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FACTORS INFLUENCING VARIATION IN TENDERNESS OF MAJOR BEEF MUSCLES

G.D. STOLOWSKI, R.K. MILLER, J.W. SAVELL, A .R . SAMS, J .F . TAYLOR, S.K. DAVIS, J.O. SANDERS, 
J.W. TURNER AND S.B. SMITH
Department o f  Animal Science, Texas A&M U n ive rs ity , C o llege  S ta tion , TX, USA

INTRODUCTION: Tenderness issues and sources o f  v a r ia t io n  in  tenderness o f  b ee f r e t a i l  cuts 
were apparent in  the Nationa l Beef Tenderness Survey (Morgan e t  a l . ,  1991). Id e n t if ic a t io n  
o f the response o f in d iv id u a l muscles to  postmortem aging is  c r i t i c a l  to  understanding 
mechanisms and processing methods that should be used to  improve the consistency o f 
tenderness in  the cooked r e t a i l  product. Muscles d i f f e r  in  muscle f ib e r  tenderness and 
response to  aging (a lso  id e n t i f ie d  as p ro te o ly t ic  enzyme a c t i v i t y ) . A d d it io n a lly , i t  is  
thought, but not documented, that d i f fe r e n t  b ee f muscles respond to  postmortem aging a t 
vary ing  ra te s . Therefore, the o v e ra ll o b je c t iv e  o f th is  p ro je c t  was to  determine bee f 
tenderness and the v a r ia t io n  in  tenderness o f  major bee f muscles by examining the mechanisms 
responsib le  fo r  d if fe re n ce s  in  b ee f muscle tenderness.

MATERIALS AND METHODS: Beef carcasses (n=30) were obtained from b ee f s tee rs  and h e ife r s  o f  
known gen e tic  background and three breed types that are known to  vary  in  b ee f tenderness 
ch a ra c te r is t ic s . These c a t t le  (3/4 Brahman (B) x 1/4 Angus (A ), 1/4 B x 3/4 A and F i 
Brahman x Angus crosses) were obtained from the research p ro je c t  e n t i t le d  "Gene Mapping - 
Mechanisms o f  Genetic Control o f Beef Carcass M erit" that is  being conducted a t Texas A&M 
U n ive rs ity . The current study d id  not include a l l  fa m ilie s  or high enough numbers to  te s t  
breed e f fe c t s ,  but breed was included in  the model as a main e f f e c t .  The steers  were 
slaughtered a t a s im ila r  age and fa tn ess . One s id e  o f  each carcass was e le c t r ic a l ly  
stim ulated. From each s id e  (stimulated=ES and non-stimulated=NES), seven muscles 
(Semimembranosus (Sm), Semitendinosus (S t ) , Biceps fem oris (B f) ,  Vastus la t e r a l is  ( V l ) , 
Gluteus medius (Gm), Longissimuss d o rs i (L d ), T riceps b ra ch ii (T b )) were examined. 
C alpasta tin  enzyme a c t iv i t y  a t 24 hours postmortem (Shackelford e t  a l ., 1994), sarcomere 
length  (Cross e t  a l . ,  1981), and W arner-Bratzler shear fo rc e  were determined as in d ica to rs  
or eva luations o f b ee f tenderness. Tenderness o f  steaks stored  fo r  0, 14, 28 and 42 days 
postmortem in  r e fr ig e ra te d  storage was determined by W arner-Bratzler shear fo rce  
determ inations.

RESULTS AND DISCUSSION: Sarcomere length  d id  not d i f f e r  between breed crosses (P > .05 ). 
E le c t r ic a l stim u lation  d id  not a f fe c t  sarcomere length  in  the Sm, B f, V l, Gm, and Ld 
muscles, however, fo r  the Tb and St, the ES muscles had longer sarcomere lengths than the 
NES muscle (Table 1 ). Tb, ES muscles had the longest sarcomere length , fo llow ed  by the NES 
Tb. Muscles that had the shortest sarcomere length  were the V l, Gm, Ld and the NES St. 
E le c t r ic a l stim u la tion  d id  not in flu en ce ca lp a s ta tin  a c t i v i t y  (P > .0 5 ); however, there was 
a breed by muscle in te ra c t io n  fo r  ca lp a s ta tin  a c t i v i t y  (Table 2 ).  The Sm, St and Gm muscles 
from 1/4 B x 3/4 A had lower ca lp a s ta tin  le v e ls  than these muscles from the other breed 
types. The St, V l and Tb muscles from 1/2 Brahman c a t t le  were h igher in  ca lp a s ta tin  than 
these muscles from the other breed types. In the Ld muscle, ca lp a s ta tin  le v e ls  were s im ila r  
across breed crosses. With increased postmortem storage, W arner-Bratzler shear fo rc e  values 
decreased (Table 3 ).  However, shear fo rc e  values decreased to  a g rea te r  extend in  steaks 
from 1/4 B x 3/4 A. For the muscle by age in te ra c t io n  (Table 3 ), steaks from the Sm, Tb and 
Ld decreased in  shear fo rc e  between 2 and 14 days age, whereas shear fo rc e  d ec lin ed  a f t e r  28 
days o f aging fo r  St and V l muscles. Steaks from the Bf d id  not respond to  postmortem 
aging. Shear fo rc e  va lues were lowest fo r  steaks from the Tb, Ld and Gm and shear fo rc e  
values decreased w ith  postmortem aging in  these muscles. For the ES by muscle in te ra c t io n  
(Table 3 ), ES lowered shear fo rc e  values fo r  steaks from the Bf and Ld. Steaks from the Sm, 
St, V l, Gm and Tb were not a ffe c te d  by ES. Shear fo rc e  values fo r  steaks from the round 
(Sm, St, B f, V l) were h igher than shear fo rc e  values fo r  steaks from the lo in  (Ld, Gm) and 
chuck (T b ), fo r  both ES and NES.

CONCLUSIONS: Increased ca lp a s ta tin  a c t iv i t y  may account fo r  high in i t i a l  toughness and the
decreased response to  postmortem aging in  steaks. Muscles from the round were tougher 
i n i t i a l l y  and shear fo rc e  values decreased on ly s l ig h t ly  w ith  postmortem aging whereas, 
muscles from the lo in  and chuck improved in  shear fo rc e  va lue w ith  postmortem aging. 
E le c t r ic a l stim u la tion  coupled w ith  aging decreased shear fo rc e  va lues, p a r t ic u la r ly  fo r  the 
Ld. Therefore, fo r  cuts that are tough in i t i a l l y ,  e le c t r ic a l  stim u lation  and postmortem 
aging improved meat tenderness s l ig h t ly ,  but su bstan tia l improvements in  tenderness were not 
found.
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Table 1. Least-squares means fo r  
sarcomere lengths as in fluenced by 
e le c t r ic a l stim u lation  in te ra c t io n .

Sarcomere
I t £atment-a____________________ length , LUn
Semimembranosus by ES 1 .85cd
Semitendinosus by ES 1.83*1®
biceps fem oris by ES 1 . 7 6 9

Vastus la t e r a l is  by ES 1 . 7 9 ^ 9

Gluteus médius by ES 1.79e f9
Longissimus d o rs i by ES 1.759
Triceps b ra ch ii by ES 2 . 0 4 b

Semimembranosus by NES 1 .84def
Semitendinosus by NES 1.789
Sleeps fem oris by NES 1.789
vastus la t e r a l is  by NES 1.789
Gluteus médius by NES 1.779
Songissimus d o rs i by NES 1.79ef9
Triceps b ra ch ii by NES 1 . 9 0 e

Ssgldual Standard D eviation  ■ 10 
aE s = e le c tr ic a lly  stim ulated; NES=not 
e le c t r ic a l ly  stim ulated. 
cdefg  Means in  same column w ith

d i f fe r e n t  superscrip ts d i f f e r  
(P < .05 ).

Table 2. Least-squares means fo r  
ca lp a s ta tin  a c t iv i t y  as in fluenced  by 
breed by muscle in te ra c t io n .

Treatment
C alpastatin  

a c t iv i t y  per am
1/4 Brahman x 3/4 
1/2 Brahman x 1/2 
3/4 Brahman x 1/4 
1/4 Brahman x 3/4 
1/2 Brahman x 1/2 
3/4 Brahman x 1/4 
1/4 Brahman x 3/4 
1/2 Brahman x 1/2 
3/4 Brahman x 1/4 
1/4 Brahman x 3/4 
1/2 Brahman x 1/2 
3/4 Brahman x 1/4 
1/4 Brahman x 3/4 
1/2 Brahman x 1/2 
3/4 Brahman x 1/4 
1/4 Brahman x 3/4 
1/2 Brahman x 1/2 
3/4 Brahman x 1/4 
1/4 Brahman x 3/4 
1/2 Brahman x 1/2 
3/4 Brahman x 1/4 
Residual Standard

Angus by Sm 1.52^9 
Angus by Sm 1.93def  
Angus by Sm 2.20ed 
Angus by St 2.08ede 
Angus by St 2.80b 
Angus by St 2 .17ed 
Angus by Bf 1.53^9 
Angus by Bf 1.71e^9 
Angus by Bf 1.95def  
Angus by V l 2.18ed 
Angus by VI 2.88b 
Angus by VI 2 .15ed 
Angus by Gm 1.449 
Angus by Gm 1.91def  
Angus by Gm 2.02ede 
Angus by Ld 1.81def9 
Angus by Ld 2.19ed 
Angus by Ld 1.96de 
Angus by Tb 2 .44bc 
Angus by Tb 3 .59a 
Angus by Tb 2.17ed 
D eviation_______J70_____

abedefg Means in  the same column w ith 
d i f fe r e n t  su perscrip ts d i f f e r  (P < .05)

Table 4. Least-squares means 
fo r  W arner-Bratzler shear fo rc e

Table 3. Least-squares means fo r  W arner-Bratzler shear fo r  muscle by e le c t r ic a l
f °rce as in fluenced  by breed, e le c t r ic a l  stim u la tion , and stim u la tion in t eraction .
^Uscle. Shear

-^"Satinent__________
f ie s sâ
1/4 B x 3/4 A 
y 2 B x 1/2 A 
3/4 B x 1/4 A 
îâUSSie

Seitimembranosus 
^emitendinosus 
-̂Ceps femoris 
astus lateralis 
Gluteus médius 
0tigissimus dorsi 
Triceps brachii 

.&SD

^cdefghijklmnopq

Warner-Bratzler shear force, kg
D a y  2 D a y  14 D a y  2 8 D a y  42

4 . 1 7 b c 4 . 0 2 c 3 . 7 2 d 3 . 3 6 e

4 . 5 7 a 4 . 1 2 b e 3 . 9 1 c d 4 . 0 2 e

4 . 3 8 ^ 4 . 0 9 e 3 . 9 8 c d 3 . 9 6 c d

a  ¿ n d e f g h 4 . 0 l i 3 k 3 . 8 7 3 k l 3 . 8 7 l k l

4 7 2 b c d e 4 . 3 6 e f g h i 4 . l 4 h i j 4 . l l h i j

4 7 c ;b c d 5 . 1 4 a 4 . 8 1 a b c 4 . 9 3 a13

4 6 4 b c d e f 4 . 50 c d e f g 4 . 2 4 9 h i 4 . 0 5 1 3 k

3 . 5 9 lm n 3 . 3 3 n ° P 3 . 0 7 P 9 2 . 9 2 9

4 . 3 1 f g h i 3 . 7 3 k l m 3 _ 4 g m n o 3 . 2 2 ° P 9

4 . 1 8 9 h i j 3 _ 4 g m n o 3 _ 4g m n o 3 3 7 innop

1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0

Treatment fo rc e , kg
Sm by ES 4., 03de
St by ES 4., 26ed
Bf by ES 4.. 78b
VI by ES 4., 26cd
Gm by ES 3.,19h
Ld by ES 3,. 399h
Tb by ES 3 ,, 5 9 f 9
Sm by NES 4,. 05de
St by NES 4. O O

Bf by NES 5 . 04a
VI by NES 4 ,46e
Gm by NES 3 .26h
Ld by NES 3 , 9 9 e
Tb by NES 3 . 68f
RSD 1 .00

abcdefgh Means in  the same
column w ith  d i f fe r e n t  
superscip ts d i f f e r  (P  <

Means w ith in  main e f f e c t  and across 
aging periods w ith  d i f fe r e n t  superscrip ts 
d i f f e r  (P < .05) .

.0 5 ) .


