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Abstract   1. The aim of this study was to identify the most relevant welfare indicators for 

unloading, lairage, stunning, killing and post-mortem inspection in a poultry slaughter plant. 

Different indicators were unloading duration, lairage time, environmental variables in the 

lairage facilities, shackling time and electrical variables used in the water bath.  

2. Lairage time did not correlate strongly with dead on arrival. Heat stress was limited by 

means of ventilation systems, correct cage placement and appropriate stocking density per 

crate. The acceptable shackling period was about 30 s.  

3. The presence of a corneal reflex showed that an animal was alive, while spontaneous wing 

flapping, spontaneous eye blinking and response to a painful stimulus were regarded as 

indicators of stunning efficiency.  

4. It was concluded that the presence of recent traumatic injuries during the post-mortem 

inspection could be a valid means to establish whether corrective measures concerning the 

handling, transport and loading procedures should be taken.  

INTRODUCTION 

The protection of animals at the time of slaughter is covered by the EC Regulation No 

1099/2009 of 24 September 2009 entered into force in 1. January 2013. Business operators, 

involved in the killing of animals, must respect the correct practices to avoid pain and 

minimise suffering. Moreover, failure to comply with animal welfare could indirectly have an 

adverse impact on meat quality (Grandin, 2013).  

 To prevent stress, animals should be unloaded as quickly as possible after arrival at the 

slaughter plant. Containers must be in good repair without broken plastic parts which might 

cause injuries, and must be emptied mechanically in a horizontal position. Stability and 

ventilation must be assured. Lairage facilities should be designed and constructed so that the 

welfare of animals is constantly ensured and sudden noises must be minimised. The exposure 

to noise stimuli induces a significant increase of corticosterone concentration in blood plasma 

(Mitchell, 2006; Chloupek et al., 2008). During pre-slaughter lairage birds may be exposed to 

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 1
3:

24
 1

1 
Ja

nu
ar

y 
20

15
 



Acc
ep

ted
 M

an
us

cri
pt

3 
 

a variety of potential stressors such as enclosure, strong light, fasting, withdrawal of water, 

stocking density and lairage time that could increase the mortality rate (Bayliss and Hinton, 

1990). After lairage the cages are tipped over automatically, animals are dropped into a 

conveyor and finally they are hung on a shackle line. The shackle line must be positioned so 

that the disturbance is reduced to a minimum. Moreover, according to the EC Regulation No 

1099/2009, birds suspended on the shackle line must not remain hung longer than one minute 

before immersion in the water bath. Gregory and Bell (1987) recommend a shackling period 

of 12 s maximum to reduce wing flapping. This is an indicator of fear and stress and in 

addition has economic consequences in case of broken wings and bruises (Jones and Satterlee, 

1996). A further poultry welfare indicator during hanging is vocalisation (Debut et al., 2003). 

Another crucial factor, able to compromise animal welfare, is inappropriate water bath 

stunning. Stunning is required to induce unconsciousness and insensibility until death (EFSA, 

2004) and its effects must persist for at least 45 s (EFSA, 2012). The effectiveness of stunning 

is influenced by electrical variables such as frequency, voltage, current and wave form, the 

resistance of birds and the dimensions of the water bath (Kranen et al., 1996). According to 

Prinz et al. (2012) the most relevant indicators to assess the effectiveness of stunning are 

corneal reflex, spontaneous eye blinking, spontaneous wing flapping, presence of breathing 

and response to a painful stimulus. After stunning, birds must be killed manually or by means 

of automatic neck cutters that sever carotid arteries in the neck, as stated by the EC 

Regulation No 1099/2009. Grandin (2011) suggests that post-mortem inspection is possible to 

detect old injuries attributable to poor welfare conditions at farm level and recent damage 

indicating incorrect catching and handling practises. 

There is little research regarding transport, lairage and slaughter of broilers in 

Mediterranean climatic conditions and more investigation is needed. This study investigated 

the effects of environmental conditions on bird welfare at the time of slaughtering. The 

objective was to identify the most important welfare indicators during unloading, lairage, 
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stunning, killing and post-mortem inspection and to provide a practical approach to evaluate 

birds’ welfare at the time of killing. Welfare was also assessed to establish the effects of 

lairage time, especially on the number of dead on arrival (DOA). 

MATERIALS AND METHODS 

The study was conducted on 233 batches of poultry and in each batch a sample of 100 animals 

was examined, for a total of 23 300 broilers. The research was carried out in an Italian poultry 

slaughter plant, from May 2013 to September 2013, with the collaboration of the Official 

Veterinarian. The processing plant could slaughter 7200 broilers per h. They were male Ross 

broilers, 55 d old with body weights of about 3.5 kg. Welfare was evaluated during ante-

mortem and post-mortem inspection. During unloading, duration time and discharge method 

were considered. In the lairage facilities relative humidity (RH) and temperature were 

recorded with 4 wireless probes (iButton Temperature Logger DS1920, Maxim Integrated, 

CA, USA). Data were downloaded and inserted in graphs by means of a specific adapter. The 

lighting was monitored with a light meter (LX-1010B, Mastech, Taiwan). The number of 

broken cages, of dead animals and of broilers with thermal stress was recorded. Thermal 

stress was investigated by measuring environmental variables in the lairage and by observing 

birds to detect dyspnea and/or polypnea (panting, gaping, high respiration rates). Stocking 

density, as established by EC Regulation No 1/2005, was evaluated on 50% of containers, 

about 250 cages (modular systems 4S-5S, Stork, Germany). Available space was calculated as 

cm2/kg of live weight by dividing the floor surface of cages by the total body weight of birds 

inside. 

Welfare indicators analysed during poultry hanging were: suspension time, percentage 

of vocalising animals and wing flapping before immersion in the water bath. Particular 

attention was paid to the electrical stunning. The water bath used a pulsed waveform and had 

a capacity of 28 animals. The birds were exposed to a current of 350 Hz and 120-150 V for 14 

s. Each animal received a mean of 99.6 mA.  
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After the electrical values had been measured, the effectiveness of stunning was tested 

3 s after the water bath exit using indicators such as spontaneous wing flapping, corneal 

reflex, spontaneous eye blinking and response to a painful stimulus. The corneal reflex was 

tested by touching the bird’s cornea to assess blinking. By placing a finger in front of the eye, 

the spontaneous movement of the nictitating membrane could be observed. A hard pinch 

delivered to the comb was used to observe the reaction to a painful stimulus. The interval 

between stunning and killing was measured. During post-mortem inspection welfare was 

assessed by counting broken wings, bruises, foot pad lesions and green discoloured thighs due 

to the rupture of gastrocnemius tendon. The last two may indicate health problems at farm 

level. Foot pad lesions may be related to the quality and management of litter and the 

performance of drinking systems. Gastrocnemius tendon breakage can be caused by synovitis 

or virus infection. 

Data were recorded on check-lists and imported to spread sheets for analysis. 

Minimum, mean, maximum  percentage and standard deviation were calculated for each 

variable using Microsoft Office Excel (Microsoft Co., Redmond, WA, USA). The lairage time 

for each flock was linked to corresponding DOAs, to find specific correlations using least 

squares. 

RESULTS 

No anomalies were detected during unloading: every cage was handled with care and was not 

dropped or tilted. Waiting time in the processing plant before mechanical discharge was at 

most 12 min. Mean unloading time was 12 min. Regarding lairage time, the minimum, mean 

and maximum values were 0.17, 4.04, and 9.43 h, respectively. The graph of data dispersion 

(Figure) shows that the DOA value is not specifically correlated with lairage duration, 

although mortality was higher in a flock subjected to a lairage time of 8.29 h.  Figure near here 
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Data dispersion was examined using standard mathematic functions and the specific 

coefficient of determination R2 was calculated as a maximum value of 0.003 for a quadratic 

approximation. This was insufficient to define a specific mathematical correlation.  

The mean incidence of DOA was 0.40% with minimum and maximum values of 0.05 

and 1.65%, respectively. Table 1 shows the environmental variables in the lairage facilities: 

mean temperature was 24.9°C and indoor relative humidity 60%. The mean percentage of 

broilers with heat stress was 16.9% and the mean proportion of broken cages was 2.3%. 

Shackling time before immersion in the water bath was 30 s while the incidence of 

vocalisations and wing flapping was 14.3 and 4.9%, respectively.  

Table 2 summarises the welfare indicators related to stunning. The interval between 

stunning and killing was 8 s with automatic neck cutters and 12 s with manual sticking. The 

post-mortem data are shown in Table 3.  

DISCUSSION 

There was no optimum  period in lairage which ensured a constant low value of mortality, 

which is in line with the findings of Bianchi et al. (2005) and Vieira et al. (2011). They found 

lairage duration did not affect DOA if the environmental values were controlled in the holding 

area. The mortality results are in accordance with those of Petracci et al. (2006) reporting an 

average DOA of 0.35% with a minimum of 0.04% and maximum of 2.00%. Grandin (2009) 

defines a mortality percentage of 0.5% as “acceptable” and of 0.25% as “excellent”.  

Our study supports the importance of controlling environmental values pre-slaughter 

to avoid thermal stress, in accordance with Bayliss et al. (1990), though no published data 

defining an acceptable percentage of broilers with heat stress in transport containers have 

been found. Ventilation and nebulisation systems and placing containers correctly in the 

holding area can reduce heat stress, ensuring an adequate air flow. EFSA (2011) recommends, 

in broiler transport containers, a maximum of 24-25°C assuming a relative humidity of 70%. 

The stocking density was 192 cm²/kg, which is higher than the 115 cm²/kg required by EC 

Tables 1, 2 and 3 near here 
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Regulation No 1/2005. Thus birds had enough space to lie down at the same time without 

overlapping each other. The condition of the cages met the requirement of Grandin (2009), 

who recommended that 95% of broiler transport crates must be undamaged. Shackling times 

before immersion in the water bath were similar to those suggested by Bedanoval et al. 

(2007), who recommended times between 12 to 60 s. 

The percentage of vocalisation and wing flapping shows that fear and stress were 

moderate. Light levels were low in the hanging area to facilitate the relaxation of birds, 

reducing violent struggling and wing flapping, as reported by Jones (1996). 

 Although electrical stunning values did not meet EC Regulation No 1099/2009 

requirements, they complied with the Italian Ministerial Note of 7 January 2013. According to 

this, until 8 December 2019, the Competent Authority may authorise the use of electrical 

values lower than EC Regulation No 1099/2009 if animal welfare is respected. 

A positive corneal reflex shows an animal is alive (Raj et al., 2006) but does not 

demonstrate it is conscious. Our findings are consistent with those of Prinz et al. (2010), 

according to which there should be no more than 30% of positive responses under commercial 

conditions. The incidence of spontaneous wing flapping was moderate with an average of 

4.9%. This indicator of stress and escaping attempt is present in conscious animals. 

The rates of spontaneous eye blinking were lower than those of Prinz et al. (2010) who 

considered a percentage of no more than 15%, 20 s after exit from the water bath, as 

acceptable. This lack of pain perception confirms unconsciousness, as demonstrated by 

Erasmus et al. (2010), who considered that conscious animals usually exhibit voluntary 

actions and involuntary reflex reactions in response to painful stimuli, whereas largely 

insensible animals exhibit only involuntary reflex reactions.  

In the present study the mean percentage of broilers with at least one kind of reflex 

was 37%, which seems high and could indicate the ineffectiveness of stunning. However, 

although the corneal reflex showed the highest average incidence (31%), it is regarded by 
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EFSA (2013), despite its high sensitivity and specificity, not as a recommended indicator but 

as an additional one in between exit from the water bath stunner and neck cutting. It is not 

always easy to distinguish between the corneal and the palpebral reflex because of the speed 

of the processing line; both need to be evaluated and this should help in determining the 

animal's level of consciousness. Further research is necessary to validate stunning efficiency 

indicators as the sensitivity and specificity of those investigated here are not optimal. 

The interval between stunning and killing must be brief to prevent birds recovering. 

The proportion of broken wings in our study was higher than the maximum value of 3% 

suggested by Grandin (2009). The average percentage of animals with at least one kind of 

traumatic injury detected during post-mortem inspection was 10%. Moran and Berry (1988) 

found the mean percentage of injuries was about 10-15%, whereas Kettlewell and Turner 

(1985) reported a value of 5%. Elrom (2001) regarded even the latter value to be alarming. 

Bremner and Johnston (1996) found that catching was responsible for only a minor part (3%) 

of the damage, whereas processing techniques played the major role (96%). Thus our findings 

show the need to improve catching, but particularly transport, unloading and slaughtering, in 

order to avoid suffering and to reduce economic damage. The mean percentage of birds with 

foot pad lesions and tendon breakage was 5.6% and did not indicate serious health problems 

at farm level. 

In conclusion, this study shows it is possible to ensure poultry welfare, if attention is 

paid to every stage during pre-slaughter. Lairage time does not appreciably affect DOA. 

Monitoring environmental variables in the holding area reduces the potential stressful effects 

of lairage time. Effective ventilation systems, placing cages correctly and appropriate stocking 

density per crate can limit heat stress. Furthermore, to improve the animal welfare at the 

slaughterhouse it is necessary to reduce sudden noises and strong lighting in lairage facilities 

and to control the suspension time and the efficacy of stunning. An acceptable shackling time, 

to reduce pain and stress, is about 30 s. Among the signs of consciousness, a corneal reflex 
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shows the bird is alive, while spontaneous wing flapping, spontaneous eye blinking and 

response to a painful stimulus must be evaluated to verify the stunning efficacy. Finally, 

assessing poultry welfare at the processing plant can help to identify poor welfare conditions 

both at the farm, and during slaughtering, thus showing that structural or managerial 

improvements are needed at either or both sites. 
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FIGURE LEGENDS 

Figure. Data dispersion graph: correlation between dead on arrival (DOA) and lairage time. 

Indicators represent single flocks coming from the same farm to the slaughter plant. Each 

value is an aggregate value of more batches. 
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Table 1. Environmental variables in lairage facilities 

 

Variable 
Minimum 

value 

Mean 

value 

Maximum 

value 

Temperature (°C)1 18.0 25.4 31.0 

Indoor relative humidity (%)1 51.0 60.0 83.9 

Outdoor relative humidity (%)1 53.0 63.6 85.7 

Illuminance (lx)  13.0 90.0 228.0 

 

1 Temperature and humidity were recorded with 4 wireless probes: one placed outdoors and 

three indoors in the centre, right and left side of plant. 
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Table 2. Welfare indicators during stunning 

 

Welfare indicators 
Minimum 

value 1 

Mean 

value 2 

Maximum 

value 1 

Standard 

deviation  

Corneal reflex (%)  16.0 31.0 47.0                 6.6 

Spontaneous wing flapping (%) 0.0 4.9 29.0 5.3 

Spontaneous eye blinking (%) 0.0 1.1 4.0 0.8 

Response to painful stimulus (%) 0.0 0.0 0.0 0.0 

 

1 Values concerning a single broiler flock. 

2 Values referring to the average of 233 broiler batches. 
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Table 3. Welfare indicators during post-mortem inspection 

 

Welfare indicators 
Minimum 

value1 

Mean 

value2 

Maximum 

value1 

Standard 

deviation  

Broken wings (%) 2.0 7.8 26.0 3.5 

Haematomas (%) 0.0 2.2 5.0 1.7 

Foot pad lesions (%) 0.0 4.6 46.0 7.3 

Tendon breakage (%) 0.0 1.0 8.0 2.0 

 

1 Values concerning a single broiler flock. 

2 Values referring to the average of 233 broiler batches. 
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