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Palatability of Meat from Bull and

Steer Carcasses

Castration of bulls has long been a tradi-
tional practice in the United States. Histor-
ically, castration has produced an animal
more manageable and desirable for mar-
keting. At present, production of intact
males has gained attention because of con-
sumer demands for lean meat. Generally,
bulls grow more rapidly, have better feed
efficiency, and produce higher-yielding
carcasses with less fat and more muscle
than steers. Major disadvantages with bull
production include management problems
due to temperament and lower U.S. De-
partment of Agriculture (USDA) quality
grade due to less marbling. Meat from bulls
has also been observed to be darker in color
and less tender. If these problems are re-
solved, the use of bulls for meat production
may be adopted by the meat industry.

BACKGROUND

onsumption trends and consumer preference
studies indicate current desires for a reduced

level of fatness in animal products (1,2). Munro
(3) observed that meat is a significant source of nutrients
but that it would be more nutritious if the proportion of
saturated fatty acids could be reduced. High levels of
dietary fat have been associated with increased risks of
some types of cancer (4) and cardiovascular disease (5).
Fat is a concentrated source of caloric energy. However,
in the present highly mechanized and relatively seden-
tary society of the developed countries, the need for
calories to fuel daily activities is reduced from earlier
periods when manual labor was more the norm (6). Thus,
the reduction of fat in meat has received considerable
attention. It is a major goal in the genetic improvement
of livestock (7,8) and development of livestock produc-
tion systems. The historical practice of castrating male
calves that remains common in North America is appar-
ently counter to this goal.
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There have been several comprehensive reviews of the
effect of castration on meat production in sheep, cattle,
and pig, beginning in 1962 (9) up to (10,11) a few years
ago (12). This survey reviews the advantages and disad-
vantages of utilizing young intact male cattle (bulls) for
meat production, with emphasis on their carcass char-
acteristics compared with castrates (steers). For further
information, readers are referred to Northern Central
Regional Research Publication 309 (13), which deals with
recommendations for producing young bulls for meat
production.

CURRENT STATUS

Carcass and Growth Characteristics

Carcasses of bulls have less intramuscular fat (marbling),
less subcutaneous fat, and less fat surrounding the kid-
ney and contain more protein per unit of weight than do
carcasses of steers (14-23). However, steers have more
subcutaneous fat at the twelfth rib than do bulls (14.3
mm versus 9.3 mm, respectively) (11). Field (11), citing
15 references, concluded that carcasses of bulls and
steers represent a similar percentage of live weight
(59.7% versus 59.6%, respectively).

Lower marbling scores associated with bull carcasses
result in a lower USDA quality grade for these carcasses.
This reduction in quality grade has resulted in strong
resistance to bulls by packers because of existing price
discrimination based on USDA quality grade. However,
the greater protein content of bull carcasses translates
into a greater yield of closely trimmed retail products
than is obtained from steers (17,19,20). Jacobs et al. (17)
further indicated that bull carcasses were worth approx-
imately 15% more to the retailer than were steer car-
casses.

It has been consistently reported that bulls are superior
to steers for economically important traits. On average,
bulls grow 17% faster and are 13% more efficient in
converting feed to live weight than are steers. It is also
clearly documented that bulls produce carcasses that
contain less fat (approximately 35% less) and more mus-
cle per unit of weight than carcasses from steers. The
recent increased awareness by consumers regarding
health implications of fat in their diets gives added
impetus to developing production systems using the nat-
ural advantages of the bull in producing lean beef.
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Meat Quality

Meat from bull carcasses may be tougher than meat from
steer carcasses (11,12,24,25). However, in most cases, this
difference is very small and more than likely would not
result in consumer objection {Table 1). Numerous re-
searchers have been unable to detect significant differ-
ences between the tenderness of meat from young bulls
and that of meat from steers slaughtered at comparable
ages (18,21,22,26-31; Table 1). The mechanism causing
differences in tenderness between meat from bulls and
steers is not well defined. Riley et al. (28) suggested that
differences in the fatness could explain the differences
in the tenderness. Differences in the connective tissue
associated with differences in tenderness have also been
suggested (32,33). As might be expected, the commonly
used bull versus steer model often yields equivocal re-
sults. Studies attempting to relate collagen to the tender-
ness differences in bulls and steers are not consistent. In
the majority of the studies, lean meat from bulls tends
to have a higher quantity of collagen than does meat
from steers (21,22,24,25,30; Table 2).

According to Bailey (34), it is the solubility of collagen
that is important in meat tenderness rather than the
absolute amount. However, again there is disagreement
in the literature (Table 2). Some researchers report that

lean muscle from bull meat has significantly lower col-
lagen solubility (24,33), while others have not been able
to detect any differences (21,23,25,30; Table 2).

Marsh (35) hypothesized that collagen and/or the myofi-
brillar apparatus determines meat tenderness. Numer-
ous studies have attempted to link the differences in
meat tenderness between bull and steer carcasses to
collagen. However, very little (if any) work has been
done in determining the possible contribution of the
myofibrillar apparatus to this difference. Assuming that
tenderness is a major consumer concern regarding con-
sumption of meat from bull carcasses, it appears that the
problem can be solved. Proteolysis of myofibrillar pro-
teins is probably the major reason for postmortem ten-
derization of meat (36,37). Additionally, it has been dem-
onstrated that calcium-dependent proteases are most
likely responsible for proteolysis of those myofibrillar
proteins that are degraded during postmortem storage to
yield the resultant increase in bovine and ovine meat
tenderness (38-42). Indeed, Koohmaraie et al. (40-42)
have demonstrated that when calcium-dependent pro-
teases are activated during the early postmortem period,
the tenderization process in ovine carcasses was com-
pleted within 24 h of postmortem storage. Since the
mechanism of postmortem tenderization is believed to
be the same in bovine and ovine carcasses, we should be

Table 1 Comparison of palatability characteristics of bulls (B) and steers (S)

Warner-Bratzler
shear (kg/1.27

Panel scores’

cm) Tenderness Juiciness Flavor

Reference B S B S B S B S
Calkins et al. (21) 2.31 2.16 — — — — — —
Vanderwert et al. (22) 4.48 4.08 5.56 5.70 5.61 5.50 — —
Burson et al. (24) 4.00 2.80 — — — — — —
Dikeman et al. (25) — —_ 6.59 7.72 6.75 7.39 3.21 3.26
Riley et al. (28) 3.20 2.90 5.60 6.20 5.30 5.20 —_ —_
Jones et al. (31) 6.69 5.60 — — — — — —
Fortin et al. (51) —_ —_ 8.74 8.78 8.46 8.51 8.11 8.29
Griffin et al. (53) — —_ 6.00 6.30 5.90 5.10 3.80 3.90
Hopkins and Dikeman (54) 4.40 4.00 — — — — — —
Miller and Cross (55) 4.50 4.30 5.20 5.30 5.30 5.30 5.50 5.50
Stiffler et al. (56) 4.20 3.60 5.80 6.50 5.50 5.60 — —
Crouse et al. (57) 4.49 3.66 5.30 6.32 5.79 5.89 5.39 5.60
Crouse et al. (58) 4.67 4.02 5.09 5.32 5.27 5.34 5.47 5.50

* Taste panel ratings are on the scale of 1 to 8 for all studies except Dikeman et al. (1 to 10) and Fortin et al. (1.5 to 13.5). In all cases, least number
(e.g., 1.0 or 1.5) indicates tough, dry, and bland, and high number (8 or 10) indicates tender, juicy, and intense for tenderness, juiciness, and

flavor, respectively.

Table 2 Comparison of collagen characteristics of lean meat from bull (B) and steers (S)

Total collagen Soluble collagen (%

)

Panel score" (con-

(mg/mi) nective tissue)
Reference B S B S B S
Calkins et al. (21) 9.56 8.12 41.89 37.84 11.28 11.88
Gerrard et al. (23) 5.65 5.40 26.00 22.50 — —
(9 months of age)
Gerrard et al. (23) 5.35 5.15 20.50 20.00 — —
(12 months of age)
Gerrard et al. (23) 5.35 4.50 17.50 15.50 — —
(15 months of age)
Gerrard et al. (23) 5.65 4.75 10.50 13.00 — —
(18 months of age)
Burson et al. (24) 5.34 5.91 13.90 24.20 — —
Crouse et al. (30) 4.76 4.25 18.80 19.20 4.93 5.19
Cross et al. (33) 5.75 5.05 15.92 14.76 — —
Crouse et al. (57) — — — — 5.08 6.07

* Taste panel ratings are on the scale of 1 to 8 for Crouse et al. 1984 and 1985 and 1 to 15 for Calkins et al. 1986. In both cases, 1 = abundant

connective tissue, and 8 and 15 = no connective tissue.
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able to achieve the same result in bovine and, specifi-
cally, bull carcasses.

It is often reported that bull meat is darker in color and
coarser in texture than steer meat (12). This difference
in the color of meat from bulls and steers is not due to
their myoglobin content (32,43,44). Postmortem muscle
color is directly associated with the antemortem muscle
glycogen content, which determines the ultimate muscle
pH (45). Antemortem muscle glycogen is affected by live
animal physiological stress (46-49). Owing to their tem-
perament (50,51), bulls are much more susceptible to
antemortem stress than steers (12). This susceptibility to
stress results in a condition called dark-cutting beef
(DCB). Mismanagement of cattle before slaughter, result-
ing in physiological stress and exhaustion, is the most
frequently suggested cause of DCB (52). According to a
survey conducted by Tarrant (52), bulls are universally
considered to be the group of cattle most susceptible to
dark cutting. In addition to the objectionable appearance,
meat from DCB is much more receptive to spoilage than
normal meat, because of the high ultimate pH. The
economic losses due to DCB are approximately 10%
compared with normal meat (52).

Although tenderness is reported to be the major problem
with bull meat, perhaps dark cutting is an even more
serious problem. There are methods available to alleviate
the toughness problem, and research on tenderness is
much more active than that on dark cutting. Suitable
procedures for utilizing DCB should be developed while
research progresses toward resolving the DCB phenom-
enon. Attempts to market DCB as normal beef should be
discouraged in the long-term interest of the industry.
Although antemortem mishandling is the most frequent
cause of DCB, climate and other seasonal factors are
reported to be important in the etiology of DCB (52). The
seasonal factors may be more difficult to resolve than
problems associated with antemortem mishandling.

FUTURE DIRECTIONS

It is now evident that consumers do not accept meat
with excessive visible fat and fat cover. Packers, in
response, have begun to trim excess fat. If this consumer
demand continues, the industry will be forced to produce
lean animals. An advantage is the economy gained by
avoiding the costs of fattening and of trimming fat in the
packing houses. Since bulls produce meat with much
less fat than steers, it appears that bulls will meet con-
sumer demands for lean meat. However, significant dif-
ficulties with producing bulls must be solved before bulls
are fully incorporated in the production systems. Two
major problems are associated with the acceptance of
bull meat. First is the toughness of the meat, and second,
and perhaps more important, is the DCB phenomenon.
The tenderness problem is being actively investigated,
and it is not unrealistic to predict that this problem will
be solved. The remaining problem is the DCB phenom-
enon. DCB has darker color, coarser texture, and drier
lean muscle and therefore presents a major consumer
acceptance problem. Unless these two problems are ad-
dressed and solved, the utilization of bulls as meat-
producing animals will never reach its potential.

KEY CONTRIBUTORS

The short list below concentrates on individuals in-
volved in the use of bulls as meat-producing animals,
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with emphasis on carcass characteristics and the palat-
ability of bull meat. For further information, the reader
is referred to members of North Central Regional (NCR-
132) Research Committee (Project title: The Use of Non-
castrated Meat Animal for Food). Most of the listed
individuals are members of this committee.
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University, College Station, Texas, USA.

]J. D. Crouse, USDA-ARS, Roman L. Hruska U.S. Meat
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M. E. Dikeman, Department of Animal Science, Kansas
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G. N. Hinch, Department of Animal Science, University
of New England, Armidale, NSW, Australia.
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ACKNOWLEDGMENTS I wish to acknowledge Dr. H. J. Mers-
mann and Dr. M. D. McNeil for their editorial assistance and
Ms. Debbie George for typing this manuscript.

REFERENCES

1. Pearson AM. The consumer’s desire for animal products.
In: Fat content and composition of animal products. Washington,
DC: National Research Council, Board on Agriculture and Re-
newable Resources, National Academy of Sciences; 1976:45-79.

2. Breidenstein BC, Carpenter ZL. The red meat industry:
Product and consumerism. ] Anim Sci 1983; 57(Suppl 2):119-32.

3. Munro HN. Health-related aspects of animal products for
human consumption. In: Fat content and composition of animal
products. Washington, DC: National Research Council, Board
on Agriculture and Renewable Resources, National Academy of
Sciences; 1976:24-44.

4. DeWys WU. An overview of cancer risk factors of dietary
origin. ] Anim Sci 1986; 62(Suppl 1):21-37.

5. Levy RI, Ernst ND. An overview of the cardiovascular
disease risk factors of dietary origin. J] Anim Sci 1986; 62(Suppl
1):38-46.

6. Swatland HJ. Structure and development of meat animals.
Englewood Cliffs, New Jersey: Prentice-Hall; 1984.

7. Van Demark NL. Potential increases in food supply
through research in agriculture. Ithaca, New York: Agricultural
Experiment Station, Cornell University; 1976.

8. Kempster AJ. The use of genetic resources to meet future
market requirements for beef and sheep meat. In: Hofmeyer JH,
Meyer EHH, eds. Proceedings of the 2nd World Congress on
Sheep and Beef Cattle Breeding, Pretoria, South Africa;
1984:465-72.

9. Turton JD. The effect of castration on meat production and
quality in cattle, sheep and pigs. Anim Breed Abstr 1962; 30:447~
56.

10. Prescott JHD, Lamming GE. The effects of castration on
meat production in cattle, sheep and pigs. ] Agric Sci 1964;
63:341-57.

*11. Field RA. Effect of castration on meat quality and quantity.
] Anim Sci 1971; 32:849-58.

*12. Seideman SC, Cross HR, Oltjen RR, Schanbacher BD. Uti-
lization of the intact male for red meat production: A review. ]
Anim Sci 1982; 55:826-40.

13. Dikeman ME, Cross RL, Crouse JD, Hoffman MP, McKeith

ISI ATLAS OF SCIENCE: ANIMAL AND PLANT SCIENCES / 1988




FK. Recommendations for the production of young bulls for
meat. Manhattan, Kansas: Agricultural Experimental Station
Bulletin 643, Kansas State University; 1985.

14. Brannang E. The effect of castration and age of castration
on the growth rate, feed conversion and carcass traits of Swedish
red and white cattle. Lantbrukshogsk Ann 1966; 32:329-415.

15. Hedrick HB. Bovine growth and composition. Agricultural
Experimental Station Bulletin 928, University of Missouri; 1968.

16. Kay M, Houseman R. The influence of sex on meat pro-
duction. In: Cole DJA, Lawrie RA, eds. Proceedings of the 21st
Easter School in Agricultural Science. London: Butterworths;
1974: 85-108.

17. Jacobs JA, Miller JC, Sauter EA, et al. Bulls versus steers.
II. Palatability and retail acceptance. ] Anim Sci 1977; 46:699—
702.

18. Naunde BN, Usborne WR, Ashton GC. Responses in meat
characteristics of Holstein-Friesian males to castration and diet.
Can ] Anim Sci 1977; 57:449-58.

19. Landon ME, Hedrick HB, Thompson GB. Live animal per-
formance and carcass characteristics of beef bullocks and steers.
] Anim Sci 1978; 47:151-5.

20. Ford J], Gregory KE. Effects of late castration and zeranol
on feedlot performance and carcass characteristics of bovine
males. ] Anim Sci 1983; 57:286-91.

21. Calkins CR, Clanton DC, Berg TJ, Kinder JE. Growth,
carcass and palatability traits of intact males and steers im-
planted with zeranol or estradiol early and throughout life. J
Anim Sci 1986; 62:625-31.

22. Vanderwert W, McKeith FK, Bechtel PJ, Berger LL. Influ-
ence of zeranol implants and electrical stimulation on the pal-
atability traits of five muscles in angus and limousin bulls and
steers. ] Anim Sci 1986; 63:114-20.

23. Gerrard DE, Jones SJ, Aberle ED, Lemenager RP, Diekman
MA, Judge MD. Collagen stability, testosterone secretion and
meat tenderness in growing bulls and steers. ] Anim Sci 1987;
65:1236-42.

24. Burson DE, Hunt MC, Unruh JA, Dikeman DE. Proportion
of types I and III collagen in longissimus collagen from bulls and
steers. ] Anim Sci 1986; 63:453-6.

25. Dikeman ME, Reddy GB, Arthaud VH, et al. Longissimus
muscle quality, palatability and connective tissue histological
characteristics of bulls and steers fed different energy levels and
slaughtered at four ages. ] Anim Sci 1986; 63:92-101.

26. Albaugh AFD, Carroll FD, Ellis KW, Albaugh R. Compari-
son of carcasses and meat from steers, short scrotum bulls and
intact bulls. ] Anim Sci 1975; 41:1627-31.

27. Arthaud VH, Mandigo RW, Koch RM, Kotula AW. Carcass
composition, quality, and palatability attributes of bulls and
steers fed different energy levels and killed at four ages. ] Anim
Sci 1977; 44:53-64.

*28. Riley RR, Savell JW, Murphey CE, Smith GC, Stiffler DM,
Cross HR. Palatability of beef from steer and young bull car-
casses as influenced by electrical stimulation, subcutaneous fat
thickness and marbling. ] Anim Sci 1983; 56:592-7.

29. Gregory KE, Seideman SC, Ford JJ. Effects of late castration,
zeranol and breed group on composition and palatability char-
acteristics of longissimus muscle of bovine males. J] Anim Sci
1983; 56:781-6.

30. Crouse JD, Ferrell CL, Cundiff LV. Effects of sex condition,
genotype and diet on bovine growth and carcass characteristics.
] Anim Sci 1985; 60:1219-27.

31. Jones SDM, Newman JA, Tong AKW, Martin AH, Robertson
WM. The effects of two shipping treatments on the carcass
characteristics of bulls implanted with zeranol and unimplanted
steers. ] Anim Sci 1986; 62:1602-8.

ISI ATLAS OF SCIENCE: ANIMAL AND PLANT SCIENCES / 1988

32. Boccard R, Naude RT, Cronje DE, Smith MC, Venter HJ,
Rossouw EJ. The influence of age, sex and breed of cattle on
their muscle characteristics. Meat Sci 1979; 3:261-80.

33. Cross HR, Schanbacher BD, Crouse JD. Sex, age and breed
related changes in bovine testosterone and intramuscular col-
lagen. Meat Sci 1984; 10:187-95.

34. Bailey AJ. The role of collagen in the development of
muscle and its relationship to eating quality. ] Anim Sci 1985;
60:1580-7.

35. Marsh BB. The basis of tenderness in muscle foods. ] Food
Sci 1977; 42:295-7.

36. Dutson TR. Relationship of pH and temperature to distri-
bution of specific muscle proteins and activity of lysosomal
proteinases. ] Food Biochem 1983; 7:223-45.

37. Goll DE, Otsuka Y, Nagainis PA, Shannon JD, Sathe SK,
Muguruma M. Role of muscle proteinases in maintenance of
muscle integrity and mass. ] Food Biochem 1983; 7:137-77.

38. Koohmaraie M, Schollmeyer JE, Dutson TR. Effect of low-
calcium-requiring calcium-activated factor on myofibrils under
varying pH and temperature conditions. ] Food Sci 1986; 51:28—
31.

39. Koohmaraie M, Seideman SC, Schollmeyer JE, Dutson TR,
Crouse JD. Effect of postmortem storage on Ca**-dependent
proteases, their inhibitor and myofibril fragmentation. Meat Sci
1987; 19:187-96.

40. Koohmaraie M, Seideman SC, Schollmeyer JE, Dutson TR,
Babiker AS. Factors associated with the tenderness of three
bovine muscles. ] Food Sci 1988; 53:407-10.

41. Koohmaraie M, Babiker AS, Merkel RA, Dutson TR. The
role of Ca®*-dependent proteases and lysosomal enzymes in
postmortem changes in bovine skeletal muscle. J Food Sci 1988;
53:407-10.

42. Koohmaraie M, Babiker AS, Shroeder AL, Merkel RA,
Dutson TR. Acceleration of postmortem tenderization process
in ovine carcasses through activation of Ca** dependent pro-
tease. ] Food Sci [submitted].

43. Watson MJ. The effects of castration on the growth and
meat quality of grazing cattle. Aust ] Exp Agric Anim Husb
1969; 9:164-71.

44. Weninger JH, Steinhauf D. Meat quality in respect to
carcass evaluation in cattle. World Rev Anim Prod 1968; 4:87—
93.

45. Lawrie RA. Physiological stress in relation to dark-cutting
beef. J Sci Food Agric 1958; 9:721-7.

46. McVeigh JM, Tarrant PV. Behavioral stress and skeletal
muscle glycogen metabolism in young bulls. ] Anim Sci 1982;
54:790-5.

47. McVeigh JM, Tarrant PV. Glycogen content and repletion
rates in beef muscle, effect of feeding and fasting. ] Nutr 1982;
112:1306-14.

48. McVeigh JM, Tarrant PV. Effect of propranolol on muscle
glycogen metabolism during social regrouping of young bulls. J
Anim Sci 1983; 56:71.

49. Crouse JD, Cross HR, Seideman SC. Effects of a grass or
grain diet on the quality of three beef muscles. ] Anim Sci 1984;
58:619-25.

50. Hinch GN. Social behavior of young partially-castrated
bulls and steers related to their management. Proc Aust Soc
Anim Prod 1978; 12:265.

51. Fortin A, Veira DM, Froehlich DA, Butler G, Proulx JG.
Carcass characteristics and sensory properties of hereford x
shorthorn bulls and steers fed different levels of grass silage and
high moisture barley. ] Anim Sci 1985; 60:1403-11.

52. Tarrant PV. A survey among research establishments on

127




the occurrence, causes and economic consequences of dark
cutting beef. In: Hood DE, Tarrant PV, eds. The problem of dark-
cutting in beef. Boston: Martinus Nijhoff; 1980: 3-34.

53. Griffin CL, Stiffler DM, Smith GC, Savell JW. Consumer
acceptance of steaks and roasts from charolais crossbred bulls
and steers. ] Food Sci 1985; 50:165-8, 196.

54. Hopkins TD, Dikeman ME. Effects of estradiol-178 implan-
tation on performance, carcass traits, meat sensory traits and
endocrine aspects of bulls and steers. Meat Sci 1987; 21:51-65.

55. Miller MF, Cross HR. Effect of feeding regimen, breed and
sex condition on carcass composition and feed efficiency. Meat
Sci 1987; 20:39-50.

56. Stiffler DM, Griffin CL, Smith GC, Lunt DK, Savell JW.
Effects of electrical stimulation on carcass quality and meat
palatability traits of charolais crossbred bulls and steers. ] Food
Sci 1986; 51:883-5.

128

57. Crouse JD, Seideman SC, Cross HR. The effects of carcass
electrical stimulation and cooler temperature on the quality
and palatability of bull and steer beef. ] Anim Sci 1984; 56:81-
90.

58. Crouse JD, Ferrell CL, Cundiff LV. Effects of sex condition,
genotype and diet on bovine growth and carcass characteristics.
] Anim Sci 1985; 60:1219-27.

RESEARCH FRONT 86-0089

For further reading on this Research Front, you may 1) consult
the Research Front Specialty Index in the Index to Scientific
Reviews®, published by ISI®, and 2) search ISI's online Sci-
Search® file on Datastar.

Core papers in this Research Front a.e marked in the reference

list with an asterisk (*).

ISI ATLAS OF SCIENCE: ANIMAL AND PLANT SCIENCES / 1988




