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Abstract: Food safety is indirectly affected by the welfare of food animals, due to close links between animal welfare, animal
health and food borne diseases. Stress factors and poor welfare can lead to increased susceptibility to disease among animals and may
intensify the fecal shedding of food borne pathogens, e.g. Salmonella, Campylobacter, Yersinia, and human pathogenic STEC in the
pre-slaughter phase: on-farm, in transport and in lairage. This study evaluated two aspects: a) assessment of pig welfare in abattoir
lairage founded on animal-based categories, and b) the relationship between pig welfare and microbial process hygiene at slaughter:
The results revealed that the animal-based category ‘manure on the body’ assessed in abattoir lairage corresponded with microbial

process hygiene at slaughter.
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Introduction

Animal welfare is considered an important fac-
tor of an overall ‘food quality’ concept. Recently,
there has been growing awareness and interest by
the major stakeholders, e.g. industry, scientific com-
munity and consumers, in how animal welfare could
also significantly impact food safety (EFSA4, 2012).
The safety of the food chain is indirectly affected by
welfare of animals farmed for food production, due
to the close links between animal welfare, animal
health and food borne diseases. Namely, the gas-
trointestinal tract of farm animals can be colonized
by enteric, food borne pathogens, e.g. Salmonella,
Campylobacter, human pathogenic Shiga toxin-pro-
ducing E. coli (STEC), and Yersinia, and their sub-
sequent dissemination into the human food chain
is a major public health and economic concern for
the food (meat) industries (Rostagno, 2009). Stress
factors and poor welfare can lead to increased sus-
ceptibility to disease among animals and can in-
tensify fecal shedding of food borne pathogens in
the pre-slaughter phase: on-farm, in transport/live-
stock markets and in abattoir lairage (Buncic et al.,
2013). Increased fecal shedding subsequently can
increase the pre-slaughter cross-contamination of
animals’ skin with soil and fecal material during
the transport and lay-over in lairage via contacts:

animal-litter-animal, animal-floor-animal and an-
imal-animal. In a study carried out by Berends et
al. (1997), it was reported that the initial source of
pig carcass contamination was the carrier pig itself
(70%), while the remaining 30% of the carcass con-
tamination was related to the hygiene of slaughter
and dressing.

Furthermore, poor hygienic practices during
slaughter/dressing (e.g. evisceration) can additional-
ly contribute to cross-contamination of pig carcass-
es and increase the probability for transfer of path-
ogens onto meat (Petruzzelli et al., 2016). These
hazards can pose risks to consumers through meat
consumption and provoke common food borne in-
fections such as salmonellosis, yersiniosis, campy-
lobacteriosis, or STEC infections.

Over recent years, several scientific opinions
and guidelines on pig and cattle welfare at slaugh-
ter were developed. These documents were mainly
focused on specific monitoring indicators to eval-
uate the effectiveness of stunning methods (EFSA,
2013a; 2013b). For instance, the current European
Union legislation defines requirements for protec-
tion of animals at the time of killing, which is sup-
ported by the statement that “improving the protec-
tion of animals at the time of slaughter contributes
to higher meat quality and indirectly has a positive
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impact on occupational safety in slaughterhous-
es” (EC, 2009). The US legislation does not define
regulatory requirement for a written systematic ap-
proach to humane handling, but provides a guideline
with current thinking on the systematic approach to
humane handling of livestock (USDA FSIS, 2013).
With a systematic approach, establishments should
focus on treating livestock in such a manner as to
minimize excitement, discomfort, and accidental in-
jury the entire time they hold livestock in connec-
tion with slaughter. Therefore, an establishment
may choose to develop and implement a written an-
imal handling program that effectively addresses the
most important aspects of animal welfare. Evidently,
although official guidelines in the EU and US on
specific, pre-slaughter animal welfare indicators ex-
ist, they do not necessarily reflect specific welfare
issues associated with abattoir lairage. Animal wel-
fare implications for microbial process hygiene at
slaughter/dressing are not considered in available
literature.

Increased fecal shedding of food borne patho-
gens by animals intended for slaughter, due to high-
er levels of stress, as well as poor maintenance of
abattoir lairage, e.g. slick floors (causing animals to
slip and fall), poorly designed holding pens (insuffi-
cient space allowance) associated with management
of lay-over time in lairage, inadequate environmen-
tal conditions (high or low temperature, high humid-
ity, poor ventilation) could subsequently introduce
higher levels of microbial load (including patho-
gens) to the slaughter line. This could affect the pro-
cess hygiene at slaughter/dressing and increase the
public health risk for consumers (Grandin, 1996)
due to increased exposure to foodborne pathogens.
Therefore, this study aimed to cover two aspects: a)
assessment of pig welfare in abattoir lairage based
on specific animal-based categories, and b) impact
of pig welfare in abattoir lairage on microbial pro-
cess hygiene at slaughter.

Materials and methods

Company s profile

The study was conducted in one meat pro-
cessing company. The company had two separated
slaughter lines (pig and cattle) with registered ca-
pacity of 240 pigs/h and 30 cattle/h. The total space
of lairage where pigs were kept prior to slaughter
was composed of four holding pens (HP) and occu-
pied in total: 342 m? (HP1: 99 m?; HP2: 85 m?; HP3:
59 m? and HP4: 99 m?).

Pre-slaughter phase

The company had two lairage units, one for
pigs and another for cattle. Each lairage unit had
its own unloading ramp. In this study, we evaluated
lairage and farm/transport factors that could contrib-
ute to pig welfare prior to slaughter (Table 1).

Lairage

Hygienic-technical conditions. A team of three
assessors evaluated the empty lairage in order to
assess the position of premises versus the loading
ramp and the corridor leading to the slaughter line,
as well as to assess the general hygienic-technical
conditions of holding pens.

Environmental conditions. The assessors meas-
ured: the level of lairage illumination, using the light
intensity measuring instrument, a pocket-sized Lux
meter (Testo 540, Germany); the ventilation, using
an anemometer for quick and precise measurements
of air flow speed, direction and volumetric flow
rate (Testo 417, Germany), and; the ambient tem-
perature, using a digital thermometer (Testo 905i,
Germany). The ambient temperature was recorded
once per week in the morning hours (between 6—7
am), corresponding with the start of operations in
the abattoir, during February, March and April; this
included the temperature measurements during the
three scheduled visits to the meat company. Overall,
12 measurements of the ambient temperature were
conducted during the study and the average month-
ly temperature was calculated for each of those three
months.

Pre-slaughter sampling. A total of 3286 pigs
were monitored over three scheduled visits in
February (visit 1), March (visit 2) and April (visit 3),
through deliveries to the abattoir in 13 consign-
ments. The variables that were observed or meas-
ured are presented in Table 1. Delivery time, breed/
age, lay-over time in lairage, weight of pigs and
space allowance were recorded and measured on the
day of arrival by the lairage supervisor appointed by
company’s general manager, while other data (farm
of origin, farm location, housing system), includ-
ing animal identification and health status report is-
sued by the official veterinarian at the farm of ori-
gin, were collected by assessors from the company’s
lairage reception recordkeeping during each of three
scheduled visits.

Assessment of animal-based categories. Criteria
intended for assessment of animal welfare in abattoir
lairage are scarce in available literature. Therefore,
the protocol recommended by the European Food
Safety Authority (EFSA) intended for assessment
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Table 1. The variables assessed or measured in lairage related to abattoir premises, farms and traceability

information

Hygienic-technical conditions

general hygienic-technical conditions of holding pens

position of lairage

loading ramp

corridor to slaughter line

Environmental conditions

lairage illumination

ventilation (air flow speed, direction, volumetric flow rate)

ambient temperature

Pre-slaughter sampling

delivery time

farm of origin

farm location

housing system

breed/age

weight of pigs

lay-over time

space allowance

of on-farm pig welfare (EF'SA, 2012) was adapted
in this study and used in the abattoir lairage and at
the slaughter line to evaluate the factors that could
contribute to pigs’ welfare scores (Table 2). This ap-
proach is based on a group level assessment of an-
imal-based categories, e.g. the factors that could
contribute to pigs’ welfare scores, in the lairage (an-
te-mortem) and at the slaughter line (post-mortem).
In this study, the assessment protocol was applied in
two stages: 1) assessment of welfare-related factors
of pigs in the abattoir lairage (pre-slaughter), and 2)
assessment of internal organs and carcasses at slaugh-
ter line (post-slaughter). The EFSA protocol uses the
presence/absence of some of the animal-based cate-
gories (Table 2) and also uses given scores based on
the availability of preventive measures.

Delphi method (scoring). The scoring of wel-
fare of the fattening pigs in abattoir lairage was con-
ducted using the Delphi method (Yousuf, 2007). Anu-
merical scoring system ranging from 0 (impossible
to prevent hazard through short-term management)
to 5 (full prevention possibility, the hazard can be
prevented/eliminated almost instantly, on-the-spot)
was used. Three experienced assessors participated
in this survey; each assessor had more than seven
years of professional experience working within the
meat industry extension program. For each hazard
in Table 2, the assessor visually observed the pigs in

the abattoir lairage. The assessment was carried out
in the abattoir lairage, and afterwards, the three as-
sessors compared their scores while still on the ab-
attoir premises. Mean values were calculated from
the three assessor scores for each animal-based cate-
gory. The highest score (5) corresponded to a ‘man-
agement definition’ as follows: a) management is
anything that the responsible persons (be it animal
owner or stockperson) can easily do themselves (e.g.
moving barriers/gates) almost instantly, on-the-spot,
but should exclude major activities, such as new
buildings or replacing structural features of existing
stables; b) management encompasses changes that
can be made in a short term (to be implemented and
consequences seen within a short period, but exclud-
ing long term management plans); ¢) management
includes changes within the long term, without con-
sideration of potential financial constraints (i.e. as-
suming that the manager can always take decision to
change, if wanted). The lowest score (0) correspond-
ed to the lowest management potential, e.g. con-
struction-related housing, which also requires sig-
nificant financial input and is time consuming.

In this study (Table 3), we also used the termi-
nology ‘space allowance’ (FAWC, 2013) which de-
notes the space per animal (m?/head) or ‘capacity’
(the maximum number of animals in a specific hold-

ing pen).
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Table 2. Summary of animal-based categories for fattening pigs (adapted from EFSA4, 2012)

Pig category Score

'Animal-based category it (0)

Skin lesions

Vulva lesions

Tail lesions

Lesions ;
Ear lesions

Shoulder sores

Foot lesions

Total score

Mortality
(dead on arrival and dead in | Mortality rate
lairage)

Total score

Coughing

Sneezing

Laboured breathing

Twisted snout

Rectal prolapse

Scouring

Constipation sign

Skin inflammation or discolouration

Ruptures and hernias

Local infection sign

Disease signs
(in lairage: ante-mortem &
at slaughter: post-mortem)

Neurological disorder sign (tremor)

Tear staining
(indicating eye irritation, e.g. by ammonia)

Swollen bursae
(resulting from excessive pressure on bony areas)

2Lung and respiratory tract pathologies in slaughtered
pigs
Gut pathologies in slaughtered pigs

Heart pathologies in slaughtered pigs

Liver pathologies in slaughtered pigs

Joint pathologies in slaughtered pigs

Other pathologies in slaughtered pigs
(e.g. lymph node infection, abscesses)

Total score

Tail-biting

Ear-biting

Injurious behaviour Flank-biting

Vulva-biting

Aggression resulting in injury

Total score
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Pig category Score

'Animal-based category it e (0-5)

Persistent investigatory behaviour
(directed at pen-mates or pen-fittings)

Exploratory behaviour
(involving diverse behavioural elements, e.g. directed
towards manipulable materials, not pen mates)

Activity level
(increased in specific circumstances as predictor of
tail-biting)

Other behaviours Mounting behavior score

Play behaviour score

Social isolation

(self-separation from the group as indicator of illness or
pain)

Feeding and drinking behaviour — abnormal or presence
or absence — (from automated records)

Qualitative behavior assessment score

Total score

Panting

Huddling and shivering

Body temperature

Thermoregulation Lying location
(lying in dunging or other inappropriate area due to
spatial or thermal inadequacy)

Lying posture
(sterna lying due to spatial or thermal inadequacy)

Total score

Mutilations Tail intact or docked

Total score

Approach to humans score
(fear of humans or positive reaction to humans)

Manure on the body score

3Acute phase proteins
(at present only pigMAP in blood or meat juice is
practicable)

Other measures Locomotion score

Slipping and falling

Body condition score
(under nutrition or sickness or incorrect feeding leading
to a low score — bad welfare conditions)

Tail posture
(as predictor of tail-biting or indicator of disease)
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'Animal-based category

Pig category
(fattening pigs)

Score
0-5)

Total score

Insufficient space
or
too high stocking density

Rest and sleep disruption

Stress and lesions

Behavioural restriction

Damaging behavior from pen mates
(biting, massaging, belly nosing, etc.).

Pain due to leg problems.

Being tail bitten.

Total score

Rest and sleep disruption

No comfortable lying place, insufficient solid floor or no
bedding material like straw

Inappropriate pen design:
Inadequate separation of dunging and lying area and

other inadequacy (feeders, drinkers, etc.)

Inappropriate pen lay out: open sides to pens

Total score

TOTAL

Legend: 'Animal-based category: “a response of an animal or an effect on an animal” (EFSA4, 2012); 2Post-mortem animal-based cat-
egories; 3Acute phase proteins in blood or meat juice were not considered in this study

Human approach test. The human approach
test took place in abattoir lairage. A total of 120 pigs
were observed (one batch included 10 pigs from
each of four holding pens; in total, 40 pigs per vis-
it), over the three visits. The test was carried out in
the four holding pens where fattening pigs intend-
ed for slaughter were placed. Assessors wore jump-
suits and boots which had been freshly cleaned be-
fore every test. One assessor approached carefully
and stood still in front of each of the four holding
pens, for one minute. The pigs could generally use
their snouts to make contact with the boots or the
legs of the assessor. During that time, the other two
assessors recorded which pigs made physical con-
tact with the person and noted the latency of the
pigs (LC) to touch the first assessor. Pigs which did
not contact the assessor in the test time of 60 s were
scored as having the maximum latency time (latency
to the first escape attempt/LEA = 60 s). Each pig had
an ear tag with an individual number and the latency
was recorded for each individual pig.

Physiological measurements. The rectal temper-
atures of selected fattening pigs were recorded. Six
pigs that approached the assessor in the human ap-
proach test and had no visible signs of disease were
randomly selected from each of the four holding pens.

The selected pigs were restrained in the lairage pen
and rectal temperature was measured with the digital
thermometer (Nasco C28178N, US); the selected pigs
did not necessarily originate from the same farm.

Post-slaughter phase

In the post-slaughter phase, meat pH/temper-
ature of carcasses was measured; process hygiene
levels at slaughter were also determined.

After slaughter (60 min post-slaughter), initial
pH and temperature (pH/Temperature meter Testo
205, Germany) were measured in 15 selected pig
carcasses on each of three visits, to reveal the poten-
tial distress of pigs prior to slaughter; pH and tem-
perature measurements were taken at the middle re-
gion of the LTL muscle (muscularis longissimuss
thoracis et lumborum). In total, pH and temperature
was measured in 45 selected pig carcasses.

Process hygiene sampling. The sampling was
carried out in the abattoir lairage and on the slaugh-
ter line. In the lairage, six samples were taken in a
systematic way (i.e. three samples from the floor
of the holding pen and three samples from the cor-
ners between concrete walls of the holding pen). The
samples were taken with sponge covering 1000 cm?
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for each swabbing. The sponge samples were wetted
with 10 mL of maximum recovery diluent (MRD,
Oxoid UK), packed in a stomacher bags (19 x 30
cm, Nasco, Whirl-pak, USA) and transported with-
in 3—4 h in a cool bin at <4°C to laboratory and pro-
cessed on a same day; only the presence/absence of
Salmonella spp. was examined in these lairage envi-
ronmental samples (/SO 6579:2002).

Five pigs were individually identified in the ab-
attoir lairage (i.e. black color mark on the back) for
subsequent sampling on the slaughter line. Sponge
swab samples were taken from four sites on the car-
casses of the five pigs (rump, back, flank and jowl)
(ISO 17604:2015) using a 100 cm? sterile template
and one sponge per site, at four locations along the
slaughter line: lairage/after stunning; after scalding/
singeing/polishing (pre-evisceration); after eviscer-
ation; and after the final wash. Swabs were packed
in a stomacher bags (19 x 30 cm, Nasco, Whirl-pak,
USA), transported within 3—4 h in a cool bin at <4°C
to the laboratory, and processed (see below) on the
same day.

For each sponge swab sample of pig car-
casses, the levels of process hygiene indicators,
e.g. Total Viable Counts (TVC) (/SO 4833:2003),
Enterobacteriaceae (EC) (ISO 21528-2:2004),
generic E. coli (GEC) (ISO 16649-1:2001) and
Coliforms (/SO 4832:2006) were determined to ver-
ify the process hygiene level at slaughter/dressing.
Further, the presence/absence of Salmonella spp.
was also determined in these pig carcass swab sam-
ples (ISO 6579:2002).

The four counts for TVC/EC/GEC/Coliforms
per carcass were first converted into log CFU/cm?,
those log values for each of the four sampling sites/
carcass were summed, and then the mean log CFU/
cm? per carcass was calculated. As the EU legisla-
tion (EC, 2005) set limits for daily log mean counts,
this was calculated from the five sampled carcass-
es. However, it has to be taken into account that EU
process hygiene assessment legislation relates only
to the final carcasses, and not to carcasses at earli-
er stages of the slaughter line that were sampled in
this study.

Statistical analysis. Statistical analysis of the
results was conducted using the software GraphPad
Prism version 5.00 for Windows (GraphPad Software,
San Diego, California USA). The group of pigs ex-
amined on one visit was considered as the experimen-
tal unit. The parameters obtained at ante-mortem and
post-mortem assessment (animal-based measure cate-
gories) were described by descriptive statistics (mean,
standard deviation, range). Relationships between an-
te-mortem animal-based categories’ scores, obtained
by the Delphi scoring method and microbiological

status of carcasses (TVC, EC, GEC, Coliforms) were
determined by Fisher’s exact test. Values of p<0.05
were considered significant.

Results and discussion

The hygienic-technical and environmental con-
ditions in the abattoir lairage, status of pigs prior to
slaughter, as well as observation of animal-based
categories, human approach test, pH and tempera-
ture of dressed carcasses and microbiological pro-
cess hygiene at slaughter/dressing were addressed in
this study.

Observation in pre-slaughter phase

Hygienic-technical conditions in lairage

The unloading ramp from truck to lairage was
sloped at a 15° uphill angle. The isolation room for
pigs potentially unfit for slaughter and requiring ad-
ditional veterinary examination was in accordance
with regulations.

Loading facilities and holding pens for pigs
were made of a solid concrete non-slipping floor;
flooring surfaces were uniform in appearance and
mostly free from puddles and excessive cracks. Slats
in holding pens were positioned in the proper direc-
tion so that pigs could walk across the slats instead
of parallel with them. No intensive light and/or water
reflections were observed under the slats, which fa-
cilitates the movement of animals. Drains were prop-
erly located outside the areas where animals walk.
Watering (round pipe posts) and feeding facilities
were installed so as to allow easy and smooth access
by animals. However, some surfaces which came into
contact with animals, including sharp corners, were
not smooth and rounded. The majority of holding pen
gates were equipped with tie-backs to prevent them
from swinging out into the alley, except one. On the
other hand, guillotine gates were adequate, coun-
ter-weighted and padded on the bottom. No differ-
ences regarding hygienic-technical conditions in the
lairage across our three visits were observed.

Environmental conditions in lairage

The lairage was dimly illuminated, which sup-
ported the tendency of animals to move more eas-
ily in comparison to brightly illuminated space, as
recommended by Grandin (1996). The lairage was
well-ventilated and also had equipment available
for water spraying and cooling of pigs. However,
the steel gate strike posts did not have rubber stops
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to reduce noise and were operated manually. Major
differences in ambient temperature (Table 3) were
measured in our three separate visits, but other en-
vironmental conditions in the lairage were similar
across our three visits.

Status of pigs prior to slaughter

Deliveries of fattening pigs intended for
slaughter usually occurred in the early afternoon
hours (between Ipm and 6pm). The pigs originat-
ed mostly from farms with controlled housing sys-
tems (e.g. biosecurity and herd health surveillance
programs), belonging to the company’s own supply
chain (>90%). Most of the farms were located in the
region with an average transportation time to the ab-
attoir of 7-8 h, while only a few farms were locat-
ed in relative proximity, with an average transporta-
tion time of 3—4 h. Fattening pigs were of Landrace
breed (80%), as well as Yorkshire or Berkshire
(20%). The live weights of animals arriving in the
abattoir lairage ranged from 95-110 kg. All fattening
pigs intended for slaughter were accompanied with
a valid veterinary health certificate, issued by the lo-
cal veterinary authority, stating the health status of
each animal, including the traceability. Upon arriv-
al in abattoir lairage, the pigs’ access to feed was re-
stricted for up to 12 h prior to slaughter in order to
prevent diarrhea and possible cross-contamination
of carcasses during slaughter (i.e. scalding, eviscera-
tion); drinking water was available at all times from
an appropriate watering system-ound pipe posts.

Observation of animal-based categories

During our three visits to the abattoir, the space
allowance ranged from 0.39-1.00 m?/pig (Table
3). These findings were not in line with recom-
mendations for space allowance in abattoir lairage
of 0.66 m?/pig, as suggested by Weeks (2008), but
were in accordance with the Royal Society for the
Prevention of Cruelty to Animals ‘Freedom Foods
scheme’ (RSPCA, 2014); this scheme applies the
minimum total area for pigs (m? per animal) of
0.15 when <100 pigs, and 0.225 when <101-250 in
a holding pen. In available literature, space allow-
ances for groups of animals of a uniform weight
(Spoolder et al., 2008; Weeks, 2000; Faucitano,
2010; FAWC, 2013, RSPCA, 2014) or space allow-
ances during transport (Sutherland et al. 2010) are
usually described. In this study, the live weight of
pigs intended for slaughter ranged from 95-110 kg
and this created some difficulty in specifying the
area allowance when animals within one group were
of relatively different weights. The management of

space allowance can be effectively performed by the
company itself, with the responsible person moving
flexible barriers/gates and so adjusting the available
space within the holding pen based on the dynamic
of the incoming animals. However, space manage-
ment will also require careful planning of the slaugh-
ter logistics which should include scheduling the
truck deliveries to reduce waiting times for unload-
ing, as well as lay-over in abattoir lairage prior to
slaughter. Such adjustment could be a cost-effective
approach to fulfilling animal welfare requirements,
because it should not require expensive reconstruc-
tion/adaptation of the lairage and it can be imple-
mented and/or performed in a short period of time.

The relatively long pre-slaughter lay-over times
in abattoir lairage observed in this study (>14 h;
Table 3) were not associated with fighting, aggres-
sive behavior or excessive skin damage as reported
in a study carried out in a Dutch abattoir (Geverink
et al.,1996), as well as in other studies conducted
in Spain (Guardia et al., 2009) and the UK (Weeks,
2008). On the other hand, this was in line with a
study in which it was observed that most fighting
and aggressive behavior among pigs in abattoir
lairage occurs within the first 30-60 minutes, and it
is usually not significantly increased with up to 18 h
of lay-over time (Fraqueza et al., 1998). Guardia et
al. (2010) carried out a study in Spain and also dis-
cussed high stocking density and lairage time relat-
ed to increased risk of dark, firm, dry (DFD) meat,
associated with pre-slaughter/on-farm fasting times
longer than 22 h; the results from their study re-
vealed that lowering the stocking density from 0.37
to 0.50 m? per 100 kg pig during transport would re-
duce the risk of DFD pork by 11%, but no observa-
tions regarding the lay-over time in abattoir lairage
and implications on process hygiene at slaughter
were provided in that study. Also, Candiani et al.
(2008) evaluated physiological and behavioral in-
dicators to provide useful information on pig wel-
fare on farm, but without taking into consideration
the status of pigs in abattoir lairage. Nonetheless, it
should always be taken into account that a longer
lairage lay-over time allows for rest but sometimes
may increase the risk of aggression and thereby ex-
cessive skin damage (Faucitano, 2010).

The five ante-mortem animal based-categories
with the lowest scores, in increasing order, (Table 4)
were ‘thermoregulation’, ‘manure on the body’, ‘in-
sufficient space’, ‘injurious behavior’, and ‘lesions’.
Although data on animal based-categories for fat-
tening pigs in abattoir lairage in the available litera-
ture are scarce, these findings are similar to observa-
tions reported by Gispert et al. (2000) and Spoolder
et al. (2000), who observed that major concerns in
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Table 3. Pre-slaughter conditions in abattoir lairage (three visits; n=3286)

Holdine Pen Space allowance Lairage 3Rectal temperature | In-lairage ambient
(HI%) m?/pig lay-over time ©O) temperature (°C)
X+SD, range X+SD X+SD, range X+SD, range
Visit
HP1 0.66+0.41, 0.24-0.75 >14h (14.5+£0.24) 38.540.25, 38.1-39.0
>14h
HP2 0.70+0.56, 0.27-0.81 (14.8£0.35) 38.1+0.23, 38.0-38.8
>14h 94+0.17, 8.7-9.3
HP3 0.39+0.18, 0.22-0.48 (14.940.42) 38.3+0.21, 38.1-38.9
>18h
HP4 0.49+0.37, 0.29-0.57 (18.6£0.51) 38.5+0.27, 38.0-39.3
Visit I1
>18h
HP1 0.5840.23, 0.23-0.71 (18.940.18) 38.34+0.18, 37.9-39.1
'HP2 - - -
>16h
HP3 0.3940.21, 0.22-0.45 (17.240.37) 38.2+0.22, 38.0-38.8 144021, 13.8-14.2
>20h
HP4/1 0.44+0.32, 0.33-0.58 (20.4£0.28) 39.34+0.28, 38.4-39.6
>19h
HP4/2 0.42+0.19, 0.34-0.51 (19.6:0.21) 38.1+0.23, 38.0-38.7
Visit 11
2 . >1%h 3
HP1/1 0.40+0.31, 0.26-0.52 (19.240.29) 37.840.35,37.7-38.8
>14h
HP1/2 1.00+0.37, 0.29-0.1,4 (14.3£0.31) 38.2+0.23, 38.0-38.9
'HP2 - - -
HP3 0.44+0.23, 0.31-0.56 ~14h 38.3+0.27, 38.1-39.2 12:0.15, 115-12.1
’ e e (14.8+0.36) R
HP4/1 0.46+0.34, 0.25-0.57 >16h 38.1+0.20, 37.9-38.8
’ o ' (16.4+0.17) R '
HP4/2 0.83+0.42, 0.34-0.94 ~14h 39.0+0.29, 38.2-39.5
’ e ’ (14.1£0.19) R '

Legend: HP1: 99m?(HP1/1: 49m?, HP1/2: 50m?); HP2:85m?; HP3:59m?, HP4:99m? (HP4/1: 49m?, HP4/2: 50m?)

'The holding pen no. 2 (HP2) was not used in third visit, since no fattening pigs were kept in this pen during this time;

2HP1/1, HP1/2, HP4/1 and HP4/2 denotes holding pens where there is a possibility to move/change the position of internal barrier/gate
to adjust the space allowance within the respective holding pen; *Normal temperature range for pigs: 38.7-39.8°C

fattening pigs in abattoir lairage were associated
with the skin damage and injurious behavior. The
findings regarding post-mortem animal-based cat-
egories revealed that the three categories with the
lowest scores (Table 4), which could be deserving
of being regularly monitored on the slaughter line,
were ‘gut pathologies’, ‘lung and respiratory tract
pathologies’ and ‘liver pathologies’. Such findings
could be very helpful to identify animal health and
welfare issues related to zoo-technical (e.g. venti-
lation) or biosecurity (e.g. feed disposal, manure

management, vaccination) conditions at the farm
of origin, as well as to provide the valuable feed-
back to farmers (Horchner and Pointon, 2011). The
correlation analyses between five ante-mortem ani-
mal-based categories and microbiological status of
carcasses showed that ‘manure on the body’ was as-
sociated with all defined process hygiene indicators
(p<0.05), e.g. TVC, EC, GEC and Coliforms, while
none of these five animal based-categories correlat-
ed with post-mortem findings (i.e. the visually ob-
served pathologies observed in internal organs).
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Table 4. Scores for hazard-pig category combinations for fattening pigs in abattoir lairage

Overall score (0-5)

No. | Animal-based measure category X+SD
Session I | Session II | Session I1I
Ante-mortem (n=3286)
3.83+1.05
1 Lesions Session [ Session 11 Session 11
3.80 3.50 4.20
5.00£0.00
2 Mortality Session | Session 11 Session 11T
5.00 5.00 5.00
3 Disease signs Session | 48'(22;0111. fl:; Session 11T
(in lairage: ante-mortem & at slaughter: post-mortem) 3.90 410 415
3.80+ 1.67
4 | Injurious behaviour Session I Session II Session I1I
3.90 34 4.1
Other behaviours 3.90 +1.78
rsistent investigatory behavior, exploratory behavior. . . .
> Eggunting behavio%, sorc};al isolati(;n, er):eding gnd drinkirig Session I Session II Session III
behavior) 4.10 3.70 3.90
3.50+1.42
6 | Thermoregulation Session | Session 11 Session 11
3.2 3.8 3.5
4.12+2.54
7 | Mutilations Session 1 Session 11 Session 11T
3.9 34 4.2
3.65+1.91
8 | Manure on the body Session I Session II Session I1I
4.1 3.3 3.6
3.73+1.21
9 | Insufficient space Session I Session II Session 11
4.0 3.4 3.8
4,10 £2.15
10 | Rest and sleep disruption Session I Session 11 Session III
4.1 4.0 4.2
Post-mortem (n=3286)
1.42+0.53
1 Lung and respiratory tract pathologies in slaughtered pigs Session | Session 11 Session 111
1.85 0.85 1.55
1.05+0.21
2 | Gut pathologies in slaughtered pigs Session | Session 11 Session III
1.25 0.70 1.20
327+1.15
3 Heart pathologies in slaughtered pigs Session | Session 11 Session III
3.65 2.80 3.35
2.90 £ 0.94
4 | Liver pathologies in slaughtered pigs Session | Session 11 Session III
3.25 2.50 2.95
4.05+0.15
5 Joint pathologies in slaughtered pigs Session | Session 11 Session IIT
4.20 3.85 4.10
6 Other pathologigs in s!aughtered pigs Session | 38'2:5031'? Session 11T
(e.g. lymph node infection, abscesses) 3.00 5 85 3 40
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Human approach test

The test showed that, out of 120 pigs observed
over the three visits, the response of animals was
very good, so all pigs from each batch, and from each
holding pen, wanted to have physical contact with
the assessor. The latency of the pigs (LC) to touch the
assessor was always less than 60 s (Table 5).

pH and temperature of dressed carcasses
(post-slaughter)

pH values and temperatures of dressed car-
casses, measured 60 min post-slaughter, ranged be-
tween batches/three visits from pH 5.81 to 6.60 and
39.5-42.0°C; after 12 h, from pH 5.62 to 5.83 and
3.0-3.9°C, and; after 24 h, from pH 5.60 to 5.79 and
2.20-3.50°C. These values are similar to those re-
ported in a study carried out by Dokmanovic et al.
(2014). In our study, recorded pH/temperature val-
ues of carcasses were in line with usual values for
the post-slaughter period and did not indicate the an-
imals had undergone excessive stress. A significant
relationship between pre-slaughter stress and meat

quality has been documented (Ferguson et al., 2001;
del Campo et al., 2014). On the other hand, there
is a lack of valid scientific data on stress-induc-
ing factors in abattoir lairage. In a study conduct-
ed in Spain, Gispert et al. (2000) collected a random
blood samples at exsanguination to determine corti-
sol, creatine phospho-kinase (CPK), lactate, and the
halothane genotype; it was concluded that the most
relevant stress indicators that may influence the car-
cass and meat quality in abattoir are associated with
environmental aspects at pre-slaughter phase, e.g.
high stocking density, long lay-over time in lairage
and on-line skin damage.

Microbiological process hygiene at slaughter/
dressing

Microbiological process hygiene indicators
monitored on pig carcasses (TVC, EC, GEC and
Coliforms) differed on the three visits (Figure 1). In
the three visits, the carcasses were sampled at two
stages along the slaughter line (at stunning/before
bleeding and after scalding/singeing/polishing).

Table 5. Human approach test carried out in abattoir lairage (three visits; n=3286)

Holding Pen (HP) 1LC 2LEA
(the batch — 10 pigs) X+SD, range X+SD, range
Visit [
HP1 35+0.42, 10-52 7+0.12, 3—12
HP2 24+0.53, 7-46 3+0.15, 1-8
HP3 49+0.17, 17-51 1241.32, 9-15
HP4 53+0.34, 32-57 4+0.14, 27
Visit 11
HP1 23+0.37, 13-41 3+0.17, 1-5
HP2 - -
HP3 44+0.27, 27-51 9+0.11, 3-14
HP4/1 48+0.31, 31-54 6+1.32, 1-12
HP4/2 52+40.23, 38-58 7+1.23, 2-15
Visit I11
HP1/1 2540.19, 12-34 11£1.47, 4-17
HP1/2 3740.27, 23-46 4+0.25, 1-6
HP2 - -
HP3 42+0.31, 35-49 8+0.17,4-12
HP4/1 32+40.24, 19-43 9+1.34, 2—11
HP4/2 30+0.41, 17-40 10+0.17, 8-11

Legend: 'LC — Latency of the pigs to touch the experimenter (expressed in seconds); 2LEA — Latency to the first escape attempt (ex-

pressed in seconds; the maximum time = 60s
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Figure 1. The levels of Total Viable Counts (TVC), Enterobacteriaceae (EC), generic E. coli (GEC) and
Coliforms expressed in log CFU/cm? at four sampling sites on pig carcasses!, obtained in three sampling
sessions; sampling points along the slaughter line: stunning/before bleeding and scalding/singeing/polishing.

Total viable counts (TVC)

The mean log TVC levels, encompassing all
levels determined at the four stages along the slaugh-
ter line, ranged between 3.80 and 5.51 log CFU/cm?,
2.86 and 8.26 log CFU/cm? and between 3.12 and
6.46 log CFU/cm?, respectively, on visits 1, 2, and
3. The highest TVC levels were measured after stun-
ning/before bleeding (8.20 log CFU/cm?), while
the lowest TVC levels were obtained after the fi-
nal wash/before chilling (2.80 log CFU/cm?), which
was in accordance with the EU legislation (EC,
2005). The TVC levels obtained after the final wash
were slightly higher than reported in a Canadian
study (Gill et al., 2000), but within the range report-
ed in a study carried out in Swiss abattoirs (Zweife!
et al. 2008). Furthermore, similar TVC levels were
reported in a four-year monitoring study conducted
in Italy (Petruzzelli et al., 2016).

Enterobacteriaceae (EC), Generic E. coli (GEC)
and Coliform counts

The overall EC levels observed in our three vis-
its varied considerably, ranging from lower than the
limit of detection to 1.48 log CFU/cm?. The high-
est EC levels were observed after stunning/before
bleeding (1.48 log CFU/cm?), while the lowest EC
levels were obtained after scalding/singeing/polish-
ing (lower than the limit of detection). The EC levels

after polishing were significantly lower than those
reported by Zweifel et al. (2008) and Blagojevic et
al. (2011).

The GEC levels varied appreciably during our
three visits and ranged from lower than the limit of
detection up to 2.22 log CFU/cm?. The highest GEC
levels were observed after stunning/before bleed-
ing (2.22 log CFU/cm?), while the lowest GEC lev-
els were obtained after scalding/singeing/polishing
(lower than the limit of detection). The results were
similar to GEC levels reported by Gill et al. (2000)
in a study in Canada, where 8§ abattoirs with medi-
um-to-high throughput were assessed for the level
of process hygiene. Using the E. coli performance
criteria (FSIS, 1996), the pig carcasses in the cur-
rent study were categorised as within the accepta-
ble range.

The Coliform levels determined during our
three visits were similar to £C and GEC levels.
Coliform levels ranged from lower than the limit of
detection up to 2.53 log CFU/cm?. Similarly, as with
EC and GEC levels, the highest Coliform levels
were observed after stunning/before bleeding (2.53
log CFU/cm?), while the lowest values were ob-
tained after scalding/singeing/polishing (lower than
the limit of detection). Overall, these results indicat-
ed slightly lower level of hygiene than in a study
carried out by Gill et al. (2000), where Coliform lev-
els ranged from values lower than the limit of detec-
tion to 2.09 log CFU/cm?.
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The levels of EC, GEC and Coliforms can be
a useful indicator of abattoir-specific hygienic lev-
el (Zweifel et al. 2008). However, none of the afore-
mentioned studies reflected on the interface between
animal welfare in abattoir lairage and process hy-
giene at slaughter.

Salmonella spp.

No Salmonella was detected on pig carcasses
or in environment surface samples taken from the
abattoir lairage, which was in line with the EU cri-
teria for this hazard (<5 positive carcasses out of 50,
respectively; EC, 2005). Another study conducted in
the same region in Serbia also found low Salmonella
occurrence on carcasses (Nastasijevic et al., 2016).

Interface between animal-based categories and
slaughter process hygiene

Relationships between pig welfare variables
(transportation time, animal-based categories, space
allowance, lay-over time in lairage, ambient temper-
ature), and microbial load values at slaughter were
determined. The transportation time (3—8h from
farm of origin to abattoir) observed in our three vis-
its was not reflected in bacterial loads on carcasses
(TVC, EC, GEC, Coliforms). Space allowance cou-
pled with the lay-over time in lairage and ambient
temperature tended to be related to process hygiene,
as the lowest levels of hygiene indicators were ob-
served in the first visit, where in-lairage space al-
lowance was adequate, the lay-over time was short-
er than in visits 2 and 3, and the ambient temperature
was also lower than in visits 2 and 3 (Table 3,
Figure 1). However, the trends were non-significant.
Nonetheless, after all these circumstances, we meas-
ured lower microbial loads on carcasses, e.g. in vis-
it 1, the TVC, EC, and GEC levels reached a peak
of 5.5 log CFU/cm?, 0.8 log CFU/cm? and 2.0 log
CFU/cm?, respectively compared to higher levels
in visits 2 and 3, where the highest confirmed TVC
levels were 8.1 and 6.4 log CFU/cm?, respectively,
EC levels were 1.4 and 1.2 log CFU/cm?, respective-
ly and E. coli levels were 2.2 and 2.1 log CFU/cm?,
respectively (Figure 1). Among the ten selected an-
te-mortem animal-based categories of importance
for animal welfare, it was evident that the ‘manure
on the body’ correlated with microbial loads on car-
casses. ‘Insufficient space’, ‘lesions’, ‘injurious be-
haviour’, ‘feeding and drinking behaviour’ and ‘rest
and sleep disruption’ tended to correlate to microbi-
al load levels to some extent; for instance, the high-
er scores given for those animal-based categories

meant better process hygiene levels were measured,
although no statistical correlation was found.

Other ante-mortem animal-based categories,
‘mortality’, ‘disease signs’, ‘thermoregulation’, and
‘mutilation” were not correlated with levels of pro-
cess hygiene. The post-mortem animal-based cat-
egories for fattening pigs with the poorest scores
were ‘gut pathologies’, ‘lung and respiratory tract
pathologies’ and ‘liver pathologies’. The categories
‘gut pathologies’ and ‘liver pathologies were associ-
ated with microbial loads on carcasses but not sig-
nificantly, in terms that higher scores for those cate-
gories were associated better process hygiene levels,
while ‘lung and respiratory tract pathologies’ did
not correspond with microbial levels on carcasses.
This finding also revealed that these three post-mor-
tem categories should be regularly monitored at the
slaughter line.

These findings highlight the importance of the
animal-based category ‘manure on the body’ as im-
portant for both aspects — pig welfare in abattoir
lairage, as well as for the level of process hygiene
at slaughter. Improved status of pig welfare in ab-
attoir lairage, associated with pre-slaughter assess-
ment of animal-based categories, e.g. visual evalu-
ation of animal cleanliness, can be a useful tool for
maintaining control of the overall slaughter process
hygiene and may be effective in reducing microbial
contamination of carcasses (Delhalle et al., 2008).

Conclusion

The safety of the food chain is indirectly affect-
ed by welfare of animals farmed for food produc-
tion, due to the close links between animal welfare,
animal health and food borne diseases. Stress factors
and poor welfare can lead to increased susceptibili-
ty to disease among animals and can intensify fecal
shedding of food borne pathogens in the pre-slaugh-
ter phase: on-farm, in transport/livestock markets
and in abattoir lairage. This could affect the process
hygiene at slaughter/dressing and increase the public
health risk for consumers. In this study, the European
Food Safety Authority protocol intended for assess-
ment of on-farm pig welfare was adapted to be used
for assessment of welfare of fattening pigs in abat-
toir lairage. This approach is based on a group level
assessment of animal-based categories. The results
indicated that transportation time was not correlated
with bacterial loads on carcasses (TVC, EC, GEC,
Coliforms), while space allowance coupled with
the lay-over time in lairage and ambient tempera-
ture tended to correlate with process hygiene; better
space allowances, shorter lay-over times and higher

20



Meat Technology 59 (2018) 1, §-22

temperatures were associated (but not statistically
significantly) with lower microbial loads on carcass-
es. The ante-mortem animal-based categories for fat-
tening pigs in abattoir lairage with the lowest scores
were ‘thermoregulation’, ‘manure on the body’, ‘in-
sufficient space’, ‘injurious behavior’ and ‘lesions’.
However, only manure on the body had any correla-
tion or impact on process hygiene levels. Therefore,
focus should be put, in particular, on ‘manure on
the body’ category. The post-mortem animal-based

categories for fattening pigs with the lowest scores
were ‘gut pathologies’, ‘lung and respiratory tract
pathologies’ and ‘liver pathologies’. This finding re-
vealed that these three categories should be regu-
larly monitored on the slaughter line, as they could
provide valuable feedback to the farm of origin, and
reflect on the farm biosecurity level. Further and
deeper research is needed to understand better the
interface between animal welfare variables in abat-
toir lairage and slaughter process hygiene outcome.
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