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before transport. Some abattoirs will accept short curfew 
times and the commensurate increase in excreta. During 
the phases from farm to abattoir, animals are exposed to 
various stimuli outlined by Ferguson and Warner (2008):

1. handling and increased human contact;    
2. transport;    
3. novel/unfamiliar environments;    
4. food and water deprivation;    
5. changes in social structure;    
6. variation in climatic conditions.  

Fasting
The stimuli listed above can collectively and separately 
have negative effects on carcass and meat quality. Weight 
loss is inevitable due to feed and water deprivation before, 
during or after transportation. Under Australian condi-
tions that include long transport distances and elevated 
summer temperatures, these effects can be exacerbated. 
For example, cattle transported 70 km and fasted (no feed 
or water) for 60  h lost 12% of their initial liveweight 
(Wythes et al. 1981a) compared to only 4% in cattle expe-
riencing the same treatment for 12 h. Extended periods of 
transport and lairage will increase the loss of carcass 
weight (Wythes et al. 1981b), which represents an 
economic loss. Such losses in weight decrease exponen-
tially with time off feed and water (Shorthose and Wythes 
1988). Reductions in carcass weight of up to 0.5% per day 
on average from transport and fasting, have been reported 
(Shorthose and Wythes 1988), with other estimates being 
up to a total of 8% in lost carcass weight (Warriss 1990) 

introduction
A key outcome of the beef industry is the production of 
meat to satisfy the many markets that Australia services 
around the world. The type of product varies according to 
the market, from the expensive highly marbled beef 
sought after in Japan to the large demand for grinding 
meat in the USA to service the fast food industry. In all 
cases there are optimal carcass types and the Australian 
processing industry has adopted some of the latest 
approaches to slaughter, boning and product handling. 
Continual cost pressure will require the industry to adopt 
less labour-intensive processes and increasing the return 
per carcass will be required through maximising compli-
ance to specifications and further value-adding and utili-
sation of the whole carcass.

Pre-slaughter handling and lairage
Cattle pass through a series of phases on their way from a 
farm to an abattoir. Commonly, these phases include 1) 
farm curfew without access to feed and water, 2) saleyards 
and 3) abattoir with transportation required for the 
delivery of cattle to the latter two phases. Some animals 
are sold directly to abattoirs, thus avoiding the saleyard 
and dual transport journeys. All slaughter animals spend 
time in lairage (i.e. resting) at abattoirs; this time period 
varies depending on processor numbers and the order of 
slaughter.

The purpose of farm curfew is to prepare livestock for 
transport and, specifically, to reduce the volume of 
material in the gastrointestinal tract and urinary bladder 
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depending on the duration of fasting and transport. Other 
body components (liver, skin etc.) also exhibit weight loss 
as the time off feed and/or water is extended. Further-
more, fasted animals will exhibit gluconeogenesis and fat 
mobilisation to maintain energetic homeostasis and this 
could lead to changes in meat quality, such as elevated pH.

Dehydration can cause stress with a significant impact 
on meat colour and shelf life. Cortisol released from the 
adrenal glands during stress has a diuretic effect (i.e. 
increases water loss by the kidneys) and may simultane-
ously depress water intake. In lairage at abattoirs, cattle 
have access to water, hence an opportunity for rehydra-
tion, but this is dependent on them drinking in unfamiliar 
surroundings. Codes of practice for animal welfare at 
abattoirs have specific recommendations for supplying 
water to cattle (Anonymous 2002b). Current Australian 
codes for the transport of cattle specify a maximum period 
of 48 h between the provision of water at the start and end 
of a journey for cattle over six months of age (Anonymous 
2012). An important consequence of fasting is the elevated 
growth of E. coli in the rumen (Brownlie and Grau 1967); 
Hogan et al. (2007) proposed this could reflect a reduction 
in fermentable carbohydrate forcing pathogenic microbes 
to compete for energy. It has been shown that feeding hay 
for 48 h before transport to an abattoir reduces the level of 
bacteria like E. coli (Gregory et al. 2000) in the digesta, 
compared to fasted or pasture-fed cattle. However, the 
reduction in energy intake, from hay-based diets that may 
have a lower energy content than pasture, could lead to 
lower muscle glycogen levels and thus higher pH meat. As 
such, the provision of high-quality hay would be required 
for this to be a useful strategy. Animals conserve water in 
response to water deprivation by increasing the concentra-
tion of urine, which can be indicated by measurement of 
urine-specific gravity. Overall, short lairage times and 
limited fasting are considered best practice.

stress effects
Animals faced with stressful situations will have an 
altered metabolism dependent on the type of stress 
(Ferguson and Warner 2008). This can lead to significant 
depletion of muscle glycogen (Warriss 1990); if the level 
falls to 45–57 mmol/kg then a ‘normal’ ultimate pH will 
not be reached when the animal is slaughtered (Tarrant 
1989). This will lead to reduced keeping quality (Egan and 
Shay 1988), increases in toughness specifically up to about 
pH 6.0 (Bouton et al. 1973a; Purchas et al. 1999) and 
darker meat (Truscott 1988). Beef with a high pH is often 
referred to as dark, firm and dry (DFD), but the critical 

pH threshold for DFD is not clear. Some researchers refer 
to meat with a pH above 5.9 (Ferguson et al. 2001) as DFD, 
whereas others (McGilchrist et al. 2011) applied a pH of 
5.7 and above as DFD, yet others used a pH of 6.0 and 
above (Apple et al. 2006). The latter threshold is in some 
ways the most appropriate for muscle structure as it shows 
more dramatic changes when the pH exceeds 6.0 with 
increased water-holding capacity (Huff-Lonergan and 
Lonergan 2005) and off-f lavours. Meat buyers tend to 
discriminate on a colour basis above a pH of 5.8–5.9 
(Truscott 1988).

The level of DFD meat in the beef industry indicates 
that it can be a significant problem with Australian work 
reporting a mean incidence of 9.6% using a pH threshold 
of 5.8 and 4% with a threshold of 6.0, but with up to 16% 
of carcasses falling into the DFD classification (Warner 
et  al. 1988). In this study the incidence was reduced if 
cattle spent less time in lairage and if they came from 
feedlots. More recent work has shown levels of DFD up to 
18% using a pH threshold of 5.7 in cattle fed for ~150 days 
in a feedlot (Hopkins et al. 2007) and up to 22% in cattle 
less than 350 kg carcass weight (McGilchrist et al. 2012). 
In this case, the level of DFD in winter was significantly 
higher than in autumn. It has been reported that faster-
growing cattle are at less risk of producing high pH meat 
(Smith et al. 1999). This could be due to slower-growing 
cattle having lower muscle glycogen levels, but they may 
also be more stress sensitive. For example, as flight speed 
increased from 0.75 to 2.25 m/s muscle glycogen concen-
tration decreased by 8.9% (McGilchrist et al. 2011). 
However, more agitated behaviour doesn’t always trans-
late into a higher pH (Fordyce et al. 1988; Petherick et al. 
2002), but it has been reported to lead to higher levels of 
dark meat (Voisinet et al. 1997). There have also been 
reports that more agitated behaviour leads to tougher 
meat when measured by shear force (Fordyce et al. 1988; 
Voisinet et al. 1997). Others have reported no correlation 
between flight speed and eating quality as assessed by 
Meat Standards Australia (MSA) protocols (Petherick 
et  al. 2002) or a low correlation between temperament 
scores, f light speed and shear force (King et al. 2006). 
More recently, Cafe et al. (2011) showed that a higher 
flight speed score did lead to an increase in shear force 
and pH, with some decrease in the lightness of meat 
colour, but the effects were influenced by breed of cattle 
and production region of the cattle.

Aside from an impact on meat colour and tenderness, 
the stressful effects of transport, handling and lairage can 
impact on the general well-being of cattle, with practices 
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like loading cattle being more stressful than unloading 
(Fisher et al. 2009). Temperament and genetic effects also 
affect the response of cattle to stressful situations, as can 
the mixing of unfamiliar cattle during lairage; bulls are 
the most susceptible. As a result, MSA does not allow 
mixing of cattle two weeks before slaughter (Colditz et al. 
2006). To produce high-quality beef, attention needs to be 
given to nutritional management and handling of cattle 
pre-slaughter, with handling and long lairage periods 
being minimised or avoided. According to Fisher et al. 
(2009), the benefits of resting animals that have been 
transported long distances is equivocal.

Another important consideration for managing stress 
levels of cattle is treatment at the abattoir. The application 
of electric prodders to cattle six times in the 15 min before 
slaughter reduced eating quality by 4 points (on a 100 
point scale) and increased f luid loss from the muscle 
compared to cattle not prodded (Warner et al. 2007). 
However, in this study there was no impact on pH, shear 
force or meat colour. The use of electric prods has been 
shown to raise cortisol levels (Hemsworth et al. 2011).

MSA recommendations for pre-slaughter handling 
and treatment of cattle (Anonymous 2010a) with addi-
tions from the relevant code (Anonymous 2002b) are 
given in Table 2.1.

A practical yet important method for reducing pre-
slaughter stress is the use of animal handling facilities 

and principles that account for animal behaviour 
(Chapter 13). Grandin (1993) and Barton Gade (2004) 
provide a good overview of the critical considerations to 
reduce pre-slaughter stress and improve animal welfare. 
For example, circular yard design facilitates movement 
of cattle as it recognises the natural herding and 
movement habits of cattle. Races should have solid sides 
leading to the stunning area of an abattoir (Grandin 
1993; Fig. 2.1) and be well lit (Grandin 2001). Gateways 
should be wide with no protruding fittings and loading 
ramps should have non-slip bases and inclines of less 
than 1 in 3 (20°). As outlined by Grandin (1993), the 
degree of vocalisation of cattle can be used to assess the 
functionality of lairage design as vocalisation is corre-
lated with physiological measures of stress (Hemsworth 
et al. 2011). Further suggestions for streamlining the 
transfer of cattle into the knocking box are given by 
Grandin (2010, 2011).

Management pre-slaughter
Agitated cattle with poor temperament exhibit higher 
levels of carcass bruising, particularly in the back and hip 
regions (Fordyce et al. 1988). This has a direct economic 
consequence for producers and processors, with recorded 
losses of up to 1.5 kg of meat per carcass. Docile cattle lose 
less weight during transport and recover weight more 
quickly while resting after transport (Colditz et al. 2006). 
There is further evidence that breed type has an impact 
on stress responsiveness (Muchenje et al. 2009; Cafe et al. 
2011). Therefore, selection emphasis on improving tem-
perament on farm will have tangible benefits to the cattle 
industry. Available evidence indicates that there is a 

table 2.1: Recommendations for the production of high-
quality beef

location

On farm/
transport

Cattle must be fed adequate nutrition to ensure 
growth (at least 0.9 kg/day) for a minimum of 
one month before slaughter
Cattle must have access to water until 
transportation and be handled quietly to reduce 
stress
Cattle with a flighty temperament are not to be 
transported, nor are sick cattle
Don’t mix groups of unfamiliar animals
Minimal use of goads or electric prodders
Transport cattle at the recommended densities 
as per the trucking industry code of practice

Abattoir Adequate fresh water for all cattle so that all 
animals can drink within 1 h of arrival at the 
abattoir
If cattle are held for more then 24 h then feed 
must be provided to maintain liveweight
Provision of shade
Well-designed lairage that accounts for cattle 
behaviour

Figure 2.1: Ramp with closed sides leading to the slaughter 
point. Source: CSIRO Food and Nutritional Sciences.
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desirable genetic relationship between temperament and 
meat shear force (Reverter et al. 2003).

The use of dietary supplements as a means of limiting 
the impact of pre-slaughter transport and handling on 
meat quality has been investigated. This includes supple-
mentation with electrolytes and/or carbohydrates such as 
glucose (Schaefer et al. 1990), given that cattle can experi-
ence dehydration, electrolyte imbalance and hypoglycae-
mia when transported and held in lairage before slaughter. 
Periods without feed and water in bulls have been shown to 
decrease eating quality if the period reached 36 h before 
slaughter (Jeremiah et al. 1992), thus highlighting the 
importance of the pre-slaughter handling. Interestingly, 
the early work of Schaefer et al. (1990) reported an increase 
in carcass weight of 3.0% in cattle given either electrolytes 
or glucose compared to cattle given only water or no water 
while in lairage, but there was no clear positive effect on 
meat colour, shear force or pH. Later work by Schaefer et al. 
(1992) confirmed the improvement in carcass weight from 
the supply of electrolytes. In this work, urinary sodium 
levels and osmolality were decreased in treated cattle, 
indicative of a higher fluid intake which was reflected in 
heavier carcass weights. This Canadian work led to a regis-
tered product Nutricharge®. Some Australian work showed 
no benefit in reducing liveweight loss from the use of this 
product during transportation, but the diet fed pre-trans-
port which contained cottonseed meal and molasses may 
have nullified any benefits (Colditz et al. 2006). Apart from 
a direct effect, it is possible that supplements could encour-
age cattle to drink more water while in lairage and this 
would have a beneficial effect on maintaining hydration.

The report of Jeremiah et al. (1992) indicated that the 
use of electrolytes in bulls led to a decrease in overall pal-
atability of the meat, but no explanation was given for 
this. It is unclear whether a rise in electrolytes would 
translate into a direct effect on palatability, as meat 
enhancement with salt-based solutions gives equivocal 
results in which effects are impacted by the muscle/cut 
under study (Stetzer et al. 2008).

Another supplement that has been studied for its 
effects on meat quality in other species is magnesium. 
Magnesium has been shown to depress neuromuscular 
stimulation, thus inducing a relaxant effect, but there do 
not appear to be studies on the usefulness of this supple-
ment for cattle. Another compound which has not been 
studied for its effect on alleviating weight loss in cattle is 
betaine, which acts as an organic osmolyte in plants, 
although a study in lambs showed no benefit from feeding 
betaine pre-slaughter (Pearce et al. 2008).

The level of nutrition pre-slaughter impacts on growth 
rate and this production indicator can consequently affect 
traits like palatability; however, the literature is not in 
agreement on the importance of growth rate on palatabil-
ity (Thompson 2002). In the Australian-developed MSA 
meat grading system, carcass weight in relation to ossifi-
cation score is incorporated into the prediction model 
(Watson et al. 2008) so this would account for growth rate 
differences. Growth rate pre-slaughter will impact on 
muscle glycogen levels as outlined above, and thus on pH, 
so higher growth rates are desirable.

slaughter Process
The knocking box is the most common method of 
restraining cattle for stunning and is often used with a 
head restraint. Regulations require that animals be 
humanely killed (i.e. stunned with either a captive bolt or 
electrically, meaning they are rendered insensible to pain: 
Grandin 1993) and are unconscious during bleeding.

stunning
The most common type of stunning of cattle is captive 
bolt (Fig. 2.2), although electrical stunning is becoming 
more widespread due to concerns about the spread of 
bovine spongiform encephalopathy (BSE) prions from the 
brain to edible tissue (Gregory 2005). Captive bolt systems 
are either cartridge or pneumatically powered. With the 
captive bolt, a state of concussion is induced and if the 
bolt does not cause excessive tissue damage, the animal 
can regain consciousness (Wotton et al. 2000). The correct 
frontal target area for effective captive bolt stunning cor-
responds to the intersection of two lines which cross 
between the eyes and the upper portion of the ears with 
reference to the middle of the head.

The following criteria must be achieved for an effective 
stun using a captive bolt:

 ● collapse of the animal;    
 ● no corneal reflex;    
 ● eye balls not rotated;    
 ● absence of normal rhythmic breathing.  

After a successful stun, tonic spasms with some clonic 
activity (kicking) normally follow. Research has shown 
that bulls require more than one shot to produce an 
equally effective stun compared to steers or heifers 
(Gregory et al. 2007), indicating that a more powerful shot 
is warranted for bulls. Soft-sounding shots should alert 
operators to the likelihood of a poor depth of concussion. 
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The power of a stun has been shown to affect the level of 
hormones, with high-powered captive bolt inducing 
higher levels of adrenalin and ACTH (Anonymous 2011a), 
with flow-on negative effects for meat quality. Thus a 
careful balance is required between the power of the stun 
and the effectiveness of the stun. Cartridges in captive 
bolts vary in strength and are classified according to the 
amount of propellant they contain, measured in grains, 
with 4 grains being required for large cattle. Auditing of 
the stunning process has shown that up to 95% of cattle 
can be effectively stunned on the first shot (Grandin 2010).

During electrical stunning the animal becomes rigid as 
neurotransmitters are released (Cook et al. 1996) within 
the brain, leading to an epileptic-like seizure. The stunner 
must have sufficient current through the brain to induce 
the seizure (grand mal). The minimum current required 
for an effective stun is 1.2 A, and 1.5 A to fibrillate the 
heart at 550 V and 50 Hz (Wotton et al. 2000). This par-
ticular stunner runs three cycles: 1) head-only cycle, 2) 
cardiac cycle to induce ventricular fibrillation, and 3) a 
spinal discharge cycle to reduce convulsions after death.

Following an effective electric stun there are three 
phases:

 ● a tonic phase characterised by rigidity due to the 
release of glutamate;    

 ● a clonic phase characterised by paddling or involun-
tary kicking;    

 ● a recovery phase during which normal rhythmic 
breathing starts again (this phase will not occur during 
normal abattoir procedures).  

If kicking occurs immediately after applying the 
current, this indicates that the stun was probably not 

totally effective. However, physical movement cannot be 
relied upon to conclusively indicate the effectiveness of 
the stun. Absence of normal rhythmic breathing and lack 
of eye reflexes are better indicators. If only head stunning 
is used to satisfy halal requirements, then exsanguination 
or sticking needs to occur as soon as possible after 
stunning. In a head-only stun, the current passes through 
the brain and the animal recovers unless exsanguination 
occurs within 35–45 s of the stun (Lambooji 2004). Com-
bining head-only stunning and exsanguination increases 
the duration of unconsciousness via the release of gluta-
mate and aspartate. Electrical stunning is widely practised 
around the world. An electroencephalography (EEG) is 
used to show brain response to stunning and demonstrate 
interruption to electrical activity of the brain (Fig. 2.3a) 
and the corresponding uninterrupted pattern from an 
effective stun (Fig. 2.3b).

Exsanguination should occur before reflex kicking 
begins and the sooner after stunning the better, to reduce 
blood splash (ecchymosis). Blood splash is the escape of 
blood from blood vessels into muscle tissue; these haem-
orrhages appear as dark red spots (Fig. 2.4) on meat cuts. 
The exact cause is not known, although it appears to arise 
from high blood pressure and possibly weak blood vessels. 
Gregory (2005) gave four explanations of why blood splash 
occurs with electrical stunning: 1) pre-slaughter stress 
may predispose cattle to blood splash by elevating blood 
pressure, 2) ineffective stunning can also lead to higher 
blood pressure, 3) blood vessels experience severe external 
pressure due to muscle contractions (Lambooji 2004) and 
4) hot weather can increase the incidence of blood splash.

Stunning equipment should be checked to ensure that 
it is delivering the appropriate current or voltage accord-
ing to the manufacturer’s guidelines. Most commonly an 
alternating current at a frequency of 50 Hz with a sinu-
soidal waveform is used for stunning (Wotton et al. 
2000), but much higher frequencies up to 1800 Hz have 
been used (Lambooji 2004) as a means of reducing any 
direct muscle stimulation and thus contraction. At higher 
frequencies, the wavelength is shortened and thus 
neurons are discharged more often. This ‘exhaustion’ 
means the muscle cannot keep responding to the external 
current, whereas the nervous system has a much higher 
threshold. This should limit the occurrence of ecchymo-
sis. Decarbonising the electrodes regularly with a wire 
brush will help to ensure good contact with the head of 
the animal. In Fig. 2.5 the nose of the animal rests on the 
electrode plate and there is another electrode as part of 
the head crush.

Figure 2.2: Head-stunning a beast with a captive bolt. Source: 
N.G. Gregory.
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For stunning systems that apply head-to-body cycles 
which result in cardiac arrest and inactivation of the 
spinal nervous system, the time to sticking is less critical. 
For these reasons a head-to-body stunner is a safer alter-
native because it leads to minimal animal movement. 
Using this system, sticking must be undertaken to ensure 
proper bleeding (thoracic stick – severing the vena cava 
and the aorta). Electrode placement is critical to ensure 
cardiac arrest and the heart must be spanned. The appli-
cation sites can be wetted to ensure proper electrical 
contact; this also lessens skin burns.

Head-to-body stunners do reduce blood splash 
because of a reduction in blood pressure, but are not 
acceptable for halal (Islamic) slaughter. A single cut 
severing the carotid arteries, jugular veins, trachea and 
oesophagus must be executed for halal slaughter, 

in conjunction with head-only stunning. The halal 
slaughter process requires the first penetration of the 
body to be the slaughter man’s knife, and he must be 
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Figure 2.3: (a) EEG trace for an interrupted stun. (b) EEG trace for an effective stun. Source: 
CSIRO Food and Nutritional Sciences.

Figure 2.4: Cut showing extensive blood splash, as dark spots. 
Source: CSIRO Food and Nutritional Sciences.
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specially trained and accredited. A prayer is said for each 
animal. For a kosher (Jewish) slaughter, the animals must 
be fully conscious and the throat must be cut with one 
rapid continuous motion. More detail on these methods 
is given by Shragge and Price (2004). Thoracic sticking, 
whereby the brachiocephalic trunk near the heart is 
severed, has been shown to increase the amount of blood 
drained from the body soon after sticking (Anonymous 
2011a) and to reduce carotid occlusion. There are also 
electrical approaches after sticking which can be used to 
increase blood collection during early stages of the 
slaughter process.

immobilisation
Early work in New Zealand showed that head-only 
stunning of cattle could be combined with exsanguina-
tion, and then electrical immobilisation to ensure insensi-
bility and stillness (Devine et al. 1986). Immobilisation 
was applied 20 s after stunning and involved application 
of 80  V, 14.3  Hz, 300  mA of electricity for 30–37  s via 
electrodes connected to the nose and anus. This approach 
reduced animal movement and allowed safe dressing of 
the carcass. More recently, new immobilisation systems 
have been developed in Australia with a constant current 
applied while the animal is in the knocking box after 
stunning, or after the animal is exited from the knocking 
box onto a V-bed (Fig. 2.6). The principle of these systems 
has been the use of high frequencies, e.g. up to 2000 Hz, 
current 1–2 A with a pulse width of 0.15 ms applied for up 
to 15  s. This has been shown to be very effective at 
reducing animal movement immediately after stunning, 
allowing safe shackling and exsanguination, thus 
reducing the risk of knife injuries due to ref lex 

movements. Evidence indicates that this application does 
not have any detrimental effect on meat quality, particu-
larly pH (Anonymous 2006a), thus enabling other electri-
cal inputs further down the slaughter chain to be applied 
to either enhance bleeding or the rate of pH decline.

electronic bleeding
With normal processing procedures, cattle are held in a 
bleeding area to maximise the collection of blood and 
reduce the biological oxygen demand (BOD) of the 
effluent collected from washdown activities further along 
the chain. New electrical systems based on medium 
voltage, with a square pulse of short duration (Devine 
et al. 2004), have the potential to include systems to assist 
bleeding as they do not require isolation from abattoir 
workers and can be retrofitted into existing slaughter 
floors more easily. Limited data suggests that at least an 
extra 1 kg of blood could be collected per animal from the 
exposure of carcasses within 2 min of sticking to electric-
ity at either 5 or 14 Hz and 500 mA (Anonymous 2006a). 
This response has been verified by work in sheep (Hopkins 
et al. 2006). In the case of the cattle system, the pulse 
interval is commonly 200  msecs with a pulse width of 
500 µsecs. Since the 5 Hz frequency has less impact on 
muscle pH (Anonymous 2006a) this is used where 
minimal stimulation effects are desired, although it has 
been observed that these parameters may still produce a 
stimulation effect. A typical system (Fig. 2.7) has the 
current administered through the hind legs; in this case 
the electrical parameters were 5 Hz, constant current of 
500 mA and a pulse width of 200 msecs. For abattoirs that 
sell blood meal, there are improved profits from applying 

Figure 2.5: Application of electrical stunning to a cow. Source: 
C.E. Devine.

Figure 2.6: Immobilisation unit used immediately post 
stunning and before the carcasses are placed on the chain. The 
electrodes are clearly seen. Source: I.J. Richards.
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this approach. More blood collected in the bleeding area 
reduces the amount of blood present on the floor beneath 
the processing chain, the amount of blood that enters 
effluent (thus decreasing the BOD of the effluent) and the 
amount of water required to hose the blood away.

Pelt removal and dressing
After hoisting onto the chain, cattle dressing can commence 
with removal of the hide first from around the free hind 
leg. In some cases, particularly with feedlot cattle, dags (i.e. 
manure deposits) may need to be removed to reduce bacte-
rial contamination; several de-dagging devices have been 
designed, with limited success. Many abattoirs would use a 
steam vacuum system to remove contamination during 
dressing. A detailed description of the dressing procedure 
is given by Belk and Scanga (2004). It should be noted that 
the front lower limbs are usually removed at the junction of 
the proximal and distal carpal bones, often with the aid of 
hock cutters. This procedure has now been mechanised in 
some abattoirs with robotic hock cutters (Fig. 2.8).

The hide is removed completely from the carcass using 
either upward or downward pullers. A critical component 
of this step is the use of back stiffeners. These have probes 
that are forced into the carcass (Fig. 2.9) and an electrical 
current is applied to the carcass. This approach is used in 
downward hide pullers and is designed to prevent broken 
backs from the force which is applied to the carcass as the 
hide is removed from the lower part of the carcass, by 
causing the carcass to become stiff. The currents for such 
probes could be 3 A at 50 Hz (Anonymous 2006a), and 
such probes have been found to increase the decline in 

muscle pH with variable times of application in the same 
abattoir typically from 7–16  s (Warner 2010). In cases 
where minimal impacts on the rate of pH decline are 
desired, new pulse energy back stiffeners have been devel-
oped in Australia which use only contact plates rather 
than penetrating probes. These units deliver a pulsed 
waveform (i.e. inverse exponential as opposed to a 

Figure 2.7: Electronic bleeding unit used immediately post 
stunning and before the carcasses are dressed. The electrodes 
operate through the hind leg as shown. Source: I.J. Richards.

Figure 2.8: Robotic hock cutter.  Source: Machinery 
Automation & Robotics.

Figure 2.9: Rigidity probe in combination with a downward 
hide puller. Source: CSIRO Food and Nutritional Sciences.
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common sine wave) at 40 Hz and 375 peak voltage with a 
pulse width dependent on load resistance. Strict control 
over the length of application can reduce the effect on the 
rate of pH decline.

The quality of dressing has a significant impact on the 
final value of skins and particular attention needs to be 
paid to knife cuts during pelt removal. Cuts reduce the 
value of the resultant leather, making the skins unusable 
as mats and often causing the skin to tear during tanning. 
Flay marks are less obvious but result in thin, weak areas.

evisceration
After pelt and hock removal, evisceration presents the 
major labour requirement of the cattle slaughtering 
system. The first step is to separate the oesophagus and 
the trachea (weasand), which is done with a ‘weasand’ 
rod, and the oesophagus is tied off to prevent leakage 
from the digestive tract. Following this, brisket splitting is 
undertaken, a process often mechanised by the use of a 
blunt end cutter to prevent the blade from rupturing the 
rumen. During evisceration, the stomach, liver, spleen, 
lungs and heart are removed. The last major activity is the 
splitting of the carcass laterally down through the spine 
(Fig. 2.10). Given concerns over BSE, the spinal cords are 
removed from carcasses, sometimes with the aid of 
 vacuum-based systems. There are robotic systems under 
development for splitting carcasses.

Meat insPection
Ante mortem (before death) inspection is usually carried 
out in the lairage on the morning of slaughter. 

The inspector looks for symptoms of any zoonotically 
transmissible diseases to humans or other animals that will 
automatically render the meat unfit for consumption. The 
qualifications of such inspectors vary between and within 
countries depending on the local regulations. No animals 
appearing to suffer from such a disease should be slaugh-
tered for human consumption. Regulations vary according 
to country (e.g. for Australia, see Anonymous 2007a).

During slaughter and after the removal of the skin, the 
gastrointestinal tract and internal organs and the carcass 
are inspected for signs of disease (e.g. cattle worms, 
jaundice, arthritis, pneumonia; Chapter 13) and the con-
tamination of carcasses is also assessed. If bruising or 
lesions are detected on the carcass they are trimmed. In 
some cases, tissue samples are taken for chemical residue 
testing, with maximum residue levels applying to specific 
chemicals. Carcasses are commonly washed after evis-
ceration and splitting either by hand or by passing 
through automatic wash stations; however, hide on 
washers have also been used to reduce bacterial contami-
nation (Arthur et al. 2010).

A major consideration is the reduction of bacterial 
contamination, and good hygiene systems are required to 
limit the transfer of bacteria from the skin, faeces and 
humans to the carcass. The bacteria of concern for fresh 
meat are Salmonella spp., E. coli and Campylobacter spp. 
(Sofos 2008). It has been shown that Campylobacter is the 
most common food-borne pathogen of humans in several 
countries (Vanselow et al. 2007). Although feed with-
drawal may reduce the load in the gastrointestinal tract 
and the bladder, there is some evidence that it may 
increase the level of bacteria such as E. coli, based on cattle 
studies (Gregory et al. 2000). Recent investigation has 
identified that a proportion of cattle harbour high levels 
of E. coli including the deadly 0157:H7 strain; these cattle 
have been termed ‘super shedders’ (Arthur et al. 2010).

A logical and systematic approach to reducing con-
tamination involves the identification of hazards, estab-
lishing the level of risk, identifying points where control 
can be implemented, selection of control options and 
monitoring the control. This approach is termed Hazard 
Analysis Critical Control Points (HACCP). There are 
several control options to reduce contamination levels: 1) 
hot water ≥80°C must be used to decontaminate knives 
and viscera inspection systems, 2) trimming visible con-
tamination, 3) steam vacuuming (Rekow et al. 2011) and 
4) washing with water (Koutsoumanis and Sofos 2004). 
Hot water washes are more effective at reducing bacterial 
load (Sheridan 1998) and some abattoirs overseas use 

Figure 2.10: Carcass splitting using a saw with an endless 
blade. Source: D.L. Hopkins.
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commercial dehairing to reduce contamination using 
sodium sulphide and hydrogen peroxide.

carcass MeasureMent and yield 
estiMation
Methods of measurement
There is no international carcass grading or measurement 
system for beef carcasses. The systems that do exist are 
based on subjective assessments of fat cover and confor-
mation or on objective measures taken on the carcass. The 
European Union takes the first approach (de Boer 1992). 
It uses five conformation classes (EUROP) with ‘E’ being 
the best conformed and ‘P’ the least. Countries have the 
option of including an ‘S’ class for carcasses with very 
superior conformation (Allen 2009). There are five fat 
classes (1–5) in the European system, with 5 being the 
fattest, and subdivisions within classes into high and low 
levels are used by some countries. In the USA, there is an 
option to give one of five yield grades (YG) to beef car-
casses based on carcass weight, subcutaneous fat thick-
ness at the 12th rib, longissimus cross-sectional area at the 
12th rib (EMA) and the percent of kidney, pelvic and 
heart fat (Anonymous 1988), with YG1 having the highest 
yield grade and YG5 the lowest.

In Australia, early work (Anonymous 1981) was 
designed to classify carcasses according to sex, age, sub-
cutaneous fat thickness and carcass weight, but this 
moved to carcasses being described by specifications 
instead of rigid classes. This approach relied on the meas-
urement of subcutaneous fat thickness at the 12th rib and 
a manual system was developed using a ‘cut and measure’ 

knife (Fig. 2.11 shows where the fat depth was measured). 
The use of the rib site for measuring fat depth was ques-
tioned, with claims that damage due to hide pullers was 
greater at the 12th rib site than at a site on the sacral crest 
(Johnson and Vidyadaran 1981) such that up to 20% of 
carcasses couldn’t be measured due to removal of fat at 
the 12th rib.

Removal of fat from the 12th rib was shown not to hold 
universally across Australia (Hopkins 1989a), with differ-
ences between abattoirs due to the degree of care given to 
the dressing procedure. Nevertheless, the measurement 
site was changed to what is called the P8 rump site. This 
site is defined as the point of intersection of a vertical line 
from the dorsal tuberosity of the tripartite tuber ischii 
parallel with the chine, and a horizontal line from the 
crest on the spinous process of the third sacral vertebra. 
The P8 site lent itself to easier measurement with probes 
such as the Hennessy Grading probe (Phillips et al. 1987; 
Fig. 2.12). This probe was shown to over- and underesti-
mate the fat depth of lean and fat carcasses respectively 
(Phillips et al. 1987; Hopkins 1989b) but it can be pro-
grammed to account for this divergence. The probe is 
used in abattoirs in several countries, including Australia. 
Probe measures at the P8 site have been found to be com-
parable to other measures for predicting yield in beef 
carcasses (Hopkins and Roberts 1993).

Apart from using carcass data for description purposes, 
it also provides for predicting meat yield – whether 
defined as saleable or lean – given the relationship 
between subcutaneous fat thickness and meat yield (Cole 
et al. 1962). Derivation of relationships between carcass 
measures such as subcutaneous fat thickness and carcass 
components, when combined with processing costs and 
component prices, allowed the calculation of break-even 
prices (Phillips et al. 1982) and thus construction by proc-
essors of price schedules or grids. Considerable work was 
undertaken in Australia to understand the factors that 
influenced such relationships (Johnson and Vidyadaran 
1981; Bond 1984) to underpin the development of com-
mercially robust systems which allowed carcasses to be 
traded on an objective basis (Anonymous 1981). With the 
shift to the P8 site, several studies were undertaken to 
establish the prediction error of using the P8 site compared 
to the 12th rib site (e.g. Ball and Johnson 1989) in which it 
was found that breed impacted on the relationship 
between fat depth at different measurement sites and meat 
yield. However, the inclusion of other carcass measures 
such as eye muscle area (EMA) has been shown to reduce 
breed differences in prediction models (Crouse et al. 1975; 

Figure 2.11: Site for the measurement of subcutaneous fat 
depth. Source: J. House.
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