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Abstract 
The objective of this study was to determine the effect of breed, gender and age on Stress-related 

behaviour (AB) of sheep at slaughter, bleed-out times (BT) during exsanguination, and the quality of mutton. 

The behaviour of 90 castrates and 110 ewes of different age categories (<10months, 11-12 months, >12 

months) was observed during three stages of slaughter, at a commercial abattoir. AB was not affected by 

breed, gender and age. BT was recorded as time intervals between the start of blood flow and the time the 

flow changed from a constant stream into drips. Ninety meat samples were obtained to measure meat colour, 

pH24, temperature24, cooking loss, and tenderness. Correlations between bleeding times and meat quality 

variables were also determined. Ewes had longer (68.5±1.48 s) bleed-out times than castrates (55.2±1.70s). 

Heavier sheep had longer bleeding times than the lighter ones (r=0.149). Cooking loss (CL) was higher in 

meat from older sheep and in meat from ewes than from younger sheep and castrates, respectively. Meat 

from the Dorper breed had the highest CL (39.6±1.38 %) and the lowest Warner Bratzler Shear Force 

(WBSF) (14.3±3.66 N). Meat from the Merino breed had the highest WBSF (33.9±3.24 N). pH24 was 

positively correlated to a* and b* colour ordinates. It can therefore be concluded that breed, gender and age 

had no effect on AB, while these factors affected some quality variables of mutton. Only gender had an 

effect on bleed-out times. Bleed-out times correlate with animal weight but poorly with the meat quality 

variables. 
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 Introduction 
Knowledge of animal behaviour is of importance to ensure an effective and economical production 

enterprise (Broom and Fraser, 2007). Animal behaviour can be defined as an effort to adapt or adjust to 

different internal and external conditions. Information of the behaviour of different species of livestock, as 

well as the behaviour of different breeds within a particular species is crucial for proper management and 

planning of facilities for livestock, mainly because different breeds of animals react differently to handling 

techniques and systems (Grandin, 1999; Muchenje et al., 2009a). For instance, certain sheep breeds, such as 

the Merino, tend to cluster together as a group, while the crossbred Finn sheep turn to face the handler and 

maintain visual contact (Grandin, 1980). Sheep breeds that are lighter (Old Norwegian Sheep) fled more 

readily than a heavier commercial breed (Suffolk) when stressed in a study by Hansen et al. (2001). 

Similarly, sheep from smaller farm flock operations with frequent human interaction are more likely to be 

tame and unafraid of people as compared to sheep from larger range operations (Bickell et al., 2009; Dodd et 

al., 2012). Nonetheless, the behaviour of sheep does not differ much under conditions of reduced welfare, 

such as injury or overcrowding (Knowles, 1998). 

Good animal welfare has a crucial positive effect on animal production. Abnormal behaviours are 

indicative of poor animal welfare, resulting in frustration, due to an inadequate environment or lack of 

control over their environment (Broom and Fraser, 2007), and are usually linked to stress. Abattoir 

environment (and/or operations) and animal characteristics do not only affect the behaviour of the animal at 

slaughter, but the loss of blood during the bleeding process and thus the quality of the meat produced. The 

main objectives of bleeding are to kill the animal with minimal damage to the carcass and to quickly remove 

as much blood as possible (RMAA, 2011). Sheep may only be dressed after having bled for eight minutes 

and it is of importance to monitor the bleed out time (RMAA, 2011), to decrease the risk of having the 

carcass contaminated with blood, an ideal medium for the growth of bacteria. A correlation exists between 

blood contents and meat quality; increased blood in the carcass reduces the quality of the meat  
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(Gregory, 2008; Strappini et al., 2009). It is therefore essential that the slaughter is performed without 

suffering, and that bleeding is efficient (Roca, 2002) so as to ensure good quality meat.  

To achieve this purpose, the commercial abattoirs have been reported to have greater willingness to 

invest in reliable and, if necessary, sophisticated equipment, especially if there are carcass or meat quality 

advantages (Gregory, 2005). Several researchers have looked at the general animal behaviour at slaughter 

(Grandin, 2006; Gregory, 2008; Bourguet et al., 2011). However, little has been done on behavioural 

responses of sheep at slaughter, bleed-out times, and how the two affect meat quality. Thus, the objective of 

this study was to determine the effect of breed, sex and age on Stress-related behaviour of sheep at slaughter, 

bleed-out times at exsanguination and the quality of mutton produced at a commercial abattoir. Correlations 

between bleed-out times and meat quality characteristics were also determined. 

 

Materials and Methods 
Ethical clearance for the use of animals for this experiment was (after evaluation) approved and issued 

(Certificate Reference Number: MUC015 1SNJI01) by the University of Fort Hare’s Research Ethics 

Committee (UREC). 

The sheep were sourced from farms located more than 50 km away from the abattoir. Both castrates 

(90) and ewes (110) of the age groups 1, 2 and 3 (<10 months, 11-12 months, >12 months, respectively) 

were used from three types of breeds (90 Dorper, 90 polled Merino, and 20 of their Crosses). The sheep were 

transported to the abattoir in trucks a day before slaughter. They were kept in the abattoir holding pens 

(lairage) with access to water. Sheep numbers and any other records on these sheep was dependant on what 

was brought to the abattoir for slaughter. The age determination through dentition and the carcass weights 

were measured and recorded at the slaughter floor.   

Sheep were exposed to the same treatment; manually driven from the holding pens through a race onto 

a conveyer restrainer, to the slaughter floor, with minimal or no contact with the handlers. A soft rope was 

used to direct the sheep onto the conveyer if need be. However there was not much use for it because the 

race design allowed the animals to only move forward especially if they were in numbers. There was no use 

of electrical prodders or direct encounter of a particular sheep with the handler. Behaviour category score 

(Table 1) were recorded at three stages of slaughter; before stunning, after stunning, and post exsanguination 

at bleeding. It was assumed that the higher the scores, the higher the stress response. Observations were 

conducted and recorded by the same person, standing approximately 1.5 m away from the exsanguination 

point. The scoring was modified from that described by Terlouw and Porcher (2005). 

 

 

Table 1 Stress-related behavioural scores of sheep at slaughter 

Category Score 

Before stunning  

Standing (rests on four legs)-calm 1 

Sitting (rests on thighs and front legs)-calm but threatened 2 

Other e.g. jumping (unstable/trying to escape/aggression) 3 

After stunning  

Stable (no movement)-calm 1 

Kicks before cutting-aggression/panic 2 

Kicks at cutting-aggression/panic 3 

While bleeding  

Stable (no movement)-calm 1 

Head/ and tail movement (wagging)-aggression/panic 2 

Kicking (front/hind legs)-aggression/panic 3 

Modified from Terlouw and Porcher (2005) 

 

 

The stunning operator controlled the functioning of the conveyer using a pedal at his feet. Stunning 

was done at 110V with a cone cave shaped stunner (tongs) with a current of 0.6 amperes for 60 seconds with 
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the electrodes placed on the sides of the head above the eye level.  After stunning, the sheep were then 

allowed to fall on a horizontal bleeding stand where the process of bleeding was initiated. The animals were 

bled within sixty seconds post stunning by cutting the throat open from one end of the neck to another while 

the animal was lying on the steel surface. After about 45 seconds of horizontal bleeding, the sheep was then 

hung vertically by its right hind leg. The time interval between the start of the blood flow and the time the 

flow changed from a constant stream into drips (Kirton and Woods, 1977) was recorded as bleeding time. A 

stop watch was used for this purpose. While bleeding, the sheep were moved using a return rail which took 

about 5 minutes to the next room which was used for skinning. The animals waiting on the slaughter line had 

no visual access of the actual slaughtering of the previous animal.  

 

Meat samples preparation 

After dressing, 90 carcasses were randomly selected from the 200 that were slaughtered and 90 meat 

samples were obtained from the longissimus dorsi muscle, from the 4th-6th ribs. The sample size ranged 

between 100-200 grams with minimal or no fat cover. Sample cutting was done within 2 hours after 

slaughter, vacuum packed individually and later stored in the chiller at 3°C and taken out after 24 hours for 

measurements. Meat pH24, colour, cooking loss and tenderness were determined from the obtained meat 

samples. 

The muscle pH and temperature at 24 hours post mortem were measured from each of the meat 

samples using a portable pH meter (Crison pH 25, Crison instruments, S.A., Alella, Spain). The pH meter 

was calibrated with pH 4 and pH 7 standard solutions before taking measurements. The colour variables L* 

(lightness), a* (redness), b* (yellowness), were also measured from each of the obtained meat samples using a 

Minolta colour-guide 45/0 BYK-Gardener GmbH machine, with a 20 mm diameter measurement area and 

illuminant D65-day light, 10º observation angle.  The machine was rotated three times on each sample and 

the average reading was taken. The samples were then vacuum packed and stored in a freezer at -4˚C. 

The frozen meat samples were taken out of the freezer and placed in a tray at room temperature for 12 

hours (day before cooking) before the determination of cooking losses, allowing them to defrost completely. 

They were then weighed using a PGW 753i Adam weighing scale, and those records were entered into a 

record sheet. In preparation for cooking, the meat samples were weighed and then placed into heat tolerant 

plastic bags, sealed and labelled accordingly for identification. They were cooked using a water bath at 85˚C 

for 45 minutes.  The samples were then taken out of the water onto a tray and allowed to cool at room 

temperature for 20 minutes and then weighed again. The cooking loss percentage was calculated as follows: 

 

 
 

Mutton tenderness was determined after cooking using the Instron-Warner-Bratzler Shear Force 

(WBSF). Three sub samples of specified 10 mm core diameter were cored parallel to the grain of the meat. 

The samples were sheared perpendicularly to the fibre direction, using a Warner Bratzler (WB) shear device 

mounted on an Instron (Model 3344) University Testing apparatus (cross head speed at 400mm/min, one 

shear in the centre for each core). The mean maximum load (N) was recorded for the batch. 

The data was analysed using the main effects model of Genstat (2008). The χ2 (chi square) test was 

used to assess the effect of age group, breed, and gender on behavioural scores. Analysis of covariance 

(ANCOVA) was used to test the effect of animal characteristics (breed, age group, gender) on the bleed-out 

times at exsanguination and meat quality variables, with carcass weight as a covariate. Correlation between 

the weight of the animal, bleed-out times and meat quality was determined and the model used was:  

 

Yijkl = µ + αi +βj + λk + β1X1 + eijkl where; 

 

Yijkl was the bleeding time and meat quality variables; µ was the overall mean response; αi was the 

effect of breed (Dorper, Cross, and Merino); βj was the effect of gender (castrates, and female); λk was the 

effect of age group (<10months, 11-12 months, >12 months); β1X1 was the effect of weight and eijkl was the 

experimental error. The data was analysed as an unbalanced treatment.  
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Results and Discussion 
Animal stress-related behaviour at slaughter 

In the current study, the animal stress behaviour did not vary (P >0.05) with breed, gender and age 

groups. About 90% of the slaughtered animals showed a similar behaviour response which was 

categorised by standing on introduction to the slaughter floor , before stunning (score 1); stable after 

stunning (Score 1); and kicking during the bleeding process (score 3). Only about 10% from the group 

showed a different response such as kicking before being bled, right after stunning. This is contrary to 

earlier findings by Njisane and Muchenje (2013a, b) that animal behaviour differs with animal 

characteristics. However; the current results could be attributed to the fact that the same management 

procedures from introducing the animals to the slaughter floor using a conveyer restrainer were used 

throughout the investigation. In addition, the sheep rested overnight in the abattoir lairage pens, which may 

have contributed to the animals getting used to the environment (RMAA, 2011). The non-variation in the 

behaviour of these animals after they had been stunned was expected. Also, it was reported that sheep 

behaviour does not change much under any circumstances (Knowles, 1998). There was no (P >0.05) 

relationship between animal behaviour and the quality of mutton produced. This could mainly be 

related to the fact that these sheep mostly showed normal and similar responses to slaughter and that 

the welfare standards were met during slaughter. 

 

Bleeding times at exsanguination  

Table 2 and Figure 1 show that bleed-out times did not differ with age group and breed. However, 

differences were observed with the gender of the animals. Ewes recorded longer (68.5±1.48 s) bleed-out 

times than castrates (55.2±1.70 s). On the contrary, Agbeniga (2012) reported that blood loss in cattle did not 

differ with gender. However, Blackmore and Newhook (1976) reported a longer bleeding period of 

approximately five minutes for ewes. The longer bleed-out times obtained for ewes than castrates were 

expected. Generally, males are associated with more active behaviour compared to female, which could 

result to stunted blood flow and promote clotting.  

 

 

Table 2 The effect of age group, breed, and sex on bleeding time scores (±SEM) of animals at slaughter 

Variables Factors Mean(±SE) Significance level 

Age group 1 (<10 months) 65.2±3.57 NS 

2 (11-12 months) 63.7±1.55 

3 (>12 months) 58.4±3.78 

Breed Crosses 70.7±3.34 NS 

Dorper 56.5±2.53 

Merino 66.7±2.34 

Gender Ewes 68.5 a ±1.48 ** 

Castrates 55.2 b ±1.70 
abc means with different superscripts in a column are significantly different at P <0.05, **P <0.001 significant 

level; NS- not significant at any level; SE-Standard Error 
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Figure 1 Interactions between gender and age class on bleed-out times 

 

 

Apart from the gender of the animals, weight also had a positive correlation (r =0.149, P <0.05) with 

the bleed-out times, the heavier the animal, the longer the bleeding time recorded. Kirton and Woods (1977) 

also reported a positive correlation (P <0.001) between blood yield and carcass weights. Heavier animals 

produce more blood mass, taking longer times to bleed out in comparison to lighter ones. 

 

Colour, Cooking loss and Tenderness 

Results from Table 3 show that meat colour characteristics; L*, a*, and b* values did not differ 

with age groups. However, meat from older sheep (> 12 months) had higher CL than meat from 

younger sheep. Similar results were obtained in a study by Schonfeldt and Strydom (2011) and Muchenje et 

al. (2008) on beef; they reported that cooking loss increased with increasing age of the animal and linked this 

to protein denaturing which results in decreased water holding capacity at heating. Schonfeldt et al. (1993) 

also reported in a study that meat from kids was juicier than that of older goats. Younger sheep (<10 months) 

produced tougher meat (39.2±4.26 N) compared to older animals. These results contradict reports that 

tenderness and colour is reduced with increasing (maturity) age (Malterre & Jones, 1992).  

 

 

Table 3 The effect of age groups on the colour (L*, a*, b*), cooking loss and tenderness of mutton 

Parameters Age Group 1 

(LSmean±SEM) 

Age Group 2 

(LSmean±SEM) 

Age Group 3 

(LSmean±SEM) 

Significance 

N 30 30 30  

Lightness (L*) 32.6±2.69 34.4±1.48 35.3±2.89 NS 

Redness (a*) 19.9±1.43 16.2±0.78 17.6±1.53 NS 

Yellowness (b*) 16.3±1.38 11.6±0.76 13.1±1.48 NS 

Cooking loss (%) 29.9b±1.61 36.2ab±0.89 40.9a±1.73 * 

WBSF (N) 39.2a±4.26 24.2b±2.34 19.4c±4.58 * 
abc Means with different superscripts in a row are significantly different at P <0.05. NS- not significant, *P 

<0.05, **P <0.001; LSmean-Least Square mean; SEM-Standard Error mean; WBSF-Warner Bratzler Shear 

Force for meat Tenderness; Age group 1: < 10 months; Age group 2: 11-12 months; Age group 3: > 12 

months 

 

 

Table 4 shows that the lightness (L*) of meat did not differ (P>0.05) with breed, but differences 

were observed in a* and b* values of meat from the three breeds with their crosses having the highest 

values (22.7±1.42 and 17.7±1.37, respectively). Cooking loss and meat tenderness also varied (P <0.001) 
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with breed. The Dorper breed had the highest cooking loss (39.6±1.38 %) and the lowest WBSF 

(14.3±3.66 N). The Dorper + Merino crosses had the highest a* (22.7±1.42) and b* (17.7±1.37) values. 

From the animal breeding perspective, the better meat quality results shown by the Dorper + Merino crosses 

is a superior trait showing heterosis. Krzywicki (1979) found that meat from the Merino + Dorper crosses 

had higher marbling than other breeds. Marbling is believed to be a contributing factor to the 

softness/juiciness of the meat (Webb and O’Neil, 2008). The marbling could also have contributed to the 

high b* values observed for the crosses (Fiems et al., 2000). The higher a* values could be linked to higher 

myoglobin concentration (Agbeniga, 2012). The meat from the Dorper breed had the highest cooking loss 

compared to both the Merino and their crosses, and was extremely tender (14.3±3.66 N). This is supported 

by Duckett (2001) and Snowder and Duckett (2003) who reported that Dorper lambs had more tender meat 

than other breeds. Muchenje et al. (2009b) reported that WBSF increases with increasing cooking loss. Meat 

tenderness is indirectly affected by moisture (Jeremiah et al., 2003).  

 

 

Table 4 The effect of breeds on the colour (L*, a*, b*), cooking loss and tenderness of mutton 

Parameters Dorper 

(LSmean±SEM) 

Crosses 

(LSmean±SEM) 

Merino 

(LSmean±SEM) 

Significance 

N 35 20 35  

Lightness (L*) 36.4±2.31 33.3±2.68 32.9±2.04 NS 

Redness (a*) 16.2b±1.22 22.7a±1.42 17.3b±1.08 ** 

Yellowness (b*) 11.5b±1.37 17.7a±1.37 13.5b±1.05 ** 

Cooking loss (%) 39.6a±1.38 32.9b±1.60 34.7b±1.22 ** 

WBSF (N) 14.3b±3.66 30.7a±4.24 33.9a±3.24 ** 
abc means with different superscripts in a row are significantly different at P <0.05. NS- not significant, *P 

<0.05, **P <0.001; LSmean-Least Square mean; SEM-Standard Error mean; WBSF-Warner Bratzler Shear 

Force for meat Tenderness 

 
 

Results in Table 5 show that meat colour (L*, a*, b*) and tenderness did not differ with the gender of 

the animal, although differences (P <0.05) were obtained for CL. Ewes had higher (37.5±0.64 %) CL values 

than castrates (35.3±0.64 %). This can be linked to the reproductive role the ewes play thus reducing the 

muscle water holding capacity (Malterre and Jones, 1992). Meat quality and palatability is known to decline 

with animal maturity, mature females (parity 6) had reduced muscle growth potential (Cabaraux et al., 2004). 

Hence this could also be attributed to the age differences between the ewes and the castrates. Most ewes 

were old cull stock of ages greater 5 years while the castrates were one year or younger.  Moreover, in the 

current study castrates had faster bleeding rates (Table 3.2). These findings do not in agreement with Warriss 

et al. (1994) who, in a study on pork reported that pigs with faster bleeding rates produced meat with 

decreased water holding capacity and lighter colour. In another study, Cloete et al. (2012) reported that rams 

had a higher cooking loss thus tougher meat compared to ewes which had lower cooking loss and tender 

meat   

 

 

Table 5 The effect of gender on the colour (L*, a*, b*), cooking loss and tenderness of mutton 

Parameters Ewes(LSmean±SEM) Castrates(LSmean±SEM) Significance 

N 45 45  

Lightness (L*) 34.6±1.06 34.0±1.06 NS 

Redness (a*) 17.0±0.56 18.0±0.56 NS 

Yellowness (b*) 13.1±0.54 13.2±0.54 NS 

Cooking Loss (%) 37.5a±0.64 35.3b±0.64 * 

WBSF (N) 25.5±1.68 26.4±1.68 NS 
abc means with different superscripts in a row are significantly different at P <0.05. NS- not significant, *P 

<0.05, **P <0.001; LSmean-Least Square mean; SEM-Standard Error mean; WBSF-Warner Bratzler Shear 

Force for meat Tenderness 
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Correlations between some meat quality variables and bleed-out time  

Bleeding times were not correlated to any meat quality variables (Table 6). However, significant 

correlations were obtained between temperature, pH, weight, meat colour L*, a*, and b*, CL and WBSF. 

Temperature was negatively correlated to meat L* (P <0.05) and cooking loss (P <0.001); and positively 

correlated (P <0.001) to meat tenderness. pH24 was positively correlated (P <0.001) to a* and b* colour 

variables; and negatively correlated (P <0.001) to cooking loss. The weight of the animal was positively 

correlated (P <0.001) to the redness (a*), yellowness (b*) and the CL of the meat. Unexpectedly, there was 

no correlation between pH24 and L* nor with tenderness. This result contradicts the results from a study on 

cattle by Muchenje et al. (2009b).  

 

 

Table 6 Correlations between bleed-out times and the meat quality traits 

Variables Temperature °C pH24 Weight (Kg) Bleeding times (s) 

Lightness L* -0.209* 0.217 -0.064 -0.047 

Redness a* -0.114 0.287** 0.121* -0.178 

Yellowness b* -0.133 0.016** 0.028* 0.019 

Cooking loss (%) -0.357** -0.381** 0.461* -0.056 

WBSF (N) 0.296** -0.131 -0.077 -0.072 

Significantly correlated at *P <0.05, **P <0.001; WBSF-Warner Bratzler Shear Force for meat Tenderness 

 

 

Meat temperature is strongly affected by the storage temperature at which it is preserved after 

slaughter. In turn meat pH24, colour and tenderness depend on the rate at which meat temperature drops 

(Mancini and Hunt, 2005; Muchenje et al., 2009b; Agbeniga, 2012). In the current study, increased meat 

temperature decreased the L* value. The rate at which meat colour changes from purple (myoglobin) to 

bright red colour (oxymyoglobin) or brown (metmyoglobin) is dependent upon meat temperature (Mancini 

and Hunt, 2005), hence a negative correlation by which increased temperatures result to a brown coloured 

meat. The current study also showed that an increase in meat temperature decreased CL and increased the 

tenderness of the meat.   

 

An increased meat pH24 resulted in increased a* and b* values. These results concur with Abril et al. 

(2001) that pH has a major effect on meat colour. At a high pHu (>6), meat becomes darker (Muchenje et al., 

2008). Krzywicki (1979) also reported that with a high pH, the meat swells, thus less lightness is observed 

with a purple colour due to reduced myoglobin. pH24 increase also resulted in decreased CL and WBSF 

(Agbeniga, 2012). Reports have been made that an increase in pH24 reduces the quality of meat (Warriss, 

1990; Muchenje et al., 2009b). 

Heavier carcasses had higher CL, a* and b* values. Heavier animals tend to have high marbling/fat 

which contributes to the yellowness/lightness of the meat (Fiems et al., 2000; Agbeniga, 2012). In the 

current study it was found that heavier animals yielded more blood than lighter animals which could then be 

linked to the high levels of myoglobin in these animals, which resulted in the desired bright red (a*) colour 

of the meat produced (Robin et al., 2008). 

 

Conclusion 
According to the study, the background information of the sheep such as breed type, age and gender 

does not inform its stress-related behaviour during slaughter. However, it can be used to estimate the quality 

of the meat that the sheep will produce. Only gender influences on the bleed-out times after exsanguination. 

Additionally, there is no relationship between the bleed-out times and the meat quality variables. This may 

differ in different abattoir types with differing slaughter conditions such as those in a small-holder or rural 

abattoirs. 
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