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Serum stress parameters in pigs transported
to slaughter under commercial conditions
in different seasons
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ABSTRACT: To determine the influence of slaughter transports carried out under commercial conditions, 162 pigs
weighing 98 kg and of both sexes were studied. A total of seven transports were performed in summer and in winter
conditions, with durations of 1 h and 13 h 15 min within each season. Cortisol, glucose, creatine phosphokinase
(CPK), lactate dehydrogenase (LDH), albumin and total protein serum concentrations were measured. All variables
increased during transport and decreased during lairage (P < 0.001), with cortisol values being 3.47 + 0.19, 8.52 +
0.28, and 6.96 + 0.18 pg/dl at loading, unloading and exsanguinations, respectively, except for glucose (0.54 + 0.03,
0.44 + 0.04, and 0.86 + 0.03 g/l). Short journeys did not allow the total recovery from the loading stress. A certain
level of dehydration was observed, especially during lairage on the longest journeys (increase of 6.87 + 1.29 g/l for
total proteins; P < 0.01). Winter transports were slightly more stressful (P < 0.01 for cortisol and LDH, and P < 0.001
for CPK), with poorer recovery during lairage (CPK decrease being —141 + 559 and -2 906 + 730 IU/I for winter and
summer journeys, respectively; P < 0.01). Females showed higher stress reactivity. Genetics modulated the effect of
the rest of influencing factors, with Nn individuals showing a rougher reaction in short and winter conditions, but
with lower dehydration levels. Under Mediterranean commercial conditions, stress in transported slaughter pigs was
largely determined by season and genetics, so that an adaptation of handling procedures to these seasonal variations
appears crucial if transport stress is to be reduced. Also, an improvement in stress resistance could be obtained by
controlling the halothane gene of pigs.
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The transport of slaughter pigs is a vitally im-
portant issue in swine production, involving all
the productive agents of the sector and implying
important economic connotations, with almost
38 million pigs being slaughtered in Spain during
2005 (Eurostat). Nevertheless, transport and the
associated handling may cause important losses
to the livestock industry (Grandin, 2000), and so-
cial concern about the consequences of transport
on animal welfare has gradually increased during
recent decades, resulting in a legislation being

past in the European Union (Council Regulation
1/2005/EC).

An extensive bibliography about the effect of
transport on the stress of slaughter pigs already
exists (see review by Warriss, 1998). Among other
factors, it is known that the duration of the journey
has a negative influence on their welfare and their
meat quality (Bradshaw et al., 1996; Fabrega et al.,
2002; Perez et al., 2002; Mota-Rojas et al., 2006)
although, if proper handling is provided before
and throughout transportation, stress levels may
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be reduced (Gosalvez et al., 2006) even during long
journeys (Brown et al., 1999a).

The effect of climatic conditions during pigs
transport has also been studied, although with
conflicting results. Some authors found that cold
and heat stress may have a negative effect on meat
quality (O’Neill et al., 2003; Guardia et al., 2004,
2005; dalla Costa et al., 2006), and that high temper-
atures increase mortality during transport (Smith
and Allen, 1976; Abbott et al., 1995; Vecerek et
al., 2006), although other researchers did not find
the highest mortalities during the hottest months
(Palacio et al., 1996; Gosalvez et al., 2006), with a
higher proportion of skin bruises being reported
in winter (dalla Costa et al., 2006). Nevertheless,
to our knowledge, little or no information exists
about the effect of seasonal transportation on the
blood parameters of slaughter pigs.

Additionally, a genetic predisposition may aggra-
vate the negative impact of transport, since it is
well documented that halothane gene carrier pigs
are more responsive to a stressful situation such
as transportation (Rundgren et al., 1990; Geers et
al., 1994), with their welfare and meat quality being
impaired (Gispert et al., 2000; Fabrega et al., 2002,
2004; Perez et al., 2002). This negative effect not
only has been reported for homozygous positive
(nn) pigs, but also for Nn individuals compared
with non carrier (NN) pigs (Murray and Johnson,
1998).

Therefore, the aim of this study was to analyse
the influence of commercial transport conditions
on the stress serum parameters of pigs transported
to slaughter during different seasons.

MATERIAL AND METHODS

Animals and transport procedures

This field study was carried out following the
guidelines of the Council Directive 86/609/EEC,
concerning the protection of animals used for scien-
tific research, as well as the European law on animal
transportation (Council Regulation 1/2005/EC).

One hundred and sixty-two crossbred pigs (82 fe-
males and 80 males), with a live weight of about
98 kg, were randomly chosen among 1 392 pigs
transported in seven commercial journeys (five in
summer, 7 = 106 pigs; two in winter, n = 56 pigs).
Pigs came from different single-site units (all-in,
all-out management system), but were subjected to
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similar rearing conditions throughout the growing-
fattening period, including a 12 h food deprivation
before the journey. Pigs were transported to the
slaughterhouse by specialized companies accord-
ing to similar handling and transport practices, us-
ing authorized triple-decker vehicles with natural
ventilation, drinking nipples and showers, and with
average loading density being slightly more reduced
in summer than in winter (210 kg/m?and 220 kg/m?,
respectively). Each journey was performed trans-
porting pigs from one farm to the slaughterhouse,
not mixing animals from different farms, but mixing
groups from the same farm both during transport
and lairage. Distances were either short (about 70
km) or long (about 900 km), with average durations
of 1 h (n =73 pigs) and 13 h 15 min (n = 89 pigs), re-
spectively. After unloading, pigs were kept in lairage
pens, being immediately showered and having free
access to drinking water. Lairage time was about 6
h, being the same for short and long transportations,
after which pigs were killed according to normal
commercial practices.

Samples collection and measurements

For each of the studied pigs one blood sample
(baseline sample) was collected via the jugular vein
6 h prior to loading. Sampled pigs were identified
for subsequent blood sampling, and were randomly
loaded to any of the lorry pens. A second sam-
ple was taken immediately after unloading, which
was obtained from only 64 pigs since the slaugh-
terhouse wanted to minimize any additional stress
that could affect meat quality. A third blood sample
was taken at exsanguination. Blood was collected
in 10 ml evacuated tubes (BD Vacutainer Systems),
was allowed to clot at room temperature, and was
centrifuged for 10 min at 75 g. Serum was frozen
at —20°C until analysis.

A hair root sample was also obtained from all the
studied pigs for the determination of their genotype
for the RYRI gene (halothane gene). PCR amplifica-
tion and digestion with restriction enzymes were per-
formed as described by Fujii et al. (1991; HAL-1843,
Innovations Foundation). Unfortunately, in 11 cases
it was not possible to extract and amplify the DNA
of the hair root.

Temperature and relative humidity at loading and
unloading were recorded for each transportation. A
commercial RIA kit was used for the determination
of the serum concentration of cortisol (Diasorin
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Inc.) using a 1470 Wizard Automatic Gamma
Counter (PerkinElmer Life and Analytical Sciences,
Inc.). The detection limit was 0.21 pg/dl according
to the manufacturer, and intra and inter assay CV
were 5.3% and 7.8%, respectively. Glucose, creat-
ine phosphokinase (CPK), lactate dehydrogenase
(LDH), albumin and total protein serum concen-
trations were measured using spectrophotometric
procedures in commercially available kits with a
Roche/Hitachi Modular D-P automated chemistry
analyser (Roche Diagnostics Division).

Statistical analysis

The data (cortisol, glucose, CPK, LDH, albumin
and total proteins serum concentration) at load-
ing, unloading and exsanguination were analysed.
Additionally, with the aim to minimize any indi-
vidual effect on the variables, overall (exsanguina-
tion — loading), unloading (unloading — loading) and
lairage (exsanguination — loading) differences were
also calculated and analysed. Normality was tested
for all variables. A mixed model was used, including
sex (female vs. male), duration of transport (1 h vs.
13 h 15 min) and season (summer vs. winter) as the
main fixed factors, as well as their two-way inter-
actions. Lorry trip (n = 7) was also included in the
model as a random effect to take into account the
relationship between individual measurements from
the same transport. In the analysis of the overall,
unloading, and lairage variations, the initial value
of the interval was included as a covariable for each
animal. The same model was used to study the effect

of the halothane gene (homozygous negative [NN]
vs. heterozygous [Nn]), and its interactions with the
aforementioned main fixed factors. Data from nn
individuals were removed from the analysis since
their frequency was only 4.6%.

The MIXED procedure of SAS software (SAS
Inst.) was used, and the effect of the main factors
and two-way interactions were studied (F-test, P <
0.05). As the number of comparisons was reduced,
probability values were not adjusted. Least-square
means (Ismeans) were computed for all main and
two-way interactive effects, and separated statisti-
cally using pairwise ¢-tests when a significant (P <
0.05) F-test was observed.

RESULTS

Mean temperatures and relative humidities dur-
ing all journeys were 26.1°C and 39% in summer,
and 9.3°C and 61% in winter.

Since our model was unbalanced, Ismeans are
provided in all tables to avoid biassed values. With
respect to the initial values, males showed higher
baseline cortisol levels (Table 1), while albumin and
protein levels were higher in the case of females. In
addition cortisol (P < 0.001) and protein (P < 0.01)
levels were higher in summer, while glucose and
CPK showed higher levels in winter (P < 0.001).

Overall mean values at loading, unloading and ex-
sanguination are shown in Table 2. Levels increased
during the journey and decreased during the lairage
for all variables (P < 0.001), with cortisol levels be-
ing 3.47 + 0.19 pg/dl at loading, 8.52 + 0.28 pg/dl

Table 1. Influence of sex and season on the studied serum variables of pigs before transport (Ismeans + standard

error)
Sex Season

female (82)! male (80)! P-value winter (56)! summer (106)!  P-value
Cortisol (pg/dl) 3.00 + 0.21 3.68 + 0.22 2.83 + 0.24 3.85 +0.19 EE
Glucose (g/1) 0.56 + 0.02 0.57 £ 0.02 ns 0.62 + 0.03 0.51 + 0.02 o
CPK (IU/1) 2 823 + 243 2 342 + 254 ns 3241 £ 291 1924 + 214 wE
LDH (1U/1) 1203 + 38.34 1114 +40.20 ns 1201 £ 45.94 1109 + 33.75 ns
Albumin (g/1) 43.19 £ 0.49 40.17 £ 0.51 o 41.82 + 0.58 41.55 £ 0.43 ns
Total proteins (g/1) 73.87 + 0.60 71.66 + 0.63 71.51 £ 0.72 74.03 + 0.53

CPK = creatine phosphokinase

LDH = lactate dehydrogenase

Isample size is provided between brackets

*P < 0.05; **P < 0.01; ***P < 0.001; ns: non significant
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Table 2. Overall effect of journey and lairage on serum variables of pigs transported to slaughter (Ismeans * stan-

dard error)

Loading (162)! Unloading (64)! Exsanguination (162)? P-value
Cortisol (pg/dl) 347 +0.19¢ 8.52 £ 0.28% 6.96 + 0.18" R
Glucose (g/1) 0.54 + 0.03" 0.44 + 0.04° 0.86 + 0.03*
CPK (1U/1) 2337 +377¢ 7 698 + 535? 6 058 + 379" ok
LDH (1U/1) 1145 + 71.58¢ 1943 + 102.09° 1549 + 71.58°
Albumin (g/1) 41.83 + 0.51° 46.19 + 0.74° 43.48 + 0.52
Total proteins (g/1) 73.23 + 0.80°¢ 79.79 + 0.50° 75.52 + 0.77° e

CPK = creatine phosphokinase; LDH = lactate dehydrogenase

Isample size is provided between bracket

a,b,c

*P < 0.05; **P < 0.01; ***P < 0.001; ns: non significant

at unloading, and 6.96 + 0.18 pg/dl at exsanguina-
tion. On the other hand, serum glucose remained
constant during the journey (0.54 + 0.03 g/l at load-
ing, and 0.44 + 0.04 g/l at unloading) but increased
during the lairage (0.86 + 0.03 g/1; P < 0.001).

The increase in cortisol observed between loading
and exsanguination (Table 3) was higher in short
journeys (4.71 £ 0.31 vs. 3.59 + 0.29 pg/dl; P < 0.01).
This increase was already noticeable at unloading,
and cortisol levels during lairage remained practi-
cally constant in those pigs transported for 1 h,
while they decreased in those transported for 13 h
15 min (P < 0.01). The increase in serum glucose
between loading and slaughter was higher in short
transportations (0.54 £ 0.06 vs. 0.17 £ 0.05 g/I; P <
0.001). Glycaemia remained almost constant in short
journeys, but decreased in long ones. Subsequently,
serum glucose during lairage increased in all cases,
although more noticeably in pigs transported in the
short journeys. CPK and LDH increased during the
journey and decreased during lairage, but were not
affected by transport duration. Total proteins and
albumin levels increased at slaughter with respect
to loading, especially in long transportations (P <
0.001), and mainly occurring during lairage (0.51 +
1.46 vs 6.87 + 1.29 g/l for total proteins).

The influence of season is shown in Table 4.
Cortisol levels increased between loading and
slaughter mainly in winter transportations (4.79 +
0.34 vs. 3.52 + 0.27 pg/dl; P < 0.01), subsequently
decreasing during lairage. Serum glucose showed
no significant differences in the variation between
loading and exsanguination, although it decreased
between unloading and loading in summer journeys
(P <0.001). CPK (P < 0.001) and LDH (P < 0.01) lev-
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within a row, means without a common superscript differ significantly

els between loading and slaughter increased more
markedly in winter (4 545 + 401 vs. 2 587 + 324
IU/1 for CPK levels), since lairage levels decreased
especially in summer. Although albumin and total
proteins showed no seasonal differences between
loading and exsanguination, albumin increased be-
tween loading and unloading, particularly in sum-
mer (0.55 £ 0.31 vs. 1.74 + .033 g/1; P < 0.01).

Table 5 shows the significant effects of the in-
teraction between season and duration, as well as
season and gender, on the loading-slaughter serum
variations. LDH levels increased in all cases, espe-
cially in short transportations performed in win-
ter, but with less intensity in males transported in
summer (P < 0.05). Furthermore, albumin and total
proteins also increased in all cases, but particularly
in long transportations performed in winter.

Significant interactions during the journey (unload-
ing — loading) and lairage (exsanguination — unload-
ing) are shown in Table 6. Journeys caused an increase
in cortisol levels, with the lowest intensity corre-
sponding to males transported in summer. Glucose
always decreased, except for short winter journeys.
During lairage, CPK (P < 0.01) and LDH (P < 0.05)
recovery was more accentuated in summer, particu—
larly in short journeys and in males. Albumin and
total proteins increased during lairage, especially in
animals transported long distances in winter.

The halothane gene (Table 7) only affected glucose
levels before transport (P < 0.05). Significant inter-
actions between halothane gene and duration, and
halothane gene and season on the exsanguination
—loading variation are shown in Table 8. The response
of pigs to journey duration and season was more pro-
nounced in the case of Nn than in NN individuals.



Original Paper

Veterinarni Medicina, 52, 2007 (8): 333-342

JUROYTUSS UOU = SU 1000 > dass T0'0 > dax ‘SO0 > dx

[onTeA [eTUT 5] 01 302dsa1 Yyim aSejuadiad uornerrea] (azis ajdures)

[4

[BAI9IUL 93 JO aN[BA [BIIIUI Y} SNUIW SN[BA [BUY 9} SB PIR[NO[RD Sem UOLIRLIRA [enpialpul ‘Sid yoes 10},

aseuadoIpAyap ajeyde] = HA'T
aseunjoydsoyd auneaid = M JD

su [s€] €£07F95C [CT1]690F580  su [8C] %S T F6STT (L 1TTFCTS su  [9'8] 8%'0 F €€9 (221090 F €S5S (1/3) sudroad [ezog,

[cr] €O+ ¥LT [Tl 1€0F 550  su el 10T F 67’1 [82] LL0F1€€ su  [¥6]l€€0F68€  [SOT]0F0F IFF (1/8) urwnqpy

su  [1'9¢] SS'80L F 00%  [S'8TTI Z8°TLOFETHT  « [928-]1P6CIT 895~  [S0T-]TL98 FGLT— .« [T°0T] €£°0SFHCT [8'9€] S9°C9 F THY (/01 HA'1

SU  [8QET]TLY €F1L9C [6°0ST] L6TEF S8V L wx [¢'€9-10€L ¥ 906 T— [€T-]16SS F TPI—  wu [SPETIFCEF L8ST [TOVI] IOV F SPS ¥ (1701 MddD

we  [067=]190°0 F GTO— 6211900800  su  [LZ0T]0T°0 F8T0 (9891 600 ¥8%0  su [6TS]L00F L0  [012] 60°0 F B0 (1/8) esoon[H

su  [09CT] TL'0 ¥ S8'F [9°981] L9°0F8CS  su  [€TI-]9507FS0T— [84-]1TV0F990— .« [FTI0T]1LT0FTSE [08ETIFE0F 6LF (1p/31) Josnro)
d <(Tg) 1PUIumg <(Tg) 1PuIM d <(Tg) 1PtIung <(T€) 13U d  £(901) rowumg 2(9G) 123U\

Surpeo — Surpeorun Surpeorun — uoneumSuesxy SurpeoT — uoneumguesxy

((10113 prepuess ¥ sueawsy) 123ySne[s 03 payrodsuesy sSid jo sivjowered WNISS JO UOIIBLIBA [ENPIAIPUL 9} UO UOSEDS JO dUSN[JU] F I[qRL,

JURdYIUFS UOU = SU 1000 > s ‘T0°0 > di 'G0°0 >

[enfea [entul aY3 03 30adsal y3m aSejuadiad uonerrea] (az1s ajdures),

TeAJ]UT 93 JO aN[eA [BTITUT 9] SNUTW IaNJeA [euly 9]} St paje[nd[ed sem UONJeLIBA [eNPIAIPpUT .m_m yoeo uor

aseuafoipAyap ajeioe] = HJ'T

aseunjoydsoyd auneaid = YD

su [(72] S9°0 F 821 [cT] 920F €91 [c6] 6T F 289 [Tl 9v 1 F 150 ws [LTI)IS0FGC6  [9€]1 S50 F 29T  (1/3) surajoxd ejo],

su 6] 6T0F€TT [9C] %€0 %901 - (98] ¥8'0 ¥ 82°€ [7'1] 560 F 20’1 s [PET]9E0F0LS  [F'9]8€°0F09°C (1/8) urumqry

su [9°2S] ¥€9 F 609 [£%0T] ThL FFIT T su [0€c—]1T6'€6 F 907~  [F'81—]88'SOT F LEV— su  [€9¢] 0T'SS ¥ S0€  [T'T1€] ¥9'8S F 19¢ (I/N1) HAT

su  [7'00C] POT € F THL T [F'E6TIHE9 € F VIT S su  [TFI-]1 109 FS00 I— [6%C-]1LL9FThOC— su  [9°GST] 6%€ 789 € [€'€CT] €LE F 0SP € (/0D Mdd

w  [FOP=]1 500 F 120~ [£9] 900 ¥ %00 s [ETEI800F0T0 [T°€0T] 60°0 ¥ 99°0 we [LTEISOOFLTO  [0°06] 90°0 F #S°0 (1/8) asoonyH

[L91T] %90 F 66'€  [€'88T]¥L0FHT19 s [68°0C—] L0 F 8L T~ [8°0] 150 200 w  [G€0T] 6T0F6S€ [LSET]ITE0F 1LY (1p/31) [osna0)

d AT UET < T d (TE)U €T < A(Te)ut d (68) U €T < MCTAL

Surpeo — Surpeorun

Surpeorun — uonyeumJuesxy

Surpeo — uonjeumSuesxy

ﬂAMO.H.Hm plepuels ¥ mEN@EmC H@u&%ﬂw—m

0] _uvu.HOQmEN.E m%~& Jo wuwuwgmawa wInJas Jo uorjerieA [enpIlAIpur ayj uo uoneinp %vC.HSO.a 9] JO adUan[Juy "¢ 9[qe],

337



Original Paper Veterinarni Medicina, 52, 2007 (8): 333-342

Table 5. Significant effects of the interaction between season and journey duration, and between season and sex,
on the individual exsanguination — loading variation of serum parameters of transported pigs (Ismeans + standard

error)!
Winter Summer
1 h(30)? > 13 h (26)? 1 h (43)? > 13 h (63)? Prvalue
LDH (IU/1)? 546 + 90.48° 338 + 87.17% 175 + 75.82° 272 + 67.73° *
Albumin (g/1) 2.12 + 0.58° 6.70 + 0.57° 3.08 + 0.49° 4.70 + 0.44° e
Total proteins (g/1) 0.14 + 0.94¢ 10.92 + 0.82° 5.09 + 0.74¢ 7.57 + 0.64°
Female (29) Male (27) Female (53) Male (53)
LDH (IU/1) 400 + 81.06 484 + 97.75 351 + 73.16 96.35 + 70.01° *

LDH = lactate dehydrogenase

Ifor each pig, individual variation was calculated as the final value minus the initial value of the interval
Zsample size is provided between brackets

abedywithin a row, means without a common superscript differ significantly

*P < 0.05; **P < 0.01; ***P < 0.001

Table 6. Significant effect of the interaction between season and journey duration, and season and sex, on the indivi-
dual unloading — loading variation, and between season and journey durarion, and season and sex, on the individual
exsanguination — unloading variation of serum parameters of transported pigs (Ismeans + standard error)*

Winter Summer
1 h(16)? > 13 h (16)? 1h (16)? > 13 h (16)? Prvalue

Unloading — Loading
Glucose (g/1) 0.38 + 0.10° -0.22 + 0.07° -0.31 £ 0.09" -0.20 £ 0.08"

Female (16) Male (16) Female (16) Male (16)
Cortisol (ug/dl) 5.66 + 0.90% 4.91 + 0.98% 7.18 + 1.042 2.52 + 0.96P *
Exsanguination — Unloading
CPK (1U/1) 670 + 925 -952 + 633* -4754 + 1,017° —1058 +1034% **
LDH (1U/1) —76.13 + 144.62% —473 + 99.05¢ —798 + 157.45°¢ -339 + 160.97% *
Albumin (g/1) 0.75 + 1.27° 5.88 + 0.89% 1.30 + 1.41° 1.69 + 1.44°
Total proteins (g/1) -1.85 +2.08 1230 £ 1.37° 2.87 +2.21° 1.43 + 2.26°

Female (16) Male (16) Female (16) Male (16)
CPK (I1U/]) -1057 + 7342 775 + 832° -1321 +1089* —4.491 + 964° o
LDH (1U/1) -295 + 115% -254 + 130° -329 + 169* —-808 + 149°
CPK = creatine phosphokinase; LDH = lactate dehydrogenase
Ifor each pig, individual variation was calculated as the final value minus the initial value of the interval
2sample size is provided between brackets
abeyithin a row, means without a common superscript differ significantly
*P < 0.05; **P < 0.01; ***P < 0.001
DISCUSSION glucose levels being lower than those reported by

Warriss et al. (1998) possibly due to fasting previ-

Gender and seasonal effects were observed on  ous to transport. Furthermore, these authors af-

the baseline levels, although values (Table 1) may firmed that CPK values up to 1 100 IU/I could be

generally be considered as normal for this species  considered as normal, although they admitted that
and physiological state (Hicks et al., 1998), with  levels may be much higher.
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Table 7. Influence of the genotype for the halothane gene on serum variables of pigs before transport (Ismeans +

standard error)

NN (44)! Nn (100)! P-value
Cortisol (pg/dl) 3.11 £ 0.26 3.07 £ 0.23 ns
Glucose (g/1) 0.42 + 0.04 0.58 £ 0.03 *
CPK (IU/) 2132 + 342 2393 + 282 ns
LDH (1U/1) 1146 + 60.85 1180 +48.21 ns
Albumin (g/1) 40.97 £ 0.89 41.32 £ 0.57 ns
Total proteins (g/1) 74.47 + 0.73 73.04 + 0.69 ns

CPK = creatine phosphokinase

LDH = lactate dehydrogenase

sample size is provided between brackets

*P < 0.05; **P < 0.01; **P < 0.001; ns = non sgnificant

Table 8. Significant effects of the interactions between the genotype for the halothane gene and journey duration,

and between the genotype for the halothane gene and season, on the individual exsanguination — loading variation
of serum parameters of transported pigs (Ismeans * standard error)’

NN Nn

1h(22) > 13 h (22)2 1h(44) > 13 h (56)2 Prvalue
Cortisol (ug/dl) 5.21 + 0.89° 3.67 + 0.64° 5.24 + 0.43° 3.44 + 0.39"
Glucose (g/1) 0.11 + 0.16* 0.08 + 0.12° 0.43 + 0.082 0.08 + 0.07°
Albumin (g/1) 5.21 + 1.31% 6.14 + 0.94 2.63 + 0.63" 5.41 + 0.56°
Total proteins (g/1) 6.32 + 1.92b¢ 10.20 + 1.39* 2.42 + 0.92°¢ 8.76 + 0.82 S

Winter? (9) Summer? (35) Winter? (35) Summer? (65)

Cortisol (pg/dl) 4.36 + 1.10° 4.52 + 0.55% 5.30 + 0.36° 3.38 + 0.46°
Glucose (g/1) 0.33 + 0.20° ~0.14 + 0.10° 0.36 + 0.06° 0.14 + 0.08"
LDH (1U/1) —74.71 + 236.51° 198 + 117.86° 539 + 76.93° 224 + 98.36 *

LDH = lactate dehydrogenase

for each pig, individual variation was calculated as the final value minus the initial value of the interval

2sample size is provided between brackets

abeywithin a row, means without a common superscript differ significantly

*P < 0.05; **P < 0.01; ***P < 0.001

It is known that transport modifies animals
physiology (Broom, 2000), and that lairage helps
to recover from this previous stress (Brown et al.,
1999a). Serum variables generally followed this
expected variation (Table 2), with the highest val-
ues being found immediately after transport, and
decreasing at the end of lairage.

Variations in serum parameters (Table 3 and 4)
were similar to those reported in other studies
carried out with similar pigs (Brown et al., 1999a;
Perez et al., 2002). Variations of cortisol, despite
possible diurnal variations, and glucose (Table 3)

suggest that short journeys did not permit a total
recovery from the initial stress caused by loading,
which is known to have a negative impact on the
welfare of animals (Broom, 2000) independently
from the loading method used (Brown et al., 2005).
Furthermore, Bradshaw et al. (1996) found a raise
in cortisol levels 30 min after loading, and a gradual
decrease after 4.5 h of transportation, and Apple
et al. (2005) found that cortisol levels matched up
with an increase in plasmatic glucose. These asser-
tions would justify our results, so that, in the case
of short transportations, initial stress caused by
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loading was aggravated by unloading and mixing
of pigs during lairage. Additionally, initial cortisol
and glucose values could not be recovered during
lairage, what would explain the dramatic increase
in glucose levels at exsanguination with respect to
those at loading and unloading observed in short
journeys (Table 2). The increase of glycaemia has
been attributed to an energy demand caused by the
handling and the movement of the animals (Becker
et al., 1989), although the increase in cortisol and
glucose levels were only found in those pigs with a
submissive behaviour (Hicks et al., 1998).

The evolution of albumin and total proteins
(Table 3) might indicate some dehydration although,
surprisingly, it became more apparent during the
lairage of pigs transported the longest distances. It
has been described that pigs drink little water during
the journey (Lambooy et al., 1985), and that actual
water usage during lairage might be related to pigs
playing during the initial exploration period (Brown
etal., 1999b). In our case pigs remained 6 h in lairage
on average, time sufficient for a total recovery from
transport stress (Warriss et al., 1992). Taking into
consideration the findings of these authors, and al-
though no behavioural observations were made in
the present study, it might have been possible that
water consumption during transport was reduced,
what would account for the increase in albumin and
total protein levels. Moreover, our results would in-
dicate a recovery from the physical stress caused by
the journey, thus decreasing CPK and LDH levels
during lairage. Brown et al. (1999a) did not find any
differences in albumin and protein levels caused by
transport, but described a similar CPK activity.

Season had an effect on the stress during transpor-
tation (Table 4). As an overall estimation, it might
be affirmed that stress from loading to slaughter
was lower in summer, agreeing with other Spanish
studies related to mortality, carcass characteristics
(Gosalvez et al., 2006), and meat quality (Guardia et
al., 2005), but disagreeing with Vecerek et al. (2006),
what might be due to climatic differences between
the regions where studies were carried out. Cortisol
variation might indicate that winter transportations
were slightly more stressful, with lairage recovery
being poorer than in summer. Other studies per-
formed in Spanish conditions also found higher cor-
tisol levels in winter (Gispert et al., 2000), which was
attributed to the fact that Spanish livestock hauliers
adapt to summer conditions, increasing night trans-
portations, reducing loading densities or showering
pigs. Our results agree with these authors, as well
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as with those of Baldwin and Stephens (1973), who
found higher cortisol levels in cold climatic condi-
tions related to the energy demand to maintain body
temperature. Furthermore, winter increase in cor-
tisol levels was accompanied by a higher muscular
effort, agreeing with Gispert et al. (2000) although, in
our case, the strong individual variability in CPK and
LDH made differences not significant. Nonetheless,
muscular recovery during lairage in our study was
more reduced in those pigs transported in winter,
suggesting that the detrimental effect of transport, in
this season, would extend to the lairage period. The
higher increase in albumin levels found in summer
transportations would indicate a certain degree of
dehydration during this season.

An additive effect between season and the rest of
factors was observed in the loading-slaughter serum
variations (Table 5) highlighting, in winter conditions,
the negative impact of short transports on the mus-
cular activity of pigs. Independently from season, the
higher stress reactivity in the case of females would
agree with other authors (Van der Wal et al., 1999;
Perez etal., 2002). A seasonal effect on the dehydration
levels was observed, with long winter journeys being
the most detrimental for pigs and mainly appearing
during lairage (Table 6). The evolution of cortisol and
glucose levels during the journey, and the evolution
of CPK and LDH during lairage, would confirm the
effect of transport on females stress reactivity.

No differences between the two studied geno-
types existed before loading (Table 7), except for
the serum glucose levels observed in Nn pigs.
Table 8 suggests an additive effect between genet-
ics and journey duration, and between genetics and
season, reflecting differences in the stress response
of Nn individuals with respect to NN individuals,
the latter having a more uniform response. These
results would agree with those of Fabrega et al.
(2002) but would disagree with Gispert et al. (2000).
On the other hand, variations in albumin and total
protein levels would suggest that NN pigs experi-
enced higher dehydration levels.

CONCLUSIONS

Transports generally increased the stress of
slaughter pigs, subsequently decreasing during
lairage. Nevertheless, the effect was largely modified
by the studied factors. Short and winter transports
were more stressful, with lairage recovery being
poorer than in long and summer ones. Transports
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also caused some dehydration, increasing during
lairage especially in those pigs transported for long
distances. A higher stress reactivity was detected
in females. Genetics modulated the influence of
the rest of factors, with Nn individuals having a
rougher reaction to short and winter transports,
although they became less dehydrated. Therefore,
it might concluded that an adaptation of slaughter
transports to seasonal differences appears essential
in order to minimize the stress of transport and its
negative consequences on the welfare of slaughter
pigs. Moreover, an improvement in stress resistance
could be obtained by controlling the halothane gene
of pigs. Nevertheless, new studies would be neces-
sary.
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