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Abstract

Global reports on ilinesses and deaths related to food consumption continue to raise concern in most
countries. This has led to diligent efforts to improve the manner in which food is handled. Hygienic handling
of carcasses after slaughter is critical in preventing contamination and ensuring meat safety in both formal
and informal meat trading sectors. However, in the informal sector, regulations as prescribed in the Meat
Safety Act No. 40 of 2000, which have been set to protect consumer health, are not always adhered to.
Although these regulations are put into practice in the formal sector, meat safety challenges associated with
meat handling during distribution continue to raise concern. The distribution stage is the most critical period,
during which the quality of meat can easily be compromised. Furthermore, meat inspection at the abattoir
covers only visual assessment, without considering microbiological tests. Meeting food safety requirements
set by government regulations remains a challenge to almost all food processors. This paper reviews the
impact of post-slaughter handling on carcass quality and its implications for meat safety during the
distribution stage in the formal and informal sectors in South Africa. It also details how meat handling in the
informal meat trade exposes consumers to high health risks and recommends that governments create
legislation that would be applicable to carcasses produced in the informal sector to align this sector with the
regulations governing food production.
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Introduction

In spite of the controls that have been put in place, food borne infections continue to be an immense
problem, with millions of cases occurring annually throughout the world (Global Salm-Surv, 2003). In South
Africa, illnesses and deaths related to food consumption continue to be reported. In addition to the misery
caused, the financial loss associated with meat spoilage and illnesses is enormous. Recognition of
pathogens before contaminated foods can be consumed is therefore crucial in protecting the public. Bryhni
et al. (2002) stated that as time progresses, consumers would continue to demand meat of high-eating
quality that is safer. Important traits associated with high-quality meat include an attractive colour,
tenderness, juiciness and flavour intensity. In line with consumer demands, role players in the meat supply
chain are encouraged to continue to find ways of delivering meat of high-eating quality that is safe for
consumption. Mead (2004) highlighted that the microbiological safety and quality of meat are equally
important to consumers, producers and retailers. The microbiological and technological qualities of meat
depend on the physiological status of the animal at slaughter, the spread of contaminants during slaughter
and processing, conditions of storage and, most importantly, the stages involved in the distribution of
carcasses from the meat handlers to consumers (Adzitey & Huda, 2012).

In South Africa and other developing countries, the meat trade is divided into formal and informal
sectors (Van Zyl et al., 2008). The formal sector usually operates from abattoirs, and has meat inspectors
who legally approve the meat for consumption. The meat is then distributed to retailers for consumers to
purchase. This sector is governed by the Meat Safety Act No. 40 of 2000, which regulates meat and meat
product distribution. Meat inspectors who approve meat for consumption usually perform visual inspection.
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No microbiological tests are performed at this stage. However, microbiological threats posed by pathogenic
bacteria such as campylobacter, salmonella and E. coli cannot be detected adequately with the naked eye
(Govender et al., 2013).

Currently, the main cause of foodborne disease is microbiological; consequently, microbiological
analysis plays a central role in quality control in the food sector. Two regulatory entities in South Africa are
mainly responsible for managing safe meat production, processing and distribution, namely the Department
of Agriculture, Forestry & Fisheries (DAFF) and the Department of Health (DoH) (Govender et al., 2013).
However, these public meat monitoring agents do not have a meat microbiological monitoring programme in
place. According to the Meat Safety Act, the minister may establish a scheme for the improvement of meat
safety. Therefore, a scheme that would provide hygiene assessment services for the improvement of meat
safety, and would incorporate microbiological assessment of meat at the abattoir after slaughter and during
marketing, is encouraged.

In the informal meat sector, non-inspected meat is distributed to the consumers and there are no
regulations that govern operations. Adzitey et al. (2011a) stated that in most developing countries, especially
in rural communities, standard and hygienic methods of handling and processing meats are given less
attention, although they are part of the country’s rules and regulations on animal and meat production. For
instance, in most rural areas of Ghana, perhaps owing to constraints such as inadequate education, lack of
potable water, and reliable power supplies, meat processing is traditionally carried out in unhygienic
conditions (Adzitey et al., 2011a). Moreover, slaughter methods are sometimes dictated by religious beliefs
and local customs without inspection by qualified veterinary officers. Non-inspected meat may expose
consumers to a higher food borne disease risk, which may lead to iliness and death (Seeiso, 2009).

Meat is a perishable food and a health risk if handled improperly. Improper handling may result in the
growth of foodborne bacterial pathogens which have been identified as major challenges to food safety.
These micro-organisms may be pathogenic and may result in serious negative effects on human health.
They include Salmonella, Clostridium botulinum, Staphylococcus aureus, Clostridium perfringens, Bacillus
cereus and Diarrheagenic Escherichia coli (Hobbs & Roberts, 1993). A recent government-commissioned
report on the South African meat inspection system estimated that the cost to the economy in medical, legal,
other expenses, and absenteeism from work and school as a result of disease amounts to billions of rand
annually. This report recommends a review of meat safety risk management systems and quality assurance
practices (DoH, Department of Trade and Industry (DTI) & DAFF, 2013). Therefore, continuous efforts to
improve food safety systems are encouraged.

Nowadays, research should focus on a farm-to-fork approach, in which the technological and
microbiological quality of meat would be dealt with from the production to the consumption stage. This
involves a number of processes, including the manner in which the animal was raised and transported, pre-
slaughter logistics, slaughter in an abattoir, distribution, handling at purchasing points, and consumption. In
all these stages, assurance of meat safety and quality are of paramount importance (McDonald & Sun,
1999), but for most consumers, quality goes beyond safety (Becker et al., 2000). Most consumers have little
knowledge of or information about the importance of food safety and consider only the appearance and
associated perceived quality when making their purchasing decisions.

When meat is being distributed it goes through a number of channels during which its quality could
easily be affected negatively. These challenges, which influence the technological and microbiological quality
of meat are not well outlined in most studies. Most research has highlighted several pre-slaughter processes
that affect meat eating quality at the farm (Ferguson & Warner, 2008;Grandin & Smith, 2000), during
transportation of animals to the abattoir (Chulayo & Muchenje, 2013; Gajana et al., 2013; Vimiso &
Muchenje, 2013), the pre-slaughter period (Miranda-de la Lama et al., 2009, Muchenje et al., 2009;
Muchenje & Ndou, 2012) and the slaughtering process (Muchenje et al., 2009a; Miranda-de la Lama et al.,
2012; Njisane & Muchenje, 2013). Processes that occur after slaughter, which affect the quality of meat
during distribution to retailers, are neglected, yet the distribution chain is considered the most important
aspect in the meat industry because it includes critical stages that could affect meat quality before it reaches
the shelves. Although some studies have focused on the microbiological quality of meat after slaughter (Gill
et al., 1996; Adzitey et al., 2011a; Adzitey & Huda, 2012; Niyonzima et al., 2013), post-slaughter factors
affecting the technological and microbiological quality of meat during distribution in the formal and informal
meat trade are not well outlined. This review, therefore, focuses on the way in which handling at various
stages of the distribution chain affects carcass quality in the formal and informal meat trade in South Africa
and its implications for meat safety and consumer health.

Post-slaughter carcass handling
Abattoirs are regulated by laws to ensure good standards of hygiene to prevent the spread of disease
and to minimize needless animal cruelty (Grandin & Smith, 2000). The methods of slaughtering and handling
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of carcasses play an important role in product quality and shelf-life of meat and meat products. Adzitey &
Huda (2012) reported that poor carcass quality reflects in poorer meat quality. Meat quality has been
identified as the most critical factor in a highly competitive meat industry in which its profit lies (Robles et al.,
2009). Most researchers define it based on conformational and functional qualities (Warriss, 2000; Muchenje
et al.,, 2008). Important technological meat quality attributes include colour, marbling, pH, tenderness,
juiciness, and flavour (Bredahl et al., 1998; Muchenje et al., 2009). Should these be affected, profitability
would also be influenced negatively (Grunert et al., 2004).

Since consumers demand meat of high-eating quality, various approaches have been used to improve
the quality of meat. These include the breeding aspect (Hermesch, 1997), nutritional and feeding strategy
(Andersen et al., 2005), and animal welfare during transportation (Appleby & Hughes, 1997) and at slaughter
(Muchenje et al., 2008). However, many post-slaughter practices contribute significantly to the quality of
meat, which in turn affect profits, functional properties, eating qualities and the acceptance of the meat by
consumers (Adzitey & Huda, 2012). These practices include the way in which the carcass is handled after
slaughter, chilling, and other factors. Although some of these factors are being addressed, knowledge of
those that influence meat quality at the distribution stage is scarce.

Post-slaughter carcass handling begins at the abattoir just after exsanguination and continues through
to processing of meat, transportation to the market, and finally to consumers (Adzitey & Huda, 2012). Many
irreversible quality losses, especially with regard to the hygienic quality, originate from improper slaughtering
and carcass handling (FAO, 1990). Faulty meat handling, besides affecting the quality and shelf-life of meat
and processed products, may endanger the health of consumers. Therefore, good hygiene during
slaughtering and meat handling is of great importance for the quality of the final product because the higher
the initial contamination, the faster the meat deterioration, especially under high ambient temperatures (NDA,
2007).

Carcasses are inspected after slaughter by qualified meat inspectors. Carcasses approved for
consumption are then stamped as an indication that inspection has been done and that carcasses do not
show signs of endangering the health of consumers. However, carcasses are approved in most South
African abattoirs based on visual inspection, which considers factors such as bruising and assessment of
major internal organs for signs of animal diseases. Microbiological assessment is seldom performed. The
few abattoirs that perform microbial assessment do not do it as part of their daily assessment and the
Department of Veterinary Public Health (DVPH) does it only monthly during audits. The guidelines used to
assess the levels of contamination are based on European standards, and the supermarket chains that
perform microbial assessment on their meat products use their own standards, for example Woolworths and
Checkers. South African Meat Safety laws do not have their own national microbial standards. The European
Union (EU) recommends that the levels of contamination by total aerobic bacteria and total coliforms do not
exceed 5.0 and 2.5 log CFU/g, respectively (CE, 2005). These standards are based on European
environmental temperatures, which may differ from the temperatures in other regions of the world. Hence,
this review encourages research on microbial assessment to be done in abattoirs. This could aid the South
African government to set up its own standards, which would be mandated for use in each abattoir and by
each meat retailer.

Any carcass that is not approved for consumption after inspection is condemned, and does not enter
the market (Adzitey & Huda, 2012). Condemnation may be partial or total, depending on the extent to which
the meat has been affected. Huge economic losses have been experienced in the meat industry owing to the
condemning of carcasses (Alton et al., 2010).

Carcasses are then chilled at 4 °C for 24 hours in an abattoir to impair the development of rigor mortis
and prevent the growth of micro-organisms (Brown et al., 2009). The rate at which carcasses are chilled after
slaughter influences meat quality. Speeding up the rate of chilling would help to reduce microbial growth on
the carcass surface because the generation time for microorganisms increases at lower temperatures. Fast
chilling also reduces evaporative weight loss, reduces the manifestation of pale soft exudative meat, and
improves lean colour and water-holding capacity, all of which would have had negative effects on meat
quality (Adzitey & Nurul, 2011). Furthermore, the rate at which temperature drops after slaughter influences
enzyme activity, because this is temperature dependent (Adzitey & Nuda, 2012).

Meat distribution chains

The meat distribution chain is part of a longer supply chain that stretches from transportation of live
animals to the abattoir to the final product at retail display. In the meat supply chain, livestock move from
feedlots and farms to processors, who transform them into meat products and organise delivery to
customers. This supply chain includes breeders, farmers, stockers and backgrounders, feedlot operators,
packers, processors, food-service providers and retailers (Miranda-de la Lama et al., 2014).
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The main aim of distribution is the retention of an attractive, fresh appearance for the product, which
will later be displayed, and the retardation of bacterial spoilage. Since meat is a highly perishable food
(McDonald & Sun, 1999), some of the most important meat quality attributes can easily be affected during
distribution to the supply points and growth of spoilage bacteria may occur. At the point of purchase,
consumers use meat quality attributes such as colour, marbling, pH, tenderness, juiciness and flavour as
their most important intrinsic quality cues to judge meat quality (Glitsch, 2000). Colour is probably the most
important factor (Faustman & Cassens, 1990). After slaughter, the colour of meat depends on a principal
pigment, myoglobin, which when mixed with oxygen becomes oxymyoglobin, and produces a bright red
colour (Priolo et al., 2001).Therefore during distribution the accumulation of air must be avoided as this
pigment depends on the oxygen status of the environment. Nychas et al. (2008) stated that the risk potential,
shelf-life and final quality of chilled products, processed and packed under good manufacturing practices and
good hygiene practices, are determined by temperature conditions in the chilled distribution chain.

Stages affecting the technological and microbiological quality of meat

Richardson et al. (2009) stated that the supply chain that stretches from abattoir to final retail display
is critical in meat quality. A number of factors affect meat quality in the supply chain, nhamely transportation
(distance and temperature); type of packaging; storage (refrigeration and retention); display; and bacterial
growth. These are critical factors that contribute significantly to meat quality and its shelf-life throughout the
distribution chain (Rosenvold & Andersen, 2003). For consumers to purchase meat of high-eating quality,
meat traders and handlers need to understand the factors that influence this quality.

Transportation and storage

Transportation is required throughout production, from the farm to delivery to consumers (Miranda-de
Lama et al., 2014). Transporting products to retail outlets and storage has been reported to be the weak link
in the chain (Bsgh-Sorensen & Olsson, 1990). Before transportation, carcasses are chilled to prevent the
growth of micro-organisms and to reduce meat deterioration prior to distribution. However, in some abattoirs,
especially small throughput abattoirs, refrigeration may not be available and carcasses are transported
without the initial chilling stage.

Poor handling of meat during transportation may result in a high rate of contamination and spoilage.
When transporting meat, the challenge is to maintain proper refrigeration temperatures and keep the cold
chain from breaking during steps such as palletization, staging, loading and unloading of containers, and in
storage (Richardson et al., 2009). The cold chain must not be interrupted as bacteria multiply rapidly in
higher temperatures. The temperature and handling conditions stipulated in regulations must be strictly
adhered to in all stages of the cold chain, through properly designed handling procedures in the chill storage
rooms.

Temperature conditions in retail cabinets play a significant role in the final quality of the product.
Temperature seems to be the most important factor that influences the spoilage and safety of meat
(Koutsoumanis & Taoukis, 2005). Bacteria multiply more slowly when food is refrigerated, and freezing food
can slow or even stop the spread of bacteria. Hence most bacteria are unable to proliferate or survive when
exposed to low temperatures. Temperature affects not only the microbial condition of the meat, but also
colour stability, with retail appearance being significantly affected by storage at 2 °C and 5 °C, compared
with storage at below-zero temperatures (Jeremiah & Gibson, 2001). Zhao et al. (1994) stated that the most
important factor for maintaining the red oxymyoglobin colour and keeping lipid oxidation to a minimum is the
temperature. Therefore, different cooling rates affect oxidation or oxygenation of meat and thus change the
colour of the meat surface.

Packaging

The shelf-life and quality of fresh meat are strongly influenced by initial meat quality, package
parameters, and storage conditions (Zhao et al., 1994). The logistical function of packaging serves mainly to
protect the product during movement through distribution channels (Silayoi & Speece, 2007). Packaging
plays an important role in the food industry because it helps to protect the product against environmental
effects, communicates with consumers as a marketing tool, and provides them with ease of use and time-
saving convenience (Yam et al., 2005).

According to Brody (1997), packaging fresh meat is carried out to avoid contamination, delay spoilage,
permit some enzymatic activity to improve tenderness, reduce weight loss and, where applicable, ensure an
oxymyoglobin or cherry red colour in red meat at retail and customer level. However, the initial quality of the
meat has to be good because packaging can only maintain the existing quality of the meat or delay the onset
of spoilage by controlling the factors that contribute to it.
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Package design and construction play significant roles in determining the shelf-life of a food product.
The right selection of packaging materials and technologies maintains product quality and freshness during
distribution and storage. To reduce microbial growth, packaging has to be combined with other treatments,
such as refrigeration, which slow down or stop further growth of microorganisms. Meat can be packed in a
variety of ways. Understanding the packaging options and their effects on meat is important, since they have
an effect on its quality (Brody, 1997).

Currently there are many meat packaging systems, each with different attributes and applications.
These systems range from overwrap packaging for retail display to a diversity of modified atmosphere
packaging (MAP) systems and vacuum packaging for long-term display. The main reasons for MAP of red
meats for retail sale are to prolong the microbiological shelf-life and maintain an attractive red colour of the
product (Gill, 1996). The principle of MAP is to replace the normal atmosphere with a gas mixture that is
suited to the food in question. The main gases that are used are nitrogen, carbon dioxide and oxygen.
McMillin et al. (1999) define MAP as the removal or replacement of the atmosphere surrounding the product
before sealing in vapour-barrier materials. The package protects products against deteriorative effects, which
may include discoloration, off-flavour and off-odour development, nutrient loss, texture changes,
pathogenicity, and other measurable factors (Yam et al., 2005). One of the most important advantages of
MAP is that it increases shelf-life, allowing less frequent loading of retail display shelves (Davies, 1995).
Deterioration in appearance, bacterial spoilage, and loss of exudates are the main problems in the storage of
chilled meat. Retail packaging of meat in MAP is used to provide a stable bloomed red meat colour, which is
attractive to the consumer.

Vacuum packaging is used to prevent the growth of aerobic spoilage organisms, shrinkage, oxidation,
and colour deterioration. McDonald & Sun (1999) highlighted that temperature and the microbiological status
of the meat at the time of packing are most important. Overwrapping facilitates the oxygenation of the meat,
causing the production of oxymyoglobin and the red ‘fresh’ meat that consumers tend to look for.

Fresh meat display

At display, the colour of meat plays a big role as it is always correlated with freshness and quality by
the consumer (O’Grady et al., 2000). Meat colour changes during display as myoglobin pigments on the
meat surface transform on exposure to oxygen from primarily purple deoxymyoglobin to red oxymyoglobin
and finally to brown metmyoglobin (Calhan et al., 2014). The display point can be challenging to retailers as
the meat might stay for a longer period. The display of meat in plastic materials allows consumer evaluation
of the product in an attractive, hygienic and convenient package (Renerre & Labadie, 1993). Meat can also
be displayed unwrapped in chilled display cabinets. Cabinets with humidity control reduce drying out. A
shelf-life of one to two days is normal. Alternatively, meat is packaged for a variety of reasons. Over-wrapped
packaging has a shelf-life of one to two days. Overwrapping trays with standard permeable film allows air to
reach the meat to give a red colour and protects it from physical contamination. However, the meat soon
oxidises, changing colour to dark brown. According to Liu et al. (1995), consumers discriminate negatively
against meat that is discoloured. Meat with MAP has a shelf-life of seven to ten days (Bingol & Ergun, 2011).
Meat is packed in trays with sealed lids that are impermeable to gases in air (usually transparent) and are
thus packed with a high-oxygen modified atmosphere (Richardson et al., 2009). This keeps the meat red for
longer, but it turns browns eventually, usually with a rapid change from red to brown. Vacuum packaging
gives meat a shelf-life of up to ten days (Peck et al., 2006). Meat is maintained in the absence of air, so
remains a purple-red colour. Prolonged pre-retail storage of meat is possible in vacuum packs, but only if the
temperature is maintained at less than 3 °C.

At display, bacteria that affect meat, meat products and other food are divided into three groups
according to the temperature range in which they can grow: mesophiles at 10-45 °C, psychrophiles at 0-28
°C and psychrotrophs at 10-45 °C, or slow growth at 0-10 °C. Mesophiles will not grow below 10 °C, but
psychrotrophs, of which Pseudomonas are the more important, grow even at 0 °C. The nearer to 0 °C the
storage temperature, the slower the growth of the spoilage bacteria and the longer the shelf-life (FAO, 1991).

Major challenges during distribution of meat
Microbiological meat spoilage

Meat is a good medium for bacterial growth, as shown by the numerous reports dealing with the
influence of micro-organisms on the storage life of meat products. The main property that explains rapid
microbial growth on meats is its composition: 75% water and many metabolites such as amino-acids,
peptides, nucleotides, and sugars (Lawrie, 1985). Microbiological organisms and biochemical reactions are
the cause of spoilage of perishable food, particularly where fresh red meat is concerned. Spoilage begins
right after slaughter and is hard to prevent because the responsible organisms are already present in the
food. In live animals, the internal organs are virtually sterile. However, other parts of the animal, such as skis,
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hooves, and intestines, contain enormous numbers of bacteria (FAO, 2010). Depending on the slaughter
hygiene, these bacteria find their way onto the carcass or contaminate the meat during slaughterhouse
operations. Skinning, scalding, evisceration, dressing and carcass transport are common contamination
points. Most bacteria are transferred to the carcass via butchers’ hands, tools, contact with equipment and
through water, air, etc. The bacterial contamination of meat is not stopped after slaughtering. It is on-going
during the operations that follow the slaughter process, such as meat cutting and meat processing.

It is possible to reduce or decelerate bacterial activities. A well-known and proved measure is
exposing them to cold temperatures. The characteristic microbial population that develop in meat and meat
products depends on the effect of environmental conditions on the growth of those microorganisms, which
are introduced because of contamination during handling and processing. Under some conditions, microbial
growth may stop and then re-start after the microorganisms adapt to a new set of environmental conditions.
Great economic losses have occurred from spoilage.

Meat spoilage is not always evident. Consumers would agree that gross discolouration, strong off-
odours, and the development of slime constitute the main qualitative criteria for meat rejection (Nychas et al.,
2008). McDonald & Sun (1999) stated that meat is a highly perishable food product which, unless correctly
stored, processed, packaged and distributed, spoils quickly and becomes hazardous owing to microbial
growth. Meat is considered spoiled when it is unfit for human consumption (Bradeeba & Sivakumaar, 2013).
Temperature and pH are among the factors that can affect the microbial spoilage of meat (Koutsoumanis et
al., 2006). The pH of individual meat influences the growth of spoilage bacteria, which should be taken into
account when estimating shelf-life (Lawrie, 2006).

Foodborne pathogens in fresh meat

Food safety is a top priority for food service organizations because mishandling can result in serious
illness for consumers, and business-related losses. According to some reports, the South African meat
industry is facing the challenge of growth of foodborne pathogens that affect human health (DoH et al.,
2013). According to Cassin et al. (1998), there has been growing public concern over microbiological
procedures that might mitigate the risk in food safety. Governments and industry have begun to focus
attention on the production of foodstuffs as a source of risk to public health. In recent years, the occurrence
of pathogenic micro-organisms in meat that affect human health has been noticed. Foegeding et al. (1994)
stated that the cost of foodborne disease is estimated to exceed $5 billion per year in the USA and $1.3
billion annually in Canada (Todd, 2001). However, Smith et al. (2007) have highlighted that outbreaks of
foodborne disease in humans are common in South Africa, but rarely reported. Sofos (2007) identified
contamination from pathogenic microorganisms as the most serious meat safety issue, as it causes
immediate consumer health problems and results in large-scale product recalls from the marketplace.

The consumer is the ‘fork’ in the farm-to-fork continuum, and harmful food pathogens can enter the
food chain at any stage (Sargeant et al., 2007). Most outbreaks of foodborne iliness result from the transfer
of harmful microorganisms from meat to humans. There are numerous diseases that humans may contract
from endogenously infected meat, such as anthrax, bovine tuberculosis, brucellosis, salmonellosis,
listeriosis, trichinosis, and taeniasis. Thousands of types of bacteria are naturally present in our environment
and not all of them cause disease in humans. Bacteria that cause disease are called ‘pathogens.” When
pathogens enter the food supply chain, they can cause foodborne iliness. Foodborne illnesses often present
as flu-like symptoms, such as nausea, vomiting, diarrhoea and fever, and may lead to more serious
complications. Each year, an estimated 48 million people in the USA experience foodborne illnesses and
these cause about 3,000 deaths there annually (Scallan, 2011).

There are prominent pathogens that are associated with meat and meat products. Campylobacter
jejuni is found in the intestinal tracts of animals. It causes foodborne illness and the characteristic signs are
fever, headache, muscle pain, diarrhoea (sometimes bloody), abdominal pain, and nausea. These signs
appear two to five days after eating food contaminated with this pathogen and the illness may last from
seven to ten days

Clostridium botulinum is widely distributed in nature, for example in soil, in water, on plants, and in the
intestinal tracts of animals. It grows in little or no oxygen. It produces one or more of seven toxins (A to G).
Toxins A, B and E have been associated with human disease. Types A and B are more commonly linked
with meat (Gracey et al.,, 1999). This pathogen produces powerful neurotoxins that affect the nervous
system. The symptoms usually appear within 18 to 36 hours, but may take as long as eight days. The
symptoms include double vision, droopy eyelids, trouble in speaking and swallowing, and difficulty in
breathing.

Clostridium perfringens is found in soil, dust, sewage, and the intestinal tracts of animals and humans.
It grows in little or no oxygen. Symptoms of food poisoning from this pathogen in humans include diarrhoea
and gas pains. These symptoms may appear 8 to 24 hours after eating, and usually last about one day, but
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less severe symptoms may persist for one to two weeks. Human consumption of food contaminated with
Escherichia coli O157:H7 produces symptoms characterised by diarrhoea or bloody diarrhoea, abdominal
cramps, nausea, and malaise. The symptoms begin two to five days after food is eaten, and last about eight
days. Some, especially the very young, may develop thrombotic thrombocytopenic purpura and haemolytic
uremic syndrome, which causes acute kidney failure. Escherichia coli O157:H7 has emerged as a primary
food safety concern in most countries. Mark & Roberts (1993) reported that the annual cost of E. coli
0157:H7-related illnesses, estimated at 10 000—20 000, is between US$216 and US$580 million.

Listeria monocytogenes is found in the intestinal tracts of humans and animals, soil, and processed
foods. The pathogen can grow slowly under refrigeration. Most human cases are sporadic and the illness is
systemic. The symptoms are fever, chills, headache, backache, sometimes abdominal pain.

Staphylococcus aureus is usually transmitted by people to food through improper handling. The
pathogen multiplies rapidly at room temperature to produce a toxin that causes illness. Symptoms in humans
are severe nausea, abdominal cramps, vomiting, and diarrhoea. These symptoms may occur one to six
hours after eating contaminated food.

Salmonella spp are found in the intestinal tract and faeces of animals. Infections in humans occur
through consumption of poorly cooked meat or raw meat. The symptoms are stomach pain, diarrhoea,
nausea, chills, fever, and headache. These symptoms usually appear six to 48 hours after eating and may
last one to two days.

Decontamination procedures with water sprays (potable water or hot water with temperature below 75
°C operated under high pressure), physical methods (use of ultraviolet light, ionizing radiation and
ultrasound) and chemical techniques (use of chlorine, hydrogen peroxide, trisodium phosphate and organic
acids) have been employed in South African abattoirs, to reduce initial microbial load on carcasses and
prolong the shelf-life of meats (Warriss, 2000). However, further research on microbial growth on carcasses
at each stage of distribution is encouraged.

South African meat safety law — How and where is it violated?

In any food supply chain, regulations are set by government, which must be followed. The South
African Meat Safety Act governs the regulation of meat and meat product distribution. Its mandate is to
ensure that the food safety requirements set by the government are met. The role of the act is to provide for
measures to promote the safety of meat and animal products; to establish and maintain essential national
standards for abattoirs; to regulate the importation and exportation of meat; and to establish meat safety
schemes. One of the most important measures to promote meat safety in this act states that the slaughtering
of animals in any place other than an abattoir is prohibited, and that no meat or animal product may be sold if
it was not obtained from an abattoir. These rules are set to ensure that any meat provided or sold to the
public is hygienically approved and is safe for consumption. Approved abattoirs operate on the basis of a
valid registration certificate as proof that they have met certain requirements relating to structure and layout.
Such abattoirs are required to have qualified meat inspectors and meat classifiers, and are inspected
regularly to ensure they meet hygiene requirements for the removal of sick, infected and contaminated meat
and animal products from the food chain.

However, some sectors in the meat supply chain violate this act by not adhering to the legal
requirements, standards and procedures set by government. These are the informal meat marketers. In the
informal sector, standard and hygienic methods of handling and processing meats are given less attention
even though they form part of the country’s rules and regulations on animal and meat production. The South
African Red Meat Marketing Association has indicated that in the informal food chain, meat is mostly
supplied by communal farmers (Van Zyl et al., 2006). The main disadvantage of the informal sector is that
the meat is not inspected and lack of meat inspection results in contamination, which causes foodborne
illnesses. A comparison between the formal and informal meat supply and distribution chains is given in
Table 1.

Foodborne illnesses have been reported to account for the majority of illnesses in most developed
countries. According to World Health Organization (WHO, 2010), 1,8 million deaths from diarrhoeal diseases
were caused by contaminated food. It has also been reported that 30% of populations in industrialized
countries succumb to foodborne illnesses every year. According to Frean et al. (2003), foodborne disease is
a common public health problem worldwide, but is generally under-reported and poorly investigated in South
Africa and southern Africa.
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Table 1. Comparison of the slaughter and meat processing chains in the formal and informal meat trades in

South Africa.

Slaughter/Meat
Processing

Formal Meat Trade

Informal Meat Trade

References

Before slaughter

Slaughter condition

Animal welfare
ethics

Stunning methods
Skinning

Bleeding
Carcass exposure

Chilling

Protective clothing
by meat handlers

Skills and training
Carcass inspection
Carcass grading

Transportation

Cutting

Display

Cold chain
Market

Animals are inspected before slaughter

Animals are rested and walk in pens
Feed is withdrawn 12—-24 h before
slaughter to reduce the risk of
contaminating the carcass with the gut
content during evisceration

Hygienic conditions

Follow them

Stunning methods applied
Sophisticated skinning machine

Horizontal and proper bleeding
Hanged

Carcasses are chilled

Wear protective clothing

Training on meat handling
Carcass is inspected
Carcass is graded

Carcasses transported by trucks with
controlled temperatures

Use cutting machine

Accumulation of air minimised and
packaging is used

Temperature is controlled

Reliable

No inspection before
slaughter

Animal is chased,
exhausted and fights with
the people before slaughter
Animals are fed till
slaughter

Unhygienic conditions

Do not follow them

No stunning methods
applied

Unsterilized knives and
feast

Vertical bleeding. lying on
the ground, no hanging
Carcasses left lying on the
ground or placed on top of
the skin

No chilling
Do not wear suitable

protective clothing

No training

No inspection

No grading

Vehicles used often dirty;

meatstored on the floor of
the vehicle

Split on ground

Meat is exposed to air, risk
of cross-contamination
-Products are open to
contamination

Meat is not refrigerated

No temperature control

Not reliable

Adzitey et al.(2011),
Grandin (2000),
Seeiso (2009)

Niyonzima et al.
(2013)

Grandin (2000)

Njisane & Muchenje
(2013)

Seeiso (2009)

Njisane & Muchenje
(2013)

Adzitey & Huda,
(2011)

Adzitey & Huda,
(2012)

Njisane & Muchenje
(2013)

Adzitey et al. (2011a)
Soji et al. (2014)
Strydom, 2011

Vimiso & Muchenje
(2013)

White (2006)

Renerre & Labadie
(1993), Soji et al.
(2014)

Richardson et al.
(2009)
Soji et al. (2014)

Informal meat trade vs the Meat Safety Act No. 40 2000
Small-scale farmers—Backyard slaughtering

In the majority of cases, the informal sector in South Africa does not adhere to the legal requirements,
standards and procedures that the formal sector follows before and after slaughter. Before slaughter, the
animal is usually chased by a number of people, and by the time of slaughter, it is exhausted. Stunning
methods are generally not applied, and this compromises the animal’s welfare. The way in which animals are
handled on the slaughter floor can affect the quality of the product (RMAA, 2011). Carcass and meat quality
defects such as pale soft exudative meat, dark firm and dry meat, skin blemishes, blood splashes, bruising,
cyanosis, two-toning, high microbial load, spoilage of meat, broken bones and death may occur from
improper animal handling (Adzitey et al., 2011a; Warriss, 2000).

In the informal sector, there are inappropriate slaughtering facilities and techniques that can
compromise food safety. Informal slaughtering places are frequently unhygienic and meat is easily
contaminated (Niyonzima et al.,, 2013). Meat products from such conditions often deteriorate rapidly.
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According to the Meat Safety Act (2000), surface contamination of carcasses during slaughter and
processing can be reduced by ensuring good practices such as hygiene and sanitation of the floor,
equipment, and carcasses with suitable disinfectants and sanitizers. However, disinfectants and sanitizers
are seldom used in the informal sector. Slaughtering places are frequently contaminated, and may not be
protected against dogs, rodents, and insects, and thus the level of bacterial contamination is increased. In
some rural areas, perhaps owing to constraints such as inadequate education, unavailability of potable water
and unreliable power supply, meat processing is traditionally carried out in unhygienic conditions. Slaughter
methods are sometimes dictated by religious beliefs and local customs without inspection by a qualified
veterinary officer. However, this is an unfortunate situation because this meat is sold to consumers in the
communities. Consumers tend to assume that the meat is safe, no matter where it is purchased (Grunert,
2005).

In the formal sector, immediately after slaughter, carcasses are chilled and are usually kept under
refrigerated conditions to control the growth of spoilage organisms (Adzitey & Huda, 2012). Since the small-
scale producers do not necessarily follow the Meat Safety Act 2000 regulations, slaughtering is often done
unhygienically, resulting in high numbers of organisms on the carcass. There is also improper and
insufficient bleeding of the animals, leaving a relatively high amount of blood in the muscle (Seeiso, 2009).
Blood is a good medium for bacterial growth. There is improper de-hiding of the carcass, leading to heavy
contamination of the meat surfaces by frequent contact with the people slaughtering the animal, the polluted
environment, dirty tools and equipment, contamination of the meat when carcasses are split on the ground,
and lack of refrigeration. All these factors, together with the high pH of the meat, which is a result of the
animal being stressed before slaughter, lead to heavy contamination of the carcasses by organisms, which
lead to a short shelf-life.

Street vendors

Street meat vending is thought to supply a significant income for households involved in selling the
meat. However, there is a general perception that street-vended foods are unsafe, mainly because of the
environment in which they are prepared and consumed, which exposes the food to numerous potential
contaminants (Adzitey et al., 2011). Street meat vendors usually take their products to their customers, and
therefore operate from places such as bus terminals, industrial sites, marketplaces, and other street corners.
Unfortunately, these locations seldom meet all food safety requirements. The Foodstuffs Cosmetics and
Disinfectants Act (Act No. 54 of 1972) prevents any person from selling food that is unfit for human
consumption (DoH, 2012). In addition, the Codex Alimentarius or code of ethics for international trade in food
states that all consumers are entitled to safe, sound and wholesome food and must be protected from unfair
trade practices. Thus, by implication, this code of ethics prohibits any person from putting any food that is
unfit for human consumption into international trade.

In street vending, the meat is usually displayed with or without packaging (Adesiyun, 1995). Meat is a
perishable food, and can be harmful to health if improperly handled, especially products containing blood,
which creates favourable conditions for bacterial growth. Contamination can take place through flies, dust,
moulds, poor hygiene, especially by street vendors who do not wear gloves or protective clothing, and lack
running water to wash utensils. All compromise the microbiological quality of meat drastically, and thus these
factors pose a serious health threat to the public.

Meat is a high-risk food and should not be out of cold storage for more than four hours. According to
Sofos (1994), microorganisms multiply rapidly in fresh meat and unprocessed products, especially at non-
refrigeration temperatures, resulting in loss of quality and public health problems. However, for street
vendors, the meat could be displayed for more than six hours. Temperatures for keeping this meat are
uncontrolled or depend on the environmental daily temperatures. Meat is sensitive to temperature changes
and must be stored at 5 °C to 10 °C from abattoir to consumer to minimize the growth of bacteria (Carvalho,
2012).

Another food safety concern is when meat is not purchased on a specific day. Usually street vendors
store this meat overnight in refrigerators, merely to be taken back next day to sell. With this, the breakdown
of lipids may occur and some of the valuable technological attributes of meat such as colour and tenderness
are already compromised, but most importantly the safety of the consumer is not taken into consideration.
The breakdown of lipids may result in colour changes, rancidity, and tallowy or chalky flavours (Faustman &
Cassen, 1990). Colour changes as a result of pigment oxidation may show grey, brown, or green
discoloration.

Bacteria develop in meat exposed by the vendors during the day owing to thawing because the meat
is not refrigerated. This is compounded by other environmental factors such as flies, dust, and moulds. If this
meat is not purchased, vendors tend to take it back to the refrigerators and re-sell next day. When re-selling,
it means that the number of bacteria growing in that meat will multiply. Vendors do not use gloves when
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handling the meat, hence cross-contamination takes place. Regulations concerning hygiene when handling
meat have already been violated. Zahid et al. (2002) reported that the amount of bacterial growth in meat
that is thawed or stored in the refrigerator is less than bacterial growth in meat thawed or stored at room
temperature. By displaying the meat on the street, it is exposed to aerobic spoilage by bacteria and yeasts,
which may result in slime formation, undesirable odours and flavours (taints). Aerobic spoilage by moulds
results in a sticky surface, musty odours, alcoholic flavours and creamy, black and green discolouration.
Proper cooking and processing of food destroy bacteria. After purchase, whether contaminated meat is
washed and cooked at temperatures that would inhibit or kill the bacteria, consumer health is still exposed to
high risk.

Therefore measures must be taken to educate street vendors that sell meat. Hence revisiting the
regulations in the act that were set by government to accommodate meat street vendors might help. This
might assist in alerting street vendors to meat safety measures and minimize the risk of exposing consumers
to these conditions. Promoting better meat handling in the informal sector would result in fewer economic
losses and more meat products would be available to the consumer via retailers. More and safer meat
products would mean an opportunity for small-scale producers to join the supply chain legally and their
products would be marketed in local and export markets, thus earning more foreign currency. In this manner
small-scale producers and consumers would all benefit.

Conclusion

The meat distribution chain is an important aspect in the meat industry and the cold chain affects the
safety and quality of meat. During distribution, pathogenic and spoilage micro-organisms may grow.
Therefore, storage temperatures must be maintained to control microbial growth. Food safety should be a
top priority for food service organizations because mishandling may result in serious illness for consumers.
Meat that is not properly stored and handled during distribution may not be safe for consumption. The types
of meat, methods of packaging, and storage conditions affect the storage life and the microbiological status
of the meat product. Maintaining temperatures during distribution is the major key to keeping the quality of
meat. Changes in meat quality and bacterial growth in each stage of the distribution chain must be
determined. Moreover, a food safety knowledge gap in the informal sector has been identified. Therefore,
better efforts to provide high-quality meat and meat that is safer, especially in the informal sector, should be
considered. South Africa is in a developmental state and therefore government has a role to develop and
intervene, and try to incorporate informal meat traders in order to produce meat that is safer for consumption
and align their sector with the regulations governing food production. Government is expected to assist in
providing meat inspection services for the informal meat industry to ensure fair trade and enable informal
meat marketers to slaughter their livestock close to where the animals are raised. Governments have the
responsibility of ensuring that all consumers have access to safe meat.

Acknowledgements

The authors would like to thank the Red Meat Research and Development of South Africa (RMRD-SA) and the
SA National Research Foundation /Research and Technology Fund (NRF/TRF) (Grant RTF 14013062856) for
supporting this research financially.

Authors’ Contributions
ZTR conceptualised and drafted the review article. AH, CJH, PV and VM were responsible for the development,
editing and submission of the article.

Conflict of Interest Declaration
There are no conflicts of interest.

References

Adesiyun, A.A., 1995. Bacteriological quality of some Trinidadian ready-to-eat consume foods and drinks and public
health risks to consumers. J. Food Prot. 58, 651- 655.

Adzitey, F. & Huda, N., 2012. Effects of post-slaughter carcass handling on meat quality. Pakist. Vet. J. 32, 161-164.

Adzitey, F. & Nurul, H. 2011. Pale Soft Exudative (PSE) and Dark Firm Dry (DFD) Meats: causes and measures to
reduce these incidences. Int. Food Res. J. 18, 11-20.

Adzitey, F., Teye, G. A. & Dinko, M. M., 2011a. Pre and post-slaughter animal handling by butchers in the Bawku
municipality of the Upper East Region of Ghana. Pakist. Vet. J. 39, 177-184.

Adzitey, F., Teye, G.A., Kutah, W.N. & Adday, S. 2011b. Microbial quality of beef sold on selected markets in the Tamale
Metropolis in the Northern Region of Ghana. Livestock Research for Rural Development, 23, Article #5. Retrieved
on 27 April 2003 from http://www.Irrd.org/lrrd23/1/kuta23005.htm

Alton, G.D., Pearl, D.L., Bateman, K.G., McNab, W.B. & Berke, O., 2010. Factors associated with whole carcass
condemnation rates in provincially inspected abattoirs in Ontario 2001-2007: Implications for food animal
syndromic surveillance. BMC Vet. Res. 6, 42.



Rani et al., 2017. S. Afr. J. Anim. Sci. vol. 47 265

Andersen, H. A., Oksbjerg, N., Young, J. F., & Therkildsen, M., 2005. Feeding and meat quality — a future approach.
Meat Sci. 70, 543-55.

Appleby, M. C. & Hughes, B. O. 1997. Animal welfare. CAB International, Wallingford, UK, pp. 2-3.

Becker, T. E., Benner, E. & Glitsch, K., 2000. Consumer perception of fresh meat quality in Germany. Brit. Food J. 102,
246-266.

Bingol, E.B. & Ergun, O., 2011. Effects of modified atmosphere packaging (MAP) on the microbiological quality and shelf
life of ostrich meat. Meat Sci. 88, 774-785.

Bogh-Sorensen, L. & Olsson, P. 1990. The chill chain. In: Chilled food: The state of the art. Ed: Gormely, T. R., Elsevier
Applied Science, New York, pp. 245-67.

Bradeeba, K. & Sivakumaar, P. K. 2013. Assessment of microbiological quality of beef, pork and mutton and its
environment in retail shops in Chidambaram, Tamil Nadu. Int. J. Plant Anim. Environ.l Sci. 3, 2231- 4490.

Bredahl, L., Grunert, K. G. & Fertin, C. 1998. Relating consumer perceptions of pork quality to physical product

Brody, A. L.,1997. Packaging of food. In: The Wiley Encyclopedia of Packaging. 2nd ed. Eds: Brody, A. L. & Marsh, K.
S.,Wiley, New York, pp.699-704.

Brown, T., Richardson, R. I., Wilkin, C. A., & Evans, J. A., 2009. Vascular perfusion chilling of red meat carcasses — A
feasibility study. Meat Sci. 83, 666-671.

Bryhni, E. A., Byrne, D. V., Ragdbotten, M., Claudi-Magnussen, C., Agerhem, H. & Johansson, M., 2002. Consumer
perceptions of pork in Denmark, Norway and Sweden. Food Qual. Pref. 13, 257-266.

Calnan, H. B., Jacob, R. H., Pethick, D. W., & Gardner, G. E. 2014. Factors affecting the colour of lamb meat from the
longissimus muscle during display: The influence of muscle weight and muscle oxidative capacity. Meat Sci. 96,
1049-1057.

Cassin M.H., Lammerding, A.M., Todd, E.C.D., Ross, W. & McCaoll, R.S., 1998. Quantitative risk assessment for
Escherichia coli 0157:H7 in ground beef hamburgers. Int. J. Food Microbiol. 41, 21-44.

Chulayo, A.Y. & Muchenje, V., 2013. Effect of pre-slaughter conditions on physico-chemical characteristics of mutton
from three sheep breeds slaughtered at a smallholder rural abattoir. S. Afr. J. Anim. Sci. 43, S64-S68.

Communauté Européenne (CE), 2005. Reglement (CE) No 2073/2005 de la commission du 15 novembre 2005
concernant les critéres microbiologiques applicables aux denrées alimentaires. Journal Officiel L 338 du
22.12.2005, 26 p. (In French).

Davies, A.R., 1995. Advances in modified atmosphere packaging.In: New methods of food preservation. Ed: G.W. Gould,
G. W., Blackie, Glasgow, UK. pp. 304-320.

Department of Health (DoH), 2012. Regulations governing general hygiene requirements for food premises and the
transport of food. Foodstuffs Cosmetics and Disinfectants Act (Act No. 54 of 1972).Government Notice No. R.
962.

Department of Health (DoH), Department of Trade and Industry (DTI), & Department of Agriculture, Forestry and
Fisheries (DAFF) 2013. Food safety and food control in South Africa: specific reference to meat labelling.
Government Printers, Pretoria.

FAO, 2010. Meat Processing Technology. Meat processing technology for small- to medium-scale producers. Asia.
Available on: http://www.fao.org/docrep/010/ai407e/Al407E00.htm#Contents

FAO, 1990. Manual on simple methods of meat preservation. Animal Production and Health Paper, 79, Rome. Available
on: http://www.fao.org/docrep/003/x6932e/x6932e01.htm

FAO, 1991. Guidelines for slaughtering, meat cutting and further processing. Animal Production and Health Paper, 91,
Rome. Available on: http://www.fao.org/docrep/004/t0279e/T0279E00.htm#TOC

Faustman, C. & Cassen, R.G.1990. Influence of aerobic netmyoglobin reducing capacity on colour stability of beef. J.
Food Sci. 55, 1278-1283.

Ferguson, D.M. & Warner, R.D. 2008. Have we underestimated the impact of pre-slaughter stress on meat in ruminants?
Meat Sci. 80, 12-19.

Foegeding, P.M., Roberts, T., Bennett, J.M., Bryan, F.L., Cliver, D.O., Doyle, M.P., Eden, R.F., Flowers, R., Foreman,
C.T., Lorber, B., Madden, J.M., Rose, J.B., Smith, J.L., Todd, E.C.D. & Wekell, M.M. 1994. Foodborne pathogens:
Risks and consequences, Task Force Report no. 122. Council for Agricultural Science and Technology (CAST),
Ames, lowa.

Foodstuffs, Cosmetics and Disinfectants Act of 1972, amended in 2004. Regulations relating to dairy product
amendment. Department of Health, Republic of South Africa.

Frean, J., Koornhof, H., & Keddy, K., 2003. Chapter 43. Incidence of food-borne illness in Southern Africa.
http://www.crcnetbase.com/doi/abs/10. 1201 /97 802 03912065.ch43.

Gajana, C.S., Nkukwana, T.T., Marume, U. & Muchenje, V., 2013. Effects of transportation time, distance, stocking
density, temperature and lairage time on incidences of pale, exudative (PSE) and the physicochemical
characteristics of pork. Meat Sci. 95, 520-525.

Gill, C. O., 1996. Extending the storage life of meats. Meat Sci. 43: 99-109.

Gill, C.0., McGinnis, J.C. & Badoni, M., 1996. Assessment of the hygienic characteristics of a beef carcass dressing
process. J. Food Prot. 59, 136 -140.

Glitsch, K., 2000. Consumer perceptions of fresh meat quality: cross national comparison. Brit. Food J.102, 177-194.

Global Salm-Surv, 2003. MIC determination by broth dilution using Sensititre. In Global Salm-Surv: Laboratory Protocals.
4" ed. Ed: Hendriksen, R. S., A global Salmonella surveillance and laboratory support project of the World Health
Organization.



266 Rani et al., 2017. S. Afr. J. Anim. Sci. vol. 47

Govender, R. Naidoo, D. & Buys, E. M., 2013. Managing Meat Safety at South African Abattoirs. Int. J. Biol. Biomolec.
Agric. Food Biotechnol. Eng. 7, 124-129.

Gracey, J.F., Collins, D.S. & Huey, R.J., 1999. Meat hygiene, 10th ed. London, Harcourt Brace & Co.

Grandin, T. & Smith, G. C., 2000. Animal welfare and humane slaughter. In Encyclopedia of life support systems
(EOLSS) (pp. 1-50). Developed under the auspices of UNESCO, Eolls, Paris, France.

Grunert, K. G., Bredahl, L. & Brunsg, K., 2004. Consumer perception of meat quality and implications for product
development in the meat sector: A review. Meat Sci. 66, 259-272.

Grunert, K.G., 2005. Food quality and safety: consumer perception and demand. Europ. Rev. Agr. Econ. 32: 369-391.

Haileselassie, M., Taddele, H., Adhana, K. & Kalayou, S., 2013. Food safety knowledge and practices of abattoir and
butchery shops and the microbial profile of meat in Mekelle City, Ethiopia. Asian Pac. J. Trop. Biomed. 3,407-412.

Hermesch, S.,1997. Genetic influences on pork quality. In: Manipulating pig production VI: Proceedings of the Sixth
Biennial Conference of the Australasian Pig Science Association. Ed: Cranwell, P. D., Canberra, December 1997.
pp 82-90.

Hobbs, B. C. & Roberts, D. 1993. Food Poisoning and Food Hygiene. 6th ed. St. Edmundsbury Press Burry, London,
UK, pp. 216-220.

Jeremiah, L. E. & Gibson, L. L., 2001. The influence of packaging and storage time on the retail properties and case-life
of retail-ready beef. Food Res. Int. 34, 621-631.

Koutsoumanis, K. P. & Taoukis, P., 2005. Meat safety, refrigerated storage and transport: modeling and management.
In: Improving the Safety of Fresh Meat. Ed: Sofos, J. N., Woodhead/Publishing, Ltd., Cambridge, UK: pp. 50-561.

Lawrie, R. A. (1985). Meat Science. 4th ed. Pergamon Press, Oxford, England.

Liu, Q., Lanari, M.C. & Schaefer, D.M., 1995. A review of dietary vitamin E supplementation for improvement in beef
quality. J. Anim. Sci. 73, 3131-3140.

McDonald, K. & Sun, D. W., 1999. Predictive food microbiology for the meat industry: a review. Int. J. Food Microbiol,
52:1-27.

McMillin, K. W., Huang, N. Y., Ho, C. P. & Smith, B. S., 1999. Quality and shelf-life of meat in case-ready modified
atmosphere packaging. In: Quality Attributes in Muscle Foods. Eds: Xiong, Y.L., Shahidi, F., and Ho, C.T., ACS
Symposium Series, Plenum, New York, pp. 73-93.

Mead, G. C., 2004. Microbiological quality of poultry meat: a review. Braz. J. Poult. Sci. 3, 135-142.

Meat Safety Act No.40 of 2000. Department of Agriculture, Forestry and Fisheries, Republic of South Africa.

Miranda-de la Lama, G. C. Villarroel, M. & Maria, G. A., 2014. Livestock transport from the perspective of the pre-
slaughter logistic chain: A review. Meat Sci. 98, 9-20.

Miranda-de la Lama, G. C., Leyva, |. G., Barreras-Serrano, A., Pérez-Linares, C., Sanchez-Lopez, E., Maria, G. A. &
Figueroa-Saavedra, F., 2012. Assessment of cattle welfare at a commercial slaughter plant in the northwest of
Mexico. Trop. Anim. Health Prod. 44, 497-507.

Miranda-de la Lama, G. C., Villarroel, M., Olleta, J. L., Alierta, S., Sanudo, C. & Maria, G. A., 2009. Effect of the pre-
slaughter logistic chain on meat quality of lambs. Meat Sci. 83, 604-609.

Muchenje, V. & Ndou, S.P., 2012. How pig pre-slaughter welfare affects pork quality and pig industry. Porcus, 29, 38-39.
Muchenje, V., Dzama, K., Chimonyo, M., Strydom, P. E., & Raats, J. G., 2008. Meat quality of Nguni, Bonsmara and
Aberdeen Angus steers raised on a natural pasture in the Eastern Cape, South Africa. Meat Sci. 79, 20-28.
Muchenje, V., Dzama, K., Chimonyo, M., Strydom, P.E. & Raats, J. G., 2009. Relationship between pre-slaughter stress

responsiveness and beef quality in three cattle breeds. Meat Sci. 81, 653-657.

National Department of Agriculture, 2007. Meat Inspectors Manual: Abattoir Hygiene. Veterinary Public Health, Republic
of South Africa.

National Food Processors Association, 1995. HACCP: Establishing Hazard Analysis Critical Control Point Programs, A
Workshop Manual (Stevenson, K.E., & D.T. Bernard, Eds). The Food Processors Institute, Washington, DC.
Niyonzima, E., Bora, D. & Ongol., M. P., 2013. Assessment of beef meat microbial contamination during skinning,
dressing, transportation and marketing at a commercial abattoir in Kigali city, Rwanda. Pakis. J. Food Sci. 23,

133-138.

Njisane, Y.Z. & Muchenje, V., 2013. Quantifying avoidance-related behaviour and bleeding times of sheep of different
ages, sex and breeds slaughtered at a municipal and commercial abattoirs. S. Afr. J. Anim. Sci. 43, S39-S42.

Nychas, G.J., Skandamis, P.N., Tassou, C.C. & Koutsoumanis, K.P., 2008. Meat spoilage during distribution. Meat Sci.
78, 77-89.

O’Grady, M. N., Monahan, F. J., Burke, R. M. & Allen, P. 2000. The effect of oxygen level and exogenous a-tocopherol
on the oxidative stability of minced beef in modified atmosphere packs. Meat Sci. 55, 39-45.

Peck, M. W., Goodburn, K. E., Betts, R. P. & Stringer, S. C., 2006. Clostridium botulinum in vacuum packed (VP) and
modified atmosphere packed (MAP) chilled foods. Final Project.

Price, M. A. & Tennessen, T., 1981. Pre-slaughter management and dark cutting carcasses of young bulls. Can. J. Anim.
Sci. 61, 205-208.

Priolo, A., Micol, D. & Agabriel, J. 2001. Effects of grass feeding systems on ruminant meat colour and flavour: A review.
Anim. Res. 50, 185-200.

Red Meat Abattoir Association RMAA). 2011. Animal handling practical guidelines for abattoirs.

Renerre, M. & Labadie, J., 1993. Fresh red meat packaging and meat quality. Proceedings of 39th International
Congress of Meat Science and Technology, Calgary, Canada, 1-6 August, pp. 361-387.

Richardson, M., Matthews, K., Lloyd, C. & Brian, K., 2009. Meat quality and shelf life. EBLEX. Agriculture and
Horticulture Development Board (AHDB).



Rani et al., 2017. S. Afr. J. Anim. Sci. vol. 47 267

Robles, R., Vannin, L. & Alvarez, R. 2009. Quality beef schemes and consumer perception. In Proceedings of the 113th
EAAE Seminar, 3-6 September 2009, Chania, Crete, Greece.

Rosenvold, K. & H. J. Andersen, 2003. Factors of significance for pork quality. A review. Meat Sci. 64, 219-237.

Sargeant, J.M., Ramsingh, B., Wilkins, A, Travis, R.G., Gavrus, D. & Snelgrove, J.W., 2007. Constraints to Microbial
Food Safety Policy: Opinions from Stakeholder Groups along the Farm to Fork Continuum. Zoon. Pub. Health. 54,
177-184.

Scallan, E., Griffin, P. M., Angulo, F. J., Tauxe, R.V. & Hoekstra, R. M., 2011. Foodborne illness acquired in the United
States—unspecified agents. Emerg. Infect. Diseases, 17, 16-22.

Seeiso, T. M., 2009. Bacteriological quality of meat in Lesotho. Ph.D. Thesis. University of Pretoria, South Africa.

Silayoi, P. & Speece, M., 2007. The importance of packaging attributes: a conjoint analysis approach. Eur J. Mark. 41,
1495-1517.

Smith, A.M., Gouws, A.M, Hoyland, G., Sooka, A. & Keddy, K.H., 2007. Outbreaks of food-borne disease; a common
occurrence but rarely reported. South Afr. Med. J. 97(12):1272.

Sofos, N. F. 2007. Challenges to meat safety in the 21st century. Meat Sci. 78, 3-13.

Soji, Z., Chikwanda, D., Chikwanda, A.T., Jaja, I.F., Mushonga, B. & Muchenje, V., 2014. Relevance of the formal red
meat classification system to the South African informal livestock sector. S. Afr. J. Anim. Sci. 44, 263-277.
Stevenson, K. E. & Bernard, D. T., 1995. HACCP: Establishing Hazard Analysis Critical Control Point Programs, A

Workshop Manual. The Food Processors Institute: Washington, DC.
Strydom, P.E., 2011. Quality related principles of the South African beef classification system in relation to grading and

classification systems of the world. S. Afr. J. Anim. Sci. 41, 177-194.

Todd, E., 2001. Foodborne and waterborne disease in Canada: 1994-1995. Health Canada, Health Products and Food
Branch, Ontario, Canada.

Troy, D. J. & Kerry, J. P., 2010. Consumer Perception and the Role of Science in the Meat Industry. Meat Sci. 86, 214-
226.

Van Zyl, E.L., McCrindle, C.M.E. & Grace, D., 2008. Participatory risk assessment for food safety in informal markets.
54th International Congress of Meat Science and Technology, 10-15 August 2008, Cape Town, South Africa.

Van Zyl, E.L., McCrindle, C.M.E. & Grace. D., 2006. Participatory risk for food safety in informal markets. International
Livestock Research, University of Pretoria, South Africa.

Vimiso P. & Muchenje, V., 2013. A survey on the effect of transport method on bruises, pH and colour of meat from cattle
slaughtered at a South African commercial abattoir. S. Afr. J. Anim. Sci. 43, 105-111.

Warriss, P. D., 2000. Meat science, An introductory text. CAB International, Cambridge University Press, Cambridge.

White,M.2006.Whole carcass condemnation.
http://www.nadis.org.uk/BPEX%20Bulletins/Carcase%20Condemnation.pdf. Accessed on 14 December, 2010.

World Health Organization (WHO), 2010. Basic steps to improve safety of street-vended foods. INFOSAN Information
NoteNo0.3/2010 Safety of street vended food.

http://www.who.int/foodsafety/fs_management/No_03_StreetFood Junl0_en.pdf. Accessed 5 December 2010.

Yam, K. L., Takhistov, P. T. & Miltz, J., 2005. Intelligent packaging: Concepts and applications. J. Food Sci. 70: R1-R10.

Zahid, S., Fleming, S. & Randall, G. K., 2010. Microbial growth in ground beef during different methods of thawing.
Undergrad. Res.J. Human Sci, 9. http://www.kon.org/urc/urc_research_journal9.html Accessed 5 December
2010.

Zhao, Y., Wells, J. H. & McMillin, K. W., 1994. Applications of dynamic modified atmosphere packaging systems for fresh
red meats: review. J. Musc. Foods. 5,299-328.



http://www.who.int/foodsafety/fs_management/No_03_StreetFood_Jun10_en.pdf
http://www.kon.org/urc/urc_research_journal9.html

