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Effect of stress on carcass and meat quality of sheep, goat and pig

SWAGAT MOHAPATRA!, SANTWANA PALAT'™, SOUBHAGYA RANJAN PRADHAN?,
SHIVANI DAS', AMBIKA PRASAD KHADANGA MAHAPATRA', LIPIKA PRIYADARSINI,
RITUN PATRA' and NIRUPAMA DALAT

Odisha University of Agriculture and Technology, Bhubaneswar, Odisha 751 003 India

Received: 29 July 2022; Accepted: 28 July 2023

ABSTRACT

Domestic animals like sheep, goat and pig are subjected to many chronic stressful conditions regularly. The
stressors include handling, transportation, cold, heat, temperament, diseases, parasites and introduction to a new
group. Irrespective of the etiology, stress decreases the normal wellbeing and productivity of the animal. Farm
animals attempt to deal with these stressors through behavioural and physiological adaptations aimed at restoring
homeostasis. When these responses fail, common signs of persistent stress arise. As the symptoms of stress are
unidentifiable by the farmers, there can be a significant deterioration in quality and quantity of meat produced. The
increasing need for food due to population growth and urbanization has to be met through proper health management
of farm animals. More research is needed to alleviate stress in farm animals and improve product quality and yield.
This review paper aims to emphasize on stress factors in farm animals like sheep, goat and pig, and their impact on
productivity and meat quality. With a greater understanding of stressors, altered physiological mechanisms, stress
adaptability, it would be possible to implement methodologies for stress mitigation in farm animals.
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In animal husbandry, stress is considered as a reflex
reaction when animals face adverse environmental
conditions causing mere discomfort to death. Feeling
of intimidation either through handling procedures or
change of the environment puts the animal in agony
(Villarroel et al. 2003, Ohl and Van der Staay 2012). Stress
encountered during routine handling and restraint of meat
animals declines quality in meat production (Dodzi and
Muchenje 2011).

Selye’s General Adaptation Syndrome (GAS) presumes
three stages- firstly, the alarm reaction when the autonomic
nervous system gets activated with release of glucocorticoids
and epinephrine. Secondly, the long-term adaptation where
body acclimatizes itself to physiological changes of first
stage with reduction in cortisol. If stressful circumstance
ends in the resistance stage, the body will return to normal.
However, if the stressor persists, the body stays on high alert,
and stress hormones continue to be generated. The last stage
of GAS (tiredness) is due to continuous failing attempts to
recover from initial alarm reaction stage. Unable to deal this
stress, animals may experience tiredness, depression, and
agitation (Lana 2017).

As per animal welfare, it is very difficult to determine
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the amount of stress on farm animals. Animal welfare can
be associated with meat and carcass quality. Broom (2000)
elucidated the animal welfare as a state of attempting to
adjust with the environment. The welfare of animal is said
to be compromised when the animal is not able to cope or
copes with difficulty to the environment. When exposed to
various stressors, the animal response affects carcass and
meat quality.

Stress can be either physical like fatigue, injury, thirst,
nutrition, thermal stress and psychological like restraint,
handling the animal etc. (Vogel et al. 2019). Stress
changes pituitary hormones secretion, behaviour, immune
competence, metabolism and reproduction. Thermal stress
has detrimental effect on cardiac cells of goats (Parida et
al. 2020). There is alteration in cardiac electrical activity
and injury to myocardial cells during heat stress in cattle
(Mohapatra et al. 2021). Extreme stressful conditions
cause irreparable loss in productivity or even death of the
animal (Uzal ef al. 2016).

With increase in stress, there is decrease in quality of
meat. Transportation, environmental conditions, season of
the year, lairage time and genotype are also involved (Mantis
et al. 2019). Meat quality is determined by confirmational
qualities, which entail production in response to market
demand, and functional qualities, which include desirable
attributes in the product (Adzitey 2011).

The important points which are highlighted in this review
are identification of different stressors experienced by meat
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Fig. 1. Effect of different stressors on sheep, goat and pig.

animals from birth to slaughter (Fig. 1); understanding of
the biology of stress response components and learning
outcomes or implications of stress on carcass quality and
meat of the animal.

Stressors experienced by sheep, goat and pig in farm

Environmental stressors

The cumulative effects of continued or chronic
environmental stressors affect the quality of meat (Alarcon
et al. 2005).

Thermal stress: Thermal stress is defined as conditions
of extreme environmental temperature leading to disruption
in homeostasis of animals (Parida ez al. 2020). Stull (1997)
stated that young or sick animals are more severely affected
by heat or cold stress. The thermoneutral zone quantifies
the thermal comfort. Most favourable thermal environment
encourages maximum performance by giving least stress
to the animals. The animal can maintain body temperature,
i.e., homeothermy in the thermoneutral zone without
expending any extra energy. The normal health status of the
animals is affected by either rise or fall of the environment
temperature leading to stress (Mitchell ef al. 2018).

Heat stress: Solar radiation, humidity and elevated
ambient temperature are key factors to cause strain on
animals. The increased body temperature leads to adaptive
depression in metabolic rate resulting in decreased appetite
marking the change over from aversive to miasmic stage.
Nutritional imbalance, deficiency and water deprivation
aggravate the heat stress effects (Gupta and Mondal 2019).

High temperature as well as high humidity level leads
to decreased body weight gain of animals ultimately
reducing weight of the carcass. Increased respiration rate
and body temperature indicate heat stress in goat. Also, it
causes degradation of meat quality (Kadima et al. 2004),
imbalances in electrolyte concentration (West et al. 1991)
and severe fiscal losses through surge in mortalities and drop
in overall animal performance (Hahn and Mader 1997).

Cold stress: The rate of absorption of nutrition is
decreased due to cold stress in the animals. The food intake
is lowered leading to lesser thermal production by digestion
and absorption of nutrients. Thus, there is declined growth
rate of calves. The factors like wind, moisture due to rain or
mud and humidity affects the lower and upper temperature
of the environment (Stull 1997).

Managemental stressors

Managemental stress involves improper handling of
animals by caretakers in the farm which has potential to
cause behavioural and physiological stress. It is the sole
stressor that can be easily curbed as it is due to human
error. Animals are reared almost entirely in farms. Animals
are handled in farm right after birth till time of loading
into vehicles for their transportation to slaughter houses.
Bruising and other serious injuries can occur in animals
that are not habituated to enclosed space and thus reacting
adversely (Gregory 2008). These situations are more
worsened if the stock person or animal handler doesn’t
know animal behaviour principles, social instincts, flight
zones and visual fields (Grandin 2000). These principles
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Table 1. Behavioural indicators of stress in sheep, goat and pig

Species  Pre slaughter stress Behaviour Positive/ negative References

Sheep Housing and Show their distress by increase in bleating and Negative Kumar et al. 2012
transportation locomotor activity.

Goat Heat stress and Increase in respiration rate, rectal temperature and Negative Gupta and Mondal 2019
transportation heart rate, and feed intake affecting growth rate,

production, and even death in severe case.

Pig Lairages and Bar biting, tongue rolling, head-weaving of sows Negative Kumar et al. 2012,

transportation confined in narrow sow stalls Murphy et al. 2014,

Chulayo and Muchenje 2015

help the animals to cope with physical disturbances arising
due to powerful communication like rough handling or
hitting for re-grouping during confinement (Grandin 2000)
which leads to deterioration in meat quality. The decline in
quality of carcass results in huge loss to farmers and meat
industry.

In cases, where strange animals are mixed, there
is fight to establish a new hierarchy socially causing
dark cutters and losses due to death in stressed animals.
Excitement and fighting are some psychological stressors
which are more stressful than physical stressors like lack
of feed, excessive physical exertion or inclement weather
(Yau and Potenza 2013). Anxious bleating sounds and
isolation stresses the sheep too much. Slaps, fastmovements,
hits, shouting and noise are negative handling behaviour
that increases fear, causing stress, handling difficulties
and avoidance in the animal (Gebregeziabhear and Ameha
2015). Strong correlation exists between stress and
negative handling proving that negative handling produces
stress affecting animal production and welfare (Hemsworth
2011, Etim and Oguike 2014). Reproductive efficiency is
sometimes adversely affected by psychological disturbance
encountered by animals during improper animal handling
techniques (Al-Dawood 2017).

Nutritional stressors

Feed plays a vital role in the quality of meat and offal.
The fattening of pigs, and quality and quantity of meat is
influenced by feeding. The nutritional factors revamping
the quality and quantity of the meat products as well as
tissue composition are primarily due to the levels of
metabolizable energy and protein (Falkowski ef al. 2001).
The quantities of carbohydrates and proteins in animal diets
result in the post-slaughter meat-to-fat ratio. Carbohydrates
mainly furnish energy to animals. The protein requirements
of exogenous amino acids should be provided to animals
in diets. Through suitable balancing of the feeding ration
in relation to energy and protein supplemented with
crystalline amino acids, the minimal coverage of animal
nutritional demands would be successful considering their
genotype, developmental stage and physiological state
in their post-natal life (Trottier et al. 2014). Any sort of
disturbance in the amount of these components in diet leads
to stress. Animal health and production are also affected by
the quality of components applied in manufacturing feed
mixtures. Nutritional procedures resulting in stress and

dehydration negatively affect live and carcass weights, and
meat quality (Gregory 1998).

Stressors during pre-slaughter handing

The final two stages of the animal production system
which ultimately leads to the production of high-quality
meat are transportation and slaughter of the farm animals
(Grigor et al. 2004). Stressors which affect the farm
animals during the pre-slaughter period are called the
precipitating factors of stress and are grouped as physical,
psychological and physiological factors in addition to the
state of the animal (Fig. 2). These factors include loading
and unloading, noise and vibration, congregation, journey,
handling by humans, unfamiliar environment, deprivation
of food and water, mixing with unfamiliar animals,
changes in climatic conditions etc. (Flores-Peinado et
al. 2020). It has been reported that severe pre-slaughter
stress adversely affects the quality of meat in livestock
(Apple et al. 1995). Several efforts are needed in raising
an animal up to the desired weight, quality and age. These
few days of pre-slaughter period deteriorate their condition
significantly by reducing their weight, affecting the meat
quality and ultimately reducing the profit. In addition to
that, handling procedures in the pre-slaughter management
chain often intensify these effects and reduce welfare of
the animal, which is indicated by alteration of behavioural
or immune responses of sheep, goats and pigs (Miranda-
de et al. 2008) (Table 1), decreasing quality of meat and
reducing farmer income (Maria 2008). The detrimental
effects of pre-slaughter handling, transport and stunning is
seen on meat quality of sheep (Adzitey et al. 2011), lambs
(Miranda-De et al. 2009), goat (Pophiwa et al. 2020), kids

Physical
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and water, Noise, Transport
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factors Confinement, Weaning
L
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State . .
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animal  Inflammation, Infection, Injury
L

Fig. 2. Precipitating factors of stress in sheep, goat and pig.
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(Zimerman et al. 2011) and pig (Channon et al. 2000,
Vermeulen ef al. 2015).

Stress in pre-transport period: Feed withdrawal is one
of the preparatory steps for transfer of meat animals for
slaughter. Feed withdrawal done before transportation helps
in minimizing the gastrointestinal contents thus decreasing
carcasses fecal contamination (Wesley ef al. 2005, Gajana
et al. 2011). Additional stresses can occur in cases of
multiple transportation and repeated feed withdrawal,
in cases where animals are not directly transferred to the
slaughter house (Jarvis ef al. 1996, Driessen et al. 2020).
Carcass weight loss is incurred due to the loss of fluid
through feces and urine, and decrease in tissue substance
and muscle glycogen levels due to longer feed interval
(Xing et al. 2019). Vehicle design for transit also affects
weight loss (Bench et al. 2008, Dewey et al. 2009). Healthy
animals are exposed to pathogenic organisms if transported
in dirty cages or vehicles (Rajkowski et al. 1998). Properly
cleaned vehicles should be used for animal transportation.

Catching and loading before transportation are rapid
sources of stress for food animals. Also, noises and handling
during loading and unloading of transportation is vital stress
and injury control point (Fisher 1996, Faucitano 2018).

Transportation stress: According to Von Borell et al.
(2001), transportation is considered as a significant stressor
of farm animals causing hazardous effects on well-being,
performance, product quality etc. The mode of transport,
type and age of the animals should be considered while
planning their transportation. Well-designed facilities and
good management can reduce stress during transportation.
Poor transportation facility might put the animals in harm’s
way. Farms are typically located far from cities in order
to provide better and less expensive feed, sale, etc. This
necessitates transportation of animals to markets and
slaughter houses (Sionek and Przybylski 2016). As per the
suggestion of Adzitey and Nurul (2010), both loading and
unloading should be done in gentle and quiet environment
before and after transportation, respectively. Other
environmental stress factors like heat, cold, humidity,
noise, overcrowding of animals, over speeding, sudden
stops, long journey without any interval will affect the
carcass and meat quality. The animal losses and the risk
of pale, soft, exudative (PSE) condition in pork is higher
in summer (Guardia et al. 2004) and that of bruised
carcasses and dark, firm, dry (DFD) condition is higher in
winter (Gosalvez et al. 2006) (Table 2). Stress caused by
transportation decreases tenderness and acceptability of
meat (Villarroel ef al. 2003) and adversely affect welfare of
animal leading to economic losses (Akinwumi et al. 2013).
Various physical, microbial, environmental hazards during
transportation negatively affect health, welfare of animals
and quality end products (Sommavilla et al. 2017). The
stress due to transportation and pre-slaughter handling also
impair cellular immune responses causing physiological
changes affecting the safety and quality of meat products
(Harvey et al. 2001, Faucitano and Goumon 2018).

Marketing stress: The animals are kept in open pens in
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groups exposed to the sun or cold in the markets. Other
marketing stresses include unfamiliar environment,
noise, social regrouping, starvation and dehydration due
to withdrawal of feed and water longer than suggested.
Multiple degrees of bruising occur on skin of animals at
the market due to faulty handling during transportation.
The prevalence of bruising ranges from 2 to 8 % between
markets (McNally and Warriss 1996). All these add to
the stress and depreciate the meat quality. Adzitey and
Nurul (2010) discussed the marketing strategies for stress
reduction, which ultimately led to reduction of pale, soft,
exudative (PSE) and dry, firm, dark (DFD) condition of
meat (Table 2).

Lairaging stress: Prior to slaughter, animals are held
in the lairage for a short time. It is the collection point
for various animals prior to slaughter. Any possibility of
injury or infection is ruled out through animal’s movement
(Cobanovié et al. 2016). Adequate amount of proper feed
and water should be provided if the stay in lairage is
longer than expected. Lairaging allows rest and recovery
from transportation stress but it can lead to meat quality
problems (Driessen ez al. 2020). Many degrees of injury and
bruising occur due to overcrowding or fighting. Because
of the fact that, lairage can be reservoirs of pathogenic
bacterial infection, so longer lairaging time leads to
contamination of carcass (Warriss 2003). Inappropriate
handling of animals in the lairage such as using electrical
rods, restricting the movement of animals through race,
beating and gripping the animal’s coat tightly with the
hand, exposure of animals to microbial contaminations etc.
decreases carcass and meat quality. The lairage should be
capable of arresting infections and allow the recovery of
animals from transportation stress.

Stressors during slaughtering process

During slaughtering process, stress occurs as
per the method adopted for slaughter in the abattoir
particularly through methods of restraining and stunning
(Grandin 2010). The religious slaughter of meat animals
does not allow stunning, causing stress in animal while
proceeding to slaughtering platform. Stunning methods
negatively affects carcass leading to downgraded meat
quality. These can be seen as bruising and hemorrhages,
bone fractures, pelt burn in sheep, changes in meat colour
due to DFD condition and decreased eating quality like
toughness (Cetin and Topcu 2009). Proper stunning with
help of electrical stimulations is better for better-quality
meat production (Biswas et al. 2007, Abdullah ef al. 2019).

Biology of stress and its effect on carcass and meat of
sheep, goat and pig

In terms of danger or threat, regarding past experience,
personal expectation and opportunities for control, the
central nervous system gathers information from internal
and external (sensory organs) environment which initiates
the adaptive responses like neuroendocrine changes and
behavioural adjustments to reach the energy requirements

[6]
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Table 2. Events leading to PSE and DFD in meat of sheep, goat and pig
Events Pale, soft and exudative (PSE) Dark, firm and dry (DFD) References
Type of stress Acute or short-term stress Chronic or long-term stress Adzitey and Nurul 2011,

pH limit

Water holding
capacity

Factors responsible
for high/low pH

Extracellular space
Scattering of light

Characteristics of
meat quality

Drip loss

Tendency of protein
denaturation

Effect of absorption
of visible light

Type of muscle fibre
susceptible

<6 at 45 minutes after slaughter

Meat with ultimate pH value between
5.4-5.6 or even lower value i.e. 5.3

Low

Accelerated rate of post mortem
glycolysis leads to low pH even if
temperature of carcass is still high

Larger

More hence higher difference in
refractive index

Pale, lean and soft texture

High
High

Reduction in absorption of green light
by myoglobin

White muscle fibre is more susceptible
to PSE

>6 at 24 hours after slaughter

Meat with ultimate pH value between
6.5-6.8 or more preferably 6.4

High

Depletion of stored glycogen leads to
higher ultimate pH of meat

Smaller

Less hence lower difference in
refractive index

Dark, variation in tenderness and dry

Low
Low

Increased absorption of light by
myoglobin

Red muscle fibre more susceptible to
DFD

Stajkovi¢ et al. 2017,

TC dos Santos et al. 2019,
Poznyakovskiy et al. 2015,
Wang et al. 2017,

Chulayo and Muchenje 2015,
Mir N A et al 2017,

Gotardo et al. 2015,
Frimpong et al. 2014

for the behavioural response in order to maintain
homeostasis (Schiller et al. 2021). The endocrine responses
are activated by psychological aspects of environmental
stimuli. The pituitary-adrenal axis response is dependent on
amount of psychological stress experienced by an animal.
The behavioural and hormonal responses are interrelated.
In stressful conditions, animal respond through raised
catecholamine concentrations and creatine kinase activity
(Chulayo 2011) and increased hormone, enzyme levels
negatively affect quality of meat due to rapid glycolysis
and elevated lactate production, which in turn elevate the
blood lactate level (Lewis et al. 2006). The physiological
changes like increased body temperature, heart rate and
respiratory rate lead to changes in immune system due to
stress (Ekiz ef al. 2012). Stress in pigs causes the activation
of hypothalamic pituitary-adrenal axis, which leads to
release of glucocorticoids into the blood (Lewis et al.
2006). During pre-slaughter handling, the raised physical
activity or physiological stress in farm animals depletes
muscle glycogen reserves resulting in higher pH of meat
with increased water holding capacity and dark tough meat
(Muchenje et al. 2009). Animals habituated with human
during early life exhibit less fearful (during handling) and
stressed behaviours at the abattoir.

Due to fighting or transportation, the animals are affected
with muscle damage or bruises. In response to muscle
damage or excess exercise, muscle and tissue damage
results (Myers 2006, Schimelpfenig 2021). The increased
concentration of Lactate dehydrogenase (LDH) and Creatine
kinase (CK) in blood can be treated as indicator of trauma
due to damages during transport and handling of animals
(Knowles and Warriss 2007). However, in case of lambs
transported without pre-transport supplementation, plasma

CK activity increased while LDH level remained same.

Reduction in the live weight and carcass yield of animals:
Generally, prior to slaughter, animals are deprived of food
and water. If the time interval is too long, live weight of
animals will be decreased due to reduction in gut fill and
breakdown of muscle glycogen for energy (Warriss 2020).
According to Warriss (2000), these losses in live or carcass
weight is considered as ‘Shrinkage’ leading to a significant
loss of meat and carcass yield.

Carcass damages: Due to improper handling, damages
to carcass like bruising, blood splash skin blemishes,
hemorrhages and broken bones occur (Lessler et al. 2007).
In such cases, excessive blood gets accumulated inside
the skin and blood vessels which has to be cut off during
processing. If a part of the carcass is trimmed off, then there
will be reduction of meat quality and yield, and ultimately
there will be increase in processing time (Schwartzkopf-
Genswein ef al. 2012). The untrimmed parts, having ugly
appearance serve as potential source for microbial growth
resulting in sooner spoilage of the meat. Bone splinters in
meat which is caused due to broken bones can be dangerous
to the consumer if undetected even after deboning
(Warriss 2000).

Pale Soft Exudative (PSE) and Dark Firm Dry (DFD):
The fighting among animal just before sticking, use of
electric goads and overcrowding leads to acute or short-
term stress causing PSE (Manalo and Gabriel 2020).
Similarly, chronic or long-time stress which is mainly due
to long hours of transportation, food and water deprivation
and overcrowding of animals leads to DFD condition in
carcasses (Ponnampalam et al. 2017). PSE and DFD meats
are ugly-looking and unacceptable by consumers (Viljoena
et al. 2002). PSE meat is having pale, lean and soft texture
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in appearance with low water holding capacity. DFD meat
looks dark, varies in tenderness and more prone to spoilage
(Adzitey and Nurul 2010).

Mortality of animals: Death of animals occurs due
to faulty pre-slaughter handling (Sabow et al. 2017).
The severe stress ultimately leads to death when timely
treatment of animals is not done during their sickness or
transported under harsh and stressful environment. The
worst effect of pre-slaughter handling on carcass and meat
quality is due to death of animals leading to total loss of
carcass and meat quality and the dead animal has to be
disposed (Simova et al. 2016).

Conclusion

Activities and processes prior to slaughter are essential
factors which are ultimately responsible for carcass and
meat quality defects of sheep, goat and pig. Proper attention
should be given to the animals irrespective of age, sex, kind,
species and breed during the stage of rearing, pre-slaughter
and slaughter. The animals are exposed to precipitating
factors of stress during transportation in farm, at the market
and in lairage leading to carcass damages, reduction in live
weight, PSE and DFD condition in meat and sometimes
death of the animal. These factors also compromise animals’
welfare. For reduction of stress of the animal, proper
attention and care must be given by the animal handlers
before the process of slaughter. Animal handlers should be
calm, quiet, confident and positive during animal handling
because animals are much sensitive to fear and hesitation
of the handler. The veterinarian, expert or professionals
should bear the sole responsibility of closely monitoring
work in the abattoirs, meat processing units to nullify the
carcass and meat quality defects in sheep, goat and pig.
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