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Abstract
The effect of loading, transportation, lairage and slaughter conditions on bleed-out times, behavioural
and physiological responses of Nguni and non-descript steers reared extensively on natural pastures was
investigated. Twenty Nguni (NG) and 20 non-descript (ND) steers were loaded and transported 120 km from
the farm to the abattoir in two groups (TG1 and TG2), each comprised of both genotypes. Some
environmental conditions and steer behavioural responses were monitored during on- and off-loading,
transportation, lairage, and stunning. Trained observers recorded the posture of the steers during
transportation, time-budgets during lairage, avoidance-related behaviour, and vocalization scores at stunning
were recorded. The steers were slaughtered in four groups (SG1, SG2, SG3 and SG4) and the number of
attempts to stun each steer was recorded. Blood samples were collected from each steer during
exsanguination for cortisol, glucose and lactate analysis. It took less time to load (370 s) and off-load (602 s)
TG1 than TG2 (420 s and 782 s, respectively). All steers were standing throughout transportation and during
the lairage observation period. Avoidance-related behaviour and vocalization in the stunning box were not
influenced by genotype. The TG1 steers showed more avoidance behaviour (63.2%) and higher cortisol
(140.6 ± 14.50 nmol/L) and lactate (12.4 ± 0.83 nmol/L) levels than TG2 (23.9%; 92.8 ± 15.38; 9.0 ± 0.88,
respectively). All SG2 steers showed minimal avoidance behaviour with higher cortisol (175.9 ± 17.24
nmol/L) and lactate (13.5 ± 1.12 mmol/L) levels than other groups. Generally, cortisol and lactate levels were
positively correlated (r = 0.70). The 5% vocalization recorded was observed from ND steers, TG1 and SG2.
In conclusion, steers of different genotypes displayed similar behavioural and physiological responses to
identical pre-slaughter conditions that they were exposed to.
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Introduction
According to Njisane (2016), Nguni and non-descript beef steers reared extensively in natural
pastures spend most of their “free” time between 6:00 and 20:15 feeding (grazing) throughout the different
times of the day; with some lying down, standing, walking, drinking water and interacting with one another in
between. This is expression of their normal behaviour (Lee et al., 2013). However, they spend more time
showing avoidance-related behaviour during management procedures which involve movement from their
habitat to handling facilities and human contact, leading to biochemical and/or physiological changes in the
animal (Njisane, 2016). These reactions are maximised towards the end of the production cycle, when the
pre-slaughter events commence. The removal of slaughter animals from the farm habitat exposes them to
various unfamiliar conditions and handling methods at all stages from the farm to the knocking box at the
abattoir (Ferguson & Warner, 2008). Therefore, there is need to pay attention to animal welfare in all stages
of production, in order to improve product quality (Chulayo & Muchenje, 2015).
Steer transportation has been described as the key component joining the events involved in the preslaughter logistics chain (Miranda-de la Lama et al., 2014). Amongst various modes of transportation used
for slaughter cattle, road transport is the most significant and economic type which also allows multiple loads
of animals in a single trip (Tarrant, 1990). While the processes of loading and off-loading animals were
reported to be more stressful than the journey itself (Agnes et al., 1990; Trunkfield & Broom, 1990),
transportation has been recounted to largely induce significant stress in animals being transported (Grandin,
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1997; Warriss, 2000; Maria et al., 2004; Minka & Ayo, 2007; Ferguson & Warner, 2008). Furthermore,
transportation stress was related to health defects such as respiratory diseases (Sporer et al., 2007; Duff &
Galyean, 2007) and weight losses (Schwartzkopf-Genswein et al., 2012).
Confinement of cattle in a moving vehicle was described as being more stressful compared to
confinement in a stationery vehicle, as well as during on and off-loading and re-penning (Tarrant, 1990).
However, there is limited information quantifying the effects of loading and off-loading processes on animal
welfare (Maria et al., 2004). Jacobson & Cook (1998) reported that loading is more stressful than off-loading,
while Maria et al. (2004) recounted that hurried loading reduced stress metabolites such as cortisol, lactate
and creatine phosphokinase. More than anything, the novel conditions to which slaughter animals are
exposed prior to slaughter have been generally reported to be stressful and to negatively impact animal
welfare (Grandin, 2001; Ekiz et al., 2012; Schwartzkopf-Genswein et al., 2012).
While Grandin (2006) reported that slaughter cattle perceive the abattoir environment in the same way
as the farm during managerial procedures, such as moving animals through the race, the abattoir also
exposes the animals to a different structural design. Generally, abattoir construction prioritises conventional
architectural criteria to maximise operation with less consideration for behavioural characteristics of the
animals (Miranda-de la Lama et al., 2010). Similarly, lairage may be characterised by unfamiliar conditions,
such as concrete floors as opposed to the natural grassy farm, confinement, multiple abattoir workers,
handling procedures, feed restriction, and the presence of unfamiliar animals of different species and from
different farms (Hemsworth & Coleman, 1998; Ferguson & Warner, 2008; Terlouw & Porcher, 2005).
Furthermore, lairage duration of over 3 hours was reported to be ideal for steers to rest and recover from
previous stress caused during transportation (del Campo et al., 2010). However, it was also reported that
feed deprivation during this stage may result in alterations in blood stress indicators such as creatine kinase,
lactate dehydrogenase, glucose, cortisol and packed cell volume (Ekiz et al., 2012), while longer durations
may result in live weight losses through excreting and urinating (Ferguson & Warner, 2008).
Multiple indicators such as response behaviour towards certain stimuli and the biochemical changes
(in the blood, urine, excreta) have been used to quantify animal welfare in different conditions (Muchenje et
al., 2009; Gruber et al., 2010; Njisane & Muchenje, 2013a; Njisane & Muchenje, 2013b). In addition,
avoidance-related behaviour and vocalization have been used to determine animal welfare in abattoirs
(Grandin 1998; Manteuffel et al., 2004; Hemsworth et al., 2011; Njisane & Muchenje, 2013a; Njisane &
Muchenje, 2013b). However, it should be noted that animals of the same species but varying genetically may
exhibit differing response-behaviour patterns (Grignard et al., 2001). A possible case may be observed in
South Africa, where multiple beef genotypes, such as the indigenous hardy Nguni breed and a large pool of
non-descripts/cross-breds, are found in the beef industry. The NG breed has functional characteristics that
allow it to perform better than other breeds even during the dry season with poor quality feed (Ndlovu et al.,
2009) or during handling at slaughter (Muchenje et al., 2009). The ND genotype, on the other hand, may
contain multiple unidentified genes and it comprises 35% of bulls found in the emerging farming sector
(Scholtz et al., 2008). The objective of this study was therefore to investigate the behavioural, bleed-out
times and physiological responses of Nguni and non-descript beef steers as affected by on- and off-loading,
transportation, lairage and slaughter activities.

Materials and Methods
All procedures conducted for the purpose of this research were done following and mimicking the
worldwide ethical principle considerations to ensure maximum animal welfare. Consent to carry out the study
was approved and issued by the University of Fort Hare Ethical Clearance committee (Reference Number:
MUC03S1NJI01).
Forty beef steers of two genotypes, Nguni (n = 20) and non-descript (n = 20), were used in the study.
The steers were between 20 - 24 months old, with the last recorded weights at the farm ranging from 202 360 kg, while 170 - 310 kg weights were obtained at the abattoir prior to slaughter. The steers were reared at
the University of Fort Hare’s Honeydale Research Farm, situated 120 km inland from the coastline, in the
False Thornveld of the Eastern Cape of South Africa. It is located at 32.78° S and 26.85° E, at an altitude of
520 m above sea level. The topography of the area is generally flat with few slopes. The mean annual
temperature of the farm is 18.7 °C. The area receives a low annual rainfall of approximately 480 mm per
annum, both between and within seasons.
The steers were transported to the East London Abattoir (high throughput), which is situated in
Cambridge, East London, South Africa. Its geographical coordinates are 32.58˚ S and 27.53˚ E. Average
midday temperatures in East London range between 20 ˚C (July) to 26 ˚C (February) with an annual rainfall
of about 593 mm mostly occurring during the summer months. The abattoir operates under typical
commercial conditions and is equipped with modern technology to enhance production. It operates according
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to standard laws and regulations governing abattoirs such as “The Meat Act, 2000 and the Animal Protection
Act, 1962” to ensure public health safety and good animal welfare.
The steers were scheduled for transportation a day prior to slaughter, allowing them time to rest
overnight at the abattoir lairages. They were brought from the farm grazing pastures into the holding pens at
least 90 minutes before loading. Prior to loading, the group was randomly divided into two groups of 20
steers for the morning trip (Transport Group 1 - TG1) and another 20 steers for the afternoon trip (Transport
Group 2 - TG2). The genotype distribution ratio between the two trips was considered and catered for to
ensure that both genotypes were represented in the two trips. In TG1 compartment A were 5 ND and 5 NG,
with B having 7 ND and 3 NG; while TG2 A had 3 ND and 7 NG, and B having 5 ND and 5 NG steers. Verbal
instructions were used to encourage the steers to move from a 13.5 m × 12.5 m holding pen into the loading
area (5 m long, 1.5 m high, 4.2 m wide entrance, 2.3 m narrow exit), then into the truck. To avoid separation
stress, the steers were moved and observed in groups of tens as opposed to individual animal assessment.
The variables of interest were: the time it took to load/off-load each group; whether the steers willingly moved
or required encouragement to enter/ exit the vehicle; changing direction (opposite) to escape; loss of
balance, slipping or falling; and any aggressive behaviour (Mariah et al., 2004; Bourguet et al., 2011;
Stockman et al., 2012). The loading and off-loading times of TG1 (370 and 602 seconds, respectively) and
TG2 (410 and 782 seconds, respectively) were recorded, respectively. The transportation distance was 250
m on gravel road within the farm and 120 km on a tarred road. Traveling time was within two hours in a 2 m
high 2010 Mitsubishi (Model: Fuso FM 16-253) with two compartments of 4 m × 3 m size and approximately
0.15 m spacing in-between the side rails. An average speed of 80 km/h was used throughout the distance.
During transportation, the position and posture (e.g. standing or lying down and direction faced) of animals
was observed before leaving the farm and on arrival at the abattoir. All steers in both trips were up on their
feet throughout the transportation period, facing various directions as allowed by the conditions. The weather
on the day of transportation was cloudy and cool in the morning, with rain in the afternoon.
Upon arrival (both trips) at the abattoir, the steers were kept in the same groups as they were
transported and confined into four roofed lairage pens (5.3 m × 5.3 m). TG1 was lairaged for 20 hours, while
TG2 for 15 hours, based on time of transportation and arrival at the abattoir. The steers were fasted during
lairage and had ad lib. access to water. In the same surrounding were other cattle from other farms, sheep
and squealing pigs. Hourly response behaviour (to the new conditions) observations were monitored by four
observers allocated to each group. The records were made during the first 15 minutes of every hour, from
the first hour after arrival to 12:15 midnight. TG1 was observed for 12 hours, while TG2 was observed for 7
hours. The behaviours of interest included: standing, lying down, drinking and interactions amongst the
steers (e.g. grooming/head butting). Further observations were done between 6:00 and 7:15 of the following
day, until the process of regrouping/re-penning began at 8:00 in preparation for slaughter.
The steers were individually weighed (170 - 310 kg range) using a digital alleyway scale before they
were moved to the holding pen, then into the stunning box. However, due to the abattoir procedures, no
group order was maintained after this process. The study animals were mixed in the holding pen and entered
the slaughter alley (leading to the stunning box) randomly, with some vocal assistance encouraging them to
move. A manual penetrating captive bolt pistol was used onto each steer’s forehead, immediately when it
entered the box, to render it unconscious before initializing the exsanguination process within 60 seconds.
The whole group of 40 steers was slaughtered within a period of 30 minutes. Records on the number of
stuns used per animal to render unconscious, as well as the response behaviour of each steer inside the
stunning box, were noted. The behaviour scores recorded in the box were: 0 - Calm, 1 - Head movement up
and down avoiding the stunner, 2 - Turning to face the opposite direction, and 3 - Attempts to jump out of the
stunning box (Bourguet et al., 2011; Stockman et al., 2012). Further, vocalization was recorded as Yes
(score 2) or No (score 1) as adapted from Grandin (1998; 2001). The order of slaughter was also taken note
of as the animals entered the slaughter alley and stunning box, with four established Slaughter Groups (i.e.
SG1, SG2, SG3, and SG4) of 10 steers per group.
Bleed-out time for each steer was measured by capturing the starting time of the blood flow
(exsanguination) and the time the flow changed from a constant stream into drips, using a stop watch; thus
recording the difference between the two as the actual time (Kirton & Woods, 1977). Immediately after
initializing the bleeding process, two exsanguination blood samples (4 mL each) were collected from each
animal into specialized tubes for glucose (grey topped, sodium fluoride tubes), cortisol and lactate
(gold/yellow topped serum separator tubes) analysis. The tubes were kept on ice until separation of serum
through centrifuging (Gatenbay Eppendorf GmbH, Engelsdorp, Germany; Model 5403 Centrifuge) for 15 min
at 10 °C and 3000 rpm. The glucose samples were sent to the laboratory immediately, while the centrifuged
serum for cortisol and lactate analysis was transferred into a fresh tube, frozen and then sent to the
laboratory for analysis within 5 days of collection, in a foam cooler containing ice packs. Analyses were done
at the University of Pretoria Pathology lab for cortisol and lactate, and the National Health Laboratory
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Services, South Africa, for glucose samples. The procedures used to analyse for glucose and cortisol were
as described by Chulayo et al. (2016), where glucose was analysed using a classical colorimetric method
through an enzymatic kit (Diaglue from L'viv Plant of Bacterial preparation, 1994) and the well-known
biosensor analyser, Eksan-G from Panevezhis Plant of precision mechanics, 1990, and cortisol through a
competitive assay (LKCO1) (EIA, RADIM, Pomezia, Italy). Lactate was analysed using an enzymatic
colorimetric method through a Lactate Colorimetric Assay Kit (COBAS INTEGRA 700 analyzer).
A Chi-square test (SAS, 2003) was used to assess for existing associations between genotype,
transport/lairage group and slaughter group with the response behaviour and vocalization scores.
Frequencies were calculated using Proc freq procedure of SAS (2003). A PROC GLM test (SAS, 2003) was
used to test the effect of genotype, transport/lairage group, slaughter group and the number of stun shots on
bleed-out times; and exsanguination blood cortisol, glucose and lactate levels. Differences between means
were evaluated using Tukey’s test. The model used was:
Yijklm = µ + αi + βj + γk + δl + eijklm
where: Yijk is the response variable (bleed-out times, exsanguination blood cortisol, glucose and lactate
levels);
µ is the overall mean,
αi is the genotype effect,
βj is the transport/lairage group effect,
γk is the slaughter group effect,
δl is the effect of the number of stun shots, and
eijklm is the standard error.
Pearson’s correlation coefficients for the relationship between bleed-out times, levels of cortisol,
glucose and lactate were also determined (SAS, 2003).

Results
Records in Table 1 show that the morning group was loaded over a 370 second period, while the
afternoon group took 410 seconds to get into the truck. The off-loading times after the journey were longer
than the loading times. Transportation Group 1 (TG1) collectively took lesser time to get off than Group 2
(TG2). TG1 spent longer time in the abattoir lairages before slaughter, while Group 2 rested for a shorter
period than the former group. The steers were standing and vigilant during the observations in the truck and
lairage pens, with minimal movements around the pen.

Table 1 A summary of general observations recorded during loading, off-loading, transportation and lairage
Transport
Group

Transport
session

Loading
duration (s)

Weather
conditions

Transport
behaviour

Off-loading
duration (s)

Lairage
duration (h)

Lairage
behaviour

1 of 1

Morning

205

Cold & Cloudy

Standing

362

20

Standing

2 of 1

Morning

165

Cold & Cloudy

Standing

240

20

Standing

1 of 2

Afternoon

180

Cold & Rainy

Standing

362

15

Standing

2 of 2

Afternoon

240

Cold & Rainy

Standing

420

15

Standing

All the steers of both genotypes showed some kind of avoidance behaviour inside the stunning box,
none of them was calm. However, both avoidance-related behaviour (χ2 = 0.0715) and vocalization (χ2 =
0.3112) did not differ with genotype (Figures 1a and 1b). Over 50% of the steers of both genotypes were
moving their head either up and/or down in trying to avoid the gun stunner pointed to their heads. Some of
the steers even turned to face the opposite direction they came from; while some attempted to jump out of
the stunning box. Furthermore, 5% of ND steers vocalized while the rest, including all the NG steers, did not
vocalize.
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Frequenciy %

50
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Non-descript
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Nguni
20
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0
1-Moving head up & down

2-Opposite direction

3-Attempt to jump

Avoidance-related behaviour

1a
120

100

Frequency %

80

60

Non-descript
Nguni

40

20

0
1-No

2-Yes
Vocalization score

1b
Figure 1 Frequencies of avoidance-related behaviour (a) and vocalization (b) by the two genotypes in the
stunning box.
The avoidance-related behaviour (Figure 2a) was influenced by transportation group (χ2 = 0.0246)
while vocalization (Figure 2b) was not (χ2 =0.2870). About 36.8% of steers that were transported in the first
trip and lairaged for longer were moving their head up and/or down, while a larger proportion (76.2 %) of
steers that showed this behaviour were transported in the second trip and lairaged for a shorter period.
However, 31.6% of the Group 1 steers turned to face the opposite direction with another 31.6% even
attempting to jump out of the stunning box; while only a few of the Group 2 steers behaved as such,
respectively. Furthermore, the only steers that were vocal belonged to Group 1.
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Avoidance-related behaviour

2a
120
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Frequency %
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0
1-No

2-Yes
Vocalization score

2b
Figure 2 Frequencies of avoidance-related behaviour (a) and vocalization (b) in the stunning box by the two
successive groups transported and lairaged.
The avoidance-related behaviour (Figure 3a) was influenced by slaughter group (χ2 = 0.0445), while
vocalization (Figure 3b) was not (χ2 =0.3799). Half of the steers slaughtered in the first group (SG 1) were
moving their heads up and/or down avoiding the stunner; while some of the total SG1 steers turned to face
the opposite direction and others even attempted to jump out of the stunning box. From Group 2 (SG2), 30%
head movements, 30% turned to the opposite direction and 40% tried to jump out were recorded. All the
steers that were in Group 3 only moved their heads, avoiding the stunner. Only half of the last group (Group
4) showed head avoidance, with 10 % facing the opposite direction and 40% trying to jump out of the
stunning box. Vocalization was only recorded in Group 2, while the rest in other groups did not vocalize at
all.
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Group 3
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Slaughter Groups

3b
Figure 3 Frequencies of avoidance-related behaviour (3a) and vocalization (3b) in the stunning box by the
four successive groups of slaughter
Genotype had no effect on bleed-out times (P =0.9787), cortisol (P =0.7940), glucose (P =0.1556) and
lactate (P =0.7659) levels. Both ND and NG steers on average took 76 ± 7.90 seconds to bleed-out. The
average serum cortisol levels were 114.5 ± 16.55 nmol/L (ND) and 120.9 ± 15.60 nmol/L (NG). Similarly, the
ND steers had 5.3 ± 0.40 mmol/L glucose and 10.6 ± 0.98 mmol/L lactate, while the NG steers had 6.2 ±
0.38 mmol/L glucose and 11.0 ± 0.93 mmlo/L lactate levels.
Furthermore, the bleed-out times (P =0.7191) and glucose (P =0.1523) levels did not differ with
transportation group and lairage time. However, Table 2 shows that cortisol (P =0.0307) and lactate (P
=0.0069) were affected by transportation group and lairage time. Cortisol levels were higher for steers in
Group 1 than those in Group 2. Similarly, the lactate levels were higher for steers in Group 1 than those in
Group 2.
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Table 2 Mean (± SE) transportation and lairage grouping on bleed-out times (s) and the levels of cortisol
(nmol/L), glucose (mmol/L) and lactate (mmol/L) from exsanguination blood
Variables

Group 1

Bleed-out times (s)
Cortisol (nmol/L)

73.5 ± 8.09
a

Group 2

P-value

77.6 ± 7.69

0.7191

b

140.6 ± 14.50

92.8 ± 15.38

0.0307*

Glucose (mmol/L)

5.4 ± 0.38

6.2 ± 0.40

0.1523

Lactate (mmol/L)

12.4 ± 0.83

a, b

a

b

9.0 ± 0.88

0.0069*

Row Means with different superscripts differ significantly at P <0.05.

Similarly, the bleed-out times (P =0.7755) and glucose (P =0.0827) levels did not differ with slaughter
group. However, Table 3 shows that cortisol (P =0.0031) and lactate (P =0.0408) levels were affected by
slaughter group. Cortisol levels were higher for steers in Group 1, followed by Groups 3 and 4, and then
Group 2 had the lowest levels. Additionally, the lactate levels were higher for steers in Groups 1 and 3, then
Groups 2 and 4 (8.7 mmol/L).

Table 3 Mean (± SE) slaughter grouping on bleed-out times (s) and the levels of cortisol (nmol/L), glucose
(mmol/L) and lactate (mmol/L) from exsanguination blood
Variables
Bleed-out times (s)

Group 1

Group 2

Group 3

Group 4

P-value

71.7 ± 11.30

85.5 ± 11.30

70.3 ± 11.30

75.1 ± 11.30

0.7755

a

c

b

b

Cortisol (nmol/L)

175.9 ± 17.24

83.3 ± 17.24

91.2 ± 19.28

115.8 ± 22.26

0.0031*

Glucose (mmol/L)

5.1 ± 0.47

5.3 ± 0.50

6.8 ± 0.56

6.5 ± 0.61

0.0827

Lactate (mmol/L)
a, b, c

a

13.5 ± 1.12

b

9.6 ± 1.12

10.5

ab

± 1.26

b

8.7 ± 1.45

0.0408*

Row means with different superscripts differ significantly at P <0.05.

The number of attempts to stun each steer had no significant effect on bleed-out times (P =0.1185)
and the levels of serum cortisol (P =0.2627), glucose (P =0.5743), and lactate (P =0.2243). However, though
it was not statistically significant, the steers that were successfully stunned on first attempt bled longer (79.9
± 5.71 s) than the 2nd (45.0 ± 19.51 s) and 3rd (46.5 ± 23.89 s) attempts, and had the lowest cortisol levels
(112.1 ± 11.77 nmol/L) compared to the other two groups (2 attempts = 149.6 ± 37.23 nmol/L and 3 attempts
= 205.0 ± 64.48 nmol/L). Similarly, the former group had the lowest serum lactate levels (10.5 ± 0.70
mmol/L) compared to the 2nd (11.8 ± 2.20 mmol/L) and 3rd (17.1 ± 3.81 mmol/L) attempts. Lastly, the blood
glucose levels were more similar with 1st attempt value being 5.8 ± 0.30 mmol/L, 2nd attempt at 6.4 ± 0.93
mmol/L and 3rd attempt at 4.5 ± 1.61 mmol/L.
There were no significant relationships between the bleed-out times, cortisol, glucose and lactate
levels. However, there was an overall positive correlation (r = 0.70 at P <0.0001) found between cortisol and
lactate levels at the abattoir. This relationship was also observed from the results obtained at the farm
throughout the trial; week 1 (r = 0.49 at P =0.0038), week 2 (r = 0.32 at P =0.0507), week 3 (r = 0.41 at P
=0.0122), week 4 (r = 0.62 at P <0.0001), week 5 (r = 0.49 at P =0.0021), week 6 (r = 0.34 at P =0.0424),
week 7 (r = 0.39 at P =0.0157), and week 8 (r = 0.47 at P =0.0024). In addition, cortisol levels obtained at the
abattoir (week 9) positively correlated to week 3 (r = 0.36 at P =0.0444) at the farm; while lactate level
obtained in week 9 positively correlated with week 3 (r = 0.41 at P =0.0240) and week 5 (r = 0.35 at P
=0.0515) at the farm. Glucose levels from the abattoir did not relate with any levels measured at the farm.

Discussion
The similar response behaviour and physiological changes between the two genotypes may be
attributed to the fact that the steers used, were introduced to the same treatment and conditions at an early
age and at the same time. They had been reared together as one group at the farm from the beginning of the
trial until slaughter. These results concur with those reported by Probst et al. (2014) that there were no breed
effects on any of the stress-indicating traits they measured. This can also be attributed to the fact that cattle
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are herd animals, showing more group behaviour than individual (Grandin & Deesing, 2014). A similar
pattern was also seen in two preceding experiments on the same animals in which no breed effects were
identified during handling behaviour and blood analysis at the farm or on the time-budgets of these steers
(Njisane, 2016). In addition, the steers’ standing position throughout transportation may be related to the
short distance travelled to the abattoir (120 km), while their standing in lairages may have been due to
discomfort in a new exposure with concrete and wet floors (caused by rain). Seshoka et al. (2013) reported
an increase in salivary cortisol level during shorter distances travelled than longer.
Though not statistically significant in the current study, ND steers exhibited more avoidance behaviour
than the NG steers. Some similar results were also obtained in an earlier study (Njisane, 2016). In addition,
the recorded vocalization was from the ND steers. Cross-bred cattle have been reported to have high
excitability and to be hard to handle, compared to pure bred (Grandin, 1989), and are thus susceptible to
stress. In addition, Grandin (2001) reported that vocalization is associated with aversive and physiological
measures of stress. Furthermore, the non-significant effect of genotype on the bleed-out times and the
exsanguination serum levels of cortisol, glucose, and lactate confirm the results obtained on the behavioural
observations. Increased levels of cortisol, glucose and lactate are expected to reflect stress-related
behaviour and excessive muscle activity (Shaw & Tume, 1992; Gruber et al., 2010; Leroy et al., 2011). In
addition, the relationship observed between abattoir cortisol and lactate levels together with weeks 3 and 5
at the farm agrees with the fact that metabolites reflect stress-related behaviour (Njisane, 2016).
Although it took a shorter time to load and off-load, TG1 showed more signs of stress than TG2
(Figure 2 and Table 2). This is in contrast with reports that quick loading minimises stress (Maria et al.,
2004). In addition, it was reported that loading animals onto the vehicle takes longer and is more stressful
than off-loading (Maria et al., 2004). The opposite was recorded for the current study, where longer periods
were required for off-loading than on-loading. Furthermore, the increased avoidance-related behaviour, as
well as the levels of serum cortisol and lactate exhibited by the steers that were transported in the morning
(Group 1) and thus lairaged and rested longer at the abattoir, was not entirely expected. However, Gruber et
al. (2010) reported that elevated levels of lactate indicate stress-related behaviour at the abattoir.
The current findings are in contrast with reports that longer resting hours before slaughter improve
animal welfare thus better response during slaughter. del Campo et al. (2010) reported that resting duration
of over three hours promotes recovery from the transportation stress. In addition, animals are expected to
acclimatize to a specific condition after some time of exposure. However, these expectations may be in
contrast with what actually happens due to the fact that the abattoir still provides a novel environment to the
animals, which may even be enhanced by varying procedures (i.e. frequent handling, concrete floors, food
deprivation and noise) from point of arrival through to slaughter, regardless of the resting allowance.
Therefore, elongating the time may exert even more stress to the animals. In addition, a study by Probst et
al. (2014) reported 26 seconds to be the average time spent by the animals in the stunning box and it was
further reported that higher cortisol levels were detected in cattle that spent longer times inside the box.
The steers that were in the front and the end of the slaughter line showed varying response behaviour,
with more avoidance, and this phenomenon is not clearly understood. However, it could be attributed to
being the first ones in their group to enter the dark alley and the others in the group being left behind with
their herd-mates disappearing. Furthermore, Group 3 showed less avoidance-related behaviour and this was
attributed to that they had seen more of their herd-mates going into the slaughter alley. Grandin & Deesing
(2014) described cattle as herd animals; they prefer moving in their usual groups. However, an increase in
avoidance behaviour was seen again in the last group. Similarly, SG1 had the highest cortisol and lactate
levels compared to the rest of the groups. Stewart et al. (2015) reported that “kill-order” may better reflect
acute stress, with successive order showing higher pre-slaughter stress indicators.
In addition, Grandin (2006) reported that the animals are not aware that they will die at the abattoir.
Furthermore, the number of attempts to stun each animal may have been found to have no influence on
bleed-out times and the blood metabolites. However, reports have been made that the stunning process
influences bleeding (Lawrie & Ledward, 2006; Agbeniga & Webb, 2012). Sheep and cattle that were stunned
using the captive-bolt method had a higher blood yield than those that were not stunned (Anil et al., 2004;
2006). Therefore, minimal bleeding may be associated with stress. However, the number of stun attempts
did not seem to influence any of the measured stress indicators. In addition, samples that measured higher
cortisol correspondingly showed elevated lactate levels as well. The current results are in agreement with the
reports on the subsequent relationship of the two metabolites (Shaw & Tume, 1992; Gruber et al., 2010;
Leroy et al., 2011). This relationship was observed throughout the trial.

Conclusion
Steers of the two genotypes, reared together under the same conditions, responded similarly to
identical pre-slaughter conditions they were exposed to. Avoidance-related behaviour, serum cortisol and
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lactate levels only changed according to transportation/lairage groups and slaughter groups. The steers that
were transported in the morning, thus rested longer in the lairages, were similarly distributed across the
avoidance behaviour scores at slaughter with higher cortisol and lactate levels, while the second group was
less avoiding. Those that were in the first slaughter group also had higher cortisol and lactate levels
compared to other groups; while different levels of avoidance-related behaviours were seen in some steers
of SG 1, 2 and 4. Generally, a positive correlation exists between cortisol and lactate levels. There is a
connection between pre-slaughter activities and the behavioural and physiological changes of slaughter
steers. Further research is required to determine the qualitative and quantitative effects of these variables on
the quality of meat produced.
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