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Abstract
This study was carried out in order to determine the effects of different combinations of on-farm fasting intervals (8, 12, 16, 20 h)
and 1.5 h of transport plus lairage periods (1, 3, 6 h) at different seasons (summer/winter) on blood stress parameters (cortisol and
lactate), stomach content and weight, skin lesion and meat quality in a total of 960 pigs from eight farms. Blood lactate levels
were greater in the summer (P < 0.001) and stomach content was affected (P < 0.05) by season, on-farm fasting interval
(P < 0.001), lairage time (P < 0.0001). Stomach content weight reduces as the total feed withdrawal time increases up to on-
farm fasting of 17 and 1 h of lairage. Stomach content can be influenced by feed and water in different ways according to
treatments. Only 8 h of on-farm fasting is not enough to empty stomachs from feed content. However, an on-farm fasting period
of 16 h or longer can also increase the occurrence of more water in the stomachs. Carcass lesions caused by fighting were greater
(P ≤ 0.005) in the winter, mainly after 3 and 6 h of lairage (P ≤ 0.005). Loin and ham pHu was lower (P ≤ 0.05) for pigs
slaughtered after 6 h of lairage during the summer. The application of 12 h of on-farm fasting with 6 h of lairage seemed to be
best combination to reduce stomach content weight (feed and water). In the winter, shorter lairage period can be used to reduce
percentage of skin lesions and better pork quality traits in pigs.
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Introduction

There are several benefits from feed withdrawal and lairage time
before slaughter, such as feed saving on-farm, prevention of ani-
mal losses and kinetosis during transport (Averós et al. 2008;
Bradshaw et al. 1996; National Farm Animal Care Council
2014), and reduction of carcass contamination due to lower risk
of gut content spillage during carcass evisceration (Saucier et al.
2007), recovery from previous stress before arrival at abattoir and
improvements in pork quality (Faucitano et al. 2010).

Recommendations for feed withdrawal interval from farm
to abattoir vary between 8 and 24 h (Eikelenboom et al. 1991;
Faucitano et al. 2010; Dalla Costa et al. 2016a). However,
long feed withdrawal can negatively affect the animal welfare,
carcass (Brown et al. 1999; Dalla Costa et al. 2016a) and pork
quality (Guàrdia et al. 2009; Dalla Costa et al. 2016a) due to
greater activity during the lairage period (Dalla Costa et al.
2016a). Indeed, the influence of fasting on glycogen levels in
muscle is more pronounced when it is combined with other
pre-slaughter handling practices (Leheska et al. 2002).

The lairage period provides a reservoir of animals for
the slaughter line, levelling out variations in the delivery
schedule to the plant, and it also allows pigs to recover
from any previous stress and dehydration that occurred
during transport from the farm to the abattoir. A lairage
period of 1–3 h has been recommended for its benefits to
the welfare of pigs (Warriss 2003), without imposing im-
portant harmful effects such as long feed withdrawal, car-
cass damage or poorer meat quality (Warriss 2003; Young
et al., 2009; Dalla Costa et al. 2016a). Longer lairage
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periods may increase the risk of fighting in mixed groups
of pigs resulting in a higher incidence of animals with
skin and carcass damage and pork quality defects
(Faucitano et al. 2010; Guàrdia et al. 2005, 2009; Dalla
Costa et al. 2016a). In cases of low stress during loading,
transport and unloading, some authors recommend
slaughtering pigs on the arrival at the abattoir (Aaslying
and Barton Gade 2001). Thus, based on the potential ad-
vantages of applying different combinations of on-farm
fasting interval and lairage period, further research is
needed to understand these effects under commercial con-
ditions (Panella-Riera et al. 2012).

Most studies were conducted in the same period of the
year. However, the effects of feed withdrawal during dif-
ferent seasons on animal welfare, stomach content and
carcass and pork quality may vary depending on environ-
mental conditions. It is known that thermal stress has an
impact on pork quality (Gispert et al. 2000; O’Neill et al.
2003; Guàrdia et al. 2004, 2005). However, the effects of
the interaction between the combination of on-farm
fasting intervals with lairage periods at different climates
on animal welfare, stomach content and carcass and pork
quality have not yet been assessed.

Brazil is the fourth largest producer and exporter of
pork meat (ABIPECS 2016). For this reason, although
there have been no restrictions motivated by animal wel-
fare in international trade regulations, Brazilian pork pro-
ducers and processors are aware of the pressure that may
be imposed by countries importing Brazilian meat to meet
their animal welfare standards (Pinheiro Machado Filho
2000; Dalla Costa et al. 2007). Based on the limited abil-
ity of heat loss of pig (Ingrain 1965; Adejumo and
Egbunike, 1988), climate effects can make difficult to
meet these goals in intensive animal production. In
Brazil, little research on the effects of on-farm fasting
and lairage periods on animal welfare and pork quality
has been done. Therefore, information on this matter is
needed given the increased production and slaughter vol-
ume of pigs which could lead to a higher rate of pig losses
to slaughter in Brazil (Dalla Costa et al. 2007).

The objective of this study was to evaluate the effects and
interactions of different combinations of on-farm fasting inter-
vals and lairage period at different climates on blood stress
parameters, stomach weight and content and carcass and meat
quality in pigs.

Materials and methods

The animal handling procedures used in this research were
approved by the São Paulo State University’s Animal
Research Ethics Board (protocol number 6119-08).

Treatments

The study consisted of a factorial design 4 × 3 (Table 1) where
four different on-farm feed withdrawal periods (8, 12, 16,
20 h) and 1.5 h of transport were combinedwith three different
lairage periods (1, 3, 6 h). All pigs from each pen were re-
moved at the same time, so there were no remaining pigs in
the pen. All pigs had unlimited access to water throughout the
experiment.

Description of study site

Eight commercial farms located 88.1 km (± 28.4 km) from the
abattoir, in average, were selected for the study. The same
farms were used during the winter (June to August, 2008)
and summer (April to May, 2009). During the period of this
study, environment data (temperature and relative humidity)
was collected from a nearby INMET (Instituto Nacional de
Meteorologia) and EMBRAPA Swine and Poultry Stations.
The average ambient temperature and relative humidity were
14 °C (range from 1.5 to 22 °C) and 79% (range from 66 to
91%) in the winter and 22 °C (range from 13 to 32 °C) and
75% (range from 62 to 88%) in the summer, respectively.
There was no rain during the period of this study.

All farms were similarly designed and consisted of only
one growing-finishing facility with capacity to house nearly
650 pigs (± 25) per cycle (160 days). A total of 12 pens from
each farm received one treatment each following the ran-
domized selection. Pens had concrete floor only and housed
15 (± 1) pigs/pen at density of 1.10 m2/pig. The topography
of roads was usually flat with some steep slopes from farms
to abattoir. Pig slaughtering and carcass processing were
performed at the same commercial abattoir.

Table 1 Description of experimental treatments

Number of
treatments

On-farm fasting
(h)

Lairage period
(h)

Fasting period
(h)1

1 8 1 10.5

2 12 1 14.5

3 16 1 18.5

4 20 1 22.5

5 8 3 12.5

6 12 3 16.5

7 16 3 20.5

8 20 3 24.5

9 8 6 15.5

10 12 6 19.5

11 16 6 25.5

12 20 6 27.5

1 Time of transport was 1.5 h
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Animals and pre-slaughter management on the farm

Pigs were fed four times per day with a commercial diet (mash
feed) using a head-to-head shelf feeder, one per pen. A total of
960 crossbred pigs (BWof 115 ± 2 Kg) were randomly select-
ed from eight farms, tagged, weighed and distributed into 12
groups of 10 pigs each. One day before shipping to abattoir,
pens were randomly assigned to each treatment of on-farm
feed withdrawal (Table 1). On the day of slaughter, each treat-
ment group was loaded into trucks (Triel-HT, Erechim, Brazil;
as previously described by Dalla Costa et al. 2016b) at a den-
sity of 230 kg/m2 by a trained crew with the help to handling
tools (paddles and rattles) from 23.00 to 02.00 h. Each farm
had a loading ramp (11.6 ± 0.5-m long), which could be
adjustable to reach the bottom and the fixed upper deck
(15° and 21° slope, respectively) of the truck. Thus, pigs
were shipped to the abattoir in groups of 60 pigs per
replicate (farm) during two seasons (60 pigs × 2 seasons
× 8 replicates). The journey comprised a total of 88.1 km
(± 28.1), being 9.48 km (± 6.71) on unpaved road and
79.5 km (± 28.4) on paved road, at a mean speed of
36 km/h (± 4.92), which took 150 min (± 45). During this
research, the same driver for each truck was used and the
loading order of treatments on each farm was rotated be-
tween trucks to avoid effects of driver on the results, as
previously done in other studies (Schwartzkopf-Genswein
et al. 2012; Dalla Costa et al. 2016a, b, 2017).

Pre-slaughter of pigs abattoir

Immediately on arrival at the abattoir, animals were
unloaded using a metallic ramp (5-m length, slope ≤ 15°)
with anti-skid floor using paddles. This ramp could be
adjustable for unloading the bottom and upper deck of
the truck. At lairage, according to each treatment (1, 3,
6 h of lairage; Table 1), pigs were kept in separate pens
(no social mixing; 8 pigs/pen; density of 0.6 m2/100 kg).
Lairage pens had only concrete floor and walls, solid me-
tallic gate and were equipped with bite ball drinkers (one to
fifteen pigs with a flow of 1.4 L/min). The temperature at
lairage pens was regulated by both a sprinkling system and
natural ventilation (vary from 15 to 19 °C). Independently
of the season, sprinkling system was turned on when am-
bient temperature was higher than 10 °C and relative hu-
midity lower than 80%. When each treatment was conclud-
ed at lairage, the loading crew conducted the pigs to
slaughter using handling tools (paddles, boards and rat-
tles). The slaughter of pigs consisted in head-only electri-
cal stunning (700 V, 1.3 A, 5 s; Valhalla, Stork RMS b.v.,
Lichtenvoorde, Holland) before exsanguination in the hor-
izontal position (maximum interval of 20 s). During data
collection, slaughtering speed was 280 pigs/h.

Physiological stress indicators

A total of 5 pigs/12 treatments/2 seasons/8 repetitions were
used for the analysis of cortisol and lactate in the sticking
wound blood. The processing and measurements were per-
formed as described by Dalla Costa et al. (2016b, 2017).
Briefly, for serum cortisol analysis, blood samples of 10 mL
were collected in tubes (Vacuplast, Cral Artigos para
Laboratório Ltd., São Paulo, Brazil) and, for plasma lactate
concentration analysis, another tube with 3.0 mg of sodium
fluoride and 6.0 mg of Na2EDTA solution was used. Analysis
of plasma lactate was analysed in duplicated. The intra-assay
CV was 26.08 and 22.43% for lactate and cortisol concentra-
tion, respectively.

Carcass handling, skin lesion assessment and stomach
weight and content

After processing and evisceration procedures, carcass lesions
were visually inspected on each left side of the carcass as
fighting-type, handling or mounting-type lesions by the shape
and size (ITP 1996; Faucitano 2010) in the chiller. Briefly,
fighting lesions were comma shaped (5 to 10 cm in length)
and concentrated in the head and shoulders or in the thigh;
mounting lesions were comma shaped (10 to 15 cm in length
and 0.5- to 1-cm inwide) caused by the fore claws and densely
located on the loin of pigs and handling lesions were large
dark brown rectangular marks usually found on any regions
of the carcass.

Stomachs were collected directly on the dressing line
during evisceration process. They were identified by a tag
and stored at 4 °C until the moment of weighing. All
stomachs were weighed full and then emptied of their
content. The weights of stomach content are expressed
on a wet weight basis. Indeed, the stomach content was
collected and subjectively scored. According to a visual
score, the following categories were established: full of
only water and mucus (no feed content), mix of water
and feed usually in a proportion of 50% approximately
and full of only feed.

Meat quality

The Longissimus dorsi (back) and Semimembranosus (thigh)
muscles were used for assessment of meat quality by the pH at
45 min (pHi) and 24 h (pHu) postmortem (pHmeter, HI 8314
model, Hanna Instruments, São Paulo, Brazil), and objective
colour (CR-400; Minolta Camera Ltd., Osaka, Japan) and drip
loss (EZ-driploss method described by Correa et al. 2007)
measurements at 24 h of slaughter as described by Dalla
Costa et al. (2016b, 2017).
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Statistical analysis

The percentage pigs in each stomach content classifica-
tion was standardized and submitted to a multivariate
analysis using Principal Components Analysis Statistica
7 in order to better understand the behaviour of these
variables in each cluster. The following variables: feed;
feed + water and water were used to separate the principal
components in two dimensions. Data were analysed as
factorial design (4 × 3; on-farm fasting interval × lairage
period) to check effects of treatments. Frequencies of le-
sions and stomach content data were log-transformed to
attend the assumptions of the variance analysis. In these
cases, significance tests were performed using the trans-
formed data and the means were presented as the original
data. Variance analysis using GLM SAS (2003) was ap-
plied to study each effect in the model adopting the farm
as repetition, the group as experimental unit for the anal-
ysis of stomach weight and content data and the animal
for the analysis of physiological and meat quality data.
Farm was adopted as repetition. Variance analysis using
GLM SAS (2003) was applied to study each effect in the
model adopting the farm as repetition, the group as exper-
imental unit for the analysis of stomach weight and con-
tent data and the animal as experimental unit for the anal-
ysis of physiological and meat quality data. The variance
model analysis included effects of farm, season, on-farm
fasting interval, lairage period, interaction between sea-
son, on-farm fasting interval and lairage period, and error
supposedly homoscedastic, independent and normally dis-
tributed. A probability level of P < 0.05 was chosen as the
limit for statistical significance in all tests and probability
levels of P ≤ 0.10 were considered as a tendency. The
detailing of the analysis, when necessary, was performed
through the Tukey test used for multiple comparisons of
means. In addition, when there was effect of on-farm
fasting interval and lairage period at abattoir, the analysis
was complemented with the response surface analysis for
these two factors, evaluating the linear, quadratic and
cross product effects.

Results and discussion

Physiological stress indicators

There were no interactions (P > 0.05) among studied ef-
fects (season vs. on-farm fasting interval vs. lairage peri-
od season). In contrast to other studies (Gispert et al.
2000; Baldwin and Stephens 1973; Dantzer and
Mormede 1983), blood cortisol levels were not signifi-
cantly influenced by fasting interval, lairage period or
season (P > 0.05). However, there was a significant effect

of season (P < 0.0001) on blood lactate level, which was
greater in the summer (Table 2). Due to the greater energy
demand, a higher blood cortisol can be observed under
cold temperatures in order to maintain body temperature
(Gispert et al. 2000; Baldwin and Stephens 1973; Dantzer
and Mormede 1983). However, the absence of season
effects in the present study may be explained by the low
cortisol levels which evidently reflected good environ-
mental and pre-slaughter handling conditions. Since pigs
have limited abilities to heat loss, they are essentially
susceptible to heat stress (Ingrain 1965; Adejumo and
Egbunike 1988), which can explain the higher lactate
concentrations found in pigs during summer (Dalla
Costa et al. 2018). In the literature, the effects of fasting
interval on cortisol levels are contradictory. While some
authors (Houpt et al. 1983; Parrott and Misson 1989)
observed an increase in blood and salivary cortisol levels
starting from 15 h of fasting, Gispert et al. (2000) report-
ed lower blood levels of cortisol in pigs fasted from 12 to
18 h. However, the evidence of an increase in blood cor-
tisol levels due to fasting was not confirmed in this study.
Independently of fasting interval, an increase in blood
cortisol levels can be associated with travel sickness, es-
pecially in pigs transported with full stomach, or by the
greater demand for energy supply (von Mickwitz 1982). It
was observed in the present study that pigs coped simi-
larly with the challenge of pre-slaughter fasting intervals.
Dalla Costa et al. (2016c) also failed to find variation in
blood lactate concentration in pigs fasted on-farm and at
abattoir, which was attributed to a confounding effect
where this variable was increasing in one group and de-
scending in the other one. In addition, the high values of
CV found may reflect an individual effect on these vari-
ables and contributed to the lack of significant differences
between treatments.

Effects of on-farm fasting and lairage period
on stomach weight and contents

The behaviour of stomach content variables (feed; water;
feed + water) was interpreted through the first principal
component which found a positive association between
feed + water content (− 0.880) and feed (− 0.923), and
negative for water content (0.998; Fig. 1). Treatments were

Table 2 Effects of season on blood stress indicators1

Blood parameters Winter Summer P value

Cortisol (mmol L−1) 7.95 ± 0.20 7.11 ± 0.18 NS

Lactate (μg/dL) 9.10 ± 0.18 12.28 ± 0.10 < 0.0001

NS no significant difference was found
1Means and standard error
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separated into two groups (SF and LF: shorter and longer
on-farm fasting, respectively) with specific characteristics.
The SF group is mainly influenced by feed and water con-
tent and formed by treatments with on-farm fasting of 8
and 12 h, and the LF one by water content and has longer
on-farm fasting intervals of 16 and 20 h. This clusters sug-
gested that 8 h is not enough obtain empty stomachs since
it is strongly influenced by feed content. On the other hand,
an on-farm fasting period of 16 h or longer can also be a
problem due to stomachs containing more water.
Interestingly, this analysis suggested that after 16 h of on-
farm fasting, pigs get hungry and start to drink water in
order to maintain satiety, while it is not observed during
on-farm fasting of 12 h even after 6 h of lairage. Thus, on
this basis, an on-farm fasting of 12 h combined with 6 h of
lairage is recommended in order to obtain empty stomachs
(feed and water).

Stomach content was affected (P < 0.05) by individual
effects of season, on-farm fasting interval (P < 0.0001),

lairage time (P < 0.0001), but the interaction between
on-farm fasting interval and lairage time was significant
(P < 0.01). There were no effects of any factor studied on
classification of stomach weight. However, in the winter,
pigs had heavier stomachs than in the summer (407.94 ±
13 versus 395.88 ± 14.6, P < 0.05). The results showed
that weight of stomach contents reduces as the total feed
withdrawal time increases (Table 3) up to on-farm fasting
of 17 plus 1 h of lairage (Fig. 2). Based on this analysis,
the use of an on-farm fasting interval of 16 h combined
to 1 h of lairage period had similar results to the use of
12 h of on-farm fasting combined with 6 h of lairage to
obtain empty stomach (≥ 350 g; Chevillon 1994;
Chevillon et al. 2006).

The literature reported a twofold greater stomach
weight in pigs slaughtered non-fasted than fasted for 16
to 24 h (Kephart and Mills, 2005) and 6 than 24 h
(Eikelenboom et al. 1991). Panella-Riera et al. (2012)
found a lower frequency for empty stomachs at slaughter

Fig. 1 Principal Components Analysis of stomach content weight of pigs
according to on-farm fasting interval1 and lairage time2. SF shorter on-
farm fasting interval, LF longer on-farm fasting interval. 1, 2Numbers in

the figure separated by B_^ means on-farm fasting interval and lairage
period, respectively

Table 3 Effects of the interaction between on-farm fasting and lairage time1 on weight stomach content (g)

Lairage period (h) On-farm fasting interval (h) P value

8 12 16 20 Mean

1 735.24 ± 47.5a 576.14 ± 44.2ab 271.17 ± 18.7d 256.35 ± 20.1d 461.60 ± 21.1A < .0001

3 582.85 ± 37.5ab 511.49 ± 36.1ab 291.03 ± 18.7cd 298.93 ± 24.5d 419.94 ± 16.7A < .0001

6 439.30 ± 26.9cb 337.53 ± 23.6cd 241.84 ± 18.2d 284.75 ± 16.9d 325.49 ± 11.6B < .0001

Mean 585.82 ± 23.4A 474.62 ± 21.5B 267.88 ± 10.7C 280.21 ± 12.0C 401.91 ± 9.90 < .0001

1Means and standard error
aA,bBDifferent letters indicate statistically significant differences (P < 0.05) by Tukey test in the row (lowercase) and column (uppercase) considering the
data log-transformed
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in non-fasted pigs (22.2%) than in pigs fasted for 12 h on-
farm and slaughtered immediately (77.8%) or pigs fasted
for 12 h in the lairage (94.4%). Miller et al. (1997) and
Brown et al. (1999) reported that pigs subjected to a long-
term (24 h) fast tend to increase the water intake. Rabaste
et al., (2007) found that 23.5% of pigs had full stomachs
at slaughter and mostly contained liquid (79.4%) coming
from water drunk in lairage after 22 h of fasting. In the
event of stomach laceration in the dressing line, the liq-
uids can spread more easily over the pig carcass and jeop-
ardize meat safety compared with solid contents.
Therefore, stomachs full of water at slaughter are a poten-
tially greater risk for meat safety than solid contents. This
finding confirmed that not only the stomach weight must
be monitored at auditings for potential sources of carcass
contamination at the abattoir, but also, the stomach con-
tent type. Indeed, the results also confirmed that pigs
fasted for longer than 12 h on-farm or at abattoir might
have higher stomach water content (Faucitano et al. 2010;
Panella-Riera et al. 2012).

Skin and carcass lesions

Carcass lesions were significantly influenced (P < 0.0001) by
season (Table 4). In contrast to previous reported (Panella-
Riera et al. 2012), independently of the season, lairage period
affected the incidence of carcass lesions unlike on-farm
fasting interval (Table 5). Carcass lesions caused by fighting
were greater (P ≤ 0.005) in the winter, mainly after 3 and 6 h
of lairage (P ≤ 0.005).

The higher number of carcass lesions observed in the win-
ter, which were mainly caused by fighting, may have been
linked to the pigs huddling together to better cope with cold
temperatures (Guise et al. 1996; Guàrdia et al. 2005).
Huddling behaviour increases contact between pen mates
leading to fighting or climbing over the backs of other pen
mates to find a place to lie down and rest (Guise and Penny
1989; Lambooij and Engel 1991), and this is the likely reason
for the difference found between seasons.

Some authors (Nanni Costa et al. 2002; Warriss 2003;
Panella-Riera et al. 2012) suggested that pigs fasted for
longer have a higher number of skin lesions. Dalla Costa
et al. (2016a) reported that non-fasted pigs showed a
higher number of fights and a longer total duration of
fights during lairage than fasted (18 h) pigs. Indeed,
non-fasted pigs continued fighting with the same intensity
up to the third hour of lairage. However, differences in
some factors such as mixing, facilities and practices used
in each farm are likely to explain the lack of differences
observed in this study. Especially in a new environment,
when mixed with unfamiliar pigs, they start to explore the
new pen and this increases the probability of interactions
with new pen mates, resulting in higher incidence of
fighting behaviour and, consequently, a higher skin lesion
frequency. This may also explain why, in this study, pigs
kept for longer at lairage showed higher carcass lesions at
slaughter (i.e. pigs spent more time exploring the pen and/
or fighting with the new pen mates; Dalla Costa et al.
2016a). Nanni Costa et al. (2002) reported a higher inci-
dence of the carcass lesions in pigs kept at lairage for 22 h
compared to 12 h.

Fig. 2 Analysis of response surface of stomach weight according to on-farm

fasting interval and lairage time (̂y ¼ 103;541−0;096x1−0;097x2þ0;005x1x2þ0;002x22 )
– R2 = 88.4%

Table 4 Effects of season on
carcass lesion of pigs according to
their causes1

Type of lesion Season Mean P value

Winter Summer

Fight 2.324 ± 0.143 0.626 ± 0.069 1.474 ± 0.084 < 0.0001

Mounting 1.615 ± 0.063 1.811 ± 0.078 1.713 ± 0.050 NS

Handling 5.114 ± 0.166 5.071 ± 0.164 5.093 ± 0.117 NS

Total 9.053 ± 0.234 7.508 ± 0.199 8.280 ± 0.156 < 0.0001

NS no significant difference was found
1Means and standard error
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Meat quality

There was a season effect (Table 6) and an interaction
between season and lairage time on loin and ham pHu,
where pHu was lower (P < 0.05) for pigs slaughtered after
6 h of lairage during the summer (Table 7). In contrast to
what is suggested in the literature (Panella-Riera et al.
2012; Eikelenboom et al. 1991; Warner et al. 1997;
Warriss 1982), fasting interval did not raise pHu

(Table 7). Independently of the on-farm fasting, lairage
period and season, none of loins and hams had pHi < 6.0
or pHu > 6, which is indicative of PSE and DFD meat in
pigs, respectively. However, mainly in the summer, ani-
mals kept at lairage for longer period (6 h) had a pHu

value lower than 5.5 in loin and ham, which may indicate
a mild pork quality defect. This study confirmed the neg-
a t i v e e f f e c t o f wa rm sea son on mea t qua l i t y
(Küchenmeister et al. 2000; Dalla Costa et al. 2007) espe-
cially with 6 h of lairage. During the warmer seasons,
several abattoirs have applied shorter lairage periods in
order to obtain higher quality of meat, however, without
the support of literature.

The variation in pHu values may suggest a state of fatigue
in metabolic condition of pigs kept in lairage for longer. Dalla
Costa et al. (2016a) reported increased and longer number of
fights in non-fasted pigs kept longer at lairage, which can
result in a rise in the depletion of muscle glycogen content
and meat quality defects. During stressful conditions, adrena-
line secretion results in increased glycogen breakdown in the
muscle (Terlouw et al. 2008) and, consequently, lower pHu is
found due to the production of lactate postmortem.
Additionally, variations in pHu are mostly caused by
postmortem metabolism and muscle glycogen content, which
is influenced by factors such as psychological stress (Bourguet
et al. 2011), season (Bourguet et al. 2011), transport (Dalla
Costa et al. 2016c) and lairage (Bourguet et al. 2011; Chulayo
et al. 2016; Dalla Costa et al. 2016a). Compared to pigs kept in
lairage for 2 h, Nanni Costa et al. (2002) reported a darker,
higher pHu and lower drip loss meat after overnight lairage.
Some authors (Santos et al., 1997; Fraqueza et al., 1998; Dalla
Costa et al. 2007) observed higher reflectance (paler muscles)
during summer than winter.

Conclusions

Commercial practices such as an on-farm fasting inter-
val and lairage period at the abattoir may significantly
affect animal welfare, carcass and meat quality traits.
Indeed, these interactions between season and pre-
slaughter practices should be considered whenever the
effects of pre-slaughter handling on animal welfare, car-
cass and meat quality traits are significant. The applica-
tion of 12 h of on-farm fasting with 6 h of lairage
seemed to be best combination to reduce stomach con-
tent weight (feed and water). Mainly in the winter,
shorter lairage period can be used to reduce percentage
of skin lesions and better pork quality traits in pigs.
However, to obtain all these advantages, it is fundamen-
tal that producers and abattoirs have a good communi-
cation channel to plan the logistics of this phase of pre-
slaughter handling which can be done by technicians in
cooperative systems or also by producers when planning
the shipping of animals.

Table 5 Effects of lairage period
and season on carcass lesion of
pigs caused by fighting1

Season Lairage period (h) P value

1 3 6 Mean

Winter 1.937 ± 0.210b 2.620 ± 0.294a 2.418 ± 0.231ab 2.324 ± 0.143 0.004

Summer 0.635 ± 0.119 0.850 ± 0.148 0.389 ± 0.079 0.626 ± 0.069 NS

Mean 1.286 ± 0.126b 1.730 ± 0.171a 1.406 ± 0.135ab 1.474 ± 0.084 0.012

NS no significant difference was found
1Means and standard error

Table 6 Effects of season on meat quality of pigs1

Variable Season effects P value

Winter Summer Mean

Loin

pHi 6.278 ± 0.012 6.309 ± 0.010 6.293 ± 0.008 NS

pHμ 5.661 ± 0.007 5.530 ± 0.005 5.596 ± 0.005 < 0.0001

L* 44.99 ± 0.13 45.97 ± 0.13 45.48 ± 0.09 < 0.0001

Drip loss 2.698 ± 0.079 3.166 ± 0.097 2.934 ± 0.063 0.0027

Ham

pHi 6.327 ± 0.012 6.358 ± 0.011 6.343 ± 0.008 NS

pHμ 5.658 ± 0.006 5.529 ± 0.006 5.594 ± 0.005 < 0.0001

L* 45.10 ± 0.12 45.14 ± 0.13 45.12 ± 0.09 NS

Drip loss 2.261 ± 0.066 2.631 ± 0.082 2.447 ± 0.053 0.0074

NS no significant difference was found
1Means and standard error. Only parameters with significant effect
were shown
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