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ABSTRACT

Objective of this study was to investigate theceffef lairage time pigs on stress
indicators and meat quality. The study was perfatrrae 90 barrows and gilts divided
into three groups according to lairage time: 0 hh&nd 24 hours. Blood samples were
taken after exsanguination and glucose, lactatetiszl, as well as activity of creatine
kinase were determined. At the slaughter line anthboratory pH values in ham and
LD muscle 45 minutes and 24 h after slaughter, el @ meat colour coordinates (L*,
a*, b*), drip loss, cooking loss and instrumentaéntierness were measured..
Concentrations of blood stress parameters were dsglin the first group (Oh lairage
time). Statistical analysis showed a significarfi¢etf of resting before slaughter on final
pH values measured 24 hours after slaughter in hiloreover, resting time had a
significant effect on L* and a* values and showeddency to decrease EZ drip (%) as
lairage time increased. Pigs slaughtered withoust nerior to slaughter showed higher
levels of stress and tend to have less desirabé qality traits.
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INTRODUCTION

Pigs are very sensitive to various types of strespgecially at the end of production
before slaughter. Length of transport, i.e. théatise from the farm to slaughterhouse
and non-adequate loading and unloading inducesssstom both behavioural and
physiological levels.

Apart the negative effect of high stress on aniwelfare, meat quality could also be
significantly affected. Studies showeBefre et al.,2010; Gispert et al.,2000) that
transport could affect meat pH values or increbseptoportion of DFD (dark, firm, dry)
or PSE (pale, soft, exudative) conditions. Dripslogmlues could also be affected
(Murray and Jones]1994). These undesirable effects can be diminislyemllowing pigs
to recover with optimum lairage time which is, aaling to Nanni et al. (2002)
considered as the most important factor prior tughter that affects meat quality.
Warris (2003) reported that optimal lairage time showdlb3 hours since shorter times
were usually associated with the PSE meat. On thercside, longer lairage was
associated with more aggressive behaviour, moredskinage and a lower carcass yield.
In addition, recommendations for length of lairay@e are different regarding the
country’s geographical locatioWarris, 2003). In southern European countries where
temperatures in certain part of the year are vagly,Ishorter lairage is recommended.
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By measuring some of the indicators of stress fjkeose, lactate, creatine kinase
and cortisol from the blood, level of stress aribefore slaughter with its possible effect
on important meat quality traits can be determiigadajpal et al(2005) determined that
a long period of rest reduces glucose levels imdbland produces the signs of muscle
tissue deteriorationSmeiecinska et a(2011) found different levels of stress in pigs
slaughtered immediately after transport than thvasie 24 h lairage time. Although there
were no differences in the incidence of PSE megs with 24h lairage time had more
favourable sensory attributes of meat.

Objective of this study was to investigate the dffef lairage time on stress
indicators and meat quality traits of pigs.

MATERIAL AND METHODS

Animals and experimental design

The study was performed on 90 pigs divided int@¢hequally sized groups. The pigs
were commercial hybrids, fattened to #1Q0 kg live weight on family farms in the

eastern part of Croatia. All farms were locatedrapimately 100 kilometres away from

the slaughterhouse. Transport of animals to theghli@rhouse was carried out in trucks
with 180, 150, and 160 pigs per each load. Loadihthe pigs in each of the trucks
lasted for approximately 100 minutes followed wdpproximately 100 minutes of

transport. Unloading of the pigs at the slaughteskolasted approximately 30 minutes.
Pigs from all three groups were unloaded to slarplouse in the morning hours.
Animals from the first group were slaughtered imiaggly after loading, the second

group had 6 h lairage time and the third reste@#bh prior to slaughter.

Blood samples and stress indicators

After stunning the animals with GOand before incision of blood vessels and
exsanguination blood samples were collected by pameture into two tubes. Tube
without anticoagulants served for glucose, crekitiise activity and cortisol
concentrations, while sodium fluoride-potassium latea tubes served for lactate
determination. The concentrations of glucose (mim@¥LU), lactic acid (mmol/L; LA)
and creatin-kinase activity (U/L; CK) were detereidnby automatic biochemical
analyser Beckman Coulter AU400 randomly with upl@® photometric tests per hour.
The concentration of cortisol (nmol/L; COR) in pigsvas measured by
electrochemiluminescence immunoassay "ECLIA" (Rochkcsys 2010, Roche
Diagnostics, Mannheim, Germany). Reproducibilityswdetermined using an Elecsys
reagents six times a day, 10 days in total (n=66§ intra- and inter- assay variation
coefficient were <1.1% and <1.6% for the lowesed#on limit.

Meat quality traits

Meat quality traits were measured in loim.(longissimus dorsi LD) and ham rf.
semimembranosus MS). At the slaughter line, pH values were measuredmnutes
(pH4s) and 24 hours (py) post mortenusing digital pH-meter “Mettler MP 120-B”.
Drip loss was measured by “bag method” accordinglaaikel (1987) and as EZ drip
(Christensen 2003). Meat colour coordinates were measured Z#bst mortemby
“Minolta CR-300" device onLD muscle and expressed as L* a* and b* values.
Instrumental tenderness was analysed on a 2.54icikn¢hops oD muscle that were
frozen, defrosted for 24 h at 4 °C, sealed in vatbags, cooked in water bath to 73 °C
internal temperature and cooled at 4°C overnigheas force was measured on at least
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six 1.27 mm thick chops using a TA.XTplus Textur@afyser. Cooking loss was
assessed fronbD samples used for instrumental tenderness measnoterttewas
calculated from weights taken before and after sapknd expressed as a percentage.

Statistical analyses
GLM procedure of Statistica for Windows softwardafSoft 2007-2010) was used to
examine the effect of lairage time on stress irdisaand meat quality traits of
investigated pigs. The groups were compared fortralts using Tukey's range test
(p<0.05).

RESULTS AND DISCUSSION
Effect of lairage time on stress indicators
Table 1

Least square means and standard errors (in brackefgor biochemical stress
indicators in relation to lairage times

Blood parameter on Lairageehtime 4| Sianificance
Lactate (mmol/L) (% %g) (%%5; ) (?6%%;) .
Glucose (mmol/L) (L(l)Gli) (‘837;) ?055):) N
Creatin-kinase (U/L) %12;)2?03?) ?ggggg ?i)fgflg) o
Cortisol (nmol/L) ?;fgg %1251273-; 1((23592? or

**% =p<0.001; ** = p<0.01; *=p<0.05; ¥ = p<0.1; n.s. = not significant

As expected, results show a significant increasthénconcentration of LA and COR
with an increase of the lairage time. This corresizoto studies oHambrecht et al.
(2004) andMerlot et al., 2011). Variation in glucose concentrations tendvésy
depending on the level of stress prior slaughterour study, concentrations in GLU
were the highest in a group of pigs with no resbrpto slaughter. Opposite to these
results,Perez et al(2002), who compared the effect of transport t{iie min and 3 h),
did not find differences in GLU concentrations mveéstigated groups. The study of
Merlot et al. (2011) also showed that level of stress does moessarily effect blood
glucose concentrations. hable 1it can be observed that lairage time significantly
affected blood CK concentration, where the higheshcentration of this blood
parameter was measured in group of pigs withoutaned the lowest in the group with
24h rest before slaughter. These results correspdtid results from other studies
(Brown, et al.,1997) where highest values of creatine-kinase wezasured in group of
pigs with minimum level of stress before slaughterwith shorter transporPgrez et
al.,, 2002). In later case, stress was primarily indubg the loading of pigs in the
slaughterhouse, which clearly affected CK concéiotna. FurthermoreYu et al.(2009)
found an increase (P<0.01) of CK activity after dh2h of transportation indicating
muscle damage and result from disruption in muse# membrane (sarcolemma)
function and permeability.
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Effect of lairage time on meat quality traits
Table 2

Least square means and standard errors (in brackefgor meat quality traits in
relation to lairage time

Trait on Lalra%ﬁ tme >ah Significance
DHes ham 6.44 6.46 6.42 s
(0.02) (0.03) (0.03) =
DHas loin 6.33 6.38 6.31 s,
(0.02) (0.03) (0.03)
DHys ham 5.50° 5.48 5.5 ot
24 (0.01) (0.01) (0.03)
DHy loin 5.49 5.44 5.53 et
24 (0.01) (0.01) (0.02)
. 5.54 5.04 4.61
Drip loss (%) (0.46) (0.32) (0.50) n.s.
. 5.77 4.89 4.35
EZ drip (%) (0.53) (0.24) (0.48) T
Lt 54.9F 53.8% 52.7% et
(0.41) (0.60) (0.47)
4 5.60° 5.46° 6.36
(0.16) (0.17) (0.19)
b 2.26 2.34 2.66 s
(0.13) (0.19) (0.13) =
Cooking loss (%) (3032%5) (30:3.2265) (3033242; n.s.
53.16" 49.50 53.89
WBSF (N) (1.13) (1.51) (1.47) T

*** = p<0.001; ** = p<0.01; * =p<0.05; ¥ = p<0.1; n.s. = no significance

FromTable 2it can be observed that lairage time did not affg¢t values measured 45
minutespost mortemn loin nor ham. Contrary to these resltewn et al.(1997) found
significantly higher plg values in group of pigs with usual manipulation in
slaughterhouses than the group of pigs speciallpipnéated before slaughter. In a
similar study ofHambrecht et al(2004), pH values measured 30 minutes after staugh
were lower in the group of pigs with higher levéktress before slaughter.

pH values measured in ham 24 hours after slaugheez strongly influenced by rest
before slaughter. As it can be seen from Tablei@s which rested for 24 h before
slaughter exhibited favourable final pH values. tCany to results of this studgrown et
al. (1997) andPerez et al(2009) did not find significant differences betwegroups of
pigs treated with various kinds of stress, e.g.imdation of animals prior to slaughter
or length of transport. Results from this studyldaberefore suggest longer lairage time
as efficient way to prevent unfavourable loweririgpH,,.

No significant differences between investigated grigups were found for drip loss
and EZ drip. However, a tendency of decreasingdifig loss is observable as lairage
period increases. Similar results were foundBrgwn et al.(1997) andPerez et al.
(2002). From Table 2 it can be observed that meah fpigs with 24 h lairage time
exhibited the lowest L* and the highest a* valuaggesting a positive effect of long
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lairage time on meat colour. Contrary to our ressather studies did not find differences
in paleness between studied groups of pigs in detgaother stress sourceBrown et
al., 1997;Hambrecht et al.2005). Instrumental tenderness (WBSF) was higinetite
group with 24h lairage time. Probably this is tlesult of calpain proteolytic enzyme
system status, which was not measured in this stadgthermore, in the case of this
trait, interpretation of results could be difficgiince the relation of physical stress and
tenderness is still unclear.

CONCLUSION

Pre-slaughter conditions, such as lairage timectsffphysic-chemical blood parameters,
as well as overall meat quality in pigs. Animaksugjhtered immediately after unloading
exhibited the highest concentrations of glucosetate, cortisol and activity of creatin-
kinase. With extend of lairage time blood paransetend to decrease and meat quality
traits improve.
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