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Abstract
Causes of meat condemnation and associated financial implication in slaughtered bovine
species in the Eastern Cape Province South Africa
By
Jaja Ishmael Festus

A study was conducted in three abattoirs represented by the acronym ANA, QTA and EBA, to
determine the causes of meat condemnation and to ascertain monetary losses associated with
such condemnation. Ante-mortem and active abattoir surveys were conducted on 229, 458 and
687 cattle from the three abattoirs respectively and abattoir slaughter records (n=51, 302) was
obtained from 2010 to 2012. The abattoir records showed that the liver was the most frequently
condemned (56.9%), followed by the lung (24.1%), then the heart (7.4%), kidney (6.9%), spleen
(4.0%), tongue (0.4%) and carcass (0.3%). An assessment of the abattoir secondary data revealed
that the major cause of condemnation of the liver at ANA, QTA and EBA was fasciolosis (5.59,
4.48, 2.68), spleen (abscess, 0.35, 0.94, 0.17) kidney (inflammation, 0.94, 1.01, 1.18), heart
(inflammation, 0.9, 1.85, 0.75), tongue (abscess, 0.08, 0.03, 0.05) and lungs (emphysema, 1.12,
1.14, 1.16). Disease/conditions recorded during ante-mortem inspection of animals at the lairage
were diarrhea, lameness, emaciation, blindness, orchitis, mastitis, skin conditions, and
respiratory symptoms corresponding to 8, 1, 13, 2, 3, 6, 9, and 11 percent, respectively. The
percentage of condemned organs was higher during the active abattoir meat inspection than in
the previous records from the abattoir. Additional losses of tongue due to gunshot injury and the
heart due to cysticercosis were recorded. Prevalence of fasciolosis was calculated and seasonal
occurrence was determined based on monthly assortment. From the retrospective data, the

prevalence of fasciolsis was 2.9 percent (n = 78728) while the annual (2011, 2012, 2013)



prevalence of Fasciola infection for AB1 was (3.2, 2.2 and 2.0%), AB2 (6.4, 4.6 and 3.5%) and
AB3 (14.4, 6.9 and 9.5%). Higher prevalence was obtain in summer (AB1 = 10.4%, AB2 =
12.8% and AB3 = 10.9%) and autumn (AB1 = 11.2%, AB2 = 10.8% and AB3 = 8.6%) than in
winter (AB1 = 9.8%, AB2 = 6.5% and AB3 = 5.9%) and spring (AB1 = 8.2%, AB2 = 7.8% and
AB3 = 5.9%). Monetary loss associated with carcass/offal condemnations in the three abattoirs
from 2010 to 2012 was 630, 456 South African Rand (ZAR) or 59, 244 United States Dollars
(USD), while the summation of losses due to condemnation during the 6 month active meat
inspection revealed a higher loss of ZAR 111, 337.5 (10, 383.8 USD) . Monetary losses
associated with carcass weight loss, whole and partial liver condemnation due to infection with
Fasciola was calculated as ZAR 917, 921.5 (83, 447 USD), ZAR 31, 661.5 (2, 878 USD) and
ZAR 19, 112.3 (1, 737 USD) respectively. In conclusion, organs and carcasses were condemned

for several disease and non-disease factors and this led to significant financial loss.

Keywords: Cattle, fasciolosis, abattoir, carcass condemnation, financial loss, post mortem, meat

inspection season
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CHAPTER ONE: Introduction

1.0 Background

South Africa can best be described as a meat consuming country, thus the meat industry in South
Africa has grown and continues to make concerted effort to make meat as a source of protein for
its growing population (Scholtz et al., 2008); Several factors however pose a threat to efficient
livestock production and these factors includes diseases of both zoonotic and non-zoonotic
origin. Diseases are the main reasons why meat get condemned condemned at the abattoir.
Studies have shown that a large quantity of meat (carcass/offal) is wholly or partially condemned
due to zoonotic diseases such as brucellosis, leptospirosis, echinococosis, faciolosis,
tuberculosis, anaplasmosis, cysticercosis, toxoplasmosis, etc, (Mellau et al., 2011). Also
worrisome is the high number of carcasses condemned due to non infectious diseases like
abcessation of various organs, bruises, hydronephrosis, nephritis, emaciation, emphysema,

pneumonia, anthracosis, etc (Cadmus et al., 2009).

Tuberculosis (TB) also contributes significantly to meat condemnation. Today it is one of the
world’s most important infectious diseases that still accounts for high morbidity and mortality
among adults (Shamsher, 2012). It is caused by a pathogenic organism of the genus
Mycobacterium. Bovine tuberculosis results from infection by Mycobacterium bovis, a Gram
positive, acid-fast bacterium that belongs to the Mycobacterium tuberculosis complex (MTC)
which includes: M. africanum, M. tuberculosis, M. bovis BCG, M. canetti, M. microti (Tara,
2013), M. caprae and M. pinnipedii (Cousins et al., 2003) and the more recently M. mungi
(Alexander et al., 2010). Bovine tuberculosis (BTB) is a disease characterized by the progressive

development of characteristic tubercles, in the lungs, lymph nodes, and/or other organs, which



affects the health of the individual animal and has a harmful effect on animal production
(Dungworth, 1992). Affected animals experience chronic weight loss, variable appetite, and
pyrexia. Tuberculosis may also cause enlargement of other lymph nodes throughout the body,
causing pathological conditions like bloat, intestinal ulceration, and/or diarrhea (Miller, 1997).
Respiratory signs are regular, but are sometimes subtle and mild. Abnormal lung sounds and

breathing difficulties are obvious only in the late stages of the disease (Miller, 1991).

Bovine tuberculosis (BTB) has a severe zoonotic impact (Radostits et al., 2000; Pollock et al.,
2005) and can infect a wide range of animal species. The Office International des Epizootics
(OIE) classifies BTB as a list B disease; a disease which poses great threat to public health (Tara,
2013). Currently, the number of people dying of tuberculosis is more than that of any other
infectious diseases, 6% human deaths per annum world wide is attributed to tuberculosis
(Parthiban et al., 2007). Death from tuberculosis comprises 25% of all avoidable deaths in

developing countries (Ramachandran and Parmasivan, 2003).

World Health Organization reports estimates an over 1.7 million deaths in year 2006 and 9
million new cases of tuberculosis (WHO, 2008). Work-related groups that are in contact with M.
bovis infected cattle are likely to develop pulmonary and alimentary TB (O'Reilly and Daborn,
1995). People that are in contact with animals in the dairy industry or in slaughter houses and
slabs are especially at risk (Pande et al., 1995; Tara 2013; Jha et al., 2007). Hunters, animal and
zoo care personnel that are in contact with infected free-ranging or captive wildlife may also be

at significant risk (Rhyan et al., 1995, Miller 1997; O'Reilly and Daborn, 1995).



Tuberculosis, faciolosis, cystercercosis, cystic echinococosis and indeed other zoonotic has
severe implications for animal health since they cause decreased productivity and premature
death in cattle in affected farms (Moro and Schantz, 2006; Adams, 2001; Taylor et al., 2001),
causing severe economic losses in the form of reduced milk production and carcass

condemnation (Suazo et al., 2003; Krauss et al., 2003).

1.1 Statement of the problem

The demand for protein far outweighs the capacity of farmers to meet; this is especially the case
in developing countries where hunger and poverty is widely reported. Meat condemnation (Ml)
reduces the capacity of both the meat producer to recoup his capital and at the same time
reducing the quantity of meat available to the consumer in the market. Even though MI reduces
the quantity of meat available for consumption, it is a very useful tool in study of epidemiology
to monitor trends in disease prevalence and transmission. A number of these diseases are a threat
to public health and significantly contribute to meat condemnation at slaughter. Diseases affect
animal productivity as milk, meat and reproduction is greatly reduced (Dungworth, 1992), cows
are culled in the aftermath and infected meat condemned (Suazo et al., 2003; Krauss et al., 2003)
leading to huge economic losses for both the farmer, government and the populace. In developed
countries the control of zoonotic and non-zoonotic disease has gained a measure of success,
however in developing nations most of these disease are commonly seen (Gibson et al., 2004;

Collins and Grang, 1983; Cosivi et al., 1998).

Hydatidosis, tuberculosis, fasciolosis has been reported worldwide, and it represents a serious
human and animal health concern in many rural and grazing areas (Moro and Schantz, 2006;

Ernest et al., 2008 Megard, 1978; Radostits et al., 2000, Pollock et al., 2005). South Africa is



listed as a country with high TB burden in the world (USAID, 2009; Chen et al., 2009; Green et
al., 2010a; Silaigwana, 2012). The Eastern Cape Province is high on the list (Green et al., 2010a;
Silaigwana, 2012). In South Africa reports on hydatidosis is scarce, however Vester et al., (1965)
investigated the prevalence of cystic echinococosis in livestock at abattoirs nationwide. It was
noted that the prevalence varied greatly between regions and species, for cattle, prevalence
ranged from 1.2% to 13.8% with highest prevalence in the Eastern Cape Province. Faciolosis has
been reported to be a leading cause of meat condemnation in abattoirs with huge economic

implication for farmers (Usip et al 2014; Megard, 1978; Cadmus et al., 2009).

It is on this premise that a need arises for a study to be carried out to ascertain the status of
disease and factors incriminated in meat condemnations, and to assess it prevalence in the
slaughtered cattle’s in Eastern Cape Province and also to take into account other causes of meat

condemnation in slaughtered cattle and associated financial implication in the Province.

1.2 Justification of the study

The meat industry in South Africa has continuously strived to provide the populace with a ready
source of animal protein, however there is a need for improvement in the availability and quality
of meat sold to the public. This improvement should begin with identifying diseases that lead to
meat condemnation, and the deployment of modern diagnostic techniques in the detection,
prevention, control and eradication of diseases; that causes huge economic losses to animal
producers as well as having a public health implication on it consumers. The traditional meat
inspection exercise carried out by the veterinary doctors is currently being performed by

international meat quality assurance service, a private outfit approved by the department of



agriculture in South Africa. While the veterinary officials play a supervisory role and offer
diagnostic solution to suspicious cases. This is to allow for a more proactive meat inspection
exercise. Farmers over time have improved their management of farms animal using latest
available drugs and techniques. Presumably, this should produce animals that are disease free or
with minimal conditions necessitating condemnation of animals when presented for slaughter at
the abattoir. However, this doesn’t seem to be the case, as more meat tends to be rejected for

various reasons.

It was therefore, necessary to study the rate of meat condemnation in cattle presented for
slaughter at the abattoir and document the various factors and diseases related to the
condemnation of meat. The study quantified the factors over the period under review. It also
evaluated the money implication for these condemnations, while also highlighting the public
health implication involving some of the reason for the condemnation. The study is useful to
government agencies, farmers and other stakeholders in taking proactive measures in curtailing

the trend in meat condemnation.

1.3 Objectives of the study

The main aim of the study was to identify causes of carcass/offal condemnation in slaughtered
cattle in abattoirs in the Eastern Cape Province and determine financial loss associated with such
condemnation.

The specific objectives of the study were:

1. To identify causes of meat condemnation in selected abattoirs and assess the monetary loss

associated with such condemnation in Eastern Cape.



2. To determine the contribution of faciolosis to meat condemnation, it seasonal variation and

economic implication.

1.4 Hypothesis
1. Carcass/offal condemnation rate of cattle slaughtered in the Eastern Cape is negligible.
2. Condemnation of carcass/offal slaughtered cattle’s in the Eastern Cape has little or no

financial implications.
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CHAPTER TWO: Literature review

2.0. Introduction

Meat is one of the most highly-priced food commodities in South Africa (Hagen et al., 2011).
The total meat consumption rate is estimated at 41.0 kg per capita per year, which is the second
highest in Africa and closely mirrors the global meat consumption estimates of 41.2 kg per capita
per year (FAO, 2009; Taljaard et al., 2006). The world population is growing and the demand for
meat products continues to rise in almost all regions of the globe, especially in developing
countries (Delgado, 2003), thus putting the burden of catering for the meat need of the populace
on the meat industry. The ability to meet this demand is threatened by disease, especially
infectious disease. Evidence suggests that insecure access to nutritious food remains a significant
global problem and according to the Food and Agriculture Organization’s State of Food
Insecurity in the World (2011), 850 million people were undernourished worldwide during the

period from 2006—-2008.

Fitzpatrick, (2013) describes diseases as the main constraint of biologically efficient livestock
production and both endemic and exotic disease results in mortality and morbidity in livestock.
Hence less food than should ideally be available in current farming systems. A significant
proportion of diseases affect the safety of food supplies, in addition to their effect on volume and
quality of food products. Parasitic diseases including those caused by internal and external

parasites have widely differing effects on meat, milk and meat production (Fitzpatrick, 2013).

Food and waterborne infections have received considerable attention in the last decade, while

some are considered emerging because they have recently become more common (Dorny et al.,
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2009). Each year, millions of people worldwide suffer from foodborne diseases, according to
Notermans et al. (1995) illnesses resulting from the consumption of contaminated food have
become one of the most widespread public health problems in contemporary society. It is
estimated that 75% of emerging human pathogens are zoonotic (Woolhouse, 2002). Therefore
effort at sustainable production of sufficient amounts of high quality, affordable, safe food
required to underpin health and wellbeing of human populations world-wide, entails proper farm
management practices, meat inspection, hygiene control and favourable government regulatory

activities (Fitzpatrick, 2013).

The need for effective food safety program in every country is crucial, in order to protect its
citizen from intoxicant. According to the united nation, consumer protection and the prevention
of food borne disease are very essential elements of a food safety program and are usually the
shared responsibility of national governments, the food industry and consumers (UN, 2003).
Abattoir meat inspection is one of such measures put in place to ensure the quality of food
consumed by man. It is definitely not the desire of producers to loss their livestock and profits,
but these diseases do happen at any time, especially with poor farm management programmes.
Meat is rich in nutrient and offers favourable conditions for the growth of micro-organisms,
which leads to meat spoilage (Subratty and Gurib, 2003). Thus meat is traditionally known to be
a vehicle for a significant proportion of human food-borne disease. In South Africa, the
government implements the hygiene management system (HMS) and hygiene assessment system
(HAS) system at the abattoir as a food safety procedure (SA, 2004) in order to ensure that meat

consumed by the public is safe and hygienic.
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2.1 Meat inspection

Meat inspection (MI) is a process of screening animals and meat for fitness for human
consumption and is one of the most widely implemented and longest running systems of
surveillance (Stark et al., 2014). The traditional or risk based approach may be used and it covers
the whole slaughter process that begins with the ante mortem inspection to stunning and ends at
the step where the carcass is placed in the cooler. Ml is recognized as a suitable source of data
collection and for monitoring a broad spectrum of diseases and conditions concerning animal
health and welfare. Therefore, MI contributes information on notifiable diseases and zoonoses,
endemic production diseases and animal welfare (Stark et al., 2014). According to Van
Llogtestijn (1993), abattoir meat inspection is necessary to remove gross abnormalities from
meat and its products, so as to prevent distribution of infected meat, assist in detecting and

eradication of certain livestock diseases.

In areas where diseases such as tuberculosis, Cysticercosis, fascioliasis, and other
infectious/zoonotic are prevalent, the traditional approach of meat inspection involving incision
and palpation has been the best means of revealing these diseases. However, there is a
widespread recognition of the limitations of the traditional approaches and the possibility of
introducing or spreading contamination as they involve detailed inspection of tissues, particularly
lymph nodes, through multiple incision and palpation (Nesbakken et al., 2003). In most abattoirs,
it is standard practice to condemn diseased carcasses or organs wholly or partially for health and
aesthetic reasons. Condemnation of this sort varies from one abattoir to the other depending on

the farming system in which the animals were managed. However, contaminated meat may still
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find its way to the market for public consumption, a situation which exposes humans to eating

unsound and unwholesome meat (Mellau et al., 2010)

The decision as to whether meat is fit for human consumption will involve many skills of
observation and evaluation. This will include considering the results of ante-mortem inspection,
as well as any available information on the disease history of the herd or region of origin of the
animals. This explains why the MI personnel must undergo routine competency checks by
supervisors to assess their knowledge regarding these diseases. Records of these checks must be
kept for auditing purposes as required by the Red Meat Regulations (No 1072 of 2004) (SA,
2000). Carcasses that require further inspection by a veterinarian must be diverted into the
detention room where further inspection by the meat inspector, or veterinarian will be carried out
as required by the Red Meat Regulations (No 1072 of 2004) (MSA, 2000). The veterinarian
makes the final decision on whether or not the carcass should be passed or condemned and
decides if laboratory tests may be required and in terms of the Red Meat Regulations (No 1072
of 2004) (SA, 2004). This aspect of the process is can be seen in Sections C of the HAS checklist

under the heading “Meat inspection and marking” (MSA, 2000).

2.1.1 Meat inspection: A South African perspective

The responsibility of meat safety at abattoirs resided with the Department of Health up to 1967,
but with the introduction of “The Animal Slaughter, Meat and Animal Products Hygiene Act,
1967 (Act No. 87 of 1967), the Department of Agriculture became the responsible authority for
regulating meat safety at abattoirs within the country. The Department in conjunction with the

Local Municipalities became the sole service providers of meat inspection services within the
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country but the mandate of ensuring meat safety beyond the abattoir remained the responsibility
of the Department of Health. Meat Inspection involves the inspection of animals at slaughtering
facilities that were owned or managed by either municipalities or by the Abattoir Commission
(Abacor). The deregulation of the agricultural commodities in the early 90s, led to the initiative
of private meat inspection service. This resulted in meat inspection services being performed by
private organizations such as the Meat Board. Government meat inspection services were only
retained and continued at selected exporting facilities until October 2011. The political change in
South Africa in 1994, and the introduction of the new Constitution (Constitution of the Republic
of South Africa), (No. 108 of 1996), led to some changes in the operations of abattoirs. The
responsibility of monitoring the abattoirs became that of the provinces. This change affected the
approaches in regulating meat safety and meat inspection in the country. Meat Inspection
personnel that were primarily in the employment of the government were either absorbed into

private companies, reassigned other functions within the government or sack.

The deregulation of the abattoir industry and the shift in ownership of abattoirs from being
owned or operated by Municipalities or abattoir corporation (ABACOR), to fully privately
owned businesses presented the industry with significant challenges. The South African
government made several changes to its meat inspection protocols and authority. These change
led to the abolishment of the Meat Board at the end of 1997 and South African Meat Industry
Corporation (SAMIC) took over some aspect of meat inspection. SAMIC handed its meat
inspection services over to the International Meat Quality Assurance Service (IMQAS) company

in the year 2000.
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Table 1 Abattoir

categories and slaughter units as described in the Meat Safety Act and

Regulations
Red meat Poultry Ostriches Game
High throughput | 21- 2001- 21- 21-
Low throughput | 3-20 51-2000 3-20 3-20
Rural 1-2 1-50 1-2 1-2
1 bovine 1 fowl 2 ostriches 1 medium game
1 Slaughter unit | 6 sheep 1 duck 6 small game
4 porkers 1 pheasant Large game to be
determined by
the PEO
2 baconers 1 guinea fowl
1 sausage pigs % goose
Ya turkey

Adapted from RMMA (2011) report
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Today meat inspection is performed by inspectorate in the employ of abattoirs, IMQAS, closed
corporations or private individuals. The Abattoir Hygiene Act, 1992 was substituted by the Meat
Safety Act, 2000 (Act 40 of 2000). By the establishment of this act, all meat inspection service
must be independent of the abattoir. Section 11 of the Act stipulates the following:

1. The owner of an abattoir must procure a meat inspection service for that abattoir.

2. Meat inspection services may only be performed by the national executive officer, a provincial
executive officer, an authorized person or an assignee, which must perform that function

independently from the abattoir.

3. A person contemplated in the paragraph above must be a veterinarian, meat inspector, meat

examiner, animal health technician or such other duly qualified person as may be prescribed

2.1.2 Red meat hygiene in South Africa

When the privatization of the meat inspection functions in the late 1980’s took place, the Meat
Board became responsible for meat inspection duties in South Africa (National Agricultural
Marketing Council, 2001). Government regulatory role over privately owned abattoirs were lax
and several abattoir began sprouting in many parts of the country. Hygiene control at abattoirs
deteriorated as the only method used by government in ensuring hygiene at abattoirs was routine
weekly inspections. Microbiological testing for pathogens was not compulsory, and so meat
safety could not be appropriately measured except through slaughtering in an approved and
registered abattoir. However, due to the fact that meat inspection involved visual only and
palpation method, the meat inspector merely focused on removing diseased carcasses from the

human food chain (Agricultural Research Council, 2000).
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Originally, only government abattoirs were allowed to legally slaughter animals in South Africa.
But many abattoirs had to shut down due to high cost of operation. Government legislation
preventing private enterprise contributed to their closure (National Agricultural Marketing
Council, 2001). The loss of municipal control over abattoirs and the privatization of the meat
inspection and private enterprise of abattoirs, government health inspectors were employed at
these abattoirs by the Meat Board until 1997, in order to ensure meat hygiene. The control of
meat hygiene was gradually taken over by non-governmental inspectors, The Meat Safety Act,
Act 40 of 2000 (MSA, 2000), was an attempt to reestablish government control over hygiene

standards in the meat industry.

2.1.3 Ante mortem inspection

The possibility for microbial contamination begins on the farm. To ensure these risks are
mitigated, control strategies must be put in place (Demarchelier, et al., 2008). Ante
mortem inspection consists of two investigations. On the one hand, the physical examination is
to prevent obvious disease or grossly dirty animal entering into a slaughterhouse. On the other
hand, the check of the Food Chain Information (FCI) is to help to evaluate the health status of
the flock to be slaughtered (Lupo et al., 2013). Ante mortem inspection is useful in avoiding the
introduction of clinically diseased animals in to slaughterhouse and also serves to obtain

information that will be useful in making thorough post mortem inspection (Teka, 1997).

Part VI, 79(2) (d) and (e) of the Red Meat Regulations (No 1072 of 2004) (MSA, 2000) stipulate
the full documentation of health status of animals and medication used on animals, including

withdrawal periods and dates of administration respectively. Livestock owners should provide
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the abattoir owner with this information for storage and safe keeping. This information is later
used for audited by the state (SA, 2000). All animals must undergo ante mortem inspection
before slaughter. Injured animals must be penned separately and must undergo emergency
slaughter as soon as possible. There should be communication between the inspector working on
the production floor and the employees receiving animals into the abattoir (Gracey, 1990). This
aspect of the process is found in Sections A4, 5 and 6 of the HAS checklist under the heading

“Ante mortem inspection” (MSA, 2000).

2.2 Diseases that lead to meat condemnation in abattoirs

2.2.1 Mycobacterium tuberculosis complex (MBTC)

Mycobacterium tuberculosis complex are the etiological agents that cause tuberculosis (TB) in
both humans and animals. Members belonging to the MTBC include M. tuberculosis, M. bovis
including the vaccine strain BCG, M. africanum, M. microti, M. canettii, M. pinnipedii and M.
caprae (LoBue et al., 2010). A more recent member was added to the complex M. mungi
(Alexander et al, 2010). These organisms have identical genetic similarity close to 99%, however
they differ in phenotypic traits such as host preference, virulence and epidemiology (Waters et

al., 2010).

2.2.2 Prevalence of tuberculosis

Mycobacterium tuberculosis is the predominant cause of human TB worldwide (Angela et al.,
2006). The pathogen remains one of the significant causes of mortality and morbidity globally
due to infectious diseases (Palomino, 2009). The prevalence of M. tuberculosis in bovine herds

from countries such as Algeria and Sudan is estimated at 6.2% and 7.4% respectively; this high
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prevalence is attributed to the elevated incidence of M. tuberculosis infection amongst the people
in these countries and other less developed nations in Asia (Cosivi et al., 1998). M. bovis is the
etiological agent of TB in cattle, which are the natural hosts to the pathogen (Harrington et al.,

2008).

Mycobacterium bovis remains a significant zoonotic pathogen accounting for approximately 30%
of the entire TB burden (Waters et al., 2010). The prevalence of M. bovis in cattle still remains
high with more than 50 million cattle worldwide estimated to be infected with the pathogen
(Lyashchenko et al., 2004). The prevalence of M. bovis which accounted for 16% human
infection in the U.K alone has been greatly reduced in most developed countries over the last two
decades (Gibson et al., 2004). This is due to effective animal TB control measures such as
tuberculin skin test and slaughter strategy of all infected cattle. Pasteurization of raw milk has
also greatly reduced cattle to human transmission of M. bovis in milk products meant for human

consumption (Gibson et al., 2004).

2.2.3 Treatment, prevention and control of tuberculosis

Tuberculosis in human beings is treated effectively by using drugs like Isoniazid and
streptomycin (Silaigwana, 2012). But in cases of animals, the treatment of tuberculosis cannot be
safely advocated in view of public health and economic factors (Singh, 2007). It is risky for
human beings to remain in contact with animals infected with TB (Singh, 2007). Cattle with
lesions in the lungs kidneys and other organs do not show quick response to treatment and
usually die (Singh, 2007). The standard control measure applied to TB in animals is test and

slaughter (Singh, 2007; CDC, 2010).
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Disease eradication programs include: post mortem meat inspection, intensive surveillance
including on-farm visits, systematic individual testing of cattle, removal of infected and in-
contact animals and movement control (OIE, 2013). Post mortem meat inspection of animals
looks for the tubercles in the lungs and lymph nodes (OIE, 2013). Detecting infected animals
prevents unsafe meat from entering the food chain which allows veterinary services to trace-back
to the herd of the origin of the infected animal which can then be tested and eliminated if needed
(Mellau, 2011). Pasteurization of milk of infected animals to a temperature sufficient to kill the

bacteria has prevented the spread of disease in humans (Silaigwana, 2012; CDC, 2010).

Treatment of infected animals is rarely attempted because of high cost, lengthy time and larger
goal of eliminating the disease (Singh, 2008). Vaccination is practiced in human medicine, but it
is not widely used as a preventive measure in animals (CDC, 2010; Singh 2008). The efficacy of
existing animal vaccines is variable and it interferes with testing to eliminate the disease. A
number of new vaccines are currently being evaluted (OIE, 2013). People in contact with body
fluids or tissue from a wild bison or cervid should promptly seek medical attention and inform
their healthcare providers about the exposure to a wild animal that might carry M. bovis. People
who spend extended periods in close contact with cattle or other animals that might carry M.
bovis, such as dairy workers, should promptly seek medical attention for any illness with

symptoms of TB disease (Rhyan et al., 1995; Tara., 2013; Jha et al., 2007).

2.3 Fasciolosis
Bovine fasciolosis is a disease of economic importance in farmed animals caused by trematodes

of the genus Fasciola. The two most important species are Fasciola hepatica which is found in
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temperate area and in cooler areas of high altitude, in the tropics and subtropics and Fasciola
gigantica, which preponderate in tropical area. Fasciola hepatica is found in areas above 1800
meters above sea level. In these areas, both species coexists where ecology is conductive for both
snail hosts, and mixed infections prevailed (Yilma and Malones, 1998; Malone et al., 1998). The
life cycle of these trematodes involves snail as an intermediate host (Walker et al., 2008).
Fasciola has a two-host life cycle. Its asexual stages develop in intermediate hosts, which in
nature are mostly freshwater snails (Mas-Coma et al., 2009). The snail of the genus Lymnae
natalensis and Lymnae truncatula are known as intermediate host in life cycle of fasciolosis.
Infection with Lymnea truncatula is usually associated with herds and flocks grazing on wet

marshy land.

On the other hand, Fasciola gigantica is found in fresh water snail and infection with this species
is associated with livestock that drink from snail infected water and stream as well as with
grazing wetland, which may be seasonally swamped (Mas-Coma et al. 2009). In South Africa
the most common intermediate hosts are L. trunculata (F. hepatica), L. natalenis (F.gigantica)
and L. columella (F. hepatica and F.gigantica). Other documented Lymnaea vectors which have
been found to harbor F. hepatica are L. tomentosa (Australia, New Zeeland), L. columella (North
America, Australia, and New Zeeland), L. bulimoides (Southern USA and the Caribbean), L.
humilis (North America), and L. vector (Southern America), L. diaphena (South America). Other
important Lymnaea vectors of F. gigantica are L.auricularis (Europe, USA. Middle East, Pacific
islands), L. rufescens and L. acuminta (India, Pakistan) and L. rubiginosa (Malaysia) (Magalhaes

et al., 2004; Mas-Coma et al. 2009; Loyacano et al., 2002).
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2.3.1 Economic losses due to Fasciolosis

The disease is responsible for considerable economic losses in the cattle industry, mainly through
mortality, liver condemnation, reduced production of meat, milk, and wool, expenditures for
anthelmintics (Mason, 2004) Clinical disease is usually characterized by weight loss, anaemia
and hypoproteinaemia. The world-wide losses in animal productivity due to fasciolosis were
estimated at US $200 million per annum, to rural agricultural communities and commercial
producers with over 600 million animals infected (Ramajo et al., 2001). According to Malone et
al (1998) economic losses can also be due to morbidity, reduced growth rate, increased
susceptibility to secondary infections and the expense of control measures. Apart from its
veterinary and economic importance, fasciolosis has recently been shown to be a re-emerging

and widespread zoonosis (World Health Organisation, 1995).

Studies conducted on losses due to fasciolosis in the United Kingdom and Ireland reveal that

more than £ 18 million a year is lost to this disease at the abattoir (Mulcahy and Dalton, 2001).

Swiss study estimated the economic loss due to bovine fasciolosis, largely attributable to sub-
clinical infection, as €52 million a year or €299 per infected animal (Schweitzer et al., 2005).
Kithuka et al. (2002) reported up to 0.26 million USD annual losses attributable to fasciolosis-
associated liver condemnations in cattle slaughtered in Kenya. Similarly, a study conducted by
Keyyu et al. (2006) reported up to 100% liver condemnation rates in some slaughter slabs in
Iringa region in Tanzania due to liver flukes in cattle. Fasciola hepatica is generally distributed in
Europe, the Americas, and Australia while F. gigantic is more prevalent in tropical countries,

although both species have been recorded in Africa and Asia (Mas-Coma et al., 2005).
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The prevalence of fasciolosis in many parts of Africa has been determined mainly at slaughter.
However estimation of economic loss due to fasciolosis at national or regional level in these
countries is limited due to lack of accurate estimation of the prevalence of disease (Phiri et al.,
2005). The presence of fasciolosis due to F. hepatica and F. gigantica in some African countries
have been well documented, in Ethiopia its prevalence and economic significance have been

reported by several workers (Tadelle and Worku 2007; Ephrem et al., 2011).

2.3.2 Diagnosis of fasciola infection

Diagnosis is based primarily on the clinical signs and seasonal occurrence in endemic areas but
previous examination, haematological tests and examination of faeces for fluke eggs are useful.
Coprological analysis is still commonly employed to diagnose bovine fasciolosis despite the fact
that eggs cannot be detected until after the latent period of infection, when much of the liver
damage has already occurred (Rokni et al., 2003). Several improvements have been made at
diagnosing faciolosis including serology (ELISA) and polymerase chain reaction (PCR) tests.
PCR methods used for detecting Faciola antigen may include multiplex PCR and real-time PCR,
and it use has been helpful in immunology and epidemiology (Magalhaes et al., 2004).
Treatment of infected animals largely depends on the correct use of appropriate and registered

anthelminthics (Mas-Coma et al., 2005).

2.4 Cysticercosis
Bovine cysticercosis is a parasitic zoonosis caused by Cysticercus bovis, it is of immense
socioeconomic and public health importance (OIE, 2006; Lucas et al., 2009). It induces the

development of Taenia saginata (adult tapeworm) in the human small intestine. Taeniosis, which
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is the infestation in humans, is a food-borne disease which occurs as a result of consumption of
meat containing a viable cysticercus (Neva and Brown, 1994; Dorny and Praet, 2007). This may
lead to the development of a tapeworm and patients are frequently asymptomatic, however, they
may present with mild symptoms of nausea, abdominal discomfort, flatulence, epigastric pain,
diarrhoea, vitamin deficiency, excessive or loss of appetite, weakness, loss of weight, digestive

disturbances, and intestinal blockage (Dorny and Praet, 2007).

Variably adult tapeworms release motile distal segments containing eggs and their independent
motility is the reason for various disorders such as appendicitis, biliary tract obstruction and anal
pruritus (Neva and Brown, 1994; Dorny and Praet, 2007). Although this disease has been
reported to seldom produce symptoms in humans, it can have a negative impact on consumer
confidence in the food industry (Cabaret et al., 2002). The life cycle and transmission of T.
saginata occurs most commonly in environments exemplified by poor livestock husbandry
practices, poor sanitation, and inadequate meat inspection and control. The beef tapeworm is
found almost all over the world, albeit at very low prevalence in developed countries. Moderate
prevalence levels are seen in Southern Asia. High prevalence rates occur in Sub-Saharan Africa,
especially in Eastern Africa where it causes high economic loss as a result of meat condemnation
(Cabaret et al., 2002). After the ingestion of tape worm eggs by cattle, the cysticerci develop in
their muscles tissues and advances through a viable stage with a visible single invaginated
scolex. It then passes into a degenerated stage with the calcification of cysticerci (Scientific

Committee on Veterinary Measures relating to Public Health, 2000).
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Humans, who are the final host, can be infested only by viable cysticerci through the
consumption of raw or undercooked meat (Scientific Committee on Veterinary Measures relating
to Public Health, 2000). The adult worm reaches sexual maturity in approximately 3 months,
producing gravid proglottids that are shed in faeces (Dorny and Praet, 2007). Proglottids contain
between 50,000 and 80,000 eggs (Flisser et al., 2005). Since the symptoms are mild in humans,
the public health risk of T. saginata in humans is considered to be low. Currently, taeniosis in
humans is not notifiable in the countries that make up the European Union (EU), and the
prevalence in these areas is said to be unknown (Dorny et al., 2010). But in many developing
countries, this disease constitutes a serious but sometimes less recognized public health problem

(Minozzo et al., 2002).

2.4.1 Prevalence and diagnosis of Cysticercosis

Globally, there are 77 million human carriers of Taenia saginata out of which about 40% live in
Africa (Bekele et al., 2010). In kenya a study to estimate the prevalence of T. saginata,
Echinococcus granulosus and Fasciola gigantica using meat inspection and serology from
different districts showed that the highest prevalence of cysticercosis was recorded for Narok
District, where 31.47% and 80.42% of the animals were detected using meat inspection and Ag-
ELISA, respectively; while only 9.09% of these animals were detected using Ab-ELISA
(Onyango-Abuje et al., 1996a, b). Consumer protection from bovine cysticercosis has relied on
post-mortem examination of slaughtered cattle by incision and visual inspection even though this

method has been questioned in terms of accuracy and efficiency (Webber et al., 2012).
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The surveillance system for T. saginata cyticercosis based on post-mortem inspection has been
reported to be unreliable (Abuseir et al., 2007). The development and validation of a sero-
diagnostic test for bovine cysticercosis to be used as a routine surveillance tool has been
recommended (EFSA, 2010). This will improve the accuracy of detecting cysticercosis, as
identification currently relies on the morphological appearance of lesions as T. saginata
cysticerci. False identifications may occur with other cestode larvae (e.g. hydatid cysts), tissue
parasites (e.g. Sarcocystis spp.) and occasionally with neoplastic or non-infectious lesions
(Gonzalez et al., 2006). Similarly, laboratory confirmation based on gross, stereoscopic and
histological examinations has drawbacks as results are equivocal in degenerated cysts (Gonzalez
et al., 2006). Studies have indicated that antigen detection by ELISA (Ag-ELISA) is 2-10 times
more sensitive than routine meat inspection and that this technique may therefore be

recommended for epidemiological surveys (Onyango-Abuje et al., 1996a,b; Dorny et al., 2002).

A more recent study conducted to compare of bovine cysticercosis prevalence detected by
antigen ELISA and visual inspection in the North East of Spain proved that sero-prevalence was
about 50 times higher than the prevalence obtained by visual inspection within the same period:
Nineteen positive animals of 90,891 slaughtered animals (0.02%) in the same slaughterhouses.
None of the animals with positive result in the Ag-ELISA was detected by meat inspection
(Allepuz et al., 2012). The indication for effective prevention and control has become necessary
as economic losses may be high. In addition, due to the condemnation of heavily infected
carcasses and the necessity to freeze or boil infected meat losses may also occur from restriction

of exports (Bekele et al., 2010).
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2.5 Summary of literature review

Today hunger and poverty is wide spread globally, with developing nations most of which are
characteristic of African nations being the hardest hit. Attempt to resolve food insecurity through
animal production is severely being hampered by several diseases which causes whole or parts of
meat to be condemned at the abattoir. Meat condemnation further worsens food insecurity and
leads to huge economic waste as both the farmer and the government cannot recoup it invested
capital. Several part of the animal which constitute meat eg liver, spleen, lungs, kidney, heart and
the head are regularly being rejected at the abattoir due to several diseases including
cysticercosis, hydatidosis, fasciolosis, actinomycosis, actinobaccilosis etc. Also several non
disease factors like emphysema, abscess, inflammation and faulty evisceration contribute to meat
condemnation. The need for public enlightenment on the dangers of eating poorly processed
meat food product, farmer education on the improvement of animal husbandry is key to
reversing of the prevalence of disease that contribute to meat condemnation. Knowledge about
the dangers of zoonosis and its implication on human health will protect the public from

infection.
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CHAPTER THREE: Causes of carcass/offal condemnation and associated financial loss in
three abattoirs in the Eastern Cape Province.

Abstract

A study was conducted in three abattoirs represented by the acronym ANA, QTA and EBA, to
determine the causes of meat rejection and to ascertain monetary losses associated with such
condemnation. Ante-mortem and active abattoir surveys were conducted on 229, 458 and 687
cattle from the three abattoirs respectively from 2010 to 2012. Secondary data of abattoir record
on 51, 302 cattle’s was collected from the Department of Agriculture. The secondary data
showed that the liver was the most frequently condemned (56.9%), followed by lung (24.1%),
then the heart (7.4%), kidney (6.9%), spleen (4.0%), tongue (0.4%) and carcass (0.3%). An
assessment of the abattoir secondary data revealed that the leading cause (%) of rejection for
liver in the 3 abattoir was (fasciolosis, 5.59, 4.48, 2.68), spleen (abscess, 0.35, 0.94, 0.17) kidney
(inflammation, 0.94, 1.01, 1.18), heart (inflammation, 0.9, 1.85, 0.75), tongue (abscess, 0.08,
0.03, 0.05) and lungs (emphysema, 1.12, 1.14, 1.16). Disease/conditions recorded during ante-
mortem inspection of animals at the lairage were diarrhea, lameness, emaciation, blindness,
orchitis, mastitis, skin conditions, respiratory symptoms corresponding to (8, 1, 13, 2, 3, 6, 9, 11)
percent respectively. The rate of condemnation was more during the active abattoir meat
inspection than in the previous records from the abattoir. Additional losses of tongue due to
gunshot injury and the heart due to cysticercosis were recorded. Furthermore, there was
significance association (P<0.05) among the various risk. Monetary loss associated with
carcass/offal condemnations in the three abattoir from 2010 to 2012 was 630, 456 South African
Rand (ZAR) or 59, 244 United States Dollars (USD), while the summation of losses due to
condemnation during the 6 month active meat inspection revealed a higher loss of ZAR 111,

337.5 (10, 383.8 USD) .
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3.0 Introduction

Meat is a valuable food commodity in South Africa (Hagen et al., 2011). Meat consumption rate
is estimated at 41.0 kg per capita per year and is rated the second highest in Africa (FAO, 2009).
Livestock production activity aimed at providing meat for the populace has seen the South
African national cattle herd increase by about 6 million head since the 1970s and currently stands
at about 14 million (Palmer and Ainslie, 2006). Over two-thirds of the 14.1 million cattle in
South Africa are found in communal areas (National Department of Agriculture Directorate,
2008) and the estimated number of cattle in the Eastern Cape is over 3.2 million (Tada et al.,
2013). Despites these improvement, livestock production is hindered by various factors such as
diseases and non disease factors. According to Fitzpatrick (2013) diseases are the main constraint
to efficient livestock production and both endemic and exotic diseases result in mortality and

morbidity and hence less food than should ideally be available in current farming systems.

When animals are produced they end up at the slaughterhouse which is focal point in the farm to
fork chain for meat product (Celine et al., 2014). The need for food safety and disease control
necessitates meat inspection (M) at the abattoir. Meat inspection is a process of screening
animals and meat for fitness for human consumption and is one of the most widely implemented
and longest running systems of surveillance (Stark et al., 2014). It can follow traditional or risk
based approaches and it covers the whole slaughter process that begins with the ante mortem
inspection to stunning and ends at the step where the carcass is placed in the cooler. Meat

inspection is essential to remove gross abnormalities from meat and its products, to prevent
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distribution of contaminated meat and to assist detection and eradication of certain livestock
diseases (Van Llogtestijn, 1993). The proportion of cattle with offal, partial or whole carcass
condemnation could be a useful indicator for animal health syndromic surveillance purposes
(Dupuy et al., 2014) as well as for detecting emerging disease (Dupuy et al., 2013). Offal
include: the liver, heart, kidneys, trachea, spleen, brain, pancreas, trotters (feet), tongue, tail,
thymus glands or sweetbreads and tripe or stomach lining (Fayemi and Muchenje, 2012). Cattle
condemnations are commonly classified into three levels:
(i) Whole carcass condemnations that mainly reflect a widespread infection, an acute stage
of infection or any disorder that can have an impact on the whole carcass,
(i1) Partial carcass condemnations that mainly characterized by chronic infection of a
localized phenomenon,
(iii) Offal condemnations that is mainly due to localized parasitic infection or any infection
with a dedicated offal tropism (Dupuy et al., 2014).
Data on cattle condemnation provide information on the epidemiology of livestock diseases and
are an indication of the extent of public is exposure to certain zoonotic diseases. The data can
also be used to estimate the direct financial losses incurred through condemnation of affected

organs and carcasses (Van Llogtestijn, 1993; Nfi and Alonge, 1987).

Currently Ml is carried out by International Meat Quality Assurance Service (IMQAS), a subunit
in each abattoir created by the Department of Agriculture, Forestry and Fisheries (DAFF) and
registered as a private company for the purpose of meat inspection. The IMQAS must report
daily condemnation records to a veterinary officer, who from time to time visits the abattoir to

ascertain that inspections are properly carried out. The South African government implements
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the hygiene management system (HMS) and hygiene assessment system (HAS) system at the
abattoir as a food safety procedure (Meat Safety Act, 2000). The hygiene assessment system is a
nationally standardized evaluation system that quantifies the standard of hygiene management
and operation in an abattoir. The decision as to whether meat is fit for human consumption or not
will utilize many skills of observation and evaluation, and should take into consideration the
results of ante-mortem inspection, as well as any available information on the disease history of
the herd or region of origin of the animals. Despite the improvement in animal husbandry,

condemnation represents a draw back at efforts in resolving food insecurity.

In several African countries, there have been reports of huge wastages of carcass or offal due to
condemnation at the abattoir (Cadmus and Adesokan, 2009; Dupuy et al., 2014), however, there
is scarcity of information in this regards in South Africa. Thus as human population increases
and there is pressure on limited food resources, the need to document the various causes of meat
condemnation becomes crucial. The implication of zoonotic and emerging zoonotic disease
further makes information obtained M1 very vital. Losses due to condemnation affect the farmer
directly and the economy indirectly (Bekele et al., 2010; Ramajo et al., 2001). Therefore, this
study is aimed at identifying and documenting the major causes of organ and carcass
condemnation and the financial loss associated with ANA, QTA and EBA in the Eastern Cape

Province.
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3.1 Materials and methods

3.1.1 Study area

The study was carried out in the Eastern Cape (E.C) province, which is located in the south-east
of South Africa. It is bordered on the north by the Free State and Lesotho, KwaZulu-Natal in the
north-east, the Indian Ocean along its south and south-eastern borders, and Western and
Northern Cape in the west (Bradshaw et al., 2003). It is the second largest province in the
country stretching approximately 169 580 km2, i.e. 13.9% of the total land area of South Africa.
It has a high population density which is estimated at 41 persons per square km. About 63% of
the province’s population lives in rural areas (Bradshaw et al., 2000). It has the highest
unemployment rate in the country with poverty index showing approximately 47% of households

living well below the poverty line (Bradshaw et al., 2003).

3.1.2 Study sites

The study was conducted at three abattoirs, which are all located in the Eastern Cape Province.
Due to ethical and legal considerations the abattoirs were refered to by the acronyms ANA, QTA
and EBA. Low through-put abattoir was represented by the acronym (ANA), while the high
through-put abattoirs were QTA and EBA. ANA is located 32'80 S and 26°.90 E in the
Amathole District of the Eastern Cape Province, RSA. The QTA abattoir is located 31°54'S
26°53'E in the Chris Hani district, while the EBA abattoir is situated at 32.97°S and 27.87°E in
the Buffalo City Metropolitan Municipality of the Eastern Cape province. The place receives
approximately 480 mm of rainfall per year of which mostly it is during the summer months and
is averagely situated 586 - 2371 metres above sea level, high enough to be occasionally covered

in snow. The temperatures in the Eastern Cape during the period of study ranged from 18°C to
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39°C with mean temperatures of 20.5°C. It has vegetation that ranges from grasslands and thicket
to forests and bushveld with Acacia karroo, Themeda triandra and Digitaria eriantha being the

most dominant plant species.
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Figure 3.1: Map of the Eastern Cape Province of South Africa showing the location of abattoirs
where the study was carried out.

Courtesy: South African accommodation directory and bookings
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3.1.3 Study animals

Male and female animals of different ages were included in the retrospective, ante-mortem and
active meat inspection survey. Where retrospective implies the study of abattoir record from
2010 to 2012, ante-mortem the survey cattle for signs of diseases and the active meat inspection
means post-mortem inspection of slaughtered cattle. Young animal’s use as veal were not
included in the study as these were not expected to records diseases that causes meat rejection at

the abattoir. These animals were brought from different location in the Eastern Cape.

3.1.4 Sample size determination and sampling

Sample size was calculated based on the formula given by Thrusfield, (2005) with 95%
confidence interval, 50% expected prevalence, and 5% desired absolute precision. The sample
size was determined to be 382 for the high through put abattoirs and 176 for low through put
abattoir. The sizes were however adjusted to 1146 and 229 (almost three times of calculated
sample size) respectively; this adjustment became necessary to increase precision and also to
account for the large number of animals slaughtered at the abattoir during the years in retrospect
from which the secondary data was obtained. The number of cattle slaughtered in the three
abattoirs varied and the sample size was maximized proportionally to ANA (229), QTA (458)

and EBA (687).

The sampling procedure was conducted using a typical case sampling technique of purposeful
sampling for ANA and also for carcass condemnation during the active abattoir survey, while
systematic random sampling was used for QTA and EBA (Thrusfield, 2005). Sampling units for

ANA involved the selection of rejected meat/offal’s and recording case as per unit, while
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sampling units for QTA and EBA were selected at equal intervals with the first animal being
selected randomly. The total number of animals slaughtered during the preceding year (2012)
was obtained from the abattoir records as 26, 401 cattle corresponding to 520, 4078, 21803 for
ANA, QTA and EBA respectively. The ante-mortem and active meat inspection was carried out
for six months in 2013 and during this time the number of slaughtered animal was calculated to
be 20, 791 cattle, corresponding to 322, 3788, and 16, 681 representing ANA, QTA and EBA
respectively. Sampling interval was thus computed as the total number of animals slaughtered
during the study period divided by the required sample size (Regassa et al., 2013). Therefore, the
sampling intervals for the QTA was 8 (3785/458) and EBA 24 (16, 681/687). While the first
cattle, was chosen randomly from the first 8 and 24 animals, respectively. Subsequently, every 8

and 24 cattle were included in the sample during the slaughter operation.

3.1.5 Study types

Cross sectional type of study was employed involving the use of retrospective abattoir records as
secondary data from 2010 to 2013 and information regarding the slaughter of 51, 302 cattle was
obtained. Active meat and ante mortem inspections were also conducted in conjunction with
authorized meat inspectors at the various abattoirs. Records of condemnation of liver, spleen,
heart, kidney and lungs were obtained in order to ascertain the causes of meat/offal
condemnation. However due to poor recording system, data was found to be incomplete with
regards to causes of carcass condemnation but same record indicated the number of carcass
condemned. It was thus difficult to state the cause of carcass condemnation but direct financial
loss was estimated using average cattle carcass weight of five different breeds and multiplying

the average weight with current market price.
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The ante-mortem and active meat inspections were done in accordance with the procedure
specified by the Meat Safety Act, (2000) using palpation of organs and visual inspection, with
inspectors cutting at various suspicious and disease focal point to ascertain the health status of
the meat/offal. The ante-mortem pre-slaughter inspection was performed while the animal was at
the lairage. Data regarded animal age, sex, breed, body condition score, distance travelled from
farm to abattoir were recorded in order to assess the contributing risk factors. Estimating cattle
age was done according to FSIS, (2013) and Torell et al. (1998). Body condition score (BCS)
was carried out using the method described the by NRC, (2000). The BCS was classified into
four categories which includes, thin (1-3), borderline (4), optimum (5-7) and fat (8-9). For ease
of data analysis these classes were split into 3 groups namely, poor (1-4), moderate (5-7) and
good (8-9). Cattle breeds were identified using phenotypic appearance and information obtained

from the abattoir.

During the ante-mortem inspection, sick and anorexic animals were detained for further
investigation and healthy ones were passed for slaughter. Condemned organs upon slaughter
were passed through a condemn chamber to the condemn room from where was treated and
disposed. During the active meat inspection, cattle included in the inspection were thoroughly
screened, disease lesions were detected and organs separated, classified and recorded in line with
the guidelines for meat inspection in developing countries (Herenda et al., 1994). The inspector’s
decision regarding carcass or offal was classified as conditionally approved, partially approved,
totally approved, in which case was further processed as fit for human consumption and totally

condemned as unhealthy for human consumption. Meat classified as totally condemned were
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rejected and destroyed to avoid human consumption. In cases of partial condemnation, trimmed
offal and carcass were estimated based on kilogram weight of daily total trimmed organ.
Trimmed organs and carcasses were collected into condemnation drum, thereafter were sorted
into different groups such as liver, kidney, spleen, lung, heart and carcass. These were measured
using a digital measuring scale Ansutek M1/M2 Portable Crane Scale (Ansutek Commercial Ltd,
New Zealand) and the weight of the condemnation drum subtracted in order to get the accurate
kilogram weight of condemned organ or carcass. The record of partial condemnation was taken
on the days the abattoirs were visited during the six month of the research and the monetary loss

was calculated based on current market price per kilogram of organ or carcass.

3.1.6 Animal age estimation

Age determination was done by examining the eruption of permanent incisors. Dentition can
reliably be used as an indication of cattle age from 30 up to 48-60 months, when the permanent
dentition is complete (FSIS, 2013). After this period, the rate of wear of tooth provides a more
useful measure for age estimation. At birth calves have their two deciduous middle incisors and
by one year of age, all the deciduous incisors are in place and will show evidence of wear (FSIS,
2013). After one year of age, cattle are aged according to, whether or not, their permanent
incisors have erupted and, whether or not, they have come into wear. The eruption of the two
central permanent incisors, when the third permanent incisor is not above the gum line, is an

indication that the animal is between one and two years of age.

By two years of age, they are in full wear, the two permanent middle incisors have erupted and

the second set of permanent incisors has started to erupt (FSIS, 2013). Cattle are considered to be
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about the 36 to 48 months when the lateral permanent incisors erupt and the corner incisors or
canine teeth erupt presenting a total of eight permanent incisors. When both lateral incisors are in
wear, the animal is considered to be five years of age, or older. A full mouth means a complete
set of permanent incisors is present and indicates that the age of the animal is over 48-60 months
(Torell et al., 1998). In adult cattle from five to six years, tooth development is complete; the
border of the incisors has been worn away, a little below the level of the grinders or molars

(FSIS, 2013).

3.1.7 Direct financial loss

Monetary losses were calculated based on the current market price of whole organ or carcass in
South African Rand (ZAR), while the prices for trimmed organ and carcass was estimated based
on the price per kilogram of condemned organ or carcass using the South African rand (ZAR).
The prevailing exchange rate at the time the study was conducted was 1.00 United State dollar
(USD) to 10.7257 ZAR or 1.00 ZAR =0.0932637 USD. Average weight of organs; liver, spleen,
kidney, heart, tongue and lungs was taken and the measurement recorded as 5.8, 1.9, 3.0, 2.4,
2.2, and 7.8 kilograms respectively. The average carcass weight of 267.3 was derived by
dividing the weight of all slaughtered cattle by the total number of cattle slaughtered for the first

day the study.

Prices for whole organ/carcass were obtained from the three abattoirs and averages in rand
obtained as the following; 55, 35, 10, 40, 20 and 38 representing prices for liver, spleen, kidney,
heart, tongue and lungs, respectively. The corresponding prices in USD were 5.1, 3.3, 0.9, 3.7,

1.9 and 3.5, respectively for the various organs in-view. The average price for whole carcass
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(weight = 267.3) was calculated based on price per kilogram as ZAR 28 (2.6 USD). Financial
losses associated with meat condemnation were in form of losses due to whole or partial meat
rejection. For partial condemnation, certain kg of meat was cut off accounting for that part of
organ being condemned, otherwise the whole organ is condemned, and in which case losses will
be according to the size or weight of the condemned carcass/organ. Abattoirs bore the losses in
terms of partial condemnation, while losses accruing from whole condemnations of organ and

carcass were referred to the farmers.

3.1.8 Data analysis

Data extracted from retrospective records, ante-mortem and active abattoir meat inspection were
entered into Microsoft excel (MS Excel 2007) spread sheet. Carcass and organ condemnation
rates were determined using simple descriptive statistics. Condemnation rate for retrospective
data was defined as the proportion of organs and carcasses condemned to the total number of
carcass and organs slaughtered in a year. While the rate of condemnation for active meat
inspection, was calculated as the proportion of organs and carcasses condemned to the total
number of carcass and organs examined during the study period (Regassa et al., 2013). Monetary
loss was calculated using current abattoir market prices of organ and carcass (loss in Kkg).
Association between various risks factors during the ante-mortem inspection was identified using
Chi-square test for proportion of SAS (2003). The possible risk factors were age, sex, breed, and
body condition score and distance travelled by the animal from the farm to the abattoir, while the

outcome variable was dermatitis, respiratory sign, diarrhea and emaciation
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3.2 Results

3.2.1 Causes of offal’s rejection during the retrospective study (2010 to 2012)

An assessment of slaughter records from 2010 to 2012 revealed that the liver and lung were the
most frequently condemned organs followed by the heart, kidney, spleen and tongue.
Condemnation from the three abattoirs were summed up into 2010, 2011 and 2012 and the result
show that the quantity of liver that was condemned was 13%, 13% and 8%, while the
condemnation rate of the lung were 4%, 6%, and 3.6%, respectively for the three years assessed
(Table 3.1). The major cause of liver condemnation was fasciolosis with condemnation rate of
6%, 5% and 3%, this was followed by fibrosis with condemnation rate of 3%, 2.4% and 1%. The
condemnation of liver due to abscess was 1%, 3%, and 2% for year 2010, 2011 and 2012,

respectively (Table 3.3).

The lungs were mostly thrown away due to pneumonia with condemnation rate of 1%, 2% and
1%, followed by emphysema with 1% condemnation rates across the 3 years under study. Other
contributing factors to lungs condemnation were abscess, cyst, pleurisies and improper
evisceration (Table 3.4). The heart were mostly condemned due to inflammation (1%, 2% and
1%), followed by cyst (0.2%, 0.4% and 0.2%), the kidney were condemned due to nephritis (1%,
1% and 1%) and cyst (0.1%, 0.2% and 0.2%), spleen were mostly condemned due to
splenomegaly (0.2%, 1% and 0.2%), and Abscess (0.4, 1%, and 0.2%), while the tongue was
mainly condemned due to abscess with a condemnation rate of 0.1%, 0.03% and 0.1%,

respectively, for the years being studied (Table 3.2).
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The total calculated weight loss due to carcass/organ condemnation for the year 2010 to 2012 for
51, 302 slaughtered animals was 59, 424.6 kg. The organ and carcass weight lost in the three
abattoir for the three years were (15,400.3, 21,418.4, 22,605.9) kilograms for 10, 276, 14, 625,
26, 401 slaughtered cattle respectively (Table 3.1). Monetary losses due to carcass/organ
condemnation were estimated and for the organs, the liver recorded the higher losses of 75, 515,
101, 035 and 113, 950 ZAR representing a loss in USD of 7, 058, 9, 443 and 10, 651,

respectively, for 2010, 2011 and 2012, respectively.

The loss associated with the condemnation of the lung was ZAR 15, 770 for 2010, ZAR 33, 516
for 2011 and ZAR 35, 872 for 2012. The kidney and spleen recorded losses in ZAR (3120,
1632.8) for year 2010, ZAR (5430, 7630) for year 2011 and ZAR (10590, 3500) for year 2012.
The loss associated with carcass condemnation estimated to be ZAR 97297.2, 59875.2, 37422 in
the year 2010, 2011 and 2012 respectively. Over all, the direct monetary loss associated with
carcass and organ condemnation for 2010 to 2012 were calculated to be ZAR 211, 704 (USD 19,

887.5) and the number of animal slaughtered during the same period was 51, 302 (Table 3.5).
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Table 3.1 Number of affected organs and carcasses, and weight loss due to condemnation in cattle slaughtered during from 2010 to 2012.

2010 (n =10276) 2011 (n = 14625) 2012 (n = 26401)
(n =502, 2127, 7647) (n =437, 4414, 9774) (n =520, 4078, 21803)
Organ affected ANA(kg) QTA(kg)  EBA(kg) ANA(kg) QTA(kg)  EBA(kg) ANA(kg)  QTA(kg) EBA(kg)  Total(Kg)
Tongue 1(2.2) 1(2.2) 8(17.6) 0(0) 0(0) 5(11) 1(2.2) 3(6.6)  14(30.8)  33(72.6)
Spleen 4(7.6) 42(79.8) 12(22.8) 2(3.8) 199 17(32.3) 12(22.8)  30(57) 58(110.2) 376
(378.1) (714.4)
Heart 0(0) 39 78  1(2.4) 207 116 0(0) 100 150 691
(93.6) (187.2) (496.8) (278.4) (240) (360)  (1658.4)
Liver 99 241 1033 110 477 1250 92 310 1670 5282
(574.2)  (1397.8) (5991.4) (638) (2766.6) (7250)  (533.6)  (1798) (9686) (30635.6)
Lung 11 63 341 31 261 590 27 129 788 2241
(85.8) (491.4) (2659.8) (241.8) (2035.8) (4602) (210.6) (1006.2)  (6146.4) (17479.8)
Kidney 12(36) 23(69) 69(207) 10(30) 99(297) 72(216) 22(66) 121(363) 210(630) 638(1914)
Carcass 2 11 0(0) 0(0) 6 2 2 0(0) 3 26
(534.6)  (2940.3) (1603.8) (534.6) (534.6) (801.9)  (6949.8)
Total 129 420 1541 154 1249 2052 156 693 2893 9287
(1240.4)  (5074.1) (9085.8) (916) (7578.1) (12924.3) (1369.8) (3470.8) (17765.3) (59424.6)
Total no Loss in 3 15400.3 21418.4 22605.9 59424.6
abattoirs
Total loss in Kg 1240.4 5074.1 9085.8 916  7578.1 129243  1369.8 3470.8 17765.3 59424.6
% loss in kg 8 33 59 4 35 60 6 15 79
compared % loss 2 9 15 2 13 22 2 6 30 100
in kg

ANA means low through-put abattoir, QTA and EBA means high through-put abattoir
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Table 3.2 Causes of tongue, spleen, heart, kidney and carcass loss due condemnation in cattle slaughtered during from 2010 to 2012.

Organ Causes of Number of condemned organs (condemnation rate) during the three
affected condemnation years
2010 (n =10276) 2011 (n = 14625) 2012 (n = 26401)
(n =502, 2127, 7647) (n =437, 4414, 9774) (n =520, 4078, 21803)
ANA QTA EBA Total (%) ANA QTA EBA Total (%) ANA QTA EBA Total (%)
Tongue Abscess 1 1 6 8(0.08) 0 0 5 5(0.03) 1 2 9 12(0.05)
Actinobaccillosis 0 0 2 2(0.02) 0 0 0 0(0) 0 1 5 6(0.02)
Total 1 1 8 10(0.1) 0 0 5 5(0.03) 1 3 14 18(0.07)
Spleen Abscess 3 29 4 36(0.35) 2 127 9 138(0.94) 7 11 28 46(0.17)
Splenomegaly 1 13 8 22(0.21) 0o 72 8 80(0.55) 5 19 30 54(0.2)
Total 4 42 12 58(0.56) 2 199 17 218(1.49) 12 30 58 100(0.38)
Heart Cyst 0 8 17 25(0.24) 1 23 29 53(0.36) 0 19 33 52(0.2)
Inflammation 0 31 61 92(0.9 0 184 87 271(1.85) 0 81 117 198(0.75)
Total 0 39 78 117(1.14) 1 207 116 324(2.22) 0 100 150 250(0.95)
Kidney Cyst 1 0 7 8(0.08) 0 21 12 33(0.23) 3 15 24 42(0.16)
Nephritis 11 23 62 96(0.94) 10 78 60 148(1.01) 19 106 186 311(1.18)
Total 12 23 69 104(1.01) 10 99 72 181(1.24) 22 121 210 353(1.34)
Carcass 2 11 0 13(0.13) 0 6 2 8(0.05) 2 0 3 5(0.02)
Total 129 420 1541 2090(20.36) 154 1249 2052 3455(23.62) 156 693 2893 3742(14.17)

ANA means low through-put abattoir, QTA and EBA means high through-put abattoir
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Table 3.3 Causes of liver condemnation in cattle slaughtered during from 2010 to 2012.

Organ affected

Causes of condemnation

Number of condemned organs (condemnation rate) during the three years

2010 (n = 10276)
(n = 502) (n = 2127) (n = 7647)

2011 (n = 14625)
(n = 437) (n = 4414) (n = 9774)

2012 (n = 26401)

(n = 520) (n = 4078) (n = 21803)

ANA QTA  EBA Total(%) ANA QTA EBA Total(%) ANA QTA EBA Total (%)
Liver Abscess 19 39 56 114(1.11) 10 42 355 407(2.78) 13 51 342 406(15)
Fasciolosis 44 90 477 611(5.95) 63 281 311 655(4.48) 36 187 484 707(2.7)
Fibrosis 8 41 232 281(2.74) 13 45 288 346(2.37) 9 32 225 266(1.0)
Hepatitis 11 32 105 148(1.44) 12 41 130 183(1.25) 20 19 266 305(1.2)
Cyst 4 9 38 51(0.5) 5 11 48 64(0.44) 0 11 22 33(0.12)
Melanosis 5 15 71 91(0.89) 7 32 77 116(0.79) 5 0 149 154(0.6)
Telangietasis 8 15 54 77(0.75) 0 25 41 66(0.45) 9 10 182 201(0.8)
Total 99 241 1033 1373(13) 110 477 1250 1837(13) 92 310 1670 2072(8)
Loss in ZAR 5445 13255 56815 75515 6050 26235 68750 101035 5060 17050 91850 113960
Total loss in 7,058 9, 443 10, 651
UsD

N/B: ZAR means South African rand, ANA means low through-put abattoir, QTA and EBA means high through-put abattoir
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Table 3.4 Percentage of lung condemned in cattle slaughtered from 2010 to 2012.

Organ Causes of Number of condemned organs (condemnation rate) during the three
affected condemnation years
2010 (n =10276) 2011 (n = 14625) 2012 (n = 26401)

(n=502) (n = 2127) (n = 7647) (n=437) (n=4414) (n=9774) (n=520) (n = 4078) (n = 21803)

ANA QTA EBA Total (%) ANA QTA EBA Total(%) ANA QTA EBA  Total (%)

Lung Abscess 3 12 58 73(0.71) 6 23 126 155(1.06) 11 20 172 203(0.77)
Cyst 0 5 12 17(0.17) 2 15 29 46(0.31) 0 4 41 45(0.17)
Pneumonia 4 20 88 112(1.09) 9 96 218 323(2.21) 10 31 88 129(0.49)
Emphysema 3 11 101 115(1.12) 7 66 94 167(1.14) 5 38 263 306(1.16)
Pleuritis 1 5 34 40(0.39) 3 45 83 131(0.9) 0 11 109 120(0.45)
Lung worm 0 2 16 18(0.18) 4 16 21 41(0.28) 1 8 29 38(0.14)
Imp Env 0 8 32 40(0.39) 0 0 19 19(0.13) 0 17 86 103(0.39)
Total 11 63 341 415(4.04) 31 261 590 882(6.03) 27 129 788 944(3.58)
Loss in ZAR 418 2394 12958 15,770 1178 9918 22420 33,516 1026 4902 29944 35,872
Total loss in USD 1,474 3,132 3,353

ZAR means South African rand. Imp. Env means improper eviscereation, ANA means low through-put abattoir, QTA and EBA
means high through-put abattoir
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Table 3.5 Monetary loss associated with organs and carcasses condemnation of cattle slaughtered in 2010, 2011 and 2012.

Organ affected Monetary loss (ZAR) associated with condemnation at each of the abattoirs
2010 (n =10276) 2011 (n = 14625) 2012 (n =26401)

(n =502) (n =2127) (n = 7647) (n=437) (n=4414) (n =9774) (n=520) (n=4078) (n = 21803)

ANA QTA EBA Total ANA QTA EBA Total ANA QTA EBA Total
Tongue 20 20 160 200 0 0 100 100 20 60 280 360
Spleen 140 1470 420 1632.8 70 6965 595 7630 420 1050 2030 3500
Heart 0 1560 3120 4680 40 8280 4640 12960 0 4000 6000 10000
Liver 5445 13255 56815 75515 6050 26235 68750 101035 5060 17050 91850 113960
Lung 418 2394 12958 15770 1178 9918 22420 33516 1026 4902 29944 35872
Kidney 360 690 2070 3120 300 2970 2160 5430 660 3630 6300 10590
Carcass 14968.8  82328.4 0 97297.2 0 44906.4  14968.8 59875.2 14968.8 0 224532 37422
Total 21351.8 101717.4 75543 198215 7638 99274.4 113633.8 220546.2 22154.8 30692 158857.2 211704
Total loss in 21351.8 101717.4 75543 198215 7638 99274.4 113633.8 220546.2 22154.8 30692 158857.2 211704
ZAR
Total loss in 1995.4 9505.8 7059.8 18632.4 713.8 9277.3 10619.0 20724.2 2070.4 2868.2  14845.2 19887.5
usD
% loss in USD 3 16 12 31 1 16 18 35 3 5 25 34

ZAR means South African rand, USD means United States dollar, ANA means low through-put abattoir, QTA and EBA means high
through-put abattoir
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3.2.2 Analysis of risk factors obtained during ante-mortem inspection

During the ante-mortem inspection attention was paid to variables that were likely to contribute
to the overall outcome of disease and conditions during meat inspection at the abattoir. Exactly
229, 458 and 687 animals were inspected at ANA, QTA and EBA and these represents 66, 46
and 54 percent respectively. The number of animals aged less than two years was 41, 59 and 55
percent for ANA, QTA and EBA respectively. More males were slaughtered than females and
the assessment of the body condition score (BSC) revealed that animal that were poorly scored
were 76, 89, 113, moderately scored were 81, 105, 249 while those with good BSC were 72, 264,

325 for ANA, QTA and EBA respectively.

Animals were transported from different farm locations as far as >60 km, 61-120km and <120km
and Simmentaler was highest slaughtered during the study period for ANA and QTA (45 and 31
percent). While, a greater percentage of non-descript (22%) was slaughtered at EBA (Table 3.6).
In decreasing order the disorders noted at ante-mortem for the 3 abattoirs were emaciation,
respiratory sign, skin conditions and diarrhea. While ochitis, lameness and blindness were the
lowest disorder recorded at the abattoir, the total recorded abnormalities during ante-mortem for
ANA (66), QTA (46) and EBA (54) percent respectively during the time of the study (Table 3.7).
3.23 Cal_lses of (_)ffal’s and carcass condemnation during active abattoir inspection and post
mortem inspection

Post mortem examination of organ and carcass showed that the liver was the most condemned
followed by the lungs. The liver recorded a total condemnation rate of 52.4%, 60.5% and 66.4%

for the various abattoir studied (Table 3.8).
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Table 3.6 Chi-square analysis of ante-mortem occurrence with various potential risk factor

during the active abattoir survey (July to December 2013)

Number (%0) of affected animal (n = 229) (n = 458) (n = 687) during active abattoir meat
inspection (July to December 2013)

Risk Factors Number affected (%) X?
ANA QTA EBA ANA QTA EBA
Age
<1-2 year 95(41) 271(59) 379(55) 6.6** 15.4%** 7 3**
>2 year 134(59) 187(41) 308(45)
Sex
Male 155(68) 293(64) 419(61) 28.7*** 35.8***  33.2%**
Female 74(32) 165(36) 268(39)
BSC
Poor 76(33) 89(19) 113(16) 0.5NS 122.6*%**  100.8***
Moderate 81(35) 105(23)  249(36)
Good 72(31) 264(58)  325(47)
Distance Travelled
<60 Km 172(75) 305(67) 121(18) 57.8*** 230.8***  162***
60-120 Km 57(25) 91(20) 184(27)
>120 Km 0(0) 62(14) 382(56)
Breed
Beef master 3(1) 18(4) 122(18) 639.2***  625.4***  471.6***
Nguni 7(3) 73(16) 97(14)
Angus 5(2) 9(2) 19(3)
Simmentaler 103(45) 143(31) 135(20)
Non-descript 85(37) 133(29) 151(22)
Brahman 3(1) 13(3) 24(3)
Bonsmara 5(2) 19(4) 68(10)
Hereford 2(1) 10(2) 13(2)
Brangus 2(1) 19(4) 30(4)
Holstein 10(4) 14(3) 17(2)
Jersey 4(2) 7(2) 11(2)

BSC means body condition score, ANA means low through put abattoir, QTA and EBA means

High through put abattoirs, ** means significant at p<0.01, *** means significant at p<0.001, °

means not significant at p>0.05



Table 3.7 Summary of disease/condition identified during ante-mortem inspection

(July to December 2013)

Number (%) of affected animal (n = 229)(n = 458) (n = 687) during active abattoir

meat inspection (July to December 2013)

Disease/condition

Number affected (%)

XZ-value for 3 abattoirs

Diarrhea
Lameness
Emaciation
Blindness
Ochitis

Mastitis

Skin condition
Respiratory sign
Total

149.5
0.0
82.0
217.2
201.9
172.9
133.7
130.7

356.4
438.2
273.6
422.7
415.1
349.3
338.9
292.5

471.3
636.0
386.1
616.9
609.3
561.3
454.8
407.3




The leading cause of condemnation at ANA and QTA was fasciolosis, while at EBA, improper
evisceration contributed to a loss of 27.1% of liver. Abscess (8.7%), Cysticercosis bovis (2.4%)
and fibrosis (9.2%) were some other causes of liver condemnation at ANA, QTA and EBA
respectively (Table 3.8). The lung were mostly condemned for emphysema at ANA but was
mostly condemned for improper evisceration at QTA and EBA respectively. Pneumonia,
pleuritis, haemorrhage and lung worm were other reasons for lung condemnation at ANA, QTA
and EBA abattoirs respectively (Table 3.9). The tongue were condemned due abscess, gunshot
injury and pigmentation, the spleen were due to abscess, infarct and splenomegaly, the heart was
mostly condemned due to cysticercosis, haemorrhage, calcification and peri-carditis and the
kidney were rejected due to cyst, infarct and hydronephrosis (Table 3.10). The carcass was either
trimmed for bruises, abscess or improper evisceration at ANA (90%), QTA (87%) and EBA

(82%) respectively (Table 3.11).

Monetary losses associated with liver condemnation were estimated to be (ZAR 7,488, 18, 067,
33, 673,) for total kilogram loss of (416, 1003.7, and 1870.7) for ANA, QTA and EBA
respectively. Fasciolosis was the chief contributor to liver condemnation (Table 3.8). Total
kilogram loss for the lung stood at (568, 2263, and 3619) for the 3 abattoir and a monetary
consequence of ZAR 29, 025 (Table 3.9). The tongue contributed losses in (ZAR 166,742, 368),
spleen (ZAR 375, 1851.5, 3157), heart (ZAR 692, 4876, 5516) and kidney (ZAR 476, 2286,
2580) for the various abattoirs respectively (Table 3.10). Trimmed carcass was measure and
weight lost recorded for ANA, QTA and EBA (117, 233.6, and 576.9 in kg) with related

monetary loss put at (ZAR 3264.8, 6540.8, 16153.2), (Table 3.11).
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Table 3.8 Conditions that led to the condemnation of liver and associated monetary loss (in ZAR) during the active abattoir survey
(July to December 2013)

Number (%) of condemned liver (n = 229)(n = 458) (n = 687) during active abattoir meat inspection

Causes of condemnation Number affected (Loss in %) Loss in Kg Monetary Loss (ZAR)
ANA QTA EBA ANA QTA EBA ANA QTA EBA Total
Abscess 20(8.7) 17(3.7) 33(4.8) 63 786 1714 1134 1415 3085 5634
Calcification 19(8.3) 31(6.8) 22(3.2) 722 1198 97.6 1300 2156 1757 5213
Fasciolosis 30(13.1)  65(14.2) 61(8.9) 114 217 253.8 2052 3906 4568 10526
Fibrosis 4(1.7) 48(10.5) 63(9.2) 122 2084 2154 220 3751 3877 7848
Hepatitis 19(8.3) 23(5) 35(5.1) 582 734 113 1048 1321 2034 4403
C. bovis 4(1.7) 11(2.4) 9(1.3) 23.2 60.8 422 418 1094 760 2272
Melanosis 6(2.6) 14(3.1) 34(49) 188 712 1572 338 1282 2830 4450
Imp Ev 11(4.8) 57(12.4) 186(27.1) 33.8 130.6 7785 608 2351 14013 16972
Telangiectasis 7(3.1) 11(2.4) 13(1.9) 206 439 416 371 790 749 1910
Total 120(52.4) 277(60.5) 456(66.4) 416 1003.7 1870.7 7488 18067 33673 59227

Imp. Env means improper evisceration, C.bovis means Cysticercus bovis. ZAR means South African rand, ANA means low through-
put abattoir, QTA and EBA means high through-put abattoir
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Table 3.9 Conditions that led to the condemnation of lung and associated monetary loss (in ZAR) during the active abattoir survey

(July to December 2013)

Number (%) of condemned lung (n = 229)(n = 458) (n = 687) during active abattoir meat inspection

Number affected (Loss in %) Loss in Kg Monetary Loss
Causes of condemnation ANA (%) QTA (%) EBA (%) ANA QTA EBA Kg ZAR
Abscess 4(2) 12(3) 13(2) 23.2 63.6 81.4 168.2 757
Haemorrhage 7(3) 48(10) 36(5) 41.6 254.4 170.8 466.8 2101
Pneumonia 21(9) 41(9) 82(12) 113.8 229.8 429.6 773.2 3479
Emphysema 34(15) 69(15) 155(23) 225.2 418.2 909 1552.4 6986
Calcification 3(1) 7(2) 11(2) 13.4 24.6 75.8 113.8 512
Pleuritis 5(2) 13(3) 84(12) 19 80.4 445.2 544.6 2451
Lung worm 8(3) 5(1) 17(2) 32.4 27 68.6 128 576
Imp Env 23(10) 175(38) 287(42) 99.4 1165 1438.6 2703 12164
Total 105(46) 370(81) 685(100) 568 2263 3619 6450 29025

Imp. Env means improper evisceration, ZAR means South African rand, ANA means low through-put abattoir, QTA and EBA means

high through-put abattoir
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Table 3.10 Conditions that led to the condemnation of other organs (tongue, spleen, heart and kidney) and associated monetary loss

(in ZAR) during the active abattoir survey (July to December 2013)

Number (%) of condemned organ (n = 229) (n = 458) (n = 687) during active abattoir meat inspection (July to December 2013)

Organ condemned Cause of condemnation Number affected (Loss in %) Loss in Kg Monetary Loss (ZAR)
ANA QTA EBA ANA QTA EBA ANA QTA EBA
Tongue Abscess 1 4 5 2 8 10 42 164 196
Gunshot injury 2 11 0 4 23 0 78 458 0
Pigmentation 0 1 2 0 2 5 0 38 92
Actinobaccillosis 1 2 2 2 4 4 46 82 80
Total (%) 4 (2) 18(4) 9(1) 8.3(4) 37.1(8) 18.4(3) 166 742 368
Spleen Abscess 2 6 10 5 10 18 158 364 630
Infarct 1 13 27 3 26 51 112 900 1768
Splenomegaly 2 8 12 3 17 22 105 588 760
Total (%) 5()  27(6) 49(7)  10.7(5)  52.9(12)  90.2(13) 375 18515 3157
Heart Cysticercus bovis 1 3 1 2 6 2 88 244 80
Haemorrhage 2 32 28 5 78 69 188 3124 2740
Calcified cyst 0 2 5 0 5 16 0 212 640
peri-carditis 4 13 21 10 32 51 416 1296 2056
Total (%) 7(3) 50(11) 55(8) 17.3(8) 121.9(27) 137.9(20) 692 4876 5516
Kidney Cyst 3 27 42 11 83 128 111 826 1280
Infarct 9 31 25 29 109 81 290 1090 810
Hydronephrosis 2 11 14 8 37 49 75 370 490
Total (%) 14(6) 69(15)  81(12) 47.6(21) 228.6(50) 258(38) 476 2286 2580

ZAR means South African rand, ANA means low through-put abattoir, QTA and EBA means high through-put abattoir
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Table 3.11 Conditions that led to the partial condemnation of carcass and associated monetary loss (in ZAR) during the active abattoir

survey (n = 229) (n = 458) (n = 687) from July to December 2013

Cause of condemnation Number affected (Loss in %) Loss in Kg Monetary Loss (ZAR)
ANA (%) QTA (%) EBA (%) ANA QTA EBA
G. bruises 33(14) 85(19) 117(17) 37 60.6 159.9 1022 1696.8 4477.2
L. bruises 112(49) 146(32) 165(24) 422 783 1735 11816 21924 4858
Abcess 17(7) 28(6) 96(14) 11.3 16.2 97.4 316.4 453.6 2727.2
Imp. Env 44(19) 141(31) 186(27) 26.6 785 146.1  744.8 2198 4090.8
Total 206(90) 400(87) 564(82) 117 233.6 576.9  3264.8 6540.8 16153.2

G. bruise means generalized bruises, L. bruises means localized bruises, Imp. Env means improper envisceration, ZAR means South
African rand, ANA means low through-put abattoir, QTA and EBA means high through-put abattoir
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3.3 Discussion

Abattoir meat inspection and slaughter records contribute to disease surveillance and
control. Meat inspection assist in monitoring diseases in the national herd and flock by
providing feedback information to the veterinary service to control or eradicate diseases,
produce wholesome products as well as protect the public from zoonotic hazards (Van
Llogtestijn, 1993; Regassa et al., 2013). Information obtained from such inspection can
reveal causes of meat condemnation even in apparently health animals and as such be
communicated back to the farmer in order to improve farm management and husbandry.
Slaughtering of sick animals detected during the ante-mortem inspection was delayed,
while organ/carcass suspected cysticercosis were detained for further confirmation by

veterinary authority in charge of the abattoir.

3.3.1 Analysis of outcome variables on risk factor

The high through-put abattoirs slaughtered more young animals than low through-put
abattoir. The age at slaughter in the former may not be unconnected with the fact that
younger animals are usually less predisposed to diseases that lead to meat condemnation
at inspection point (Mohammed et al., 2012; Pihler et al., 2013), But a number of
scientists (Abunna et al., 2008; Phiri et al., 2005a; Tadesse et al., 2014) have
demonstrated a lack of relationship between disease prevalence and age of animal. Again,
the high through put abattoir are export abattoirs and are less inclined to purchase older
animals due to its meat quality characteristics upon slaughter and bearing in mind its
consumers preferences. This point is supported by Chulayo and Muchenje (2013) who

reported that Animal-related factors affecting meat quality include age, breed and the sex
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of the animal. In addition, Du Plessis and Hoffman, (2007) reported that various meat
quality attributes (colour, pH, drip loss, cooking loss, juiciness, tenderness, residue,
flavor, shear force and aroma) of Simmentaler cross, Bonsmara cross and Nguni steers
raised on natural sweet veld pastures and slaughtered at 18 or 30 months of age were
affected by age. Some other characteristics like live weight, carcass weight dressing
percentage, carcass compactness and fat content have also been noted to be affected by
animal age (Ali et al., 2011). It is also worth mentioning that the abattoirs purchase most
of their animals at auctions and as such age estimation is done by dentition and weight
estimate is done by body condition score (BSC), this makes error of estimate possible.
The percentage of old cattle slaughtered at the low throughput abattoir (ANA) may be
due to the fact that most of it animals are sourced from local farmers in the community. A
greater percentage of these farmers are involved in the farming of local breeds such as

Nguni and crosses of local and exotic breeds (Tada et al., 2013).

More males were slaughtered across the three abattoirs than female. The differences
between sexes at slaughter may be due to the fact that female animals are usually
reserved for breeding and reproductive purposes and the males sent early for slaughter
(Hughes, 2013). Sex-related abnormalities recorded during the ante-mortem investigation
were mastitis and ochitis. A study on the major causes of slaughtering of female cattle by
Gebrekidan et al. (2009) revealed that reproductive tract abnormalities and mastitis had
considerable impact on the productive and reproductive performance of female cattle and
were the major reasons why female animals were culled and sent to abattoir for slaughter.

The duration and economic implication of the treatment of bovine mastitis often favors
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slaughter rather than the treatment and management of mastitis (Halasa et al., 2007).
Similarly, spent bulls are culled due to decline in reproductive performance and diseases.
Although across the three abattoir body condition score (BCS) was moderate to good, a
significant proportion (%) of animals presented for slaughter at ANA (33), QTA (19) and
EBA (16) had poor BCS (Table 3.6). Several factors could have been responsible for the
poor BCS and these may include nutrition, disease, environmental stress etc. Specifically
and in relation to the present study, fasciolosis was responsible for a sizeable number of
liver condemnations. Animals infested with Fasciola are characterized by loss of weight
and in chronic late stages show severe emaciation (Tsegaye et al., 2011). It can be safe to
posit that emaciation and poor BCS noted in these animals may have been due to

parasitic infection due to Fasciola.

Out of the total animals inspected during ante mortem 10% (ANA), 6% (QTA) and 9%
(EBA) had diarrhea. The cause of the diarrhea was not ascertained in this study; however
there are many causes of diarrhea in cattle and these may include type of nutrition, stress
parasitic infestation such as helminth and fasciola, bacteria, virus (Brownlie et al., 1986;
Komba et al., 2012; Mas-Coma et al., 2005; Torgerson and Macpherson, 2011). Low
percentage of lameness was seen in this study (see table 3.6) and may be associated with
the method of animal transportation to the abattoir and distance travelled from the farm to
the slaughter facility as reported by Mohammed et al. (2012). Animals were transported

long distance to the high throughput abattoirs and this may expose the animal to stress.
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According to a study by Mounier et al. (2014) during transfer to the slaughter plant,
animals can be exposed to various stressors such as fasting or forced exercise. Other
forms of stressors may be due to breakdown of social grouping and the familiar
environment, handling (e.g., during loading and unloading), and novelty, which may lead
to physical exhaustion or psychological stress and can negatively affect meat quality
(Mounier et al., 2014). About 20% of the animals seen during the ante-mortem at ANA
were emaciated, while 11% and 13% had similar condition at QTA and EBA
respectively. Emaciation in animals may be due to malnutrition or disease etiology.
Similar study by Mohammed et al. (2012) on major cause of liver condemnation and
associated financial foss at Kombolcha Elfora Abattoir, South Wollo, Ethiopia, revealed
that the most common abnormalities during ante mortem inspection were emaciation,

fever, localized swelling, lameness, branding and rough hair coat.

Conditions affecting the skin in the present study were alopecia, bruises, branding,
dermatitis and pyoderma. Similar findings by Fekadu et al. (2012) and Mohammed et al.
(2012) supports the current findings. Dermatitis, bruises and severe injury which may
lead to alopecia are often caused by disease and poor animal handling. Bruising in
slaughter cattle is described as a superficial discoloration due to bleeding of tissue from
ruptured blood vessels beneath the surface of the skin (Vimiso and Muchenje, 2013).
According to Hernandez et al. (2004) and Ndou et al. (2011), cattle are prone to repeated
rough handling in their lifetime which later on lead to aversive reactions such as stress

and bruising during transportation or routine husbandry. Similar finding by Edwards et
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al. (1997) and Tlhapi, (2013), reveals that bruises may be due to animals fighting during
transportation, which may affect carcass value leading to carcass rejection at slaughter.

Bruises indicates poor handling of animals prior and during transportation and decreases
beef quality due to increased level of creatine kinase (Mpakama et al., 2014). Respiratory
signs noticed at the lairage were in the form of nasal discharge, wheezing sound, labored
breathing and epistasis (Table 3.7). A lower prevalence (1.11%) of respiratory signs was
found in a related study by Fekadu et al. (2011) in cattle, but high prevalence (53.6% and
48.8%) of respiratory sign was reported by Regassa et al. (2013) in goat and sheep.
Generally, it is suggested that animal brought to low thorough put abattoir for slaughter
are sourced from rural location/farms and often lack the appropriate veterinary care and
good husbandry expected of commercial and large scale cattle farms (Musemwa et al.,

2008).

Breeds that were identified during the ante-mortem were beef master, Nguni, Angus,
Simmentaler, Non-descript, Brahman, Bonsmara, Hereford, Brangus, Holstein and
Jersey. The highest breed slaughtered was simmentaler (Table 3.6). This may be due to
abattoir preferences or available cattle at the auction market. Again the number of
simmentaler recorded in this study is due to sampling methods and errors as the abattoir
were only visited on certain days. But finding by Du Plessis and Hoffman, (2007)
observed a significance difference between live weight, carcass weight and carcass
compactment of Simmentaler steers, Bonsmara and Nguni crossses finished on natural
pastures in the arid subtropics of South Africa, and this may also be responsible for the

high number of slaughtered Simmental cattle. The number of Nguni slaughtered during
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this period, was however low, and this may be related to the fact that Nguni cattle are
reared for traditional and ceremonial purposes in the Eastern Cape and as such are not
regularly slaughtered. There were other cattle that had phenotypic semblance with those
of the Nguni and according to Mapiye et al. (2009), crossbreds and Nguni were the
common cattle breeds in the smallholder areas and these were considered as part of the
non-descript animals brought for slaughter. Other possible reason for this can be the need
for genetic upgrade of the breed as Nguni cattle are known for being hardy and resistance
to tick and diseases (Marufu et al., 2011; Musemwa et al., 2008) and are generally not
known for good performance as a beef breed. This fact is also related to the findings of
Muchenje et al. (2008) who noted that the Nguni had the highest average daily gain but
bonsmara and Angus steers had higher carcass weight and dressing percentage when

raised on natural pasture in the Eastern Cape, South Africa.

The use of phenotypic traits in the identification of breed may have limitation as most of
the local as rural farmers do not keep accurate breeding records of their animal
reproductive activity and thus cannot accurately tell the genetic makeup of the crosses.
The result of this study has not indicated an improvement or success of the government
Nguni cattle development projects which were initiated in South Africa to improve
livelihood of communal farmers. However, those brought for slaughter may be as a result
of government sponsored fattening programme which is part of the Nguni cattle
development projects which was on going as the time of this study. Conversely, since
Nguni cattle are reared by rural farmers with several constraints such as limited access to

transportation, market and abattoir facility (Musemwa et al., 2008). It can be safe to say
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that most Nguni cattle are slaughtered informally bearing in mind their use as traditional
and ceremonial animals (Mapiye et al., 2009). This view is supported by Musemwa et al.
(2008) who posited that the simplest and the most popular option for nguni sales,
especially amongst smallholder livestock owners, is private sales directly to the ultimate
consumer, who are individuals buying livestock for different reasons; which may include
slaughter, investment or socio-cultural functions such as funerals, weddings, customary

and religious celebrations.

3.3.2 Liver condemnations at the three abattoirs

In both the retrospective and the active meat inspection, the liver was the most frequently
condemned organ. From the retrospective record a total of 30635.6 kg weight of liver was
lost over the period 2010 to 2012 (Table 3.1). The record indicates that a significant
percentage of liver were lost due to abscess (Tables 3.3 and 3.8). An abscess is a
localized collection of pus (dead neutrophils) separated from the surrounding tissue by a
fibrous capsule formed following an infection. Grossly, it is an enlarged palpable lesion
with fluctuating fluid. The most common pyogenic bacteria which cause abscess in
animals include Arcanobacterium (Actinomyces) pyogenes, Streptococcus spp.,
Staphylococcus spp., and Fusobacterium (Sphaerophorus) necrophorum (Mellau et al.,

2010a).

In comparing the obtained result, Cadmus and Adesokan, (2009a) recorded similar
observed losses of 2.9%, during an investigation into the causes of organ/offal

condemnation in some abattoir in western Nigeria. Similarly, studies by Ahmedullah et
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al. (2007 and Mohammed et al. (2012) also supported the result obtained during the
active meat inspection. Lower rate of condemnation due to abscess, was however
reported by Fekadu et al. (2012). In the present study there was a high rate of
condemnation of liver (8.7%) at ANA and these were not similar to other study earlier
reported. Small through put abattoirs such as ANA which are owned and managed by
middle income people in the society are likely to attract cattle supplies from the rural
communities and according to Musemwa et al. (2008), disease represent a limitation to
improve livestock production for rural farmers. Also liver abscesses are caused by
bacteria and the infection occurs due to migrating intestinal parasite which predisposes
and pre-optimizes the conditions necessary for secondary bacteria to flourish (Mellau et

al., 2010b).

Fasciolosis was responsible for liver condemnation of (5.95%), (4.48%) and (2.68%) for
ANA, QTA and EBA for year 2010, 2011 and 2012 during the retrospective study
respectively (Table 3.3). A greater percentage of condemnation was seen during the
active abattoir inspection corresponding to ANA (13.1), QTA (14.2), and EBA (8.9). This
result is in agreement with the findings of Mellau et al. (2010). But higher proportion of
condemnation was reported by Bekele et al. (2010), Fekadu et al. (2012) and Mohammed
et al. (2012). Parasitic disease such as Fasciola infection has been associated with
changes in season vis-s-vis seasonal rainfall pattern (Phiri et al., 2005b). Some affected
liver was slightly swollen and appeared pale in color with round edge, the capsule was
thick, rough with whitish or reddish discoloration. Fibrosis of the bile ducts which

indicated subacute form of infection was also seen. Some parts of bile ducts had cystic
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appearance due to dilatation. While in others, the liver was greatly enlarged with
presence of a few small irregular whitish areas indicating fibrosis over the parietal
surface and parenchyma was hard due to fibrous tissue which was thought to be due to
healing of migratory tracts of immature parasites. The presence of numerous small and
large patches scattered over the parietal surface of some livers could be the indication of
transperitoneal route of migration of young flukes. The damage of hepatic cells near these
tracts might have resulted from feeding habit of these premature parasites (Fekadu et al.,

2012).

In the present study, a combined percentage of liver lost due to fibrosis was (5.95),
(4.48), (2.68) for the 3 years being studied, the active abattoir meat inspection indicates
that less percentage (2.74), (2.37), (1.01) of liver were rejected at the abattoir due to this
reason. Generally, fribrosis is consequent upon the migratory activity of parasites such as
Fasciola through the bile duct/canals thereby eliciting inflammatory responses which
progress to fibrotic or granulomatous formation of tissues along the billary tract
(Ahmedullah et al., 2007; Alton et al., 2012). The result obtained in this study can
therefore be associated with the high prevalence of Fasciola infection in animals brought

for slaughter (Table 3.3).

Liver enlargement is commonly associated, with inflammatory changes manifested by
gross rounding edges (hepatomegaly) and sometimes adhesions to peritoneal membrane.
The results obtained in this study, was similar to that of Degheidy and Al-malki, (2012)

and Denbarga et al. (2011) who recorded a 1.9% and 1.0% hepatitis in slaughtered cattle,
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respectively. While Fekadu et al. (2012) reported a lesser prevalence of 0.4% in cattle
slaughtered in Southwestern Ethiopia. Several reason are attributed to hepatitis and these
may include parasitic (Fasciola Spp, and Dicrocoelium dendriticum) invasion and
tunneling of the bile duct, virus and bacteria such as Hepatitis E virus, and Streptococcus

spp. (S. agalactiae/dysgalactiae/ pyogenes/zooepidemicus) (Blagojevic and Antic, 2014).

Records from abattoir indicate that cyst was responsible for condemnation of 0.5, 0.44
and 0.12 percent of liver in 2010, 2011 and 2012 respectively. The cause and nature of
the cyst were not documented in the abattoir records, but during the active meat
inspection it was however detected that Cysticercus bovis which is a larval stage of
Taenia saginata was responsible for liver condemnation. It is global in distribution but is
rare or absent in high income countries, the main endemic regions include Latin America,
China, South East Asia and sub-Saharan Africa (Torgerson and Macpherson, 2011).
Cysticercus bovis infection is said to be a faecal-water contaminated helminthiases in
which rates of transmission and exposure has been associated with conditions such as
human behaviour, occupation, social practices and cultural beliefs together with poor
human hygiene, unsanitary animal husbandry and economic activities (Nithiuthai et al.,

2004).

It is an infection of public health significance as eating of raw or undercooked beef
results in taeniasis in human population and an important cause of economic loss mainly
due to condemnation, refrigeration and downgrading of infected carcasses (Kumar and

Tadesse, 2011). In West Africa, studies have shown epilepsy to be associated with
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neurocysticercosis in human and was further suggested that it is prevalent in low or
middle income endemic countries in which approximately 30% of epilepsy may be
attributable to neurocysticercosis (Torgerson and Macpherson, 2011). In the present study
results show that the prevalence was lower than what was obtained by Kebede et al.
(2009a) and Tadesse et al. (2014) but was similar to the finding of Borji et al. (2012).
Losses are incurred when a meat inspectors discover an abnormality on a carcass, it is
detained for further processing of the carcass if possible (e.g. freezing) or the
condemnation of all or part of the carcass. These measures have a direct financial impact
for farmers as a large amount of meat is condemned and price of the carcass is
significantly decreased (Dupuy et al., 2014a). Information regarding the status of
cysticercosis in the Eastern Cape Province is sparse as studies conducted in this area is
over 40 years (Phiri, 2006; Phiri et al., 2003) but the human cases of cysticercosis
appears to be most prevalent in Eastern Cape Province particularly in the poor, rural areas
of Ciskei and Transkei, home to black South Africans where pigs are allowed to roam
freely and sanitation facilities are inadequate or nonexistent (Carabin et al., 2006; Phiri et

al., 2003)

Melanosis is an abnormal accumulation of melanin pigments in various organs which
causes dark pigmentation of the tissues resulting from a disorder of pigment metabolism
(Mellau et al., 2010b). The retrospective study revealed that pigments were seen in
0.89%, 0.79% and 0.58% of liver in years under review and in the three abattoirs
respectively. There were differences in the result obtained from the active meat

inspection as condemnation due to melanosis stood at (2.6%), (3.1%) and (4.9%) for the
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3 abattoirs studied. Report by Alton et al. (2012) showed a 2.07% condemnation rate of
liver due to pigmentation in a provincial abattoir in Canada. This was very similar to
what was obtained during the active abattoir inspection in ANA, but it was lesser than the
finding in the other abattoirs. Melanin is a natural pigment, which occurs in the skin, hair,
nails and membranes. But aberrant migration during embryogenesis does occur (Oruc,

2007) and when it is in excess the meat/offal is condemned for esthetic reasons.

Non disease factor such as improper evisceration lead to huge wastages of the liver
especially through trimming and which in most instance were largely over trimmed by
the meat inspectors. During the study the precentage of liver trimmed and condemned for
faecal and blood splash were 4.8, 12.4 and 27.1 for ANA, QTA and EBA respectively
(Table 3.8). Similar study carried out by Regassa et al. (2013) on small ruminant, posted
results which were in line with our finding at ANA, but was less compared to the number
of liver condemned at the QTA and EBA. Evisceration problem which is largely ignored
by researchers led to the trimming and rejection of many livers as indicated by this study.
A possible reason for lesser rejection at ANA may be the small number of animals
brought for slaughter and the fact that it is a small throughput abattoir with some levels of
slaughter operation done manually. The higher percentage noted at the high throughput
abattoir may be linked to the speed and shortness of time require by each slaughter-man
to perform his own function. Such speed and haste may contribute to faecal and blood
spillage and soiling of clean offal’s. This point was supported by Dupuy et al. (2013)
who link the faecal contamination of heart and lungs to the failure of quality slaughter

processes.
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Telangiectasis was a common cause of liver rejection at the slaughter houses, it etiology
however remains unknown. It is seen as visible as dark purple red sunken areas of the
liver and lesions do not lead to any clinical symptoms (Atasever, 2002). In this study,
liver rejection rate for this condition was recorded as 0.75%, 0.45% and 0.76% for the
respective years and abattoir being studied (Table 3.3). The percentage (3.1, 2.4, and 1.9)
condemnation rate during the active meat inspection was higher than the retrospective
study (Table 3.8). Report of higher incidence rate of 2.6% by Atasever, (2002)

corresponds to the findings during the active meat inspection.

Several pathologic reasons have thought to be the cause of telangietasis and include but
not limited to focal necrotizing hepatitis, metabolic disturbance, high levels of vitamin A,
and ischemic injury of the hepatocytes from the hepatic portal vein occlusions (Atasever,
2002). Other are dilatation of the space of Disse by glycogen extruded from hepatocytes
with endothelial rupture and subsequent erosion of the hepatocytes, reduced density of
the reticulin framework with a reduction of the trabecular resistance to the intrasinusoidal
pressure, and a primary alteration of the sinusoidal barrier as increased deposition of
basement membrane components in the perisinusoidal region, and fibrosis (Atasever,
2002). It is also believed to be associated with hepatic abscesses (Dupuy et al., 2013).
The high rate of liver condemnation recorded in this work also suggest that more could
have been condemn given the human error due to inspectors oversight and also due to the

fact that inspection was only done with visual only appraisal.
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3.3.3 Lung condemnations at the three abattoirs

An estimated 17479.8 kilogram weight of lungs was lost in the period covered for the
retrospective study. Several factors were responsible for the loss and these include:
abscess, cyst, pneumonia, emphysema, pleuritis, lung worm, improper evisceration and
calcification. Pneumonia and emphysema were the leading cause of condemnation and an
overall percentage condemnation of 4.04, 6.03 and 3.58 of lungs were lost in the 3 year
under review (Table 3.4). Abscess formation contributed to a 0.71, 1.06 and 0.77 percent
loss of lungs in ANA, QTA and EBA respectively. Similar results were obtained by
Fekadu et al. (2012), Lat-lat et al. (2006) and Phiri (2006) who reported losses of 1.11,
0.5 and 0.8 percent respectively. But higher losses of 8.2% cattle lungs were recorded by
Mellau et al. (2010a). Generally, abscesses are indicative of the presence of bacteria and
most often than not and in the present instance are due to secondary bacterial infection.
Lung abscess may originate from infected emboli in the blood coming from other septic
organs or areas as in case of endocarditis, lymphadenitis, mastitis and metritis. It has been
documented that Pasteurella spp. and Actinimyces pyogenes are the main causes of lung

abcesses in cattle (Mellau et al., 2010a).

The retrospective study did not indicate the nature and location of the cyst and thus a
percentage of lung condemnation due to cyst was 0.17%, 0.31% and 0.17%. High
prevalence (4.4%, 47% and 16.3%) of cyst of cysticercosis reported among slaughtered
cattle at Ethiopia by Megersa et al. (2010), Tadesse et al. (2014) and Tolosa et al. (2009)
respectively. During the active meat inspection no viable cyst was detected but

calcifications of parts of lungs were noticed and these were suspected to be hydatid cyst.
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Accurate data on the prevalence of cystic echinococcosis, an important helminth infection
in man, has not been reported. This is partly due to poor reliability of the available
diagnostic tests and high costs of performing these tests under field conditions. Most of
the prevalence studies have relied on slaughter data (Njoroge et al., 2002). Some rural
farmers in the Eastern Cape allow dogs to freely roam with their livestock; this can
promote the dog to domestic animal interphase, and according to Ernest et al. (2009)
dogs are the definitive host for E. granulosus, the possibility for environmental
contamination is high and the disease can easily be transmitted to ruminants and humans.
The non viability of the cyst may be due to medication already administered or animal
immune system defense against invading parasitic conditions. The result seen in this
work was similar to what was obtained by Abunna et al. (2008) during an investigation of
bovine cysticercosis at Awassa municipal abattoir Ethiopia. The difference seen among
these studies might be due to several factors such as the differences in the agro-climatic
conditions of the study areas, culture of eating raw or under cooked meat, probability of
incision made at inspection site from abattoir to abattoir, dose and viability of eggs and or

larvae consumed (Tadesse et al., 2014).

Higher prevalence of cysticercosis in developing countries is associated with poor
sanitary infrastructure, low awareness and improper disposal of sewage (Tolosa et al.,
2009). These conditions clearly depict the sanitary conditions in the rural locations of the
Eastern Cape and may be liable for the prevalence seen in cattle brought at slaughter. It is
also possible that the method of meat inspection, the expertise and precision of the meat

inspector to identify the cases, difference in the management, sampling method, the
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number and location of cuts, and other factors can significantly contribute to the variation

of prevalence of bovine cysticercosis.

During the retrospective study, pneumonia (1.09%), (2.21%), (0.49%) and emphysema
(1.12%), (1.14%), (1.16%) contributed significantly to lung wastages at ANA, QTA and
EBA. Similar condemnation of lung due to pneumonia was reported by Alawa et al.
(2011), Lat-lat et al. (2006) and Swai et al. (2013) and for emphysema by Lat-lat et al.
(2006) and Mellau et al. (2010a). The active meat inspection revealed that the following
numbers (%) of lungs were lost due to pneumonia 21(9), 41(9) and 82(12) and
emphysema 34(15), 69(15) and 155(23). findings similar to those obtain in this work
were studies conducted by Alton et al. (2010), Cadmus and Adesokan, (2009b),
Denbarga et al. (2011) and Mellau et al. (2010a) and for emphysema by Fekadu et al.

(2012) and Kambarage et al. (1995).

Pneumonia in ruminants is a complex condition which involves the interaction between
the host (i.e. immunological and physiological), multiple agents (e.g. bacterial, viral,
mycoplasma) and environmental factors. Poor housing and overcrowding which may
subject the animals to various stresses like cold, wind, rain and dust, as a result
opportunistic bacteria like Pasteurella spp. and A. pyogenes are likely to attack the lungs
(Mellau et al., 2010a). In South Africa, temperature in winter (June to August) season can
get to an all time low and as much as 0°'C in certain parts of the Eastern Cape. This
condition may predispose animals to pneumonia. Other stress factors responsible for

pneumonia are penetration of lung by foreign body (Fekadu et al., 2012), parasitism such
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as massive infestations of the respiratory tract with ascarid larvae and lungworm, feed
contaminated with moulds fed to the animals in trucks during transportation or in cattle
markets and exposure to dust either in their environments or fatigue during long treks in
search of pastures (Cadmus and Adesokan, 2009) this conditions are very similar to what
may be obtained in this study area as most farmer are small holders and without the
capacity for feed supplementation, thus cattle such as Nguni and crosses trek long
distances in search of food. It is important to mention also that change in weather
condition i.e from autumn to spring and to winter is associated with windy and dusty
atmosphere and a precursor to several respiratory diseases which may contribute to

variation in number of lungs rejected due to pneumonia.

Pulmonary emphysema in animals is normally secondary to some respiratory disease
conditions like infectious bovine rhinotracheitis, pneumonic pasteurellosis, malignant
catarrhal fever, mycoplasmal infection, leptospirosis and some different cases of
septicaemia and endocardiasis. Due to a well-developed interlobular septa and lack of
collateral ventilation, sheep, pigs, and particularly cattle are susceptible to interstitial
emphysema. Some cases of emphysema have been recorded in slaughter animals due to
extensive gasping respiration during slaughter especially when animals are slaughtered
without stunning (Mellau et al., 2010a). A number of cattle both at ANA and QTA were
not stunned but shot due to the owner’s inability to restrain the cattle for onward
transportation to the abattoir. For ANA they were shot while at the abattoir because these
animals were already aggressive and could not be controlled, the others were shot at the

farms and then brought to the abattoir for inspection. Situations such as this could
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promote emphysematous lung and consequent increase the percentage of lungs thrown

away.

Furthermore age of the animal be been shown to have association with emphysema, as
very old cows is reported to be prone to emphysema when slaughtered (Mellau et al.,
2010a). A hypersensitivity pneumonia also called “farmer slung” has been noted to be
associated with lung emphysema. This disease affects mainly adult dairy cattle; which
develops this condition as a result of exposure to hay with high moisture content (Dupuy
et al., 2013). Stress factors including fatigue during long treks in search of pastures and
exposure to polluted air in their environments which predispose animals to several
respiratory distresses, has been shown to promote lung emphysema (Regassa et al.,

2013).

The presence of worms in the lung observed in this study (Tables 3.4 and 3.9) is similar
to what was observed by Lat-lat et al. (2006) in cattle and buffalo and Regassa et al.
(2013) in sheep and goat, but were higher in earlier study by Regassa et al. (2010).
Several lung worm species have been reported to occur very sporadically in the high
lands of tropical and sub-tropical regions, and occurrence has been commonly and widely
seen in cattle of temperate regions around the world, others may undergo hypobiosis in
adverse climatic conditions such as dryness or drought, and in which case larvae may
become inhibited in the lung tissue for up to 150 days (Lat-lat et al., 2006). South Africa
do experience dry conditions especially during winter and wet season in spring and partly

summer, evidence from the slaughter records reveal that most worms were detected
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during the summer and may be associated with seasonal prevalence and mode of action
of the parasite. Activities of these parasite is characterized by irritative bronchitis
associated with adult worms, allergic condition, pneumonia associated with massive
infestations of the respiratory tract and calcified cyst which is associated with lung
worms of Dictyocaulus viviparous, Dictyocaulus filarial and Mullerius capillaries (Lat-

lat et al., 2006; Mellau et al., 2010a; Regassa et al., 2013).

Generally, worms can cause extensive intestinal and duodenal erosions, ulceration,
haemorrhage, abscesses and catarrhal inflammation (Mas-Coma et al., 2005) and
helminth infection can result in losses in productivity through a reduction of feed intake
and feed conversion efficiency, loss of blood and even death. Farmers in the rural area
lack access to latest and adequate information regarding the seriousness of helminth
infection, and further lack the relevant skills on how to treat and control internal
parasites. According to Tsotetsi and Mbati, (2003), Cattle on communal grazing play an
important role in the culture and economics of small scale farmers living in villages or
townships in South Africa and these cattle are seldom, if ever, treated for internal
parasites. This perhaps gives an explanation to the number of lung condemnation seen in
ANA when compared to the number of animals examined during the study and relation to

the QTA and EBA (Table 3.9).

Pleurisy (pleuritis) is an inflammation of the pleural membrane that surrounds and
protects the lungs. It is a condition normally associated with pneumonia and at a certain

stage it may lead to fibrinous adhesions between the parietal pleura and the lung surface
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(Mellau et al., 2010a). Pleurisy in adult cattle may sometimes be a legacy of respiratory
disease contracted as intensively reared calves (Edwards et al., 1997). A similar result
was obtained by Regassa et al. (2013) in ruminants at Ethiopia, while Kambarage et al.
(1995) and Lat-lat et al. (2006) findings corroborate that of the active meat inspection.
This difference may be due to differences in geographical locations, aetiologies, different
definitions used (Mellau et al., 2010a) or due to personal assessments, season and

definitive diagnosis of pleurisy between the different studies.

Improper evisceration accounted for percentage partial condemnation of (0.39), (0.13)
and (0.39) from the abattoir slaughter data, while (10), (38) and (42) percent of lung of
animals slaughtered within this period were trimmed (Table 3.9). A total 2703 kilogram
weight of lung was loss to improper evisceration, and contributed a significant economics
loss to the abattoir. Improper evisceration has been attributed to a failure in the
slaughtering process (Dupuy et al., 2013) and compromises meat quality and hygiene by
contaminating carcass/organ with highly pathogenic organism like salmonella and
verotoxin-producing Escherichia coli (VTEC) which are found in the stomach and
intestine (Blagojevic and Antic, 2014). Findings in relation to improper evisceration was
by Regassa et al. (2013) and loses were in term of the kidney and tongue. In the present
study evisceration problem may be due to use of sharp knife, unskilled and
inappropriately trained workers. In addition, less number of eviscerating staff puts
pressure on them to work faster to deliver and achieve the daily slaughter target. The
impatience of the slaughter or eviscerating worker may also contribute in the number of

lungs soiled by blood and faeces.
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3.3.4 Tongue condemnations at the three abattoirs

Several conditions such as abscess, actinobacillosis, pigmentation and gunshot injury
affected the tongue which lead to it rejection. Abattoir slaughter records revealed a small
number of losses due to abscess and actinobaccillosis, but during the active survey a
higher percentage of tongue were seen with abscess (1, 4 and 5) and actinobaccillosis (1,
2 and 2) in the 3 abattoir studied (Tables 3.2 and 3.10). Similar finding was recorded by
Alton et al. (2012) but higher condemnations were recorded by Dupuy et al. (2013),
Kambarage et al. (1995), Phiri, (2006), Regassa et al. (2013) and Tlhapi, (2013). Tongues
with pigments were also condemned and others were as a result of gunshot injuries. The
reason for tongue pigmentation was not ascertained but may not be unassociated with
keratinization of the epithelial surface of the tongue. Agitated and aggressive cattle at
ANA were shot at the abattoir upon arrival, haven tried to restrain without success, also
some cattle were shot at the farm for similar reason and later brought to QTA for

inspection and processing.

3.3.5 Spleen condemnations at the three abattoirs

There was a low occurrence of abscess (0.35), (0.94) and (0.17) and splenomegaly (0.21),
(0.55) and (0.2) and these were the main reason for spleen rejection during the
retrospective study however, higher occurrence were recorded during the active meat
inspection for same reason in ANA, QTA and EBA and corresponds to (2, 6 and 10) and
(2, 8 and 12). In addition spleen infarcts led to percentage condemnation of (1, 13 and 27)
of spleen during the active meat inspection. Phiri, (2006) reported a higher condemnation

of spleen in studies in three provinces of Zambia and (Tlhapi, 2013) indicated that fever
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was the cause of splenomegaly during a study on the causes of carcass condemnation in
South African abattoir. Most studies (Blagojevic and Antic, 2014; Gajadhar et al., 2006;
Kebede, 2008; Kebede et al., 2009b; Megersa et al., 2010; Tolosa et al., 2009) found cyst
of either Cysticercus bovis and Ecchinococus granulosus as the major cause of spleen
rejection. But in the present study abscess, splenomegaly and infarct were the main cause
of condemnation in the 3 abattoir studied. This outcome may be due to location,
efficiency of veterinary care on the farm and lack of adequate inspection. It may also be
due to the low prevalence of cysticercosis and hydatidosis in the study. Generally, apart
from fever earlier mentioned, infection with Baccillus anthracis has been noted to cause
liver enlargement, while bacteria organism like Staphylococcus aureus and Streptococcus
spp. (S. agalactiae/dysgalactiae/ pyogenes/zooepidemicus) are notable causes of abscess

in cattle (Blagojevic and Antic, 2014).

3.3.6 Heart condemnations at the three abattoirs

The percentage of Cyst recorded from abattoir slaughter data revealed that (0.24, 0.36
and 0.2) of heart was lost, while (1, 3 and 1) percent heart was thrown away due to the
cyst of cysticercosis bovis. This was identified as lesions consisting of cysticerci 5-8 mm
by 3-5 mm, translucid and filled with brownish fluid (Abunna et al., 2008) further
diagnosis for confirmation was not done. Live cattle having C. bovis shows no
symptoms, however, in cases of heavy infestation, larvae may cause myocarditis or heart
failure (Kumar and Tadesse, 2011). Several studies (Cadmus and Adesokan, 2009a;
Fekadu et al., 2012; Komba et al., 2012; Tadesse et al., 2014) obtained similar result as

with this study, while higher figures were obtained by Kambarage et al. (1995), Kebede
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et al. (2009b) and Tolosa et al. (2009). Cysticerci can remain alive in cattle anywhere
from days to years and has public health implication in humans as the consumption of
infected raw or undercooked beef causes taeniasis in human (Kumar and Tadesse, 2011).
In live cattle, cysts grow slowly, between 1 and 5 cm in diameter per year, and it may
take many years before clinical symptoms appear, usually as the result of dysfunction of
the organ in which the cyst develops. When and if the cyst ruptures, the sudden release of
its contents can precipitate allergic reactions ranging from mild to fatal anaphylaxis

(Dorny et al., 2009).

Inflammatory conditions like pericaditis and endocarditis were responsible for the
condemnation of (0.9), (1.85) and (0.75) percent of heart from the retrospective records,
while endocarditis was responsible for the condition of (4, 13 and 21) percent heart.
Several studies (Alawa et al., 2011; Dupuy et al., 2013; Fekadu et al., 2012) supports the
finding of this work, but Denbarga et al. (2011), Kambarage et al. (1995) and Phiri,
(2006) reported higher condemnation due to inflammation. Several conditions may lead
inflammation of the heart and may include diseases caused by bacteria spp such as
Streptococcus spp. and Arcanobacterium pyogenes (Blagojevic and Antic, 2014) and
Erysipelothrix rhusiopathiae (Hill et al., 2013). Haemorrhages such as those from poorly

bleed animal or blood clothing in the heart, may lead to its condemnation (Table 3.10).

3.3.7 Kidney condemnations at the three abattoirs
The kidney can be seen as an indicator of the health and fitness of the animal, due to its

sensitivity to insult from infection or toxin. In the present study, cyst (0.08), (0.23) and
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(0.16) and nephritis (0.94), (1.01) and (1.18) were the major reasons for kidney
condemnation in the 3 years studied in retrospect, while higher percentage (3, 27 and 42)
of cyst was identified during the active meat inspection (Tables 3.2 and 3.10).
Furthermore, infarct (9, 31 and 25) and hydronephronesis (2, 11 and 14) were also
reasons why the kidney was condemned in ANA, QTA and EBA, during the active meat
survey. Findings regarding nephritis and hydronephrosis were supported by Fekadu et al.
(2012); Hajimohammadi et al. (2014) and Tadesse et al. (2014), cyst formation (Abunna
et al., 2008), infarct (Kambarage et al., 1995) and haemorrahage (Phiri, 2006). Higher
rate of occurrence of cyst and nephritis was reported by Alton et al. (2012), Edwards et
al. (1997) and Tolosa et al. (2009). According to Edwards et al. (1997), some cyst may
be congenital in nature but condemnation purposes are geared towards aesthetic reason

and not necessarily public health.

Adult parasites have been shown to affect the kidney as they tunnel through small veins
around the bladder and ureter and release high numbers of eggs which are deposited in
the bladder wall predisposing the kidney to chronic disease which may be characterized
by haematuria, dysuria, hydronephrosis (Van Der Werf et al., 2003). According to Dupuy
et al. (2013) there may be an association between kidney condemned due to nephritis and
bronchopneumonia. When calves are affected by bronchopneumonia and left untreated, it
secondarily induces lesions on heart, kidneys and thymus. In the present study
haemorahagic condition of the heart may be due to improper bleeding or existing heart
problem, whereas the cause of the infarct was not identified, it may be due to infection

with tick-borne disease which is endemic in the Eastern Cape. Similar view was reported
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by Kambarage et al. (1995) who considered infarct as due to the infection with Theileria

parva in Tanzania.

3.3.8 Carcass condemnations at the three abattoirs

A carcass may be totally or partially condemned; in this study a total of 26 carcasses were
totally condemned from the abattoir records from 2010 to 2012 corresponding to an
estimated 6949.8 kilogram loss of weight during this period (Table 3.1). During the
active meat inspection, there were no whole carcass condemnations but partial trimming
of carcass for various reasons. Generalized bruises was responsible for the loss of (37),
(60.6) and (159.9) kg of carcass while (42.2), (78.3) and (173.5) kg were lost to partial
trimming (Table 3.11). Generally, bruises are indicative of the pre-slaughter stress the
animal undergoes and is a maker for good management and care on the animal (Strappini
et al., 2009). Apart from the animal welfare implications, bruising affects carcass value
(Edwards et al., 1997). Bruises are associated with rough handling, violent impact of the
animals against sharp-edged surfaces, aggression between animals and also mechanical

damage to animal tissue (Chulayo, 2012; Strappini et al., 2009).

Cattle from the market were said to have more bruises than cattle sold directly from the
farm, while sex breed and age correlated with occurrence of bruises in animal (Jarvis et
al., 1995; Mpakama et al., 2014). In the present study bruises may be due to the fact that
some animal were agitated and uncontrollable evidence by the fact that some were shot.
It can also be due to poor handling facility at the farm and abattoir during loading and

offloading. Furthermore, it may also be due to mode and distance of transportation, as
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transportation has been shown to have an impact on the bruise score of animal to be

slaughtered.

Abscess formation was also present in some carcass and affected carcass was trimmed.
The percentage/kilogram weight of trimmed carcass were (7/11.3), (6/16.2) and (14/97.4)
for the 3 abattoirs (Table 3.11). It was observed that most of the abscesses were located
on the hip area and on the neck fold and these are two popular sites for administration of
injections. Abscesses pose a problem in terms of contamination should the abscess be
ruptured during slaughter, it will contaminate clean carcass/offal, including the slaughter
environment. Also in live animal, abscessation can develop into more generalized
pyaemia. According to Edwards et al. (1997) abscess formation on carcass relates
directly to husbandry practice on the farm. The incidence of post-injection abscesses
indicates poor hygienic practice by the farm operator whether administering therapeutic
medication or immunization. Improper evisceration such as fecal contamination was
responsible for percentage/kilogram loss of (19/26.6), (31/78.5), (27/146.1) weight of
carcass to trimming. Faulty slaughter process may lead to meat contamination as faecal
and blood splash might lead to contamination (Blagojevic and Antic, 2014; Dupuy et al.,

2014a) and reduction in meat quality and hygiene.

3.3.9 Financial implications of carcass/organ condemnations in the three abattoirs
Whole sale prices were used for the estimation of the financial loss associated with
condemnation, thus it is very likely that higher monetary loss is possible if real market

prices are used. Again the condemnations were made by meat inspectors and the
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likelihood of human error such as missing some disease case is possible. In the present
study, estimate made from the abattoir data indicate that a total of 59424.6 kg weight of
carcass/offal’s were lost in the 3 abattoir (Table 3.1). The least being ANA (1240.4, 916,
1369.8 kg), followed by QTA (5074.1, 7578.1, 3470.8 kg) and EBA (9085.8, 12924.3,
17765.3 kg), the difference noted among the abattoir may be due to slaughter capacity
and meat inspector efficiency. Table 3.5 indicates that during the same period a total of
ZAR 630465.2 (59244.1 USD) was monetary estimate that was lost due carcass/offal
condemnation and were in the following order in (ZAR/USD); 2010 (ZAR
198215/18632.4 USD), 2011 (ZAR 220546.2/20724.2 USD) and 2012 (ZAR

211704/19887.5 USD).

Currently, information on the quantity and financial implication of meat condemnation in
the Eastern Cape is scarce, therefore we cannot compare between this study and any other
within our locality. But elsewhere in Africa studies of this nature have shown various
percentages of financial losses (Denbarga et al., 2011; Fekadu et al., 2012; Kithuka et al.,
2002; Mwabonimana et al., 2010). In the present study the liver was the most condemned
and attracted the highest loss of (ZAR 75515, 101035, 113960), while the tongue was the
least condemned and also attracted the least financial loss of (ZAR 200, 100, 360) for the
three years studied. The active abattoir meat inspection has the following losses
associated with meat condemnation from the liver, lung, heart, spleen, kidney and tongue
in a decreasing order (ZAR 59227, 29025, 11084, 5383.5, 5342, and 1276). Several
studies (Borji et al., 2012; Regassa et al., 2013; Tadesse et al., 2014; Torgerson and

Macpherson, 2011) have indicated that disease and non disease factors lead to

95



carcass/offal condemnation, in which the resultant effect is the financial losses accrued to

it and the burden of these losses are those of the farmer and the abattoirs involved.

3.4. Conclusion

The study identified abscessation, inflammatory conditions of the heart, faciolosis,
cysticercosis, calcification, splenomegaly, bruises, improper evisceration, and
actinobacillosis were found to be major causes of organs/carcass condemnation resulting
in considerable direct financial loss to the farmer and abattoir. The sum total of financial
losses associated with these condemnations for the years in retrospect (2010-2012) and

the active abattoir survey (July to December 2013) was ZAR 1, 027630.7 (95810 USD).
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CHAPTER FOUR: Prevalence, seasonal changes and economic importance of
Fasciola parasite in liver of slaughtered cattle in selected abattoirs in the Eastern
Cape Province South Africa.

Abstract

The objective of this study was to determine the prevalence, seasonal changes and
economic importance of Fasciola parasite in liver of slaughtered cattle in two high
throughput abattoirs (AB1 and AB2) and one low throughput abattoir (AB3).
Retrospective information regarding the number of cattle slaughtered and number of liver
condemned due Fasciola infection for the years 2011, 2012 and 2013 was obtained from
the Department of Agriculture for analysis. Survey data was also collected during active
abattoir inspection (AB1, n= 500, AB2, n= 400, and AB3, n= 220) and animals were
selected using systematic random sampling and were monitored from stunning through to
evisceration and inspection point. Occurrence of Fasciola in the liver was observed
grossly, while palpation and incisions were made to further confirm its presence.
Prevalence of fasciolosis was calculated and seasonal occurrence was determined based
on monthly assortment. From the retrospective data, the prevalence of fasciolsis was 2.9
percent (n = 78728) while the annual prevalence of Fasciola infection from 2011-2013
for AB1 was (3.2, 2.2 and 2.0%), AB2 (6.4, 4.6 and 3.5%) and AB3 (14.4, 6.9 and 9.5%).
Higher prevalence was obtain in summer (AB = 10.4%, AB2 = 12.8% and AB3 = 10.9%)
and autumn (AB = 11.2%, AB2 = 10.8% and AB3 = 8.6%) than in winter (AB = 9.8%,
AB2 = 6.5% and AB3 = 5.9%) and spring (AB = 8.2%, AB2 = 7.8% and AB3 = 5.9%).
Cattle with poor body condition score (BCS) were more affected across the different
levels of severity and there was a significant difference between BCS and the level

severity at each abattoir (p<0.05). The percentage prevalence of fasciolosis was high in
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young animals at AB1, AB2 and AB3 (30.8, 23.2 and 18.2%) than in old animal (8.8,
14.5 and 14.1%). The monetary losses associated with carcass weight loss, whole and
partial liver condemnation was estimated to be ZAR 917, 921.5 (83, 447 USD), ZAR 31,
661.5 (2, 878 USD) and ZAR 19, 112.3 (1, 737 USD) respectively. In conclusion, the
prevalence of fasciola infection was high in warm season than in cold season, a seasonal
pattern of infection was observed and infection led to monetary losses.

Keyswords: Fasciolosis, season, cattle, abattoir, economic loss

4.0 Introduction

Fasciolosis is a disease caused by trematode Fasciola, which is predominantly a disease
of ruminants and is responsible for huge direct and indirect economic loses to the
livestock industry (Bekele et al., 2010; Theodoropoulos et al., 2002; Zeleke et al., 2013).
The need to curtail waste is in meat product evidently clear given the rate at which the
world population is rapidly expanding. Currently, the population of South Africa is
estimated to be a little above 52 million and is projected to reach 73 million in 2050
(SSA, 2013). Infection by fasciola is highly pathogenic and can lead to severe morbidity
and even death of the host and has in recent times become a reoccurring problem
challenging the livestock sector thereby limiting the ability of the sector to provide

enough protein for the ever growing population (Radfar et al., 2013).

Economic loses to rural agricultural communities and commercial producers from
Fasciola infection world-wide is estimated to be US $200 million per annum, (Boray,

1985), with over 600 million animals infected (Ramajo et al., 2001). In developing
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economies, the incidence of F. hepatica can reach up to 77% while in tropical nations;
fasciolosis is considered the single most important helminthosis of cattle, with reported
prevalence of 30-90% (Tsegaye et al., 2011a). Economic losses recorded due to the
disease are mainly through abattoir liver rejection, reduced production of milk, meat, and
wool, veterinary care, metabolic disease and mortality (Bekele et al., 2010; Khanjari et

al., 2014; Kithuka et al., 2002; Mohammed et al., 2012; Terefe et al., 2012).

Fasciolosis apart from being a disease of veterinary importance, has also been pointed as
emerging zoonosis of great public health concern with an increasing number of human
cases being reported; It is estimated that 75% of emerging human pathogens are zoonotic
(Esteban and Bargues, 1999; Fitzpatrick, 2013; Mas-Coma et al., 2005). Emerging
zoonoses have been defined as zoonoses that are freshly recognised or recently evolved,
or that have occurred in the past but demonstrate an enhancement in incidence or
expansion in geographical, host or vector range (Dorny et al., 2009; Fitzpatrick, 2013).
Recent studies by Dorny et al. (2009) and Torgerson and Macpherson, (2011a) indicates
that 2.5 million people world-wide were infected with fasciolosis. Clinical signs of
fasciolosis are caused by the migration of the young flukes through the liver causing

abdominal pain, indigestion, weight loss, mild fever and malaise (Dorny et al., 2009).

Studies have also shown the reality of aberrant migrations of parasitic entities including
Fasciola (Dorny et al., 2009; Nithiuthai et al., 2004; Torgerson and Macpherson, 2011).
The recognition that the majority of emerging diseases affecting humans worldwide are

zoonotic in origin has raised interest in improving disease surveillance in domestic
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animals and wildlife (Thomas-Bachli et al., 2012). Socio-economic impact of zoonotic
disease is increasingly being experienced by many countries, but most particularly by the
developing nations. In these countries, the poor and marginalised populations bear a
disproportionately high share of the burden that such diseases are creating (Seimenis,

2012).

While Fasciola hepatica is mostly found in Europe, the Americas, and Australia,
Fasciola gigantic is more prevalent in tropical countries, although both species have been
recorded in Africa and Asia (Mas-Coma et al., 2005). It has a two-host life cycle, with
the asexual stages developing in intermediate hosts, which in nature are mostly
freshwater snails of the genus Lymnaea (Mas-Coma et al., 2005). Fasciola hepatica has a
regular occurrence in temperate area and in cooler areas of high altitude in the tropics and
subtropics while Fasciola gigantica, is predominately seen in tropical area (Dawa et al.,
2013). The water snail of the genus Lymnae natalensis and Lymnae truncatula are known
as intermediate host in life cycle of fasciolosis. Lymnea truncatula is usually associated

with herds and flocks grazing in wet water logged marshy land.

While Lymnae natalensis infection is associated with livestock drinking from snails
infected water as well as with grazing wetland, which may be swampy atimes
(Fitzpatrick, 2013; Terefe et al., 2012; Tsegaye et al., 2011a; Zeleke et al., 2013). In
South Africa the most common intermediate hosts are L. trunculata (F. hepatica), L.
natalenis (F.gigantica) and L. columella (F. hepatica and F.gigantica). Encystment takes

place in the intestine and the juvenile fluke pass across the peritoneum and arrive at the
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liver. After migrating through the parenchyma, the trematode reach the bile ducts and
attain sexual maturity, at this point most pathological damage start to occur leading to the
release of antigens (Keyyu et al., 2006; Khan et al., 2010; Sanchez-Andrade et al., 2002;

Tsotetsi and Mbati, 2003)

Pathogenesis depends primarily on the two different stages of development of the parasite
in the liver of the host, the level of parasitaemia, and if it is an acute, sub acute or chronic
infection. The clinical signs of acute disease are characterised by sudden acute deaths,
weakness, anaemia and dyspnoea. Sub acute and chronic fasciolosis is characterized by
progressive loss of condition, anaemia, hypoalbuminaemia, emaciation, pallor of the
mucous membranes, submandibular oedema and ascites (Degheidy and Al-malki, 2012;
Keiser and Utzinger, 2009; Mwabonimana et al., 2010; Phiri et al., 2005a, 2005b). In
cattle, infection remain untreated as the immune response does not provide adequate

protection, thus the animals remain prone to re-infection each year (McLeod, 2011).

Abattoirs have played an important role in the surveillance of a variety of diseases of
human and animal health significance. Inspection at the abattoir allows for all animals
passing into the human food chain to be examined for abnormal signs, lesions or specific
diseases (Alton et al., 2010). This study was intended to determine the seasonal
prevalence of fasciolosis in cattle slaughtered at two high through put and one low
through put abattoirs and to comparatively assess the economic impact of fasciolosis due

to liver condemnation in these abattoirs.
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4.1 Materials and methods
4.1.1 Description of study area

Refer to chapter three, section 3.1 sub-section 3.1.1

4.1.2 Study site

Refer to chapter three, section 3.1 sub-section 3.1.2

4.1.3 Study population and Sample size Determination

Study animals were those brought to the abattoir for slaughter and included male and
females of different ages, transported from different locations. In order to establish the
prevalence and economic significance of fasciolosis, the sample size was determined at
90% confidence interval and 5% margin of error and an expected prevalence of 50% by
using the formula given by Thrusfield, (2005) and was validated using a sample size
calculator (Raosoft Inc USA see www.raosoft.com).

n= 196" P, (1-Pexp)
dz

Where n = required sample size
Pexp = expected prevalence= 50%
d = desired absolute precision=5%

Hence, d = 0.05 and p= 0.5 (50%).

Accordingly 268, 256 and 179 animals belonging to abattoirs (AB1, AB2 and AB3) were
supposed to be sampled but in order to increase the precision, a total of 500, 400 and 220

study animals were used (Regassa et al., 2013). The animal numbers were maximally
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adjusted to minimize the margin of error below the 5% mark and to further improve

statistical precision.

4.1.4 Study Design and Sampling Method

A cross sectional study was conducted in the 3 abattoir used for this study. Abattoir
slaughter record was obtained from the Veterinary department from 2010 to 2012 and
data was extracted to assess seasonal pattern. Also a prospective study was conducted
from March 2013 to march 2014, with aim to also ascertain seasonality of Fasciola
infection and to also estimate the liver condemnation due to Fasciola and its associated
economic losses. Ante mortem inspection was carried to document relevant risk factor

and generally animal welfare indicators.

4.1.5 Abattoir survey

Daily condemnation records for cattle in the abattoir were used as the sources of data.
Records of number of animals slaughtered and the organs/offal condemned were
collected. Routine meat inspection is carried out by International Meat Quality Assurance
Service (IMQAS), who are qualified meat inspectors who had undertaken special training
in meat inspection, processing, disease identification and pathology of farm animals. The

inspectors carry out their work under occasional supervision by state veterinarians.

Ante-mortem examination of all animals presented for slaughter was done a day before or
shortly prior to slaughter by meat inspectors. This was followed by postmortem meat
inspection involving visual examination, palpation, and incisions at notable disease points

on liver according to procedures described by Alembrhan and Haylegebriel, (2013) and
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Mellau et al. (2011). Fasciola parasite was detected grossly and diagnosed based on
pathological changes, i.e. colour, size, morphology, consistence, presence of lesions or
parasites. During the active meat inspection, the liver of the slaughtered cattle were
grossly inspected to detect the presence of flukes. Prominent billary tract and ducts were
opened with knife. Adult and immature Fasciola flukes were collected and sorted.
Affected livers were classified in to three groups.

1. Mildly affected livers: - If the quarter of the liver was affected or if one bile duct was
prominently enlarged on the ventral surface of the liver.

2. Moderately affected: - If half of the organ was affected or if two or more bile passages
were hyper plastic.

3. Severely affected: - If the entire organ was involved or if the was cirrhotic and

triangular in outline and when the right lobe was atrophied (Equar and Gashaw, 2012).

4.1.6 Direct loss and indirect loss economic loss associated with liver condemnation

Economic losses were estimated both from the total number of liver rejected from the
retrospective and active meat survey data. All livers infected with Fasciola were not
condemned; some were partially condemned while the contaminated part was trimmed.
Annual slaughter rate was estimated from the retrospective abattoir record of the three
years being reviewed, while the average price for liver was obtained from the abattoir’s
marketing department. The current foreign exchange rate of 1 United State Dollar (USD)
for 10.7 South African Rand (ZAR) was used for conversion. Information gathered was
then computed mathematically using the method set by Ogunrinade and Ogurinade 1980

as cited by Equar and Gashaw, (2012).
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(a) Total Annual liver condemnation (ALC) = MCS X MLC X P
Where ALC = Annual loss from liver condemnation
MCS = Mean annual cattle slaughtered at Abattoirs (AB1, AB2 and AB3)
MLC = Mean cost of one liver at the abattoirs
P = Prevalence of fasciola in cattle liver at the abattoirs
(b) Annual Partial liver condemnation (PLC)
Where: PLC = Annual loss from partial liver condemnation
MCS = Mean annual cattle slaughtered at Abattoirs (AB1, AB2 and AB3)
Y% MLC = Mean cost of half liver at the abattoirs
P = Prevalence of fasciola in cattle liver partially condemned at the abattoirs
(c) Carcass weight loss due to fasciolosis: An average carcass weight loss due to bovine
fasciolosis was then assessed using the following formula.
Annual loss from carcass weight loss (ACW) = CSR X CL X BC X P
Where: ACW = Annual loss from carcass weight loss.
ACS = Average number of cattle slaughtered per Annum at the Abattoirs (AB1, AB2 and
AB3).
CWL = Carcass weight loss in individual cattle due to fasciolosis
CBL = Average price of 1kg beef at the abattoirs.
P = Prevalence of fasciola in cattle liver at the abattoirs

Total annual economicloss=a+b +c
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4.1.7 Statistical analysis

The data was captured into Microsoft excel 2007 and was analyzed quantitatively and
statistical inferences were drawn. It was later imported into the Statistical Package for
Social Sciences (SPSS) version 22 for analysis. Descriptive statistics were used for
analysis, while chi-square (X?) measures were employed to assess the association
between risk factors and occurrence of Fasciola parasite. The prevalence of fasciolosis
was calculated as the number of Fasciola infected animal divided by the total number of
slaughtered animals and was then multiplied by 100. A 5 % significant level was used to
determine the differences in the prevalence of fasciolosis among different abattoirs, P-

value was significance when less than 0.05.

4.2 Results

4.2.1 Monthly and yearly prevalence of fasciola infection in liver of cattle
slaughtered from 2010 to 2011 in two high throughput and one low throughput
abattoir

Information regarding slaughter condemnation of livers was extracted from abattoir
slaughter records (schedule 8), and summarized into monthly and yearly prevalence as
shown in Table 4.1 and 4.2. The highest monthly prevalence was seen between
September and March (Table 4.1) and the lowest around May to August. The month with
the lowest prevalence was June (1.2%). A total of 1,406 livers were condemned for
Fasciola infection, which represent 2.3% prevalence for AB1 as against a total of 684
livers condemned at AB2 for same reason and represent 4.6% prevalence. While at the

low throughput abattoir, a total of 159 livers were rejected by the meat inspector Fasciola

representing 10% prevalence. Overall and across the three abattoirs, number/prevalence
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of Fasciola in slaughtered cattle stood at 78728 (2.9%). The annual prevalence of
Fasciola for 2010, 2011 and 2012 for AB1 was calculated to be 3.2, 2.2, and 2.0 percent
respectively. While the prevalence of Fasciola for AB2 and AB3 stood at 6.4, 4.6, 3.5 and

14.4, 6.9, and 9.5 percent for the same period respectively.

4.2.2 Association between body condition score (BCS) and seasonal prevalence of
Fasciola in various abattoir studied from July 2013 to June 2014.

There was a strong association between BCS and the prevalence of Fasciola in the two
through put abattoir; however the association was not strong for the low through put
abattoir (Table 4.3). Out of 500 cattle examined at AB1, 32.2% of these were had poor
BCS and recorded the highest prevalence (21.6%) of fasciolosis. Whereas, 41.8% and
26% had moderate and good BCS, and prevalence of 10.4 and 7.6 percent respectively
(Table 4.3). However, the result for poor, moderate and good BCS of cattle at AB2 were
38.2%, 36.5%, 25.2% with Fasciola prevalence of 18.5, 13.0 and 6.2% respectively.
While the number, percentage and prevalence of Fasciola in relation to BCS of cattle at
AB3 was calculated for poor as (60, 27.3 and 7.3), moderate (97, 44.1 and 15.9) and good

(63, 28.6 and 9.1).

Seasonal variation were noted in all abattoirs, but were not significant (p<0.05) in AB1
and AB3 as compared to AB2. Seasonal prevalence of Fasciola during the study at AB1
was recorded for winter as (9.8%), spring (8.2%), summer (10.4%) and autumn (11.2%).
Result for AB2 showed the following prevalence for winter (6.5), spring (7.8), summer
(12.8) and autumn (10.8). While at AB3 prevalence for various seasons was seen for

winter as (5.9), spring (6.8), summer (10.9) and autumn (8.6) percent respectively (Table
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4.4). There was a strong association between BCS and severity of Fasciola infection for
AB1 (P<0.05) and result indicated the following for mild infection; poor 23 (11.6),
moderate 67 (33.9) and good 15 (7.6). Animals with moderate infection had poor 39
(19.7), moderate 9 (4.5) and good 5 (2.5) BCS. Whereas, more animals with poor and
moderate (10.1% each) BCS were severely affected, while no catte with good BCS was

affected at AB1 (Table 4.5).

At AB2 more animals with poor BCS indicated mild, moderate and severe (16.6, 19.9
and 17.9 percent) infection as compared with animals with good body condition score
(6.6, 6.6 and5.3 percent). The results showed a strong association (p<0.05) between BCS
and severity of infection (Table 4.5). A stronger associated (p<0.05) was noted at AB3
between BCS and severity of infection as result indicates that for poor BCS, severity of
infection was: mild (0%), moderate (36.6%) and severe (28.2%) whereas results obtained
for good BCS, indicates that the severity of infection were mild (8.5%), moderate (0%)

and good (0%).

4.2.3 Association between various risk factors and prevalence of bovine fasciolosis in
study animals

Result from AB1 showed that out of 500 slaughtered animals, 355 were young and 145
were old. The prevalence of Fasciola in the two groups was 30.8 and 8.8 percent
respectively. The odds of Fasciola infection occurring were higher in young animals than
in older ones. But the association between age related risk factor was less as compared to

sex. However, even though the association between the risk factors age and sex differ, the
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Table 4.1 Summarized monthly number (prevalence) of Fasciola in liver of slaughtered
cattle (n = 62, 420, n = 14, 719, n = 1, 589) during the year 2011-2013 in two high
through put abattoirs (AB1 and AB2) and one low throughput abattoir (AB3)

Month AB1 AB2 AB3
January 160(0.3) 86(0.6) 23(1.4)
February 152(0.2) 78(0.5) 17(1.1)
March 173(0.3) 64(0.4) 16(1)
April 115(0.2) 51(0.3) 6(0.4)
May 82(0.1) 32(0.2) 5(0.3)
June 104(0.2) 31(0.2) 5(0.3)
July 84(0.1) 42(0.3) 10(0.6)
August 64(0.1) 36(0.2) 7(0.4)
September 97(0.2) 44(0.3) 11(0.7)
October 99(0.2) 71(0.5) 20(1.3)
November 140(0.2) 64(0.4) 16(1)
December 136(0.2) 85(0.6) 23(1.4)
Total 1406(2.3) 684(4.6) 159(10)

AB1 and AB2 means high through put abattoirs, AB3 means low throughput abattoir
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Table 4.2 Prevalence rate of liver condemnation due to fasciolosis in slaughtered cattle
from 2010 to 2012 in the 3 abattoirs

Abattoir Year No slaughtered No positive Prevalence (%0)
AB1 2011 9774 311 3.2
2012 21803 484 2.2
2013 30843 611 2.0
AB2 2011 4414 281 6.4
2012 4078 187 4.6
2013 6227 216 3.5
AB3 2011 437 63 144
2012 520 36 6.9
2013 632 60 9.5
Total 78728 2249 2.9

AB1 and AB2 means high through put abattoirs, AB3 means low throughput abattoir
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Table 4.3 Prevalence of bovine fasciolosis based on body condition score (BCS) of study
animals (n= 500, n=400, and n= 220) representing abattoirs (AB1, AB2 and AB3) from

July 2013 to June 2014.

Abattoir BCS No examined % Prevalence (%) X? Sig
AB1 Poor 161 32.2 21.6 75.6 falaied
Moderate 209 41.8 104
Good 130 26 7.6
AB2 Poor 153 38.2 18.5 14.9 falaied
Moderate 146 36.5 13
Good 101 25.2 6.2
AB3 Poor 60 27.3 7.3 1.5 NS
Moderate 97 44.1 15.9
Good 63 28.6 9.1

N/B: AB1 and AB2 means high through put abattoirs, AB3 means low throughput
abattoir, BCS means body condition score, Prevalence of faciolosis, X?: chi-square, Sig:
significant level, ***: significant at p<0.001 for AB1 and p<0.01 for AB2. NS: not

significant
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Table 4.4 Seasonal prevalence of bovine fasciolosis based on study animals (n= 500, n=
400, and n= 220) representing abattoirs (AB1, AB2 and AB3) from July 2013 to June

2014.
Abattoir Season  Noexamined No positive Prevalence (%) X? Sig
AB1 Winter 125 49 9.8 0.9 NS
Spring 113 41 8.2
Summer 129 52 10.4
Autumn 133 56 11.2
AB2 Winter 100 26 6.5 19.5 faleie
Spring 104 31 7.8
Summer 96 51 12.8
Autumn 100 43 10.8
AB3 Winter 53 13 5.9 55 NS
Spring 57 15 6.8
Summer 56 24 10.9
Autumn 54 19 8.6

N/B: AB1 and AB2 means high through put abattoirs, AB3 means low throughput
abattoir, X? means chi-square, Sig: significiance level, ***: significant at p<0.001, NS:

not significant

128



Table 4.5 Association between body condition score and severity of Faciola in
slaughtered (n= 198, n= 151, n= 71) cattle from July 2013 to June 2014 in the 3 abattoirs

(AB1, AB2 and AB3)

Classification by the level of severity

Abattoir BCS Mild Moderate Severe Total X? Sig
AB1 Poor 23(11.6) 39(19.7) 20(10.1) 82(41.4) 454 falaied
Moderate 67 (33.9) 9(4.5) 20 (10.1) 96 (48.5)
Good 15 (7.6) 5(2.5) 0 (0) 20 (10.1)
Total (%) 105(53.0) 53(26.8) 40(20.2) 198 (100)
AB2 Poor 25(16.6) 30(19.9) 27(179) 82(54.3) 17.6 faleie
Moderate 21 (13.9)  20(13.2) 0 (0) 41 (27.2)
Good 10 (6.6) 10 (6.6) 8(5.3) 28(18.5)
Total (%) 56 (37.1) 60(39.7) 35(23.2) 151 (100)
AB3 Poor 0 (0) 26 (36.6) 20(28.2) 46(64.8) 515 falaied
Moderate 5(7) 14 (19.7) 0 (0) 19 (26.8)
Good 6 (8.5) 0 (0) 0 (0) 6 (8.5)
Total (%) 11(15.5) 40(56.3) 20(28.2) 71 (100)

N/B: AB1 and AB2 means high through put abattoirs, AB3 means low throughput
abattoir, X% means chi-square, Sig: significant level, ***: significant at p<0.001
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odds of Faciola occurring in male and females did not differ significantly. Less number
of local breeds (185) was slaughtered at AB1 as compared to crosses (315). The
prevalence of Fasciola was however higher (22.6%) in the local breed in contrast to the
fewer number of slaughtered local breed and when compared to the prevalence of crosses
(17%). The study noted a 14.8% prevalence of Fasciola on diarrheic cattle and 24.8%
prevalence on non-diarrheic animal. The odds of fasciolosis were greater in diarrheic
animals than non-diarrheic animals. 18.6% of 500 sampled animals were emaciated and
were associated with a Fasciola prevalence of 10.4% as against 29.2% prevalence in non-
emaciated animals. The odds were however still higher in emaciated animals than in non-

emaciated animals (Table 4.6).

Fasciola infection was found to be higher in young animal at AB2 than in old animals
with a prevalence rate of 23.2% and 14.5% respectively. The weak odd of the disease
occurring in both young and old was established. There was association between age
variable such as young and old and the prevalence of Fasciola although the association
was not so strong when compared with that of sex. But the odd of disease occurring in
both sexes did not differ significantly. A prevalence of 22.2% was recorded for local
breed, while crosses had a prevalence rate of 15.5%. A strong association was noted for
the breed and the odd of the disease happening was more for local breed. Diarrhea was
present in 85 animals and absent in 315 animals and a corresponding prevalence of 11.0
and 26.8 percent was recorded. While 7.5% prevalence was seen in emaciated cattle and
30.2% was seen in non-emaciated cattle, the odds of having Fasciola is higher in non-

emaciated than in emaciated animals (Table 4.7).
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At the low through put abattoir (AB3) unlike in the high through put abattoirs (AB1 and
AB2) older animals was slaughtered more than young animals (Table 4.8). Prevalence
rate of Fasciola was calculated to be 18.2 and 14.1 percent for young and old
respectively. A chi-square value of 13.9 was calculated and the odds of disease were
estimated at 1.7 and 5.4. The prevalence rate of 29.1 and 3.2 percent was noted for male
and female with an odd of disease higher in males than in female. Cattle with diarrhea
with had 15.0% prevalence and non-diarrheic animals had a prevalence of 17.3, this was
also what was obtained for emaciated and non-emaciated animals (Table 4.8) but the chi-
square (15.0 and 33.7) differ significantly and the odds of Fasciola infection was seen to

be more for emaciated animal than in non emaciated animals.

4.2.4 Financial losses associated with whole, partial liver condemnation and carcass
weight loss due to Fasciola infection in two high through put abattoir and a low
throughput abattoir

Summary of monetary losses associated with carcass weight loss, whole and partial liver
condemnation was calculated as ZAR 917, 921.5 (83, 447 USD), ZAR 31, 661.5 (2, 878
USD) and ZAR 19, 112.3 (1, 737 USD). The breakdown shows that a total of ZAR 25,
160 was lost at AB1, 4, 082 at AB2 and 2, 419.5 at AB3 (Table 4.9). Higher losses were
incurred for partial condemnation of liver at AB1 (ZAR 15, 407), AB2 (ZAR 3, 354) and
(ZAR 351.3) (Table 10). An estimated monetary losses associated with carcass weight

loss was put at ZAR 76, 0847.5 for AB1, ZAR 14, 4468, and ZAR 12, 606 for the low

throughput abattoir AB3 (Table 4.11).
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Table 4.6 Association between various risk factors and prevalence of bovine fasciolosis
in study animals (n= 500) of abattoir AB1 from July 2013 to June 2014.

Risk factors No % Prevalence X° Sig Odd ratio
examined (%)
Lower limit Upper limit
Age Young 355 71 30.8 7.3 * 1.2 2.7
Old 145 29 8.8
Sex Male 323 64.6 19.8 30.6 Fkx 0.2 0.5
Female 177 35.4 19.8
Breed Local 185 37 22.6 56.7 Fxk 2.9 6.2
Crosses 315 63 17
Diarrhoea Present 119 23.8 14.8 33.3 ** 2.2 5.2
Absent 381 76.2 24.8
Emaciation Yes 93 18.6 10.4 12.7 NS 1.4 3.6
No 407 81.4 29.2

N/B: AB1 means high through put abattoir, prevalence of fasciolosis, X*: chi-square,
Sig: significant level, *: significant at p<0.05, **: significant at p<0.01, ***: significant
at p<0.001, NS: not significant
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Table 4.7 Prevalence of bovine fasciolosis by sex, age, breeds, diarrhea and emaciation
score of study animals (n= 400) in abattoir AB2 from July 2013 to June 2014.

Risk factors No % Prevalence  X° Sig Odd ratio
examined (%)

Lower Upper

limit limit

Age Young 274 68.5 23.2 5.4 * 0.4 0.9
Old 126 31.5 14.5

Sex Male 219 54.8 11.2 60.9  *** 0.1 0.3
Female 181 45.2 26.5

Breed Local 134 33.5 22.2 705  *** 4.1 10.3
Crosses 266 66.5 15.5

Diarrhoea Present 85 21.2 11 9 ** 1.3 3.4
Absent 315 78.8 26.8

Emaciation  Yes 66 16.5 7.5 2 * 0.9 2.5
No 334 83.5 30.2

N/B: AB2 means high through put abattoir, prevalence of fasciolosis, X*: chi-square, *:
significant at p<0.05, **: significant at p<0.01, ***: significant at p<0.001
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Table 4.8 Prevalence of bovine fasciolosis by sex, age, breeds, diarrhea and emaciation
score of study animals (n= 220) in abattoir AB3 from July 2013 to June 2014.

Risk factors No % Prevalence X?  Sig Odd ratio
examined (%)

Lower Upper

limit limit

Age Young 85 38.6 18.2 13.9  *** 1.7 54
Old 135 614 14.1

Sex Male 145  65.9 29.1 274  *** 3.3 17.9
Female 75 34.1 3.2

Breed Local 69 31 14.5 9.1 *x 1.4 4.5
Crosses 151 68.6 17.7

Diarrhoea  Present 64 29.1 15 154  *** 1.8 6.1
Absent 156  70.9 17.3

Emaciation Yes 50 22.7 15 33.7 R 3.4 13.4
No 170  77.3 17.3

N/B: AB3 means low through put abattoir, prevalence of fasciolosis, X*: chi-square, Sig:
significant level, **: significant at p<0.01, ***: significant at p<0.001
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Figure 4.1 Summarized monthly proportion of Fasciola in liver of slaughtered cattle
during the year 2011-2013 in two high through put abattoirs (AB1 and AB2) and a low
throughput abattoir (AB3).

135



20

18

16

[
(o]

[y
=

Prevalence (%6)
(o o]

AB1 AB2
AB1 and AB2: high through-put abattoir, AB3: low through-put abattoir

2011
H2012
12013

Figure 4.2 Percentage prevalence of liver condemned due to fasciolosis in slaughtered

cattle from 2010 to 2012 in the three abattoirs
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Figure 4.3 Percentage prevalence of bovine fasciolosis based on body condition score
(BCS) of study animals in abattoirs (AB1, AB2 and AB3) from July 2013 to June 2014.
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Figure 4.5 Annual financial losses (ZAR) associated with complete liver condemnation
due to fasciolosis in various abattoirs (AB1, AB2 and AB3) during the study from July
2013 to June 2014. N/B: AB1 and AB2 means high through put abattoirs, AB3means low

throughput abattoir
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Figure 4.6 Annual financial losses (ZAR) associated with partial liver condemnation due
to fasciolosis in various abattoirs (AB1, AB2 and AB3) during the study from July 2013
to June 2014. N/B: AB1 and AB2 means high through put abattoirs, AB3means low

throughput abattoir
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Figure 4.7Annual financial losses (ZAR) associated with carcass weight loss due to
fasciolosis in various abattoirs (AB1, AB2 and AB3) during the study. N/B: AB1 and
AB2 means high through put abattoirs, AB3means low throughput abattoir

141



Table 4.9 Annual financial losses associated with complete liver condemnation due to
fasciolosis in various abattoirs during the study from July 2013 to June 2014.

Abattoirs

AB1 AB2 AB3
No of sample 500 400 220
No condemned 89 57 18
MCS 2570 519 53
MLC (ZAR) 55 55 55
P (%) 17.8 14.3 8.2
ALC (ZAR) 25, 160 4,082 2,419.5
UsD 2,287 368 220

N/B: AB1 and AB2 means high through put abattoirs, AB3means low throughput
abattoir, MCS means annual loss from liver condemnation, MLC: mean cost of one liver
at the abattoirs (AB1, AB2 and AB3), P: prevalence, ALC: annual loss from liver
condemnation, ZAR: South African rand, USD: United States Dollar

142



Table 4.10 Annual financial losses associated with partial liver condemnation due to
fasciolosis in various abattoirs during the study from July 2013 to June 2014.

Abattoirs

AB1 AB2 AB3
No of sample 500 400 220
No trimmed 109 94 53
MCS 2570 519 53
% MLC (ZAR) 27.5 27.5 27.5
P (%) 21.8 23.5 24.1
ALC (ZAR) 15, 407 3, 354 351.3
UsD 1, 401 305 32

N/B: AB1 and AB2 means high through put abattoirs, AB3means low throughput
abattoir, MCS means annual loss from liver condemnation, %2 MLC = Mean cost of half
liver at the abattoirs (AB1, AB2 and AB3), P: prevalence, ALC: annual loss from liver
condemnation, ZAR: South African rand, USD: United States Dollar
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Table 4.11 Annual financial losses associated with carcass weight loss due to fasciolosis
in various abattoirs during the study from July 2013 to June 2014.

Abattoirs

AB1 AB2 AB3
No of sample 500 400 220
No condemned 198 151 71
ACS 2570 519 53
CWL (%) 10 10 10
CBL (ZAR) 28 28 28
P (%) 39.6 37.8 32.3
ACW (ZAR) 76, 0847.5 14, 4468 12, 606
uUsD 69, 168 13, 135 1, 146

N/B: ABl1 and AB2 means high through put abattoirs, AB3means low throughput
abattoir, ACS: Average number of cattle slaughtered per Annum at the Abattoirs (ABL,
AB2 and AB3), CWL.: Carcass weight loss in individual cattle due to fasciolosis, CBL.:
Average price of 1kg beef at the abattoirs, P: Prevalence of Fasciola in cattle liver at the
abattoirs ACW: annual loss from carcass weight loss, USD: United States Dollar
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4.3 Discussion

Fasciola infection in cattle has been noted to be a major cause of economic loss for the
livestock venture (Ansari-Lari and Moazzeni, 2006). Flukes invade the liver and in-turn
causes reduce meat and milk yield, reduced reproductive performance and also may lead
whole or partial liver condemnation at slaughter point. Although abattoir survey data has
its own limitations, it is however a cheaper means of identifying disease prevalence,
monitoring and evaluation in disease epidemiology. Thus considering that flukes are
endemic in most tropical and sub-tropical climate and contributes negatively to animal
production, its overall use is beneficial. According to Ahmadi and Meshkehkar, (2010) an
efficient meat inspection service should function as an important tool in the monitoring of
animal disease, this is very valuable in the field of chronic and ill-defined conditions
which may not be apparent to either the stockowner or his veterinary doctor, but must be
of considerable financial and animal health importance. Feedback from the abattoir to
the individual farm is of great value in the field of preventive medicine, as it allows a
trackback and circulation of information to curtail emerging animal and human health

threats.

The current study revealed a 2.9% prevalence of fasciolosis over a three year period
(2011 to 2013). Prevalence of Fasciola at AB1 AB2 and AB3 during the same period was
2.3, 4.6 and 10 percent respectively. Currently there is no national established prevalence
of Fasciola in South Africa and this may be due to differences in provincial climatic
conditions. However, similar studies have been conducted in some southern African

countries and elsewhere. In a similar studies conducted by Aragaw et al., (2012) and
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Phiri, (2006) in Addis Ababa Ethiopia and Zambia, 20% prevalence of fasciolosis was
gotten and this was also similar to what was obtained by Alawa et al. (2011) and Megersa
et al. (2010) and Phiri, (2006). During a survey of slaughtered cattle in Saudi Arabia and
Kenya, Degheidy and Al-malki, (2012) and Kithuka et al. (2002) observed 8.6 and 9.3
percent prevalence of Fasciola infection. Moreover, higher prevalence (49.6-65.9%) has
been obtained in other studies in Khuzestan Iran and Ethiopia (Ahmadi and Meshkehkar,

2010; Demssie et al., 2012).

During the active abattoir survey from July 2013 to June 2014, the current study noted
that the prevalence of Fasciola was higher across the 3 abattoir during summer and
autumn seasons than during the winter and spring. The figure was less in winter and
spring. During the retrospective year (2010 to 2012) observed monthly prevalence was
higher in November, December and January which are months found within the summer
season (Table 4.1). The hatching of fluke eggs and the multiplication of the snail
intermediate host require high rainfall, moisture and temperatures and these conditions
generally are common features in the spring and autumn, when many fluke eggs hatch,
snails multiply and then cercariae develop and are released on wet pastures before

encysting onto herbage (Borji et al., 2012; Khanjari et al., 2014).

During spring, summer and up the autumn there is increase in the amount rainfall in the
Eastern Cape Province of South African and this also encourages the number Lymnaea
species which are intermediate host responsible of the Fasciola parasite and this

consequently lead to the increase in prevalence of Fasciola infection around this period
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(Aragaw et al., 2012). Infestation with fasciolosis is usually associated with grazing wet
land and drinking from the snail infested wet or watery places (Terefe et al., 2012). Other
possible reason for this level of prevalence is the population of livestock and
management practice used in raising livestock in the Eastern Cape. Many of these
animals are raised extensively and allowed to walk long distances of grazing farm land
drinking from free flowing rivers and dams. According to Phiri et al. (2005a) such
practice exposes the animal to fasciola eggs and lymnaea intermediate host. Therefore a
good environment has been established for the hatching of the eggs and transmission of
the metacercariae to cattle as they drink water and feed on the grasses on the watercress.
On the other hand, the low prevalence in winter is apparently due to low temperature and
insufficient moisture which is necessary for the propagation and maintenance of the life
cycle of snail (Phiri et al., 2005a). At this point the breeding of snail and the
multiplication of Fasciola parasite slows down, the intermediate snail undergo a state of

aestivation (Tsegaye et al., 2011).

In the two high throughput abattoir (AB1 and AB2), animals with poor body condition
recorded the highest prevalence (Table 4.3), while at the low through put abattoir animals
with moderate BCS had the highest prevalence rate. Similar findings which have been
reported by Dawa et al. (2013) and Megersa et al. (2010) in Adwa Municipal Abattoir
and Dire Dawa Municipal Abattoir, Ethiopia are in agreement with the result seen at AB1
and AB2. However, our report is in contrast with several other studies who found higher
prevalence and these were in decreasing order from poor, average to good BCS (Demssie

et al., 2012; Terefe et al., 2012; Wondwosen et al., 2012; Zeleke et al., 2013). The high
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prevalence rate as seen with animals with poor body condition may be due to the parasitic
activity of flukes, as it may lead to progressive weight loss, lack of appetite and the cattle
becoming weak. As the animal continues to lose weight it becomes unable to fight
infection as it loses it immunity and homeostasis (Terefe et al., 2012; Tsegaye et al.,
2011b; Wondwosen et al., 2012). Since most of the animals with thin or poor BCS had
Fasciola, it is possible that they were poorly fed; as animals with nutritional inadequacies
are unable to fight infection, as the body is starved of vital nutrient that could nourish

and maintain regular functions of the body (Equar and Gashaw, 2012).

At the three abattoirs, there was a higher prevalence of moderate infection with Fasciola
in animals with poor BCS (Table 4.4). This was followed by severe infection and then
mild infection. This result agrees with the findings of Bekele et al. (2010). The moderate
to severe infection noted in this study may be due to poor BCS and nutritional status of
these animals (Wondwosen et al., 2012; Zeleke et al., 2013). The prevalence may also be
due to the proximity of livestock to streams, rivers and dams which propagates the

growth of water snails and enhances the growth fasciola spp (Phiri et al., 2005a).

In both AB1 and AB2, young animals had higher prevalence than older ones (Table 4.6
and 4.7) but in AB3 older animals had higher prevalence than young animals. Result
from AB3 is in agreement with the findings of Dawa et al. (2013), Keyyu et al. (2006)
and Khan et al. (2010) who reported a 19.6 and 25.95 percent prevalence in young and
old animals respectively. There is no cogent explanation on the variations in age of

prevalence between the abattoirs except with the animal’s immunity. As elucidated by
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Khan et al., (2010), lower prevalence in adults may be due to higher immunogenicity of
Gastrointestinal helminths helpful in the stimulation of acquired immunity in older
animals. The hypothesis that older animals can acquire immunity against Gl parasites has
been supported experimentally by different scientists (Khan et al., 2010); otherwise there
IS no other concrete fact in the literatures. It is also essential to state that in the current
study, the number of young animals slaughtered was higher than old animals. This is
because consumers preferences and the fact these abattoirs are export abattoir and quality
check entails soft, tender and meat of high quality. Thus the percentage prevalence of

fasciola may have been affected during sampling for the study.

There were no differences in the prevalence of Fasciola for both sexes at AB1, whereas at
AB2 a greater prevalence of Fasciola was recorded for female than in males. At AB3, a
prevalence of 29.1% for male as against 3.2% for female animals was recorded. A study
conducted by Dawa et al. (2013) on prevalence and economic significance of fasciolosis
in cattle slaughtered at Dire Dawa Municipal Abattoir, Ethiopia revealed higher
prevalence of fasciola in female animals and this agrees with the finding at AB2 but is in
contrast with the result obtained at AB3. However, in another study by Khan et al.
(2010) on gastrointestinal helminthiasis, prevalence of Fasciola was generally low but
infection with F. hepatica was more for males than in female animals. Generally, it is
assumed that sex is a determinant that can influence the prevalence of parasitism (Khan et
al., 2010) and females are more prone to parasitism during pregnancy and peri-parturient

period due to increased stress and suppressed immune system (Raza et al., 2007).
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However, some scientists recorded higher prevalence in male animals than females as
most of the males were kept under grazing practice while the females were not grazed
during pregnancy (Khan et al., 2010). Furthermore, the likelihood that female animals
stay alive longer due to reproductive purposes may contribute to the prevalence shown
for AB2, while the number of males brought for slaughter which was larger than female

may also play a role in the outcome of the prevalence at AB3.

In both AB1 and AB2 the prevalence of Fasciola was more for the South African local
breeds than the crosses; but in AB3 the reverse was seen. The predominant local breed in
the Eastern Cape Province is the Nguni and is widely adapted to the harsh climate and
topography of the area. But in terms of production, the Nguni has been said to be poor
due to challenges with poor management and disease control strategy (Musemwa et al.,
2008; Scholtz et al., 2008; Seimenis, 2012). Livestock are central in supporting the
livelihoods of deprived farmers, consumers and traders throughout the developing world;
and the animals of poor populace are particularly susceptible to disease because of costs,
absence or inappropriateness of the animal health sector (Seimenis, 2012). This perhaps
can be a contributing factor to the high prevalence of Fasciola infection among local
breeds as compared to the crosses. Poorly fed and managed animals stand little chance of

fighting of infection and are easily susceptible to illness.

In all three abattoirs the diarrhea was inversely related to the prevalence of fasciolosis
and may be due to other causes. Similarly, the prevalence of Fasciola was seen more

among animals that we not emaciated. This therefore supports the general knowledge that
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Fasciola infection can only lead to cachexia in late and chronic stages of infection

(Tsegaye et al., 2011).

Disease burden is the impact of a disease on society measured by financial cost,
mortality, morbidity, or other indicators (Torgerson and Macpherson, 2011b). Fasciola
infection is associated with economic losses as the cattle experiences weight loss,
reduction in milk production and reproductive performance, the farmer also incurs
additional cost in veterinary care (Aragaw et al.,, 2012; Equar and Gashaw, 2012;

Khoramian et al., 2014; Radfar et al., 2013).

The present study revealed a total 31, 661 ZAR, (2, 875 USD) was lost due to whole liver
condemnation for the 3 abattoir (Table 4.9), while 19, 112.3 ZAR (1, 735 USD) was lost
due to partial liver condemnation (Table 4.10). Associated monetary loss due cattle
weight loss is put at 917, 921.3 ZAR (83, 449 USD) (Table 4.11). Financial loss
associated with liver condemnation in this is lower than what was obtain in similar study
by (Tsegaye et al., 2011b) but was higher than the result obtained by Cadmus and
Adesokan, (2009), Equar and Gashaw, (2012), Khoramian et al. (2014) and Mohammed
et al. (2012). However as indicated by Khoramian et al. (2014) to be able to properly
evaluate economic loss due to fasciolosis, very important parameters such as mortality
rates due to disease, chronic ill effects (weight gain, feed conversion efficiency, inter-
current disease, poor carcass conformation, malnutrition, decreased fertility and milk
yield), anthelmintic treatment costs should be available and consulted. Indeed if all these

were taken into account, a higher financial loss would have been documented.
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4.4 Conclusions

The cooler season had less Fasciola infection than the warmer seasons. There was a
strong association between body condition scores and the prevalence of fasciolosis in
abattoir AB1 and AB2. On classification of Fasciola based on the severity of infection,
there was more moderate infection of Fasciola than severe and mild infection. Animals
with poor body condition were highly affected by all class of Fasciola than animals with
moderate and good body condition. Young and local breeds of cattle had higher
prevalence than old and animals of different crosses. Annual financial impact of
fasciolosis and seasonal prevalence in this study is high and if allowed to remain cannot

make a sustainable livestock venture.
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CHAPTER FIVE: General discussion, conclusion and recommendation

5.1 General discussion

The broad objective of this study was to identify causes of carcass and offal
condemnation in slaughtered cattle in abattoirs in the Eastern Cape province of South
Africa and to determine the financial loss associated with such condemnation. Abattoirs
have played an important role in the surveillance of a variety of diseases of human and
animal health significance. Inspection at the abattoir allows for all animals passing into
the human food chain to be examined for abnormal signs, lesions or specific diseases
(Alton et al., 2010; Dupuy et al., 2013; Thomas-Bachli et al., 2014). Animals’ daily
interaction with the ecosystem, its feeding habit and physiological dynamics expose them
several infectious and non-infectious diseases. These disease and conditions have been
referred to as a major constraint of efficient livestock production and negatively

impacting on the wellbeing of livestock and resulting in poor productivity.

A significant proportion of diseases affect the safety of food supplies, and affect the
volume and quality of food products (Fitzpatrick, 2013). Cattles in this study were
condemned at the slaughter for various reasons; some due to disease while others were
conditions underpinning the presence of disease and faulty abattoir slaughter processes.
Some of the diseases identified as the leading cause of carcass and offal’s condemnation
are classified as zoonotic or emerging zoonotic disease. It is estimated that 75% of

emerging human pathogens are zoonotic (Dorny et al., 2009).
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Indeed in all three abattoirs studied factors responsible for meat and offal rejection were
similar except the quantity condemned which varied and may have been due to the size
and capacity of the abattoir. The presence of this disease and conditions could have been
possible due to poor or improper use of anthelmintics, farmer’s lack of knowledge on
appropriate method and dosage of therapeutics and inadequate knowledge on seasonal
variability in disease etiology. In addition, faulty evisceration problems such as faecal
and blood splashes are consequent upon operational anomaly in the slaughter. Time
allocated for each animal during slaughter may be inadequate and will thus encourage
rush, leading to spillage to faecal matter in the clean areas of the abattoir. It is also
important to mention that the experience of the abattoir slaughter men may also affect the
number and rate of contamination of offal’s and carcass with faeces and blood. Meat
condemnations in this study lead to high financial losses for the farmer and the abattoir

and by implication affecting the socio-economic wellbeing of farmers concerned.

The prevalence of fasciolosis studied in chapter four was generally low when compared
with results obtained from other African countries, but a seasonal pattern of infection was
established suggestive that warmer and wet seasons (spring, summer and autumn) and
breed contributed to higher prevalence in the various abattoirs studied. Cooler seasons
generally experience less liver condemnation due to fasciola infection. The severity of
infection was more at a moderate infection level of fasciola than severe and mild
infection. Animals with poor body condition were more highly affected by fasciola than
animals with moderate and good body condition. Young and local breeds of cattle had

higher prevalence than older ones and animals of different crosses. Most of the local
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breeds are kept by local and poor resourced farmers; and according to (Scholtz et al.,
2008; Seimenis, 2012) animal’s belonging to poor people are particularly vulnerable to
disease because of inability to cover all production costs, and absence or unsuitability of
the animal health sector. Significant monetary loss was recorded as a result of liver

rejection due fasciolosis at the three abattoir studied.

5.2 Conclusion

Livestock are important in supporting the livelihoods of poor farmers, consumers and
traders throughout the developing world. The purpose of animal production is to produce
meat and milk and other animal related product available for human and animals use, as
well as to make profit to sustain the social economy of the farmer. In view of this and the
fact that implementation of adequate measures, especially against emerging and
re-emerging zoonotic and foodborne diseases, has also proven to be very difficult, the
control and prevention of fasciola should be the primary concern of public and private
institutions including farmers. Its recent trend and inclusion as an emerging zoonosis
further buttress the point that urgent steps need to taken to break the cycle of fasciola
infection. It has been noted that endemic infectious diseases, including zoonoses, together
with emerging and re-emerging diseases, are mostly shouldered by poor and vulnerable

populations.

5.3 Recommendations

%+ Therefore, effort should be geared towards educating farmers on how to improve

animal husbandry in order to reduce parasitic diseases that lead to condemnations;
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X/
°

X/
°

farmers also need to be trained on animal handling and transportation in order to
reduce stress and bruises at slaughter.

The general public (farmers, abattoir workers, customers, animal attendants and
butchers) need to be aware of the public health significance of diseases of animal
origin and the related losses.

The abattoir should also intensify efforts at identifying diseased animal and take
serious precaution regarding the selection of the animals for slaughtering. Such
effort should be directed at understanding the animal origin, husbandry practice at
the farms, seasonal variation in parasite demography and general physical
characteristic indicative of good health, so that such financial loses can be
minimized.

There should be an office for the veterinary doctor at the abattoir to enforce the
meat safety act of 2000 regarding lairage time, ante-mortem and post-mortem
inspection. Animals to be slaughter must be rested 24 hours before slaughter,
which will allow ample time for quality inspection.

Adequate and proper disposal/ treatment of the condemned offal’s are strongly
advocated in order to control and break the cycle of infecting agents. Furthermore,
butchers and eviscerators should be increased in number at the abattoir and
allowed more time per animal slaughtered in order to reduce the rush which
usually leads to spillage of fecal material on the carcass/organs and which may
predispose the public to infection as well as the contamination of abattoir clean

areas.
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% Animal bruises can be prevented by a more humane way of handling which

includes careful, quiet handling, dehorning at a young age and use of modern
equipment and avoid traditional ways of animal husbandry. Proper means of

animal transportation and restrain should be used and animal abuse eschewed.

% Animal grazing on wet land and drinking from open rivers need to be avoided.

X/

Farmers are also encouraged to do stall feeding; this will limit the contact
between cattle and lymnaea spp or encysted metacercariae was cattle grazes.
Implementation of on-farm control measures to eliminate the contamination of
agricultural water by water snail, which are the intermediate host, is a key factor
in the control of many zoonotic diasease. Finally, Appropriate and potent
anthelmintics should be given to communal farmers to aid treatment and
prophylaxis.

Farmers need to be educated on the need to understand the seasonality of fasciola
parasite and adequate steps taken to avoid its propagation.

There is a need for adequate laboratory investigation on the prevalence of
fasciolosis in animals at the farms and those brought to the abattoir for slaughter,
such investigation may employ the use of modern diagnostic tools such as

serology and molecular techniques.

5.4 Future research

We recommend that further studies should be carried out in this area to identify the
causes of meat condemnation in other abattoir as well as livestock species such as sheep
and goat. Such research should adopt modern serological techiques like the polymerase

chain reaction (PCR) etc. A more adept, integrated and conputerised slaughter approach
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should implementated to allow for easier collection of data by scientist and realtime up to
date availability of information should be ensured by abattoir owners and relevant
government department.
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CIRECTORATE OF VETERINARY SERVICES
DAILY STATISTICAL RETURNS OF RED MEAT ABATTOIRS (ACT #0i2000)
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