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Muscle Tenderness

Calcium Chloride Injection and Degree of
Doneness Effects on the Sensory Characteristics of
Beef Inside Round Roasts.

S.D. Milligan, M.F. Miller, M.P. Springer, C.N. Oats, and
C.B. Ramsey, Texas Tech University, P.O. Box 42162,
Lubbock, TX 79409-2162.

Twenty USDA Standard beef inside rounds were pur-
chased from the Excel Corp. Plainview, TX, to determine the
effects of CaCl2 injection and degree of doneness on inside
round roasts. Inside rounds were halved and each half served
either as a control or was injected with CaCl2. Each half
was cut into four sections with one used for retail case dis-
play and the other three subjected to cooking at 60, 70, or
80(C doneness. Roasts injected with CaCl2 were more ten-
der as evidenced by higher initial and sustained tenderness
scores and lower Warner-Bratzler shear force values (P <
.004). Overall beef mouthfeel also was improved over the
control by CaCl2 addition (P < .004). Thaw and purge losses
were higher (P < .001) for CaCl2 injected roasts and cook-
ing losses were lower (P < .01) than for controls. CaCl2 in-
jection did not affect color, color uniformity, discoloration,
or surface browning through 1 d of retail case display (P <
.05). However, after 2 d of display, control roasts were supe-
rior in these traits (P < .05). Roasts cooked to 60(C of doneness
were found to be more palatable than those cooked to higher
degrees of doneness (P < .05). The improvement in tender-
ness through CaCl2 injection for tougher cuts from the round
is an important finding to the beef industry. These data sup-
port the need to use CaCl2 to improve beef tenderness and
consistency.
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Tenderness Variation Among A and C Maturity
Heifer Carcasses.

R. Field, V. Balasubramanian, R. McCormick, D. Hixon,
M. Riley, and W. Russell, University of Wyoming, P.O. Box
3684, Laramie, WY 82071.

Fifty-two Angus/Gelbvieh rotationally crossed open,
ovariectomized or single-calf heifers were slaughtered after
100 d on a high concentrate diet. Heifers from each treat-
ment were approximately 31, 33 or 35 mo of age and they
produced 31 A, 5 B and 16 C maturity carcasses. Because of
the small number, B maturity carcasses were not included

in this study. Number of A maturity carcasses decreased as
C increased in the older groups resulting in an average
slaughter age of 984 and 1016 d for heifers producing A and
C maturity carcasses, respectively. No differences (P>.05) in
slaughter weight, total weight gain, dressing percentage, long-
issimus muscle area or kidney fat percentage existed be-
tween carcass maturity groups but C maturity heifers had
3.56 mm more fat (P<.01) over the longissimus muscle than
A maturity heifers. Marbling scores of slight79 and small0
for A and C maturity carcasses, respectively, did not differ
(P>.05). Both A and C maturity heifers had similar amounts
of collagen and hydroxylysylpyridinium crosslinks in metac-
arpal bone cortex and in longissimus muscle. Neither means
for panel tenderness nor Warner-Bratzler shear values dif-
fered (P>.05) between maturity groups but coefficients of
variation (CV) for tenderness were slightly higher in steaks
from C maturity carcasses. Means and CV for A and C matu-
rity carcasses respectively were: WB=9.02, 17.16, 9.82,
17.44 and taste panel = 6.43, 20.79, 5.97, 29.03. Inconsis-
tent meat tenderness is a recognized problem in the beef
industry but in spite of numerous studies on the effect of age
or maturity on tenderness, data on variability in tenderness
by maturity or age group is lacking. Therefore, researchers
are encouraged to publish measures of tenderness variabil-
ity within groups in addition to publishing pooled SEMs or
simply testing differences between means. Publishing mea-
sures of tenderness and shear force variability within groups
will give decision makers more information to use in reduc-
ing beef tenderness variability.
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Tenderness of Bos Indicus-sired Steers.

S.L. Boleman, S.J. Boleman, R.K. Miller, J.O. Sanders, J.W.
Kuykendall, D.K. Lunt, J.W. Savell and S.B. Smith, Texas
A&M University, 348 Kleberg Center, College Station, TX.

The objective of this research is to measure the four
factors related to beef tenderness (muscle fiber degradation,
muscle fiber contractile state, connective tissue amount and
intramuscular fat content) in steers produced from different
Bos indicus sires to determine what factors control tender-
ness differences. Steers (n=89) from 10 Bos indicus sires and
born from Hereford cows (n=30) or Angus cows (n=60) were
slaughtered on one of three days. USDA quality and yield
grade characteristics were obtained. Warner-Bratzler shear
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force (kg) after 0, 7, 14, 21, 28, and 35 days of aging was
obtained. Collagen amount (mg/g), collagen solubility (%),
lipid (%), moisture (%), 24 h calpastatin and sarcomere length
(µm) also were determined. Sire affected (P<.05) hot carcass
weight, fat thickness, ribeye area, kidney, pelvic, and heart
fat, USDA yield grade, marbling and USDA quality grade;
however, overall maturity was not affected (P>.05). Progeny
from sire 10 had the lowest calpastatin activity and was
among the lowest for shear force values at 0, 7, 14, 21, 28
and 35 days. Sarcomere length was not influenced by sire;
sarcomere length ranged from 1.70 to 1.84 µm. Therefore,
tenderness and carcass traits of Bos indicus-sired steers are
influenced by the sire.
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Calcium Chloride Effects on Palatability and
Quality Traits of Steaks from Various Genotypes
of Cattle.

J.M. Harrelson1, D.D. Johnson1, R.L. West1, and T.D Pringle2.
1University of Florida, Animal Science Dept., P.O. Box
110910, Gainesville, FL 32611; 2University of Georgia,
Athens, GA.

A study was conducted to determine the effects of CaCl2

injection on palatability traits of steaks from cattle of varying
percentages of Bos indicus breeding. Eighteen steers [6 each
of 100% Angus (A), 50% Angus 50% Brahman (AB) and 100%
Brahman (B)] were utilized in the study. Twenty-four hours
after slaughter, muscles were removed and subjected to one
of three treatments [non-injected control, water injected (5%
wt/wt) or a 2.2% CaCl2 solution injected (5% wt/wt)]. Steaks
were removed 48 hours after slaughter and aged for 2, 5, 15
or 31 days. Results showed that treatment with water did not
affect shear values. Shear values were higher (P<.0001) in
the steaks from Brahman steers than either the Angus or
Angus*Brahman steers. Steaks treated with CaCl2 had shear
values which were lower (P<.0003) than the control steaks.
Shear values for the longissimus dorsi and the gluteus me-
dius were lower (P<.005) when treated with CaCl2. How-
ever, the shear values for the semimembranosus were not
affected by treatment. There were no breed*treatment inter-
actions detected for shear values. A trained sensory panel
detected no effect (P>.05) of CaCl2 treatment for juiciness,
beef flavor intensity, tenderness or amount of connective tis-
sue in both the longissimus dorsi and the semimembrano-
sus. A higher (P<.005) incidence of off-flavor was detected
in the CaCl2 treated steaks. Retail display in polyvinyl chlo-
ride film overwrap evaluated by a trained panel showed a
difference (P<.05) in muscle color after 1 and 2 days of dis-
play which was not detected after 3 days. The control steaks
showed a darker red muscle color during the display. Calci-
um chloride can improve tenderness in certain muscles from
cattle with varying percentages of Bos indicus breeding.
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Tenderness of Muscle From Lambs Expressing the
Callipyge Gene.

S.P. Jackson, C.R. Kerth, T.L. Cain, M.F. Miller, and C.B.
Ramsey, Texas Tech University, Box 42162, Lubbock, TX
79409-2162.

Four experiments were conducted to evaluate the ten-
derness of muscle from lambs with the callipyge phenotype.
Sixteen crossbred lambs representing two muscle pheno-
types were slaughtered at 59 kg in Experiment 1 to evaluate
the tenderness and consumer acceptance of the longissimus
(LD), supraspinatus (SP) and semitendinosus (ST) muscles.
Experiment 2 used 18 Rambouillet ram lambs and 24 cross-
bred wethers and evaluated the tenderness of the LD muscle
from callipyge and normal lambs. In Experiment 3, the LD,
SP and ST muscles of 10 normal and 10 callipyge lambs
were injected with a 200 mM CaCl2 solution to evaluate
the effect of CaCl2 on tenderness. In Experiment 4, eight
callipyge carcass sides were electrically stimulated (550 volts,
60 Hz) and eight sides were non-stimulated controls. The
triceps brachii (TB) semimembranosus (SM), LD, SP and ST
muscles were evaluated for tenderness by a trained panel
and by a Warner-Bratzler Shear (WBS) device. These ex-
periments all yielded similar results on the tenderness of
callipyge muscle. The LD muscle of callipyge lambs in each
study was less tender (P < .01) when evaluated by all meth-
odology. However, the tenderness of the muscles from the
leg (ST and SM) and shoulder (SP and TB) did not differ sig-
nificantly between phenotypes in any study. When the LD
muscles from lambs with the callipyge phenotype were
treated with CaCl2 or electrically stimulated, the tenderness
of the LD was improved. These results indicate that in this
population of callipyge lambs, the tenderness of legs and
shoulders is not significantly different than legs and shoul-
ders from normal-muscled lambs. The loins of callipyge
lambs are initially less tender, but can be treated with either
CaCl2 or electrically stimulated post-slaughter to improve
tenderness of the loin to an acceptable level that is similar
to controls.

Key words: Callipyge, Electrical stimulation, Palatability

Effects of Foodservice Cookery, Quality Grade,
Portion Size and Needle Tenderization on
Tenderness and Cooking Characteristics of
Foodservice Beef Loin Steaks.

S.E. Williams, T.D. Pringle, and L.P. Johnson, University of
Georgia, 220 Livestock-Poultry Bldg., Athens, GA 30602-
2771.

Strip Loin steaks, IMP# 1180A, (n=256) and Top Sirloin
Center Cut steaks, IMP# 1184B, (n=288) purchased from a
foodservice purveyor and aged for 21 days were used to
evaluate cooking method, quality grade, portion size and
needle tenderization effects on tenderness and cooking char-
acteristics. Both steak types were distributed across 2 cook-
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ing methods (clamshell grill=CS and Farberware grill=FW),
2 portion sizes (strip loins, 283.8 and 397.3 g; top sirloins,
255.4 and 340.6 g), 2 tenderization methods (1 pass needle
tenderized=T and no needle tenderized=NT) and 4 quality
grade categories (USDA Select=S, USDA Choice=C, USDA
Prime=P and Certified Angus Beef=CAB). The CS strip steaks
required less (P<.05) cook time (11.2 vs 23.8 min), had similar
(P>.05) cook loss, and lower (P<.05) shear values (2.4 vs
2.7 kg) than FW strip steaks. Needle tenderization improved
(P<.05) shear values (2.4 vs 2.7 kg) in strip steaks. The P and
CAB strip steaks had lower (P<.05) shear values than S and
C. No (P>.05) interaction between cooking method and
quality grade was found for cooking and shear traits in strips.
The CS sirloin steaks had shorter (P<.05) cook time, similar
(P>.05) cook loss and did not differ (P>.05) in shear value
compared to FW. A quality grade by tenderization interac-
tion indicated T reduced (P<.05) shear value in S, C and
CAB, but not in P sirloin steaks. These data suggest clamshell
cooking reduces cooking time by half without detrimental
effects on tenderness.

Key Words: Cooking, Beef, Shear

Geographic Location, USDA Quality Grade,
External Fat Thickness, and Aging Time Effects on
Sensory Characteristics of Beef Loin Strip Steaks.

M.F. Miller, C.R. Kerth, J.W. Wise, J.L. Lansdell, J.E. Stowell
and C.B. Ramsey, Texas Tech University, P.O. Box 42162,
Lubbock, TX 79409-2162.

A boneless strip loin (IMPS #180) was fabricated from
each of 320 beef carcasses to study the effects of geographi-
cal location, quality grade, fat thickness, and cooler aging
time on beef palatability. Carcasses were selected for fat thick-
ness (< .5 cm or ( .5 cm) and USDA quality grade (Select or
Low Choice) from two slaughter facilities (IBP, Inc., Garden
City, KS or Excel Inc., Plainview, TX) and the strip loins were
aged either 7 or 14 d. Aging 14 d improved all sensory traits
and WBS values regardless of all other main effects (P <
.05). After 7d aging, steaks from carcasses that were pro-
cessed in Kansas had higher initial and sustained tenderness
ratings than steaks from carcasses that were processed in
Texas (P < .05). However, no differences were significant for
tenderness or other sensory characteristics after 14 d aging.
All sensory trait scores for steaks from carcasses that graded
Choice were higher than those from carcasses that graded
Select (P < .05). USDA quality grade did not affect WBS
values, and fat thickness did not affect sensory characteris-
tics or WBS values (P > .05). Therefore, aging beef strip loin
steaks 14 d compared to 7 d or selecting a Choice vs. a
Select strip loin steak increased sensory score and decreased
WBS values, but decreased fat thickness had no effect on
the palatability of loin strip steaks processed under these
conditions.

Key Words: Marbling, Geographic location, Palatability

Effects of Breed Type, Age of Feeding, Aging Time
and Endpoint Cooking Temperature on Tenderness
of Longissimus and Semitendinosus Steaks.

T.D. Pringle, D.D. Johnson, D.D. Hargrove, R.L. West, P.H.
Sapp and S.E. Williams, University of Georgia, 219
Livestock-Poultry Bldg., Athens, GA 30602-2771.

Sixty-two steers produced from the mating of Braford,
Simbrah, Senepol and Simmental sires to half zebu dams
and Brahman and Angus sires mated to Angus dams were
used to evaluate the effects of breed (BREED), age at feeding
(AGE), aging time (AGING) and endpoint cooking tempera-
ture (ECT) on meat tenderness. The steers were fed as calves
or as backgrounded yearlings and slaughtered at a fat con-
stant endpoint (1.0 cm). Twenty-four h postmortem, 2.5 cm
steaks were removed from the strip loin and eye of round
and randomly assigned to four AGING (1, 5, 10 and 15 d)
and three ECT (ECT-60, ECT-70 and ECT-80°C) after which,
Warner-Bratzler shear force (WBS) was measured. Data were
analyzed using a split plot design. Longissimus steaks were
more tender (P<.05) in Senepol-, Simmental- and Braford-
sired steers than Brahman- and Simbrah-sired steers, as well
as in calf-fed versus yearling-fed (P<.01) steers. Shear force
decreased as AGING increased and increased as ECT in-
creased. A BREED*ECT interaction (P<.01) showed that shear
force was similar across BREED at ECT-60°C; however, at
ECT-70 and ECT-80°C BREED effects (P<.05) on WBS were
present. A significant AGE*ECT interaction indicated that
WBS at ECT-80°C in the calf-fed steers was less than or equal
to ECT-70 and ECT-80° in the yearling-fed steers. Similar
responses in WBS were found in semitendinosus steaks, ex-
cept that BREED did not effect (P>.05) WBS and ECT-70 <
ECT-60 < ECT-80°C (P<.05). These data suggest that ECT
can impact breed related differences in meat tenderness.

Key Words: Cooking endpoint, Breed, Tenderness

Comparison of Round and Square Cores in the
Determination of Beef Tenderness by Warner-
Bratzler and Instron.

R.L. Thiel, J.M. Brownlee, and F.C. Parrish Jr., Iowa State
University, 214 Mat Lab, Ames, IA 50011.

Seven rib-eye rolls, lip on (112A) were each cut into
eight 2.54 cm thick steaks starting from the blade end. Steaks
were randomly assigned to one of four treatment groups; 1)
round versus square cores using Instron [inst1], 2) round
versus square cores using Warner-Bratzler [inst2], 3) Instron
versus Warner-Bratzler using round cores [rdsq1], and 4)
Instron versus Warner-Bratzler using square cores [rdsq2].
Subsequently steaks from each group were cooked in a GE
Broiler grill to an internal temperature of 63°C. Steaks were
held overnight at 2°C. Two steaks from each rib were placed
into each instrument/core treatment group. Steaks were then
divided into three sections identified as: a) lateral, b) medial
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and c) ventral. Three 1.27 cm cores from each section were
taken from each steak for a total of nine and sheared once
through the center. The results indicate that there was a sig-
nificant difference (p>.05) between round and square cores
for both Warner-Bratzler and Instron. In all mean groups
tested, square cores had higher shear values than did round
cores. There were no indication of differences between in-
struments and no significant interactions between instruments
and core types were indicated.

Key words: Beef tenderness, Warner-Bratzler

Carcass Characteristics, Calcium-Dependent
Protease Activity, and Warner-Bratzler Shear
Values of Muscle from Steers Implanted 28 d
Before Slaughter.

M.A. Carr, C.R. Kerth, M.F. Miller, D.U. Thomson,
R.L. Preston, J.C. Brooks, and C.B. Ramsey, Texas Tech
University, P.O. Box 42162, Lubbock, TX 79409-2162.

This study was designed to determine the effects of im-
plants administered 28 d before slaughter on carcass char-
acteristics, shear force values, sarcoplasmic protein, and
calpastatin, m-calpain, and u-calpain activities. Six cross-
bred steers were implanted 28 d before slaughter and six

crossbred steers were not implanted. The steers were slaugh-
tered at a commercial facility and muscle samples for cal-
cium-dependent protease activity were taken 1 h after stun-
ning. Boneless strip loins were removed from one side of
each carcass 48 h postmortem. No differences (P > .05) were
found between implant treatments in ribeye area, kidney,
pelvic, and heart fat, fat thickness, USDA yield grade, or
lean color, firmness and texture. Only two of the implanted
steers graded Choice while all six of the non-implanted steers
graded Choice. Implanting steers increased sarcoplasmic
protein content (P = .04) and m-calpain (P = .07), decreased
calpastatin activity (P = .02), but did not affect (-calpain ac-
tivity (P = .18). Warner-Bratzler shear values of steaks from
implanted steers (1.90 kg) approached significance (P = .07)
compared to shear values of steaks from non-implanted steers
(1.67 kg). Although relatively tender after 3 and 7 d of aging
(2.76 and 2.35 kg, respectively), aging steaks for 14, 21, or
28 d decreased shear values (1.56, 1.08, and 1.17 kg, re-
spectively) compared to 3 or 7 d aging. The aging by im-
plant interaction was not significant for shear value (P = .76).
These data indicate that steers may be implanted 28 d be-
fore slaughter to increase muscle protein and decrease
calpastatin activity, but tenderness may be affected.

Key words: Implant, Calcium-dependent protease, Tender-
ness




