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Estimates of the relative contribution of the two main structural components of tenderness -the my° gaSllr 
and the connective tissue strength- have been the subject of many investigations. Instron adhesion m  ^  
ments have been used for determination of connective tissue strength (Bouton and Harris 1972 a', 19 tenSile 
Warner-Bratzler (WB) shear force value (Bouton and Harris 1972 b; Bouton et al. 1973) or Instron teS 
strength measurements (Bouton and Harris 1972b) 1972c; Penfield et al. 1976) have been used as e s ^  
of myofibrillar strength. Rhodes et al. (1972) studied for ce-deformation curves from roasted meat 
by using Volodkevich jaws and suggested that some of the parameters measured were related to the obt»1cbcal properties of different elements of the meat structure. Studies on the force-deformation curves gU 
by using the W B  shear device have shown that treatments influencing predominantly the muscle flbe ceS 
as aging, cooking and myofibrillar contraction affect mainly the initial force values, whereas differ ut0„ 
between the initial yield and peak force values reflect changes due to connective tissue differences l diffe’e) 
et al. 1975). In studies on texture of beef semitendinosus by using W B  deformation curves, consiste ^ j 0t̂ (C 
rencesliTyield position were found between the yield taken as the myofibrillar strength (termed per**,
resp. the connective tissue strength (termed W B  C-force) (Miller 1980). Increasing the end point te ^  M 
from 60°C to 80°C was found to increase the W B  M-force and to decrease the W B  C-force. Also, 1 ollagefl 
and C-force appeared to be more significant estimators of sensoric evaluations of tenderness and co 
solubility than the usual measured W B  peak force value.

The purpose of the present investigation was to make further studies on the W B  parameters .as influen
ceu

by time at different*final temperatures in beef semitendinosus and biceps femoris. Rectangular muS^jng l0” 
strips were cooked by water bath method and beside the W B  parameters, solubility of collagen, coo 
and sensoric evaluations of tenderness were measured.

le

M A T E R I A L S  A N D  M E T H O D S

obtained h orn ja/sSix semitendinosus (ST) and biceps femoris (BF) muscles from 2-4 years old cows were obtained n  ¿a] 
local slaughter-house. After 2 days aging at 6 C, the muscles were excised and further stored for aPd
at 4°C. Muscle pH values ranged from 5.3-5.5 . Then the muscles were wrapped in polyethylene » i

The meat was allowed to thaw slightly to permit theJ egM eC'-frozen at -18 C for no longer than ten weeks. --  „ 61>_,
of 24 subsamples, 2 x 2 x 5  cm, cut parallel to the muscle fibers. Subsamples of ST muscles we bsa&?1, 
tively classified as R (Red), M  (intermediary) and W  (White) according to sample location. The su eatiHen 
were weighed and placed in 100 ml glass tubes, randomly assigned to the various groups of heat tr 
and stored in the refrigerator at 2-3°C 16 hr. before heating.

<4if f e TefltDifferent heat treatment were assigned by using three different endpoint temperatures and three ji
times at each final temperature as shown in table 1. A  0,9% NaCl solution was added to the tubes J ceiit<j 
covering the meat blocks. For temperature control a thermocouple was inserted lengthwise into 1 pCj6Z3 V  
the sample. The glass tubes containing the meat sample were placed in a water bath (Heto type 0 duce j 

S5°C, and allowed to equilibrate at that temperature. The water bath was then programmed to P fji>̂  
igned temperature gradient. After removal of samples from the water bath, the meat blocks vVe
tap water and immediately placed in the refrigerator at 2-3 C for no longer than 24hr., the b

at 35°C, 
ass 
by tap

co^lt
reweighed and cooking losses calculated.

Samples of rectangular cross section, 1,0 x 1,0 cm, and 4 c m  along the fiber axis were cut fr°m  l^iaPfl 
meat These samples were sheared at right angles to the fiber axis using a W B  shear blade with ^ ¿ ei 
slot angular cutting edge (Instron Cat, No. T 372-66).An Instron Universal Testing Maschine table 50
was used to measure the W B  shear fo’rces with the following operating parameters: Crosshead^ sP®®dar ^ it/

in ail measurements w m c n  corrcspuuuo iu a j u m  uioiou,.«. .... -- ------ j, ^
of the cross head was standardized to .7 c m  from the point where the blunt W B  shear blade ha ^  y/P

vas usea to measure une o suçai * y ^ o « u n  -- ----6 x-----------------  gi
pr. minute and chart speed 100 m m  pr. minute. The distance travelled by the shear blade waS 8 final ̂  

all measurements which corresponds to a 5 c m  distance on the recorder chart. The ^  clltto 2,5 c m  in

through the meat sample. F r o m  the W B  deformation curves three parameters were measured. I 
M-force or initial yield taken as a measurement of the myofibrillar component of tenderness, i the s. 
ter was measured on the shear deformation curve as the peak occuring approximately 2,5 c m  fr°"nenl 0 
ting point of the recorder, (b) W B  C-force taken as a measurement of the connective tissue comp 
tenderness. This parameter or final yield was measured on the shear deformation curve as the „¿s 
peak occuring approximately 3,5 c m  from the starting point of the recorder, which almost corre Y 
the position of the cross head, where the shear blade had cut through the meat sample, (c) W B  P 17
taken as the m a x i m u m  force recorded i.e., the usual measurement when using the W B  shear devi 
shear deformation curves from ST muscles are earlier shown (Miller 1980).
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Kl». *tr^eat aftactable collagen was measured as earlier described (Miller 1980) on a 6 g sample of the minced 
t̂QUps rei" heat treatment equivalent to the treatment given to the meat blocks, but only in the experimental 

e6te as,e erring to treatment A. A five m e m b e r  taste panel of laboratory staff was used. The panel me m b e r s  
Pointet* to rate ease of first biting at right angle to the fiber axis and juiciness on a 9 point scale. The 

ariei rr»eS *he two scales were defined as extremely tender/juicy (=5) and extremely tough/dry (=1). The 
t ê t w asfri°ers wefe also asked to count the number of chewing movements necessary before swallowing. The 
j6triainin Bresented after equilibrating to room temperature as approximately 1 c m  cubes, i.e. the cubes

® a£*er the W B  measurements. The results including the total material were analyzed by the follow- 
'a), while differences between sections of the ST muscle were investigated by design (b).

An
lscle (M) 
irtlal (a )

(a)
Collagen analyses 

d. f.

tnal Temperature (FT) 
Time (X)

f r a c t i o n s  
T * F T
M  V  t'-T'

Other parameters 
d.f.

Section of muscle 
Animal
Final temperature (FT) 
Time (T)
Interaction F T  x T

d.f.

-fror
rotai 35 107

Model
Error
Total 161

si
‘ka'■S:

gnifi
tee

cant differences were obtained using the error term from the analysis of variance. Level of sig-
te 18 den°ted by ***(P< .001), ** (P< .01),* (P < .05) and NS (not significant). A1J calculations

'tf;
‘-arrj

suLTS.
led out using the Statistical Analysis System (Barr et al. 1976).

v e°u
and f .values from the analysis of variance for W B  parameters, sensoric evaluations, cooking lossu d o p  - j  ---- -----  ---- —  i---------------- ------------ ----- —     "  - * “ »

6 tl°nsi s°tubility are presented in table 2. As the interactions muscle x temperature and muscle xtime 
tyjj gnificant except for cooking loss, the two muscles are treated together in the statistical analysis.
*ri Wn'f°fceM.f0 and W B  peak force differed with respect to muscles (P < .001) while no difference was found 
Mol tieatmrCe ketween the two muscles. This indicate that the myofibrillar shear strength measured after 
C01,**■ in LLent seem s  identical in ST and B F  muscles whereas the connective tissue strength is significant 
* the B F  muscle (P < .05) ------- - *>--* --------— ------------------ ---------------- -0( j?en aiiT muscle (P C. .05). Supporting that observation B F  muscles contained higher amount of total 

ketrec*u£red more chewing movements. The ease of biting, juiciness and percent cooking loss did

60o*kai

:̂ n muscles.

Vi
l i,lail te ° n o i £inal 1 

^ M u - c  ( P <

emperature revealed significant effects on W B  M-force and W B  C-force (Pi .001)
and 7 n°£>erature had no influence on the W B  peak force values. The W B  M-force increased only between 
tv,- C (p < .05) while W B  C-force decreased both between 60°-70°C and 70°-80°C. The nonsensiti-

|^Str-he W Brated f° Pea^ force value in measuring heat induced changes due to final temperature was clearly de- 
05) a f°m  these results. The sensoric evaluations including ease of biting (P i  .001), no. of chewings 
5d hotv, ,Ju£c n̂ess (P < . 001) were all affected by final temperature. The amount of cooking loss in- 

b e t w e e n  60-70°C and 70-80 C ( P <  .05).
the W r

0 Parameters only W B  C-force was found to be affected by prolonged cooking time (P < .05). 
g titrie taBle 1 a 30 min. period of prolonged cooking decreased the W B  C-force. A  30 min. additional 

\  ‘̂°t sig,^(Prov£Bed still lower W B  C-force but the difference between 30 min. and 60 min. cooking time 
c^ewi^1Cant’ Prolonged cooking time had no influence on sensoric evaluations of ease of biting and 

v ^Sed „ n8s- On the other hand the percentage of cooking loss and solubility of collagen increased due to 
Cooking time ( P <  .001). 8 8

tr, Cant interactions between final temperature and time as found for W B  C-force and W B  peak forcejP* - * t0 a interactions between final temperature and time as found for W B  C-force and W B  
M(i êfcentarnuch larger effect of prolonged cooking time from 0 to 30 min. at 60°C than at 70° o 80°C.

Ce ^ o£ cooking loss and juiciness also showed time x temperature interactions caused by a lesser 
e, etVveen 30 and 60 min. cooking time at 70°C and 80°C final temperature, than at 60°C final tem-

p-*ïluSri 'Values from the analysis of variance for W B  M-force and W B  C-force in the different locations
»h a r . ------ .-J . . •> . . W  /____... j.-n______________ J;.. .. ____________ _, IC’1'. 0ne8 are Presented in table 3. As shown, the W B  M-force did not differ according to intramuscular 

\ Cc°td "e °ther hand’ the W B  C *io rce seemed to be significant higher in the red part of the ST muscle.
«*• ob.iservation measurement of total collagen in ST muscles from four additional animals

^ n?\feC  ̂section contained significant higher amount of total collagen as compared to the white 
j * ol)• ---  1—  *i—  ^ — 1--- ° --------------- - —  * ** - * * 1
Scribed.

Main effects as shown by the F-values in table 3 were in accordance to the total material
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t aTe
Simple correlation coefficients between the various tenderness parameters measured in the e* P * « “ *“d to 
presented in table 4 for B F  and ST muscles. The W B  parameters M-force and C-force were co c ,f0rCe
the W B  peak shear f°fr F ^ ' 00ifwh^re^^no  ̂ f o ^ s ^ i p 0^ w ^ r T ^ K e s e  parameters appeared *  

atl^ „  .I J T v *  pnrrplatinn coefficients between W B  M-force and percent cooking loss were higWV
at foil for the number of chewing movements was higher correlated to ail w  a parameters in nr “‘“"“¿jy gig 
fn ST muscles The correlation coefficients between W B  M-force and percent cooking loss were highly
nificant (r = 0.6-0.7 , P < .001).

DISCUSSION.
Several years ago it was proposed that meat tenderness could be resolved into at least two d ifferen t co^mP 
"Background toughness", which is the toughness due to presence of connective tissue and other■ 
proteins, and "Actomyosin toughness", which is the toughness> that can b . ^  o ^ ^ e n t .

onefll‘
al

iUar

r««“ «. ■»?
been extremely uSifiT in interpretations^J-various treatments and in devising new experiments to m  
the molecular basis for variations in meat tenderness.

j
The present investigation focused on the separate effects of heat induced changes on m yo fib r illa r an ( n

« « » V  b~j.Br.«a STas a measurement of myofibrillar toughness ( W B  M-force) and the yield taken as . measurement oi^ ^  
tive tissue toughness ( W B  C-force) occurred at fairly well defined positions on the force-de to 1
The results showed with those of an earlier study (M0ller 1.980) t h r e a t  induced ^ here»s
crease

it1'

TfinaT"temperature were'sïgnïfîcantly"related to changes in W B  M -force  a n d  W B  C h o r e e  where^
, . r ____j i_____Dhvinnslv. some information is lost when oniy rL i  Cd OCU i iu u i  ic. in   ̂ — - —   O , . r , •

the W B  peak force values showed lower relationship. Obviously, some information 
force value is taken as a measurement of tenderness

t-j-e3
Earlier workers (Laakonen et al. 1970, Penfield and Meyer 1975, Hearne et al 1978) have reported^ fa*  
decrease in W B  peak shear value from 50-60 C but no significant changes in shear values with h aSing t
M  .o TOSC b e , "  semitendinosus. Dubi dt >1. ® l  foubd th„ W B  .h..r »  ^
cooking temperature above 60°C for bovine meat samples. In contrast Paul et al (19J1) found nt
temperature did not influence shear values of bovine ST cores heated from 58 - 82 C. This disagg ^gat
from earlier reports is probably caused by the insensibility of the W B  peak shear values in reflecting g of 
induced changes in a given sample of meat due to the antagonistic changes in the mechanical proper 
the myofibrillar and connective tissue proteins.

Bouton et al. 1975, found no significant reduction in W B  initial yield force or W B  peak f o r c e  value 
measured in ST muscles obtained from 2-4 yr old steers by using prolonged cooking time at 60 O p<
1-24 hr . In the present study only prolonged cooking time up to 60 min. was used, and among the ^

‘ "  the latter effect was most p r o n o u n c e d  a

O'3'
°c<
su
d«'

meters only W B  C-force was found to be affected. However, the latter eneci was mosi pronoui.b.^- fe 
which is in the region of the shrinkage temperature of collagen. The prolonged cooking period at bu t®*1' , 
ted in higher amount of soluble collagen but also in a significant increase in cooking loss. The coo 6 tjm
rizing of beef muscles as represented in this study was found optimal by using either a 30 min. co co0K>

. -»r»®/'-__r;_ „ i *■ „ — ^ uritVwMi t hniHinfr n p r i n H  al s n  the effect of h e a t  t r e a t  m  6 nt

loss is considered.
i by 2Comparisons between B F  and ST muscles showed that the main difference in tenderness was cause 

hipher connective tissue component of toughness in the B F  muscles whereas the myofibrillar comp° 
similar in the two muscles.

The W B  M-force and the W B  C-force were generally higher correlated to sensoric evaluations of te (atiofl 
as compared to the W B  peak shear values. Therefore, it is concluded that the possibility for interP , ^ 1  

of the effect of different heat treatment on meat tenderness m a y  be increased by measuring the in iof 
respo nse of the myofibrillar and connective tissue components as suggested in this study.

Table 1. Experimental design. Each group contains three samples from 
each-muscle and animal.

lh

Time at final Final temperature 1)

temperature 60°C

o0or- CO o 0 O

0 min. Al B 1 Cl

30 min. A2 B2 C2

60 min. A3 B3 C3

temperature was increased from 35° to the final temperature by
0.6°C/min. in all groups.
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Table 2. Means, F - va lu e s  f rom  analysi s of  var iance  and signi ficant d i f f e rences  among means fo r

Table 3. Means, F-values from analysis of variance and significant differences
among means for Warner-Bratzler (WB) parameters in different sections 
of M. Semitendinosus.

W B  M-force W B  C-force

Red section 
Intermediary section 
^hite section

4. 51 a 
4. 36a 
4.25a

4. 29a 
3. 90b 
3. 13C

R-values for: 
Section 1.87NS 22.8***
Rtnal temperature 45.7 *** 19.9***
Time .88NS 14. 6***
•Animal 9. 85*** 14. 4***
Rinal temperature x time 2.29NS 6. 3***
—

^ eans with same subscribt are not significant different at the 5%  level.
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Table 4. Correlations between Warner-Bratzler (WB) parameters, sensory evaluation and cooking 1° 
in M. Biceps Femoris ^  and M. Semitendinosus ^  (No. of samples 54)

1 2 3 4 5 6 7

1. W B  M - f o r c e . 5 1 * * * . 7 1 * * * - .  8 9 * * * . 7 2 * * * - . 6 6 * * * . 5 8 * * *

2 .  W B  C - f o r c e . 07 . 9 5 * * * - .  4 5 * * * . 5 5 * * * - .  0 2 - . 1 4

3.  W B  p e a k  f o r c e . 5 5 * * * . 8 2 * * * - . 6 1 * * * . 6 2 * * * - . 2 1 . 03

4 .  E a s e  o f  b i t i n g . 7 4 * * * - . 2 0
5 3 * * * - . 7 3 * * * . 7 8 * * * - . 6 6 * * *

5.  N o .  o f  c h e w i n g s . 26 . 3 1 * . 28* - . 4 5 * * * - .  4 1 * * . 26

6 . J u i c i n e s s - . 6 3 * * * . 4 2 * * - .  03 . 5 2 * * * - . 0 1 - .  8 7 * * *

7 .  %  c o o k i n g  l o s s . 7 0 * * * - . 4 6 * * * -  . 0 2 - . 4 6 * * * . 04 - . 8 7 * * *

^correlations above the diagonal represents Biceps Femoris and correlations below the diagonal 
represents Semiteniinosus.
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