
35. How would you describe the approach of the government regulatory agency toward the fish industry?
[1] Adversarial relationship
[2] collaborative relationship
36. Have you been issued a permit/license to operate a fish business?
[1] Yes
[2] No
[3] License not required
37. Was your site inspected before the licence was issued?
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[1] Yes

[2] No

38. In the past one year, please estimate how many times you were visited by food safety inspectors.
[1] Inspected when necessary [2] Once a year
[3] Twice a year
[4] Once every two years
[5] Once every five years
[5] Others ………………
39. Is it legally required of you to produce only safe foods?

[1] Yes

[2] No

40. Are you aware of the structural requirements for food premises, fixtures, fittings, equipment and food
transport vehicles?
[1] Yes
[2] No
42. Are you aware of any standard operating procedures (SOP) related to the receipt, storage, processing,
display, packaging, transportation, disposal and recall of the fish you handle? [1] Yes
[2] No
43. Are people in the fish industry complying with food safety requirement for your business?
[1] Yes ,
sometimes (go to 43a) [2] Yes, most of the time (go to 43a)
[2] No (go 43b)
43a. If yes, what are the key reasons why they comply with food safety and hygiene regulation and
inspections? (Please choose as many as applicable.)
[1] Fear of prosecution and sanctions
[2] To meet industry and customer expectations
[3] Fear of been named and shamed (damaged reputation or brand)
[4] Fear of spreading food-borne disease
[5] To promote brand image
[6] Others (state) ………………………………………………………………
43b. If no, why do you find it difficult to comply?
[1] We have poor knowledge and understanding of what constitutes compliance.
[2] We have poor understanding of legislative requirements for food safety and how they needed to be
applied to our business.
[3] We do not consider particular issues to constitute compliance, for example structural issues are
“irrelevant” to the food safety of the business.
[4] We cannot implement appropriate control methods
[5] There is no food safety guidance information
[6] Cost of compliance is too high
[7] Others (please state) …………………………………………………………………….
44. If you have problem with compliance with food safety requirement, have you ever sort any help from the
FDB or any government agency?
[1] Yes
[2] No
45. Has the level of your compliance with food safety been assessed by the local authority or FDB?
[1] Yes
[2] No
46. Have you ever been informed of any non-compliance?
[1] Yes (go to 46a)
[2] No (go to 47)
46a. If yes, what action did the enforcement agent take to ensure that you complied? (Please choose as many
as applicable.)
[1] They adopted a highly educational approach to encourage me to comply
[2] They visited and advised me .
[3] They run food hygiene courses and food safety seminars?
[4] They looked for violations of the law and served notice/prosecuted me/punished me where I went wrong
or where non-compliance is not remedied
46b. If you were sanctioned, what was the nature of the sanction or penalty?
[1] Cautioned
[2] Heavy financial penalty
[3] light financial penalty
[4] Named and shamed [5] Given final warning of closure
[6] Notification of closure
46c. In what way has the sanction or penalty affected the way you do things in your business?
[1] Hindered
[2] Improved
[3] No effect
46d. What action did you take to ensure you complied?
[1] I did not take any action
[2] Followed the inspectors’ recommendations

255

47. Please indicate your agreement or disagreement by answering [1] = Yes, and [2] = No.
[1]

[2]

Enforcement guidelines, advice and communications from the inspectors are …..
47a given in a more advisory and less formal approach
47b characterised by clarity and consistency so that I can understand
47c written communications are clear and user-friendly
The food safety inspectors who visit me
47d are fair, trusted and co-operative
47e have local knowledge and closer stakeholder relationships with us
47f have very good food safety and hygiene knowledge specific to our industry
47g Their approach is viewed as less consistent, less informed, and potentially
susceptible to local political interference
My company has specific, targeted, information in place which sets out
47h How to comply with food safety in the fish industry
47i HACCP standards and policies
47j How to address pest control
47k policies and standards addressing crisis management
E.
Food safety training
48. Is food safety training a legal requirement in your industry?

[1] Yes

49. Have you had any training on hygiene, sanitation and food safety?[1] Yes

[2] No
[2] No

50. How did you acquire your food handling knowledge?
[1] Self Taught
[2] Taught by parents
[3] Observation of Others
[4] Formal Training
[5] Others (please state) ……………………………………..
51. Does the food safety training programme available for fish handlers include the following? Please
indicate by answering [1] = Yes, and [2] = No.
[1] [2]
51a
Role of the Food and Drugs Board
51b
Public health legislation and regulations
51c
Food safety management principles (including HACCP-based principles)
51d
Safe handling, preparation, and storage (including basic microbiology, safe food
supplies, adverse reactions to food, safe food preparation/storage)
51e
Food handler hygiene
51f
Food premises sanitation, design, and maintenance
51g
Prevention of food allergies, incidents and response
51h
Fish handling and processing
51i
Cross contamination and pest control
52. In the past year was any training in food handling/sanitation provided for your employees?
[1] Yes
[2] No
53. Who provides most of the food safety training for you and your staff?
[1] The FDB
[2] The District Assembly
[3] Training consultants
[4] College/University
[5] Corporate trainer
[6]
Others
(please
………………………………..
54. How is the effectiveness of your food safety training program measured?
[1] Proficiency exams for participants
[2] On-the-job observations of food safety practices
[3] Occasional demonstrations of knowledge requested of line and supervisory staff.

state)

55. How was the training funded?
[1] From own resources [2] Paid by District Assembly
[3] Paid by FDB
[4] NGO
[5] Others (please state) ………………………………
56. Do you agree that the fish industry in your district of operation spends enough time and resources on
food safety training?
[1] Yes
[2] No
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57. On a scale of 1 - 4 where, [1] = Not Important/effective, [2] = Moderately important/effective, [3] =
Important/effective and [4] = Very important/effective, please indicate how important or effective the
following practices are in lowering the risk of food borne illness
Practices
57a. Using paper towel instead of sponge on kitchen counters [1]
[2]
[3]
[4]
57b. Washing raw fish
[1]
[2]
[3]
[4]
57c. Keeping raw fish separate from processed fish
[1]
[2]
[3]
[4]
57d. Hand washing after using toilet
[1]
[2]
[3]
[4]
57e. Hand washing after handling raw fish/meat
[1]
[2]
[3]
[4]
57f. Hand washing after shaking hands
[1]
[2]
[3]
[4]
57g. Hand washing after handling money
[1]
[2]
[3]
[4]
57h. Hand washing after taking out the refuse
[1]
[2]
[3]
[4]
57i. Thoroughly cooking fish
[1]
[2]
[3]
[4]
57j. fish safety by looking
[1]
[2]
[3]
[4]
57k. Freezing food
[1]
[2]
[3]
[4]
57l. Wash hands for 20 seconds
[1]
[2]
[3]
[4]
57m. Use antibacterial soap to wash hands
[1]
[2]
[3]
[4]
57n. Wash counter top with hot soapy water
[1]
[2]
[3]
[4]
57o. Mop kitchen floor
[1]
[2]
[3]
[4]
58. Rate your level of satisfaction with the fish industry’s efforts, through trade associations or other
cooperative efforts, to assist individual retailers in developing effective food safety training programs.
[1] Very satisfied
[2] Satisfied
[3] Unsatisfied
[4] Very unsatisfied
59. Will you be interested in attending food safety and sanitation workshops?
[1] Not very likely
[2] Not likely [3] Uncertain [4] Likely
[5] Very Likely
60. If you were asked to pay to attend food safety training would you participate? [1] Yes [2] No
61. If food safety training was made free would you participate? [1] Yes

[2] No

62. In your experience, which of the following are reasons why you may find it difficult to train your staff?
[1] Language problems
[2] High turnover of staff
[3] Lack of time
[4] Have experienced staff, so no need for training
[5] Lack of interest
[6] Lack of course availability
[7] Cost
[8] Courses not relevant to business
[9] Too busy to release staff
[10] Other ……………………………………………..
63. What is the main reason why you may train your staff?
[1] Fear of prosecution
[2] Improve food hygiene
[3] Satisfy EHOs
[4]
Looks good to customers (certificates on display)
[5] A means for brand enhancement
[6] To satisfy due diligence and food law requirements
[7] Other (please specify) …………………
F.
Food safety perception, behaviour and practice
64. Please indicate how risky, appropriate, commonly practiced or acceptable the following
practices/behaviours are in the daily activities in your processing unit using [1] or [2], where:
Risk
Appropriateness
Practice
Acceptability
[1]= Most risky
[1]= Most appropriate
[1]= Most practiced
[1]= Most acceptable
[2]= Least risky
[2]= Least appropriate
[2]= Least practiced
[2]= Least acceptable
Factor
risk
appropriate practice Acceptable
64a. Not having fish quality evaluation
64b. Thawing frozen fish at room temperature 12
hours before processing
64c. Drying smoked fish in open air
64d. Exposing fresh fish without ice for more than 2 h
64e. Insects, flies, rats (pests) in food processing area
64f. Exposing fish to the floor of the boat
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64g. Retailing fresh fish under ambient conditions
64h. Retailing smoked fish under ambient conditions
64i. Not wearing work clothing while handling fish
64j. Using inappropriate tools and equipment to handle fish
64k. Forgetting to wash hands after using toilettes
64l. Not using fly/pest control nets/baits
64m. Thawing fresh fish in the open
64n. Thawing fresh fish in the fridge
64o. Smoking fish whole and ungutted
64p. Transporting fresh fish on open tracks, vans or lorries
for long distances without ice.
64q. Not icing fresh fish for more than two hours between
catch and landing
G.
Food safety management and business culture
65. Have you identified any food handling and safety risks in your business? [1] Yes
[2] No
66. Have you identified what food handling tasks different staff members carry out? [1] Yes
[2] No
67. Have staff been told or shown how to handle food safely within your business? [1] Yes
[2] No
68. Is food safety a subject of scheduled, regularly recurring discussion in your firm?
[1] Yes [2] No
69. Do you have a compliance manager who monitors and enforces your company’s compliance procedures
and food safety set rules?
[1] Yes [2] No
70. Do you have a food safety and quality management team? [1] Yes [2] No
71. Please rate and characterize the authority of the person responsible for monitoring and enforcing your
company’s compliance procedures and food safety set rules.
[1] Has high authority and can initiate food safety action or withdraw a product
[2] Has low authority level in the company’s hierarchy
72. How well do you think that food safety principles and practice are understood by employees within your
company?
[1] Not very well
[2] Not well
[3] Uncertain
[4] Well
[5] Very well
73. How well do you think that food safety principles and practice are understood by supervisors, senior
Management or owners?
[1] Not very well
[2] Not well
[3] Uncertain
[4] Well
[5] Very well
74. How would you describe the position of food safety within your company’s overall vision?
Food safety is not part of our vision
[2] Food safety is a necessary and unavoidable cost
[3] Food safety is an opportunity to build brand value
[4] Food safety is a means of differentiation for our company
75. If you thought the fresh fish was not safe for human consumption, would you report it?
[1] Yes
[2] No
[3] Refuse

[1]

76. If you thought the fresh fish was not safe, would you buy if the price was reduced?
[1] Yes
[2] No
[3] Refuse
78. If you thought you had an outbreak of food borne disease in your firm would you report it?
[2] No
[3] Refuse

[1] Yes

79. Comments: ...........................................................................................................................
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………

Thank you very much for participating in our survey
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Appendix E: Questionnaire for food safety enforcement officers
Location: ……………………………………
A.
General and demographic questions
1. What is your age? ……………
2. Gender?

[1] Male

[2] Female

3. What is the highest level of education you have completed?
[1] No school
[2] Primary
[3] Secondary/technical/vocational
[4] College
[5] Higher education (professional/Graduate/post-graduate)
3. Do you have food safety/environmental health certification?

[1] Yes

[2] No

4. What qualification do you hold?
[1] qualified Environmental Health Officer certificate
[2] Certificate in Food Premises Inspection
[3] Others (please state) ………………………………………..
5. How many years have you been employed as EHO/inspector/food safety expert? …….
6. Have you had any training on hygiene, sanitation and food safety?

[1] Yes

[2] No

7. Have you had any training on HACCP?

[1] Yes

[2] No

8. If yes, what HACCP certificate do you have?
[1] Foundation
[2] intermediate [3] Advanced

[4] Others ………………

9. Working hours/week (excl. overtime)
[1] >40
[2] 36–40
[3] 26–35

[4] 16–25

[5] <16

B.
Compliance and enforcement approaches
10. In the last 12 months have you visited any fish handlers, processors or retailers? [1] Yes

[2] No

11. What was your reason for the visit? (Please choose as many as applicable.)
[1] Routine inspection
[2] Investigate unsafe food-handling practices and issues of non-compliance with regulations
[3] Carry out surveys or provide advice as part of a wider project
[4] Issue warning
[5] Close down premises for violation of regulations
[6] Investigate consumer complaints
[7] Investigate food-borne illnesses and food-borne outbreaks;
12. Are these visits or Inspections announced or unannounced? [1] Announced

[2] Unannounced

13. What regulatory tools are available to inspectors when minimum standards are not being achieved?
(Please choose as many as applicable.)
[1] The use of a Penalty Infringement Notice (on-the-spot fine)
[2] The initiation of legal action
[3] The use of an Improvement Notice to require work to be done within a specific time period
[4] The issuing of a Prohibition Order to require the mandatory closure of a food business until a further
inspection discloses a satisfactory outcome.
[5] A combination of the above when a breach of the Food Safety Act has occurred
14. When are these regulatory tools applied? (Please choose as many as applicable.)
[1] After routine inspections of a food business
[2] As a result of the investigation of a complaint.
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15. What strategies/range of sanctions do you employ to ensure compliance? (Please choose as many as
applicable.)
[1] Adopt highly educational, preventative, conciliatory and advisory visits
[2] Run food hygiene courses and subject-specific seminars?
[3] Adopt a deterrent-based strategy which aims to detect violations of the law and punish offenders
[5] Adopt a more formal approach by prosecuting individual businesses and serving notices more frequently
where non-compliance is not remedied.
16. Which of these enforcement methods have been very effective?
[1] A preventative, conciliatory, approach to enforcement,
[2] Inspections, sanctions
[3] Provision of advice
17. Do you keep records of your inspections?
[1] Yes

[2] No

18. Is there a government or FDB mandate in place to require food handlers to complete a food safety
course?
[1] Yes
[2] No
19. In your opinion, do food handlers need appropriate training in their field of operation? [1] Yes
20. Are fish handlers/food handlers getting the required training?
[1] Yes
21. Do they always apply the food safety knowledge they have?
[1] Yes
22. In your opinion do fish handlers/food handlers understand food safety principles?
[1] Yes

[2] No
[2] No
[2] No
[2] No

23. How do you assess food handlers’ food safety knowledge and practices? (Please choose as many as
applicable.)
[1] Proficiency exams
[2] On-the-job observations of food safety practices
[3] Occasional demonstrations of knowledge requested of food handlers.
24. On a scale of 1 - 5 where 1 = Not competent, 2 = Moderately competent, 3= Competent, 4 = Very
competent, and 5 = Extremely competent, please indicate how competent you are in carrying out the
following responsibilities as an inspector.
[1] [2] [3] [4] [5]
24a. Inspecting premises and processes for compliance with hygienic
and other requirements of standards and regulations e.g. PRPs
[1] [2] [3] [4] [5]
24b. Evaluating HACCP plans and their implementation
[1] [2] [3] [4] [5]
24c. Sampling food during, processing, storage, transport, or sale to
establish compliance, to contribute data for risk assessments and to [1] [2] [3] [4] [5]
identify offenders
24d. Recognizing different forms of food decomposition by organoleptic
assessment.
[1] [2] [3] [4] [5]
24e. Identifying food which is unfit for human consumption.
[1] [2] [3] [4] [5]
24f. Identifying food which is otherwise deceptively sold to the
consumer; and taking the necessary remedial action
[1] [2] [3] [4] [5]
24g. Recognizing, collecting and transmitting evidence when breaches of
law occur, and appearing in court to assist prosecution
[1] [2] [3] [4] [5]
24h. voluntary compliance in particular by means of quality assurance
procedures
24i. Carrying out inspection, sampling and certification of food for
import/export
24j. The delivery of information, education and advice to stakeholders
across the farm-to-table continuum.
24k. The provision of balanced factual information to consumers
24l. provision of information packages and educational programmes for
key officials and workers in the food industry
24m. of train-the-trainer programmes and provision of reference
literature to extension workers in the food industry
24n. Your familiarity and knowledge of the entire “catch to table”
continuum of the fish chain operations and the food safety requirements?
24o. Development of bespoke food safety management systems based
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[1]

[2]

[3]

[4]

[5]

[1]

[2]

[3]

[4]

[5]

[1]
[1]

[2]
[2]

[3]
[3]

[4]
[4]

[5]
[5]

[1]

[2]

[3]

[4]

[5]

[1]

[2]

[3]

[4]

[5]

[1]

[2]

[3]

[4]

[5]

on HACCP principles
24p. Assisting with implementation of FDB approved food safety
schemes
24q. HACCP audits/external verification
24r. Assisting food manufacturers meet third party certification
schemes

[1]
[1]

[2]
[2]

[3]
[3]

[4]
[4]

[5]
[5]

[1]
[1]

[2]
[2]

[3]
[3]

[4]
[4]

[5]
[5]

25. As an inspector, are your food safety enforcement activities monitored?

[1] Yes

[2] No

26. Has the FDB or other control agencies addressed your specific training needs as a matter of high
priority?
[1] Yes
[2] No
27. Does your local authority have the means of building food control expertise and skills in all interested
parties, and thereby serve an essential preventive function.
[1] Yes
[2] No
28. What is the main factor that constrains the adoption of efficient food safety and quality management
system in the fish industry in Ghana?
[1] Lack of competence
[2] Failure to follow procedure
[3] Lack of awareness of procedures
[4] Poor facilities leading to impaired performance
[5] Infrastructural difficulties
[6] Inappropriate monitoring
[7] Others (explain) …………………………………………………………………………..
29. What internal factors hinder behaviour-change or the adoption of recommended food safety practices?
[1] Low awareness about health risks
[2] Difficulties in shedding old habits
[3] Investment required
[4] Potential losses
30. What external factors hinder behaviour-change or the adoption of recommended food safety practices?
(Please choose as many as applicable.)
[1] A lack of credit programme (loans (micro-credit), subsidies)
[2] Lack of enforced regulations and controls
[3] The lack of public awareness/media harassment about food safety problems
[4] The fact that recognition is not given to those who adopt standard food safety practice.
[5] The lack of incentives from government agencies for food handlers participating in food safety schemes
[6] The absence of provision for extra training
[7] A lack of support for more dedicated extension services trained in food safety,
[8] A lack of market incentive (e.g. certification programme) for ‘safer food’ combined with dedicated
marketing channels and accessibility to customers with a higher willingness to pay for safer produce.
[9] Lack of public awareness creation to increase public demand for safer foods
31. How would you rate the following in terms of their contribution as barriers to regulatory compliance
within SMEs in the fish industry? 1= Not important barrier, 2 = Moderately important barrier, 3= Important
barrier, 4 = Very important barrier and 5 = Extremely important barrier
Lack of money
Lack of time
Lack of experience
Lack of access to information
Lack of support
Lack of interest
Lack of knowledge
Lack of compliance guidelines
Operational costs

[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]

[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]

[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
[3]
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[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]
[4]

[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]
[5]

32. Is there any on-going educational campaign and training programme to train food handlers on HACCP
and food safety and quality management? [1]Yes,
[2] No
33. How long has this been going on? ………………………………….
34. Do you provide food safety information and/or educational material through various media to assist in
the safe preparation and handling of food?
[1] Yes
[2] No
35. What do you think is needed to make food safety risk-reduction measures successful? (Please choose as
many as applicable.)
[1] Food handlers’ needs and constraints should be incorporated into the formulation of recommended
practices.
[2] A participatory approach between food handlers and scientist is needed
[3] Appropriate communication channels should be developed for effective outreach.
[4] The benefits of safer practices must outweigh the cost
[5] Facilitating access to accurate information on market opportunities for ‘safer foods’.
[6] Supporting training and capacity building via skill development programmes and business
development service programmes
[7] Facilitating the technological upgrading of products and processes through providing access to
information/technologies and processes and support to procure them.
36. How well do you think that food safety principles and practice are understood by employees within your
company?
[1] Not very well
[2] Not well
[3] Uncertain
[4] Well
[5] Very well
37. Rate your level of satisfaction with the fish industry’s efforts to comply with food safety requirements.
[1] Very satisfied
[2] Satisfied
[3] Unsatisfied
[4] Very unsatisfied
38. Comments …………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
………………………………..
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Appendix F: Self-reported and observed practices questionnaire

Item
no.

Practice

1
1.1

Purchase and Receiving
Is the temperature of the fish at catch/retail/purchase reduced as quickly
as possible to below 5ºC?
For transportation to the processing site, are fish placed into clean
basin/boxes/chests in ice?
Are the basins/boxes/chests properly protected to prevent heat, losses
and cross contamination?
Are harvest containers/packaging individually labelled to ensure
traceability?

1.2
1.3
1.4

2
2.1
2.2
2.3

Storage
Is processed fish packaged to prevent contamination?
Are potentially hazardous fish stored under temperature control?
Are raw and processed fish stored separately?

3
3.1
3.2
3.3

3.5

Processing
Are fish items adequately washed before use?
Is thawing conducted using safe procedures?
Are adequate procedures in place to prevent contamination including
cross-contamination?
Is potentially hazardous fish left out of temperature control for more 2
hours during preparation?
Is potentially hazardous fish displayed under temperature control?

5.
5.1
5.2
5.3

Transportation and Distribution
Are potentially hazardous foods distributed under temperature control?
Is appropriate packaging material used?
Are all foods protected from contamination?

6

Food handler dress and hygiene

3.4

Always
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Reported
Some
times

Never

No. of
times
required

Observed
No. of times
performed

Comments

6.1
6.2
6.3
6.4

Are food handlers wearing proper uniform
Are all food handlers following good personal hygiene practices?
Are hand-washing facilities adequate?
Are hands washed correctly before food preparation?

6.5
6.6
6.7
6.8
6.9
6.10

Hand-washing after handling garbage
Hand-washing with soap and water before handling fish
Hand-washing with soap and water after handling fish
Hand-washing performed long enough
Is the same towel used for hand drying and drying dishes?
Are there disposable hand towels or hot air dryers?

7.
7.1
7.2

Premises structure and hygiene
Is the premise designed and constructed to meet legal requirements?
Are floors, walls and ceilings kept clean

7.3

Are floors, walls and ceilings in good repair?

7.4

Are there adequate food preparation surfaces which are kept in good
repair?

7.5
7.6
7.7
7.8

Is the premise being kept in a satisfactory state of cleanliness?
Are all food contact surfaces effectively cleaned and sanitised?
Is the premise being maintained in a good state of repair?
Are waste containers located and maintained so as to prevent
contamination?
Are effective pest control procedures in place?
Outside doors have screens, are well-sealed, and are equipped with a
self-closing device

7.9
7.10
7.11
7.12

No evidence of pests is present
Is there an adequate supply of potable water?

8.
8.1
8.2

Food Handler Skills and Knowledge
Do staff have appropriate skills and knowledge in food safety?
Is the nominated Food Safety Supervisor adequately trained?

Yes
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NO

Present

Absent

Comments

8.3
8.4
8.5

Are food handlers using safe food handling procedures?
Preparation is planned so ingredients are kept out of the temperature
danger zone to the extent possible
Food is handled with suitable utensils, such as single use gloves or tongs

9.
9.1

Recalls
Is there an adequate system in place to ensure that unsafe or unsuitable
food is not sold or is recalled?
General Comments
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Appendix G1. Analysis of concern ratings for specific food-related hazards, practices and food technologies
________________________________________________________________________________________________________________________________
Mean ± SEM concern/worry ratings by consumers and food handlers
Overall (n= 224)
Food handlers (n= 115) Consumers (n= 109)
p-value
Concern rating
________________________________________________________________________________________________________________________________
Irradiated foods
3.65 ± 0.090
3.48 ± 0.125
3.83 ± 0.122
0.054
High***
Genetically modified foods
3.24 ± 0.096
3.24 ± 0.139
3.24 ± 0.134
0.980
High
Pesticide residues in food
Antibiotics
in food
Growth hormones in food
Additives/colourings/preservatives

4.26 ± 0.075
3.85 ± 0.088
3.98 ± 0.085
2.70 ± 0.106

4.25 ± 0.109
3.55 ± 0.129
3.88 ± 0.122
2.57 ± 0.139

4.27 ± 0.103
4.17 ± 0.113
4.09 ± 0.118
2.84 ± 0.161

0.927
0.0004
0.212
0.190

Very high****
High-very high
High-very high
Medium

Butchers
hygiene/sanitation
Restaurant hygiene/sanitation
‘Chop-bar’ hygiene/sanitation
Home hygiene/sanitation

3.34 ± 0.094
3.26 ± 0.087
3.11 ± 0.089
1.64 ± 0.075

3.00 ± 0.141
2.95 ± 0.128
2.88 ± 0.119
1.64 ± 0.106

3.69 ± 0.101
3.59 ± 0.110
3.36 ± 0.130
1.65 ± 0.107

0.0001
0.0002
0.007
0.929

High
Medium-high
Medium-high
Low

Food poisoning in Ghana
Microbiological safety of food
Food poisoning from chicken
Food poisoning from pork
Food poisoning from beef
Food poisoning from fish

4.30 ± 0.075
3.87 ± 0.082
3.30 ± 0.099
2.85 ± 0.096
2.86 ± 0.085
2.43 ± 0.099

4.14 ± 0.110
3.97 ± 0.112
3.32 ± 0.138
2.96 ± 0.137
2.85 ± 0.118
2.48 ± 0.139

4.47 ± 0.100
3.76 ± 0.119
3.27 ± 0.143
2.73 ± 0.135
2.87 ± 0.122
2.38 ± 0.142

0.029
0.214
0.779
0.250
0.909
0.608

High
High
High
Medium**
Medium
Medium

Inadequate labelling
3.20 ± 0.092
3.07 ± 0.129
3.34 ± 0.131
0.145
High
Nutritional balance of diet
1.73 ± 0.071
1.70 ± 0.104
1.77 ± 0.099
0.603
Low*
Mean concern rating
3.20 ± 0.177
3.11 ± 0.173
3.29 ± 0.190
0.012
High
_________________________________________________________________________________________________________________________________
Between 1-2=Low*,
between 2-3 = medium**,
between 3-4 = High***, between 4-5 = Very high****
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Appendix G2. Impact of age on concern ratings for specific food-related hazards, practices and food technologies
____________________________________________________________________________________________________________________________________
Mean ± SEM of concern/worry ratings by age (years)
Concern
18-24
25-34
35-44
45-54
55 and over
p-value
rating
_______________________________________________________________________________________________________________________________________
Irradiated foods
3.18 ± 0.211 3.69 ± 0.158 3.60 ± 0.176 3.75 ± 0.191 3.13 ± 0.480 0.791
High***
Genetically modified foods
3.08 ± 0.258 3.39 ± 0.161 2.89 ± 0.195 3.57 ± 0.180 2.63 ± 0.565 0.065 Medium-high
Pesticide residues in food
3.79 ± 0.318 4.35 ± 0.139 4.29 ± 0.144 4.13 ± 0.161 4.25 ± 0.313 0.861 High-very high
Antibiotics
in food
3.26 ± 0.282 3.95 ± 0.145 3.89 ± 0.174 3.73 ± 0.183 3.00 ± 0.627 0.346
High
Hormones
in food
2.89 ± 0.248 4.05 ± 0.159 4.11 ± 0.153 4.04 ± 0.165 2.63 ± 0.500 0.034 Medium-very high
Additives/colourings/preservatives
2.05 ± 0.264 2.65 ± 0.204 2.84 ± 0.212 2.54 ± 0.202 2.13 ± 0.480 0.537
Medium
Butchers
hygiene/sanitation
3.07 ± 0.276 3.35 ± 0.154 3.23 ± 0.173 3.27 ± 0.201 3.88 ± 0.515 0.696
High
Restaurant hygiene/sanitation
3.16 ± 0.288 3.09 ± 0.155 3.31 ± 0.157 3.09 ± 0.193 3.13 ± 0.580 0.081
High
‘Chop-bar’
hygiene/sanitation
2.97 ± 0.289 2.94 ± 0.156 3.13 ± 0.165 3.20 ± 0.181 3.25 ± 0.675 0.788 Medium-high
Home hygiene/sanitation
1.44 ± 0.290 1.34 ± 0.104 1.87 ± 0.163 1.68 ± 0.153 1.75 ± 0.313 0.119
Low*
Food poisoning in Ghana
3.71 ± 0.256 4.37 ± 0.113 4.34 ± 0.156 4.25 ± 0.151 3.88 ± 0.479 0.814 High-very high
Microbiological safety of food
3.69 ± 0.142 3.86 ± 0.142 3.86 ± 0.164 4.04 ± 0.163 3.50 ± 0.534 0.661 High-very high
Food poisoning from chicken
2.40 ± 0.222 3.38 ± 0.188 3.48 ± 0.178 3.04 ± 0.194 2.25 ± 0.526 0.118 Medium-high
Food poisoning from pork
2.50 ± 0.143 2.86 ± 0.177 2.87 ± 0.196 2.71 ± 0.200 3.00 ± 0.567 0.936 Medium-high
Food poisoning from beef
2.34 ± 0.283 2.74 ± 0.141 2.89 ± 0.151 2.95 ± 0.184 2.00 ± 0.422 0.199
Medium**
Food poisoning from fish
2.39 ± 0.263 2.51 ± 0.188 2.15 ± 0.178 2.45 ± 0.210 2.50 ± 0.598 0.395
Medium
Nutritional balance of diet
3.18 ± 0.211 3.69 ± 0.158 3.60 ± 0.176 3.75 ± 0.191 3.13 ± 0.480 0.885
High
Inadequate labelling
2.75 ± 0.256 3.39 ± 0.167 3.19 ± 0.166 3.05 ± 0.205 3.00 ± 0.500 0.740 Medium-high
Mean concern rating
1.68 ± 0.236 3.21 ± 0.193 3.20 ± 0.181 3.18 ± 0.180 2.85 ± 0.181 < 0.001 Low-medium-high
____________________________________________________________________________________________________________________________________
Between 1-2=Low*,
between 2-3 = medium**,
between 3-4 = High***, between 4-5 = Very high****
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Appendix G3. Impact of gender on concern ratings for specific food-related hazards, practices
and food technologies
_______________________________________________________________________________________
Mean ± SEM concern/worry ratings by gender
Concern
Male
Female
p-value rating
_______________________________________________________________________________________
Irradiated foods
3.62 ± 0.140 3.67 ± 0.118 0.759 High***
Genetically modified foods
3.04 ± 0.148 3.40 ± 0.125 0.064 High
Pesticide residues in food
4.28 ± 0.104 4.24 ± 0.107 0.777 Very high
Hormones in food
3.95 ± 0.129 4.01 ± 0.114 0.659 High-very high
Antibiotics
in food
3.82 ± 0.133 3.87 ± 0.118 0.763 High
Additives/colourings/preservatives
2.68 ± 0.164 2.72 ± 0.140 0.840 Medium
Food poisoning in Ghana
4.34 ± 0.110 4.26 ± 0.103 0.601 Very high****
Microbiological safety of food
3.78 ± 0.122 3.94 ± 0.110 0.338 High
Food poisoning from chicken
3.24 ± 0.154 3.34 ± 0.129 0.640 High
Food poisoning from pork
2.87 ± 0.144 2.83 ± 0.130 0.850 Medium**
Food poisoning from beef
2.78 ± 0.128 2.93 ± 0.113 0.379 Medium
Food poisoning from fish
2.34 ± 0.149 2.50 ± 0.133 0.446 Medium
Butchers
hygiene/sanitation
3.34 ± 0.135 3.33 ± 0.122 0.932 High
Restaurant hygiene/sanitation
3.28 ± 0.134 3.24 ± 0.115 0.808 High
‘Chop-bar’
hygiene/sanitation
3.21 ± 0.133 3.03 ± 0.121 0.318 High
Home hygiene/sanitation
1.64 ± 0.118 1.65 ± 0.097 0.954 Low
Inadequate labelling
3.16 ± 0.142 3.23 ± 0.122 0.706 High
Nutritional balance of diet
1.70 ± 0.101 1.76 ± 0.101 0.664 Low*
Mean concern rating
3.17 ± 0.181 3.22 ± 0.177 0.097 High
_______________________________________________________________________________________
Between 1-2=Low*,
between 2-3 = medium**,
between 3-4 = High***, between 4-5 = Very
high****
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Appendix G4. Impact of educational level on concern ratings for specific food-related hazards, practices and food technologies
____________________________________________________________________________________________________________________________
Mean ± SEM of concern/worry ratings by educational level
None
Primary
Secondary
Tertiary
P-value
Concern rating
____________________________________________________________________________________________________________________________
Irradiated foods
2.85 ± 0.319 3.44 ± 0.163 3.94 ± 0.119 3.76 ± 0.235 0.0009
Medium-high
Genetically modified foods
3.19 ± 0.302 3.26 ± 0.179 3.17 ± 0.141 3.47 ± 0.254 0.758
High
Pesticide residues in food
Antibiotics
in food
Hormones
in food
Additives/colourings/preservatives

4.30 ± 0.198
3.56 ± 0.274
4.00 ± 0.245
2.48 ± 0.258

4.21 ± 0.157
3.72 ± 0.174
3.74 ± 0.176
3.15 ± 0.218

4.29 ± 0.108
4.06 ± 0.122
4.17 ± 0.117
2.45 ± 0.152

4.21 ± 0.197
3.68 ± 0.238
3.85 ± 0.228
2.82 ± 0.275

0.959
0.167
0.194
0.044

Very high****
High-very high
High-very high
Medium

Food poisoning in Ghana
Microbiological safety of food
Food poisoning from chicken
Food poisoning from pork
Food poisoning from beef
Food poisoning from fish

4.00 ± 0.250
4.15 ± 0.225
3.19 ± 0.297
2.56 ± 0.317
2.63 ± 0.257
2.19 ± 0.267

4.38 ± 0.150
3.82 ± 0.152
3.43 ± 0.180
3.00 ± 0.169
2.87 ± 0.161
2.64 ± 0.200

4.49 ± 0.086
3.80 ± 0.127
3.23 ± 0.151
2.78 ± 0.145
2.85 ± 0.123
2.34 ± 0.142

3.82 ± 0.244
3.91 ± 0.200
3.35 ± 0.249
3.00 ± 0.250
3.06 ± 0.223
2.50 ± 0.268

0.010
0.611
0.826
0.504
0.631
0.501

High-very high
High-very high
High***
Medium-high
Medium-high
Medium**

Butchers
hygiene/sanitation
Restaurant hygiene/sanitation
‘Chop-bar’
hygiene/sanitation
Home hygiene/sanitation

2.96 ± 0.309
2.52 ± 0.241
2.81 ± 0.245
1.93 ± 0.256

3.48 ± 0.149
3.54 ± 0.147
3.30 ± 0.177
1.66 ± 0.163

3.39 ± 0.130
3.24 ± 0.129
3.24 ± 0.132
1.53 ± 0.096

3.21 ± 0.266
3.41 ± 0.247
2.65 ± 0.211
1.71 ± 0.187

0.365
0.007
0.057
0.430

Medium-high
Medium-high
Medium-high
Low

Inadequate labelling
Nutritional balance of diet

3.15 ± 0.271
1.44 ± 0.180

3.20 ± 0.178
1.98 ± 0.158

3.14 ± 0.137
1.73 ± 0.102

3.44 ± 0.240
1.53 ± 0.165

0.736
0.090

High
Low*

Mean concern rating
2.99 ± 0.186 3.27 ± 0.161 3.21 ± 0.198 3.19 ± 0.172 0.726
Medium-high
____________________________________________________________________________________________________________________________
Between 1-2=Low*,
between 2-3 = medium**,
between 3-4 = High***, between 4-5 = Very high****
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