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Summary

Seventeen Japanese Black steers were used to evalvate (he influence of slaughter weight (550 kg,
600 kg or 650 kp), sire (two sires), concentrate [eeding (barley or corn) and muscle (six muscles) on
the following characteristics: pll valoe, cooking loss, shear value, moisture and crudc fat contents.
Crude fat contents were higher, and moisture content and shear values were lower in muscles (rom
the large slaughter weight group 650 kg than those from other slaughter weight groups. Cooking
loss, shear value, moisture and crude fat contents differed between sires. Corn feeding increased crude
fat content in muscle compared to barley feeding. Muscles containing a large amount of intramuscular
fat showed lower shear valucs and less cooking loss than those containing a small amouni of intra-

muscular fat.
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Introduction

It is generally believed that physical and
chemical characteristics of beef are influenced by
the finishing stage, genetic background of the
animal, dict aad site of sampling. There are many
reports of the effect of age or slaughter weight
on the following characteristies: pH (Lawrie,
1961; Hawrysh and Berg, 1979; Turgut and Sink.
1983; Mitsumoto et al, 1987), cooking loss
(Hawrysh and Berg, 1979; Sink et al., 1983), shear
value (Zinn et al, [(970; Hunsley ct al., 1971;
Hawrysh and Berg, 1979, Yamazaki, ]1981; Sink
et al, 1983; Mitsuhashi et al, 1987), moisture
and crude fat contents (Fukuhara et al., 1968;
Hawrysh and Berg, 1979; Gifu Pref. etal,, 1981,
Mitsumoto et al, [986h; Mitsuhashi ct al.,
1987, Mitsumoto ct al.,, 1987). Only a few studies
(Gifu Pref. etal., 1981; Mitsumoto et al., [986b),
howcver arc available on meat qualities at
different slaughter weights in Japanese Black
cattle. Formerly, workers have reported dilferences
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between major beef muscles in pH (Swift and
Berman, 1959; Mitsumoto et al, 1987; Ozawa
et al., 198R), cooking loss (Ozawa et al, 1988),
shear value (Zinn et al, 1970; Prostetal, 1975;
Hawrysh and Rerg, [979; Yamazaki, 1981;
McKeith et al., 1985; Ozawa et al, 1988), and
moisture and crude fat contents (Swift and
Berman, 1959; Lawrie ct al, 1964; McKeith et
al., 1985; Mitsumoto et al., 1987, Zembayashi,
1988). Studies of beef characterislics in cattle over
550 kg are fimited (Hawrysh and Berg, 1979).

Progeny testing to evaluate sires used in the
Japanese Black breed is common in Japan. These
tests however do not include analysis of physical
and chemical characteristics of beef. Studies
examining the variation in physical and chemical
characteristics of muscles in progeny of Japanese
Black sircs are limited (Gifu Pref. et al, 1981).

The most common feed stuffs used for fini
shing lapanese Black steers are barley and corn.
Tsuchiya ct al. {1964) compared mile and barley
feeding in their effects on heel quality, and Reddy
et al. (1973) evaluated effects of triticale (a hybrid
obtained by crossing wheat and rye), corn and
wheat in finishing beel catlle rations on meat
quality. However, there are no comparisons of
barley and corn fecding on beef muscle charac-
teristics.
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The purpose of this study was to evaluate
the influence ot slaughter weight, sire, concentrate
feeding and muscle on pH value, cooking loss,
shear value, moisture and crude fat contents in
Japanese Black beef

Materials and Methods

Seventeen Japancse Black steers including two
sire groups were used in this study. One sire
group was Kumokawa 19 group (group K) that
consisted of nine half-sib Japancsc Black steers
which were produced at Chugoku WNational
Agricultural Experiment Station. The clher group
was Hatsuyo 14 group (group 11) that consisted
of etght half-sib Japanese Black steers which were
purchased from the livestock market at Miyoshi-
shi in Hiroshima Prefecture. All feeder cattle were
reared mainly with roughage during their growing
phase from 8-9 to 17 months ol age. Aftcr 17
months of age, they were randomly allotted to
lhe two concentrate treatments: barley feeding
or corn feeding group (iable 1). The caltle were
also randomly allotted to three target slavghter
weights of 550 kg, 600 kg and 620 kg. Animals
were slaughtered as ncar to (heir target weights
as possible. The mean slaughter age of each
slaughter group was 23.2, 24.6 and 28.1 months,

TABLE 1, COMPOSITICN OF THE EXPERIMENTAL

CONCENTRATE
Ve Barley Corn
diet  diet

Ingredient (%)

Flaked barley 53.0 20.0

Flaked corn 19.0 R0

Wheat bran 11.0 20.0

Rice with hull 10.0 15.0

Soybean meal 5.0 5.0

Salt 0.66 0.66

Mineral mixture’ 1.16 1.16

Vitamin mixture? 0.18 0.18
Dry matter (%) 85.6 85.4
TDN (%) 71.6 718
DCP (%) 9.5 9.5

" CaCO,, 800 glkg, CaHPQ, 180 g/kg: Mni0O,,
2900 mpfkg: FeSQ,, 3,000 mgike; CoCl, 20 mg/kg;
ZnSQ,, 100 mgfkg, CusQ,, 300 megfkg;, KI, 15 mg/lkp.

* Vitamin A, 10,000 [Ufg; Vitamin D, 2,000 1U/g.

respectively. Details of the growth and feed effi-
ciency and carcass characteristics were described
i a previous paper (Mitsumoto et al., 1989).

The following six muscles were dissected {rom
the left side carcasses ol the cattle at 4% hr
post-mortem: semitendinosus (ST), semimembran-
osus (SM), psoas major (PM), latissimus dorsi
(LA), longissimus thoracis (LT), supraspinatus
{8S). The sample was cut [rom the center or
thickest portion of each muscle and stored for
24 hr at 1°C for snbsequent analyses.

Physical and chemieal analyses

A 10 g moscle sample was homogenized in
20 m) distilled water and pH values (at about
72 hr postmortem) were determined with glass
clectrode.

Cooking loss pereenlages and shear values
were measured as follows; steaks (about 2 X § X
7 cm) from cach sample were placed ina poly-
ethylene hag, and cooked in water at 70C.
Internal temperature of each steak was mamntained
at 70T for 30 min. After being coaled te room
temperature the sample was weighed and cooking
loss determined. The Warner-Bratzler shear values
were determined with ten 1.3 ecm diameter cores
cbtained from the above coaked samples.

Moisture contents were mcasurcd by oven
drying at 100 for 16 hr (A.0.A.C., 1984), and
crude fat contents were determined by ether
extraction (A .Q.A.C., 1984).

Statistical analysis

Data were analyzed by least-squares procedures
(Harvey, 1977) to estimate the effects of slaughter
weight, sire, concentrate feeding and muscle on
beef physical and chemical characteristics. The
significance of the difference beiween means were
dectermined by Tukey's studentized range test.

Results and Discussion

Fffects of slaughter weight

Slaughter weight affected pH value, shear
value, moisture and crude fat contents.

The mean pH wvalue (figure 1) of the six
muscles decreased from 5.57 to 5.50 as slaughter
weight incrcased from 550 kg to 650 kg; this
difference was small, but significant (p < 0.001).
Scparable fat percentages in experimental carcasses
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Figure 1. Least-squares means for pH value. a,b.c:
w.thir mgin effects, mezns with no com-
mcn  letters differ significantly (p < €.05).
B80 = 550 kg: 600 = 600 kg: 650 =
650 kg: K — Kumokawa 19: H = Hat-
suyo 14: Barley == baricy feedirg: Corn
= corn feeding: ST = semitendinosus:
SM = semimembranosus: PM = psoas

major: LA = latissimus dorsi: LT =
longissimus theracis: S8 = supraspina-
tus.

increased with sncreasing slaughter weight from
24.3%, at 550 kg live weight, to 25.3% at 600
kg live weight and 29.5% at 650 kg live weight
(Mitsumoto et al, 1989). Since fat serves as
insulation to heat transfer, the postmortem tem-
perature of [atter carcasses will decreasce more
slowly than that of less fat carcasses. The gradual
temperature decling causes rapid glycolysis, which
is followed by fast pH declinc resulting in a low
nltimate pH ccmpared to rapid temperature
decline (Tarrant and Mothersill, 1977). The results
in this study were therefore expected.
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Figure 7. Least-scuares means for cooking loss
percentage. ahc: within main effects,
mezns with ro common letters differ
significantly (p < 0.05). See figure |
legend for treatment codes.

Mean shear values {figure 3) of six muscles
shghtly decreased from 3.6 kg to 3.3 kg with
increasing slaughter weight. Hawrysh and Berg
(1979) reported that shear values of ST and LT
roasts showed no differences within four slaughter
weight groups of Hereford hulls. The major
components of meat that contribute to tenderness
are connective tissue, muscle fibers and adipose
tissue (Judge et al, 1989). Complexity of con-
nective tissue increases with callle age, tending to
increase shear values (fudge et al, 1989). How-
ever, in this study, there was only 49 months
difference in slaughter age between 550 kg group
(mean 23.2 months of age) and 650 kg group
(28.1 months), and fat deposition is also increased
during finishing (figurc 4), tending to reduce shear
values. In this stndy, the influence of intramve
cular fat deposition on meat tenderness is thought
to he stronger than the influence of connective
tissue linkage on meat toughness, resulting in
lower than expected shear values.
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Figure 3. Least-squares means for shear value,
ab,ed: within main effects, means with
no common letters differ significantly
{p < 0.05). See figure 1 legend for treat-
ment codes.

Heavier slaughter weight €50 kg resulted in
increased intramuscnlar fat content. The mean
crude fal content {figure 4) increased from 9.6,
to 11.5% during the growth of sfeers from 550
kg to 650 kg and a concomitant decrease in
moisture content 69.1% to 67.5% was observed,
Other workers (Fukuhara et al, 1968; Hawrysh
and Berg, 1979; Gifo Pref et al., 1981, Mitsumoto
et al, 1986b; Mitsuhashi et al., 1987; Mitsumolo
et al, 1987) have reported that fattening beefl
cattle enhanced intramuscular fat deposition.
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Figure 4. Least-squares means for mo:sture and

¢rude fat percertage. a,b,c: within main
eftects, means with ng common ‘etters
differ significantly (p < 0.C5). See figure
| legend far treatment coces.

Cooking loss (figure 2) did not significantly
differ between slaughter weights. Hawrysh and
Berg (1979) have reported that percent cooking
losses tor semitendinosus and longissimus dorsi
roasts {ended to increase with slanghter weight
but differences were not statistically significant.
Sink et al. (1983) also reported that cooking loss
of longissimus dorsi muscle peaked in the 16
months group but rcturned to previous levels at
20 months of age.

Effects of sire

Differences between the two sire groups [or
cooking loss (figure 2), shear valuc (figure 3),
moisture and crude fat contents (figie 4) were
highly significant (p < 0.01), but those for pH
value (figure 1) were not significant.

Group H showed higher crude fat content
(11.2%) than group K (8.1%). The heritability
of marbling score in LT muscle was reported
as 40% (Yang et al, [985), and that of shear
value was described as ahout 60% (Judge et al,,
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1989). These support the suggestion that the
diffcrences are duc (o the genetic differences
between the groups. Mitsumoto ct al. (1986a)
have reported that crude fal content negatively
correlated with cooking loss, shear value and
moisture content in the LT muscle. Differences
between sire groups in intramuscular fat contents
of muscles will
characteristics.

thereforc influence these other

Effects of concentrate

The corn fed group showed higher crude fat
contents (10.8%) than the barley fed group (8.6
%) across muscie sites (figure 4), despitc TDN
and DCP diefary ievels being almost the same
{tablc 1). On the other hand, the muscle
and bone weight of the barley fed group
were higher than those of the corn fed group
(Mitsumoto et al., 1989). This suggests that barley
feeding stimulates niuscle and bope development
whereas corn stimulales intramuscular lat depo-
sition. The higher crude [at content of corn
(3.9 4 DA4%; mean + standard error) compared
to barley (2.1 4 0.3%) {Agriculture, Foresiry and
Fisheries Research Council Secretariat, 1987) may
in part cxplain these effects.

Type of concentrate fed did not affect pH
(figure 1), cooking loss (figure 2) and shear value
(hgure 3). In general cooking loss and shear value
are less tesponsive than moisture and crude fat
contents.

Effects of muscle

The LA muscle bad the highest curde fat
content (20.8%) among lhe muscles examined,
PM and 1T muscles contained 11.1%, and 10.3
% respectively, and ST, S8S and SM muscles
contained the least (4.9%, 549 and 35.69,
respectively) in figure 4. The LA, PM and LT
muscles containing relatively high crude fat sho-
wed lower cooking losses and shear values than
other three muscles. Also in a previous report
(Mitsumoto et al., [986a), curde fal content
negatively correlated with cooking loss and shear
value. These results suggested that muscle con-
taining a farge amount of fat was tender and
exhibited lower cookiug loss.

The LA and S8 muscles had the highest pH
values (5.62 and 5.63, respectively) and ST and
SM muscles had the lowest (5.46 and 5.44, res-
pectively) among the muscles examined as shown
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(figure 1). The pll value of each muscle was
similar to those previously reporled by Swift and
Berman (1959). In general, the ultimate pil of
ncrmal meat is approximately £4 5.8 (Faustman
and Cassens, 1990).

In conclusion, 1) Heavier slaughter weight
650 kg increased intramuscular fat content and
tenderness.  2) Sire influenced intramuscunlar fat
3) Corn
feeding resulted in higher intramuscular fat con-
tent than barley feeding. 4) Muscles conlaining

high intramuscular fat were mare tender and

centent, tenderness and cooking loss.

showed lower cooking lesses.
Acknawledgements

The authcrs are grateful 10 Dr. Kazuhiro

Shinjada of the Chugoku National Agricultural
Iixperiment Station far his kind advice on the
statistical analysis, and we wish to thank 1echnical
staffs ol the above station lor their help. The
authars acknowledge Andiew Dunlop on leave
[rom New South Wales Agricubture and Fishenes,
Australia for checking the manuscript.

Literature Cited

Feresiry and  Fisheries Research Cceuncil

1987. Siandard tables of Feed Com
positinn in lapan. 60 63 Agricnlivre, Foresiry and
Fisheries Research Council Secretarial. Ministry of
Agrienlture, Ferestry and Fisheries Takya

AOQAC 1984, Official Merthads of Analysis. dth ed
431, Assoaciatian of Official Analytical Cheisis,
Inc Arlington. Virgiria.

Faustman, C. anc R (¢ Cassens. 1990, Fhe biochemical
hasis lov disceloration in fresh meat: A review. |
Muscle Foads. | 2:7-243

Fukuhara., R. 1), Tsuch:ya, T Nishino and T Yama-
ki 1968 Studies on changes in kedy compasiton
and carcass characters of heel canle during fatie-
ning. 2. Growth and development of yearlkirg steers

Agricnlture,
Secrelarial.

with advancement of age frem 8 to '8 manths
Bul’ Chagaku Natl  Agric. Fxp  Srn. B-i6:1213-
162.

Gilu Prel., Fukui Prefl., Aiciii Pref, Wakayama Pref.
and Kyolo Univ 1881, Effccls of fatnenmng patieens
or feed cfliccency and meal quality in Jnpanesc
Back stcers (Kycutei shiken bovkoku) Anim. Nutr.
Lab. Achicv. af Depart. Amm. Sci Faculty Agric.
Kyota Univ, 771 8,

Harvey, W. R. 1977 User's Guide Tor LSML76. Mixed
Model  Least-squares and Maximum  Likelihced
Cemputer Pragram. Qhia State Univ. Colnmbus.

£33

Hawrysh, Z. J. and R. T. Berg 1979, Ealing quality
of becl from young Hereford bulls as influenced

by slaughter weight Can. J. Amm. Sci. 59:237-
245.
Hunsley, R E, R L. Vetler, E. A Kline and W

Burroughs. 1971 Elfects ol age and sex oo guality,
tenderness and ccliagen content of bovine longis-
simus muscle. | Agim. Sai 33:933-938.

Judge, M. D, E. D. Aberle, 1. C. Forrest, H. R
Hedrick snd R A. Merke). 1989, Prirciples of Meat
Science 2nd ed 97-123. KendalJHuot Publishing
Cr. lowa.

Lawrie, R A. 196). Studies on the muscles af meat
animals. 1 compesiticn ol beef
lopg:ssimus devsi muscles determined by age and
anatomical location. 1 Agric Sei. 56:249-259,

Lawrie, R. A, R, W Pameroy and D. R. Williams
1964. Studics in the muscles ol meat amimals, [V
Campurative campesitien of muscles from ‘deppelen-
der’ and narma’ sibling heilers. . Apric. Sei. 62
89-92.

McKeith. F K, 3. . DeVal, R. § Mies, P. 1.
Rechtel and T. R. Carr. 1985 Chemical and sensory
propeities of therteen major heef muscles. ). Foad
Sci S0:8¢9-872.

Mitsubash . T.. M. Misumote and Y. Yamashila.
19R7. Age-associated changes :r tenderness and ether
extract content ol beef muscle from Japancse Black
steers. Bull. Chugoku Nail Agiic. Exp Stn. 1:51-

1> Merences i

57.
Mitsumota, M., T. Mitsuhashi and Y. Yamashita. 1987
Changes of meat colors af four muscles  in

grewing Japancse Black steers Bull. Chogoku Nadl
Agric. Exp. Ste. 1:59-67.

Mitsumoto. M.. S Orawa. T Mitsubash and Y.
Yamashita. 1989, The influence of finish weight,
sires and kinds of concertrale during the latier
fattening perod on the carcass charsclerishics of
Japanese Rlack steers  Ipn. J. Zactech Sci, 60
15)-asg

Mitsumato, M., Y. Yamashita, T. Mitsubashi ard N.
Nakanishi. 1986a. Relation herween physice-chemical
charactenistics and carcass grades in longissimus
muscle of Japanese Dieck steers. Buoll. Chugoku
Natl. Agric. Fxp. Stn. B-29.3541.

Mitsumoto. M . Y. Yamashita, T. Mitsuhashi an¢ N.
Nakan:ski. 1986h. Influence of age and kedy weight
en the physico-chemical characieristics of 1he longi-
ssimus mwoscle in Japauese Rlack stecrs. Jpr. 3.
Zaowech, Sci. 57:257-264

Ozawa, 8., T Keishikawa, K. Chikuni and M. Yo-
shitake. 1988. Fifecis of high-lemperature condit:-
aning nf beel carcasses an 1he physical and chem-
ical praperties of several muscies. Rl Nad  Inst

Animy. Ind. 47:73-80.
Prest, E., E Pelczynska and A. W. Kotula 1975
Qualily charvacteristics of bovine meat [T Beef

fenderness in relation 1o individual moscies, age
and sex of animals and carcass gualily grade. ).
Anim. Sci. 41:541-547.



MITSUMOTO ET AL.

Reddy, 8. G, M L. Chen anéd D. R. Rao 1975
Replacernent value of triticale [cr corn and wheat
in beef finithing rations. J. Anim. Sci 40:940-944.

Sink, J. D, H. Turgut, O. M. Mann, D. F. Weakley
and J. R. Escoubas, 1983, Effect of age and sex
an the hiaphysical properties ¢f fresh beel muscle
(rom bullocks and stecrs. ). Foad Sei. 48:844-
847

Swift, C. E. an¢ M. N Rerman. 1959. Facters affecting
Ihe water reiention of beef 1. Variations in com-
pasition and preperties among eight muscles. Foad
Technol. 13365-370.

Tarrant, P. V and C. Mathersill. 1977 Glycolysis and
associated changes in heef careasses. 1. Sci. Food
Agric 28:739-749.

Tsuchiva, H., T. Nishino and |. Katayose. '964. Com-
parison of feeding value of milo and barley in
fattening steers. Bull Chugoku Nail Agric. Exp.
Sti. B-12.35-4].

Turgut, H. and 1. D. Sink. 1983, Factars affecting the

634

cmulsifying capacity of bovine muscle and muscle
proteins. 1. Foad Sci. 43:441-§43,

Yamazaki, T. 1981, The effects of age and fatness on
meat guality and quantity of hkeef caltle, V. The
changes af color and lenderness of meat with the
advance of age. Bull Natl Grassl. Res. Inst. 20
119131,

Yang. M., F. Mukai and Y. Sasaki 1983 Estimation
af heritahilities for growth and carcass iraits and
their genetic and phenctypic correlaticns in Japanese
Rlack cattle. Ipn. ). Zootech. Sci. 56:193-198.

Zembayasht, M., H. Nabheta and T Mcictsnji. 1988
Eficcts of hreeds and nntrilional planes on intra-
muscular lipid deposition of laltening stecrs. Jpn.
J Zootech. Sci. 59:39-48,

Zinm, D. W., C. T QGaskins, G L. Gann and 1 §.
Hedrick. 1970. Beef muscle tenderpess as influenced
by days on leed. scx, maturily an¢ aralomical
location. ). Anm  Sci. 3:307-309.



