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Abstract 

Bruising in slaughter cattle: its relationship with creatine kinase (CK) levels and meat 

quality 

 

  By 

Mpakama Thandiswa 

The objective of the study was to determine the effects of pre-slaughter conditions and anima-l 

related factors on bruising, creatine kinase (CK) and beef quality. Three hundred and twenty one 

cattle from three breeds (108 Bonsmara, 130 Beefmaster and 83 Brahman) were used in this 

study. The animals were grouped according to age categories as follows;  Group 1(16months), 

Group 2 (18months) and Group 3 (24 months). Blood samples for CK determination were 

collected at exsanguisation using disposable vacutainer tubes. The Muscularis longisimus 

thoracis et lumborum (LTL) muscle was used to determine beef colour (L,* a* and b
*
) and 

ultimate pH. Significant P (<0.05) breed effects were observed on bruising score and CK levels 

with Bonsmara breed having the highest percentage (80%) of bruising score and higher CK 

(705.3±80.57) values. The higher CK levels were also in winter season.  The effect of breed, sex 

and age at slaughter on meat quality (pHu, L*, a*, b*) was also observed.  There were positive 

correlations between distance travelled and meat quality, while there was no relationship 

observed between CK and distance travelled. Therefore, it was concluded that animal related 

factors had an effect on meat quality and CK levels. 

Keywords: Age at slaughter, beef quality, bruising, colour, creatine kinase, pH, season, 

transportation. 
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Chapter 1. General Introduction 

Transportation of live animals is usually a major stress. Beef cattle are exposed to physical and 

physiological stimuli stressors through human-animal or animal interactions when transported to 

slaughter, auction markets or to farms (Weeks et al., 2002). Common vehicles used to transport 

these animals are trucks. Besides the issue of welfare, a strong relationship exists between pre-

slaughter cattle management and carcass damage that was reported by many authors resulting in 

the production of bruises and the release of some muscle enzymes such creatine kinase (Grigor et 

al., 1997; Knowles et al., 1994). The important factors in relation both to animal welfare and 

meat quality are loading, stocking density and road condition (Tarant et al., 1992).  In addition 

long distances travelled by the animal increases stress and physical damage such as bruising in 

animals (Villarroel et al., 2001; Gallo et al., 2003; Hoffman et al., 2010). Of all the pre-slaughter 

events mentioned above, transportation causes more stress and even predisposes animals to 

bruising (Knowles, 1999). 

 

A bruise is defined as a tissue injury with rupture of the vascular supply and accumulation of 

blood and serum (Gracey et al., 1999; Hoffman et al., 1998). Occurrence of bruising starts from 

the farm, during transportation, at the market and at the slaughter house (Jarvis et al., 1995). It 

results from a physical blow from a stick, a stone, a metal projection or an animal fall 

(Chambers, Grandin, Heinz and Srisuvan, 2004). Muscle damage of animal during transportation 

results in the release of CK in the blood.  
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It means that bruising in animals can be detected by measuring the amount of CK present in the 

blood plasma (Braun, Medaille and Trumel, 2008). Creatine phosphokinase (CPK) is used as a 

prognostic indicator for the uterine torsion. It acts as a catalyst in the conversion of the creatine 

which consumes Adenosine Tri-Phosphate (ATP) to make Phosphocreatinine and Adenosine Di-

Phospahte (ADP) (Radostits, Arundel, Gay, Hinchcli and Blood, 2000). 

 

Bruising in cattle affects the quality of the carcass and results in meat of poor keeping quality 

because the bruised sites offer an environment suitable for microbial growth and the meat is 

undesirable to consumers (Gallo, 2008; Hoffman, 2010). It is also postulated that bruised cattle 

are stressed and would have an abnormally high pH because of glycogen depletion and the 

subsequent lower production of lactic acid in the muscles (Kannan, Chawan, Kouakou and 

Gelaye, 2002). Therefore high pH apart from favoring microbial growth and reduction of shelf 

life of meat, will also cause meat to be darker and tough  (Chambers et al., 2004) . Therefore it is 

clear that some kinds of damage affecting welfare result in creatine kinase release, so this can be 

used in conjunction with other indicators as a welfare or bruising measure. 

 

1.2. Problem statement 

Research has been done to investigate the animal handling and welfare issues during 

transportation of animals from farms to commercial abattoirs. Although there is little or no 

information on the relationship between creatine kinase (CK) values with pH and beef colour. In 

addition many studies have been done to determine the occurrence of cattle bruises from the 

farm to the abattoir but most of them have not been able to link the level of bruising with 

creatine kinase (CK) values. Poor welfare of animals increases stress in animals before slaughter 
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and may lead to increased mortality and bruises. Therefore, occurrence of bruising caused by 

poor handling practices and road transportation, result in poor meat quality due to injuries such 

as hemorrhagic muscles and broken bones. Meat that is bruised is wasted as it is not suitable for 

consumption because it is not acceptable to the consumers. It cannot be used for processing or 

manufacture, it decomposes and spoils rapidly as the bloody meat is an ideal medium for growth 

of contaminating bacteria. For the above reasons, it must be condemned at meat inspection. 

Furthermore, if secondary bacterial infection occurs on the bruised muscle, abscess is formed 

causing the entire carcass to be condemned.  This results to economic losses to farmers, 

transporters and slaughter houses (Mota-Rojas et al., 2006). Furthermore, the season of slaughter 

has been shown to influence the welfare of beef (Gosalvez et al., 2006). Extremes in summer 

temperatures increase the risk of bruises on arrival (DOAs), the risk of pale soft exudative (PSE) 

(Dalla Costa et al., 2007) meat in pigs and turkeys, as well as dark cutting beef in  cattle (Kadim 

et al., 2009). 

 

1.3. Justification 

Cattle that come from farms are equally exposed to various handling and transport conditions 

during marketing and before slaughtering. When these conditions are associated with rough 

handling, violent impact of the animals against protuberant or sharp-edged surfaces, or with 

aggression between animals, mechanical damage to the animal tissues can occur which may 

develop into a bruise. In addition, as animals are transported to the abattoir for long hours, , 

stocking density and at the lairage they might get injured. These conditions cause bruising and 

some kinds of damage which affect welfare results in creatine kinase releases. Besides the issue 

of bruising meat quality parameters such as pH, colour and tenderness are affected (Muchenje et 
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al., 2009). Therefore this study on pre-slaughter conditions will create a better understanding on 

how animals must be handled from the farm up to the slaughterhouse. It is also hoped that the 

mixing of unfamiliar animals, inadequate ventilation, exposure to extreme temperatures, lack of 

food and water and delays before unloading will be taken into consideration as they are the 

critical points to be monitored during pre-slaughter conditions. The study also aimed to improve 

beef production and meat quality in a short term and also aims at finding ways of predicting beef 

quality through the use of CK. 

 

1.4. Objectives 

The broad objective of the study was to determine the effect of bruising in slaughter 

cattle, its relationship with creatine kinase (CK) levels and meat quality. 

1.4.1. Specific Objectives 

    To determine the effects of pre-slaughter conditions and animal related factors on     

bruising and creatine kinase (CK) levels in slaughter cattle. 

 To determine the effects of distanced travelled and animal related factors on CK levels 

and meat quality of beef. 

 

        1.5.   Specifics Hypothesis 

 There are no effects of animal related factors and distance travelled on bruising in 

slaughter cattle and CK levels. 

 Distance travelled does not have any effect on the CK levels and meat quality of beef.  
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Chapter 2. Literature Review 

2.1. Introduction 

Transportation stress is complex stressor involving temperature fluctuations, withdrawal from 

food and water, mixing with unfamiliar animals, and motion (Sutherland et al., 2009). The stress 

response to road transport in cattle will vary depending on the type of animal and conditions 

during the journey (Fergusson and Warner, 2008). Increasing time from the farm to the abattoir 

usually has a negative effect on meat quality Warriss (2000), with longer transport times 

increasing stress indicators such cortisol, creatine kinase, and lactate (Grandin, 2000). Research 

has shown that cattle transported for distances less than 400km are unlikely to have carcasses 

with above normal pH values, while cattle transported for distance greater than 2000km or 

durations more than 24 hours are likely to show pH values above normal (Eldridge and Winfield, 

1988; Tarrant, 1989). The distance travelled by cattle to the abattoir and the occurrence of 

bruises seem to be positively correlated, with the level of bruising increasing with the distance 

travelled (McNally and Warriss, 1996). 

 

2.2. Characterization of bruising 

A bruise is defined as a tissue injury with rapture of vascular supply and accumulation of blood 

and serum (Hoffman, 1998). As soon as the tissue is damaged, a region of localized 

hypersensitivity occurs around the injury area. The hypersensitivity of the bruised area 

minimizes movement of the individual and contact with injury, until healing has occured. Thus, 

it has been interred that pain is promoter of repair (Basbaum and Woolf, 1999). 
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Bruises in cattle occur during the anter-mortem period but they can only be seen at slaughter due 

to thickness of the bovine skin. Bruises assessment is therefore a post mortem function and it is a 

retrospective reflection of all physically damaging events that may have occured prior to 

slaughter (Strappin et al., 2009). Bruising in cattle is not only an indication of poor welfare, but 

can cause heavy financial loses (Jarvis et al., 1995; Grandin, 2000; Gallo, 2008) since bruised 

meat must be trimmed, downgraded or condemned depending on the severity of the bruises. 

 

2.3. Beef cattle bruising and its causes during handling and transport 

A bruise develops when force is applied to the skin by use of a blunt object, such as stone, metal 

projection, a stick or when an animal falls (Strappin et al., 2009). There are numerous risks 

associated with transport and handling which all have the potential to cause bruising and poor 

welfare to animals. Critical areas in the meat production chain where bruising can occur include: 

the farm, during road transportation, at livestock markets, during loading and unloading and even 

during stunning procedures (Jarvis et al., 1995). Handling at livestock markets has a significant 

contribution to bruising (Knowles et al., 1999). 

 

Other main factors influencing bruising during handling and transportation are stockman-ship, 

facility and vehicle design, driving style, mixing of animals before transport or in lairage, 

presence of horned animals and animal temperament (Grandin, 2000). No aceration is caused on 

the skin and therefore blood and serum from the damage vessels accumulate in the tissue 

Hoffman et al. (1998) which leads to pain, swelling and tenderness (Blood and Studdert, 1988).  
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In the event of handling and transport most is the results of physical blows from driving 

instruments like sticks, projecting objects in facility and trucks and animal falling (Chambers et 

al.,2004). Therefore the location as well as frequence and appearance of bruises vary widely and 

all three aspects give valuable clues as the frequence with which certain bruises appear on 

slaughter are indicative of specific handling or transportation and can be utilized to determine 

problem areas in the transport chain (Grandin, 1990, 2000; Jago et al., 1996). The size and 

discoloration of a bruise can be used to determine the age of a bruise as this changes over time 

(Gracey and Collins, 1992). 

 

2.4. Aging the bruises 

Although the presence of bruises at slaughter is apparent to the eye, knowledge of the exact time 

of infliction is necessary if steps are to be taken to prevent bruising (Grandin, 1993). At slaughter 

a bruise maybe dated approximately by physical criteria. Estimating the age of a bruise can 

provide for the identification of the place and time of livestock damage and provides information 

about the cause (Fisher et al., 1998).  

 

The age of a bruise can also be estimated by measuring the electrical conductivity of the tissue, 

which increases up to a maximum at 40 hours (Edridge et al., 1984). Bruises are separated into 

two categories; fresh bruises and those that are several days or weeks old. Fresh bruises do not 

have yellow mucous. Old (several days) which is responsible for yellow colour or have clear 

yellow mucous (Grandin, 2000). According to Langlois and Gresham (1991) and Langlois 

(2007) the yellowness in a bruise is considered to be more informative in bruise aging than the 
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colours. The yellow bruise which is more than 18 hours is considered to be old (Gracey and 

Collins, 1992; Grandin, 2000; Langlios, 2007). 

2.5. Impact of bruising on meat quality 

Carcass damages such as bruising, haemorrhages, skin blemishes, blood plash and broken bones 

are common occurrences found due to improper conditions and increased distance travelled. 

Bruises or contusions are described as superficial discoloration due to haemorrhage into the 

tissue from raptured blood vessels beneath the skin surface, without the skin being broken. In the 

contusions the blood accumulates in surrounding tissues, producing pain, swelling and 

tenderness (Blood and Studdert, 1988). In a bruise, haemorrhage, skin blemish and or blood 

splash the skin of the animal and blood vessels may accumulate excessive blood which has to be 

trimmed off during processing. 

Trimming part of the carcass off will reduce meat yield and value, expensive and increase 

processing time. Untrimmed parts have poor appearance and can serve as substrates for 

microbial growth causing the meat to spoil earlier than normal. Broken bones may cause bone 

splinters in meat and this will be dangerous to consumer if not detected after deboning (Warriss, 

2000). Bruising has been a major concern in beef cattle. More bruising occurs at the handling 

phase at auctions or at the processors (Hoffman et al., 1998; McNally and Warriss, 1996) as 

opposed to during transit. Hoffman et al. (1998) reported that mature cows subjected to first-

point testing at auctions and transported for long distances produced carcasses with more severe 

bruises and a greater number of bruises than ranch-derived cows or cows not subjected to first of 

testing. 
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2.6. Weather conditions 

Climate change could affect meat quality in one of two ways. There could be an effect through 

changing farming or abattoir practices to adapt the climate change, and there could be a direct 

effect of the changing weather conditions on the animals’ (Gregory, 2010). The indirect effects 

of the changing weather conditions on the animals may include; changing the genotype of 

animals by introducing more heat tolerant breeds; holding animals outdoors of housing them 

during winter, feeding low protein-high finisher rations to combat heat induced growth 

suppression; pre-condition animals to hot conditions so they will be better adapted to survive 

heat stress during transport to a processing plant (Gregory, 2010). Grandin (1992) reported that 

occurrence of Dark Firm Dry (DFD) is highest during very cold weather combined with 

precipitation, which increases the rate of body-heated loss and elicits shivering. Summer 

conditions have been associated with paler meat colour compared with winter time (Gregory, 

2010). However Scanga et al. (1998) also reported the incidence of DFD beef is high in very 

warm weather or when large fluctuations in temperature occur over short periods of time. 

 

2.7. Effect of animal factors on meat quality  

The quality of beef is affected by many factors but the most important are type, breed, sex, 

feeding, growth rate and animal handling associated with marketing and slaughter of animals. 

The effect of breed of cattle on the incidence of DFD condition in the longissimus muscle was 

also studied by (Shackelford et al., 1994). The sex significantly influences carcass and neat 

quality. Bull carcass is characterized by higher meat content with simultaneous lower content of 

fat compared to heifer’s carcass. Heifers are more fattened with lower share of bones. However, 

meat obtained from bull is often characterized by improper quality parameter especially high pH 
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and dark colour, which has negatively affected its technological properties and limits suitability 

to culinary meat production (Weglarz et al., 2002; Mach et al., 2008). 

2.8. Beef quality 

Beef quality is the product which results from the transformation each muscle undergoes the 

different operations of meat processing. Meat quality is a function of tenderness, pH, colour, 

juiciness, flavour and nutritive value (Webb and O’Nell, 2008). Quality attributes primary 

affected by transport and handling in cattle include pH, colour, tender, texture and moisture and a 

degration of these variables is collectively referred to as dark-firm and dry, high pH, low 

glycogen meat (Tarrant, 1989). 

 

2.9. Colour of meat  

Pre-slaughter handling factors such as loading, transportation, distance travelled, unloading and 

time spent in the lairages, the procedure and method of slaughtering used to affect these 

attributes (Roth et al., 2007).Colour has been a very important factor in beef marketing, since it 

is the first quality attribute seen by the consumer, and is an indicator of freshness and 

wholesomeness (Muchenje et al., 2009a; Troy and Kerry, 2010). Meat purchasing decisions are 

influenced by colour more than any other quality factor because consumers use discoloration as 

an indicator of freshness (Mancini and Hunt, 2005; Rosenvold and Anderson, 2003). Colour of 

meat depends upon several individuals’ factors and their interactions, and concentration of meat 

pigments, essentially myoglobin and the chemical state of myoglobin (Rosenvold and Anderson, 

2003).  

Differences in meat colour have been associated with variations in intramuscular fat and 

moisture content, age dependent changes in muscle myoglobin content and the pHu of the 
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muscle (Muchenje et al., 2008). Myoglobin is the basic pigment in fresh meat and its content 

varies with production factors such as species, animal age, sex, feeding systems, type of muscle 

and muscular activity. Meat colour can also be defined in terms of Hunter calorimetric co-

ordinates with L*, a* and b* values (Kannan et al., 2003).  Lightness (L*) co-ordinates indicates 

lightness of the meat and it ranges from 0 (all light absorbed) to 100 (all light reflected). The a* 

co-ordinate is the redness of meat and it ranges from -60 (green) to + 60 (red) and the b* co-

ordinate ranges from -60 (blue) to +60 (yellow) Simela. (2005). 

 

2.10. pH and quality of meat 

Meat quality is influenced to a large extent by the rate of pH decline in the muscles after 

slaughter and by the ultimate pH and colour affect consumption (Simela. 2005). These attributes 

are affected by conditions that occur prior and post-slaughter from the farm to the abattoir. The 

pH of living is around 5.4 to 6.0 but after death the sugars in the muscles are converted to the 

lactic acid, lowering the pH (Hambrecht et al., 2004). The pH below 5.4 leads to tougher 

muscles (Sen et al., 2004; Muchenje et al., 2008). This is due to the formation of bonds between 

the myosin head and actin resulting in the occurrence of rigor mortis as already allued to stressful 

handling facilities at the abattoir and the rate at which meat is cooled mainly affect pHu (Toohey 

and Hopkins, 2006). Nutritional stress as can occur during cattle auctions can results in 

dehydration, electrolyte imbalances, negatively energy balance, glycogen depletion in muscle 

and catabolism of protein and fat, ultimately increasing the pH (Dhanda et al., 2003; Mushi et 

al., 2009). 
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2.11. Characterization and functions of creatine kinase (CK) 

CK is a key enzyme for the energetic metabolism of tissue with high and fluctuating energy 

demands in vivo, as it is the case of skeletal muscle tissue, which is the most important for the 

meat industry (Kunz, 2001). CK is used to show the response of animals to stress caused by 

transportation, handling, loading and off-loading. This enzyme is generally utilized as an 

indicator of physical stress and /or muscle damage in animal production. CK is a member of 

phosphoryl transfer enzymes usually called guanidine or phosphagen kinase (Radostits, et al., 

2000; Brawn et al., 2008). CK is therefore used to indicate cellular injury, heart and liver damage 

(Zhang et al., 2010). Pre-slaughter, muscular activity and damage is severe due to transportation 

and handling. This increases the CK levels in the blood (Kannan et al., 2003). In addition when 

animals are transported for more than 6 hours, CK activity increases (Kannan et al., 2007). In 

goats, higher levels of CK in the plasma may also be caused by breed temperament, excitability 

and fighting against each other (Grzyb and Skorkowski, 2005).  

This enzyme can be measured from the blood of the animal before and after transportation 

(Bertin et al., 2007).  CK activity is easy to determine when animals (sheep, pigs and cattle) are 

handled vigorously loaded and unloaded (Kannan et al., 2003; Adenkole and Ayo, 2010). 

Therefore, physiological stress induced to an animal can be determined by using CK as an 

indicator of stress in order to improve meat quality. It is then separated into fractions that contain 

cells and serum. In the serum, tests are done to determine the amount of CK present. Any present 

is measured and reported in units (U) of enzyme activity per litre (L) of serum. CK continues to 

exert important functions after slaughter, participating in the transformation of the muscles into 

meat. 
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CK is also used to evaluate the synthetic capacity of an organ, to diagnose the adverse effects of 

toxic compounds which inhibit enzymes and to monitor the inductive activity of exogeneous 

compounds or enzyme activation by minerals or vitamins. In all these cases, interpretation is 

usually based on physic pathological data regarding input of the enzyme into body fluid, most 

often blood plasma and sometimes urine, digestive contents and cerebrospinal fluid. When 

interpreting the decrease in plasma activity of an enzyme used as a marker if organ damage, the 

plasma half-life of enzymes is sometimes used to address their clearance (Radostits et al., 2000). 

 

2.12. Conclusion 

Pre-slaughter handling of cattle involves several activities that occur prior to animal slaughter. 

Transportation and pre-slaughter handling are very important, not only from a welfare point of 

view, but because they have effects on bruising and beef quality thereby resulting in negative 

economic implications. When cattle are stressed, the glycolysis rate increases which can result in 

poor meat quality i.e. dark firm and dry (DFD). DFD meat might be associated with long period 

of stress. In order to evaluate stress-inducing factors, behavioural and physiological 

measurements are used together with indicators of post-mortem muscles metabolism. Muscle 

metabolism results in CK being released to the blood, which also affects meat quality. Therefore 

to improve beef quality, there is a need to determine the effects of pre-slaughter beef handling on 

bruising, CK and meat quality. 
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Chapter 3: Effect of distanced travelled and animal factors on bruising and 

creatine kinase levels (CK) 

 

Abstract  

By 

Thandiswa Mpakama 

The objective of the current study was to determine the effect animal factors and distance 

travelled on bruising and creatine kinase (CK) levels. Three hundred and twenty one cattle from 

three breeds (108 Bonsmara, 130 Beefmaster and 83 Brahman) were used in the study. Blood 

samples for CK determination were collected at exsanguinations using disposable vacutainer 

tubes. Animal factors were significantly associated with bruise scores. There was a significant 

effect (P<0.001) of the season on CK levels. Significant breed, age and gender differences were 

also observed on CK levels. There was no relationship observed between pre-slaughter 

conditions such as distance, on bruising score and CK levels. Therefore, it was observed that pre-

slaughter conditions did not have effect any on the bruising score and CK. 

Key words: Animal welfare, breed, bruising score, creatine kinase, distance travelled, season. 
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3.1. Introduction 

 Bruising in slaughtered cattle is affected by intrinsic and extrinsic factors. The age of animal at 

slaughter, breed and sex of the animal are some of the intrinsic factors while extrinsic factors 

include pre-slaughter conditions (Muchenje et al., 2009a; Muchenje et al., 2009b). Pre-slaughter 

conditions are a chain of activities that occur before the animal is slaughtered such as loading 

and off-loading, transportation and lairage period. Transportation is an important activity of the 

farming industry because it involves several potential stressors such as poor handling and road 

conditions, unloading, mixing of unfamiliar animals, humidity, overcrowding and length of the 

journey (Buil et al., 2004; Verga et al., 2009). Poor transport conditions prior to slaughter can 

lead to stress, bruising and death in some cases of serious injury.  Conditions associated with 

rough handling or with aggression between animals which lead to damage to the animal tissues 

which may develop into a bruise (Gracey et al., 1999).   

Bruises or contusions are described as superficial discoloration due to haemorrhage into tissue 

from raptured blood vessels beneath the skin surface, without the skin being broken (Blood and 

Studdert, 1998; Vimiso, 2010). In the contusions, the blood accumulates in surrounding tissues, 

producing pain and swelling (Blood and Studdert, 1998). These injuries which include bruises, 

blemishes and broken bones are associated with short or long transportation due to poor road 

conditions (Maria et al., 2006; Minka and Ayo, 2007; Liste et al., 2008). Bruising occurs at the 

farm, during transportation and at the slaughterhouse (Jarvis et al., 1995).  

 

 Several authors; Yeh et al. (1978), McNally and Warris (1996) and Hoffman et al. (1998) 

emphasised the relationship between distance travelled and occurrence of bruising in bovines 
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suggesting that level of bruising might increase with the distance travelled by animals and 

consequently the amount (kg) of bruise tissue trimmed per carcass (Wythes and Shorthose 1991).  

Level of bruising varies with sex and age of the animal (Yeh et al., 1978; Gallo et al., 1999), 

such that older animals are more prone to bruising (Strappini et al., 2008). Cattle are more likely 

to pass through a livestock market before arriving at the slaughterhouse. Pre-slaughter conditions 

such as transportation have been found to have deleterious effects on the physiology (lactate, 

glucose, CK and cortisol) of the animal. Long transportation increases the activity of muscle 

enzymes such as creatine kinase (CK), increases proportionately with the duration of the journey, 

but they also remain high for several days (Warriss et al., 1995; Fazio and Ferlazo, 2003). CK is 

an enzyme found in the skeletal muscles. It is released into the blood plasma in response to stress 

and muscle damage (Knowles et al., 1999; Vojtic, 2000). The total activity of CK is used to 

measure the sum of enzyme activities from different organs.  CK can be either being as M or a B 

monomer sub-unit. The muscle M-CK can also be used as S-CK found in the M-line of the zone 

in the sarcomere length (Hornikova et al., 2009). Therefore, when CK is found in the blood, it 

could indicate severe muscle damage. However there is limited information regarding the 

relationship between animal factors and distance travelled on the occurrence of bruises and the 

activity of plasma creatine kinase. The objective of the current study was therefore to determine 

the effect of animal factors and distance travelled on bruising and the creatine kinase levels. 
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3.2 Materials and Methods 

3.2.1 Description of the study site 

The study was conducted in East London Abattoir which is located in Buffalo City Municipality. 

The abattoir is situated at longitudes and latitudes 32.´2º S and 27.´5º E in the Amathole District 

of the Eastern Cape Province of RSA. The area has vegetation that ranges from grassland and 

thicket to forests and bush veld with Themeda trianda and Digitaria eriantha being the most 

dominant plant species. The place receives approximately 850 mm of rainfall per year of which 

most falls during the summer months.  The day temperature ranges for the period of study 

were10 ºC to a high of 36º C with a mean temperature of about 22.3ºC. The topography of the 

area is generally flat with few steep slopes. 

 

3.2.2 Animals management  

Data was collected from 321 cattle over four seasons (winter, summer, autumn and spring) 

between the year 2011 and 2012. All cattle were slaughtered at the East London commercial 

abattoir in the Eastern Cape Province. The plant operated from 0600 to 1700 h Mondays to 

Fridays. On arrival at the abattoir the three breeds of cattle; Bonsmara, Brahman and Beefmaster 

were identified. The numbers of animals per breed were 108 Bonsmara, 130 Beefmaster and 83 

Brahman. The animals used were male and females, and were grouped according to age 

categories as follows: Group 1(16 months), Group 2 (18 months) and Group 3 (24 months). The 

cattle were transported by the owners from the farms to the abattoir. Transportation time 

(departure, arrival time and distance travelled), lairage duration, number of animals per pen, 

slaughtered animals per day and daily temperature were all recorded. 
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On arrival at the abattoir, offloading activities were monitored and cattle were given water ad-

libitum prior to slaughter. Cattle were then slaughtered using commercial standard procedures of 

the abattoir.  The captive bolt method was used to stun the animals, using a voltage of 300 V, a 

frequency of Hz, a current of 5A in 40-45s at a pulse of 12/s. 

 

3.2.3. Blood collection and plasma separation 

The blood was collected from beef animals on the dressing floor at the point of bleeding soon 

after stunning using disposable vacutainer tubes. The blood samples were placed in ice until 

blood plasma was completely separated within two hours after collection. A centrifuge machine 

(model: 5403 Centrifuge Geratebay Eppendorf GmbH, Engelsdorp Germany) was used to 

centrifuge blood samples at 3550 rpm, 21
0
C for 10. Plasma was then separated and inserted 

into1.5 ml Eppendorf tubes using pipettes and stored at -20
0
C. The samples were then arranged 

for easy identification during transportation for determination of CK. 

 

3.2. 4. Creatine Kinase level determination 

 Creatine kinase from the stored blood samples were analysed using a Model DXC 600 machine 

(Beckman Coulter Ireland) at the National Health Laboratory Services, Port Elizabeth. The 

contents included 2 x 61 ML CK Reagent, 1 preparation insert and the reactive ingredients 

included Creatine Phosphate, Disodium Salt 461 mmol/ L, Nadide 30:0mmol/L, Adenosine-5- 

Diphosphate, Monopotassium Salt, Dihydrate 36.0 mmol /L, Glucose 24.0 mmol /L, Glucose-6-

Phosphate Dehydrogenase 46.1kU/L and Hexokinase 136kU/L. All the ingredients were added 

for quantitative determination of CK activity of units per litre (U/L) in plasma. 
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3.2.5. Bruise measurements 

Only carcasses that had bruises were considered. The assessment was done using a method based 

on the Australian Carcass Bruise Score System (Anderson, 1979). Bruise scores were calculated 

for each load by multiplying the number of bruises in each size class by a weighting factor: slight 

1, medium 3, and heavy 5, and adding these values (Anderson and Horder, 1979).  These bruise 

scores were then divided by the number of cattle per load to give a mean bruise score per animal 

for each load. Bruise age was estimated using the method of Gracey et al. (1999) as described in 

Table 3.1. 
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Table 3. 1 Colour observations used to estimate the age of bruises 

Observable colour of the bruise Estimated age of the bruise in hours 

Red and hemorrhagic (bright-red) 

Dark- red colour 

Watery consistency 

Rusty orange colour, soapy to touch, clear 

yellow mucus 

0-10 hours old 

Approximately 24 hours old 

24-38 hours 

+72 hours (3 days old) 

Gray et al. (1999). 
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3.2.6. Statistical Analysis 

The PROC GLM of Statistical Analysis System (SAS) Institute (2003) was used to analyse the 

effect of breed, age, gender and season on the activity of creatine kinase and bruising score. 

The model used was as follows 

Уіјkl = μ + αі + βј + λk + Gl +εіјkl  

Where ,  

Yijkl = response variable (creatine kinase, bruising score and bruise age) 

µ = constant mean common to all observations 

αі= effect of breed 

βј  = effect of age group (Group 1, 2 and 3) 

λk = effect of season 

Gl= effect of gender 

Eijkl = random error 

Significant differences between least square group means for CK and animal factors were 

compared using Duncan’s procedure. The data was analysed using PROC GLM of Statistical 

Analysis System (SAS) Institute (2003) to determine the relationship between distance duration, 

CK and bruising score. Significant differences between least square group means for creatine 

kinase concentrate and animal related factors. 
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3.3. Results and Discussion 

Bruising score and CK levels  were not related to distance travelled (P>0.001). The activity of 

CK for Bonsmara breed was higher (705.3±80.57) than the Brahman breed (461.8±80.63) as 

shown in Table 3.2. The increase of CK activity in bonsmara breed is more susceptible to stress 

before slaughter and also could be due to having been roughly driven and mishandled before and 

after transportation (Broom et al., 1996; Averos et al., 2008). The activity of CK increased in the 

blood after tissue damage, poor muscular tissue reperfusion, decreased heat and fatigue, 

apparently, were a result of increased in the permeability of muscle membrane induced by 

capture, loading and transportation (Warriss et al., 1995; Knowles et al., 1999; Lopez et al., 

2006; Guardia et al., 2009). Transportation for several hours is a physically demanding factor; 

animals have to maintain balance and the contact between animals produces fatigue and bruising, 

affecting the permeability of the membranes and the liberation of the enzymes in the blood 

(Brown et al., 1999; Lopez et al., 2006). Transportation and related handling procedures caused 

an increase in CK levels of animals. It was postulated that CK activity indicate the extent of 

muscular activity and damage during hauling and handling Kannan et al. (2000) and Miranda-de 

la Lama et al. (2010). Furthermore, other animals are susceptible to transport stress leading to 

highest levels of CK in the blood (Yu et al., 2009). 
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Table 3. 2 Least square means (±SE) for the effect of breed on creatine kinase levels of 

meat slaughtered at East London abattoir 

Breed         Creatine kinase (U/1)  

Bonsmara (n = 108)                          705.3±80.57
a
  

Beefmaster (n=130)                          657.4±73.85
ab

  

Brahman (n =83)                         461.8±80.63
b
  

a,b
 Means in the same column with different superscripts are significantly different at 

*
P<0.05 
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Male animals had the highest CK values (P<001) while the female animals had the lowest CK 

values Table 3.3. Male animals tended to be more excitable, aggressive and stress sensitive than 

females. The sex of animals has an effect on animal stress, with males being more stressed than 

females (Mota-Rojas et al., 2006). The higher the increase in the plasma activity of CK found in 

steers transported for 12-16 hours agrees with Warris et al. (1995) who reported that a direct 

relationship between the duration of transport and the rise in the activity of the enzyme.  

 

Creatine kinase levels were higher in 18 months old animals than 24 months old animals Table 

3.3. Young animals are very poorly adapted to cope with transportation resulting in high 

mortality rates and injuries. Steinhardt and Thielscher (1999) reported that young animals 

respond to transportation with increases in body temperature, heart rate and plasma cortisol 

concentration. These findings are supported by Parrot et al. (1994), whose findings were that 

young animals are at risk of more bruising than older animals resulting in high levels of CK. 

High levels of the enzyme CK in the blood plasma indicate physical exhaustion due to long 

journeys. Hence such animals should not be transported for long hours. 
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Table 3. 3  Least square means (±SE) for the effect of sex and age of animal on creatine 

kinase levels of meat slaughtered at East London abattoir 

Sex Creatine kinase 

(U/1) 

Age Creatine kinase 

(U/1) 

 

Female (n=222) 579.3±13.65
b
 16 months(116) 636.6±76.83

b
  

Male (91) 724.6±21.31
a
 18 months (85) 729.6±89.75

a
  

  24 months (112) 524.1±78.19
c
  

a,b,c
 Means in the same column with different superscripts are significantly different at

*
P<0.05 
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The results for the effect of season on the bruising score and CK levels are shown in Table 3.4. 

Creatine kinase was higher during the winter season (704.1±43.85) and lower CK values in the 

summer season (181.3±124.09). This is in agreement with the results by Knowles et al. (1998) 

who observed that in their study CK levels was higher in winter season due to poor pre-slaughter 

conditions. Zahner et al. (2004) found that an influence of cold climatic conditions on CK 

secretion in dairy cows. However other authors reported an increased CK values in lambs as a 

result of physical stress during summer (Minton and Blecha, 1990; Lowe et al., 2002, Miranda-

de la Lama et al., 2011). Wilson et al. (1990); Knowles et al. (1998) and Liu et al. (2008) 

reported that vigorous physical activity at high temperatures had an effect on CK. Transportation 

of cattle during summer and winter months is associated with external air temperature and air 

humidity and result in increased CK levels. Muscle enzyme activity increases during transport 

because of increased muscle cell permeability or muscle cell damage, making CK a very 

sensitive indicator of muscular damage (Miranda-de la Lama et al., 2010). 

 

Autumn had the highest bruising score (1.86±1.07) and the summer season had the least bruising 

score (1.12±0.11) Table 3.4. Seasonal factors mainly temperature and humidity also seem to play 

a role in the prevalence of bruises. Results from this study concur with Edridge and Winfield 

(1988), Gosalvez et al. (2006) and dalla Costa et al. (2007), who found that cold weather 

combined with precipitation, increased the mean number of bruises per animal, although the 

reasons are still unclear. More bruising in winter may be associated with falls, slips or sprains 

produced during pre-slaughter handling. 
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Table 3. 4 Least square means (±SE) for effects of season on bruising score and CK levels 

of meat slaughtered at East London abattoir 

Season Bruising score Creatine kinase (U/1)  

 Spring 1. 32±0.54
b 

698.3±59.19
a
  

Summer 1.12±0.11
c 

181.3±124.09
b
  

Winter 1.44±0.13
b 

704.1.3±43.85
a 

 

Autumn 1.86±1.07
a 

658.0±116.25
a
  

a,b,c
Means in the same column with different superscripts are significantly different at

*
P<0.05, 

***
P <0.001  

Spring = (August, September and October)  

Summer = (November, December and January) 

Winter = (May, June and July) 

Autumn = (February, March and April) 
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Figure 3.1 shows the effect of breed on the bruising scores of slaughtered beef animals. The 

Bonsmara had the highest percentage none bruised meat 88% and the Brahman had the lowest 

none bruised meat 49%. Bonsmara also had highest percentage 20% of slightly = bright red 

bruised meat, 0-10 hours old) while Brahman had lowest percentage of bright red bruised meat 

4%. The stress response during handling also depends on the genetic differences within the 

breed. Susceptibility to bruising and temperament differs between individual animals. Fordyce et 

al. (1985) concluded that this was more important than breed differences. It appears that breed 

differences can be attributed to differences in behaviour and to being horned or hornless (Minka 

and Ayo, 2007). 

 

Bonsmara had the highest percentage 10% medium = bruised dark red, 24 hours old with 

Brahman having the lowest bruised dark red meat 5%. This is due to transportation conditions. 

This could be due to several injuries associated with road transportation. The level of bruising 

might increase with the length of journey travelled by the animals (Weeks et al., 2002). All the 

breeds Brahman and Beefmaster breeds had the lowest percentage on severe deep bleeding 

bruising or injuries (24-38 hours old). Occurrence of bruises can be attributed to breed 

differences.  
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Figure 3. 1 Effect of breed on bruising scores of slaughtered beef animals. 

None = 0 hours 

Slightly = 0-10 hours old, Red and hemorrhagic (bright-red) 

Medium = 24 hours old, Dark- red colour  

Severe = 24-38 hours old, Watery consistency 
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The highest number of slightly bright red bruised meat was observed in 16 months and the 24 

months old cattle had the lowest slightly bright bruised meat (Figure 3. 2).  The highest medium 

of dark red bruises was observed in 16 months and the lowest medium dark red bruised as 

observed in the 24 months old cattle. The level of bruising in animals varies with age of the 

animal with young animals being more prone to bruising than old animals. The fact that young 

animals had more bruising may not only be due to age, but also due to increased poor handling 

(Strappini et al., 2009). These results disagree with Wythes and Shorthose (1991) who reported 

that heavy animals had more bruising than young animals – the mature and old cows and oldest 

steers of the group.  
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Figure 3. 2 Effect of age on bruising scores of slaughtered beef animals. 
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Highest levels of slightly bright bruised meat and medium dark bruised meat were observed in 

female animals, while male animals had the lowest slightly bright bruised meat and medium dark 

bruised meat (Figure 3.3). In literature there is evidence that female animals have higher chances 

for bruises than male animals (Yeh et al., 1978; Jarvis et al., 1995). Furthermore, only in cows 

the amount of bruising increased with increased duration of journey. Another reason is that 

female animals would bruise more easily due to their lack of fat cover (Knowles et al., 1994; 

Grandin, 1998). Sex and age might explain the higher bruises susceptibility in female and older 

animals (Eguinoa et al., 2003).  Another reason is that cows are treated with less care due to their 

lower commercial value compared with other types of animals (Grandin, 2007).  Poor body 

condition of animals can be associated with higher proportion of bruises in cows compared to 

young heifers and steers (Gallo et al., 1995; Grandin, 2002). These results agreed with Yeh et al. 

(1978) who reported that heifers had significantly more bruises than steers and also when 

animals kept as separate groups, cows bruise significantly more than steers and bulls. When 

heifers were completely separated from steers during transportation and handling, the mean 

number of bruises per animal differed significantly between sex classes. Furthermore, only in 

cows did the amount of bruising increase with increased duration of the journey. The levels of 

bruising from both male and female animals had a lower percentage on severe deep bruises. 
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Figure 3. 3 Effect of sex on bruising scores of slaughtered beef animals. 

None = 0 hours 

Slightly = 0-10 hours old (Red and hemorrhagic bright-red) 

Medium = 24 hours old (Dark- red colour) 

Severe = 24-38 hours old (Watery consistency) 
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3.4 Conclusion 

It is concluded that animal factors such as sex, breed and animal age at slaughter may contribute 

to the development of bruises and have an effect on CK levels, Bonsmara breed having higher 

CK levels and highest percentage of slightly bruised meat. Seasons have an effect on the bruising 

score and CK levels with winter months having higher CK levels. On the other hand pre-

slaughter conditions such as distance travelled did not affect bruising score and CK levels. 
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Chapter 4. Effect of animal factors and distance travelled on creatine kinase 

levels and beef quality                     

Abstract 

                                   

By 

Mpakama Thandiswa 

The current study determined the effects of distance travelled and animal factors on creatine 

kinase (CK) and beef quality. Correlations among meat quality attributes (ultimate pH and colour 

of meat (L,* a* and b*) were also determined.  Distance travelled, season, ambient temperature 

and lairage duration were recorded at the East London Abattoir. A total of 321 beef samples 

from Bonsmara, Beefmaster and Brahman were evaluated for physico-chemical meat quality 

attributes. The Muscularis longissimus thoracis et. Lumborum (LTL) muscle were used to 

determine ultimate pH (pHu), colour (L* - lighness, a* - redness and b* - yellowness).  The 

Beefmaster breed had the highest values for pHu (6.3±0.05), while the Bonsmara had the highest 

L*(24.8±0.78), a* (17.5±0.53) and b* (12.8±0.53) values. Age of animal at slaughter (16, 18 and 

24 months) had no effect on (pHu). Summer had the highest pHu values while the winter had the 

lowest pHu values. There were positive correlations between pre-slaughter conditions (distance 

travelled), pHu and colour (L
*
, a* and b*) of beef. It was concluded that breed, season and age at 

which animals are slaughtered and distance travelled affect beef quality. 

Keywords: Age at slaughter, distance, lightness, redness, season, ultimate pH. 
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4.1. Introduction  

The quality of beef is likely to be affected by transport stress and animal related factors (Tarrant, 

1981; Mitchell et al., 1988; Tarrant et al., 1992; Vimiso, 2010). These animal factors include age 

of animal at slaughter, breed, and sex. Breed, sex and age of animal at slaughter being handled 

and exposed to stress is very essential in determining the extent to which the meat quality will be 

compromised. According to Bourguet et al. (2010) the animal stress starts at the farm with the 

preparation of animals for transportation and ends at the moment of slaughtering the animals 

(Chapter 3). During the pre-slaughter period, an animal becomes stressed because it experiences 

changes in the nearby environment, which can either cause it to respond to exogenous or stimuli 

(Ndou et al., 2011). 

 

Cattle transported for short journeys less than 4 hours do not normally cause severe stress unless 

there is trauma (Grandin, 2000; Tarrant et al., 1988), and in literature there is evidence that even 

travelling short distances can reduce shrinkage, decrease glycogen reserves and increased meat 

temperature (Agness et al., 1990). In addition, the distance travelled by animals from farm to 

slaughterhouse cause rapture in muscle cells, depositing some enzymes into the blood stream 

(Hoffman et al., 1998). As transportation stress increases the activities of the enzymes such as 

creatine kinase also increases (CK) (Warriss et al., 1998).  

 

Creatine kinase (CK) is found in the skeletal muscles of animals and it is responsible for 

maintaining energy homeostasis at sites of high adenosine tri-phosphate (ATP) (Diene and 

Storey, 2009). Creatine kinase can be used to indicate cellular injury, heart and liver damage 
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during transportation and poor handling (Zhang et al., 2010). Muscular activity and damage is 

due to transportation and handling which later affects the quality of beef. 

 

The ultimate pH, colour and juiciness are the most important beef quality parameters affected by 

poor handling (Muchenje et al., 2008b). Several studies indicate that stress lowers post mortem 

pHu values due to repletion of glycogen in ruminants and produce tougher meat (Devine et al., 

2006; Gregory, 2010) on the other hand pre-slaughter stress resulted in higher pHu and darker 

cuts (Martinezo-Cerezo et al., 2005; Muchenje et al., 2009a). In addition seasonal changes such 

as temperature affect the level of glycogen in muscles and ultimate pH after slaughter, and 

consequently the quality of meat (Kreikemeier et al., 1988; Muchenje et al., 2008). An increase 

in glycolysis results from excessive excitement, starving and stress caused by ambient 

temperature and long journey, which in turn leads to high post-mortem pH values (Honkavaara 

et al., 2003). 
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4.2. Material and Methods 

4.2.1 Study site 

Study site, animal management and biochemical determination of CK were described in Chapter 

3. 

4.2.2. Meat quality measurements 

 Beef samples were collected 24 hours after slaughter for measurements of tenderness, ultimate 

pH and colour (L*, a* and b*). The Muscularis longisimus thoracis et. Lumborum (LTL) were 

used for measurements. The muscle was removed by cutting a sample between the 4
th

 and 6
th

 ribs 

of the loin region while the carcass was still hanging, then the samples were vacuum-packed, 

kept in a cooler box an hour after collection and further stored in the refrigerator at -4ºC. 

4.2.2.1. Colour measurement 

Colour of the meat (L =
*
lightness, a

*
= redness and b

*
= yellowness) was determined in the 

Muscular longissimus thoraciset. Lumborum (LTL) 24 hours after slaughter using a colour-guide 

45/0 BYK-Gardener GmbH machine with a 20 mm diameter measurement area and illuminant 

D65-day light, 10
0
standard observer. Three readings were taken by rotating the Colour Guide 90

0
 

between each measurement, in order to obtain a representative average value of the colour. This 

guide was calibrated each day before taking measurements using the green standard. 

 

4.2.2.2. pH measurements 

Meat pH24 from Bonsmara, Beefmaster and Brahman of carcasses was measured in the 

Muscularis longissimus thoracis et. lumborum muscle at the level of the 10
th

 rib 24 hours after 

slaughter in carcasses that were stored at 0 to 3˚C. The measurement was carried out using a 

portable pH meter (CRISON pH 25, CRISON Instruments, SA Spain).  
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The pH meter was calibrated using pH 4 pH 7 and pH 9 standard solutions (CRISON Instrument, 

SA Spain) before each day’s measurement. The measurements were then performed with a 

sharpened metal sheath to prevent probe breakage and meat contamination. 

 

4.3. Stastical analysis 

The effect of breed, age group and season on CK, pHu, L,* a
*
 and*b* were analysed using Proc 

GLM of SAS (2003). The stastical model used as follows 

Уіјk = μ + αі + βј + λk +εіјk 

Where 

Уіјk =  Response variables ( CK, pHu, L, a, b and WBSF) 

 μ = Overall mean 

αі = breed effect (Bonsmara, Beefmaster and Brahman) 

βј = age group effect (Group 1, 2 and 3) 

λk =  seasonal effect (summer, winter, spring and autumn) 

εіјk = random error term 

The significant difference between least square group means for CK levels and beef quality 

parameters were compared using Duncan multiple range procedure. PROC GLM of Statistical 

Analysis System (SAS) (2003) procedure of correlations was competed to determine the 

relationship between pre-slaughter condition on CK and meat quality attributes. 
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4. 4. Results and Discussion 

4.4.1 Effect of breed on meat quality 

Breed had effects on beef pHu (Table 4.1). Beef from Beefmaster had the highest (P<0.001) pH 

values and the Bonsmara breed had the least pH values.  The pH values were ranging from 

6.3±0.05 in meat from Beefmaster and 5.6±0.05 in meat from Bonsmara. The pHu levels of 

Bonsmara were within the expected range and similar to those reported by Muchenje et al. 

(2008).  Different temperament found within an individual breed can influence meat quality due 

to inherent genetic parameters. This study agrees with the findings by Grandin (1997), Mormede 

et al. (2002), Fazio and Ferlazo (2003) who reported  that breed temperament influence the 

degree to which animals respond to stress. The lowest pHu values from Bonsmara breed might 

reflect to higher glycogen usage during the pre-slaughtering phase. Bonsmara is more susceptible 

to transportation, harsh environmental conditions and handling stress. Glucose undergoes 

glycolysis but in the absence of oxygen, lactic acid is formed which causes pH in muscle to drop 

(Muchenje et al., 2009a). 

 

 However, pHu values from Beemaster breed were above the normal range. Beef with pHvalues 

higher than 6.0 is undesirable because of its dark colour (Muchenje et al., 2008). Beefmaster are 

known to have aggressive behaviour and which resulted in dark meat. The higher pHu values 

from beefmaster could be due to stress prior to slaughter. 
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Table 4. 1 Effects of breed on ultimate pH and colour of meat from cattle slaughtered at 

East London abattoir (±s.e.m). 

 

Parameters 

Breed 

Bonsmara 

 

Beefmaster 

 

Brahman 

N 

CK( U/1) 

108 

705.3±80.57
a 

130 

657.3±73.85
ab 

83 

461.8±80.63
b 

pHu 5.6±0.05
b 

6.3±0.05
a 

6.1±0.06
a 

L
*
 24.8±0.78a

a 
24.6±0.71

a 
21.7±0.89

b 

a
*
 17.5±0.53

a 
16.8±0.53

a 
13.2±0.66

b 

b
*
 12.8±0.53

a 
11.0±0.49

a 
9.6±0.61

b 

a,b
Means in the same row with different superscripts are significantly different at 

*
P<0.05,  

pHu = ultimate pH; L
* 
= lightness; a

* 
= redness and b

* 
= yellowness and CK = creatine kinase 
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It may as a result of transportation, rough handling, inclement temperatures, or anything that 

causes the animal to draw on its glycogen reserves before slaughter. Beefmaster are aggressive 

animals and are more prone to injuries resulting in carcass damage and poorer meat quality. The 

current results are in agreement with Voisinet et al. (1997) and King et al. (2006) who showed 

that cattle which are highly temperamental produced a high incidence of borderline dark cutters 

than calm cattle. The behaviour of animals prior to slaughter is related to heavy muscular work 

that influences glycogen content, on which final pH meat depends (Mach et al., 2008). Therefore 

lower glycogen amounts result in production of small amounts of lactic acid and thus high pHu. 

Ultimate pH found in muscle is one of the contributing factors to the quality of meat. Welglarz et 

al. (2002), Kogel (2005) and Mach et al. (2008) found that beef with high pHu and dark colour 

had negative effects on meat quality and leads to DFD (Dark Firm Dry) meat. 

 

Breed had no effects (P >0.001) on L* values, the darker meat (low L* values) from the three 

breeds: Bonsmara, Beefmaster and Brahman may be attributed by reduced muscle glycogen and 

increased myoglobin because of the light scattering properties of meat. The darker meat 

produced by the three breeds in comparisons to the improved breeds agrees with O’Neill et al. 

(2006). O’Neill et al. (2006) observed that indigenous breeds such as Bonsmara released more 

catecholamines than exotic breeds during the pre-slaughter period, causing the depletion of 

glycogen. Another reason could be due to the long journeys they travelled, poor handling before 

slaughter Commission International De I Eclairage (1976), found that in their study that dark 

meat is due to muscle glycogen that has been used up rapidly during the handling, transport and 

pre-slaughter period, after slaughter there is little lactic acid production which results in Dark- 

Firm-Dry (DFD) meat. 
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Klont et al. (1999), Lensik et al. (2001), Lensink (2002) and Zhang et al. (2005) observed that in 

their studies stress has a tendency to make meat darker and had significantly lower values of  L,
*
 

a
*
 and b

*
. Bonsmara had the highest a* values with Brahman having the least a* values. The a* 

values were ranging from 17.5±0.53 in meat from Bonsmara and 13.2±0.66 in meat from 

Brahman. The pH values from these breeds were within the normal range. This is because pHu 

values were fairly normal and colour is not greatly affected by pre-slaughter condition such as 

transportation. This is supported by Abril et al. (2001) who found that colour is not affected by 

transport time but ageing decreased the redness and yellowness which accompanies the natural 

discolouration of fresh meat from red to brown. 

 

Bonsmara had the highest b* values (12.8±0.53) and the lowest b* values (9.6±0.61) in the 

Brahman breed. This could be due to the degree to which animals are stressed during handling 

and transportation depends on their temperament, handling during the journey, condition of the 

animal, and duration of the journey resulting in pale colour.  
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4. 4. 2 Effect of age on meat quality 

The effects of age on meat quality are shown in (Table 4.2). Meat from 16, 18 and 24 months old 

animals had no effect on pHu.  The pHu values ranging from 6.1 in meat from 16 months old 

animals, 6.1 in meat from 18 months old cattle and 6.1 in meat from 24 months old cattle. The 

pHu values from 16, 18 and 24 months old cattle were above the normal pH range. The meat pH 

above 6.0 is a dark red colour (Bartos et al., 1993; Mounier et al., 2006), increased tenderness 

(Silva et al., 1999) and poor palatability (Viljoen et al., 2002; Wulf et al., 2002). These results 

are mostly likely to be due to the different state and concentrations of myoglobin of different 

ages. This can also be attributed to the fact that an animal’s behaviour differs with an animal’s 

age and the stage of growth (Terlouw, 2005).  

 

Different age groups had no effect on L* values, this could be due to higher levels of pH 

obtained from the three age group categories. The meat often has sticky consistency and poorer 

taste and flavour. The pH of meat affects its colour (Abril et al., 2001; Weglarz, 2010). Meat 

colour may be influenced by the activity undertaken by the animal prior to slaughter. Therefore 

meat becomes darker with increasing animal age. These results are in agreement with Funghi et 

al. (1994), who found that L
*
values decreased with the increase in slaughtering age. Zhang et al. 

(2005) found that high pH meat had lower L
*
(lightness), a

*
(redness) and b

*
 (yellowness) values 

than normal pH meat, indicating that high pH meat is darker and less brown than is normal pH 

meat. 

Meat from 16 months old animals had the highest a* and b* (17.9±0.53) and (12.9±0.49) and the 

24 months old animals had the least a*and b* values of 12.9±0.54 and 9.3±0.51. Differences in 

meat colour have been associated with variations in intramuscular fat and moister content, age 
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dependent in muscle myoglobin content (Lawry, 1974). Animals that had fed on pasture have a 

yellow fat colour because of the high levels of beta-carotene contained by grass; consumers often 

perceive meat with yellow fat as having come from an old or diseased animal (Priolo et al., 

2001). 
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Table 4. 2 Effects of age on ultimate pH and colour of meat from cattle slaughtered at East 

London abattoir (±s.e.m). 

Parameters                         Age 

16months 

 

18months 

 

24months 

N 

CK (U/1) 

pHu 

120 

636.9±76.83
b 

6.1±0.05
a 

87 

729.6±89.75
a 

6.1±0.06
a 

114 

524.1±0.63
c 

6.1±0.05
a 

L
*

 25.2±0.71
a 

26.6±0.83
a 

20.9±0.73
b 

a
*

 17.9±0.53
a 

17.7±0.62
a 

12.9±0.54
b 

b
*
 12.9±0.49

a 
11.5±0.58

b 
9.3±0.51

c 

a,b, c
Means in the same row with different superscripts are significantly different at

*
P<0.05 

 pHu = ultimate pH;  L
* 
=  lightness; a

* 
= redness and b

* 
=  yellowness and CK = creatine kinase 
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4. 4.3 Effect of season on meat quality  

Spring season had the highest (P<0.001) pHu values and the autumn season had the lowest pHu 

values. This can be attributed to the variations in environmental conditions. The study is not in 

agreement with the findings by Gurdia et al. (2004) and Van der Perre et al. (2010) reported that 

Dark Firm and Dry meat is expected to be high in summer than other seasons. Stressful 

environment results in the reduction of glycogen levels in the muscles resulting in lower lactic 

acid production and high pHu. Winter had the highest L* values, while summer had the least L* 

values. The study contradict with the findings by the Maria et al. (2006) who found that the 

lowest L* values expected to be low in winter where there is a shortage of feed during the winter 

season causing beef dark cutting. This shows that the summer season was more stressful than 

winter season resulting in higher myoglobin and decreased glycogen results in darker meat 

(Priolo et al., 2001). 

 

Winter season had the highest a* values and the lowest a* values in the summer season. Autumn 

had the highest b* values and the lowest b* values were observed in summer season. This is not 

in agreement with Kim et al. (2003) who indicated colour coordinates as affected by 

temperature, winter season and ante-post-mortem short term stressors as they change the normal 

muscle metabolism. However, b* values for other season were in the acceptable range as 

indicated by Muchenje et al. (2009). 
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Table 4. 3 Effects of seasons on ultimate pH and colour of meat from cattle slaughtered at 

East London abattoir (±s.e.m). 

Parameters Spring Summer Winter Autumn 

N     

 

CK (U/1)     

            

196 

 

698.3±59.19
a 

43 

 

181.3±124.09
b 

32 

 

704.1±43.85
a 

50 

 

658±116.25
a 

pHu 6.3±0.03
a 

 

6.0±0.07
b 

5.9±0.08
b 

5.4±0.06
c 

L* 24.6±0.52
b 

 

15.3±1.11
c 

30.3±1.28
a 

24.8±1.03
b 

a* 18.0±31
a 

 

4.7±0.66
b 

18.4±0.77
a 

16.9±0.61
a 

b* 10.5±0.39
c 

5.0.±0.66
d 

14.1±0.76
b
 18.1.±0.61

a
 

     

a,b,c,d
 Means in the same column with different superscripts are significantly different at 

*
P<0.05,  

pHu = ultimate, L*= lightness, a*= redness, b* = yellowness and CK = creatine kinase 
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4 .4.4 Correlation between distance travelled and CK levels on meat quality 

attributes. 

Correlation co-efficients between distance travelled and CK levels on meat quality attributes (L*, 

a* and b*) are presented in Table 4.4. From the results there was no correlation observed 

between CK levels and meat quality attributes (lightness (L*) and yellowness (b*) except for the 

redness (a*) of the meat. It was postulated that CK levels would be an indication of poor animal 

handling and therefore be linked to poor beef quality (Table 4.4). The study agrees with the 

findings by Warries et al. (1990) and Mach et al. (2008) indicated that creatine kinase was not 

related to any of the meat quality parameters, but can be linked to muscle exhaustion that occurs 

prior to slaughter. The CK activity in the blood due to poor handling negatively affects the 

quality of meat (Yu et al., 2009). 

 

The distance travelled had the negative relationship on ultimate pH and colour of beef. The 

longer the distance travelled by the animals to the abattoir the higher the pHu will be. This study 

agreed with the findings of Honkavaara et al. (2003), shorter or longer duration of animal 

transport to slaughterhouse had a great effect on high pH values of meat than when transport 

exceeded 12h. Pre-slaughter stress can affect several aspect of meat quality in livestock animals 

(Tarrant et al., 1992). Several authors indicate that the distance travelled by animals from the 

farms to the slaughterhouse affect meat quality (Franc et al., 1990; Pipek et al., 2003; Jelenikova, 

2008). This implies that transportation affects glycogen levels (Devine et al., 2006; Ferguson and 

Warner, 2008; Muchenje et al., 2009b). Miranda-de la Lama et al. (2009) reported that rough 

roads cause stress but Kadim et al. (2009) reported stress on smooth road which then increases 

muscle pH and this is in agreement with the current study. 
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Table 4. 4 Correlations between creatine kinase level, distance and meat quality (pHu, L
*
, 

a
*
 and b*) from Bonsmara, Beefmaster and Brahman slaughtered at East London abattoir 

 L
* 

a
* 

b
* 

CK level Distance 

L
* 

 0.21
***

 0.15
** 

0.06
 

0.35
*** 

a
* 

  0.45
*** 

0.193
*** 

0.26
*** 

b
* 

   0.05
 

0.44
*** 

CK level     -0.01
 

Distance      

Significantly correlated at 
**

P<0.01, 
***

P<0.001 

pHu = ultimate pH; L
*
= lightness; a

*
=redness and b

*
= yellowness . CK =creatine kinase 
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4. 5 Conclusion 

 The study showed that animal related factors affect the quality of beef, with Beefmaster having 

the highest pHu values. In addition seasonal changes also affect the quality of beef, with spring 

season having highest pHu values. On the other hand distance had a negative relationship on beef 

quality (L*, a* and b*), however no correlation was observed between distance and CK levels. It 

was also concluded that there is no significant relationship between meat parameters (L,* a* and 

b*) and CK. 
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Chapter 5: General Discussion, Conclusion and Recommendations 

5.1 General Discussion 

Poor handling and transportation of animals can lead to bruising and some in cases more serious 

injury or death. Transport and stress can have a negative effect on the colour, tenderness of beef, 

while bruising had a negative effect on industry due to the most expensive cuts of meat to be 

trimmed and sometimes the condemnation of the whole carcass. Bruising also results in the 

removal of some parts of the meat during carcass inspection which may assume economic 

relevance. Therefore, the focus of the current study was to determine the occurrence of bruising 

in slaughter cattle and its relationship with creatine kinase and meat quality. The effects of pre-

slaughter conditions, animal related factors and their relationship with bruising and creatine 

kinase levels were determined in Chapter 3. In Chapter 4, the effects of distance travelled and 

animal factors on creatine kinase levels and meat quality were determined. 

 

In chapter 3 the effect of pre-slaughter conditions, animal related factors and their relationship 

with bruising and creatine kinase CK levels were determined. It was observed that CK affected 

breed with Bonsmara recorded with the highest CK levels. Animals differ in their tolerance of 

stressful situations and consequently in their stress status (Bourguet et al., 2010). The CK 

activity increases when animals were roughly driven and mishandled before and after transport 

(Broom et al., 1996; Averos et al., 2008). Temperature is associated with a season such that 

during cold a season (winter season) animals had higher CK levels than in the summer season. 

Increased CK levels in winter are associated with external air temperature and air humidity 

which also have a negative effect on the welfare of cattle during transportation.  
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Young animals are at the risk of more bruising than older animal resulting in high CK levels 

(Parrot et al., 1994). Among the three age categories, group 2 (18 months ) cattle was  recorded  

with higher values for CK levels  while group 1 (16 months) had the least CK values.  In 

addition, male animals are more susceptible to stressful conditions. In the current study, it was 

recorded that male animals had higher CK levels than female animals. Eguinoa et al. (2003) 

indicated that the reason young animals are easily stressed is because of the organisation in fat 

deposition and subcutaneous tissue between cattle, sex and age (Jarvis et al., 1995).  

 

From this study animal factors such as age, sex and type of animal were found to affect the 

development of bruises in cattle. Bonsmara had the highest bruising score (Chapter 3). The 

Bonsmara was the most responsive to stress. The more the animal is handled, the greater the 

chance on injuries leading to carcass bruising. Bruising is evidence of poor handling (Gregory, 

1996). Young animal had an effect on bruising such that 16 month animals had the highest 

bruising score than the older animals. Differences in age categories could be associated with 

rough handling, violent impact of animals against protuberant or sharp-edged surfaces, or with 

aggression between animals, mechanical damage to the animal’s tissues can occur which may 

develop into a bruise. 

 

In Chapter 4, among the three breeds, Beefmaster had higher values for pHu, which resulted in 

darker meat colour than Bonsmara and Brahman breeds. This could be attributed to the inherent 

genotype differences and, possibly, the differences in their response to pre-slaughter handling. A 
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high pHu reflects a depletion of muscle glycogen due to stress or other factors (Dhana et al., 

2003; Muchenje et al., 2009; Mushi et al., 2009). However higher values for L*, a* and b* were 

observed in Bonsmara. This is due to the fact that animals have different growth rates that affect 

intramuscular fat content (Ndlovu et al., 2009). 

Season had a significant effect on pHu, such that summer had highest pH values. This may be 

attributed to the fact that there was more huddling together in the truck as well as more activity. 

The study agreed with the findings by Gregory (2010) and Dalla Costa et al. (2007) who 

reported that summer conditions have been found associated with pale meat colour compared 

with wintertime. Age at slaughter had no significantly effect on ultimate pH. However, the 

differences observed for the colour of meat (L*, a* and b*) among the age categories; 16, 18 and 

24 months old were within the normal range. Meat from the group 1 (16 months), group 2 (18 

months) and group 3 (24 months) can be used for consumption. There were negative correlations 

between pre-slaughter conditions and the quality of beef. Distance travelled was positively 

correlated with beef colour (L*, a* and b*).  L* values and a* were strongly related with 

distance travelled. However, no correlation was observed between distance travelled and CK 

levels.  Factors that also affect meat quality are pre-slaughter treatment (Santos et al., 2008) and 

pre-slaughter conditions. Therefore there is no relationship between pre-slaughter conditions and 

creatine kinase levels. 

5.2 Conclusion 

It was concluded that breed, season, age at which animals are slaughtered and pre-slaughter 

conditions contribute to bruising and affect ultimate pH and colour of beef. Breed, season, sex 

and age at slaughter also had an effect on CK levels. Among pre-slaughter stressors, the distance 

travelled had an effect on the quality of beef leading to a dark firm and dry meat and high pH 
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levels, even though creatine kinase was not really affected by the distance travelled, but it was 

postulated that length of journey increase the activity of CK. Therefore, it can be stated that poor 

handling from the farm and during transportation should be taken into account in order to reduce 

stress before slaughter in order to improve better beef quality. 

5.3 Recommendations 

In the current study it is recommended that: 

 To prevent high chances of bruising due to poor handling, the study should aim on the 

following procedures:  

1.  Occurrence of bruising is it at the farm, during transportation or at the slaughterhouse? 

Seems to have serious effects on the welfare of animals and it can lead to significant loss 

of meat quality and production. 

2. The way animals are handled at loading at the farm, during transportation, at unloading 

and during lairage. 

3. Evaluation of facility conditions at the farm, livestock markets and transportation of 

animals. 

4. There is a need to determine stress effect on meat quality and understand the relationship 

of glycogen and lactic acid to pH decline in meat after slaughter. 

5. To evaluate physiological and biochemical changes or stress hormones and their 

relationship with technological attributes of beef at the farm, at arrival, and just before 

slaughter. This is necessary because physiological parameters such as CK affect meat 

quality due to high levels of CK. 
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Appendice  1 Cattle transport recording sheet 

                                  

                            Cattle transport recording sheet 

Delivery 

date 

Loading/depa

rture time 

Arrival 

time 

Slaughter 

date 

Slaughter 

time 

No. of 

cattle in 

vehicle 

Farm to 

abattoir 

distance 

(km)
 
 

Day temp 
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Appendice  2 Carcass record sheet for ultimate pH and colour 

 

Carcass 

no. 

Breed Weight Sex Class Age pH24 Colour 

at 24h 

  

       L* a* b* 
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Appendice  3 Bruise score record sheet 

 

Carcass no. ..........................   Slaughter date 

  Breed    ...................................   Sex 

Left side                                                        Right side 

 

 

 


