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Abstract 
The aim of the study was to relate some pre-slaughter handling factors for 
lambs in a slaughterhouse, with the presence of bruises and high muscle pH in 
carcasses. Stocking density, transport distance and time, and type of slaughter 
(Conventional or Kosher) were registered in a sample of 1150 lambs that cor-
responded to 23 loads originated from different farms (Tierra del Fuego, Chi-
lean Patagonia), distance and time of transport to slaughterhouse. The pres-
ence and characteristics of bruises were randomly registered in 50 carcasses per 
load, and muscle pH measured in loin and leg at 24 h postmortem. Transport 
distance fluctuated between 50 and 190 km, transport time between 1.5 and 12 
h and a mean stocking density of 164 ± 32 kg/m2 for lambs with an average 
live weight of 31 ± 6 kg was recorded. Of all the carcasses 22.7% showed some 
degree of bruising and the loin was the most affected anatomical region, ac-
counting for 47.1% of lesions. Transport time and live weight showed associa-
tion (P < 0.05) with bruising, with the most exposed animals being the heavier 
lambs (>30 kg) and those travelling for more than 4 h. In the leg a pH < 5.8 
was predominant, while the predominant range in the loin was 5.8 to 6.3. 
Transport time, presence and number of bruises were the factors that had a 
significant association (P < 0.05) with pH. Due to this association, both bruis-
ing and meat pH in lamb carcasses should be used at slaughter plants as indi-
cators of meat quality and also of animal welfare. 
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1. Introduction 

Even though Chile has a reduced sheep population when compared with world 
class producers of lamb meat, it offers comparative advantages, especially in as-
pects such as health and extensive pasture production systems, for insertion in 
international markets [1]. Among the wide range of factors influencing the qual-
ity of meat are those related to the handling of animals on farm, during trans-
port and prior to slaughter [2] [3] [4]. The export potential of the Chilean Pata-
gonia and the increasingly demanding import markets make it necessary not 
only to focus on meat being a safe and healthy food, but also to consider that the 
animals have been managed under animal welfare approved systems [3]. This im-
plies an adequate handling of animals during each of the stages along the lamb 
meat chain, particularly during pre-slaughter operations. Meat quality problems 
such as bruises on carcasses and high muscle pH are indicators of poor animal 
welfare during the pre-slaughter period, because they report situations of stress 
and probably pain that the animals have encountered before slaughter [5]. These 
problems also generate substantial economic losses for the lamb meat industry 
because they adversely affect the ethical quality of the product which in turn re-
duces the scope of potential target markets; they also affect the presentation and 
the yield of carcasses due to marks and trimmings that have to be made. Finally, 
these factors reduce the shelf life of the product and the possibilities of using 
technologies such as vacuum packaging [4]. The aim of this study was to relate 
some pre-slaughter handling factors for lambs in a slaughterhouse in Tierra del 
Fuego, Chilean Patagonia, with the presence of bruises and high muscle pH in 
carcasses. 

2. Material and Methods 

The data for this study were obtained from an export slaughterhouse in Tierra 
del Fuego, Chilean Patagonia, during the slaughter season (January to March) of 
2013.  

Animals and carcasses 
To evaluate bruises, a sample of 1150 carcasses, corresponding to 50 lambs per 

each of 23 loads of lambs, was used. Each load consisted of 110 to 1104 lambs, 
which had the same origin (farm or estate in Tierra del Fuego), had been trans-
ported in the same journey (truck or truck plus trailer) and were then slaugh-
tered after spending the same time in lairage at the slaughterhouse. To select the 
50 carcasses within each load, a carcass was randomly picked, then a correlative 
order was followed until completing 50. 

Distance (km) and transport time (h) 
The distance from each farm to the slaughterhouse and the estimated trans-

port time of the trucks arriving with lambs were obtained from the records of 
the Report of Origin and Destination European Union and by using maps, both 
provided by the Agriculture and Livestock Service (SAG); these records indi-
cated location and distance (km) from supplier farms to slaughterhouse. Once 
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the distance and transportation time were known, they were classified arbitrarily 
into two intervals, respectively: ≤100 km and ≥101 km, and ≤4 h and >4 h. 

Stocking density during transport (kg/m2) 
The stocking density was determined firstly using the information generated 

by the number of animals transported in each pen within the truck, and the space 
availability of each pen measuring width and length with a metric tape. Since lambs 
are not weighed on the farm or the slaughterhouse, the live weight of the lambs 
was estimated through the weight of the carcass to express the stocking density 
in kg live weight/m2. This required the use of carcass dressing yields calculated 
in an earlier study within the same province where this study took place [6]; the 
yields were estimated to fluctuate between 38.9% and 41.1% depending on age 
and weight of the lambs. 

Lairage time (h) prior to slaughter 
The lairage time was provided by the slaughterhouse and corresponded to the 

hours between the arrival of the animals from each load at the slaughterhouse 
until the start of the slaughtering process for the same load. For purposes of sta-
tistical analysis, they were separated into two groups according to lairage time: 
≤12 h and >12 h. 

Type of slaughter 
A significant number of lambs at this slaughterhouse are processed by Kosher 

slaughter, hence without stunning prior to exsanguination. The Conventional slaugh-
ter included head to body electrical stunning. Of the 1150 lambs used for bruises 
and pH measurements, 750 corresponded to Kosher slaughter and 400 to Con-
ventional slaughter. 

Observation and recording of bruises 
A visual inspection of the 1150 carcasses was performed to record the pres-

ence or absence of bruises and their characteristics according to the guidelines of 
Tarumán and Gallo [7], which basically indicate: 

1) Grade of bruise: it was recorded according to the damage or destruction of 
tissues, using the Chilean Standard Classification of Bovine Carcasses [8], grade 
1 being those bruises affecting only the subcutaneous tissue, grade 2 those reach-
ing the subcutaneous and muscle tissue, and grade 3 those bruises that compro-
mise the previous tissues plus bone tissue. 

2) Extension of the bruise: every bruise was evaluated according to the ap-
proximate diameter of the affected area, considering 3 levels: 1 = up to 5 cm di-
ameter, 2 = 6 to 10 cm diameter and 3 = larger than 10 cm diameter. 

For carcasses with more than one bruise of different degree and extension, the 
prevailing criteria to classify the carcass were the larger bruises. 

3) Anatomical location of the bruise: 4 anatomical regions were individua-
lized: leg, shoulder, loin and chest-abdomen as indicated by Tarumán and Gallo 
[7]. 

4) Number of bruises: it was recorded by visual inspection of the carcass, counting 
the number of bruises in the entire carcass. 
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Descriptive statistics was used for the analysis of results, to show frequencies 
and percentages. To determine the relationship between risk factors (transport 
time and transport distance, stocking density, live weight, lairage time, fasting time 
(transport plus lairage time) and type of slaughter) and the presentation of bruises 
in the carcasses, logistic regression was used. 

Recording of the pH in lamb carcasses 
The measurement of pH in the slaughterhouse under study is not a routine 

procedure. In this study, the pH was measured at 24 h postmortem only in car-
casses from Conventional slaughter (n = 400). It was not possible to obtain pH 
values from Kosher slaughter lambs because the forequarters of these animals 
were processed before 12 h postmortem and the hindquarters passed directly to 
deboning room. The pH was recorded in the Longissimus thoracis muscle (at 
the level of the 13th rib) and in the leg between the Semitendinosus and Biceps 
femoris muscles, by direct insertion of a portable pH meter. For the descriptive 
analysis, the pH values obtained were grouped into 3 ranges as described by 
Watanabe et al. [9]: normal (<5.8), medium (5.8 - 6.3) and high (> 6.3). 

Statistical analysis 
Data were entered into an Excel® matrix keeping separate Conventional slaugh-

ter lambs from Kosher lambs, and then exported to SPSS (Statistical Package for 
Social Science) version 16.0 software to be processed and analysed, obtaining 
frequencies, and position and dispersion statisticians regarding transport time 
and distance, stocking density, lairage time, presence and characteristics of bruises 
and pH measurements. 

To study the relationship between various pre-slaughter factors and the per-
centage of bruised carcasses chi-square tests were performed. In the case of con-
tinuous variables such as pH, normality tests (Shapiro-Wilk) were performed on 
the residuals of analysis models, being subsequently applied to the ANOVA for 
parametric variables, and Kruskal-Wallis for the nonparametric data, using sta-
tistical programs Statistix 8.0, SPSS and SAS. 

To determine the relationship between risk factors and the presence of bruises 
in the carcasses, for each factor a univariate logistic regression analysis was pri-
marily used to select the variables to be included in the multivariate binomial lo-
gistic regression analysis. 

3. Results and Discussion 

The transportation distance ranged between 50 and 190 km, with a transport time 
between 1.5 and 12 h; the maximum transport time corresponded to a journey 
with technical problems. Strappini et al. [10] reported earlier that although trans-
port distance of sheep between farm and slaughterhouse in the Chilean Patago-
nia is relatively short (15 to 300 km), there was no direct relationship between 
distance and travel time, which is similar to the findings of this study. This is 
because the roads are mostly gravel and generally in poor condition. In addition 
to the above, the inclement weather during some days (prolonged rainfall) in-
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creased the difficulty of trucks entering the farms and exiting once it was loaded 
with animals. In the case of the truck encountering technical problems, it was 
carrying a full load of lambs and could not move for about 6 hours due to incle-
ment weather (heavy rain, with a consequent accumulation of mud); in addition 
to that, during this time there was an accumulation of animal waste on the dif-
ferent floors and the animals could not lie down due to the high stocking densi-
ty. Finally, the lambs arrived fatigued to the slaughterhouse, with a high percen-
tage of bruises and muscle pH values above the average found in this study. In 
conclusion, transport time and not transport distance should be considered as a 
main factor that could affect animal welfare and meat quality. 

The stocking density used for lambs weighing between 23 - 41 kg (mean 31 ± 
6 kg) averaged 164 ± 32 kg/m2. The stocking density increased along with age 
and estimated live weight of the lambs, because these factors are not considered 
by farmers or drivers for space availability calculations during transport; always 
a minimum of 12 and maximum of 15 lambs per pen were loaded. The fact that 
stocking densities are being taken to the limit instead of following the recom-
mendations can be explained by economic reasons. According to both transpor-
ters and farmers, the maximum number of animals that can fit in a pen are loaded 
into trucks to reduce transportation costs. This condition should slowly improve 
with the legislation on the transport of livestock in Chile [11]. 

During lairage, lambs were held in pens with water available but no food. The 
lairage time for the lambs at the slaughterhouse ranged from 10.5 to 23.5 h (av-
erage 18 ± 4 h) and had no significant effect on the presence of bruises or high 
pH. This lairage duration is similar to that previously found [12], which ranged 
from 5 to 26 h, with an average of 14.6 h. Considering the total fasting period of 
the lambs (lairage plus transport), this reached an average of 23 ± 3 h (range 15.5 
to 28.5 h). The present legislation on the slaughter of animals for consumption 
[13] requires that animals should stay no longer than 24 h without food during 
lairage and therefore lairage times should tend to be reduced. 

Kosher slaughter is permitted in some countries around the world such as 
Chile [14] [15], however others like Norway and Sweden have banned it and there 
are others who continue to debate this system [16]. Kosher slaughter causes the 
death of the animal directly by exsanguination, without prior stunning, by cut-
ting the neck using a sharp knife that severs the trachea, oesophagus, jugular 
veins and carotid arteries, but without decapitating the animal [17]. According 
to Rosen [18] this method is quick and painless; also the heart continues to beat 
a few minutes after slaughter, so they argue that the exsanguination is optimal, 
and that consciousness is rapidly lost (approximately 2 seconds), irreversibly. 
The slaughterhouse in this study processes on average 200,000 head of sheep per 
season, most of which is exported, with Kosher slaughter being predominant 
over conventional slaughter during the first months of the lamb slaughtering 
season (January to March). The lambs destined for Kosher slaughter were sub-
jected to a more complex handling; lambs with longer fleece were subjected to 
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additional handling in the slaughterhouse, which consisted of passing them from 
the holding pens to the shearing pens, to shear the wool in the ventral area of the 
neck. The aim of this operation was to present lambs more cleanly to the slaugh-
terer, to allow a better performance of his job; moreover, for Kosher slaughter it 
is necessary to have workers who can immobilize the lambs by hand before 
bleeding. Due to all this extra handling, a greater number of bruises on the car-
casses were expected. However, the percentage of bruised carcasses was similar 
between Conventional slaughter (23.3%) and Kosher (22.4%) slaughter (Table 
1). The same happened when comparing the number of bruises per carcass, ob-
serving a similar number of lesions in animals from Kosher and Conventional 
slaughter. 

The 22.7% of bruised carcasses found, ranging from 6% to 42% in the 23 
batches studied, was slightly lower than previous records [19] reporting in Eng-
land 26% of bruises in lambs sent directly from farm to slaughterhouse and 31% 
in lambs that went through a livestock market prior to slaughter. The difference 
in bruise percentage between this study and that of Tarumán and Gallo [7], who 
recorded only 7.5% of bruises in lambs transported up to 400 km through the 
Magallanes Region, could be attributed to a road factor; the animals arriving to 
the slaughterhouse under the present study came exclusively from the island of 
Tierra del Fuego, where the state of the roads is much poorer and complex, 
usually only gravel, when compared to the obstacles faced by transport truck 
drivers anywhere else in the Magallanes Region. Ruiz de la Torre et al. [20] re-
ported the effects of a moving vehicle in both good roads or smooth surface 
roads against secondary and coarse roads, and obtained differences in cortisol, 
heart rate and pH that favoured the animals transported on good roads. This 
study shows that there is also a risk for more bruises with bad roads that increase 
the journey time. 

According to the depth of bruises in terms of tissues affected, it was possible 
to observe 18.2% of carcasses with bruises involving only subcutaneous tissue 
(grade 1), 4.3% of bruises involving subcutaneous plus muscular tissue (grade 2) 
and only 0.2% of bruises involving bone tissue (grade 3); the loin was the most 
affected anatomical region, with 47.1% of the lesions (Figure 1).These findings 
are similar to previous reports [7] [21] [22]. The loin is one of the most valuable 
parts of the carcass and when it is damaged the presentation of the product is 
negatively affected, its use is limited and the value of the carcass decreases due to  

 
Table 1. Number of lambs, bruised carcasses and bruises observed according to the type 
of slaughter. 

 
Total Kosher Conventional 

Number of lambs 1150 750 400 

Number ( % ) of bruised carcasses 261 (22.7%) 168 (22.4%) 93 (23.2%) 

Number of bruises 458 316 142 

Total bruises/bruised carcass 1.75 1.88 1.52 
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Figure 1. Frequency (N˚) and percentage (%) of bruises by anatomical region affected for 
total bruised carcasses (n = 261). 

 
Table 2. Logistic regression model of factors significantly associated with the presence of 
bruises on lamb carcasses. 

Risk factors OR 95% CI P 

Transport time 1.595 1.204 - 2.113 0.0012 

Live weight 0.682 0.515 - 0.904 0.0078 

 
trimmings. In terms of diameter, the most frequent bruises were those covering 
small areas (<5 cm), which is similar to the descriptions of other international 
studies that report most lamb bruises measuring only 2 to 4 cm [19] [23]. There 
was an average of 1.75 bruises per bruised carcass, ranging between 1 and 15 for 
the 261 bruised carcasses (Table 2). Most of the carcasses registered a single 
bruise (14.17%) while a low percentage of carcasses presented 3 or more bruises, 
as observed by Jarvis and Cockram [19] in the United Kingdom. Transport time 
and live weight showed association (P < 0.05) with the presence of bruises 
(Table 3) and the most exposed animals were those travelling for more than 4 
hours, and heavier animals (>30 kg). 

Regarding muscle pH, Watanabe et al. [9] classified lamb muscle pH values as 
normal (<5.8), intermediate (from 5.8 to 6.3) and high (>6.3). The average pH 
values measured in lamb carcasses from conventional slaughter at 24 h post-
mortem were 5.73 and 5.78 in leg and loin, respectively. Mean pH values of up to 
5.8 can be regarded as normal [9] [24]. In Chile, Vargas [22] reported a pH av-
erage of 5.73 to 5.74 in leg and loin. Other authors recorded an average pH of 
5.59 to 5.62 for loin and leg, respectively [25]. Average values of 5.83 ± 0.17 are 
described in Uruguay for lambs [26]. However, 51% (loin) and 45.5% (leg) of the 
carcasses were classified within the intermediate range of pH (5.8 to 6.3) ac-
cording to Watanabe et al. [9]. It was found that transport time, presence and 
number of bruises had a significant association (P < 0.05) with muscle pH 
(Table 3), i.e. the pH increased with a longer transport time, and with the pres-  
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Table 3. Effects of bruises, transport time, transport distance, extension of bruises, fasting 
time at the slaughterhouse, bruises grade and number on pH 24 in loin and leg, in con-
ventional slaughter of lambs. 

FACTOR 
pH loin pH leg 

 
Media ± S.D. Inf Lim Sup Lim Media ± S.E. Inf Lim Sup Lim 

Bruises 
Presence 5.89a ± 0.24 5.83 5.95 5.83a ± 0.2 5.77 5.89 

Absence 5.74b ± 0.25 5.71 5.78 5.7b ± 0.24 5.66 5.73 

Transport time 
≤4 h 5.70a ± 0.19 5.65 5.75 5.67a ± 0.21 5,63 5.72 

>4 h 5.83b ± 0.27 5.79 5.87 5.76b ± 0.25 5.72 5.80 

Transport distance 
≤100 km 5.82 ± 0.08 5.71 6.12 5.80 ± 0.06 5.68 6.03 

>100 km 5.78 ± 0.27 5.23 6.33 5.72 ± 0.26 5.20 6.27 

Extension of  
bruises 

≤5 cm 5.87 ± 0.24 5.78 5.96 5.82 ± 0.2 5.74 5.89 

6 - 10 cm 5.94 ± 0.25 5.80 6.08 5.89 ± 0.22 5.77 6.01 

>10 cm 5.95 ± 0.2 5.67 6.20 5.78 ± 0.08 5.55 6.00 

Fasting time at 
slaughterhouse 

≤12 h 5.78 ± 0.27 5.23 6.33 5.73 ± 0.26 5.20 6.27 

>12 h 5.77 ± 0.28 5.30 6.28 5.72 ± 0.26 5.27 6.14 

Bruise grade 

Grade 1 5.88 ± 0.26 5.80 5.95 5.82 ± 0.22 5.76 5.88 

Grade 2 
and 3 

5.93 ± 0.19 5.81 6.06 5.86 ± 0.14 5.76 5.97 

Number of bruises 
1 5.86a ± 0.23 5.78 5.93 5.81a ± 0.19 5.75 5.87 

> 2 5.98b ± 0.22 5.87 6.08 5.9b ± 0.2 5.80 5.99 

a.bValues with different letters for the same factor indicate significant difference (P < 0.05%). 
 

ence and number of bruises. This is in accordance with the fact that animals that 
are kept without food for long times (transport plus lairage), that are mishandled 
or stressed deplete their glycogen stores more easily [27]. These results in lambs 
are similar to the findings of Strappini et al. [28] regarding the relationship be-
tween pH and bruises in bovine carcasses. Results also agree with other Chilean 
studies [29] [30] where a positive association between transportation, fasting 
time and high pH in Chilean cattle has been found.  

The relatively high incidence of carcasses with intermediate pH indicates that 
the quality of lamb meat could be affected even by short-term transport, as is the 
case of most of the sheep transport in Chile [10]. At present, there are no prob-
lems in terms of shelf life reduction because lamb meat is usually exported fro-
zen to different national and overseas markets. However, the fact that no routine 
pH measurements are performed in the lamb carcasses, could be masking some 
quality problems which could become evident if technologies like vacuum pack-
aging were used. 

4. Conclusion 

It can be concluded that, in general, the transport of sheep within the island of 
Tierra del Fuego is short distance, but transport duration may take up to 12 h for 
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relatively short distances, negatively affecting the welfare of the animals and meat 
quality. Both the frequency of bruised carcasses (22.7%) and the presence of car-
casses with pH > 5.8 (48.25%) suggest that these measurements should be con-
sidered by slaughter plants as indicators of animal welfare as well as meat quali-
ty. The implementation of preventive measures is required to reduce these meat 
quality problems, such as the training of personnel handling the animals in the 
slaughterhouse as well as training producers and transporters, instructing them 
about preslaughter handling and its consequences for lamb meat quality. The im-
plementation of new transport and slaughter regulations within the Animal Pro-
tection Law [11] [13], which includes compulsory training for transporters and 
slaughterhouse operators should help in improving animal welfare and lamb meat 
quality. 
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