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Abstract: Animal handling is a growing issue of concern in many countries around the world. Developed 
countries in particular show keen interest in the way animals are handled throughout production to processing. 
In such countries animal welfare is increasingly becoming a primary matter in the process of keeping animals 
either as pets or for food and at homes or on farms. Not only are they protecting the rights of these animals 
but poor animal handling has adverse effects on the animal, carcass and meat quality. Poor quality animal and 
meat will have poor processing properties, functional quality, eating quality, and more likely to be unaccepted 
by consumers. Lesser attention has been paid by most developing countries on this issue. By this review, it 
is expected that developing countries also take interest in proper pre-slaughter handling of animals due to 
their beneficial effect on meat and carcass qualities. This review highlights the factors to consider in handling 
animals and their effect on meat and carcass quality.
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Introduction

Pre-slaughter handling involves all the activities 
and processes animals undergo prior to sticking. 
These activities and processes take place on the farm, 
during transportation, marketing and at the slaughter 
plant. Although it takes several days and efforts to 
raise an animal to desirable age, weight and quality, 
their condition may change appreciably within few 
days prior to slaughter which will adversely reduce 
their weight, affect the meat quality and subsequently 
reduce profit. 

This will happen if animals are subjected to 
poor handling conditions before slaughtering. This 
is so, because animals are exposed to all kinds of 
stresses ranging from physical such as high ambient 
temperature, vibration and changes in acceleration, 
confinement, noise, and crowding; to psychological 
such as the breakdown of social groupings and mixing 
with unfamiliar animals, unfamiliar or noxious smells 
and novel environment (Warriss, 2000) during pre-
slaughter handling. 

Animals could also suffer from pre-slaughter 
stresses arising from bruises, injuries, starvation, 
tiredness, water and food deprivation, and loading 
and unloading onto vehicles. Lawrie (2006) reported 
that with higher levels of stress poorer meat quality 
is eminent, quite apart from being inhumane. Besides 
stress, genotype, transportation, lairage time, season 
of the year, environmental conditions and many other 
factors will affect meat quality (Küchenmeister, 

2005). 
Animal welfare can be linked to carcass and meat 

quality. ‘The welfare of an animal was defined by 
Broom (2000) as its state as regards its attempts to 
cope with its environment’. The welfare of an animal 
can be said to have been compromised if the animal 
cannot cope with its environment or copes with 
difficulty. Among the things to cope with includes the 
environmental conditions, other animals, pathogens, 
and human handling. Their response to these 
conditions will have effect on their carcass and meat 
quality. For instance when animals show pathogenic 
signs resulting from dirty environment, food or water 
intake they will have poor growth, reduced weight 
or even die. It implies that animals will take longer 
time to produce meat, produce less meat, total meat 
loss or the carcass can be condemned during meat 
inspection.  It must also be noted that for the fact 
that an animal is healthy, fit and reproduce normally 
(physical well-being) does not necessarily mean the 
welfare is good. This is because it is difficult to know 
whether an animal is content with it environment 
or not (mental well-being). Thus there is variation 
among people with respect to how poor the welfare 
of an animal has to be before they consider it to be 
intolerable.

Warriss (2000) defined meat quality on the 
basis of their functional or conformational qualities. 
Functional qualities were referred to as the desirable 
attributes in a product while conformance qualities 
encompass producing a product that meets consumer’s 
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specification exactly. Yield and gross composition, 
appearance and technological characteristics, 
palatability, wholesomeness and ethical quality are 
the components of meat quality (Warriss, 1996). 
Carcass on the other hand is the body of an animal 
killed for meat. The term is used following dressing 
that is, the removal of various parts from the dead 
body. Poor carcass quality will therefore reflect in poor 
meat quality and possibly poor appearance. Smith 
and Grandin (1998) shown that proper handling of 
meat animals can improve productivity, quality and 
profitability. This review highlights on some of the 
things to consider in handling animals, and possible 
effect on meat and carcass quality.

Things to consider in handling animals

The animal
The type (species, breed, sex, or age) of animal 

being handled and exposed to stress is very essential in 
determining the extent to which the meat quality will 
be compromised. Non ruminants (poultry and pigs) 
are more susceptible to stress compared to ruminants 
(sheep, cattle and goat). Thus poultry meat and pork 
are more prone to meat quality defects compared to 
mutton or beef. Individual breeds also differ in their 
ability to withstand stress. For instance, muscular 
breeds (Pietran and Hampshire) are more susceptible 
to stress than non-muscular breeds (Gloucestershire 
and Creole). Females and young animals are also 
more susceptible to stress compared to males and 
older animals. This was demonstrated by Tarrant 
(1990) who reported that young calves are more 
susceptible to transportation stress and encountered 
problems such as with morbity (e.g. from diarrhea 
and pneumonia) and mortality. Layers have tougher 
meat than broilers because they are slaughtered at a 
much older age. 

Farming
Animals are reared almost entirely on farms. 

The farming systems and feeding programme’s 
significantly contributes to meat quality. Argüello 
et al. (1999) compared kids nursed by their dams to 
those fed on commercial milk replacer and found that 
the Triceps brachii of kids fed on commercial milk 
replacer were lighter and had lower water holding 
capacity. Differences between muscles were greater 
with an increase in live weight at slaughter, possibly 
due to a higher degree of muscle maturity or solid 
higher feed consumption (Argüello et al., 1999). Sink 
and Caporaso (1977) reported that nutrition plays a 
major role in flavour intensity of sheep meat and that 
certain foodstuffs (legumes and grains) can intensify 

flavour, whereas withdrawal of sheep from grazing 
before slaughter can reduce flavour. Feeding animals 
on vitamin E improves the oxidative stability (meat 
colour, lipid and protein oxidative stability) of both raw 
and cooked muscle (Monahan et al., 1990). Animals 
fed on grasses produce fat that is yellow in colour. It 
is possible to find traces of some chemicals or drugs 
in the carcasses of animals slaughtered immediately 
or few days after chemical treatment or medication. 
Such carcasses have reduced organoleptic quality, 
nutritional quality, hygienic quality, and suitability 
for processing.

Transportation 
Animals are reared on farms which may be situated 

far away from other farms, markets and slaughter 
plants. Therefore, they have to be transported over 
some distances to such locations either for better and 
less expensive feed, sale and slaughter. Transportation 
begins with loading and ends with unloading. Both 
ought to be done in a gentle manner and under a 
quieter environmental condition. Careful loading and 
unloading conditions has been suggested by Adzitey 
and Nurul (2011). During transportation, animals are 
exposed to environmental stress such as heat, cold, 
humidity, noise and overcrowding. Over speeding, 
sudden stops, rapid acceleration and long journey 
times without appropriate rest should be avoided 
as these will increase the spate of carcass and meat 
quality defects. Strenuous efforts have to be put in 
place to ensure the safety of animals in transportation 
to reduce stress to its minimum. 

Marketing
Animals are either sold at the markets or sent 

directly from farms to abattoirs for slaughter. In the 
markets they may be kept in groups and in open 
pens which may expose them directly to the sun or 
cold. They may encounter stresses such as noise, 
unfamiliar environment and social regrouping. They 
can also be starved or dehydrated if feed and water is 
redrawn longer than recommended. Various degrees 
of bruising can occur on their skin at the market 
depending on the way they are handled. McNally 
and Warriss (1996) reported that the prevalence of 
bruising varies between markets; it ranged from 2 
% to 8 %. Marketing strategies to reduce stress and 
consequently pale soft exudative and dry firm dark 
meat can be found in Adzitey and Nurul (2011).

Feeding and watering
During transportation or marketing, animals must 

be provided with feed and water when necessary. The 
Council of Europe (1972) states that ‘‘during transport 
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animals shall be offered water and appropriate food 
at suitable intervals. Animals shall not be left more 
than 24 hours without being fed and watered. This 
period may, however, be extended if the journey to 
the destination where the animals are unloaded can 
be completed within a reasonable period’’. Provision 
of feed and water during transportation or marketing 
is therefore essential if the animals are going be 
transported or kept in the lairage over a longer period 
than recommended. This is to prevent them from 
starvation and dehydration that can lead to depletion 
of muscle glycogen and reduction in weight. 
Overfeeding and watering should also be avoided 
as this increases gut fill, cost, processing time and a 
higher possibility of contamination from gut fill. 

Lairaging 
Animals are held temporarily in the lairage prior 

to slaughter. It serves as a collection point for different 
animals just before slaughter. The lairage is also to 
provide animals with some amount of recovery from 
stress during transport. Animals movement should be 
observed for any possible injury or infection. They 
should also be given adequate amount of suitable feed 
and water if they will be kept in the lairage longer than 
expected. Although lairageing is to enable animals to 
rest and to recover from transportation stress, it can 
be a major source of meat quality problems. Animals 
may suffer from different degree of bruising and 
injury as a result of fighting or overcrowding. Lairage 
can also act as reservoirs of infection by pathogenic 
bacteria and there is evidence that longer holding 
times increase the risk of carcass contamination 
(Warriss, 2003). Careless and improper handling of 
animals in the lairage such as the use of electrical 
goads, abstracting the movement of animals through 
race, beating and firm grip of the coat with the hand, 
exposure of animals to microbial contaminations 
will adversely have effect on the carcass and meat 
quality. Conditions in the lairage therefore need to be 
conducive to prevent infections and the animals from 
being stressed further after vigorous transportation 
but to recover from transportation stress. 

Stunning
Pre-slaughter handling perhaps ends with stunning. 

Once the animal is stunned, it is made unconscious 
and sensitivity to pain stops unless stunning is not 
done properly. The type of stunning equipment used 
can contribute to the quality of carcass that will be 
produced. High voltage head-to-back electrical 
stunning can induce vertebral compression fractures, 
blood splash and poor meat quality in pigs (Wotton 
et al., 1992). Calkins et al. (1980) also said the use of 

electric goads has been shown to be responsible for 
blood splash in pigs. Blood splash carcass has poor 
appearance. Therefore, well trained personnel and 
maintained stunning equipments should be used to 
avoid unnecessary stress and distress to animals.

Effect of pre-slaughter handling on meat and 
carcass quality

Improper and poor pre-slaughter handling of 
animals during farming, loading, transporting, 
marketing, unloading, lairaging and stunning have 
several effects on carcass and meat quality. Notably 
among these are; mortality, low carcass yields, 
bloodsplash, bruises, broken bones, skin blemishes, 
contamination by pathogens and PSE and DFD. 

Mortality of animals 
Animals can die from pre-slaughter handling 

activities. For instance if sick animals are not 
treated or when animals are transported under harsh 
environmental and stressful conditions they can die 
as a result of that. Death of animals is the worst effect 
of pre-slaughter handling on carcass and meat quality. 
This is because there is total loss of carcass and meat 
quality as the dead animal is disposed off. 

Carcass damages
Carcass damages such as bruising, haemorrhages, 

skin blemishes, bloodsplash and broken bones 
(particularly in poultry) are common occurrences 
found on carcasses due to improper handling 
conditions. In a bruise, haemorrhage, skin blemish 
and/or bloodsplash the skin of the animal and the 
blood vessels may accumulate excessive blood 
which has to be trimmed off during processing. 
Trimming part of the carcass off will reduce meat 
yield and value, expensive and increase processing 
time. Untrimmed parts have poor appearance and 
can serve as substrates for microbial growth causing 
the meat to spoil earlier than the normal. Broken 
bones may cause bone splinters in meat and this will 
be dangerous to the consumer if not detected after 
deboning (Warriss, 2000).

Pale Soft Exudative (PSE) and Dark Firm Dry 
(DFD)  

Pale soft exudative and dark firm meats are very 
important meat quality problems that continuous 
to bedevil the meat industry. Pale soft exudative is 
associated with pigs and chickens, and DFD affect 
all species although nowadays both conditions have 
been suggested to occur in all species. This is because 
PSE-like conditions continues to be reported in other 
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Table 1. Effects of pre-slaughter handling on carcass and meat quality

Species Pre-slaughter handling Carcass and meat quality effect Reference

Cattle
Overloading Injury and carcass damage Tarrant (1990) 
Held overnight in noisy yards Bruise Eldridge (1988) 
Transportation Spread of pathogens on the hides  Avery et al. (2002)
Transportation Shedding of Salmonella spp Barham et al. (2002) 
More than 24 hours of fasting Carcass yield was reduced by 1.7 % Price (1981) 
Cattle transported for 2h 1.5 % loss in carcass yield  Smith et al. (1982) 
After 12 hours of transportation 2.5 % loss in carcass yield Smith et al. (1982) 
Prolonged stress Meat appear darker and heat ring is formed Buyck et al. (1985)
Poor handling 4.1 % of dark cutting beef Brown and Bevis (1988) 
Overloading Animal injury and damage to carcass Tarrant (1990)
Longer journey Associated with a significantly larger live weight loss Gallo et al. (2003)
Longer lairage time Decreased muscle luminosity and increased DFD Gallo et al. (2003)
High stocking density Increased bruising and reduce dressed carcass weight Tarrant and Grandin (2000)
High stocking density Serious injuries and death Tarrant and Grandin (2000)
Impatient from crews and overloading Increase bruises and injuries Grandin (2001)
Long distance road transport Lost weight Marahrens et al. (2003)

Sheep
Increased journey time Decrease in live weight Knowles et al. (1995) 
Poor handling 3.7 % carcass condemnation Roeber et al. (2001) 
Poor handling 7.8 % carcass condemnation in  lambs/yearlings Roeber et al. (2001) 
Marketing 0.007 % mortality for sheep sold directly from the 

farm to the abattoir and 0.031 % mortality for sheep 
marketed through auctions prior to the abattoir

Knowles et al. (1998)

Drovers pushing sheep to move faster 25 %  bruise Blackwood and Hurst (2004) 
Marketing Bruises Cunningham and LeValley(1992)
Long journal 15 % DFD Morriss (1994). 
Improper handling and transportation Bruising, broken bones, condemnation and death Roeber et al. (2001) 

Pigs
Poor handling Skin blemish and 4.7 % downgrading Warriss (2000)
Fasting time of 8 to 18 hours Reduce carcass yield to a minimum Warriss (1985) 
Starved for more than one hour Skin damages Brown et al. (1999)
Long fasting , transportation and lairaging Increase prevalence of DFD meat Eikelenboom et al. (1991) 
 Short transportation period (<2h) 2.3 % PSE Gispert et al. (2000)
Long transportation period (> 2 h) Promoted DFD Gispert et al. (2000)
Transportation over long distance More prone to die Honkavaara (1989) 
During transportation Dead rate of 0.02 % Warriss et al. (1994) 
Transportation Live weight losses between 40 to 60 g/kg. Lambooij (2000)
Transportation Mortality of 0.1 to 0.4 % Lambooij (2000)
Transportation Injuries, bruises, skin blemishes and weight lost Lambooij (2000)
Transportation Increased incidence of PSE and DFD Lambooij (2000)
Transportation Condemnations, bruises, PSE pork and DFD pork. Smith and Morgan (1995)
Transportation and starvation Increased the live weight loss Mayes et al. (1988)

Poultry
Transportation 0.3 % death between farm and factory Weeks and Nicol (2000)
Transportation 0.2-0.5 % mortality rate Swarbrick (1986) 
Transportation Dead on arrival 0.35 (broilers) and 1.22 % (layers) Petracci et al. (2006) 
Removal from cage Injury and mortality Whitehead and Fleming (2000)
Food and water deprivation Live weight losses averaging about 0.2-0.3 % per hour Warriss (2000) 
Longer feed withdrawal Carcass contamination by C. jejuni  Willis et al. (1996) 
Removal from cages 24 % broken bones in layers Weeks and Nicol (2000)
Long transportation , and feed-and water-
deprivation times

Increases mortality Weeks and Nicol (2000)

Other species

Deer Transportation over distances  > 200 km Bruising and muscle damage Matthews (2000) 
Long Lairage time Increase in live weight losses Grigor et al. (1997)

Rabbit Longer transport time Greater weight losses and yield Lambertini et al. (2006) 
Longer transport time Darker and redder meat in L. dorsi and B. femoris Dal Bosco et al. (1997) 

Goat 2h of transport, together with 18 h of feed 
withdrawal

10 % live weight shrinkage in does Kannan et al. (2000)

Horse High loading and stocking density Injuries Collins et al. (2000)
Transportation and fighting Injuries (2 %), emaciation (3 %) and dead in arrival 

(0.8 %)
Grandin et al. (1999)

species (Adzitey and Nurul, 2011). Acute or short 
term stress such as the use of electric goads, fighting 
among animal just before sticking, and overcrowding 
in the lairage cause PSE. Exposing animals to chronic 
or long time stress such long hours of transportation, 
food and water deprivation and overcrowding of 
animals in the lairage can cause DFD carcasses. PSE 
and DFD meats are unattractive and more likely to 
face discrimination by consumers (Viljoena et al., 
2002). Pale soft exudative meat looks pale, lean, has 
soft texture and low water holding capacity and poor 
functional attributes. Dark firm dry meat looks dark, 
variations in tenderness, poor functional attributes 
and prone to spoilage. Detailed description of pale 
soft exudative and dark firm dry meat can be found in 

Adzitey and Nurul (2011).

Reduction in the live weight and carcass yield of 
animals

Animals are normally deprived of food and water 
prior to slaughter, depending on how long it will take 
for the animals to be slaughtered. There can be a 
reduction in live weight of animals due to food and 
water deprivation. This may be due to the reduction 
in gut fill and breakdown of muscle glycogen for 
energy. Warriss (2000) referred to the losses in live 
or carcass weight as ‘Shrinkage’ which is a potential 
loss of yield of carcass and meat. Warriss (1985) 
reported that loss of live weight in pigs begin almost 
directly after feed withdrawal. In sheep and cattle, the 
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removal of skin and hides were found to be difficult 
under longer period of water deprivation (Warriss, 
2000). Subsequently greater tearing of the underlying 
tissue (which may be attached by some meat) and a 
poor surface carcass appearance may occur. 

Table 1 summarizes the effects of poor pre-
handling on carcass and meat quality reported by 
various authors for some species of animals. From 
table 1, different pre-slaughter handling conditions 
have some effect on meat and carcass quality. These 
effects vary from animal to animal and from one 
author to the other. This means that the degree and 
level of meat and carcass quality defect depends on 
how that particular animal involved was handled 
before slaughter. Therefore animals expose to very 
poor pre-slaughtering conditions will show more 
carcass and meat quality defects and vice versa. Of all 
the pre-slaughtering handling conditions mentioned, 
transportation conditions appears to be by far the most 
common reported by most workers. This indicates 
that transportation is a critical point in the life of an 
animal prior to slaughter. Warriss (2000) reported 
that transportation is strange and life threatening 
to animals. During transportation, animals can do 
little to help themselves when they are in danger or 
discomfort due to confinement. In farms, markets and 
lairage, animals have much freedom of movement and 
could avoid certain uncomfortable conditions. Other 
conditions such as starvation, dehydration, injury, 
suffocation, heat or cold stress, overcrowding, death 
and many more do prevail in transportation. Broken 
bones are peculiar problem associated with layers. 
This is because osteoporosis in laying hens leads to 
loss of structural bone and increased incidence of 
fracture at various skeletal sites by the end of the 
laying period (Whitehead and Fleming 2000). 

Conclusion

Pre-slaughter handling conditions are very essential 
factors which contribute to carcass and meat quality 
defects; therefore it should not be overlooked. When 
handling animals prior to slaughter, considerations 
should be made in terms of the kind, species, breed, 
and age. In addition the way animals are handled in 
the farm, during transportation, at the market and in 
the lairage expose them to various stresses. Improper 
pre-slaughter handling can cause the death of animals, 
carcass damages, reduction in live weight, pale soft 
exudative and dark firm dry meats. Poor pre-slaughter 
handling is also a compromise of animal’s welfare.
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