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ABSTRACT

A study was conducted in order to assess the pigdgier conditions of rabbits in a commercial chain
and to determine the effect of the season, jou¢slegrt: <220 min; medium: 220-320 min; long: >320
min) and lairage (short: <134 min; medium: 134-238; long: >235 min) on mortality, live weight
loss, slaughter yield and carcass quality. A toté31 flocks (average of 2,207 rabbits/flock) fr@th
farms of 9-12 weeks-old growing rabbits shipped $taughtering during the year 2006 towards a
major Italian abattoir was considered. Transpod kirage at abattoir of the rabbits were mainly
conducted during the night and early morning.

The overall average of mortality rate and live veigoss were found to be 0.082 and 3.39%,
respectively. As for carcass evaluation, incidemicdowngraded and condemned carcasses were 0.40
and 0.46%, respectively, while bruised carcassl e 2.22%. During the winter, it was observed
lower (P<0.01) live weight loss (3.12%), while ass yield (57.9%) was higher (P<0.01) during the
summer. The shortest transport time (<220 min) letéd lower mortality rate (0.053 vs. 0.080 vs.
0.113%; P<0.01) and live weight loss (2.43 vs. 3:d.74.26%; P<0.01) as well as higher slaughter
yield (58.0 vs. 57.3 vs. 57.0%; P<0.01) in resp@tit medium and long transport times. Flocks laired
for less than 150 min also exhibited a significamdwer mortality rate (0.065 vs. 0.075 vs. 0.105%;
P<0.01) and higher carcass yield (57.8 vs. 57.4¥%s.%; P<0.01) if compared to medium and long
lairage times. Carcass bruising had the higher (Bg0ncidence during the summer in respect with
other seasons, while downgraded carcasses pregakaschigher (P<0.05) during the autumn. Longer
journeys determined a higher (P<0.01) incidencebnfised carcasses, but did not influence
downgraded and condemned carcass rates.

This study has shown that the preslaughter comditaf the rabbits in a commercial integrated chain
production are rather satisfying as a consequehtteeffective coordination of transport and lgea
based on slaughtering daily programme. Main clitgints are represented by long transport and
lairage which can impair mortality rate, slaughigriields and carcass quality. On the other hand, a
minor role is played by the season probably bectrassport was mainly conducted during the night
and early morning moderating the effect of highgemtures during the summer.
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INTRODUCTION

The European farming industry has been concernethdypreslaughter conditions of animals for a
long time because there is considerable potentinlehisuring good carcasses and meat quality
characteristics in the time between removing arsmi@m farms for shipment to the abattoir and the
time of slaughter (Le Neindit al, 2001). Particularly affected are mortality rdiee weight loss and
carcass yield and quality grades, especially tbpgation of carcasses downgraded because of quality
defects (Cavani and Petracci, 2004). Moreover, days an ever-growing consumer interest in the
way farm animals are kept, transported and slavethtbas been observed. A consequence of that
public concern in Europe has been the adoptioreeéral regulations on the protection of animals
during transport by the European Commission (E©,720The main critical points deal mostly with
the physical and environmental conditions (duratitmmperature, space allowanac) (EFSA,
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2004). Several key factors have been identified Hredr effects have been analyzed, including
deprivation of feed and water (Jolley, 1990), doraof the journey (Trocinet al, 2003; Builet al,
2004; Lambertinget al, 2006), stocking densities (De la Fueetal, 2004), crate floor (Jolley, 1990),
and microclimatic environment (Lueit al, 1992; De la Fuentet al, 2004; Listeet al, 2006). In the
near future it is likely that the European industvil have to define new techniques and logistic
solutions in order to enhance animal conditionsnguante-mortenperiod with the aim to improve
both animal welfare and product quality charactiess The aim of this study is to verify the
organization ofante-mortenphases of rabbits in a vertically-integrated commiaé production chain
and to establish the influence of season, duratfgourney and lairage on mortality rate, live waig
loss, carcass yield and quality.

MATERIALSAND METHODS
Data collection

A total of 831 flocks of 9-12 weeks-old growing bétis shipped for slaughtering during the year of
2006 was considered. These flocks were shipped #f@nfarms. Before transport to the abattoir,
rabbits were fasted approximately 5 h prior toingaand subsequently removed from the growing
cages and loaded by hand into plastic wire cratesasoring 100-11850-60X22-30 cm
(lengthxwidth X height). Stocking density varied according to emmwmental conditions: 15 and 16
animals/crate done during temperate (April to Oetdlor cool (November to March) period of the
year, respectively. After crating, rabbits were dacted using commercial lorries with two or three
axles and a loading capacity ranging from 1,500,880 rabbits at the main commercial abattoir of
Emilia-Romagna region (Italy) owned by a verticaltyegrated company. Environmental temperature
and relative humidity (mean+SD) were detected fmheseason (winter, 4.6+2.8°C and 63.4+17.5%;
spring, 16.1+4.4°C and 63.4+£17.4%; summer, 23.8€23nd 64.0£10.8%; autumn, 13.9+4.5°C and
74.7£9.8%) (Emilia-Romagna Agency for EnvironmenBotection, ltaly). After transport, the
vehicles were unloaded and the crates were lairadh iarea equipped with a roof to protect the tabbi
against weather phenomena. After lairage, the tal@dre removed from crates, electrically stunned,
hung on shackles and killed by hand using a comweait unilateral neck cut. Commercial carcasses
were obtained after bleeding, skinning, eviscerasind chilling operations.

Before slaughtering, live weight at farm, flock esigrabbits/flock), crate stocking density (kg)m

journey distance and duration, live weight at airiive weight loss (by difference between the
weights measured at catching and those at the gsioceplant arrival), lairage time (time spent in
holding area), mortality during preslaughter tinieéd-On-Arrival, DOA, measured at slaughtering
line hanging), were recorded for each flock. Afsaughtering, the percentage of condemned
(carcasses not passing the veterinary inspectiambprone for human consumption), downgraded
(carcasses with defects such as blisters, teassingi parts, discoloration, disjointed and broken
bonesgetc) and bruised carcasses (carcasses with red aiisedl haemorrhages) were also evaluated.

Statistical analysis

Data were processed by computing overall descatatistics (mean, standard deviation, minimum
and maximum). Moreover frequency distribution of tteriods of the day when rabbit flocks left the
farm, arrived at abattoir and are slaughtered essgely, were computed. Finally three-way ANOVA
with their interactions was performed to test tfieat of season (winter, spring, summer and autymn)
journey (short: <220 min; medium: 220-320 min; lorg20 min) and lairage (short: <134 min;
medium: 134-235 min; long: >235 min) duration onrtality, carcass yield and carcass defects (SAS
Institute, 1988). For live weight loss, only thdeets of season and transport duration were tested.
Journey and lairage duration data were classifieid ithree discrete classes according their
distribution. Multiple comparison of means was parfed by multiple range Duncan’s test (SAS
Institute, 1988).
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RESULTSAND DISCUSSION

Main descriptive statistics for the variables arespnted in Table 1. The flocks were averagely
constituted by 2,268 rabbits weighing 2.57 kg @t fdwrm and crated at 71.7 kd/stocking density.
The mean live weight loss during transport was.88%, while the average carcass weight was 1.48
kg (commercial carcass yield of 57.4%). The duratibjourney and lairage showed a mean value of
273.4 and 204.2 min, respectively. It is interggtin note that the majority of the journey were
conducted during the night (22:00-6:00) becauseg$iering shifts were concentrated (85%) from
5:00 to 11:00 (Figure 1).
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Figure 1: Distribution of the periods of the day of rabfditck departure from the farm (a), arrival at
abattoir (b) and starting of slaughtering (c)

The previous data reflect the flock harvesting oizgtion of the considered production chain which i
managed by quality control personnel working attalraand allows to reduce as much as possible the
journey and lairage durations. In a survey condutteSpain, Buikt al. (2004) found that the average
transport time was 154 min (range: 20 to 600) spoading to 137.5 km (range: 25 to 500) and
lairage time was 110 min (range: 0 to 420). Thealenortality rate was 0.082% ranging from 0.000
to 1.288%. These data showed that the incidencB@A rabbits was slightly higher than those
recorded in swine (0.01%) and bovine (0.05%) (Nabasta, 2007), while it was much lower in
respect of mortality rates reported in poultry §).8.38, and 1.22% in broilers, turkeys, and spent
hens, respectively) (Petracei al, 2006). As for carcass evaluation, incidence ofmigraded and
condemned carcasses were 0.40 and 0.46%, respgatitide bruised carcass level was 2.22%.

Table 1. Descriptive statistics (flock number = 831)

Mean SD Minimum Maximum

Farm

Live weight at farm (kg) 2.57 0.17 2.12 3.00
Transportation

N. rabbits/flock 2,268 1,527 201 8651

Stocking density (kg/f) 71.7 5.8 56.7 86.2

Distance farm-abattoir (km) 221.9 1245 13.0 494.0

Journey duration (min) 273.4 151.6 13.0 835.0
Abattoir

Live weight at arrival (kg) 2.48 0.16 2.06 291

Live weight loss (%) 3.39 1.25 0.26 7.56

Lairage duration (min) 204.2 113.0 2.0 574.0

Mortality rate (%) 0.082 0.122 0.000 1.288
Carcass characteristics

Chilled carcass weight (kg) 1.48 0.10 1.14 1.74

Carcass yield (%) 57.4 1.3 53.1 63.4

Bruised carcasses (%) 2.22 1.27 0.00 9.45

Downgraded carcasses (%) 0.40 0.87 0.00 0.70

Condemned carcasses (%) 0.46 0.66 0.00 8.27

The results for mortality, live weight loss and aass defects according with season, journey and
lairage duration are presented in Table 2. Moytalite was significantly affected by journey and

lairage duration. An increase of DOA rabbits incide was observed with the advance in both
transport (0.053 vs. 0.080 vs. 0.113%; P<0.01) laivdge (0.065 vs. 0.075 vs. 0.105%; P<0.01)

times.
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Table 2: Influence of season, journey and lairage duratiormortality rate, live weight loss, carcass
yield and carcass defects

Flock  Mortality Live Carcass Bruised Downgraded Condemned

Effect Classes distribution rate  weight loss yield carcasses carcasses  carcasses
(%) (%) (%0) (%0) (%0) (%0) (%0)
Winter 23.1 0.084 3.12a 57.3a 2.03a 0.21a am2
Season Spring 25.3 0.080 3.38b 57.2a 1.99 a 0.44b BcA8
Summer 27.9 0.094 355b 58.0b 2.88b 0.31ab ©.56
Autumn 23.7 0.068 3.48b 57.2a 1.85a 0.68 c 6.34
Short (<220 min) 32.7 0.053 a 243 a 58.0¢c 222b 0.35 0.40
Journey Medium (220-320 min) 34.2 0.080 b 3.47Db 573b 2a0 0.45 0.44
Long (>320) 33.1 0.113c 4.26 c 57.0a 241c 0.42 0.53
Short (<150 min) 335 0.065 a - 57.8¢c 2.23 0.41 470.
Lairage Medium (150-240 min) 325 0.075b - 57.4b 2.31 30.4 0.45
Long (>240 min) 33.9 0.105c - 57.2 a 2.11 0.38 50.4
Pooled sem 0.004 0.04 0.05 0.04 0.03 0.02
Season ns ** *% ** *% *
Journey ** *x ** *x ns ns
.. Lairage ** - hid ns ns ns
I:)mbab'“tySeasorx Journey ns ns ns ns ns ns
Seasorx Lairage ns - ns ns ns ns
Journeyx Lairage ns - * ns ns ns

**=P<0.01; *=P<0.05; ns=not significant
means with different letters on the same columhiwithe same effect differ significantly (P<0.05)

These results agree with Jolley (1990) who poirdatthat the risk of death durirgnte-mortem
period increases enormously as time between craimgd) slaughtering increases. However, no
significant effect was exerted by the season. This be partially explained by that transport and
lairage of rabbits were mainly conducted duringrtight and early morning to moderate the effect of
high temperatures registered during the summele ligight loss was significantly affected by both
season and journey duration. The flocks slaughtdrgthg winter exhibited the lowest live weight
loss values (3.12%) in respect with other seaddnseover the increase in journey duration (<220 vs.
220-320 vs. >320 min) determined a higher live Wweilgss (2.43 vs. 3.47 vs. 4.26%, respectively;
P<0.01). These results are consistent with prevgtudies which confirm that a longer duration of
transportation negatively affected weight loss (Letzal, 1994; Trocinoet al, 2003; Lambertiniet

al., 2006). Carcass yield was significantly influend®dall considered effects. Flocks slaughtered
during summer exhibited the higher carcass yie®d0%) in respect with the other periods of the year
This evidence confirms the findings of Chiericatoal (1993) who observed lower market weight at
slaughter age, but higher carcass yield in ratgbéisghtered during hot seasons because of the lower
proportion of skin, empty gut and offal. Moreovedecrease of carcass yield was observed with the
advance in both transport (58.0 vs. 57.3 vs. 57.0%).01) and lairage (57.8 vs. 57.4 vs. 57.2%;
P<0.01) durations. These results agree with thased by Trocincet al. (2003) and Lambertiret al.
(2006) and indicate that the loss durengte-mortentime impairs carcass yield as a consequence of
moisture and nutrient losses in body tissues of #rmemals. The significant interaction
“JourneyLairage” (P<0.05) evidenced that lairage exertedlavant effect mainly when rabbits are
transported for short time. As for carcass qualifects, season influenced all considered variables
Bruised carcass exhibited the higher incidence8()3during the summer if compared with other
seasons, while downgraded carcasses prevalenchigies (0.68%) during the autumn. Condemned
carcasses had the lower rate (0.34%) during thenautLairage duration did not exert significant
effects, while longer journeys determined a higheidence (2.41%) of bruised carcasses.

CONCLUSIONS

In conclusion, this study has shown that the pugglieer conditions of the rabbits in a commercial
integrated chain production are rather satisfyisgaaconsequence of the effective coordination of
transport and lairage based on slaughtering dadgramme. The main critical points are represented
by long transport and lairage which can impair militst rate, slaughtering yields and carcass quality
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while a minor role is played by the season. This ba explained by that transport was mainly
conducted during the night and early morning to emate the effect of high temperatures of the
summer.
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