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ABSTRACT 

Comparisons of carcass and. meat quality characteristics were made between 

forty Friesian bulls, twenty Friesian steers and nineteen Charolais x Angus cross 

steers which were grown on mixed pastures and slaughtered at a similar age of 

approximately 16 to 20 mo. Carcasses were evaluated and dressed under normal 

commercial conditions and samples of M. longissirnus were taken from the right 

side of each carcass within 90 min of slaughter for meat quality assessments. 

A comparison of the growth rates of Friesian and Charolais cross steers during 

the finishing period revealed no significant differences in initial liveweights, 

final liveweights or overall average daily liveweight gains (p>0.05). Differences 

in growth patterns indicated that the Friesians grew slightly faster initially while 

the Charolais cross steers exhibited higher average daily gains at later stages. 

The Charolais cross steers had significantly greater dressing-out 

percentages (p<0.001), higher fat depths (p<0.001), shorter carcasses (p<0.001), 

larger rib-eye areas (P<0.001) and heavier steaks (p<0.01) than the Friesian 

steers when compared at a similar carcass weight. The Charolais cross steers 

had a greater mean meat yield than the Friesian steers of a similar carcass 

weight, as assessed by the sum of the six major hind-quarter cuts. There were no 

breed effects on ultimate meat pH, sarcornere length, meat tenderness, meat 

colour, cooking loss or expressed juice value for meat samples from the two 

steer groups. 

Bulls produced leaner carcasses as evidenced by lower fat depth and 

intramuscular fat levels than steers. At a constant carcass weight, bulls had 

similar dressing-out percentages to Friesian steers, but the value was 

significantly lower than that of Charolais cross steers (p<0.001). The bulls 

possessed the longest carcasses and the largest rib-eye area after adjustments to 

the same carcass weight. Bull meat had significantly higher ultimate pH values 

(p<0.01) and a darker colour (p<0.001) than steer meat. Although there were no 

differences in sarcomere length, tenderness, cooking loss and expressed juice 

between meat from bulls and steers, bull meat appeared on the basis of shear

force deformation-curve parameters to contain more connective tissue. 
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However, when pH effects were adjusted for by covariance analysis bull meat 

had a lower WHC and was slightly tougher. 

There was a significant curvilinear relationship between ultimate pH and meat 

tenderness with a minimum tenderness at a pH of approximately 6.1. The 

improved tenderness above this point was associated with improved WHC, 

while the decrease in meat tenderness from pH 5.4 to 6.1 appeared to be partly 

due to a significant decrease in sarcomere length. Meat colour darkened 

markedly with increases in pH values whereas WHC changed very little as pH 

values increased from 5.4 to 6.2, but was increased sharply with further 

increases in pH values above 6.2. 

A comparison was made between the conventional vee-shaped Wamer-Bratzler 

shear blade and a modified square-blade. The results were closely correlated, 

but the square-blade always provided clearer initial yield points on the shear 

deformation curves and higher peak shear force values. All shear parameters 

(PF, IY, PF-IY and WD) obtained from shear force deformation curves showed 

significant curvilinear relationships (p<0.001) with ultimate pH. 

It is concluded that differences in ultimate meat pH can lead to subsequent 

differences in several important meat quality characteristics. Nevertheless, the 

effects may sometimes be overshadowed by other factors such as cold

shortening conditions. 
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CHAPTER 1 

INTRODUCTION 

All forms of meat, regardless of species of animal, are good sources of essential 

amino acids, certain minerals and vitamins (Lawrie, 1985). Surveys conducted 

in Great Britain indicated that beef was usually more expensive than chicken, 

pork and lamb, but it was considered by the consumers to provide an excellent 

meal and to be a very appetizing, nourishing and tasty meat (Baron, 1984). 

Moreover, beef products were also ranked first on the usefulness factor, 

followed by chicken, while lamb and pork were considered poorly in this 

respect. 

The acceptability of meat is related to its visual characteristics and its eating 

qualities, with the nature of these properties in the most acceptable meat varying 

considerably with cooking procedures. It is, therefore, difficult to compare 

organoleptic assessments of cooked meat between different taste panels. 

However, of the attributes of the eating quality of beef, tenderness has most 

often been ranked first, according to consumer attitudes and demand for meat 

(Baron, 1984). Meat tenderness was also shown to be the best predictor of 

overall acceptability of beef by taste panels from eight European countries 

(Dransfield et al., 1982). The variation in meat tenderness may be the result of 

the collective effects of numerous traits, including the myofibrillar structure and 

its state of contraction, the connective tissue content and its degree of cross

linking, and the water holding capacity of the meat protein (Bouton et al., 

1973a). It is known that the prevention of cold-shortening can greatly diminish 

the contribution of myofibrillar structure to tenderness (Marsh & Leet, 1966; 

Davey et al., 1967; Hostetler et al., 1972). When cold-shortening conditions are 

avoided, an increase in muscle ultimate pH from 5.5 to 6.2 has been shown to 

lead to an increase in toughness of beef (Purchas et al., 1988a). The increase in 

pH over this range has been reported to be associated with a significant decrease 

in sarcomere length (Purchas, 1988), although this association was not very 

close. The curvilinear relationships obtained between shear force value and 

ultimate pH showed the maximum shear force values at a pH of approximately 

6.0 with further increases leading to lower shear force values, higher water-
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holding capacity, darker colour and the phenomena of dark-cutting beef (Lawrie, 

1985). Unfortunately, improvement in meat tenderness obtained by increasing 

pH above 6.0 are always accompanied by an undesirable dark colour, less 

flavour and poorer keeping quality. Consequently, more practical benefits will 

come from improvements in tenderness through an improved understanding of 

the negative relationship between tenderness and pH up to 6.0. 

The main objective of this study was: 

To examine the relationship between ultimate muscle pH and meat quality 

characteristics, with particular emphasis on its relationship with meat tenderness 

under conditions where cold-shortening is avoided. 

One of the most widely used objective methods for assessing meat tenderness 

has been the Warner-Bratzler shear device which measures the force required to 

shear through a meat sample perpendicularly across the fibres (Bouton & Harris, 

1972a). Although the peak shear force values from this device provide a good 

predictor of meat tenderness (Seideman & Theer, 1986), the correlations 

between peak shear force values and taste panel assessments are reported to be 

very variable (Szczesniak & Torgeson, 1965). Bouton & Harris (1972a) 

suggested that it might be difficult to acquire reliable predictive values when a 

single parameter is used to assess meat of widely differing structural properties. 

For example, the Warner-Bratzler shear device, peak shear force values mostly 

measure the strength of myofibrillar structures, whereas measures of 

compression strongly indicate the connective tissue strength. However, it has 

been suggested that these two components of meat tenderness could be measured 

effectively by the additional variables obtained from shear-force deformation 

curves, in which shear force values are plotted against the distance travelled by 

the shear blade (Bouton et al., 1975c). 

Therefore, a second objective of this study was: 

To compare several variables derived from shear force deformation curves with 

regard to their relationships with ultimate pH and other meat characteristics. 

The animals used in this study were Friesian steers, Charolais x Angus cross 

steers and Friesian bulls. Therefore, the opportunity existed to evaluate 
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differences in carcass and meat quality characteristics between these groups. 

Previous reports of comparisons between breed and sex groups of cattle have 

shown that, although differences in carcass and meat quality characteristics may 

sometimes exist, this is not always the case. 

Thus, the third objective of this study was: 

To determine the effects of breed and castration on carcass and meat quality 

characteristics. 



CHAPTER2 

REVIEW OF LITERATURE 

2.1 INTRODUCTION 

The sequences of material within this review will follow the objectives of the 

study as set out in chapter 1. Firstly, discussion will concentrate on the 

measurement of meat tenderness and factors that affect it. Secondly, the 

importance of meat pH as a determinant of the acceptability of meat and meat 

products will be considered. In this section factors affecting ultimate meat pH 

and the rate of pH decrease will be reviewed concomitantly with the 

characteristics that are affected by meat pH. Finally, the effects of castration and 

breed on carcass and meat quality characteristics will be reviewed. The Friesian, 

a dual purpose breed and the Charolais, a conventional late-maturing continental 

beef breed will be the main breeds considered in this review. 

2.2 MEAT TENDERNESS 

2.2.1 The measurement of meat tenderness 

Meat tenderness can be assessed by either subjective or objective methods. The 

sensation of tenderness is a complicated physical process and is extremely 

difficult to measure (Pearson, 1963). It could be said that humans are the best 

instrument for evaluating meat tenderness as only human senses can perceive, 

analyse, integrate and interpret a large number of textural sensations at the same 

time (Larmond, 1976). However, sensory evaluation is always encumbered with 

many methodological, psychological, and physiological problems, resulting in 

different meanings in different places (Dransfield et al., 1982). In addition it is 

time consuming and expensive to conduct properly (Harris, 1976). Therefore, 

objective methods have been developed to minimize these problems and to 

obtain the advantages of speed, reproducibility, and relative ease of 

standardisation. 
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2.2.1.1 Subjective methods 

Meat is not a single component system,and the sensation of meat tenderness may 

be resolved into at least the following five components: the amount of resistance 

to initial chewing; the force required to tear the meat fibres apart; the amount of 

mastication required to reach a consistency for normal swallowing; the quantity 

of the residue left after mastication; and the texture of the residue after 

mastication (Hill, 1968). 

Almost all sensory evaluations of meat tenderness, therefore, have involved 

some form of multicomponent analysis which has not been the case with 

instrumental techniques. Cover et al. (1962) subdivided tenderness in meat into 

six components: softness to tongue and cheek, softness to tooth pressure, ease of 

fragmentation of muscle fibres across the grain, mealiness, apparent adhesion 

between fibres and amount/firmness of connective tissue. These authors pointed 

out that " use of scores for the connective tissue component of meat tenderness 

has increased the precision of this phase of the attack on the multiple causes of 

tenderness ". This multicomponent system has also been used in the work of 

Roger & Ritchey (1969) and Hostetler et al. (1973) and recently by Brandy & 

Hunecke (1985). The texture profile method described by Brandt et al. (1963) 

involves the evaluation of the mechanical, geometrical properties ,and the fat 

and moisture content of meat. The analysis of properties is carried out, first, at 

the initial stage of ingestion, secondly, during mastication, and finally, on the 

residue. The texture profile method is applicable to meat but it has not been 

widely used in this way (Larmond, 1976). Harries et al. (1972) examined the 

interrelationships between the individual parts of a multicomponent scoring 

system (i.e. resistance to initial chewing, wetness, juiciness, cohesiveness, 

hardness, overall texture and chew count),and concluded that these 

characteristics were not independent and could be reduced to the two 

characteristics of toughness/tenderness, and juiciness. More elaborate 

subdivisions of sensations in the mouth did not add appreciably to the precision 

of the sensory assessment. These authors also demonstrated that "toughness and 

tenderness" could be evaluated well on hot or cold meat whereas juiciness was 

not. Dransfield et al. (1982) adopted these two characteristics to survey the 

acceptability of meat from eight European countries. Seideman & Theer (1986) 

indicated that only overall tenderness needed to be measured because the ease of 
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fragmentation, amount of detectable connective tissue and overall tenderness 

rating were all highly correlated (r = 0.98 - 0.99). 

Sensory evaluation can generally be divided into two categories based on the 

end result desired (Szczesniak & Torgeson, 1965). First, an expression of 

consumer attitudes and preferences involves untrained, randomly selected 

panelists. A large panel size is necessary to obtain the higher confidence. At 

least 50-100 panelists are recommended, and a facial hedonic scale has been 

found to be more effective than a verbal scale which is limited by language 

barriers or by the age of the participants such as children (Abbott, 1972) . 

Secondly, a panel to be used to describe the tenderness of the meat product, 

usually consists of 5-10 panelists (Cross et al., 1986). Scoring systems have 

normally been used in the latter type. Rating scales may be unstructured 

(Harries et al., 1972; Stone et al., 197 4) or structured (Dransfield et al., 1982) 

where the terminology of points along the scale are variable and it is assumed 

that each word or phrase has the same meaning to each judge. It has been shown 

that open scales yield greater product differences than the structured ones (Stone 

et al., 1974). The chew count method, which involves counting the number of 

chews required to masticate a meat sample to be ready for swallowing, may be 

quite objective and may relate well to instrumental techniques. However, it may 

not always adequately indicate tenderness differences, as wide variability in 

individual chew counts for similar samples have been reported (Harrington & 

Pearson, 1962; Szczesniak & Torgeson, 1965). 

2.2.1.2 Objective methods 

Szczesniak & Torgeson (1965) noted that the many types of instruments that 

have been developed to measure tenderness of meat operate by determining the 

behavior of the meat sample when forces are applied to it (Szczesniak, 1968). 

These forces may be either cutting, shearing, or pulling. Abbott (1972) pointed 

out that instrumental measurements were of little value unless they correlated 

well with the subjective evaluation sought. The most commonly used instrument 

is the Warner-Bratzler shear device (Ashgar & Pearson, 1980), even though 

correlations between results from this device and sensory assessments have 

been inconsistent (Szczesniak & Torgeson, 1965; Bouton et al., 1975a; Taylor, 

1982; Brady & Hunecke, 1985). The variability of these reported correlations is 
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to be expected as the instruments and taste panels may be measuring different 

structural properties of meat (Szczesniak, 1968) and meat toughness is not due 

solely to muscle fibre properties (Cover et al., 1962). Bouton et al. (1973a) 

observed that shear force values correlated poorly with subjective assessments of 

tenderness when there were large differences in connective tissue strength. It is 

known that Warner-Bratzler peak shear force values are better correlated with 

the myofibrillar toughness than with connective tissue strength (Bouton & 

Harris, 1972a; Paul et al., 1973; Cross et al., 1973; Bouton et al., 1975a; 

Harris, 1988). Similarly, compression/penetrometer measurements correlate 

best with connective tissue properties (Bouton & Harris,1972b; Paul et al., 1973; 

Bouton et al., 1975a). However, both methods correlated well with taste panels 

(Bouton et al., 1971). 

The study of force deformation curves has been introduced to meat tenderness 

assessments in order to distinguish between the contributions to the structural 

strength of meat samples of myofibrillar and connective tissue components 

(Bouton et al., 197 5b ). They suggested that the following five basic parameters 

could be obtained from the force deformation curves: 

(a) initial yield which is the force at which the material first begins to yield 

and which appears as the first major inflexion on the curve; 

(b) peak force which represents the maximum force recorded on any 

particular curve; 

(c) initial yield distance, defined as the distance from the first registering of 

force to the initial yield point; 

(d) final yield distance, defined as the distance between the first registering 

of force and the peak force; 

( e) the slope at yield, defined as the slope of the curve leading up to the 

initial yield point-measuring the rate of change of force at yield. 

Bouton et al. (1975c) examined the possible relationships between shear, tensile 

nd adhesion properties of meat and suggested that the initial effects of shear, 

compression or tensile force was to produce a yield in the myofibrillar structure. 

The force applied after this point was resisted mainly by the connective tissue 

structure. 
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Force deformation curves obtained due to different treatments known to affect 

myofibrillar fibres primarily reveal that the initial yield force values are mainly 

affected (Bouton et al., 1975b). Similarly, force deformation curves obtained by 

using different machines, such as the volodkevich device, show that the 

myofibrils yield before the connective tissue (Rhodes et al., 1972; Bailey, 1972). 

Consistent results have been obtained from force deformation curves produced 

by the effects of long term cooking (Bouton et al. , 1977). Recently, many of 

changes in the shear force deformation curves produced by different treatments, 

known to affect either myofibrillar or connective tissue structure, have been used 

to explain the differences in meat tenderness qualitatively. For example, pH 

effects (Bouton et al., 1982a), species effects (Robertson et al., 1984), 

chronological age, cooking and aging effects (Beilken et al., 1986), and blade 

tenderization effects (Hayward et al., 1980). The correlations between many 

parameters measured from shear force deformation curves and sensory 

tenderness measurements are significant, although wide variation exists in the 

values reported (r = 0.3 - 0.8) (Hayward et al., 1980; Brady & Penfield, 1982; 

Moller, 1981; Seideman & Theer, 1986). 

The conventional Warner-Bratzler shear measurements seem to offer greater 

interpretational difficulties, compared to the modified version with a straight

edged shear blade used with rectangular shaped samples (Bouton et al., 1975c). 

However, the estimates of parameters measured from shear force deformation 

curves obtained from the two systems are highly correlated. Both systems show 

similar and significant responses to the treatments used to modify the structural 

components of meat (Moller et al., 1982). These authors also noted that the 

parameters used to indicate the connective tissue strength such as the C-force 

(defined by Moller, 1981 as the yield point that occurred when the apex of the 

triangular shear blade was about to enter the slit) value and peak minus initial 

yield force value, obtained from both systems were not so well correlated. They 

indicated that the C-force value could give a better indication of the connective 

tissue contribution to subjectively determined tenderness, and it could be used 

instead of more elaborate measures such as adhesion (Bouton & Harris, 1972a). 

Moreover, Voisey (1971) stated that force and deformation can be recorded by 

electronic techniques in any textural test including puncture tests, tensile and 

compression tests, shear tests, and tests with consistometers and viscometers, but 

the interpretation of the result was a major problem. 
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2.2.2 Factors affecting meat tenderness 

Factors affecting meat tenderness may be divided into pre-slaughter factors (e.g. 

species, age, breed, sex, and nutrition) and post-slaughter factors (e.g. 

postmortem glycolysis, conditioning, cooking, and processing) (Lawrie, 1985). 

These factors always exert their effects through the structural components in 

meat and Harris (1988) noted that the degree of tenderness can be related to: (a) 

the myofibrillar structure and its state of contraction, (b) the connective tissue 

content and the degree of collagen cross-linking, and (c) the water holding 

capacity of the meat proteins. In this section only the first two factors will be 

discussed. The last one will be covered in a subsequent section on muscle pH. 

2.2.2.1 Myofibrillar proteins 

2.2.2.1.1 Shortening effects 

The loss of tenderness during the onset of rigor mortis is directly related to the 

degree of shortening of the sarcomeres and, therefore, the degree of 

interdigitation of actin and myosin fi laments (Lawrie, 1985). Honikel et al. 

(1983) reported that shortening can take place in pre-rigor beef at temperatures 

between -1 and 38 °c. Locker & Hagyard (1963) observed that the shortening 

was minimal at 14-19 °c, and increased again at temperatures above 20 °c. 
They indicated that cold-shortening was more pronounced at low temperatures 

( <5 °c). Honikel et al. (1986) obtained a similar result that excised red bovine 

muscle (M. sternomandibularis) shortened less than 10 % at 6 °c and 18 °c. 
Below 6 °c the sarcomere contracted up to 70 %, while between 20 °c and 38 
0 c the sarcomere shortened up to 40 %. Toughness in cooked meat increased 

rapidly as the pre-rigor shortening increased from 20 to 40 percent of the initial 

length, but the toughness once more decreased as the degree of shortening 

increased from 40 to 60 percent due to progressive rupturing (Marsh & Leet, 

1966). Stretching pre-rigor muscle effectively reduced adhesion between the 

meat fibres and hence reduced the contribution of the myofibrillar structure to 

tenderness (Locker & Wild, 1982). Reduction of muscle shortening and 

improved tenderness of major beef muscles have been obtained by suspending 

carcasses from the pelvic bone (Hostetler et al., 1972; Smith et al., 1971; Bouton 
- -

et al., 1973a). Also in pork, tenderness was improved by pelvic suspension 
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(Moller et al., 1987). Post-mortem shortening can also be minimized by holding 

carcasses at 15-20 °c for at least the first 16 h after slaughter (Locker & 

Hagyard, 1963). The improvement of meat tenderness under high temperature 

(>9 °C) conditioning has been shown by Lochner et al. (1980), Marsh et al. 

(1981) and Paterson et al. (1988). However, the opposite results have also been 

reported (Elgasim et al, 1981; Crouse et al., 1983). The accelerated 

development of full rigor is easily achieved by electrical stimulation (Savell et 

al., 1978; Dutson et al., 1980; Pearson & Dutson, 1985). Dutson et al. (1980) 

emphasized that not all the problems of meat toughness were overcome by the 

prevention of cold-shortening. They pointed out some further tenderisation was 

due to the stimulation of proteolysis by activating lysosomal enzymes. Other 

authors have suggested that tissue disruption as a consequence of violent 

contraction during stimulation may also be responsible for increased tenderness 

(Savell et al., 1978; Will et al., 1980). Cold-shortening is not likely to affect 

muscle deep in a beef carcass (Bouton et al., 1978), because its insulation allows 

rigor-mortis to be completed before the temperature decreases below 15 °c 

(Lawrie, 1985). Red muscles seem to be more susceptible to cold-shortening 

than white muscles (Davey & Gilbert, 1975), and the former muscles have been 

shown to respond less to electrical stimulation (Devine et al., 1984). 

2.2.2.1.2 Proteolytic activity 

The physical properties of muscle fibres have been shown to be affected by 

aging which mainly weakens the myofibrils (Stromer & Goll, 1967; Davey & 

Dickson, 1970). Pearson (1986) noted that the weak point in the structure of 

myofibrils is the Z-line where degradation occurred first. There is evidence that 

breakage of the myofibrils at the Z-line is correlated with meat tenderness, and 

myofibrillar fragmentation has been shown to be a useful measure for meat 

tenderness (Olson et al., 1976). Locker & Wild (1982) demonstrated that aging 

weakened both actin and the gap filaments, fracturing the I-band and thereby 

improving tenderness. The aging process can be affected by chilling rates as 

Elgasim et al. (1981) reported that there was little or no sign of sarcomere 

degradation in beef conditioned at 2 °c, but degradation was clear in meat 

conditioned at 16 °c for the first 12 h post-mortem. They found differences in 

tenderness and sarcomere length after 7 d post-mortem. Paterson et al. (1988) 

could not find any changes in sarcomere length under a similar treatment, but 
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meat conditioned at high temperature was more tender than meat conditioned 

conventionally, a result which is consistent with the reports of Lochner et al. 

(1980) and Marsh et al. (1981). Changes in myofibrillar proteins of bovine 

muscle during 14 d post-mortem storage at 2 °c, have been reported to be 

associated with the gradual disappearance of troponin-T which is known to be 

degraded by calcium-activated factor (CAF), resulting in improved tenderness 

during post-mortem storage (Koohmaraie et al ., 1984b). Bouton et al. (1975b, 

1981) observed that the slope at yield and initial yield force values, obtained 

from meat aged at 0-1 °c for 3 wk, decreased significantly, indicating a 

weakened myofibrillar structure. Cold-shortened meat has been reported to 

show either negligible improvement in tenderness with aging (Davey et al., 

1967; Locker et al., 1975) or significantly improved tenderness with aging (Goll 

et al ., 1964a; Newbold & Harris, 1972). However, it has recently been 

confirmed that myofibrillar proteins of cold-shortened muscles are affected by 

post-mortem aging in a manner similar to that of the normally chilled meat 

(Koohmaraie et al ., 1984a). In their review, Ashgar & Pearson (1980) 

concluded that the changes associated with post-mortem aging may be modified 

by sex of the animal, type of muscle, muscle composition and duration of aging. 

2.2.2.1.3. Cooking effects 

As meat is always cooked before eating, changes in meat structure when it is 

subjected to different cooking temperatures have been widely investigated. The 

first changes observed are the denaturation of myosin and actin which begins at 

40-50 °c (Cross et al., 1986). A decrease in shear and adhesion values 

obtained for samples cooked at 60 °c, compared to those of samples cooked at 

50 °c (Machlik & Draudt, 1963; Bouton & Harris, 1972b) has indicated that the 

denaturation of the myofibrils at the lower temperature was accompanied by 

some collagen solubilisation increasing from 50 to 60 °c (Beilken et al., 1986). 

Similarly, shear and compression values for samples cooked at 75 °c were 

greater than those for samples cooked at 60 °c (Machlik & Drandt, 1963; 

Purchas, 1972; Bouton & Harris, 1972b; Bouton et al., 1975b) which has been 

attributed to a further increase in protein coagulation and a bunching up of the 

connective tissue not sulubilized by heating. Higher cooking losses have been 

reported at higher temperatures (Bouton & Harris, 1972a; Bouton et al., 1975b). 
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However, cooking at temperatures higher than 70 °c may lead to further 

coagulation of contractile proteins as well as further solubilisation of collagen 

(Paul et al., 1973; Brady & Hunecke, 1985). Heating meat at 50-65 °c for an 

extended time, therefore, could be doubly beneficial by minimizing both the 

myofibrillar and the connective tissue contributions to toughness (Beil.ken et al., 

1986). Toughening effects caused by cold-shortening may be overcome by 

pressure-heat treatment rather than by prolonged cooking at 60 °c or 80 °c 
(Robertson et al., 1984; Harris, 1988). The gap filament or T-filament (Locker, 

1987) may contribute to cooked meat toughness, as it appears to be the last 

component to be degraded during cooking (Pearson, 1986). 

2.2.2.2 Connective tissue 

A strong relationship between toughness and animal age appears not to be 

associated with connective tissue content (Dransfield, 1977; Harris, 1988), but 

with the intermolecular cross-links which are the main factors responsible for the 

mechanical strength of collagen (Lawrie, 1985). 

2.2.2.2.1 Cooking effects 

During cooking of meat, collagen is denatured and it shrinks at about 60-7 5 °c 
(Cross et al., 1986 ). Collagen solubilisation to form gelatin begins at about 50-

70 °c and increases as the temperature increases (Paul et al. , 1973). However, 

the degree of collagen cross-linking, which increases with animal age (Lawrie, 

1985), will influence the temperature at which it starts to solubilize (Goll et al., 

1964b). Bouton & Harris (1972b) demonstrated that the adhesion values of veal 

cooked at 90 °c decreased rapidly with cooking time and were almost zero at 3 

h while in muscle from young steers there were no significant changes in the 

first hour and adhesion become negligible after 4 h. In muscles from aged cows 

cooked at the same temperature adhesion values increased initially and it was 8 h 

before they approached zero. Solubilisation of connective tissue from young 

animals may begin at temperatures above 50 °c, while it may occur at above 60 
0 c for older animals (Bouton et al., 1981). The older the animal the higher the 

proportion of heat-stable cross-links (King, 1987). 

In addition, the stress/strain properties of collagen fibres heated to above 

shrinkage temperature may increase due to the collagen fibres being hindered 
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from contracting by the presence of interstitial myofibrillar proteins such as in 

the stretched muscle restrained during cooking (Bouton et al.,1982b). 

2.2.2.2.2 Aging effects 

The role of collagen in the tenderizing effect of conditioning may be small, 

compared to the effect of myofibrillar protein degradation. However, small 

changes in the structural and thermal stability of collagen do occur during 

conditioning. Judge & Aberle (1982) observed that a fall of thermal shrinkage 

temperature of bovine collagen after 7 d of conditioning at 7-8 °c was greater 

than that for samples held for 24 h at 3-5 °c. It has been found that some 

breakage of collagen cross-links occurred during high temperature conditioning 

and the collagen solubility was increased when compared with samples 

conditioned at 1 °c, although the differences were not significant (Wu et al., 

1982). As collagen structure can be degraded to soluble peptides by cathepsins 

(Stanton & Light, 1988), possibly the proteolytic cleavage could be maximized 

by electrical stimulation (Savell et al., 1978) and the conditioning temperature. 

Maximal collagenolytic activity may be related to post-mortem pH as well 

(Stanton & Light, 1988). 

2.3 MEAT pH 

Once an animal dies its oxygen supply is cut off. ATP is, therefore, 

resynthesized only by anaerobic glycolysis, leading to the formation of lactic 

acid and consequently a lowering of muscle pH (Greaser, 1986). Most of the 

decline in pH occurs during the first 12-15 h post-mortem (Pearson, 1986), 

although the time needed to reach the ultimate pH varies, depending on the 

particular environment. The normal ultimate pH for many muscles is 5.5-5.7, 

but higher pH may occur if glycogen reserves are depleted before slaughter, if 

glycolytic enzymes are inactivated or if the glycogen is insensitive to enzymic 

attack (Lawrie, 1985). 
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2.3.1 Factors affecting the rate of pH change and ultimate meat pH 

The pH obtained, either as a result of the lack of glycogen or from the inhibition 

of glycogen breakdown, is referred to as ultimate pH (Lawrie, 1985). The 

ultimate pH seems to be determined mainly by muscle glycogen concentration at 

slaughter as this is the major source of energy for post-mortem glycolysis 

(Pearson & Dutson, 1985). However, the relationship between ultimate pH and 

muscle concentration is non-linear, with the main effects on ultimate pH being at 

glycogen concentrations lower than 8 mg/g of muscle (Warris et al., 1984). 

Enhancing the rate of glycogen breakdown could result in increasing the rate of 

pH fall, but not the extent of pH fall (Pearson & Dutson, 1985). Both the rate 

and the extent post-mortem pH fall are influenced by the following factors. 

2.3.1.1 Pre-slaughter factors 

2.3.1.1.1 Species effects 

The pH decline rate is species dependent. Marsh & Thompson (1958) reported 

that at any temperature within the range 3-37 °c the rate of pH fall was faster in 

lamb than in beef. They also noted that in horse and rabbit muscle at 37 °c the 

pH fell at the same rate as beef. In the pig, Kastenschmidt (1970) indicated that 

glycogen concentration dropped by 30-50 % within 10 min post-mortem, 

reaching a final level at about 3-5 h after death . Lawrie (1985) pointed out that 

the PSE (pale, soft and exudative) condition in which the pH may fall to about 

5.4 in 40 min, was moderately heritable, especially in pigs. In contrast, in beef 

M. longissimus glycogen content had dropped to final levels 24 h after death 

(Bodwell et al., 1965). Recently, Lundberg et al. (1987) confirmed that the rate 

of post-mortem metabolism in pig muscle was higher than that of ovine muscle 

which in tum was higher than bovine muscle. They also noted that the ultimate 

pH in the pig and lamb muscle were significantly lower than that in beef. 

2.3.1.1.2 Variability between animals 

Considerable variability exists between different animals in the rate of glycolysis 

even within the same environmental conditions (Lawrie, 1985). Bendall (1978) 
. -

found that the rate of pH fall in muscles from different animals varied by about 



15 

two fold in the high range of pH (7.0-6.7), and was slightly lower in the low pH 

range (6.6- 5.8). Marsh et al. (1981) also found a 1.3 unit range in pH at 3 h 

post-mortem among the M. longissimus of 40 beef sides. However, Tarrant & 

Mothersill (1977) found little variation in the rate of pH fall for the six major 

hindquarter muscles of beef between animals after correcting for the effects of 

differing cooling rates at different depths within the muscles. Carse & Locker 

(1974) observed that on lamb muscle surfaces pH varied only from pH 6.3 to 6.6 

at 3 days, whereas for beef muscles it varied widely from pH 5.8 to 7 .1. 

2.3.1.1.3 Muscle fibre types 

The differences in ultimate meat pH found in different animals and species seem 

to be related to differences in muscle fibre type components. Muscles can be 

classified according to their contractile activity (Bechtel, 1986) into slow-twitch 

oxidative fibres (alpha-red), fast-twitch oxidative-glycolytic fibres (beta-red), 

and fast-twitch glycolytic fibres (alpha-white). Lawrie (1977) stated that white 

muscle fibres have a highly developed sarcoplasmic reticulum which regulates 

the intracellular calcium concentration in living fibres. In contrast, red muscle 

fibres have a less developed sarcoplasmic reticulum and more mitochondria 

(Lawrie, 1977). In addition, Whiting (1980) indicated that anaerobic calcium 

uptake of mitochondria declined post-mortem before that of sarcoplasmic 

reticulum, so that white fibres tended to have higher glycolytic potential, higher 

glycogen concentration and showed lower ultimate pH (Monin et al., 1987). 

Dildvey et al. (1970) pointed out that PSE pork had a significantly greater 

proportion of anaerobic fibres than normal muscles, especially in M. longissimus 

and M. semi-membranosus (Lawrie, 1985; Fabiansson & Rentersward, 1985). 

Similarly, the double-muscled bovine possesses more fast-twitch fibres than 

control animals and produced higher blood lactate concentrations (Ashmore, 

1974). Ma & Addis (1973) observed that pH declined faster in turkey pectoralis 

muscle than in the most severely PSE porcine muscle, probably because it was 

nearly totally fast-twitch glycolytic fibres (Wiskus et al., 1976). Thus in most 

cases muscles with a high proportion of red fibres have higher ultimate pH 

values than those with a high proportion of white fibres. 
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2.3.1.1.4 Pre-slaughter glycogen-depleting treatments 

Pre-slaughter handling and degree of struggling of animals is an important factor 

affecting ultimate meat pH, because the stresses may induce glycogen depletion 

in muscle due to the action of adrenalin (Tarrant et al., 1988). Ashmore (1974) 

pointed out that the response of muscle to stress was directly related to the 

proportion of muscle fibre types adapted for glycolytic metabolism. He 

emphasized that this metabolism responded dramatically to epinephrine, which 

is a hormone released in proportion to the level of stress imposed upon the 

animals. Thus, stress imposed before slaughter can deplete glycogen reserves 

leading to an undesirable high ultimate pH (Ashmore, 1973a). 

Wythes et al. (1981) postulated that the pH of beef M. longissimus 24 h post

mortem did not increase necessarily with distance travelled (460-2055 km). 

Warris et al. (1984) observed that animals killed after mixing or regrouping with 

unfamiliar animals produced carcasses with high ultimate pH, coupled with dark 

cutting meat. The glycogen concentration could be recovered by resting at least 

48 h before being killed (Warris et al ., 1984). Kenny & Tarrant (1988) 

suggested that the single penning of an oestrus heifer to eliminate mounting 

activity would reduce the incidence of dark-cutting. In their study they found 

that loss of muscle glycogen was accounted for by the number of times an 

animal mounted (r = -.85). Jones et al. (1986) suggested that minimum pre

slaughter stress and lower ultimate muscle pH could be obtained by slaughtering 

cattle shipped directly from feedlot, with no mixing with unfamiliar animals 

overnight at the abattoir. 

Resting with some food and water during the long journey in addition to resting 

time before slaughter decreased the incidence of high pH beef (Wythes et al., 

1988). Tarrant et al. (1988) reported that sexual and aggressive behaviours were 

inhibited at high stocking density during a journey with the exception of 

mounting and pushing, which increased infrequently with stocking density. 

They also noted that at a constant stocking density, stress increased with pen 

location toward. the back of the truck. Kenny & Tarrant (1987) pointed out that 

confinement in a moving truck induced more stress than either 

loading/unloading via a tailgate ramp or confinement in a stationary truck. 
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Another abnormal condition arising mainly in pigs that can be caused by stress is 

PSE meat. The PSE condition results from an accelerated post-mortem 

glycolytic rate that lead to pH values below 6.0 at 45 min post-mortem while 

muscle temperature is still high (Pearson, 1986). Bendall et al. (1963) reported 

that pH decline rate was 1.04_ unit/h in PSE meat, compared with 0.65 unit/h in 

normal muscle held at 37 °c. Dalrymple & Kelly (1969) stated that PSE pork 

was produced more frequently in pigs that had been subjected to greater 

temperature fluctuations during hauling and holding prior to slaughter. 

2.3.1.1.5 Pre-slaughter administration of drugs 

The prevention of high ultimate pH meat can be achieved by epinephine 

inhibitors such as propanolol, a beta blocking agent (Ashmore et al., 1973a, 

1973b). They showed that sheep injected with epinephine and propanolol 

exhibited normal 48 h post-mortem pH values averaging 5.6-5.8, and normal 

muscle glycogen content at slaughter. McVeigh & Tarrant (1983) postulated 

that muscle glycogen depletion during social regrouping of cattle was not 

mediated predominantly by propanolol, although their results showed the rate of 

glycogen breakdown in propanolol-treated animals was reduced significantly 

during the first hour of mixing. Tranquilizers have also been used to reduce the 

incidence of PSE in pigs before transportation resulting in improvement in 

carcass temperature, colour, pH, and WHC, compared with untreated pigs 

(Cassens et al., 1975). Moreover, the intravenous administration of relaxing 

doses of magnesium sulphate before slaughter also decreased the subsequent rate 

of post-mortem glycolysis, but injection of calcium salts and of adrenaline and 

noradrenaline enhanced the rate (Lawrie, 1985). 

2.3.1.2 Post-slaughter factors 

Post-slaughter factors affecting either ultimate meat pH or rate of pH fall mostly 

involve the modification of time-temperature relationships for the onset of rigor 

(Cassen et al., 1975). 

2.3.1.2.1 Chilling procedures 

. -
Scopes (1974) pointed out that the glycolytic rate increased in direct proportion 

to the amount of A TPase activity in the system, and the rate of ATP turnover 
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was highly correlated (r = 0.97) to muscle temperature (Tarrant & Mothersill, 

1977). Thus pre-rigor muscles subjected to different cooling temperatures could 

result in different rates of pH fall. Marsh (1954) showed that beef longissimus 

reached pH 5.8 in 20 hat 7 °c and 16 hat 17 °c (ultimate pH c 5.6). Rigor has 

been achieved in 1.5 to 2 h in lamb conditioned at 45 °c (Davey & Gilbert, 

1973). However, at low temperatures Cassen & Newbold (1967) indicated that 

pH fall was faster at 1 °c than 5 °c during the first few hours post-mortem. 

Similarly, in pig muscles cooled at 3 °c took on average 7 h to reach pH 6.0, 

while those cooled at 20 °c or -1 °c reached pH 6.0 at about 4 and 5.5 h 

respectively (Dransfield & Locker, 1985). In addition, a relatively rapid rate of 

glycolysis has been observed in the deep part of beef M. semimembranosus 

during chilling, reflecting the effects of high temperature in this region (Follett et 

al., 1974). Tarrant (1977) showed that hot boning reduced the temperature 

differences within the muscle so that ultimate pH of hot boned beef was reached 

in 24 h, while in the carcass it was reached in 6, 12, and 24-48 h at 8, 5, and 1.5 

cm depths respectively . The time required for pH to fall to 6.0 at several 

locations in intact beef sides varied from 2.2 to 13.6 h, depending on muscle 

types and depth in the carcass (Tarrant & Mothersill, 1977). Whiting (1980) 

found that anaerobic calcium uptake activity in mitochondria and sarcoplasmic 

reticulum increased with increasing temperature. However, he also noted that 

this activity declined with decreasing pH and when the temperature was above 

25 °c for mitochondria and above 40 °c for the sarcoplasmic reticulum. 

Dutson , (1983) agreed that elevated temperature in post-mortem muscle 

increased the rate of pH decline. Crouse & Seideman (1984) confirmed that the 

pH at 3 h post-mortem was significantly lower for muscle conditioned at 26 °c 
than that of conditioned at 1 and 12 °c. There have been many other reports 

indicating that rate of post-mortem glycolysis is highly dependent on the cooling 

rate (Unruh et al., 1986a; Buts et al., 1986; Lee & Ashmore, 1985; Marsh et al., 

1987). 

2.3.1.2.2 Electrical stimulation 

The application of electrical stimulation (ES) to hot carcasses also hastens rigor 

morris. In principle, ES will greatly accelerate glycolysis and speed up the pH 

drop (Carse, 1973) in two stages involving an initial rapid fall in pH during 

stimulation and a subsequent slower rate of pH fall which is still faster than in 
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unstimulated muscles (Newbold & Small, 1985). Houlier et al. (1984) observed 

that slow twitch muscles reacted least to stimulation and that stimulation was 

particularly effective for fast twitch muscles. The differences in rate of pH 

change between electrically-stmulated and unstimulated carcass have been 

widely reported. For example, Bendall (1976) reported that stimulated carcass 

reached pH 5 .7 in about 3 h, accompanied by rigor onset, whereas the 

unstimulated carcass needed at least 10 h in lamb, and about 16-17 h in beef 

(Pearson & Dutson, 1985). Smulders et al. (1986) observed that stimulated beef 

carcasses reached pH below 6.0 within 2 h post-mortem, while the control 

carcasses needed approximately 6 h. But in veal the stimulated carcasses were 

already below 6.0 at about 45 min, compared with 6 h in the control sides 

(Eikelenboom & Smulders, 1986). Buts et al. (1986) found differences of 0.93-

0.94 pH units 2 h post-mortem between control and ES carcasses. However, 

glycolytic rate of ES carcasses was affected by the subsequent cooling as well. 

Marsh et al. (1987) showed that the change in pH from initial to 3 h was 0.81 for 

the fastest cooling rate, compared with 1.32 for that of the slowest chilling rate. 

Furthermore, Newbold & Small (1985 ) indicated that the fall in pH during 

stimulation depended on pH of the muscle at the time of stimulation, the lower 

the pH, the smaller the acceleration in rate of pH fall. 

2.3.2. Meat quality characteristics affected by ultimate pH 

2.3.2.1 Water holding capacity (WHC) 

Water is held in muscle by capillary force, mostly in the interfilamental spaces 

within the myofibrils, but a substantial part is also found in the spaces between 

the myofibrils and in the extracellular space (Offer & Trinick, 1983). Changes 

in the WHC of meat, which are the result of changes in the spaces occupied by 

the intrafibre water (Currie & Wolfe, 1980), are largely determined by ultimate 

pH and myofibrillar contraction state (Bouton et al., 1971; Bouton & Harris, 

1972a, 1972b; Honikel et al.,1986). Thus changes in WHC are of interest and 

are a very sensitive indicator of changes in the charges and the structure of 

myofibrillar proteins (Hamm, 1960, 1975). 

There have been many reports concerned with the relationship between WHC 

and pH. In the early work of Hamm (1960) and Penny et al. (1963), the 
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curvilinear relationship obtained indicated that a minimal WHC occurred at the 

average isoelectric point of the major proteins in muscle (pH 5.0 - 5.5 ) and then 

increased markedly with changing pH on both sides of this. Bouton et al.( 1971, 

1973b) and Bouton & Harris (1972a) obtained similar results, but the curvilinear 

relationship was most clear for meat cooked at 80 - 90 °c, and very little change 

in WHC was shown over the pH range 5.4 - 6.0. This agrees with Hamm (1975) 

that WHC increased with rising pH provided that the pH variation was larger 

than the range of 5.5 to 5.8. Gault (1985) measured WHC by the swelling ratio 

in both raw and cooked meat and confirmed that minimal swelling occurred 

between the pH of 4.5 - 5.6 and then markedly increased below pH 4.5 to reach 

the maximum value at pH 3.2 - 3.4. 

Moreover, cooking loss is known to increase with increasing final cooked 

temperature (Bouton et a/.,1973b; Bouton & Harris, 1972a), and the loss is more 

pronounced for rigor meat than for pre-rigor meat (Cia & Marsh, 1976; Cross & 

Tenner, 1980). Addition of salt (NaCl) to muscle homogenates causes an 

increase in WHC (Honikel et al., 1981; Bemthal et al., 1989). However, this 

effect is dependent on the pH of the tissue as well. That is salt increases the 

WHC at pH greater than the isoelectric point (IP), decreases it at pH <IP, while 

around the IP, no significant effect appears (Hamm, 1986). 

2.3.2.2 Tenderness 

2.3.2.2.1 Effects of pH through WHC 

Increases in ultimate meat above pH of 6 generally increase tenderness whether 

it is assessed by objective or subjective methods. This increase in tenderness is 

consistent with increasing WHC which is highly correlated with pH (Bouton et 

al., 1971, 1973b, 1982a, 1982b, Currie & Wolfe, 1980). However, the 

correlation between tenderness and pH is not always positive, especially when 

ultimate pH is less than 6.0. A curvilinear relationship between tenderness and 

pH with a maximum toughness at a pH of about 5.8 - 6.0, was obtained by 

Bouton et al. (1973b) for beef. They suggested that increasing fibre toughness 

in the 5.4 - 6.0 pH range is affected more by fibre contraction state than by the 

increased WHC over this pH range. This finding is confirmed by Purchas et al. 

(1988a) who observed that toughness of beef M. longissimus did increase over 
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the 5.5 - 6.0 pH range, and was accompanied by a significant decrease in 

sarcomere length. Bouton et al. (1982b) however, showed that the sarcomere 

lengths of meat samples were not significantly dependent on pH. This may be 

due to the stretching treatment applied to meat before cooking. Fjelkner-Modig 

& Ruderus (1983) classified beef M. semimembranosus and M. longissimus into 

three ultimate pH ranges (i.e. <5.8, 5.8-6.19, and >6.2) and observed that meat 

with medium pH was least tender, while there were no obvious differences in 

tenderness between the low- and high-pH meat. They also indicated that the 

greater improvement in tenderness after aging was recorded for the low-pH meat 

than DFD (dark, firm and dry) meat. Yu & Lee (1986) agreed that high pH beef 

longissimus muscle (>6.3) was significantly more tender than low pH beef 

( <5.8) which in turn was more tender than intermediate pH beef (5.8-6.3). They 

also pointed out that the low pH group had the longest sarcomere length whereas 

there was no difference between the high and intermediate groups. However, 

their results showed a significant correlation ( r = - 0.76 ) between shear force 

and sarcomere length thereby confirming earlier studies (Marsh & Leet, 1966; 

Smith et al., 1971; Bouton & Harris, 1972b). 

In most situations cooking losses were significantly lower for high pH meat than 

for normal pH meat (Fjelkner-Modig & Ruderus, 1983). It has been shown that 

PSE meat had higher cooking losses and lower total moisture content than 

normal meat (Kauffman et al., 1964; Searcy et al., 1969; Fox et al. , 1980). This 

meat had also been rated lower than normal meat for juiciness and tenderness 

(Kemp et al., 1976; Topel et al., 1976). In some reports, however, PSE pork has 

been shown to be more tender ( Deethardt & Tuma, 1971), and to have a similar 

juiciness to normal pork (Searcy et al., 1969). However, DFD meat has been 

rated highest in pH, tenderness, and lowest in cooking loss or expressible juice, 

compared with normal and PSE meat (Searcy et al., 1969; Topel et al., 1976). 

Smith & Lesser (1982) demonstrated that drip loss from fresh PSE meat (pH 

5.4-5.8) was more than double (17.0 vs 7.0 g/kg trimmed carcass weight), that of 

normal pork (pH 6.2-6.5). 

In addition, the toughness which occurred due to cold-shortened muscle of 

normal pH (5.76 -6.08) and which was attributable to the denaturation of myosin 

as cooking temperature increased above 60 °c, was effectively eliminated by 
. 

increasing ultimate pH (Bouton et al., 1982a). Connective tissue seems to be 
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unaffected by pH (Bouton et al., 1973b). This finding is supported by the 

increase in peak shear force values of stretched muscle, restrained during 

cooking at 80 °c, relative to free muscles at all ultimate pH values from 5.5 to 

7.0 (Bouton, et al., 1982b ). However, increases in adhesion properties post 

mortem as pH dropped to 5._85 - 5.95 was demonstrated by Currie & Wolfe 

(1980), who also showed that the adhesion strength of the meat sample then 

dropped as the pH continued to fall to the point of rigor maximum. 

2.3.2.2.2 Effects of pH and proteolytic activity 

The evidence from the literature has indicated that post-mortem pH and 

temperature have a significant effect on muscle properties such as final meat 

tenderness. Dutson (1983) pointed out that the increased rate of pH decline at 

elevated temperatures was accompanied by increased activity of enzymes which 

caused the disruption of myofibrillar proteins. He also indicated that high pH 

enhanced CAF (calcium activated factor) activity, while low pH accelerated 

lysosomal activity. Yu & Lee (1986) reported that tenderness of high pH beef 

derived from an extensive degradation of Z-lines, whereas that of low pH 

musc le s was caused mainly by a degradation of M-line and myosin heavy 

chains. Intermediate pH muscles did not show much degradation of muscle 

proteins, thereby resulting in tougher meat. The combined effects of high 

temperature and low pH as in the electrically-stimulated muscles has been 

reported by Yates et al. (1983) to increase myosin degradation. This was higher 

at 37 °c and pH 5.4 than at 4 °c and pH 7. This finding is supported by the fact 

that enzyme systems most responsible for degradation of myofibrillar proteins 

were more active at the higher temperature (37 °q and lower pH (Dutson, 

1983). Thus, it would seem that any treatment producing a low pH with muscle 

temperature still high should result in more tender meat (Crouse et al., 1983; 

Smulders et al., 1986; Eikelenboom & Smulders, 1986). However, Lee (1986) 

stated that further accelerating the aging process at higher temperatures of 30 to 

40 °c could result in tougher meat than control muscle chilled conventionally. 

For instance, well finished heavy beef carcasses (293 kg) held at 35 °c for 3 h 

after slaughter showed greater toughness and shorter sarcomere lengths than the 

conventionally chilled carcasses (Lee & Ashmore, 1985), although, delayed

chilling at moderate temperatures from 10-13 °c improved meat tenderness in 

sheep and light weight beef carcasses (236 kg) (Lee, 1986). Similarly, delayed-
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chilling may sometimes accelerate the already high rate of pH fall obtained from 

ES (electrical stimulation) treatment, resulting in significantly tougher meat 

(Buts et al., 1986; Unruh et al., 1986a; Marsh et al., 1987). Marsh et al. (1987) 

presented evidence showing that tenderness of beef was highest when glycolysis 

had proceeded at an intermediate rate (corresponding to the attainment of a 3-h 

pH of about 6.1). In addition, Lochner et al. (1980) and Marsh et al. (1981) 

reported that high pH and high temperature enhanced meat tenderness greatly 

within 2-3 h post-mortem, presumably due to the rapid disruption of the Z-line 

by enzymes such as CAF ( Dutson, 1983; Lee, 1986). In pigs, Moller & 

Vestergaard (1987) reported that tenderness of high pH excised muscles (6.1-

6.5) was improved significantly by a 4 h delay before entering the chilling tunnel 

(operating at -28 to -22 °c). Their results showed a highly significant negative 

relationship (r = -0.57) between shear force and sarcomere length but only for 

the high pH group. 

2.3.2.3 Colour 

O'Keeffe & Hood (1982) stated that when the cut surface of meat is exposed to 

air, the reduced myoglobin combines with oxygen to form oxymyoglobin, but 

that the brightness and saturation of the red colour developed depended on the 

depth of oxygen penetration into the tissue. Cross et al. (1986) pointed out that 

oxidation of myoglobin to the undesirable metmyoglobin could occur at low pH 

( <5.4), and at low oxygen tension. Low pH causes denaturation of the protein 

moiety of myoglobin that protects the haem group. This dissociates the oxygen 

and also oxidises the iron molecule. This process is illustrated by the pale colour 

of PSE meat, which is the result of the low pH causing muscle structure to open 

and scatter light (Walters, 1975). Similarly, the lighter, brighter-red colour in 

displayed steaks from ES carcasses has been attributed to the faster rate of pH 

fall and tissue disruption (Sleper et al., 1983; Unruh et al., 1986a). These 

authors also indicated that ES muscle was more susceptible to metmyoglobin 

formation and had less anaerobic metmyoglobin reducing activity (MRA), 

leading to greater discoloration at 5-6 days display than control steaks. In 

contrast to PSE, DFD meat occurs as a result of high ultimate pH meat. Walters 

(1975) reported that muscles of DFD meat were swollen and tightly packed 

together, forming a barrier to the diffusion of oxygen, and light adsorption. 

Locker (1989) stated that the adsorption of light by dark red pigments increased 
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steadily as the pH moved from 5.6 to 7.0. Ashmore et al. (1973a) pointed out 

that mitochondria in high pH muscle remained active and as a result myoglobin 

would be deoxygenated, resulting in dark red meat. In cooked meat, Mendenhall 

(1989) reported that high pH (>6.2) inhibited the formation of brown cooked 

meat colour. That is the higher the pH the longer the cooking time and/or higher 

the final temperature required for denaturation of muscle pigments to form the 

grey globin ferrihemechome of cooked meat. Trout (1989) also showed that 

high ultimate pH markedly decreased the percentage myoglobin denaturation in 

beef, pork and turkey meat resulting in obvious colour differences in cooked 

meat. Moore & Gill (1987) found that the colour stability of displayed lamb 

declined with prolonged storage. They postulated that the increase in pH values 

observed might be related to the decline in colour stability. 

2.3.2.4 Keeping quality 

Kraff (1986) noted that meat provides favourable conditions for microbial 

growth, but the ultimate pH of fresh meat will frequently fall in the range 5.5-6.0 

and most bacteria have an optimum growth pH near 7.0. He also pointed out 

that the aerobic growth of food poisoning staphylococci was limited at pH 5.3 

and that anaerobic growth was almost completely prevented at this pH. Hence a 

lower pH value for meat products is desirable for delaying microbial spoilage. 

Rey et al.(1976) and Fox et al. (1980) reported that in general DFD pork was 

more susceptible to bacterial spoilage than normal meat, which in turn was more 

susceptible than PSE meat. Newton & Gill (1980-81) pointed out that high-pH 

DFD meat (>6.0) allowed growth of potent spoilage organisms which were 

inhibited at normal ultimate pH values. Additionally, they showed that early 

aerobic spoilage can be prevented by the addition of glucose because the 

presence of glucose prevented bacteria producing spoilage odours by attacking 

amino acids. In order to reduce anaerobic spoilage the surface pH must be 

reduced and a carbohydrate substrate is required. Visser et al. (1988) showed 

that decontamination of veal tongues by centrifugation with lactic acid before 

vacuum packing increased storage life. In contrast Dickson (1988) suggested 

that bacteria from both fat and lean beef were effectively reduced by washing 

with NaOH or KOH. Although packaging systems using a carbon dioxide 

atmosphere can extend the storage life of chilled lamb to at least 16 weeks (Gill, 

1986), the display life may be reduced due to the increase in pH during storage 
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(Moore & Gill, 1987). Moreover, the growth of microorganisms that 

predominate on fresh meat has been inhibited to a greater extent by the 

combined effects of salt and acidified pH than the effect of either of the two 

alone (Kraff, 1986). 

2.3.2.5 Flavour 

Ultimate pH is one of the major biochemical variables which affects muscle 

flavour. Lawrie (1985) stated that flavour intensity decreased with increasing 

ultimate pH. He also noted that bacon of relatively high pH was less salty to the 

palate than that of low pH. Ford & Park (1980) noted that meat flavour intensity 

ratings and hedonic scaling of acceptability both showed significant negative 

correlations with ultimate pH. The differences in flavour volatiles of cooked 

meat from high pH (6.3-6.7) and normal meat has been found to occur in the 

qualitative and quantitative composition of the flavour volatile fraction (Ford & 

Park, 1980). It has been shown that high pH beef had an insipid flavour, but no 

flavour changes appear to arise in PSE pork (Meat research institute, 1973-74). 

However, Fox et al. (1980) showed that PSE pork had a significantly less 

desirable flavour than normal pork. Devol et al . (1988) showed that for 120 

pork carcasses flavour strength was significantly correlated with ultimate pH, 

but the correlation obtained was very low (r = -0.21). In contrast Purchas et al . 

(1986) reported a high correlation (r = 0.9) between beef flavour strength and 

ultimate pH. 

2.4 BREED AND CASTRATION EFFECTS ON CARCASS AND MEAT 

QUALITY CHARACTERISTICS. 

2.4.1 Carcass characteristics 

2.4.1.1 Breed effects 

The use of bulls from beef breeds can improve the beef output from the dairy 

herd by increasing the growth rate and potential slaughter weight of the 

crossbred calves (More O'Ferrall et al., 1989). 

At the same age, Charolais x Friesian cross steers have been shown to be heavier 

in final liveweight and to have greater dressing-out percentages than straight-
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bred Friesians (Jury et al., 1980; Everitt et al., 1980). The latter authors also 

indicated that carcass weight was significantly affected by the growth rate before 

weaning. Taylor (1982) stated that carcass conformation, size and maturity type 

were important differences in carcass characteristics between beef and dairy 

breeds. Many reports have indicated that purebred Friesians showed poorer beef 

conformation and dressing-out percentages when compared at the same age 

(Andersen et al., 1977; Taylor, 1982; More O'Ferrall et al., 1989) or at the same 

fat level (Kempster et al., 1982a; 1988). Differences in dressing-out percentage 

between these two breeds, favouring Charolais, were found at the same 

conformation score (Bailey et al., 1984). Moreover, Friesian cattle have been 

shown to produce longer carcasses (Morgan et al., 1978b; Taylor, 1982) and 

smaller eye-muscle areas (Andersen et al., 1977; Morgan et al., 1978b; Taylor, 

1982; Kempster et al., 1982a; 1988) than Charolais cattle. However, More 

O'Ferrall and his co-workers found nonsignificant differences in carcass length 

and fat score between these breeds. In contrast, Morgan et al. (1978b) found 

much greater fat depths for Friesian carcasses, compared with the Charolais 

crosses, at the same weight. 

Andersen et al . (1977) indicated that early maturing crosses produced a 

relatively lower muscle gain and a high fat gain at 300-575 kg liveweight. At 

this weight the Charolais had a higher muscle, and a lower fat and bone 

percentage than the Friesian ( Andersen et al. , 1977; Taylor, 1982). Bass et al. 

(1981) found that at a constant age or weight, Friesian cross carcasses had higher 

percentages of trimmed fat and lower percentages of trimmed meat than the 

Charolais crosses. Everitt et al. (1980) agreed with these findings and indicated 

that the Charolais crosses had higher edible meat to bone ratios and high-priced 

cuts as a percentage of edible meat. However, the differences in high-priced 

cuts was small (41.5 vs 40.6 %). Similarly, at a fixed level of fatness, Kempster 

et al . (1982a, 1988) demonstrated that Charolais crosses were superior to 

Friesians in terms of conformation score, meat:bone ratios, total saleable meat 

and high-priced joints. Kempster et al. (1988) pointed out that breed crosses 

with larger adult body size such as the Charolais tended to have higher lean 

tissue growth rates, and this rate was lower for the Friesians or Holsteins in 

relation to their body size. 
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2.4.1.2 Castration effects 

Entire males have carcasses of a different shape than castrated males and are 

also more muscular, particularly in the neck region (Kirton & Morris, 1989). 

These authors also pointed out that male conformation was not considered 

desirable by the meat trade. Seideman et al. (1982) stated that bulls gained faster 

and more efficiently, and produced leaner carcasses than steers. After reviewing 

numerous studies Field (1971) noted that bulls have an advantage over steers for 

average daily liveweight gain of 14-17 %, and that they also have a 13 % greater 

efficiency in converting feed to liveweight than steers. Bulls produce heavier 

carcasses and lower fat thickness over the M. longissimus than steers, but the 

dressing-out percentage has been similar for bulls and steers (Field, 1971). 

These effects of castration on carcass traits were supported by Ockerman et al. 

(1984) and Paterson et al. (1988). They reported that bull carcasses were longer, 

had heavier rounds, larger rib eye areas, and less subcutaneous fat than carcasses 

from steers at same age. 

With regard to carcass composition, Berg & Butterfield (1968) indicated that 

steers fattened at lighter weights than intact males, so at a common weight bull 

carcasses tended to have lower percentage of dissectible fat and higher 

muscle:bone ratios than those of steers. Since the differences in percentage bone 

are small (i.e. 15.8 % for bulls and 15.6 % for steers, Field 1971), therefore, 

bulls tend to have the advantage in boneless chuck, rib, loin and round over 

steers. A difference of 4.8 percentage points using actual cutout figures of bulls 

and steers at similar age, has been reported by Champagne et al. (1969). 

Similarly, Jacobs et al. (1977a) reported that at the same age, bulls provided 9.2 

% more actual curable meat and 10.1 % less fat trim than steers. In addition, 

their results also showed that bulls gave 7.6 % more total retail cuts than steers. 

Landon et al. (1978) found greater total retail cuts for bulls than for steers, when 

compared at the same weights. 
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2.4.2 Meat quality characteristics 

2.4.2.1 Breed effects. 

2.4.2.1.1 Tenderness 

Koch et al. (1976) and Taylor (1982) reported that meat tenderness differences 

among groups of beef breeds, including Charolais and Friesian, were small with 

all breed groups well above minimum levels of acceptance. In the report of 

More O'Ferrall et al. (1989) tenderness of M. longissimus from these two breeds 

were not significantly different, but Charolais beef had a slightly lower 

tenderness score than that of Friesians. However, Liboriussen et al. (1977) 

reported that all sires, including Charolais, gave tender meat for M. longissimus, 

as measured by either taste panel scores or shear force values. However, they 

found significant differences in tenderness between sire breeds for M. 

semitendinosus, which corresponded to differences in adhesion values, collagen 

content and solubility of collagen. Cross et al. (1984) obtained a similar result 

indicating that breed differences in tenderness were greater for infraspinatus and 

semirnembranosus than for longissimus muscle. Their results supported those of 

other studies showing that Charolais and Friesian steers provide beef with 

similar tenderness for M. longissimus (Ziegler et al., 1971; Johnson et al., 1984). 

Martin et al. (1965) showed that meat from the Charolais breed was less tender 

and more fibrous than that of Hereford cattle. Bramblett et al. (1971) also found 

steaks from Hereford cattle had slightly lower shear values than those from 

Charolais. This implies that Charolais beef may be less tender than that of 

Friesian, because most of the reports mentioned above have indicated that 

Friesian and Hereford beef are similar in tenderness. Breed differences in 

tenderness after aging may be derived from differences in fibre types. Purchas 

(1989b) suggested that an increase in the proportion of red fibres may lead to 

less tenderness improvement with aging. Clancy et al. (1986) found that 

Friesians showed a greater percentage of red fibres and a lesser propertion of 

white fibres than the Charolais crosses. But the percentage of red fibres has 

been shown to decrease with age (Spindler et al., 1980) and joints of Friesian 

cattle have been found to be more tender at a heavy weight (635 kg) than at a 

light weight (454 kg) (Lalande et al., 1982). Nevertheless, the differences 

reported among breeds in meat tenderness are not large enough to cause concern 

(Koch et al., 1976; Cross et al., 1984). 
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2.4.2.1.2 Juiciness 

As in the case of tenderness, juiciness has not been reported to differ 

significantly between beef from Charolais and Friesian cattle (Zeigler et al., 

1971; Everitt, 1972; Liboriussen et al., 1977; Koch et al., 1976; Taylor, 1982; 

More O'Ferrall et al., 1989). More O'Ferrall et al. (1989) demonstrated that 

Charolais progeny had significantly higher drip loss percentage than those of 

Friesian and Hereford sires which were equal in this respect. Although 

Bramblett et al. (1971) found that press fluids and bound water percentage were 

similar between meat from the Charolais crosses and the Hereford breed, higher 

drip losses (2.6 vs 1.9 % ) and cooking losses (12 vs 11 % ) were found for 

Hereford meat. Conversely, Berry et al. (1977) obtained higher cooking loss 

percentages for Charolais meat (30.5 %) than for Hereford (28.7 %), whereas 

Johnson et al. (1988) found no differences in cooking loss between British and 

Continental breeds. Moreover, it has been reported that marbling score was not 

different between Charolais and Holstein breeds (Ziegler et al ., 1971), but 

greater scores may be found in Hereford carcasses than those of the previous two 

breeds. However, Purchas & Davies (197 4a) found little change in juiciness· 

with increased intramuscular fat percentage. 

2.4.2.1.3 Flavour 

Within the same species, breed differences in beef flavour may also be derived 

from fat which contains important flavour precursors (Moody, 1983). In the 

review of Smith et al. (1983) it was stated that only 7-11 % of the observed 

variability in sensory panel ratings for flavour was associated with differences in 

USDA (United States Department Of Agriculture) marbling score or 

intramu~cular fatness. They also indicated that flavour desirability of loin steaks 

differed significantly when ranges in intramuscular fat percentage were 3.0-5.9 

vs 2.0-2.9 and 2.0-2.9 vs 1.9 or less. At a similar age, it has been shown that 

there was no difference in marbling score between Friesian and Charolais 

carcasses (Hidiroglou et al., 1964; Zeigler et al., 1971; Fredeen et al., 1972), 

while intramuscular fat percentage ranged from 3.42 to 3.79 (Fredeen ~t q_l., 

1972). Thus this finding supports the result of Zeigler et al., (1971) who found 
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no difference in flavour acceptability between beef from these two breeds. 

Berry et al. (1977) selected only carcasses with a typical small to moderate 

degree of marbling from several breeds and crosses. They found that all breeds 

were rated similarly in flavour score. Regardless of marbling score, many 

reports have been shown that Uavour from Charolais and Friesian beef is similar 

in both intensity and desirability (Bramblett et al., 1971; Everitt, 1972; Koch et 

al., 1976; Liboriussen et al., 1977; Taylor, 1982; Riley et al., 1986; More 

O'Ferrall et al., 1989), although significant breed effects on flavour have been 

reported (Ockerman et al. 1984). Nevertheless, flavour acceptability may be 

more influenced by the effects of nutrition than breed (Purchas & Davies, 197 4b; 

Moody, 1983). 

2.4.2.1.4 Colour 

In a comparison of several pig breeds, Fjelkner-Modig & Pearson, (1986) 

showed that higher intramuscular fat level contributed to lighter-coloured meat. 

This is not always true for beef colour. For example, Damon et al. (1960) and 

Cross et al. (1984) found significant differences in marbling score between 

Charolais and Hereford beef, whereas Hidiroglou et al. (1964) and Fredeen et al. 

(1972) found no differences in marbling score between these breeds. Meat 

colour in all these reports was similar for the two breeds. However, Damon et 

al. (1960) pointed out that scores received by breed groups showed a tendency 

for the Charolais breed to rank low in comparison to the British cattle for the 

colour of lean. Johnson et al. (1984; 1988) reported that carcasses from British 

breeds had greater marbling and higher USDA quality grades than did carcasses 

from Continental breeds. Likewise, Riley et al. (1986) considered that Holstein 

and British beef breeds were similar in both marbling score and USDA quality 

grade, but the former type tended to be rated lower than the latter. In addition, 

Purchas (1989b) pointed out that a darker colour may be associated with an 

increase in the proportion of red fibres. The proportion of red muscle fibres has 

been shown to be higher in Friesian longissimus muscle than that of Charolais 

(Clancy et al., 1986). Thus, meat from the Friesian might be expected to be a 

darker colour. 
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2.4.2.2 Castration effects 

2.4.2.2.1 Tenderness 

Based on the reviews of consumer acceptance reported by Field (1971) and 

Seidernan et al. (1982) it may be concluded that bull meat has an acceptable 

tenderness rating, but that the rating is slightly lower than that for steer meat of 

the same age. Hunsley et al. (1971) concluded that sex and age have a more 

adverse effect on tenderness in bull beef than in steer beef. They found that 

longissimus steaks from steers were more tender than those from bulls, either 

measured by taste panel or shear values. However, Reagan et al. (1971) reported 

that steaks from bulls 385 d of age were less tender than steaks from steers of the 

same age, but the difference was not apparent when compared at 484 d of age. 

Vanderwert et al. (1986) did not find differences in overall tenderness and 

connective tissue amount in five major muscle groups from bulls and steers. 

However, they indicated that steers were generally more acceptable, but most 

scores for bulls were in the acceptable range. Boccard et al. (1979) studied the 

influence of castration on the amount and solubility of collagen in various beef 

muscles. They found that the collagen content of muscle was higher in bulls 

than in steers, regardless of age, and collagen solubility decreased markedly 

between 12 and 16 mo in bulls. Dransfield et al. (1984) and Unruh et al. (1987) 

agreed that bull longissimus steaks contained more connective tissue and less 

soluble collagen than those of steers. On the other hand Seideman et al. (1984) 

found that a lower Zn content may be responsible for the greater tenderness of 

steer beef than that of bulls. Ockerman et al . (1984) and Seideman (1986) 

reported that bulls had less marbling and a higher percentage of red muscle 

fibres than steers, but that the response of muscles to aging did not differ 

(Calkins & Seideman, 1988; Seideman et al., 1989). However, Paterson et al. 

(1988) showed that sensory panelists judged steers to be superior in tenderness 

and connective tissue residue, and that steers also possessed slightly longer 

M.longissimus sarcomeres after aging. They also pointed out that bulls tended 

to have higher 2 and 4 h pH values. This finding is consistent with that of 

Chrystall (1987) who found that over 50 % of ultimate pH values for bull beef 

were above 6.0, and over 20 % were above 7 .0, whereas for steers less than 4 % 

were above pH 6.0. Although Martin & Fredeen (1974) agreed with this result, 

they indicated that bulls contributed virtually all of the carcasses with ultimate 



32 

pH values greater than 6.0 and these tended to be associated with lower shear 

values. Recently, Purchas (1989a) reported that mean Warner-Bratzler shear 

force values did not differ between bull and steer meat because the bull values 

were mainly above the peak of the pH/shear curve, while the steer values were 

mainly below it. 

2.4.2.2.2 Juiciness 

Inconsistent results have been reported regarding the juiciness of beef from bulls 

and steers. At the same age, Reagan et al. (1971), Dransfield et al.(1984) and 

Ockerman et al. (1984) postulated that steak from both bulls and steers were 

comparable in juiciness, whereas Forrest (1975), Unruh et al. (1987) and 

Paterson et al. (1988) reported that steak from bulls were rated less juicy than 

those of steers. Recently, Johnson et al. (1988) found no differences in juiciness 

and percentage cooking loss for steaks from bulls and steers at the same age. 

Although Vanderwert et al. (1986) obtained similar results in various muscles as 

those of the previous authers, they also found biceps femoris steaks from bulls 

were less juicy and had higher cooking losses than those of steers. However, 

Cross et al. (1984) compared M longissimus from bulls and steers at three 

different ages. They reported that bull beef samples were more juicy and had 

similar cooking losses to steer beef at 12 mo of age. At 18 mo of age bull beef 

was less juicy and had higher cooking losses than steer beef. The reverse trend 

at 18 mo of age is in agreement with Crouse et al. (1983) who reported higher 

cooking losses in bull meat because of lower marbling and thus more water in 

the muscle. However, Martin & Fredeen (1974) demonstrated that the highest 

values for water-holding capacity were obtained at a pH greater than 6.0, and all 

such carcasses were from bulls. 

2.4.2.2.3 Flavour 

Martin & Fredeen (1974) and Chrystall (1987) reported that most bull beef had 

ultimate pH values greater than 6.0. This beef will tend to show low flavour 

intensity due to negative relationship between pH and flavour (see 2.3.2.5). 

Although bulls generally have lower marbling than steers (Jacobs et al., 1977b; 

Ockerman et al., 1984; Seideman, 1986; Paterson et al., 1988), the extent to 

which fat affects meat flavour is unclear (Moody, 1983). Jacobs et al. (1977b) 
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found no differences in beef flavour between bulls and steers, whereas Paterson 

et al. (1988) and Ockerman et al. (1984) found flavour scores were better for 

steer beef. Purchas & Davies (197 4a) reported that flavour was improved with 

intramuscular fat, but they also noted that the closeness of relationship varied 

considerably. In addition, Cross et al. (1984) did not find any differences in 

flavour intensity between bulls and steers at three different ages. In contrast, 

Forrest (1975) reported that at an age of less than 15 mo, rib roasts from bulls 

were less flavourful than roasts from steers. Other examples have been reported 

that at similar ages bull beef is either comparable (Hunsley et al., 1971 ; 

Dransfield et al., 1984; Unruh et al., 1987; Johnson et al., 1988) or lower in 

flavour intensity (Reagan et al., 1971; Crouse et al., 1983; Paterson et al., 1988). 

However, a sex effect on meat flavour appears to be a more serious concern in 

pork and lamb than in beef (Seideman et al., 1982). 

2.4.2.2.4 Colour 

Bull meat tends to show darker colour than that of steers due to a higher ultimate 

meat pH (see 2.3.2.3). Seideman et al. (1982) stated that a higher incidence of 

dark cutter in bulls was due to their temperament and aggressive behaviour, 

leading to a higher ultimate pH of meat. Chrystall (1987) reported that both 

average and darkest colour readings were brighter for steers (pH 5.5 ± 0.4) than 

for bull (pH 6.3 ± 0.6), but the values were significantly different when 

measured on chilled sides only. Entire male carcasses are frequently rejected 

from boxed beef fabrication due to dark colour (Unruh et al., 1986b). Jeremiah 

et al . (1988) found that when exposed to normal pre-slaughter stress, steer 

carcasses comprised about 90 % in the bright colour score group, 10 % in the 

medium/dark category and none in the dark score group, whereas bull carcasses 

comprised about 75 %, 15 % and 5 % in the bright, medium/dark and dark score 

group respectively. According to USDA quality grades, it has been shown that 

bull carcasses have significantly darker lean colour than that of steer carcasses 

(Jacobs et al., 1977a; Cross et al., 1984; Johnson et al., 1988). Moreover, higher 

proportions of red muscle fibres which may contribute to darker meat colour 

(Purchas, 1989b) have been reported for bull meat (Clancy et al., 1986). 



CHAPTER3 

MATERIALS AND METHODS 

3.1 ANIMALS 

The Charolais x Angus cross steers used in this study were born in the spring of 

1987. They were reared on their dams, castrated at approximately 3 mo, and 

weaned at 7 mo of age. These 19 steers came from the C Alma Baker Trust farm 

" Limestone Downs" located near Raglan in the North island. They were 

transferred to Bests Block at Massey university in March 1988 and were run on 

pasture together with a group of 20 similar aged artificially reared Friesian steers 

until slaughter at 16 to 20 mo of age. The management programme involved 

monthly weighings, drenching every six weeks and rotational grazing. Forty 

Friesian bulls (30 from Tuapaka farm and 10 from Keeble farm) were grown and 

finished on pasture using similar grazing management procedures to those used 

for the steers. They were selected for slaughter at a similar age to the steers so 

that each slaughter lot comprised 10 bulls and 9 or 10 steers. 

Bulls and steers were weighed on the farm the day prior to slaughter. The 

weighing was performed within half an hour after they were taken off feed in the 

morning, and then they were transported (approximately 20 kilometers) to the 

Feilding meat processing plant of Waitaki International Limited. The bulls and 

steers were kept separately in the lairage overnight and slaughtered the following 

morning 24 - 30 h after removal from pasture. On each slaughter day, 10 bulls 

and 9 or 10 steers were slaughtered and dressed under normal commercial 

conditions. The M. longissimus from the 10th to 13th rib region (c. 900-1000 g) 

was removed from the right side of each carcass within 90 minutes post mortem. 

Each muscle sample was placed in a plastic bag and held at ambient temperature 

(15-20 °c) for 24 h and then transferred to a chiller (0-3 °c) and stored for 6 

days. After chilling, the samples were kept frozen for 2-8 weeks (-15 to -20 °C), 

at which time each was processed and further measurements were made as 

outlined below. 
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3.2 CARCASS ASSESSMENT 

The carcasses were weighed and evaluated for muscling and fat classes 

according to the New Zealand export beef carcass classification system 

(NZMPB, 1988). Carcass lengths, defined as a length from the distal end of the 

tarsal bones to the midpoint of the cranial edge of the first rib (Purchas, 1989a) 

were measured. After chilling overnight at 1-3 °c, the cross-sectional area of 

the M. longissimus was traced and the fat depth over the M. longissimus was 

measured between the 12th and 13th rib. The traced area of M. longissimus 

(cm2) was determined by using a digitising tablet attached to a computer. Fat 

thickness (mm) was measured at a point three-fourths the length of M. 

longissimus the chine bone end (American Meat Science Association, 1977), 

using a metal ruler. 

At the time of boning, the carcasses were identified with a plastic tag on the 

hook and the hindquarters were released to the boning room intermittently 

(approximately every fifth carcass). This provided adequate time for collecting 

and weighing the six major hindquarter cuts from both sides of each carcass. 

These cuts were Tenderloin, striploin, rump, knuckle, topside and outside 

defined according to New Zealand beef and veal standard cuts (New Zealand 

Meat Producers Board, 1979). 

3.3 MEAT QUALITY ASSESSMENTS 

3.3.1 Sample preparation 

The frozen sample after being thawed in the chiller (5-7 °c) for 20-22 h was 

removed from the plastic bag, weighed, and placed dorsal side down on a cutting 

board. Cutting started at the cranial end which was placed toward the right hand 

side and a thin slice (2-10 mm) was cut off to square it up. The subsamples were 

prepared as follow: 

(a) a 15 mm thick slice was prepared for colour and sarcomere length 

measurement. The middle portion (30x30 mm) was used for colour. Medial and 

central slithers were taken from the remainders and stored in labeled test tubes 

for sarcomere length measurement. 

(b) a steak of 25 mm was cut off for assessing cooking loss and Warner

Bratzler shear force values. 
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( c) a sample of at least 80 g was obtained from the middle part of a 40 mm 

thick slice and stored in a plastic bag ("snap-top") at -15 °c for intramuscular fat 

analysis. 

(d) the remaining parts from both ends of the 40 mm thick slice were used to 

obtain medial and central samples for pH and water-holding capacity 

assessments. 

3.3.2 Muscle pH 

3.3.2.1 pH3 measurement. 

The measurements of pH were carried out using a combination electrode (Schott 

Gerate N48; Jenway 3020 pH meter). Before measuring, it was calibrated 

against buffers of pH 7 .0 and pH 4.0 at room temperature. The pH was 

measured by inserting the combination electrode in the chunk of muscle at 3 

hours post-mortem. The temperature at the centre of this muscle was also 

determined at 3 h post-mortem by means of a digital probe thermometer 

(Huber, -60 .. +400 °c ). 

3.3.2.2 Ultimate pH 

A 2-2.2 g sample of muscle excised from the inside of either the medial or the 

central region of the selected muscle was placed into approximately 10 ml of 

cold 5 mM sodium iodoacetate reagent and chopped with scissors (Bendall, 

1973). It was then homogenized to a fine slurry using a homogenizer (Janke & 

Kunkel, Ultra Turrax Type TP 18/10). The pH was measured, using a Jenway 

3020 pH meter with an Automatic Temperature Compensation probe that 

provideed a continuous read-out of sample temperature. The combination 

electrode was dipped into the homogenate, shaken gently and read when the pH 

value and temperature display stabilized. The electrode was rinsed thoroughly 

with distilled water between measurements. 

3.3.3 Sarcomere length 

Sarcomere length was determined by a laser diffraction method, similar to that 

described by Cross et a/.(1980-1981). The apparatus consisted of a helium-neon 
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laser generator (wavelength 632.8 nm; Sectra-Physics model 102.2 mW laser 

head model 212 power supply) which was mounted on a steel stand with a 

specimen holding device and screen. A small bundle of fibres was removed 

from the medial and central region of the selected muscle and then small groups 

of fibres were teased out on a microscope slide with 2-3 drops of buffered 

sucrose solution (0.05 M Tris, pH 7.6, 0.25M sucrose) (Stromer & Goll, 1967) 

and covered with a coverslip. The slide was placed horizontally in the path of a 

vertically-orientated laser beam to give an array of diffraction bands on the 

screen which was 100 mm from the sample. These bands were perpendicular to 

the long axis of the fibres. Twelve measurements were taken of the distance 

between first order bands for each sample and the average values were used to 

calculate the sarcomere length using a conversion table based on the formula 

given by Bouton et al. (1973a). 

3.3.4 Meat colour (Reflectance Spectrophotometry) 

Meat colour was measured as the percentage reflectance at a wavelength of 630 

nm using a Bausch and Lomb Spectronic 20 fitted with a reflectance attachment 

(Ockerman & Cahill, 1969; Strange et al., 1974). Samples for assessment were · 

from approximately 15 mm-thick slices cut perpendicular to the fibres and 

trimmed of connective tissue and external fatty tissue. The measurement was 

conducted after the samples had been exposed to the atmosphere at 1-3 °c for 

90 to 120 minutes. The instrument was zeroed between each sample using the 

reflectance standard supplied by the manufacturer. 

3.3.5 Warner-Bratzler shear force values 

For assessment of shear force values, 25 mm thick slices were cut from the 

M.longissimus. These steaks were weighed in plastic bags and cooked by 

immersing the bags in a water bath thermostatically controlled at 70 ± 0.5 °c for 

90 minutes (Purchas, 1972). After cooking, liquids were poured off and the 

cooked meat was stored at 1 - 3 °c overnight. Cooking losses were determined 

by weighing the cooked samples after drying with paper towels to remove 

excess surface moisture, and then six cores (13x13 mm cross-section) were cut 

parallel to the orientation of the muscle fibres for each steak. Each core was 

sheared perpendicularly twice, using a modified version of the conventio~al 
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W arner-Bratzler shear device with a square-edged shear blade (Bouton et al., 

1975c, 1977) attached to a NEC multispeed microcomputer. Shearing was 

started when the microswitch was turned on, and this switch was automaticlly 

turned off when shearing was finished. For a single shear 872 ± 1 force values 

were transferred from the load cell to a data logger which displayed the peak 

force value. Pairs of adjacent values were averaged and the resulting 436 values 

were sent from the data logger to the computer. The latter set of data was used 

to plot a shear force deformation curve on the screen. The parameters measured 

from the shear force deformation curves were: 

( 1) peak force (PF)- the maximum force recorded, 

(2) initial yield force (IY)- the force at which the sample first began 

to yield, i.e. the first major inflexion on the curve, 

(3) work done (WD)-the mean of the 436 shear force values, 

(4) the peak minus initial yield force (PF-IY) values were obtained 

by calculation. 

A preliminary study was conducted in which the original vee-edged shear blade 

received with the Warner-Bratzler shear machine was compared with the square

edged blade. For 96 13 x 13 mm cores one shear was made with the vee blade 

and one was made with the square blade. 

3.3.6 Water holding capacity (WHC) 

Water holding capacity of muscle was measured in terms of expressible water 

using a filter paper press method for medial and central meat samples weighing 

between 500-600 mg. The sample was placed on a filter paper (Whatman No. l 

11.0 cm diameter Qualitative, previously stored in a dessicator over saturated 

KCl) between plexiglass plates and then a 10 kg weight was applied to the top 

plate for 5 minutes (Matyniak & Ziolecki, 1983). The total wetted area of the 

filter paper was measured using a digitising tablet attached to a computer and the 

water holding capacity was calculated as expressed water in terms of the total 

area (cm2) of wetted filter paper per unit weight of the sample (cm2/g). 
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3.3.7 Intramuscular fat 

Approximately 80 g of M. longissmus trimmed of subcutaneous fat, epimysium, 

and intermuscular fat, was finely chopped and mixed before three subsamples of 

15-20 g were taken. These subsamples were freeze dried for 4 days and then fat 

extraction was carried out on two samples in a Soxhlet apparatus with petroleum 

ether (B.P. 40 to 60 °c) for 8 h (AOAC 1980). The third sample was extracted 

only when the difference between the first two replicates was greater than 0.5 

percentage points. 

3.4. STATISTICAL METHODS 

Data was analysed using a general linear models programme (SAS, 1985). The 

parameters used in the various linear models were estimated by ordinary least 

squares procedures and tests of hypotheses about the parameters were carried out 

by analyses of variance for unadjusted means. Adjusted least-squares means for 

the variables measured were then computed after fitting the appropriate 

covariates in the analyses of covariance. Testing for heterogeneity of slope 

between the regression lines among the treatment groups was achieved by 

examining interactions between treatment groups and the covariates. 

Differences between individual means were tested by contrast statements (T

tests) within the SAS programme (SAS, 1985). Multiple regression was used to 

analyse relationships between carcass and meat quality characteristics. 

Thus, the basic model used to describe carcass and meat quality data was : 

Yij = u + Ti + b(xij -x) + eij 

where Yij = the jth observation in the ith treatment group, 

u = the overall mean, 

Ti = the effect of the ith treatment (either Friesian bulls, 

Charolais cross steers, or Friesian steers), 

b = 
xij = 
X = 

the regression coefficient of yij on the covariate xij, 

the ith covariate in the ith treatment, 

the overall mean of the covariate xij, 

a random error, assummed to be normally and 

independently distributed with zero mean and constant variance. 

elJ = 
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RESULTS 

4.1 GROWTH RATE 

Average daily gains for the Friesian and Charolais steers were calculated over a 

period of 263 days from an age of approximately 8 months. The average daily 

gains were also calculated for each of the 9 periods between weighings through 

the finishing period (Table 4.1, Figures 4.1, 4.2). 

Mean initial and final weights of the Friesian and Charolais cross steers were not 

significantly different, although the Friesian steers exhibited slightly higher 

values. This was reflected in the similar overall average daily gains calculated 

either from the first and last weights or from the regression of liveweight on time 

(Table 4.1 ). However, the growth patterns between these breeds differed in that 

the Friesians grew slightly faster up to 300 days while the Charolais crosses 

exhibited higher average daily gains from then on. 

Table 4.1 Initial and final liveweights and growth rates over nine periods for 
Charolais x Angus cross steers and Friesian steers. 

Item Grou12 Pooled Significance 

Charolais Friesian SI)C of group effecta 

Number 19 20 
Initial weight (kg) 198.2 , 205.3 18 .6 ns 
Final weight (kg) 410.5 412.8 22.6 ns 
Average daily gain (kg/d) 

0.416 0.500 Period 1 (22d) 0.151 ns 
Period 2 (54d) 0.655 0.788 0.149 ** 
Period 3 (29d) 0.269 0.300 0.554 ns 
Period 4 (28d) 1.100 1.046 0.299 ns 
Period 5 (29d) 0.376 0.264 0.286 ns 
Period 6 (22d) 1.263 1.371 0.492 ns 
Period 7 (34d) 1.134 1.006 0.219 ns 
Period 8 (22d) 1.609 1.398 0.253 * 
Period 9 (23d) 0.966 0.657 0.376 * 
Overall (263d) 0.807 0.789 0.055 ns 

Growth rate predicted 0.812 0.796 0.057 ns 

by regressionb 

a ns = P>0.05, * = P<0.05, ** = P<0.01 
b The regression of liveweight on time 
C Standard deviation 
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Mean liveweights for Friesian and Charolais cross steers over the 
finishing period. Vertical bars show standard errors. 
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Mean average daily gains for Friesian and Charolais cross steers, 
plotted at the midpoint between each weighing time. Vertical bars 
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4.2 CARCASS CHARACTERISTICS 

Means values for several carcass characteristics are summarized in Table 4.2. 

The significance of slaughter lot effects was tested in the statistical model but 

was excluded when found to be non-significant. The only exception was 

dressing-out percent which differed significantly between lots and there was a 

significant lot by group interaction (Appendix 1). 

There were no significant differences in intial and final liveweights or carcass 

weights between bulls and steers or between Friesian and Charolais cross steers. 

Dressing-out percent was significantly greater for the Charolais cross steers than 

the Friesian bulls and steers, even after adjusting to the same carcass weight by 

covariance analysis. The Charolais cross steers possessed the highest fat depths 

and intramuscular fat levels and the Friesian steers had intermediate fat depths 

which were nearly twice those of the Friesian bulls. The level of intramuscular 

fat in M. longissimus was similar between the steer groups, but was about four 

times greater for steer samples than for bull samples. Group averages were not 

appreciably changed by the adjustment to a constant carcass weight. 

Marked differences between groups in carcass length, rib-eye area and steak 

weights were evident. The Charolais cross steers had significantly shorter 

carcasses, larger rib-eye areas and heavier steaks than the Friesian steers. 

Carcass lengths did not differ between Friesian bulls and steers, but the bulls 

showed greater rib-eye areas and heavier steak weights. Rib-eye areas and steak 

weights did not differ between the Friesian bulls and Charolais cross steers but 

bull carcasses were longer. When compared at the same carcass weight, 

differences in carcass lengths and rib-eye areas were marked among all three 

groups, but steak weights were still similar between the bulls and Charolais cross 

steers both of which were higher than for Friesian steers. 

Means of the six major hind-quarter cuts from both sides for the steers (Table 

4.3) indicated that the Charolais crosses produced significantly greater weights 

of all cuts either with or without adjustment to the same carcass weight, except 

that carcass-weight-adjusted tenderloin weights were similar. However, 

significant relationships between carcass and joint weights did reduce the group 

differences to some extent after adjustment. 



Table 4.2 Least squares means of carcass characteristics for Friesian (F) bulls, Friesian steers and Charolais (C) x Angus cross steers. 

Item Groun Group Correlation Carcass wt RSD 1 R2(%)2 

F-bulls F-steers C-steers effect4 with carcass wt. effect 

Unadjusted values: 

Number of animals 40 20 19 
Live weight (kg) 452.5 444.4 438.1 ns 22.3 7.02 
Carcass weight (kg) 228.4 224.6 232.6 ns 13.2 4.56 
Dressing-out(%) 50.473 50.543 53.12b *** 1.79 28.82 
Carcass length (mm) 2031 3 20133 1952b ** 73 16.43 
Rib eye area (cm2) 71.153 60.61 b 66.42b *** 9.01 19.57 
Steak weight (g) 206.503 186.60b 209.503 *** 19.9 18.08 
Fat depth (mm.) 0.93 3 1.82b 3.36C *** 0.96 51.74 
Intramuscular fat(%) 0.593 2.42b 2.04b *** 0.64 63.11 

Values adjusted to a constant carcass weight:3 

Dressing-out(%) 50.473 50.973 52.6Jb *** 0.51 *** 1.37 63.97 
Carcass length (mm) 2031 3 2018b J947c *** 0.25 ** 65 37.76 
Rib eye area (cm2) 71.163 61.llb 66.Q9C *** 0.34 *** 7.05 53.28 
Steak weight (g) 206.63 189.3b 206.03 ** 0.43 *** 17.7 38.78 
Fat depth (mm) 0.933 1.83b 3.34C *** 0.13 ns 0.97 53.11 
Intramuscular fat(%) 0.593 2.41 b 2.04b *** -0.01 ns 0.63 66.97 

I Residual standard deviation 
2 Coefficient of determination for the model which included breed and sex effects, and carcass weight as a covariate where shown. 
3 Adjusted to a constant carcase weight by covariance analysis 
4 *** P<0.001, ** P<0.01, ns P>0.05 

~ a,b,c Means within the same row bearing different superscripts are different (P<.05) uJ 
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Table 4.3 Least squares me:.ins for the six major hind-quarter cuts of Friesiun steers 
and Ch:.irolais x Angus cross steers. 

Item Groug Groupd R2a RSDb Carcass wr.<l 
F-steers C-steers effect (%) effect. 

Unadjusted values 

Number of animals 20 19 
1 Tenderlion (kg) 1.72 1.84 ** 48.45 0.12 

2 Striploin (kg) 2.55 2.94 *** 64.98 0.23 

3 Rump (kg) 3.78 4.36 *** 61.40 0.30 
4 Topside (kg) 6.15 6.74 *** 54.95 0 .39 

5 Knuckle (kg) 4.05 4.43 *** 52.89 0.25 

6 Silverside (kg) 5.48 6.43 *** 69.00 0.3 8 
7 Sum of 4, 5, 6 (kg) 31.37 35.22 *** 62.52 1.89 

8 Sum of all 6 cuts (kg) 47.51 53 .60 *** 67.34 2.78 

Values adjusted for carcass weightc 

1 Tenderloin (kg) 1.75 1.81 ns 63.89 0 .09 *** 

2 Strip loin (kg) 2.60 2.93 *** 68.97 0.21 *** 

3 Rump (kg) 3.87 4.26 *** 80.42 0.20 *** 
4 Topside (kg) 6.25 6.63 *** 68.63 0.31 *** 

5 Knuckle (kg) 4.12 4.35 *** 73.31 0. 18 *** 

6 S ilverside (kd) 5.60 6.29 *** 83 .65 0.26 *** 
Sum of 4, 5, 6 (kg) 32.03 34.53 *** 84.69 1.22 *** 7 

8 S urn of all 6 cuts (kg) 48.53 52.53 *** 89.20 1.62 *** 

a Coefficient of determination 
b Residual standard deviation 
C Adjusted to constant carcass weight by covariance analysis. 
d ns P>0.05, ** P<0.01, *** P<0.01. 

After adjustment to a constant carcass weight and correcting for group effects 

there were significant relationships between cut weights and carcass length 

(negative) and rib-eye area (positive), but no relationship with fat depth (Table 

4.4 ). However, the significance of the last three variables did not change with 

the sequence in which they were fitted in the model except for carcass length 

which was significant only when fitted in the model before rib-eye area. The 

relationships between cut weights with rib-eye area and carcass length were 

more significant (p<0.001) when analysed without prior correction for group 

effects. The correlations between cut weights and carcass weight, rib-eye area, 

carcass length, and fat depth are presented in Appendix 2. The correlations 

between individual cut weights or percentages, and between cut weights from 

each side are shown in Appendix 3 and 4 respectively. 
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Table 4.4 The significance of regression relationships between carcass weight 
(ccwt), rib-eye area (REA), carcass length (cc length), and fat depth 
(fat.d) and the sum of the last 3 cuts or the sum of all 6 cuts. Independent 
variables were fitted in the sequence shown. 

Dependent Inde[2endent Variable~ 
variable Item 

3-cuts weight (kg) Group 
ccwt 
cc length 
REA 
fat.d 

All 6-cuts weight (kg) Group 
ccwt 
cc length 
REA 
fat.d 

a Residual standard deviation 
b Coefficient of determination 

significancec 

*** 
*** 
* 
*** 
ns 

*** 
*** 
** 
*** 
ns 

c ns P>0.05, * P<0.05, **P<0.01, ***P<0.001. 

4.3 MUSCLE CHARACTERISTICS 

RSJYI R2b 

(%) 

1.14 85.4 

1.33 91.9 

The group means for muscle characteristics associated with meat quality, which 

are presented in Table 4.5, showed that bulls produced meat with a lower 

temperature and higher pH at 3 h post-mortem, and lower reflectance values. 

Sarcomere length, cooking loss and expressed juice did not differ significantly 

between bulls and steers. All characteristics except the temperature at 3 hr post

mortem were similar for Friesian and Charolais cross steers. The influence of 

pH on muscle characteristics (Table 4.6) indicated highly significant 

relationships with reflectance values, sarcomere length, cooking loss and 

expressed juice. After adjustment for pH by analyses of covariance, the 

differences in reflectance values for samples from bulls and steers disappeared. 

Mean sarcomere lengths were still similar among groups, but the pH-adjusted 

values were closer and the coefficient of determination was increased from 3.70 

to 33.85 % when pH was used as an independent variable. At the same ultimate 

pH, cooking loss differed significantly among all groups. Bull meat exhibited 

the highest cooking loss, followed by meat from Charolais cross steers with meat 

from Friesian steers having the lowest cooking loss. Expressed juice was higher 

for bull samples but differences in expressed juice between groups were 

statistically significant at only the 11 % level. 
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Table 4.5 Unadjusted means of several muscle characteristics of medial (M) and central (C) 
parts of M. longissimus from Friesian bulls, Friesian steers and Charolais x Angus 
cross steers. 

Item Groun Groupf R2() Rsoe 
F-bulls F-steers C-steers effect (%) 

Number 40 20 19 
pH3& 6.86a 6.69b 6.70b * 12.73 0.21 
Temperature38 (0 C) 28.56a 29.94b 31.05C *** 41.95 1.24 
R630 (%) 12.53a 17.27b 17.07b *** 21.23 4.55 
Ultimate pHm 6.43a 6.00b 6.07b *** 17.23 0.45 
Ultimate pHc 6.3oa 5.92b 5.97b ** 14.24 0.45 
Average pH 6.37a 5.96b 6.02b ** 16.05 0.44 
Sarcomere length M (µm) 1.47 1.56 1.55 ns 6.20 0.16 

Sarcomere length C (µm) 1.58 1.61 1.59 ns 1.07 0.14 

Average sarcomere length (µm) 1.52 1.59 1.57 ns 3.70 0.14 
Cooking loss (%) 25 .90 26.30 27.18 ns 1.20 4.77 
Expressed juice M 39.00 41.22 39.44 ns 4.18 4.44 
Expressed juice C 41.69 42.58 42.67 ns 0.18 4.80 
Average expressed juice 40.34 41.90 . 41.17 ns 2.38 4.24 

a,b,c Means within the same rows with different superscripts are different (P<0.05) 
d Coefficient of determination 
e Residual standard deviation 
f ns P>0.05, * P < 0.05, ** P< 0.01, *** P<0.001. 
g pH and temperature at 3 hr post-mortem. 

~ 



Table 4.6 Least-squares means of several muscle characteristics of medial (M) and central (C) parts of M. longissimus from Friesian 
bulls, Friesian steers and Charolais x Angus cross steers, after adjustment for ultimate pH. 

Item 
F-bulls 

Number 40 
R630 (%) 14.38 
Sarcomere length M (µm) 1.51 

Sarocomere length C (µm) 1.60 

Ave. sarcomere length (µm) 1.55 
Cooking loss (%) 27.59a 

Expressedjucie M (cm2/g) 40.35 
Expressedjucie C (cm2/g) 42.87 
Ave. expressed juice (cm2/g) 41.58 

Grouu 
F-steers 

20 
15.24 

1.53 

1.59 

1.55 
24.22b 
39.63 
41.14 
40.36 

C-steers 

19 
15.31 
1.51 

1.57 

1.54 
25.84C 
38.53 
41.67 
40.17 

Group 
effectf 

ns 

ns 

ns 

ns 
*** 
ns 
ns 
ns 

a,b,c means in the same row with different superscripts are different (P<0.05) 
d coefficient of determination 
e Residual standard deviation 
f ns P>0.05, * P<0.05, ** P<0.01, *** P<0.001 

pH effect 
pH (pH)2 

*** *** 
*** ** 
*** * 
*** ** 
*** *** 
*** ** 
*** ** 
*** *** 

R2d 

(%) 

82.55 
33.32 

24.61 

33.85 
88.03 
74.91 
56.79 
68.78 

RSDe Correlation 
with pH. 

2.21 -0.84 
0.14 -0.41 

0.13 -0.41 

0.12 -0.45 
1.71 -0.86 
2.46 -0.77 
3.28 -0.64 
2.48 -0.77 

±3 
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The influences of (pH)2 on all characteristics shown in the Table 4.6 were 

statistically significant indicating curvilinear relationships. The nature of these 

relationships are shown in Figures 4.3, 4.4, 4.5, and 4.6. Percent reflectance 

(Figure 4.3) decreased with increasing pH. Sarcomere length also decreased 

with an increase in pH up to 6.4 and then increased slightly with further increase 

in pH (Figure 4.4). Cooking loss and expressed juice changed slightly with an 

increase in pH from 5.4 to 6.0, but both decreased steadily with funher increases 

in pH (Figures 4.5 and 4.6). The changes in sarcomere length in relation to 

change in ultimate pH from 5.4 to 6.2 (Table 4.7) showed that sarcornere length 

decreased linearly with an increase in ultimate pH in this range. 

Table 4.7 Regression relationships between sarcomere length and ultimate pH for 
samples of M. longisimus with an ultimate pH of less than 6.2 (n = 37). 

Dependent Independent Significancea RSDb R2C 

variable (y) variable (x) (%) 

Sarcomere length M (µm ) (1) pH ** 0.1 3 27 .17 

(2) (pH)2 ns 

Sarcomere length C (µm) (1) pH *** 0.10 26.87 

(2) (pH)2 ns 

Ave. Sarcomere length (µm) (1 ) pH *** 0.10 38.48 

(2) (pH)2 ns 

a ns P>0.05 , ** P>0.01, *** P<0.001 
b Residual standard deviation 
C Coefficient of determination 
C Central part 
M Medial part 



Figure 4.3 

E 
C 

0 
('I) 
co 

~ 
w 
0 z 
~ 
(.) 
w 
_J 
LL w 
a: ._ 
z 
w 
0 
a: w 
a.. 

26 

24 

22 

20 

18 

16 

14 

12 

10 

8 

-... 

" 

-

' \. . ,- r 

'• '· r ·, 

• ' ' ' ' '-.. 
' •' 

1, 

).. 
- ,, 

' ' 
. ' .. . 

,, 
rr- -
~,._ • 

[I) ... , 
'II 

- - , .. . ~ 

• ' 
' ' • ' ' ' ' 

' ' ' ' ' ' ', ..... ..... ..... 
" ..... . , ' 

' ,, 
"° •', 

;:: 
....... ... , 
• ........... 

' ' -. 
' • ' • ' ..... 

..... ..... ..... 
' D 

' ..... 

- ,,, ,,, ,_ 
----

,, - ,,. -. -----•-- -------f-------
•• 

r 

• • .... ... -- ~ -' - ........ -- r - .,.,-
D ----~ ............ ! __ IICl -------- ·---... ---- - -

D D 0 ~ CD 

", - o------- • - ---- ---
I 6 

5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 

ULTIMATE MEAT pH 

• CH.STEERS 

• FR.STEERS 

• BULLS 

Total Population 
RSQ,. .803 

The relationship between ultimate meat pH and colour of M. longissimus as assessed by percent reflectance at 
630 nm. Values are shown for Friesian bulls, Friesian steers and Charolais cross steers together with the 
quadratic regression line and 95 percent confidence limits. 

.j:::,.. 
'-D 



Figure 4.4 

1.9 

-E 1.s 
..3 
:c 
J
(!J 
z 
w 
_J 

w 
a: 
w 
~ 
0 
0 
a: 
<( 
en 

1.7 

1.6 

1.5 

1.4 

1.3 

1.2 
5.4 5.6 5.8 6.0 

ULTIMATE MEAT pH 

6.2 6.4 6.6 6.8 7.0 7.2 

• C-steers 

• F-steers 

• F-bull 

Total Population 
RSQ • .267 

The relationship between ultimate meat pH and sarcomere length of M. longissimus. Values are shown for 
Friesian bulls, Friesian steers and Charolais cross steers together with the quadratic regression line and 95 
percent confidence limits. 

lJl 
0 



Figure 4.5 

-~ -en 
en g 
(!J 
z 
~ 
0 
0 
(.) 

36 

34 

32 

30 

28 

26 

24 

22 

20 

18 

16 

14 

------

• 

------• 

-

----0-. __ 

--• 
• 

• • 
l •-~-

I 

• 

- -----

5.4 5.6 5.8 

• 

6.0 

ULTIMATE MEAT pH 

• 

• ',, 

• ' 

', , • 

', 
' 

6.2 6.4 6.6 

' 

6.8 7.0 7.2 

• C-steers 

• F-steers 

o F-bull 

Total Population 
RSQ "'.784 

The relationship between ultimate meat pH and cooking loss of M. longissimus. Values are shown for Friesian 
bulls, Friesian steers and Charolais cross steers together with the quadratic regression line and 95 percent 
confidence limits. 

u, 
...... 



-.J;?] 
E 
0 
O" 
en -w 

(.) 
:::, 
J 

0 
w 
CJ) 
CJ) 
w 
a: 
a.. 
X 
w 

Figure 4.6 

54 
52 
50 

48 

46 

44 
42 
40 

38 

36 

34 
32 
30 

28 

------

a 

------- ---...Q._ --

a 

5.4 5.6 5.8 6.0 

ULTIMATE MEAT pH 

6.2 

----a .... a 
.... 

a ............ 

6.4 6.6 

.... 
.... .... 

6.8 7.0 7.2 

• CH.STEERS 

•FR.STEERS 

a BULLS 

Total Population 
RSQ • .654 

The relationship between ultimate meat pH and expressed juice of M. longissimus. Values are shown for 
Friesian bulls, Friesian steers and Charolais cross steers together with the quadratic regression line and 95 
percent confidence limits. 

Vl 
N 



53 

4.4 MEAT TENDERNESS 

Results of a comparison between two shear blades (i.e. square-blade and vee

blade) within a Warner-Bratzler shear device,are presented in Table 4.8. The 

work done by the two blades was similar, but the peak shear force values were 

significantly higher for the square-blade than the vee-blade. Regression 

equations in Figures 4. 7 and 4.8 indicate that increases in work done for the vee

blade were approximately 84 percent of those of the square-blade, whereas 

increases in the peak shear force values for the vee-blade were only 52 percent 

of those for the square-blade. Typical shear force deformation curves obtained 

from these two blades are shown in Figure 4.9. The square-blade always 

produced curves with clearer initial yield points. Thus, only the square-blade 

was used to determine meat tenderness for samples in this study. 

Table 4.8 Means for the work done and the peak shear force values of_ the 
conventional Warner-Bratzler shear blade (Vee-shape) and the modified 
Warner-Bratzler shear blade (Square-blade). 

Item Blade shape Pooled 
Vee-blade Square-blade Std. Dev. 

Number of shears 96 96 

Workdone2 2.67 2 .83 1.33 

Peak shear force 
values (kg) 6.36 10.82 5.32 

1 ns P>0.05, *** P<0.001 
2 Work done= mean of 436 shear values. 

Blade shape Correlation 
effec.:tl between vee 

and square 
blade 

ns 0.95 

*** 0.96 
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Figure 4.9 
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Four shears on 13 x 13 mm cores from M. longissimus of a 16 mo steer 
after cooking at 70°C in a water bath for 90 min. Initial yield values are 
shown by the vertical arrows. 
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Table 4.9 Least squares means for initial yield force (IY), peak shear force (PF), work done (WD) and peak-initial 
yield force (PF-IY) measured from shear force deformation curves for M. longissimus from Friesian 
bulls, Friesian steers and Charolais x Angus cross steers. 

Item Groun Groupe R2d RSDe Correlation with 
F-bulls F-steers C-steers effect (%) IY PF (PF-IY) 

Number 40 20 19 
Medial IY (kg) 10.05 8.57 9.89 ns 4.55 5.00 
Central IY (kg) 9.90 8.47 9.54 ns 2.22 5.14 
Lateral IY (kg) 9.46 8.26 9.76 ns 3.05 4.98 
Overall IY (kg) 9.80 8.43 9.73 ns 2.67 4.82 0.994 

Medial PF (kg) 11.95 9.98 11.33 ns 4.87 5.62 
Central PF (kg) 11.91 10.09 11.00 ns 3.12 5.55 
Lateral PF (kg) 11.81 9.89 11 .55 ns 3.92 5.42 
Overall PF (kg) 11.89 9.99 11.29 ns 3.50 5.30 0.994 

Medial (PF-IY) kg 1.89 1.47 1.45 ns (14.00) 5.04 1.03 
Central (PF-IY) kg 2.01 1.61 1.47 ns (8.98) 6.14 0.94 
Laterial (PF-IY) kg 2.3ia u,2a 1,79b ** 1.35 0.84 
Overall (PF-IY) kg 2.08a 1.55b 1,57b ** 1.26 0.70 0.624 0.707 

MedialWD 3.12 2.81 3.17 11S 6.78 1.22 
Central WD 3.19 2.93 3.15 ns 4.40 1.22 
Lateral WD 3.24 2.96 3.27 llS 3.63 1.22 
Overall WD 3.18 2.90 3.20 11S 4.45 1.17 0.974 0.977 0.675 

-
a, b Means within the same rows with different superscripts are different (P<0.05) 
C ns P>0.05, ** P<0.01 
d Coefficient of determination 
e Residual standard deviation l/l 

--...) 
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The group means for all parameters measured are given in Table 4.9. There 

were no significant differences in initial yield force (IY), peak shear force (PF) 

and work done (WD) among all groups, compared at either medial, central or 

lateral parts of the steaks, or in the overall means. In contrast (PF-IY) values for 

the lateral part and overall means were similar between Friesian and Charolais 

cross steers, but were significantly higher for Friesian bulls (p<0.01). Although 

the (PF-IY) values for medial and central parts did not differ significantly among 

groups, these differences approached significance (p = 14.0 and 9.0 % 

respectively). 

A comparison between means of shear parameters and some other quality 

characteristics measured at different regions across M. longissimus are shown in 

Table 4.10. Peak shear force, initial yield force and work done values q.id not 

differ significantly between regions, although all of these means showed similar 

trends with decreasing values from medial to lateral parts. Conversely, peak

initial yield force values (PF-IY) increased from medial toward lateral parts. The 

(PF-IY) values for medial and central region were similar, but both were 

significantly lower than that of the lateral part (p<0.05). Ultimate pH was 

significantly lower for the central sample, whereas sarcomere length and 

expressed juice were significantly greater for central than medial samples. 

Table 4.10 Means of shear force deformation curve parameters and some meat 
quality characteristics measured at different parts of M. longissimus. 

Item Muscle region Regionl Overall 
Medial Central Lateral effect means 

Peak shear force (kg) 11.33 11.25 11.28 ns 11.28 
Initial yield force (kg) 9.66 9.97 9.24 ns 9.46 
Peak-inital yield force (kg) 1.673 1.na 2.Q3b * 1.82 
Work done 3.06 3.12 3.19 ns 3.12 
Ulitmate pH 6.24 6.12 *** 
Sarcomere length (µm) 1.51 1.59 *** 
Expressed juice (cm2/g) 39.72 42.15 *** 

1 ns P>0.05, *** P<0.001 
a,b means in the same row with different superscripts are different (P<0.05). 
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4.5 RELATIONSHIPS BETWEEN SHEAR FORCE DEFORMATION 

CURVE PARAMETERS WITH ULTIMATE pH AND SARCOMERE 

LENGTH. 

Relationships between IY, PF, WD and (PF-IY) with ultimate pH and sarcomere 

length are shown in Table 4.11. Again highly significant curvilinear 

relationships between all shear parameters and pH were obtained. Sarcomere 

length also showed significant relationships with all shear parameters except 

(PF-IY). The relationships with shear force parameters were significant when 

sarcomere length was fitted in the models either before or after pH, although the 

significance of sarcomere length only approached the 10 % level for WD when 

sarcomere length was fitted before pH. 

After adjustment for pH and sarcomere length, means of all parameters were 

significantly higher for bulls than steers, while those of Friesian and Charolais 

cross steers did not differ (Table 4.11). For all four variables the variation 

accounted for by the combined effect of pH and sarcomere length was greater 

than by the effect of pH alone, although the coefficient of determination was 

only slightly increased in the case of (PF-IY) by including sarcomere length. 

Figure 4.10 shows the nature of the relationship between peak shear force and 

ultimate pH with the highest values at a pH of about 6.1 and with an increase in 

tenderness on either side of this. The relationship between peak shear force and 

ultimate pH in the range from 5.4 to 6.2 (Table 4.12) indicated that more of the 

variation in peak force over this pH range was accounted for by sarcomere 

length (R2 = 67.57 %) than by pH (R2 = 60.78 %). However, about 80 percent 

of the variation was accounted for by the combined effect of pH and sarcomere 

length which was greater than that of either of the two alone, but less than the 

sum of the individual effects. 



Table 4.11 Least squares means of initial yield force (IY), peak shear force (PF) work done (WD) and peak-
initial yield force (PF-IY) for M . longissimus from Friesian bulls, Friesian steers, and Charolais x 
Angus cross steers. Values were adjusted for pH and sarcomere length (SCM). Independent variables 
were fitted in the sequence shown. 

Item Groug Group R2 C RSl)d Correlation with Coyariates 
F-bulls F-steers C-steers effect % pH SCM variables significancee 

Overall IY (kg) 10.488 7.54b 9.268b ** 61.14 3.11 -0.44 -0.21 (1) pH *** 
(2) (pH)2 *** 
(3) SCM *** 

Overall PF (kg) 12.67a 8.97b 10.76ab ** 61.66 3.41 -0.43 -0.21 (1) pH *** 
(2) (pH)2 *** 
(3) SCM *** 

Overall (PF-IY) 2.1sa 1,43b 1.49b ** 39.26 0.61 -0.22 -0.14 (1) pH * 
(kg) (2) (pH)2 *** 

(3) SCM ns (5.3%) 

Overall WD 3.398 2.64b 3.068b ** 61.07 0.76 -0.51 -0.12 (1) pH *** 
(2) (pH)2 *** 
(3) SCM *** 

a,b means in the same row with different superscripts are different (P<0.05) 
c Coefficient of determination 
d Residual standard deviation 
e ns P>0.05, * P<0.05, ** P<0.01, ***P<0.001. 
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Table 4.12 The signficance of regression relationships between Warner-Bratzler peak 
shear force (PF), pH and sarcomere length (SCM) for samples of M . 
Ion gissimus with an ultimate pH of less than 6.2 (n = 37). Independent 
variables were fitted in the sequence shown. 

Dependent 
variable (Y) 

Overall PF 

Independent 
variables (X) 

(1) pH 
(2) (pH)2 

(1) SCM 

(1) pH 
(2) (pH)2 
(3) SCM 

(1) SCM 
(2) pH 
(3) (pH)2 

a Coefficient of determination 
b Residual standard deviation 
c ns P>0.05, *** P<0.001. 

Significance c 

*** 
ns 

*** 

*** 
ns 
*** 

*** 
*** 
ns 

RSDb 

2 .73 

2.44 

1.96 

1.96 

R2a 
(%) 

60.78 

67 .57 

80.25 

80.25 



CHAPTERS 

DISCUSSION 

In this chapter the results will be discussed in the same sequence as the 

objectives of the study as listed in chapter 1. Thus, relationships between 

ultimate pH and meat quality characteristics will be discussed first, followed by 

a discussion of the meat tenderness measurement results, and finally the effects 

of breed and castration on carcass and meat quality will be considered. 

5.1 ULTIMATE pH AND MEAT QUALITY CHARACTERISTICS 

Ultimate pH values normally encountered in post-rigor meat can vary from 7.0 

down to 5.4. Variability in cooked meat tenderness between different types of 

beef muscle has been shown to be influenced by differences in their ultimate pH, 

with improved tenderness generally being correlated with higher ultimate pH 

(Dransfield, 1977), particularly for ultimate pH values >6.0 (Fjelkner-Modig & 

Ruderus, 1983; Yu & Lee, 1986); The curvilinear relationship between meat 

tenderness and ultimate pH reported here is in good agreement with previous 

studies (Bouton et al., 1973b; Martin & Fredeen, 1974; Purchas, 1989a). The 

minimum tenderness at a pH of approximately 6.1 is likely to be accompanied 

by lower WHC relative to meat with a higher pH. Meat pH has been clearly 

identified as a major factor influencing the WHC of meat, with a minimum 

WHC occurring at a pH of around 5.0 to 5.5 and with values increasing 

markedly with changing pH on either side of this point (Hamm, 1960; Penny et 

al., 1963). Moreover, cooked meat tenderness has been demonstrated in some 

studies to increase concomitantly with a linear increase in WHC over the pH 

range 5.5 to 7.1 (Bouton et al., 1971, 1973b). However, the WHC/pH 

relationship can be affected by cooking temperature as a quadratic component 

improved this relationship at higher temperatures (Bouton et al., 1973b). 

Similarly, Gault (1985) found that increased WHC below the iso-electric point 

of the myofibrillar proteins markedly increased cooked meat tenderness. 

Although cooking losses can be severely increased with cooking temperature 

(Bouton et al., 1971), greater values have been shown to be associated with 

lower levels of WHC in uncooked meat (Gault, 1985). Changes in mechanical 
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properties of uncooked beef muscle as it undergoes rigor mortis have been 

shown to be correlated with changes in the WHC of the muscle fibres as 

influenced by pH and the rate of pH fall (Currie & Wolfe, 1980). These may be 

because improved WHC will decrease cooking loss and consequently more 

water and less structural components appear in a given cross-sectional area of a 

meat sample (Purchas, 1989a). 

On the other hand improvements in tenderness of high pH meat may be 

explained by differences in proteolytic activities. A degradation of Z-lines 

caused by calcium-activated proteases which have a pH optimum close to 7.0 

(Dutson, 1983) may contribute to greater tenderness improvement of high pH 

meat than that of lower pH meat (Yu & Lee, 1986). Moreover, Marsh et al. 

(1987) reported that meat tenderness declined appreciably as pH at 3 h post

mortem decreased below 6.1, indicating a decreased activity of these enzymes as 

the favourable environment changed. However, the decrease in meat tenderness 

as pH at 3 h post-mortem increased above 6.1 in their study was not apparent in 

the present trial possibly due to the proportion of samples with a high ultimate 

pH. This may also have been because cold-shortening was avoided and muscle 

temperatures were in the range to cause large improvements in meat tenderness 

(Lochner et al., 1980), but were not high enough to cause heat-shortening (Lee 

& Ashmore, 1985). 

Lysosomal proteolytic enzyme activity may be responsible for tenderizing of 

low pH, high temperature meat (Dutson, 1983). The increase in shear force 

values as ultimate pH increase from about 5.5 to 6.2 may indicate a decrease in 

the activities of those enzymes. However, there may be other factors affecting 

tenderness of meat within this pH range as the lower pH meat is not always more 

tender (Marsh et al., 1987). Although WHC can be improved with increasing 

ultimate pH, the increase in this pH range (5.5 -6.2) is very small and unlikely to 

have much effect on tenderness. Differences in fibre contraction state may be 

considered to be the predominant factor affecting tenderness of meat in this pH 

range when cold-shortening was avoided (Purchas, 1989a). Bouton et al. 

(1973b) showed that tenderness of meat with a pH lower than 6.0 was 

significantly improved by stretching but this effect did not appear at high pH 

values. It has also been shown by Honikel et al. (1986) that shortening of pre

rigor beef with pH values below 6.0 was greater than that of higher-pH beef 
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when cold-shortening did not occur. Similarly, increases in shear force values 

for beef samples when ultimate pH increases from 5.5 to 6.3 has been shown to 

be associated with shorter sarcomere length (Yu & Lee, 1986; Purchas et al., 

1988a). However, the effects of pH on shear force values were still significant 

after adjustment for variation in sarcomere length. This suggests that pH exerts 

its effects only partly through an effect on sarcomere length. The indirect effect 

of pH on shear force values was evident by the increase in percent variation 

accounted for when pH and sarcomere length were fitted together in the model 

(Table 4.12). 

There is also some support for a decrease in sarcomere length over a range of 

pork samples ranging from PSE to DFD reported by Irving et al. (1989) and PSE 

pork has been rated less tender (Searcy et al., 1969; Topel et al., 1976). Purchas 

et al. (1988b) showed that the paler portion of pork M. semimembranosus was 

more tender, had longer sarcomeres and lower pH values, relative to the darker 

part. 

The reported influences of pH on WHC and colour are consistent with the results 

of Lawrie (1985) and Purchas (1989a). Hamm (1986) explained that the 

increase in tissue pH above the iso-electric point of myofibrillar proteins brings 

about an increase in negative net charge, and consequently increases electro

static repulsion between similarly charged protein groups. Therefore, the protein 

network is enlarged and more water can be immobilizied, and WHC is 

improved. High water retention in the meat may form a barrier to the 

penetration of oxygen and increases the absorption of light, resulting in darker 

meat colour (Walters, 1975; Locker, 1989). 

5.2 MEAT TENDERNESS MEASUREMENT 

Differences in typical shear force deformation curves obtained from the vee

blade and the square-blade support the suggestion that the conventional Warner

Bratzler shear blade offers greater interpretational difficulties than the modified 

straight-edged shear blade (Bouton et al., 1975c). This was reflected in 

significantly higher peak shear force values and clearer initial yield points for 

the square-blade, although the values for work done in both systems were 
- -

similar. However, high correlations for each of these parameters between the 
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two blade types indicated that both blades gave similar results, thereby 

confirming the report of Moller et al. (1982). 

All shear parameters (PF, IY, PF-IY and WD) showed highly significant 

curvilinear relationships with ultimate pH. This implies that all aspects of 

structural strength measured were affected by changes in ultimate pH values. 

Rao et al. (1989) demonstrated that muscle swelling increased across and along 

the muscle fibre axis between pH 5.1 and pH 4.1. It should be expected to do so 

on the other side of the iso-electric point of myofibrillar proteins as well (Hamm, 

1986), and hence reduced shear force values might be expected (Gault, 1985). 

However, this was not the case, therefore, factors such as discussed in the 

previous section must be involved. Bouton et al. (1982b) showed that initial 

yield and peak force values decreased significantly at similar rates with an 

increase in ultimate pH from 5.5 to 7 .0. Their results were attributed to the 

linear reductions in cooking losses associated with increased pH. Sarcomere 

lengths of the meat samples did not show a significant relationship with ultimate 

pH due to stretching treatments. In contrast, sarcomere length in the present trial 

showed significant negative relationships with ultimate pH and all shear 

parameters measured except (PF-IY) values (Table 4.11). Thus, (PF-IY) values 

may be an indicator of connective tissue rather than myofibrillar strength as 

suggested by Bouton et al. (1975c). A significant increase in sarcomere length 

as ultimate pH declined significantly from medial to central parts (6.24 to 6.12) 

was associated with non-significant decrease in PF, IY and WD values 

suggesting that these parameters were mainly dependent on myofibrillar 

strength. The slight increase in (PF-IY) values from medial to central part of the 

same sample may be attributed to the increase in sarcomere length and hence the 

number of fibre and connective tissue sheaths presented in a given cross

sectional area (Bouton et al., 1975c). The results in the present trial, therefore, 

support the finding of Bouton et al. (1977) that the shear force deformation 

curve parameters could be used to explain the strength of both myofibrillar and 

connective tissue components. However, the PF value which is the sum of the 

force deformation for these two structural components seems to be more 

influenced by myofibrillar strength (IY) than connective tissue strength (PF-IY) 

(Table 4.9). This may explain the variation in the relationships between shear 

force deformation curves and subjective measurements of meat tenderness when 

the connective tissue content of meat samples is different (Hayward et al., 1980; 

Brady & Penfield, 1982; Seideman & Theer, 1986). 
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5.3 BREED AND CASTRATION EFFECTS 

5.3.1 Growth rate 

As the Friesian and Charolais cross steers had different pre-trial treatments 

which may have affected results on their growth performance during the early 

part of the trial, the growth rate during the first period may be considered as a 

pre-test adjustment period to alleviate variation in pre-test environment (Blair, 

1989). 

A number of reports have shown positive relationships between mature size of 

breed and growth rate (Andersen et al., 1977; Blakely et al., 1978; Southgate et 

al., 1982; Kempster et al., 1988). Thus, progeny of large European sire breeds 

such as the Charolais usually grow faster than progeny of sires of smaller British 

beef breeds. Straight-bred Friesians have an adult body size that is smaller than 

Charolais crosses, but similar to British beef breeds, as assessed by lean tissue 

growth rate (Kempster et al., 1988). Breed groups in the present trial were 

different from the many reports in which breed comparisons have been made. 

Reports of direct comparisons between Charolais x Angus crosses and straight 

Friesians have not been found in the literature. With regard to breeds of sire, 

Charolais and Friesian sired steers tend to grow faster than British breeds of 

cattle, and Charolais cross steers tend to grow slightly faster than Friesian steers 

(Blakely et al., 1978; Baker & Carter, 1980). Allen & Southgate (1978) showed 

that at 18 mo of age Charolais x Friesian cross steers grew 10.4 % faster than 

straight-bred Friesian steers, while Everitt et al. (1980) found only a 3.7 % 

higher growth rate for the Charolais x Friesian crosses over the age of 15 to 22 

mo, compared to straight Friesian. Likewise, in a twenty-four month beef 

production system Southgate et al. (1982) found that average daily gain (ADG) 

was 4 to 14 % greater for Charolais crosses, compared with pure-bred Friesian 

steers. Comparisons between breeds of dams have shown that steers out of 

Holstein cows had higher postweaning ADG (Lusby et al., 1975) and heavier 

yearling weights (Willham, 1973) than those from Hereford and Angus cows 

(Lusby et al., 1975), although this would not account for greater postweaning 

gains (Fredeen et al., 1972). Thus, the ADG for straight-bred Friesian and 
. -

Charolais x Angus cross steers may be similar because the potential higher 
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growth rate of the Charolais breed may be offset by the slower growth rate of the 

Angus breed. In the present trial, the overall average growth rates of the steer 

groups did not differ significantly, although the mean value was approximately 

2.5 % higher for the Charolais x Angus cross steers. Similar growth rates 

between Charolais x Hereford_ cross and pure-bred Friesian steers have also been 

reported by Morgan (1981). The higher growth rate for the Friesian steers 

during the earlier periods of this trial (period 2) may be due to pre-trial 

environmental effects, as animals grown on restricted diets may subsequently 

exhibit compensatory growth (Blair, 1989). However, the Charolais cross steers 

did show their higher potential growth rates in the later period. These results are 

supported by the finding of Jury et al. (1980) who reported an advantage in 

growth rate from 100 to 400 days for straight-bred Friesians over Charolais 

crosses, and vice versa from 400 to 600 days, leading to heavier final 

liveweights for the Charolais crosses. Morgan et al. (1978a) also found 

significantly higher average daily gains for Friesian-sired steers than those of the 

Charolais-sired steers at the age of 8 to 16 mo, but the different disappeared for 

the period from 16 to 27 mo. Everitt et al. (1980) suggested that the realisation 

of the high genetic growth potential of the Charolais breed may require higher 

feeding levels than those available under pastoral farming. 

5.3.2 Carcass characteristics 

5.3.2.1 Dressing-out percent 

Fatness and carcass conformation are factors known to affect dressing-out 

percentage of farm animals. Kirton & Morris (1989) pointed out that fatter 

animals or those with a blockier conformation, which is expected to indicate 

thicker muscle cross-sections (Kempster et al., 1982b), tend to have higher 

dressing-out percents than other animals of similar weight. Differences in 

dressing-out percents between the two breed groups obtained in the present trial 

were consistent with those of Everitt et al. (1980), compared at a similar weight, 

and Kempster et al. (1982a, 1988), compared at the same fat level. Although 

this is not a direct comparison between the same breed groups as reported here, 

the Charolais breed of sire tends to produce greater dressing-out percent values 

than the Friesian (Kempster et al., 19888; Morgan et al., 1978b) and Angus 

dams also produce progeny with greater dressing-out percent values than 
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Friesian dams (Fredeen et al., 1972). Beef breeds tend to show greater dressing

out percents than dairy breeds (Andersen et al., 1977). Thus , higher values 

should be expected for beef breed crosses than for beef x dairy cross steers. 

Mean dressing-out percentage has been shown to increase with increasing 

carcass weight (Kempster et_ al., 1982a). Although in the present trial mean 

carcass weights did not differ significantly between groups, the Charolais cross 

carcasses were 8 kg heavier than those of the Friesian steers. This was 

associated with a significantly greater fat depth for the Charolais cross carcasses 

when compared at a constant carcass weight (Table 4.2). This finding confirms 

the general rule that dressing-out percentage is an indicaton of the degree of 

finish of the carcass (Pearson, 1966) with the better-finished Charolais crosses 

have higher dressing-out percentages. However, at a similar age Morgan et al. 

(1978b) and More O'Ferrall et al. (1989) found that Friesian sired-steers out of 

either Hereford or Friesian dams had lower dressing-out percentages than those 

of Charolais sired-steers despite similar or greater fat depths. This may have 

been partly due to significantly lower carcass weights for the Friesian steers in 

those studies or to superior levels of muscling of the Charolais crosses. 

The differences in dressing-out percent in the present trial may also have been 

derived from the amount of internal fat which was excluded from the carcass 

weight during dressing. Berg & Butterfield (1976) pointed out that at any given 

age pure-bred Friesians produced greater amounts of kidney, cod and channel 

fats than Herefords, and Andersen et al. (1977) reported that Charolais cattle had 

less kidney fat and higher dressing-out percentages than Hereford cattle. 

5.3.2.2 Rib-eye area 

Rib-eye area will increase with increased carcass weight or with improved 

carcass conformation (Kempster et al., 1982b). The most important factor 

influencing carcass conformation is breed, with beef breeds always showing 

better conformation than the dairy breeds (Kempster et al., 1988). The greater 

weight-adjusted rib-eye area for the Charolais crosses in this study is in general 

agreement with previous findings (Morgan et al., 1978b; Kempster et al., 1982a, 

1988), and is consistent with the heavier steak weights. The significantly shorter 

carcasses of the Charoalis crosses may have contributed to the greater rib-eye 

areas. Garcia-de-Siles et al. (1977) pointed out that thickness of muscular tissue 
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had been achieved in cattle largely by shorter muscle lengths. However, 

differences in rib-eye area favouring Charolais crosses have also been found 

between breeds with similar carcass lengths (Morgan et al., 1978b; More 

O'Ferral et al., 1989). Taylor (1982) reported that at a similar liveweight 

Friesian carcasses were significantly longer and displayed a less desirable beef

type, as assessed objectively by the fleshing index, when compared with beef 

breeds such as the Hereford. 

5.3.2.3 Meat yield 

Better carcass conformation usually provides higher muscle to bone ratios, and 

higher yields of saleable meat (Kempster et al., 1979; 1982b) when comparison 

are made at a similar weight or level of fatness. The differences in meat yield, as 

assessed by the total weight of six major hind-quarter cuts, between the two 

breed groups supported the general consensus that beef breeds, especially 

Charolais, are superior to the Friesian in the proportion of edible meat in the 

carcasses of their progeny, at a constant age or weight (Andersen et al., 1977; 

Everitt et al ., 1980; Bass et al., 1981). Kempster et al. (1982a) reported that 

pure-bred Friesians were less efficient than Charolais crosses in converting food 

into meat and had a lower proportion of saleable meat at the same level of 

fatness. This was due to the higher proportion of bone in the carcass of dairy 

cattle (Taylor, 1982; Everitt et al., 1980; Kempster et al., 1988). Moreover, the 

significant relationship between cut weights and carcass length (negative) and 

rib-eye area (positive) strongly support the suggestion that carcass length in 

relation to weight and rib-eye area might show a useful predictive relationship 

with carcass lean content among populations with variation in lean to bone ratios 

such as beef and dairy breeds (Kempster et al., 1982b). In the present study fat 

depth showed a non-significant relationship with cut weights, supporting the 

statement by Kempster et al. (1982b) that fat thickness has been less accurate 

with beef and sheep carcasses than with pig carcasses in predicting carcass 

composition because their subcutaneous fat is less evenly distributed, less thick 

and forms a lower proportion of the total fat. The results in the current trial are 

not consistent with many studies where fat depth has proved to be a useful 

indicator of meat yield (Johnson & Ball, 1989; Ball & Johnson, 1989). In fact, 

fat thickness in most studies has been negatively associated with more of the 

variation in percent retail yield than rib-eye area (Hedrick, 1967). However, fat 
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depth at the 12th rib is frequently damaged by mechanical hide-pullers 

(Johnson & Ball, 1989), so a satisfactory measurement may not be achieved and 

the inconsistency of the degree of fat trim of commercially boned meat may also 

affect the close relationship between fat depth and meat yield (McIntyre, 1984). 

The contrasting breeds involved may have influenced the relationship between 

fat depth and yield of cuts as well (Ball & Johnson, 1989). Thus, with regard to 

saleable meat yield, based on the results in the present trial, the Charolais might 

be suitable as a sire breed to increase meat yield in dairy beef production. 

Under the same condition, bulls generally grow faster and have a longer period 

of muscle growth than steers (Berg & Butterfield, 1976). Thus, bulls produce 

leaner carcasses and have more muscle than steers (Seideman et al., 1982). The 

advantage of bulls in producing leaner carcasses is clearly evident by 

significantly lower fat depths and intramuscular fat levels. Similar results were 

reported by Seideman et al. (1989). However, the general conclusion that bulls 

have similar dressing-out percentage values to steers (Field, 1971) is true only 

when comparison was made within the same breed. In the present trial the 

Charolais cross steers had higher dressing-out percents than the Friesian bulls, 

but Friesian steers were similar to the bulls. Again this reflects the better 

finished carcasses of the Charolais cross steers (Pearson, 1966; Kirton & Morris, 

1989). The greater rib-eye areas and the longer carcasses for bulls than for 

steers at the same weight were consistent with the results of Ockerman et al . 

(1984), Paterson et al. (1988) and Purchas (1989a). This may be attributed to 

the higher muscle growth rates and lower level of fatness for the bulls (Berg & 

Butterfield, 1976). 

5.3.3 Muscle characteristics 

5.3.3.1 Muscle pH, colour and water-holding capacity (WHC) 

Group means of ultimate pH for Friesian and Charolais cross steers did not differ 

which is consistent with the results of More O'Ferral et al. (1989), but the 

average pH values in the present trial were higher. This may have been due to 

the differences in pre-slaughter handling as animals penned overnight tend to 

produce meat with higher ultimate pH values than those animals slaughtered 

immediately after transportation (Jones et al., 1986). Similar ultimate pH values 
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between the steers groups were reflected in the same meat colour, percent 

cooking loss, and expressed juice values. The results for meat colour between 

the steer groups is consistent with other reports (Koch et al., 1976; Cross et al., 

1984), although the direct comparison has not been made between comparable 

groups. However, lower WHC values, as assessed by percent drip loss, for 

Charolais cross steers relative to Friesian steers has been reported by More 

O'Ferral et al. (1989). Bramblett et al. (1977) postulated that higher cooking 

losses could arise from higher fat contents, and lower moisture content. In the 

present trial steaks from these two breeds contained similar intramuscular fat 

percentages with no external fat so similar cooking losses could be expected. 

Johnson et al. (1988) also reported that steaks from British and continental 

breeds with similar marbling scores broiled to an internal temperature of 70 °c 
showed no differences in percent cooking loss. However, the average values of 

cooking loss and expressed juice in this study were higher than those reported by 

Purchas (1989a). This may have been caused by the period of frozen storage for 

the samples, as cooking loss for frozen meat has been shown to be greater than 

that of meat which has not been frozen (Bowles Axe et al., 1983; Bhattacharya 

et al., 1988). 

The significantly higher mean ultimate pH value for bulls than for steers is 

consistent with the findings of Chrystall (1987), Jeremiah et al. (1988) and 

Purchas (1989a), and appears to have been responsible for the darker meat 

colour for the bulls, as colour differences disappeared when compared at a 

constant pH value. Jones et al . (1986) and Seideman et al. (1989) found no 

differences in meat colour between bulls and steers when their ultimate pH 

values were the same. Although cooking losses and expressed juice values in 

this study did not differ significantly between sex groups, bull meat showed 

higher values after pH adjustment, which is in agreement with the results of 

Purchas (1989a). Crouse et al. (1983) suggested that the lower marbling content 

of bull meat brought about higher cooking losses, but Johnson et al. (1988) did 

not find higher cooking losses for meat from bulls than steers. 

It appears that pH differences could explain most of the differences in 

characteristic of muscle from bulls and steers in this study. 
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5.3.3.2 Meat tenderness 

Breed differences in meat tenderness can be overshadowed by variation between 

sire groups within breeds, . but there may be little reason to expect any 

differences in the tenderness of meat from different breeds of Bos taurus cattle 

(Purchas & Barton, 1976). The results reported here are in good agreement with 

the above statement, as there were no differences in tenderness of meat from 

Friesian and Charolais cross steers, as assessed by all the parameters obtained 

from shear force deformation curves. The results are consistent with many 

reports concerning the tenderness of these two breeds groups (Koch et al., 1976; 

Cross et al., 1984; More O'Ferral et al., 1989). Although higher connective 

tissue and its lower solubility have been observed in some muscles of Charolais 

cross cattle (Martin et al., 1965; Cross et al., 1984), appreciable differences in 

tenderness have not been apparent. The similar (PF-IY) values obtained in the 

present trial support this finding. 

Relatively small differences between meat from bulls and steers detected in the 

present study support the general consensus that bull meat is slightly less tender, 

but is rated in the acceptable range (Field, 1971; Seideman et al., 1982). 

However, the higher (PF-IY) values for bull meat support the finding that bull 

meat contains more connective tissues than steer meat (Boccard et al., 1979; 

Vanderwert et al., 1986), assuming that this parameter is an indicator of 

connective tissue strength (Bouton et al., 1975c). The similar sarcomere lengths 

for bull and steer meat corresponded to the results of Seideman et al. (1989), 

although Paterson et al. (1988) and Purchas (1989a) found that steers 

M.longissimus possessed slightly longer sarcomeres. None of these reports 

found differences in instrumental texture properties for bull and steer meat. The 

curvilinear relationship between pH and shear force values can be used to 

explain these results, since tenderness improved on either side of the maximum 

shear force value on the pH/shear force curve (Figure 4.10) and while the bull 

meat was mostly located above this point, most of the steer meat was below it. 

Similar results were reported by Purchas (1989a). In the current study bull meat 

produced significantly higher shear force values after adjustment has been made 

for pH differences. This implies that the improved tenderness of bull mel!t ""._as 

associated with increases in pH values and WHC, as assessed either by cooking 
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losses (Figure 4.5) or expressed juice (Figure 4.6). Bull beef has been reported 

to be tougher, to be accompanied by higher cooking shrinkage, higher amounts 

of connective tissue and lower ease of fragmentation by Crouse et al. (1983), but 

differences in ultimate pH values were not reported in that study. The higher 

WHC of bull meat, therefore, may off set the other characteristics which could 

contribute to tougher meat, thereby leading sometimes to non-significant 

differences in meat tenderness of bulls and steers (Ockerman et al., 1984; 

Dransfield et al., 1984; Vanderwert et al., 1986). 



CHAPTER6 

CONCLUSIONS 

Conclusions based on the results obtained in this thesis are arranged below in 

three categories which correspond to the three objectives set out in Chapter 1. 

6.1 RELATIONSHIPS BETWEEN ULTIMATE pH AND MEAT 

QUALITY CHARACTERISTICS 

(a) When cold-shortening conditions were avoided, ultimate meat pH seemed to 

be a major factor influencing meat tenderness, as evidenced by the significant 

curvilinear relationship between pH and meat tenderness. 

(b) The minimum tenderness at a pH of approximately 6.1 was accompanied by 

a lower WHC relative to meat with a higher pH. The decrease in meat 

tenderness as pH values increased from 5.4 to 6.2 was partly associated with 

significant decreases in sarcomere lengths. Although the activity of proteolytic 

enzymes can contribute to meat tenderness improvement, the extent of this 

activity can be affected by changes in meat pH. 

(c) The tenderness improvement as ultimate meat pH increased beyound 6.1 

was accompanied by darker meat colour (lower reflectance values) and higher 

WHC (less expressed juice and lower cooking losses). 

6.2 MEAT TENDERNESS MEASUREMENT 

(a) The modified straight-edged Wamer-Bratzler shear blade provided a typical 

shear-force deformation curve with a clearer initial yield point and a higher peak 

shear force value, compared to the conventional vee-shaped shear blade. 

However, both blades are likely to give similar results as indicated by similar 

values for total work done and high correlations for each of these parameters 

between the two blade types. 
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(b) The significant curvilinear relationships between several shear parameters 

and ultimate pH indicated that all aspects of structural strength measured were 

affected by changes in ultimate pH values. 

(c) All shear parameters measured showed significant negative relationships 

with sarcomere length, except peak shear force-initial yield force values which 

are thought to be an indicator of connective tissue strength. However, the peak 

shear force value was more influenced by myofibrillar strength (initial yield 

force) than by connective tissue strength (peak shear force-initial yield force). 

6.3 BREED AND CASTRATION EFFECTS 

(a) No significant differences in overall average growth rate and final 

liveweight were found between pure-bred Friesian and Charolais x Angus cross 

steers , although the Charolais cross steers grew slightly faster in the later 

periods. Compensatory growth may have been responsible for the faster early 

growth rates in the Friesian steers if they had been on restricted diets during the 

pre-trial period. 

(b) The Charolais cross steers had greater dressing-out percentages, greater rib

eye areas, but shorter carcasses than the pure-bred Friesian steers. This was 

reflected in significantly greater fat depths and superior levels of muscling of 

the Charolais cross carcasses, leading to heavier steak weights and higher meat 

yields. 

(c) At a constant carcass weight, the bulls had greater rib-eye areas and longer 

carcasses than the steers. Bulls produced leaner carcasses, as reflected in lower 

fat depths and intramuscular fat levels. Dressing-out percent values for bulls and 

steers were similar when compared within the same breed. 

(d) Breed differences in meat quality characteristics were not found in this 

study. Similar ultimate pH values for meat samples of Pure-bred Friesian and 

Charolais cross steers were consistent with similar mean values for meat 

tenderness, colour, percent cooking losses and expressed juice values. 
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(e) Conversely, higher uitimate pH values for meat from bulls than steers were 

responsible for a darker meat colour, but no differences in meat tenderness or 

WHC. However, bull meat seemed to have slightly greater connective tissue 

content, as indicated by higher peak shear force-initial yield force values. When 

pH effects were eliminated by covariance bull meat was slightly tougher and had 

lower WHC than steer meat. 
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APPENDICES 

Appendix 1 Least-squares means of dressing-out percentage for Friesian bulls, 
Friesian steers and Charolais x Angus cross steers within each slaughter 
lot. The interaction between Lot and Group was significant (P<0.05). 

Group Lot 
1 2 3 4 Overall means 

Friesian-bulls 49 .64a 51.56a s1.11a 49.57a so.47a 

Friesian-steers 50.9 lab 51.7Pb 49.09b 52.17bc so.97a 

Charolais-steers 51.91 b 53.28b 51,44a 53.88C 52.61 b 

Overall means so.soct s2.1se so.ssct 5 l.88e 

a, b, c 
d, e 

Means in the same column with different superscripts are different (P<0.05) 
Means in the same row with different superscripts are different (P<0.05). 

Appendix 2 Simple correlation coefficients between cut weights and some carcass 
characteristics used as independent variables in regression equations. 

Cuts Correlation with 

Carcass cut Rib-eye area Carcass length Fat depth 

1 Tenderloin 0 .70 0.67 -0.30 -0.05 
2 Striploin 0.66 0.67 -0.46 0.34 
3 Rump 0 .77 0.65 -0.41 0.28 
4 Topside 0 .68 0.71 -0.42 0.15 
5 Knuckle 0.73 0.60 -0.43 0 .20 
6 Silverside 0 .73 0 .56 -0.56 0.30 
7 Sum of 4, 5, 6 0.75 0.65 -0.51 0.24 
8 Sum of all 6 cuts 0.78 0.70 -0.50 0.26 
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Appendix 3 Simple correlation coefficients between individual cuts calculated for 
actual cut weights (below the diagonal) and as percentages of carcass 
weight (above the diagonal). The number along the top of the table 
corresponds to the numbered variables listed on the left hand side. 

Percent of 
carcass 

Actual weight 2 3 4 5 6 7 8 
weight 

1 Tenderloin 0.41 0.50 0.61 0.66 0.47 0.63 0.68 
2 Striploin 0.67 0.50 0.55 0.51 0.60 0.62 0.74 
3 Rump 0.75 0.70 0.53 0.57 0.65 0.66 0.78 
4 Topside 0.82 0.72 0.79 0.78 0.70 0.88 0.84 
5 Knuckle 0.80 0.75 0.78 0.88 0.67 0.90 0.86 
6 Silverside 0.73 0.75 0.82 0.85 0.85 0.90 0.89 
7 Sum of 5, 6, 7 0.83 0 .78 0.84 0.94 0.94 0.95 0.96 
8 Sum of all 6 cuts 0.84 0.84 0.90 0.93 0.93 0.94 0.98 

Appendix 4 Simple correlation coefficients between cut weights from each side, 
calculated for actual cut weights and as percentages of carcass weight. 

Item Correlation coefficients 

wt vs wt %vs% 

Tenderloin 0.84 0.71 

Striploin 0.74 0.62 

Rump 0.89 0.79 

Topside 0.85 0.75 

.~ Knuckle 0.79 0.60 

Silverside 0.90 0.82 

Sum 3-cuts 0.96 0.92 

Sum 6-cuts 0.97 0.95 




