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ABSTRACT - The objective of this study was to evaluate the consequences of low or high stress during pre-slaughter
handling of pigs on their carcass and meat quality. Forty-four animals of a commercial lineage, with an average weight of
107.23+5.23 kg, were used. At lairage the animals were randomly divided into two groups, the least and the most stressed. At
slaughter, during bleeding, blood samples were collected for later cortisol and lactate tests. Forty-five minutes after slaughter
the initial pH of th carcasses was measured and samples of the semitendinosus muscle were collected for R-value calculation.
After 24 hours of cooling, the final pH was measured, damage scores were assessed and samples of the longissimus dorsi
muscle were collected to evaluate drip loss, liquid loss from defrosting and cooking, shear force, lipid oxidation, and color.
The results were evaluated by analysis of variance and the means were compared by Tukey's test. It was found that cortisol,
lactate and R-value were lower and initial pH was higher for the least stressed animals, whereas the other parameters were not
significantly affected. Thus, low stress in the pre-slaughter handling of pigs is effective in reducing stress and carcass damage,
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but has no effect on meat quality.
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Introduction

The handling of animals for slaughter is composed
of a series of procedures that are quite uncommon and
therefore stressful for them. Pre-slaughter handling consists
of handling the animals both on the farm and during the
transport (loading/displacement/landing), at lairage, and
finally on their way to be stunned and slaughtered. Hence,
these activities should be well planned and professionally
carried out to minimize stress (Costa et al., 2002).

Meat quality has a direct association with pre-
slaughter handling and even animals treated under top
animal-welfar conditions may have their meat quality
compromised if handling is not appropriately performed
(Bonfim, 2003).

Incorrect pre-slaughter handling may cause carcasses
to develop abnormalities such as PSE (pale, soft, exudative)
or DFD (dark, firm, dry) meat (Kauffman et al., 1978).

In order to enhance the welfare of animal pre-slaughter,
reduce stress and consequently increase meat quality, both
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producers and meat packers have been investing in new
handling techniques as well as appropriate equipments and
facilities (Goettems, 2011).

The objective of this study was to evaluate the effect of the
use of handling board on stress parameters and pork quality
by evaluating low- and high-stress-treatment groups.

Material and Methods

Forty-four barrows, with an average weight of
107.23+£5.23 kg, were slaughtered. The treatments were
set in a completely randomized design. To evaluate carcass
and meat parameters, each animal was considered an
experimental unit.

Pre-slaughter handling started on the farm. The
animals were only allowed to consume drinking water until
slaughter, as the feed had been withdrawn seven hours
before boarding time and the slaughter occurred 14 hours
later, totaling 21 hours of fasting.

The animals were handled into the truck with the aid
of a handling board and transported to the slaughterhouse
(22 km away from the experiment site) the afternoon before
the slaughter because of the milder temperatures. The
abovementioned handling board was made of hard plastic,
weighing 7.5 kg and measuring 0.8 m x 0.6 m.

Upon arrival, the animals were randomly allocated into
two groups in holding pens of 13.2 m? with concrete floors
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and provided with two drinking troughs each. On the day of
slaughter, pigs were subjected to two types of pre-slaughter
handling along the chute. The animals were conducted
through a 0.95 m wide corridor of concrete slotted floor
and 9° slope. The low-stress group was calmly guided to
the stunning place in small sub-groups of 4 animals on
average. The animals were not yelled at or touched by
materials that could injure them. The handling board was
used and the handler was always positioned behind the
pigs. Contact with the animals was only allowed by hand
touching their flank. The handling proceeded efficiently,
with good fluidity and no remarkable interruption. The
high-stress group was handled as one single group to the
stunning place, causing agitated and stressed behavior as
well as a tendency to confront the handler. No handling
board was used. Handling was carried out by three handlers:
one positioned in front of the animals, a second in their
middle and a third right behind the group, responsible for
bringing the strayed animals back.

The pigs were slaughtered at a commercial meat
packing plant. Slaughter was carried out in accordance with
current legislation, according to the Humane Slaughter
(Brasil, 2000).

Immediately after the onset of bleeding, blood
samples were collected from each animal and sent to a
commercial laboratory to measure the levels of cortisol
and lactate through the Chemiluminescence and Kinetic
Enzymatic techniques, respectively, assessing therewith
the physiological stress status.

A sample of 2 cm? of the semitendinosus muscle was
collected 45 minutes after slaughter to assess the R-value,
according to the methodology of Honikel and Fischer (1977).

The pH was measured 45 minutes and 24 hours after
slaughter, using a Testo 205 pH-meter and inserting it into
the longissimus dorsi muscle, between the penultimate and
last ribs of the left half of the carcass.

After cooling the carcasses for 24 hours at 2+2 °C,
the 24-hour pH was measured and the damage score was
assessed with the aid of a photographic standard, in which
the scores are presented in five categories: (1) no damage,
(2) slightly damaged, (3) slightly damaged, (4) moderately
damaged, and (5) severely damaged (MLC, 1985).

Between the penultimate and last thoracic vertebrae,
from the back to the front, a portion of 10 cm length of the
longissimus dorsi muscle of each left half of carcass was
collected and brought to the laboratory.

The tests for R-value, color, drip loss and lipid oxidation
(TBARS) were carried out 24 hours after slaughter, whereas
the remaining samples were stored in plastic bags and
frozen for later shear force testing.

The color was tested using a Minolta® portable
colorimeter (model CR-10 colorimeter with illuminant C
and 8° angle of inclination - Tokyo, JP) and the components
L* (lightness), a* (red-green component) and b* (yellow-
blue component) were determined in accordance with the
CIELAB system.

The drip loss was determined according to the technique
described by Boccard et al. (1981).

For the assessment of lipid oxidation, the thiobarbituric
acid reactive substances (TBARS) method was used,
according to Pikul et al. (1989).

The samples were classified as normal, PSE (pale,
soft, exsudative), DFD (dark, firm, dry) or RN (Napoleon
Yield Meat or acid) using the methodologies proposed by
Warner et al. (1997) and Channon et al. (2000), cited by
Bridi and Silva (2009).

According to methodology proposed by Bridi and
Silva (2009) to verify the liquid loss, the frozen samples
were weighed and stored in a refrigerator for 24 hours at
4 °C. The samples were then weighed again to obtain the
liquid loss at defrosting. After that, they were baked in a
preheated electric oven at 180 °C until reaching an internal
temperature of 72 °C, and then stored again for 24 hours at
4 °C. The final weight of the samples was assessed and the
liquid loss from cooking was calculated.

The shear force was evaluated as described by
Whipple et al. (1990).

The results were evaluated by analysis of variance and
the means were compared by Tukey's test, using the SAEG
software (Sistema de Analises Estatisticas e Genéticas,
version 9.1).

Results and Discussion

Pigs handled with low stress at pre-slaughter had lower
levels of cortisol, lactate and R-value and their carcasses
presented higher initial pH compared with those subjected
to high stress (Table 1).

Table 1 - Means and coefficients of variation observed for cortisol,
lactate, initial pH, final pH and R-value in pigs handled
with low or high level of stress pre-slaughter

Low stress High stress Significance  CV (%)

Cortisol (mg/dL) 6.55a 8.58b 0.011 32.803
Lactate (mg/dL) 12.10a 16.12b 0.020 28.497
Initial pH 6.48a 6.37b 0.071 3.068
Final pH 5.76 5.73 NS 1.534
R-value 0.87a 1.16b 0.001 21.529

Different letters in the same row mean significant difference by Tukey's test
(P<0.10).
NS - no significance (P>0.10); CV - coefficient of variation.

R. Bras. Zootec., 43(7):363-368, 2014



Effect of low or high stress in pre-slaughter handling on pig carcass and meat quality 365

These results were similar to those found by Brown
et al. (1998) and Warriss and Brown (2000), in which the
pigs subjected to high stress had higher levels of cortisol
and lactate.

Quantification of serum cortisol has been widely
used to assess the level of stress in animals on the farms
as well as the stress caused by the pre-slaughter handling
(Maria et al., 2004). The release of cortisol is related to
psychological stress, and lactate is related to the physical
stress experienced by the animals (Warris et al., 1994).

In the pre-slaughter handling, animals get severely
stressed, a condition that leads to increased levels of cortisol and
lactate in their bloodstream, and may have as consequence
a decrease in the meat quality (D’Eath et al., 2010).

Shaw and Tume (1992) suggested that, when comparing
two treatments in terms of stress, the group with the lowest
levels of cortisol should be considered the least stressed.
Thus, we can conclude that the use of the handling board was
effective to minimize the stress of the pigs before slaughter.

Animals subjected to appropriate pre-slaughter
conditions to minimize stress have a lower level of serum
lactate (Warris and Brow, 2000; Hambrecht et al., 2005;
Edwards etal., 2010). In situations of intense physical stress,
exhaustion of the muscles can occur and large amounts of
lactic acid is formed from the intense degradation of muscle
glycogen (Shaw and Tume, 1992).

Lactate values for pigs handled without the board
was approximately 25% higher than in those handled with
the board. The animals of both treatments went through
identical fasting and resting periods at the slaughterhouse
before being slaughtered. Thus, both groups had the same
period of time to restore glycogen stocks.

Hence, we can conclude that the main effect responsible
for the high level of lactate in animals handled without the
board was excessive physical activity performed in the
moments before the slaughter, a result similar to that found
by Henckel et al. (2002).

The initial pH of pigs handled without the board was
lower than that of the group handled with the board, which
is similar to the results obtained by Ludtke et al. (2010).

In stressful conditions, the autonomous sympathetic
nervous system releases catecholamines (noradrenalin
and adrenalin), substances responsible for triggering the
active response mechanism and promoting a physiological
status known as “fight or flight”. This response is due to
the motor cells receiving excitatory action potentials, which
stimulates the voltage-gated calcium channels to open up
and increase the calcium concentration in the sarcoplasm
(Spinosa, 20006).

The sudden increase of calcium ions in the sarcoplasm
increases the speed of both utilization of the muscle
ATP (adenosine triphosphate) and the glycogenolysis
postmortem, resulting in accelerated rates of decline in
muscle pH (Riibensam, 2000).

In the living animal, the muscle reserves of
phosphocreatine and glycogen are consumed through the
Glycolytic Pathway Embden-Meyerhof for the production
of pyruvic acid (aerobic pathway) in order to generate
energy and keep the metabolism active (Roca, 2012a).
When the animal is slaughtered, the supply of oxygen
ceases and the production of ATP (energy) turns to come
from anaerobic degradation of muscular phosphocreatine
and glycogen in an attempt to maintain muscle contraction
(Gollnick and Hermansen, 1973).

As a consequence of anaerobic degradation of energy
sources, high concentrations of lactic acid in the muscle
are verified, since, with the absence of blood flow, lactate
can no longer be transported to the liver to be metabolized
and converted into glucose through gluconeogenesis
(Bassan et al., 2011).

According to Henckel et al. (2000), considering the
metabolic changes that occur in stressed animals, the
initial pH will be lower when compared with non-stressed
animals and the rate of pH drop may increase by two to
four times, sometimes reaching values below 6.0 in the
following hour.

The R-value allows us to measure ATP depletion
after slaughter and estimate the onset of rigor mortis. In
this paper, the R-value of the group handled without the
handling board was higher than that of the group handled
with the board (Table 1).

Because the IMP (inosine monophosphate)/ATP ratio
for animals handled without the board was greater than
one, the concentration of IMP (250 nm) is greater than the
concentration of ATP (260 nm). This result suggests that
those animals were more stressed (more ATP depleted)
and/or expended more energy at the time they were being
handled to the stunning place in comparison with the
animals that were handled with the board.

According to Honikel and Fischer (1977), the R-value
of normal meat varies from 0.8 to 1.05. A value above 1.05
indicates that the meat may be of the defective PSE or DFD
type, depending on the initial pH.

It was found that the extent of carcass damage (Table 2)
was greater for most stressed pigs, indicating a higher level
of stress for this group, since this parameter can also be
characterized by visual assessment methods, such as the
incidence of lesions (Ludtke et al., 2006).
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Table 2 - Means and coefficients of variation observed for carcass
damage scores in pigs handled with low or high level of
stress pre-slaughter

Low stress  High stress Significance ~ CV (%)
Damage score 1.95a 2.32b 0.064 11.683

Different letters in the same row mean significant difference by Tukey's test
(P<0.10).
NS - no significance (P>0.10); CV - coefficient of variation.

During conduction to stunning, animals are often
dramatically stressed, due to a too quick and violent
handling. Animals react through vocalizations, gathering
behavior, and attempts to escape. Handlers, in consequence,
usually interfere physically on their back or by yelling
(Chevillon, 2000). In this study, due to such behaviors,
from both handlers and animals, it was possible to visually
notice higher carcass damage in the highly stressed group.

Ludtke et al. (2010) found that 12% of the animals
handled with low stress levels, through the use of a handling
board, presented no type of carcass damage, against 42%
of the animals handled in a higher stress manner, through
the use of an electric prod. This indicates that low-stress
handling is more efficient and reduces the occurrence of
carcass damage.

No PSE or DFD anomalies were observed in the group
handled under high stress conditions.

The drip loss was not statistically significant between
the treatments (Table 3).

High concentrations of lactate in hot carcass due to
stressful pre-slaughter handling cause a sharp drop in pH
and induce protein denaturation, resulting in loss of the
water-retention capacity (Immonen et al., 2000). According
to Lawson (2004), the effect of the lower water-retention
capacity is reflected in higher liquid losses at defrosting
and cooking.

Opposite results were found in this study and the
correlation between lactate, pH, and drip loss can explain
the data, because the greater amount of lactate in the less

Table 3 - Means and coefficients of variation observed for drip
loss (DL), liquid loss from defrosting (LLD), liquid
loss from cooking (LLC), shear force (SF) and lipid
oxidation (TBARS 24h) in meat of pigs handled with
low or high level of stress pre-slaughter

Low stress  High stress Significance  CV (%)

DL (%) 0.89 0.89 NS 45.872
LLD (%) 7.12 7.07 NS 23.695
LLC (%) 30.42 30.53 NS 16.478

SF (kgf) 3.21 3.11 NS 12.821
TBARS 24h* 0.40 0.38 NS 23.161
Different letters in the same row mean significant difference by Tukey's test
(P<0.10).

NS - no significance (P>0.10); CV - coefficient of variation.
* mg of malonaldehyde/kg of sample.

stressed group was not enough to influence the final pH of
the meat, therefore not affecting the integrity of the muscle
proteins and resulting in no statistical difference for drip loss.

It is assumed that the initial pH of 6.37 was not low
enough to cause protein denaturation, as would be the case
for PSE meat, which presents initial pH lower than 5.8. Meat
with proper pH expresses a neutral charge effect, which is
responsible for influencing the water-retention capacity,
since water molecules possess neutral charge and are polar,
which allow them to associate themselves with the reactive
groups of electrically charged muscle proteins, preventing
the latter to be lost in the form of exudates (Roga, 2012b),
and thus not resulting in differences in drip loss and liquid
loss at defrosting and cooking.

The pH influences the loss of liquid, which in turn may
have effects on meat tenderness (Roga, 2012a). However,
as the final pH and the liquid loss were not different,
the tenderness, as excepted, did not differ between the
treatments with low or high levels of stress.

Among the groups of non-stressed and stressed animals
handled with low or high levels of stress, no significant
difference for lipid oxidation was observed.

Young et al. (2003) found a similar result for TBARS,
in which no statistical difference between stressed and non-
stressed animals could be observed.

Lipid oxidation is favored at low pH values (Yasosky
et al., 1984). This may explain the absence of difference in
lipid oxidation between the treatments, since the final pH
did not differ between stressed and non-stressed animals.

Differences in color parameters (Table 4) between the
two groups were expected, because the initial pH, lactate,
and R-value differed statistically among themselves and
these parameters influence meat color.

However, results similar to those found in this study
were also observed by Brown et al. (1998), Correaetal. (2010),
and Ludtke et al. (2010) when evaluating color parameters
of meat from pigs handled with low or high levels of stress
pre-slaughter.

Table 4 - Means and coefficients of variation observed for color
parameters in the meat of pigs handled with low or high
level of stress pre-slaughter

Low stress  High stress Significance ~ CV (%)

L* 55.31 54.64 NS 5.098

a* 3.97 4.39 NS 28.529
b* 10.52 10.55 NS 9.953

c® 11.42 11.58 NS 15.871

h° 68.92 69.24 NS 7.298
Different letters in the same row mean significant difference by Tukey's test
(P<0.10).

NS - no significance (P>0.10); CV - coefficient of variation.
L* - lightness; a* - red intensity; b* - yellow intensity; c® - chroma; h° - hue value.
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Rosenvold and Andersen (2003) also found no
difference in color parameters in the meat of pigs that
underwent intense physical activity before slaughter.

Conclusions

Low-stress pre-slaughter handling of pigs is efficient in
reducing the level of stress and carcass damage, but has no
influence on meat quality.
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