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Abstract

Animal disease-related disasters such as African Swine Fever (ASF) and Highly Pathogenic Avian Influenza (HPAI) outbreaksin
Nigeria in 1997 and 2006 generated large number of dead swine and poultry carcasses. Concentration of intensive animal
production, bioterrorism and natural disasters may also lead to death of animals in large numbers. Widespread livestock deaths
create logistic problems of carcass disposal that if not handled quickly and effectively can lead to major food security problems or
gross economic losses. Difficulties encountered by farm owners and disaster management officials during such events make the
need for establishment of efficient and effective advance planning in any country inevitable. However, before any problem can be
solved, it must first be identified. In Nigeria, many livestock owners dispose animal carcasses through unacceptable manners due
to lack of awareness on its implications, existence of regulatory control on this and other alternative disposal methods. This paper
therefore highlighted carcass disposal methods during two major ASF and HPAI outbreaks in Nigeria. An overview of current
internationally accepted carcass disposal techniques was provided to give a better understanding of other options available for
disaster management personnel and policy makers in Nigeria that may have limited knowledge of animal health or environmental
science.
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Introduction

Animal agriculture comprises a substantial portion of The management of these animals is becoming
the overall agricultural sector in West Africa; where problematic in the face of emerging climatic variables.
its contribution to the agricultural GDP exceeds 25 per The increasing temperature and relative humidity
cent (Kamuanga et al., 2008). In Nigeria, the sector occasoned by changing climates have resulted in
contributes about 6-8 per cent of her national GDP and cases of death as a result of heat stress (Onyimonyi et
20-25 per cent of total agricultural GDP (NBS, 2015). al., 2013). The increasing concentration of modern
The common animals reared and slaughtered for meat production operations in monogastric animals and the
in Nigeriainclude cattle, goats, sheep, pigs and poultry mobility of the ruminants such as cattle, sheep and
camel, buffaloes, donkeys, horses, rabbits and other goats increase Nigeria’s vulnerability to high death
games and forest animals (Addas et al., 2010). losses due to disease outbreaks. Animal disease-
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related disasters such as Foot and Mouth Disease
(FMD) outbreaks in Taiwan in 1997, and in the United
Kingdom (UK) in 2001 generated millions of dead
swine, sheep, and cattle carcasses (Wilson and
Tsuzynski 1997; DEFRA, 2001). The economic
impact of the FMD outbreak was estimated at 4.1
billion pounds, or 0.50 per cent of the UK's Gross
Domestic Product for 2001 (Ellis, 2001). Similarly,
outbreaks of emerging and re-emerging diseases in
Nigeria such as African Swine Fever and Highly
Pathogenic Avian Influenza (HPAI) in 1997 and 2006
resulted in large number of dead swine and poultry
with concomitant financial loses (FAO, 1998; FAO,
2017).Whenever livestock die in large numbers, it
poses daunting carcass disposal challenges regardiess
of the cause of mortality (USDA, 2004). It thus
implies that a rapid and effective disease eradication
response should be vital to minimizing livestock
losses, economic impacts, and public health hazards.

For the new or exotic diseases, rapid slaughter and
disposal of the affected animal are essential and forms
important part of effective disease eradication
strategies. Whether the introduction of a highly
infectious foreign animal disease agent is accidental or
intentional, industry and public sector prevention and
mitigation efforts are usualy not able to protect the
public from significant adverse consequences (Ellis,
2001). Therefore, proper animal carcass disposa
procedures should form an integral part of preventing
further spread of diseases, which subsequently will
help minimize the adverse economic impact from such
occurrences. In Nigeria, natural disasters such as
flooding are infrequent and usually a result of nhormal
meteorological occurrences. Expectations for timely
disposal of animal carcasses whenever it occurs means
that proper plans must be in place. Animal carcass
disposal issues can create logistical and health related
problems while managing large-scale animal disaster
events. In Nigeria, when disease challenges or natural
disasters are not properly managed and animals die in
large numbers, how are the carcass of such animals
disposed? It is a fact that before problems can be
solved, they must be identified and properly
understood.

Therefore, the purpose of this paper was to highlight
carcass disposal methods in Nigeria in major
epizootics such as ASF and HPAI outbreaks. A review
of current internationally accepted carcass disposal
techniques was done, with their strengths and
weaknesses summarized. This was with a view to
providing a better understanding of the options
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available for disaster management personnel and
policy makers in Nigeria that may have limited
knowledge of animal health or environmental science.

Thetwo animal disease disastersin Nigeria
African swinefever

According to Khan and Line (2010), African Swine
Fever (ASF) is a highly contagious viral disease of
domestic pigs that manifests itself as a haemorrhagic
fever. The causative agent of ASF is a unique,
enveloped, cytoplasmic, double-stranded DNA
arbovirus, which is the sole member of the family
Asfarviridae (Blood et al., 2007). Although it was
generally considered that there is only one serotype of
ASF virus, recent studies have reported 32 ASFV
isolates in eight different serogroups based on a
haemadsorption inhibition assay (Maogolovkin et al.,
2015).The catastrophic effect of this disease on pig
production, from household to commercial level, has
Serious socioeconomic consequences and implications
for food security (FAO, 2000). It is a serious
transboundary animal disease with the potential for
rapid international spread (FAO, 2001).

In Nigeria, an outbreak of ASF occurred in 1973 in a
piggery in Abeokuta, Ogun State where al the 3000
pigsin the farm died from the disease (FAO, 1998). In
October 1997, ASF was reported in Benin, rapidly
followed by Togo and in September 1997 the disease
surfaced in free-ranging pigs in four local government
areas of Ogun State, of Nigeria that have common
borders with Benin Republic. The disease was first
seen in villages aongside the lagoon passing into
Nigeriafrom Benin Republic (FAO, 1998).

According FAO (1998), dead pig carcasses were seen
in the lagoon and there was evidence that boats were
traveling along the lagoon selling pig meat in Badagry
Market and nearby villages. By December 1997, ASF
was reported in Badagry in Lagos State, Nigeria and
from the Lagos and Ogun State foci, the disease
spread to Osun, Oyo, Ondo, Ekiti, Edo, Delta,
Anambra, Enugu, Abia, Rivers, Bayelsa, Akwa-1bom,
Cross-River, Benue, Kaduna and Plateau States of
Nigeria. By October 1998, about 125,000 pigs had
died of the disease in nine states resulting in estimated
financial loss of N1.0 billion.

FAO (1998) noted that in Benue State which accounts
for about 21 per cent of the national swine herd, 3,108
pig farmersin 20 out of the 23 Local Government
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Areas of the State were affected and 78 per cent of the
98,443 affected pigs died of ASF at an estimated |oss
of N 335954,000 ($933, 205.56). The nationa
average monetary loss per pig rearing household was
estimated at N 55,655 ($154.60). Apart from the
immense financid losses from the disease, the
outbreaks led to lack of capital for restocking, loss of
confidence by pig farmers in the profitability of pig
production as well as had demoralizing effects on pig
marketers, loaders and pig processing enterprises and
aso resulted in loss of jobs.

No vaccine against ASF is presently approved in
Nigeria. Therefore, the only available option for
eradication of the disease is stamping out by slaughter
and disposal of al infected and potentially infected
pigs (FAO, 2000; FAO, 2001). Thus, al pigs on
infected premises (IPs) and dangerous-contact
premises (DCPs), or in alarger areaif necessary, must
be daughtered immediately, whether they are
obviously diseased or not (FAO, 2017). Animal
owners are mandated to collect and confine their pigs
a day before the slaughter team arrives in the affected
farms. The animals are slaughtered by methods that
take account of animal welfare and the safety of
operatives. The stamping-out approach therefore
requires technology for animal carcass disposal as an
integral component. These technologies and proper
disposal methods are basically lacking in Nigeria

Highly Pathogenic Avian Influenza (HPALI).

Highly pathogenic avian Influenza is a contagious
generalized vira disease of domestic poultry. The
disease in avian species ranges clinicaly from
inapparent to a rapidly fatal disease characterized by
gastrointestinal, respiratory and/or nervous signs in
susceptible species (Khan and Line, 2010). Wild
aguatic birds, waterfowls and seabirds serve as
important reservoirs but rarely show clinical signs.

Influenza viruses are found predominantly in
waterfowls (Stallknecht and Shane, 1988; Alexander,
2000). The original virus that spread to humans in
1997 was first detected in Guangdong, Chinain 1996.
This H5N1 virus was eradicated by the culling of al
domestic poultry in Hong Kong. Different reassortant
of this virus however continued to emerge and spread
to different regions of the world (Alexander, 2000).
Highly Pathogenic Avian Influenza causes respiratory
disease and deaths in domestic birds and in farmers
and consumers that were inappropriately exposed to
aerosols generated from handling chickens. The virus
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appears most threatening, acquiring unprecedented
capacity to cause high proportion of death in birds and
to cause death and be transmitted among wild species,
including domestic cats (Kuiken et al., 2004). Thereis
fear that the magnitude of the virulence and
pathogenicity of the H5N1 virus is yet to manifest
until a pandemic strain evolves (Oladokun et al.,
2012). The initia incidence of the disease in Hong
Kong, 1997 was prelude to the 2003 sporadic
outbreaks in Asia and was the precursor of the virus
that was detected in Nigeria which also spread to other
African countries including Egypt, Togo and
Coted’lvore (Monne et al., 2007).

In January 2006, a report of an outbreak of an
unknown disease at Sambawa farms Jgji, Kaduna state
was received by the National Veterinary Research
Institute, Vom, Nigeria (Oladokun et al., 2012).
According to the author, following laboratory
analyses, the virus isolated was typed as Influenza A
(Avian Influenza), which was subsequently confirmed
by the OIE, FAO and National Reference Laboratory
for Newcastle disease and Avian Influenza viruses in
Padova Italy, as HPAI (H5N1) based on the amino
acid sequences (PQGERRRKKRGLFG) a the
cleavage site of Haemagglutinin gene (Joannis et al.,
2006). The result of the confirmation of the diagnosis
and sub typing was received on February 6, 2006 and
a public and formal notification of the outbreak in
Nigeria was made on February 8, 2006.

Asit appliesto ASF, vaccination is yet to be approved
for HPAI in Nigeria and stamping out by slaughter and
disposal of al infected and potentially infected birdsis
currently the eradication policy. Although there is
paucity of information on the actual number of birds
that that died in 2006 when Nigeria experienced the
worst avian influenza, Robert et al. (2006) however,
included Nigeria among the countries that logt,
slaughtered or disposed millions of birds as a result
highly pathogenic H5N1 incursionsin birds.

Statutory regulations of dead animal carcass
disposal in Nigeria

According to FAO (2001), pigs’ carcass in ASF
epizootics should be disposed in such a way that the
carcasses ho longer constitute arisk for further spread
of the pathogen to other susceptible animals by direct
or indirect means, such as carrion eaters, scavengers or
through contamination of food or water. Onyimonyi et
al. (2013) reported that Animal Diseases Act of
Nigeria (1990) provides that where any animal dies of
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a disease or is daughtered in accordance with its
provisons or is daughtered otherwise than in
accordance with the provisions of this Act and its
carcass is in the opinion of the veterinary officer
infected with disease, such carcass shall be disposed-
off by burning or in such manner as the veterinary
officer may direct. The Act provides for a punishment
of threeemonth imprisonment or a fine of N250
($0.69) for any person who is guilty of an offence,
non-compliance or contravention of this Act. Again,
the report of the Avian Influenza Control and Human
Pandemic Preparedness and Response Project (2007)
in Nigeria, identified the following technologies as
reliable for carcass disposal/pathogen inactivation:
rendering, incineration, compositing, buria, land
filling and akaline hydrolysis.

Onyimonyi et al. (2013), noted that enforcement of the
relevant provision of the statutes mentioned above is
practically not in place as no prosecution of any
offender of the provisions of these statues is known.
Again, statutory regulations on disposal of dead
animal carcass in Nigeria appear not to discuss the
disposa of dead animal carcasses where the cause of
death is not disease (Onyimonyi et al., 2013). Thisis
in spite of the fact that there are apart from disease
outbreaks, many situations that could result in death of
large number of animals. These practices no doubt will
certainly promote the spread of HPAI or ASF through
movement of the infected chickens and pigs,
contaminated carcasses and pork products especialy
during outbreaks.

Carcass disposal methods in ASF and HPAI
outbreaksin Nigeria

In Nigeria, there is no available record or proper
documentation on how animal carcasses are disposed
during diseases or natura disasters. Nigerian disaster
management agency, the Nationa Emergency
Management Agency (NMA), has a mandate to
coordinate resources towards efficient and effective
disaster prevention, preparedness, mitigation and
response in disaster situations in the country. This
mission notwithstanding, it is doubtful if the agency
played any significant role during ASF and or HPAI
pandemics in Nigeria. Thisisin view of the fact that
none of the farmers that affected and was interviewed
orally acknowledged this role and to the best of our
knowledge there is no available literature to this
regard.
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Therefore, probably due to lack of incentives from
government and logistics of handling large number of
animals that die and or destroyed in major epizootics,
on the farm burial, burning and incineration in farms,
leaving to rot and feeding to dogs of dead carcasses
were reported as the most practiced methods of
disposing dead animals in Nigeria (Ja'afar- furo et al.,
2008; Onyimonyi et al., 2013). Other noted improper
methods of disposing pig carcasses in the country
during these disaster events include selling of
dead/dying pigs to unsuspecting buyers, throwing
them into lagoons/rivers or bushes (FAO, 1998).
Affected farmers also daughtered and sold these pigs
in markets and gave some to their neighbours (FAO,
1998; Onyimonyi et al., 2013). Although burying,
burning or incinerating are internationally accepted
methods, they were neither done in accordance with
the recommendations of OIE (2003) nor constitutional
guideline (Onyimonyi et al., 2013).

Animal carcass disposal techniques: Merits and
demerits

Burial

Disposal by burial involves excavating a trough into
the earth, placing carcasses and covering with the
excavated material (USDA, 2004). Two buria
methods are commonly recognized for anima
carcasses; trench and open pit (FAO, 2001).

Relatively little expertise is required to perform trench
burial, and the required equipment is commonly used
for other purposes (Nutsch et al., 2004). The primary
resources required for burial include excavation
equipment and a source of cover material. In Nigeria,
large-capacity excavation equipment may be available
a Ministries of Works or construction companies
where they could either be hired or rented. Cover
material is often obtained from the excavation process
itself and reused as backfill.

In determining the suitability of a site for burid, its
characteristics should include soil properties such as
dope or topography, hydrological properties,
proximity to water bodies, wells, public areas,
roadways, dwellings, residences, municipalities, and
property lines, accessibility; and the subsequent
intended use of the site (USA, APHIS, 1978; Baba et
al., 2017). Burid in trench is the preferred and
commonly used for animal disease eradication efforts
(FAO, 2001).
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Thus, this method is generaly recognized as the
preferred disposa method of choice when infectious
agents are involved (except where prion agents are
suspected), but can also be routinely utilized in natural
disasters (Ellis, 2001). This is preferred because the
method is generally quicker, cheaper, environmentally
cleaner, easiest to organize, and often the most
convenient means of disposing of large number of
livestock (AUSVET, 1996). Open pit disposal has
been the most common method used by commercial
poultry producers for disposing of dead animals (Ellis,
2001).

The demerit of burial in disposal pits is that it could
poses a threat to groundwater quality resulting from
the fact that carcasses can leach contaminants for an
undetermined length of time if they do not decompose
properly (USDA, APHIS, 1981). Variations in
ambient temperature and moisture conditions could
slow or speed up the degradation process, thereby
affecting environmental contamination possibilities
(Sander et al., 2002). In disease related disasters such
as ASF and HPAI, open trenches could attract
scavengers which is highly undesirable. In view of
this, freshly closed pits have become the method of
choice for the most disease disaster situations. By
heaping soil on top of the pit, the weight of the soil
acts to stop carcasses from rising out of the pit due to
gas entrapment, prevents scavengers from digging up
carcasses, helps filter out odors and assists in
absorbing the fluids of decomposition (Ellis, 2001).
Therefore, in spite of potential logistical and economic
advantages of this method, possible effects on the
environment and subsequently public health concerns
have negatively affected burial as a favoured carcass
disposal method (Nutsch et al., 2004).

Incineration or burning

Open-air carcass incineration is the burning of
carcasses on combustible heaps known as pyres
(Kastner and Phebus, 2004). It is an open system of
burning carcasses either on-farm with no requirement
for transportation of the input materia or in collective
sites fueled by additional materials of high energy
content. According to Ellis (2001), the most critical
limiting factors in site location for open air burning are
the direction of prevailing winds and selecting
locations out of sight of public view. Cost and type of
animal to be disposed of aso play arole in the success
of open-air burning disposal method (Sander et al.,
2002; Nutsch, 2005). Animals with high fat content
such as pigs will burn much faster, with lessfuel
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regquirements and cost than poultry that are low in fat
and whose feathers do not burn easily. Therefore, in
Nigeria, this disposa method could be preferred in
ASF than HPAI epizootics.

Burning of animal carcasses produces a solid waste
by-product such as bone and ash that is essentially free
of pathogens or putrid materials. An exception to this
pathogen free assumption is when diseases caused by
prion type organisms such as Bovine Spongiform
Encephalopathy is suspected (OIE, 2003). Prions must
be heated to 850°C for 2 seconds to be destroyed
(SEAC, 1996). Therefore, carcasses from such require
addition of combustible materia to achieve this high
temperature in order to be completely consumed. To
promote clean combustion, it is advisable to dig a
shallow pit with shallow trenches to provide a good
supply of air for open-air burning (MAFF, 2001).

Open air incineration is limited by some factors: The
process could contravene environmental standards for
air, water and soil (FAO, 2001). It takes an extended
period of time and has no verification of pathogen
inactivation; could therefore be transmitted from
incomplete combusted materials. Notwithstanding,
these limitations, open air incineration could be a
desirable form of carcass disposal in many disease
disaster situations particularly in the tropics.

Due to limitations of open-air incineration method,
biological and open pit incineration techniques were
devel oped.

Biological incineration is an efficient disposal method
that creates amost no pollution or particulates, and
achieves virtually complete oxidation of the carcasses
(Baba et al., 2017). It is ideal for small number of
carcasses located in close proximity to their location,
or when the infectious agent must be thoroughly
consumed to avoid environmental contamination, such
as the prion organism associated with Bovine
Spongiform Encephalopathy (Herbert, 2001; de Klerk,
2002). Limiting factors for biological incinerating
method include cost, lack of portability, location of
exiging incinerators, and capacity restraints. Most
biological incinerators are located in academic or
industrial settings and cannot handle the number of
carcasses generated from a large natural or disease
disasters such as ASF, and HPAI (Smith et al., 2002).
Another type of burning technique is the controlled
burning such as in an open pit, or by air curtain
incineration (USDA, 2002a). Air—curtain incinerators
(also caled Trench burners) are a relatively new
technology that is now used in many large-scale
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natural disasters to burn combustible debris (EPA,
2002). The incinerators consist of large capacity fans
driven by diesel engines connected to ducting, which
delivers the high velocity air down into a long narrow
pit or trench (Kastner and Phebus, 2004).

The advantages of the air curtain incinerators are that
they are portable, environmentally friendly with
minimal ash or particulates produced and can
incinerate vegetative debris from natural disasters (asa
fuel source) a the same time the carcasses are
consumed (Brglez, 2003). The use of the technology is
limited by cost of both the incinerators and fuel
depending on the materia to be incinerated (Baba et
al., 2017).

Composting

According to Mukhtar et al. (2004), carcass
composting is a natural biological decomposition
process that takes place in the presence of oxygen
(air). It is a controlled decomposition of carcass
materials conducted in either open or closed systems.
This method involves the above ground decomposition
of animal carcass over a period of time and may be
done when soil conditions do not facilitate adequate
burial procedures. It preferably requires prior grinding
of tissues and addition of organic material for
microbial maintenance and mixing or aeration which
assures homogeneous decomposition (OIE, 2003).
Decomposition occurs when organic materials go
through a "slow cooking" process as heat and
microorganisms consume the organics and consists of
two stages, a primary high temperature active stage,
and a secondary lower-temperature “curing” or
stabilization stage (Ellis, 2001). The primary phase of
composting takes 2-3 months and the secondary phase
another 2-3 months (NCDENR, 1998). The end result
of the process is the production of carbon dioxide,
water vapor, heat and compost. Under optimum
conditions, during the first phase of composting the
temperature of the compost pile increases to 70°C
(OIE, 2003), the organic materials of mortalities break
down into relatively small compounds, soft tissue
decomposes, and bones soften partially. In the second
phase, the remaining materials (mainly bones) break
down fully and the compost turns to a consistent dark
brown to black soil or “humus” with a musty odor
containing primarily nonpathogenic bacteria and plant
nutrients (Micozzi, 1991).
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Compost is considered to be one of the more
environmentaly friendly forms of carcass disposal,
because it is in effect a form of recycling. It is
applicable for many natural disaster situations and is
routingly used in the commercial poultry industry
today as an accepted form of disposal and can be
applied to large animals in some cases, especialy
swine, but is not appropriate when disease biosecurity
is an issue (USDA, 2002a). The merit of carcass
composting includes the fact that initial startup costs
are minimal as it can occur in ether bins or in
windrows (deposited in a straight line within afield or
pasture). Secondly, the end product can be utilized as
fertilizer material or a soil additive. Composting
disadvantages are that the process can be complex and
requires an appropriate site, proper management and
the proper supplies such as wood chips, sawdust and
biosolids (Mukhtar et al., 2004). It is a Sow process
(months) which requires some monitoring throughout
the process, and is usually not appropriate for disease
situations particularly in large animals because the
causative organisms may not be destroyed
immediately (AUSVET, 1996). It may be difficult to
insure a congtant temperature throughout the materia
for the total time period. Although the composting
process and the natural decomposition of the animal
serve to reduce the disease agents present, verification
of the effectiveness of pathogen inactivation may not
be easy to achieve.

Rendering

According to Giles (2002), rendering of animal
mortalities involves conversion of carcasses into three
end products namely, carcass meal (proteineous
solids), melted fat or tallow, and water—using
mechanical processes (e.g., grinding, mixing, pressing,
decanting and separating), thermal processes (e.g.,
cooking, evaporating, and drying), and sometimes
chemical processes (e.g., solvent extraction). The main
carcass rendering processes include size reduction
followed by cooking and separation of fat, water, and
protein materials using techniques such as screening,
pressing, sequential centrifugation, solvent extraction,
and drying (Mummert, 2001; Auvemann et al., 2004).
Resulting carcass meal can sometimes be used as an
animal feed ingredient. If prohibited for animal feed
use, or if produced from keratin materials of carcasses
such as hooves and horns, the product will be
classified as inedible and can be used as a fertilizer
and tallow used in livestock feed, production of fatty
acids, or can be manufactured into soaps (USDA,
2002b).
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There are two primary methods of rendering. The
older method uses steam under pressure (with a
grinding process) in large closed tanks. A second and
newer method is dry rendering, which cooks the
materia in its own fat by dry heat in open steam-
jacketed drums (EPA, 2001).

Rendering is considered an environmentaly friendly
method of disposal because it recycles the animal
protein from the carcasses back into a usable form as
meat or bone mea. The environmentaly friendly
concept, aong with the production of a marketable
product is the man advantages of rendering.
Limitation include the fact that rendering is not always
appropriate for disease situations because the
carcasses must be transported to the plant, some
species are not amendable to efficient rendering
practices, and many areas, there is lack of rendering
facilities (Babaet al., 2017).

Licensed Commercial Landfill

The use of landfills for carcass and material disposal
may be an option (Sander et al., 2002). This process
involves deposition of anima carcasses in
predetermined and  environmentally  licensed
commercial dStes. The necessary  equipment,
personnel, procedures and containment systems
aready in place and may be useful. Because a landfill
site is usudly in existence prior to a time of
emergency, set-up time would in theory be minimal.
However, the transport of carcasses to these locations
may pose some risk of disease spread. Disadvantage of
this method is that the area is normaly open and
uncovered for extended periods, there is therefore a
potential emission of aerosols, and thus resistance
from the public to such an approach (OIE, 2003).
However, because the site has been previoudy
licensed, al environmental impacts such as leachate

management, gas (landfill gas) management,
engineered containment, flooding, and agquifers would
have already been considered.

Fermentation

Lactic acid fermentation, a process that provides away
to store carcasses for at least 25 weeks and produce an
end product that maybe both pathogen-free and
nutrient-rich. Lactic acid fermentation is commonly
referred to as pickling because microorganisms are
inactivated and the decomposition process ceases
when the pH is reduced to approximately 4.5 (Cai et
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al., 1994). Thus, low pH prevents undesirable
degradation processes.

The process of lactic acid fermentation is ssmple and
requires little equipment such a tank and grinder
(Erickson et al., 2004). According to Tibbetts et al.
(1987), the size of the container does not influence
fermentation, but the use of a non-corrosive container
isdesirable to avoid corrosion.

The equipment could be any sized noncorrosive
container provided it is sealed and vented for carbon
dioxide release (Damron, 2002). During this process,
carcasses can be decontaminated and there is a
possibility of recycling the final products into
feedstuff. Fermentation products can be stored until
they are transported to a disposa site. Carcasses are
ground into smaller pieces to facilitate fermentation as
smaller particles absorb lactic acid better than whole
carcasses (Johnston et al., 1998). Furthermore, the
mixture of ground carcasses permits better
homogenization of the fermented material (Erickson et
al., 2004).

A fermentable carbohydrate source such as sucrose,
molasses, whey, or ground corn is added to the ground
carcasses. The ratio between fermentable carbohydrate
and carcasses is 20:100 by weight (Blake and Donald,
1995). The sugar is fermented to lactic acid by
indigenous bacteria such as Lactobacillus acidophilus.
This bacterial species is naturally present in the
intestine of poultry; but for al anima species,
including poultry, it is desirable to provide an
additional inoculation of Lactobacillus acidophilus
culture. The production of lactic acid creates
acidification, which decreases the pH of the carcass
material. According to Tamim and Doerr (2000), the
temperature for fermentation should be above 30°C
(86°F) to obtain a biologically safe final product with
a pH of less than 45. If lactic acid fermentation
incompletely acidifies the carcasses, a minera or
organic acid should be directly added. Under optimal
conditions, fermentation reduces the pH from 6.5 to
4.5 within 48 hours (Morrow and Ferket, 2001). This
decrease in pH preserves the nutrients and permits the
carcasses to be stored for several months before
rendering or use for other purposes (Sander et al.,
1995).

Merits of lactic acid fermentation include
decontamination of carcasses, possibility of recycling
into a feedstuff and storage and its potential mobile
process.
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The chalenges with lactic acid fermentation are
complete pathogen containment, fermentation tank
contamination, corrosion problems and the need for
carbohydrate source and Lactobacillus acidophilus
culture.

Alkaline Hydrolysis.

Alkaline hydrolysis represents arelatively new carcass
disposal technology. It has been adapted for biological
tissue disposal such as in medical research institutions
as well as small and large animal carcass disposal
(Thacker and Kastner 2004).

Alkaline hydrolysis consists of treating carcasses or
tissue in an agueous akaline solution a elevated
temperatures under pressure. It converts proteins,
nucleic acids, and lipids of al cells and tissues into a
sterile agueous solution of small peptides, amino
acids, sugars, and soap (OIE, 2003). What remains are
the mineral constituents of the bones and teeth. This
undigested residue, which typicaly constitutes
approximately two per cent of the origina weight and
volume of carcass material, is sterile and easily
crushed into a powder that may be used as a soil
additive (WR2, 2003). Alkaline hydrolysis is carried
out in a tissue digester that consists of an insulated,
steam-jacketed, stainless-steel pressure vessel with a
lid that is manually or automatically clamped and
operates at 150°C for three hours (OIE, 2003;Thacker
and Kastner, 2004).

The temperature conditions and alkali concentrations
of this process destroy the protein coats of viruses and
the peptide bonds of prions (Taylor and Wood gate,
2003). It therefore completely inactivates pathogens
with the exception of prions where infectivity is
reduced and is environmentally friendly.

Advantages of akaline hydrolysis asa method of
animal carcass disposa include the following:

i.  Combination of sterilization and digestion into
one operation,
ii.  Reduction of waste volume and weight by as
much as 97 per cent,
iii.  Production of limited odor or public nuisances
and elimination of radioactively contaminated
tissues.

Disadvantages of akaline hydrolysis process of
animal carcass disposal include the fact that at present
it has limited capacity for destruction of large volumes
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of carcasses and there are issues regarding disposal of
its resultant effluent (Thacker and Kastner, 2004).

Special Considerationsfor Prion Diseases

One of the problems in demonstrating the
effectiveness of the inactivation of prions (a small
protein which is believed capable of infecting cells
and causing self to be replicated though it does not
contain nucleic acid) is the lack of a simple, rapid and
inexpensive test for the presence of the infective agent,
especially at low concentrations (OIE, 2003). The
ultimate test is bioassay in a sengitive detector species
by an efficient route, but usually this is only relevant
in research. Typicaly, this is done using panels of
mice bred to be susceptible to particular types of
transmissible spongiform encephalopathies (TSES).
However, it must be recognized that the mouse to
cattle species barrier has been demonstrated to be 500,
therefore affecting sensitivity.

Although rendering at 133°C and three bars of
pressure for 20 minutes is a defined standard,
reductions of infectivity by this technology are in the
order of 1:200 - 1:1000 (OIE, 2003). Commercial
incinerators have an inactivation rate of one million-
fold, while burning on pyres has areduction rate of 90
per cent. (It should be noted that pyres are not suitable
for sheep because of the wool and fat.) Alkaline
hydrolysis produces a 3-4 log reduction in infectivity
over athree-hour period. Landfill and deep buria are
suggested to have a reduction in infectivity of 98 -
99.8 per cent over three years. Based on this
information, rendering, incineration, and akaline
hydrolysis are the most reliable technologies at this
time (OIE, 2003; USDA, 2004).

The significance of small amounts of infectivity
become evident when one considers that
experimentally it has been shown that exposure of
sensitive species to as little as 1.0, 0.1 or even 0.01
grams of infected nervous tissue can induce infection
(OIE, 2003).

Given al of the above, it must be recognized that no
process has been demonstrated to be 100 per cent
effective in removing TSE infectivity and there will be
some residual levels of infectivity remaining after
treatment.
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Selecting car cass disposal method

Animal mortality is an integral part of livestock
farming and proper disposal of these mortalities is
necessary for effective disease control measures (Baba
et al., 2017).The most effective strategy for large scale
animal disease disaster events will be those that
exploit every available and suitable option to the
fullest extent possible regardless of what those options
might be (Nutsch, 2005). The selection of a preferred
method of disposal will usually be determined by the
cause of death (Ellis, 2001). If the death is due to an
infectious organism, then the method that most
efficiently prevents further disease spread is usualy
the preferred choice. When a natural disaster is the
cause of death, the carcass disposal method chosen
should be the most environmentally acceptable
(USDA, 1991).

Disaster managers and policy makers should
understand each disposal technology available and
thus equip themselves with a comprehensive
knowledge (Baba et al., 2017). Such awareness
implies an in adept understanding of an array of
factors for each technology, including the principles of
operation, logistical details (scope of disaster),
personnel requirements, likely costs, environmental
considerations, disease agent  considerations,
advantages and disadvantages. Another consideration
is that when public health issues are involved,
mitigation of human death or disease may force the
utilization of a method which may not be the preferred
method of choice, when al other factors are
considered equal (Ellis, 2001).

In Nigeria, ignorance of farmers and non-enforcement
of relevant laws have resulted in potentialy greater
health and environmental risks due to illegal methods
of carcass disposal particularly in major epizootics
such as ASF and HPAI. There is need for new
methods of carcass disposal such as rendering and
composting that have gained globa popularity due to
their end product utility to be developed in Nigeria
Finaly, it is hoped that the government or public
sector realizes the importance of the inclusion of
animal health component in any emergency response
plan.
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