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ABSTRACT 

Temperament ratings based on a numerical scale (chute score) were assessed during 
weighing and handling of cattle at afeedlot. Breeds studied included Braford, Red Brangus 
and Simbrah. Cattle were fed to a constant fat thickneSs of 9 to 13 mm (target= 11 mm) 
over the 12th rib as determined by periodic ultrasound measurements. Cattle were 
slaughtered in a commercial slaughter plant and stunned by captive bolt. Temperament 
rating had a significant effect on the incidence of borderline dark cutters which were 
downgraded by a USDA grader (P=O·Ol). Temperament score also had a significant 
effect on tenderness (P <0·001) as evaluated by Warner-Bratzler Shear (WBS) force at 
day 14 post mortem. The calmest animals which stood still when restrained in a hydraulic 
squeeze chute had a mean WBS force of 2·86 ± 11 kg and cattle which became highly agi
tated and struggled violently during restraint averaged 3·63 ± 19 kg. Forty percent of these 
cattle had WBS force values which were over 3·9kg which is a threshold value for 
acceptability in food service establishments. These data show that cattle with the most 
excitable temperament ratings produce carcasses with tougher meat and a higher incidence 
of borderline dark cutters than cattle with calm temperament ratings. © 1997 Elsevier 
Science Ltd 

INTRODUCTION 

Meat quality issues, such as tenderness and dark cutting, currently concern the beef 
industry. A survey of purveyors, restaurateurs and retailers ranked both of these defects in 
the top 10 primary concerns about the quality of beef (Smith et al., 1992). Dark cutting 
carcasses and inadequate beef palatability were responsible for losses of $5·00 and $2-89 
per head, respectively (Smith et al., 1992). 

Previous studies have shown that there is a relationship between the dark cutting condi
tion and animal behavior. Several studies have shown that mixing strange cattle together 
results in fighting, mounting and other physical activity that increases the incidence of dark 
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cutting (Grandin, 1980; Tennessen and Price, 1980; Kenny and Tarrant, 1987). It has been 
well established that physical stress results in glycogen depletion which will result in dark 
cutting meat if it occurs prior to slaughter (Ashmore et al., 1973; McVeigh et al., 1982). 
However, absolute causes of the dark cutting condition have not yet been established, and 
a means of identifying animals that may be more susceptible to dark cutting does not exist. 

Objective scoring of animals' behaviors while subjected to potentially stressful condi
tions, such as restraining in a squeeze chute, have been used to assess cattle temperament 
(Tulloh, 1961; Fordyce et al., 1988; Gonyou et al., 1986). Temperament, which has been 
shown to be moderately heritable in cattle (Shrode and Hammack, 1971; Stricklin et al., 
1980; Hearnshaw and Morris 1984; Fordyce et al., 1988), generally means the excitability 
or the tendency of an animal to become agitated when it is handled. Temperament rank
ings, or chute scores, can give an indication of the amount of active resistance exhibited 
by an animal when it is restrained for routine, non-painful husbandry procedures such as 
vaccinations. Grandin (1993) and Lyons (1989) reported that the degree of behavioral 
agitation expressed by animals during routine handling procedures is consistent over 
multiple handling experiences. However, Crookshank et al. (1979) reported that, in cattle, 
agitation and cortisol levels decreased with subsequent experiences in the handling facility 
because the cattle became habituated. Hargreaves and Hutson (1990) likewise have shown 
that getting sheep accustomed to people and reducing their flight zone is somewhat suc
cessful at reducing aversion to repeated handling procedures. Regardless of the changes in 
aversion that a single animal exhibits over time, we would expect behavioral changes to 
remain relatively consistent with respect to its contemporaries. 

Temperament has been shown to be related to various aspects of livestock production, 
such as milk production (Drugociu et al., 1977; Lyons, 1989) and daily weight gain (Voi
sinet et al., 1997). Stricklin et al. (1980) and Voisinet et al. (1997) both found that heifers 
had a more excitable temperament than steers. The objective of this study was to investi
gate the impact of temperament on the incidence of dark cutters and toughness in cattle 
slaughtered in a large commercial slaughter plant. 

MATERIALS AND METHODS 

Animals and management 

Three hundred and six cattle (7-11 months old), comprised of steers (n = 162) and heifers 
(n = 144), were transported from Florida to feedlot facilities in Colorado for finishing after 
45 days of backgrounding in Oklahoma. Breeds studied included Braford (3/8 
Brahmanx5j8 Hereford or 1/2 Brahmanx 1/2 Hereford), Red Brangus (3/8 Brahmanx5j8 
Red Angus or 1/4 Brahmanx3/4 Red Angus) and Simbrah (3/8 Brahmanx5/8 Simmen
tal). Cattle were housed in groups of approximately 20 to 50 head, with group allotments 
determined by gender and weight after a 2 week acclimation period. 

All cattle received a concentrated diet consisting primarily of whole corn and corn 
silage [for a complete description of the diet, see O'Connor et al. ( 1997)]. Growth implants 
were administered at the start of the finishing period and after approximately 120 days on 
feed. Implant protocols were as follows: steers were given an initial implant containing 
200 mg of progesterone and 20 mg of estradiol benzoate, and a second implant containing 
120 mg of trenbolone acetate and 24 mg of estradiol; heifers received 200 mg of trenbolone 
acetate for both the initial and the second implants. Heifers were supplemented with 
0-4mg per animal per day melengestrol acetate (MGA) for the duration of the feeding 
period. No withdrawal of MGA was utilized prior to slaughter. Cattle were fed to acquire 
a constant subcutaneous fat thickness of 9 to 13 mm (target= 11 mm) over the 12th rib, as 
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determined by visual indices and ultrasound measurements. Growth traits, such as initial 
and final test weights and average daily gains for a population of cattle that includes the 
present sample population, are reported in Voisinet et al. (1997). 

Experimental procedures 

Animals were temperament rated once, by a single observer during initial test weight 
determination which occurred after a 2 week acclimation period to feedlot conditions. 
Temperament scores were recorded the first time animals were handled in the feedlot 
working facilities. Temperament rating was conducted while each animal was restrained in 
a hydraulic squeeze chute (crush). The squeeze chute holds the animal by pressing on its 
body with side squeeze panels and holding its head in a neck stanchion. Animals were 
assigned temperament scores based on a 4-point system similar to that used by Grandin 
(1993). Grandin (1993) found that a series of temperament scores were stable over time 
for the very calmest animals and for the most excitable animals, when four temperament 
scores were recorded 30 days apart. Behaviors corresponding to each temperament score 
were; 1 ='calm, little movement', 2 ='squirming, occasional shaking of restraint device', 
3 ='continuous vigorous movement and shaking of restraint device', 4 = 'frenzied, rearing, 
twisting or violently struggling'. 

Carcass data collection and sampling procedures 

Animals were sorted into slaughter groups approximately 12-18hr before slaughter, 
based on ultrasound measurements and visual appraisal of fatness. The cattle were eo
mingled from different groups the night prior to slaughter. They were slaughtered at a 
large commercial beef slaughter plant in groups of approximately 40 to 60 head, using 
conventional industry procedures and captive bolt stunning. Split carcass sides were elec
trically stimulated, approximately 40 min after stunning. Carcasses were spray-chilled at 
- 3°C for the first 9 to 11 hr; for the remainder of the 24 hr chill period, the cooler was set 
at I oc. The incidence of dark cutting and downgrading owing to col or was determined by 
visual assessment, 24 hr post mort em. Visual assessment was carried out using. a USDA 
grader per normal industry practice. Dark cutting was scored for severity in units corre
sponding to quality grade discounts (USDA, 1989), with no discount, 1/3, 2/3, and full 
grade discounts possible. 

Immediately after collection of carcass grade information, a strip loin (USDA, 1988) 
was obtained from a randomly selected side of each carcass. Strip loins were fabricated 
into steaks 2· 5 cm thick. Steaks, trimmed of external fat and peripheral connective tissue, 
were vacuum-packaged and aged for 14 days. After aging the steaks were frozen. Steaks 
were thawed for 24 hr at 2°C, then broiled at a setting of 8 on a Hobart Char Broiler 
(Model CB 51, Hobart Corp., Troy, Ohio, USA). Steaks were turned at 4, 8, 11 and if 
necessary, 14 min to allow for uniform cooking until the desired internal temperature of 
70°C was attained. Following cooking, steaks were cooled until they had equilibrated to 
room temperature and, then, four to eight cores (1 ·27 cm in diameter) were removed par
allel to the muscle fiber orientation. A single, peak shear force measurement was recorded 
for each core using a Warner-Bratzler shear machine; measurements for cores from the 
same steak were averaged to obtain a single shear force value for each steak. 

Statistical analysis 

Data were analyzed using the SAS GLM procedure (SAS, 1985). Incidence of dark
colored lean (0, 1) and shear force data were analyzed using least square analysis of 
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variance with a model which included breed, gender, temperament and the random effect 
of sire nested within breed; adjusted fat thickness was used as a covariate. Least-squares 
means were calculated for temperament, breed, gender and Warner-Bratzler shear force, 
where appropriate. Frequency data were tested for significance using the chi-square sta
tistic. Slaughter day was not included in the final analysis because it had no effect. There 
were 14 separate slaughter days and the different cattle breeds and sexes were evenly dis
tributed across the days. 

RESULTS 

Temperament effects on meat quality 

Chi-square analysis of the frequency of lean color category reveals that a higher propor
tion of carcasses which exhibited borderline dark cutting were from the more excitable 
animals (P=0·01) (Table 1). In carcasses from animals which received a calm tempera
ment rating, (a score of 1) 6·7% exhibited borderline dark cutting whereas 25% of the 
carcasses from highly excitable animals, (a score of 4) exhibited borderline dark cutting 
(P < 0·05). The ultimate pH of all carcasses ranged from 5·35 to 5-79. 

Temperament was also associated with differences in tenderness as measured by War
ner-Bratzler shear force (P < 0·001) on day 14 of the aging period. As temperament 
increased from calm to excitable, WBS increased (Table 2). Temperament had a signifi
cant effect on toughness when the effect of sex was removed from the analysis. 

Chi-square analyses of tenderness, by dividing shear force into two categories, 
(WBS < 3·9 kg and WBS > 3·9 kg) shows that tenderness is affected by temperament 
ranking, (P < 0·00 1 ). A much higher percentage ( 40%) of animals which had very excita
ble temperaments, or a ranking of 4, produced steaks with WBS values> 3·9 kg when 
compared with temperament ranking categories 1 through 3, which average only 13·7% 
steaks with WBS values;:::3-9 kg (Table 2). The threshold value for acceptability in food 
service establishments is 3·9 kg (Shackelford et al., 1991). Steaks with higher shear force 
values are more likely to be perceived as tough by a trained sensory panel. 

Breed effects on meat quality 

Temperament was not different between breeds. Least squares means for temperament 
score by breed were as follows: Braford= 1·99±0·12, Brangus=2·18±0·17, 
Simbrah = 1·14 ± 0·13. Breed was not related to differences in tenderness in this population 
of cattle. Previous studies which have examined breed effects on tenderness often have found 
that B. indicus cattle tend to have tougher meat than B. taurus cattle (Johnson et al., 1990; 

TABLE 1 
Numbers of Animals in Each Temperament Ranking, Separated by Lean Color Category 

Temperament ranking" Norma/lean Dark lean Dark lean, % 

I 84 6 
2 115 5 
3 70 6 
4 15 5 

a1 =calm, little movement; 4 =frenzied, rearing, twisting or violently struggling. 
b,cPercentages values in a column with unlike superscripts are different (P < 0·05). 

6·7b 
4·2b 
7·9b 

25·0C 
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TABLE2 
Least Square Means For Wamer-Bratzler Shear Force For Each Temperament Category 

Temperament ranking" n Warner-Bratzler shear force, kgh %of WBS va/ues?_3·9kg 

1 
2 
3 
4 

90 2-86 ± 0·11 c 

120 2·88 ± 0·09c 
76 3·19±0·11d 
20 3-63±0-W 

a1 =calm, little movement; 4 =frenzied, rearing, twisting, or violently struggling. 
bValues are means±SE. 
c,<fMeans, within each main effect, with unlike superscripts are different (P < 0·05). 

11-F 
9·2C 

23·7d 
40-0d 

Whipple et al., 1990). However, no Warner-Bratzler shear force difference among 1/2 and 
3/4 blood Brahman-inftuenced cattle were reported by Johnson et al. (1990). 

Likewise, breed was not associated with the incidence of borderline dark cutting. Prior 
research is inconsistent with respect to breed susceptibility to dark cutting. Much higher 
than normal incidence of dark cutting (50%) was reported in Guernsey dairy cows (Grandin, 
1980). However, Grandin (1979) concluded that breeds of Bos taurus beef cattle had no 
effect on the occurrence of dark cutters. Shackelford et al. (1994) reported that breed dif
ferences did exist between lean color of carcasses from different sire lines. Carcasses from 
Chianina-cross sires exhibited darker-colored lean than most other breed groups in the 
study (Shackelford et al., 1994). No differences in the frequency of dark cutting carcasses 
existed between carcasses produced from Bos indicus sire lines and Bos taurus sire lines 
(Shackelford et al., 1994). Stress susceptibility manifested in quality problems, specifically 
pale, soft, exudative meat, has been shown to be at least somewhat breed dependent in 
swine (Addis, 1986). Research by Tyler et al. (1982) showed that Bos indicus-cross cattle 
were less stress-susceptible than purebred Hereford and Shorthorn steers. 

GENDER EFFECTS ON MEAT QUALITY 

In this population of cattle, temperament was significantly associated with gender 
(P< 0-05) (see also Voisinet et al., 1997). Least square means for temperament score show 
that heifers are significantly more excitable than steers (2·23±0-10 versus 1·98±0·10, 
respectively). Stricklin et al. (1980) found similar gender differences in Bos taurus cattle; 
however, other research identified only trends in temperament differences (Tulloh, 1961; 
Shrode and Hammack, 1971). 

Analysis of variance also showed that gender was associated with the incidence of bor
derline dark cutting (P<0-01) and with tenderness as measured by WBS (P<0-001) at 
day 14 post mortem (Table 3). Heifers had significantly tougher meat and a higher inci
dence of borderline dark cutters than their steer contemporaries. In the present study, 
however, gender was completely confounded by implant protocol as was described in the 
Materials and Methods section. The mean WBS force for heifers was 3-25 ± 0·09 kg and 
steers ware 3·04 ± 0·10 kg. 

DISCUSSION 

The animals with the most excitable temperament exhibited more borderline dark cutting 
and tougher meat (Tables 1 and 2). Even though these borderline dark cutters did not 
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TABLE3 
Gender Frequencies in. Each of the Tenderness and Lean Color Categories 

Gender 

Heifers 
Steers 

Mean temperament 
score 

2·23±0·10 
1·98±0·10 

WBS shear force determination 
<3·9kg >3·9kg %>3·9kg 

Ill 
148 

33 
14 

a,bPercentages with unlike superscripts are different (P < 0·001). 
c,dPercentages with unlike superscripts are different (P < 0·01). 

Color of lean 
Normal Dark % dark 

128 
156 

16 
6 

have a high enough pH to be considered true dark cutters, they cost the beef industry mil
lions of dollars in USDA downgrades. Wulf et al. (1997) reported that colorimeter readings 
from this same group of cattle indicated that the individuals with the darker colored lean 
had a higher percentage of animals with tough meat. We reason that those animals with the 
most excitable temperaments may be most susceptible to stress generated by routine hand
ling practices, such as handling and transport, which occur just prior to slaughter. Lawrie 
(1958) reported that 'excitable' animals had reduced glycogen reserves, and hypothesized 
that a short range muscular tension, similar to shivering, independent of movement, such as 
walking or running, may have resulted in the low glycogen reserves which ultimately caused 
dark cutting. Thus, it follows that dark cutting is more prevalent in the US in the spring and 
fall (Lawrie, 1958; Tarrant, 1981). During these periods of the year large day/night fluc
tuations in temperature are likely to occur, and so shivering is also more likely to occur. 
Selye (1936) found that stress, regardless of the cause, (emotional excitement, cold, fatigue, 
etc.) resulted in adrenaline release from the adrenal cortex. Adrenaline, through a series of 
biochemical changes indirectly catalyzes the breakdown of glycogen antemortem, leading to 
an elevated muscle ultimate pH post mortem. It has been well established that pronounced 
ante mortem glycolysis may result in an elevation in the ultimate pH of muscles which is 
primarily responsible for enhancement of the dark cutting condition (Ashmore et al., 1973; 
McVeigh and Tarrant, 1981; Kenny and Tarrant, 1987). Lawrie (1958) reasoned that if an 
'excitable' animal was deficient in the production of glucocorticoids, which normally pro
vide a positive feedback to illicit increased glycogen synthesis, a chronically low level of 
muscle glycogen may be maintained. This chronic glycogen shortage could occur via genetic 
deficiencies in the pituitary or hypersensitivity of the hypothalamus, and thus over-stimu
lation of the pituitary (Lawrie, 1958). Thus, when stress susceptible animals undergo addi
tional stress, they would be more likely than a normal animal to exhibit elevated muscle pH 
and dark cutting. Stress susceptibility in these cattle must not be confused with Porcine Stress 
Syndrome (PSS) (malignant hyperthermia). Stressors appear to be additive (Bray et al. , 
1989) so that multiple stressors will result in a greater elevation of ultimate muscle pH than 
a single stressor alone. Thus, it is conceivable that additional stressors near the time of slaugh
ter, such as handling, sorting, transporting and (or) novel environments would provide 
sufficient stress levels to produce dark cutting in moderately stress susceptible animals. 

Dark cutting is much more prevalent, 11 to 15% (Tarrant, 1981) in young bulls. 
Although circulating testosterone may play a role in determination offiber types (Ashmore, 
1974), the increased incidence of dark cutting is predominately attributed to enhanced 
muscle glycogen depletion. Bulls are known for increased aggressive and sexual activity 
(Tarrant, 1981) culminating in considerably more mounting behaviors and fighting when 
eo-mingled than normally seen on other gender classes (steers, heifers). Dark cutting has 
also been shown to increase in heifers which are exhibiting mounting behaviors near the 
time of estrus (Kenny and Tarrant, 1988). 
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Direct evidence exists for the relationship between physical stress and glycogen depletion. 
Dark cutting can be produced selectively in muscles owing to physical activity, for example 
mounting characteristically seen in aggressive and sexual behaviors. Mounting behavior in 
cattle resulted in elevated muscle pH most extensively in the hind quarter muscle while approx
imately normal pH was observed in forequarter muscles (Tarrant and Sherington, 1980). 

Considerable research has shown that variations exist in muscle glycolysis rates among 
differing fiber types (Lacourt and Tarrant, 1985; Rao and Gault, 1989). Muscles com
posed predominately of 'white' (fast twitch) fiber types will typically have a lower glyco
gen content after mixing stress (Lacourt and Tarrant, 1985). 'Red' (slow twitch) muscle 
fibers appear to have a greater affinity for circulating adrenaline and thus undergo more 
extensive glycogen depletion during stress induced by exogenous adrenaline (Lacourt and 
Tarrant, 1985). Research by Rao and Gault (1989) in muscles from unstressed animals, 
however, found that predominately 'red' fiber type muscles had a higher ultimate pH than 
did 'white' fiber type muscles. Data reviewed by Young and Foote (1984) suggested that 
muscles which are low in glycolytic capacity and high in oxidative capacity are less prone 
to dark cutting. Young and Foote (1984) found that muscles with a high proportion of 
primarily glycolytic fibers appeared to exhibit an increased propensity for dark cutting. 
However, they also found this fiber type to be more common in bulls which usually exhi
bit more dark cutting. To the author's knowledge no formal research has been completed 
which addresses a possible temperament-fiber type relationship. 

A study by Zerouala and Strickland (1991) draws connections between factors which are 
known to produce changes in fiber type in controlled conditions, such as temperature, 
genetics and carcass weight, and those factors identified as contributing to an increased 
incidence of dark cutting. Ashmore (1974) theorized that muscle susceptibility to stress (in a 
biochemical sense) is determined by the proportion offibers with glycolytic metabolism. His 
primary line of reasoning is that metabolically, glycolytic fibers have an enhanced response to 
epinephrine (Ashmore, 1974). Epinephrine causes glycolysis to increase in muscle fibers and 
thus an increase in lactic acid results prior to slaughter. Some research with 'double muscled' 
cattle supports this hypothesis. Experiments in Angus cattle which exhibited muscle hyper
trophy shows that these animals exhibit an increased number of glycolytic fibers (Holmes et 
al., 1972). Research has also shown that animals which exhibit muscle hypertrophy also had 
an enhanced glycolytic capacity and a higher blood lactate level (Holmes et al., 1972, 1973). 
In addition to exhibiting altered biochemical and physiological characteristics, 'double 
muscled' cattle have also been known to exhibit a more excitable temperament (Homes et 
al., 1972). These findings may be explained, at least in part, by research by Pitts (1971). Pitts 
found that 'anxiety neurosis' in man, characteristics of which include nervousness and 
intense fear, can be produced by an increased level of blood lactate. As mentioned above, 
an increase in blood lactate is also seen in 'double muscled' cattle (Holmes et al., 1972). 

It has been well established that muscle color is highly correlated with muscle pH. 
Muscle pH has been utilized as a more objective means of determining dark-colored lean 
(Warris and Lister, 1983). True dark firm dry (DFD) beef is characterized by extremely 
dark color, very high muscle pH and lower than normal shear force values (Lawrie, 1992). 
The relationship between borderline dark cutting, and increased toughness found in the 
present study does not necessarily contradict previous research. Because borderline dark 
cutting was determined by visual means, the carcasses classified as 'dark' do not necessa
rily exhibit these true DFD characteristics. The pH of this population of cattle exhibited a 
relatively restricted pH range (5·35 to 5·79) (Wulf et al., 1997). Meat with intermediate pH 
values (5·8 to 6·2) have the highest shear force values (Bouton et al., 1973; Purchas, 1990). 
The current data correspond with these findings. 

A potential hypothesis for temperament effects on tenderness may involve adrenaline 
action on ,8-adrenoceptors. Adrenaline binding at .B-adrenergic receptors on muscle cell 
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membranes mediate glycogen metabolism. Injection of ,8-adrenergic blocker prior to 
slaughter was successful in preventing dark-colored lean in sheep induced via adrenaline 
administration (Ashmore et al., 1974). ,8-adrenoceptor agonists have been implicated in 
increasing shear force values (Koohmaraie et al., 1991) and ,8-adrenoceptor density is 
mildly related to darkening of muscle color (Hoey et al., 1995). McVeigh and Tarrant 
(1981), however, found that an injection of a ,8-adrenoceptor blocker was not successful at 
preventing muscle glycogen depletion induced by physical activity. The difference in effi
cacy between method of dark cutter induction may be owing to differences in muscle fiber 
type and adrenaline affinity. From this we can postulate that a relationship between ,8-
adrenoceptor density, or affinity, and temperament could possibly explain a portion of the 
effects on meat quality seen in the present study. 

The current findings of a gender effect on tenderness does not agree with research by 
Prost et al. (1975) which found no gender based differences in tenderness. Another unex
pected finding was that over 70% of the animals that exhibited borderline dark cutting 
were heifers. This differs from a study by Jones and Tong (1989) which found a higher 
incidence of dark cutting in steers than heifers. It does, however, agree with a study by 
Murray (1989), in which heifers had a higher incidence of dark cutting than steers. Mur
ray (1989) proposed that the higher incidence of dark cutting in heifers was related to 
more rapid cooling of lighter heifer carcasses, and thus a slower decline in pH. 

Again, however, in the current study, gender is completely confounded by implant 
protocol. Observations by the second author in several large commercial slaughter plants 
indicate that the use of two or three trenbolone acetate implants in steers and hiefers may 
increase the incidence of dark cutters. Research by Vanderwert et al. (1985) and Baker 
and Gonyou (1986) shows that implantation with zeranol had no impact on agitation 
scores in steers or bulls. However, to the authors' knowledge no formal behavior-implant 
research has been conducted in heifers. 

CONCLUSIONS 

Temperament, or the excitability of cattle, had a significant impact on the incidence of bor
derline dark cutting in cattle. Animals that were more excitable had a greater tendency to 
exhibit borderline dark cutting at slaughter. Additionally, the temperament of cattle had a 
significant effect on subsequent carcass tenderness. Animals which were more excitable 
were also more likely to produce carcasses which exhibited shear force values of 3·9 kg or 
higher, which reduces the acceptability of the meat for use in food service establishments 
(Shackelford et al., 1991 ). These results imply that selecting for cattle with calm temperament 
may result in benefits in meat quality by indirect selection against stress susceptible animals. 
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