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l l  ? i f ferent animal or carcass charac t e r i s t i c s  or 
Vefl nY invent--n d ? rness or meat q u ality has b e e n  the subject 
rec attenti0n ^ ations and r e c ently there is a m a r k e d l y  rene- 

PubliCat.°^ this subject as illust r a t e d  by the many

1981; M e  Curdy et al., 1981? Koch et a l . , 1982?
- -  of ' ------- -- — •, 1984) .

°ther ancj ® ^ cb i n v e s tigations are often very d i f f e r e n t  from
et al ( 107 0° c o n t r V i c t o r y  as c l early i l l u s t r a t e d  by 
They not-- for tbe r e la tion of animal age and tender-

U) ^ age 0_ lced that results of i n v e s t i g a t i o n s  r e l ating 
irictpesults wh-iefJ^e rness m e a t  could be d i v i d e d  into 3 groups: 
°n t ased animal showed a general d e c rease in tender n e s s  with 

erness ^ 1^ a9e; ^  results w h i c h  showed no e f f e c t  o f  age 
that Ss w ith in n<3 ^  r e s u lts which showed an increase o f  ten- 

'̂ suits c r e ased animal age. They there f o r e  suggested
r4te t6rices a 9e/ten d e r n e s s  studies d epend on age range, 
th0i_of ^Usclp Carcass w e i ght/ m uscle (s) choser^ the cooling 
ti6s an<j ^  s and hence on ch i lling conditions, c o oking me- 

c o S S 0 ! ! 5 ’. used_.t0 asses the m e c h a n i c a l  p r o p e r -  
°t c ailsed f0° * ed m y s c le- This conclu s i o n  m a y  p r o b a b l y  be 

*;cass char a 1 ^ i n vesti9a tions which try to r e late animal 
8 illustra? teristics or t r e a tments to tende r n e s s  of meat. 
.study ated a recent coordi n a t e d  inter l aboratory 

to dif* was cn P ? Cted by D r a n sfield et al. (1982). In this 
^ C e g ^ t e n t  n rn S 1Uded that a l t h o u 9 h a t t empts to relate q u a l i t y  

n Post-'?d U C tion factors were o f t e n  c onfounded, d i f fer- 
S®X, s°Untrie J siau9 h t e r handling, p a r t i c u l a r l y  b e tween p r odu- 
■iNUt96 and fa.d o m i n a t e d  e a t i n g  quality. O n  the c o n t r a r y  breed, 

ness had relatively little influence on e a ting 
Of tabove inf y

^  Itl0at.i'n^luencm atiOn 1? ads to tbe conclu s i o n  that i n v e s t i g a t i o n  
to*s tendern6 ° f a s -̂n 9le animal o r  c a rcass c h a r a c t e r i s t i c  
5®'ooMnflUenC ineSS seems to be possi b l e  o n l y  if all o t h e r  fac- 

e 6d in Q r ,g tenderness are held c o n s t a n t  or, are at least 
St4n<jgbariment er to q u a n t i t a t e  their e v e n t u a l  effect.N ? 41

le*i<

2e<j"rr Were done to find out if c o n d i t i o n s  c o u l d  be 
ln such w a y  that the e f fect on tender n e s s  is as 

ratt31*316 so that similar a n i mals w o u l d  give s i milar 
g s . F o r  reasons of s t a n d a r d i z a t i o n  and ease

es?SJ ’0 ssiM '

M e thods

M F I was d e t e r m i n e d  following the m e t h o d  of C u l l e r  et al (1978) 
w i t h  slight m o d i f i c a t i o n s  (e.g. use of U l t r a  T u r r a x  i n s t e a d  of 
W a r i n g - E l e n d o r ), as w i l l  be d e s c ribed elsewhere.
S L  was m e a s u r e d  w i t h  the laser d i f f r a c t i o n  techn i q u e  on fixed 
s a mples as d e s c r i b e d  by V a n d e n d r i e s s c h e  et al., (1984).
SF was m e a s u r e d  o n  c ooked samples (1 h, 75 °C) following the 
m e t h o d  r e c o m m e n d e d  by the E.E.C. (Boccard et al., 1981). Cores 
w i t h  a d i a m e t e r  of 1.27 c m  w e r e  taken p e r p e n d i c u l a r  to the d i 
r e ction o f  the fibre b u ndles and sheared with a W a r n e r - B r a t z l e r  
shear m o u n t e d  on an I n s t r o n  model 1140 (Instron L t d . , High 
W y c o m b e ) .
T h e  h e a t  s o l u b i l i t y  of intram u c u l a r  c o l l a g e n  (soluble collagen) 
was d e t e r m i n e d  following the m e t h o d  of S o r e n s e n  (1981) with 
h y d r o x y p r o l i n e  d e t e r m i n a t i o n  according to ISO.DIS 3496.2. 
S o l u b l e  c o l lagen was c a l c u l a t e d  as % of the sum of s o l uble and 
i n s o luble c o l lagen (= T otal collagen).

R e sults and d i s c u s s i o n  :

The standa r d i z a t i o n  of the cooling c o n d i t i o n s  is illust r a t e d  by 
the m e a n  t e mperatures on three times p.m. and the time n e c e s 
sary to reach 10 °C for b o t h  experi m e n t s  and m u s cles (table 1). 
T h e  c o o l i n g  room temper a t u r e  was somewhat h i gher in the second 
e x p e r i m e n t  (near 6 °C instead of 4 °C) and this has e f f ected 
m o r e  the carcass temper a t u r e s  of the LD than of the ST.

T a b l e  1 : Mean temper a t u r e s  (±SE) on three times p.m. and 

time n e c e s s a i r y  to reach 10 °C.

T em p ers tu rs T im e t o re a c h

2 .3 h  p .m . 4h p .m . 6h p . n 10 “ C

L on g .! D o rs i

E x p t . 1 <n*26) 3 3 .<5 t  0 .3 2 7 .3  * 0 .3 2 1 .1  + 0 .3 14h40 + 18 min

E ::p t .2  <n=34) 3 4 .9  ± 0 .3 3 0 .0  ± 0 . 3 2 3 .0  + 0 .3 lo h 4 2  t 13 min

Senn tgndinosus

E x p t . 1 (n -2 6 ) 3 1 .3  ♦ 0 .1 2 7 .3  + 0 . 1 2 3 .3  + 0. 1 23n03 + 14 min

E x p t . 2  (n - 3 4  *> 3 2 . 1 + 0 . 3 2 8 .2  + 0 .2 2 4 .2  + 0 .2 23H33 ± 22 min

*  e x c e p t  f o r  t im e  t o  r e a c h  10 “ C n=32 .

V N  t w arner B
r a t 2 l e r  peak S hear F o r c e  w a s  c hosen as 
m e a s u r e m e n t .

(ob-
'^On V Catqet In a d d i t i o n  to this m a i n  in-
6 (Sp\Ind®x (MpT fbe r e l a tion b e t w e e n  the M y o f i b r i l l a r  Frag- 

' d®teCm i t I l d e t e r m i n e d  on raw m u s c l e  and peak Shear 
ned °n c o o k e d  m u scles was studied.

- 'al =, 
and ]

y  (s.

M=th,ods

^ Î S g g i t  of c a r c a s s e s  :

&m ~9258 q~£m ? nt 26 bulls (from the p r o g e n y  t e s t i n g  sta- 
* toe* and po» ... ewindeJce' Belgium) of two d i f f e r e n t  

S j  ' (*p live w « T W !?ite of Flanders) of e x a c t l y  1 year o l d  and 
j-fJ of «4 ^  S E ) 487 4 6 k g  a n d  a m e a n  dres-
n’6h*.e s lauah+.*5 , ± 8,2 were slaug h t e r e d  o n  5 d i f f e r e n t  

•3. "'ean ,34 h„?,t e r h o u se ' * '•3 F o r  the s econdb tti V ^ ™ U 8 e  of o u r  laboratory. . _____________
Ve the same ori(?in as t hose o f  expt. 1 and
-ahter ^ ^± S E ) 487 4 6 kg and dressi n g - %  59.0 ±
«as ™ ,  6 di fferent days. In both experi m e n t s

;su n;au9ht

n ^ c i b i e '

K - S h J i
I '■Qrv'i .PtQrt^ wa s  dn —  w v u .i j .c i .c m . u o p .  j.u uu cn e x p e r i iu e n  
Atn firiq ^ ciblP w ne a f t er captive b o l t  s t u n n i n g  and p i t h i n g  y tr>~. c mannor i . i _ _ ____________ _____  . . . .

+ a ,n f r and the carcasses w e r e  transp o r t e d  to 
~ + 2 C) a f t e r  e x actly 68 ± 1 min. p o s t - m o r t e m  

SE) in experi m e n t  1 a n d  64 ± 1 min. in

%

b alv©eS /we m p e r a t u r e  of two m u s c l e s  of the right 
ie/'hil 24n° sUs) L ° n g i s s i m u s  dorsi 8th thora c i c  rib and

h p - was r e c o r d e d  c o n t i n u o u s l y  in a standa r d i z e d
* “ * as f O 1 1 / Tl ̂ inn 1 /I PlTV100, 1/3 DIN, 

the c enter of
ins©^+.af f° H o w s  : T h e r m o c o u p l e s  (Pt 

5* aiilrnUs dor-^d  e x a c t l y  7.5 cm deep into th<
I exactif1 c P art c o r r e s p o n d i n g  to the 8th thora-

the 5 cm d e e P  in t b e centre of the o u tside vi- 
V  a H_e m i t e n d i nosus (ST) . T h e s e  thermocouple

o^fywell r e c order o u tside the c o olinq ro«
v  y ;
>«*?*« h
,th.Patt

“ •15 
°m the 

P-m.

s were
recorder o u tside the c o oling room 

c ) and e a c h  m e a s u r i n g  point was m o n i t o r e d  ev- 
m oment the carcasses a r rived in the c o oling

Thes ~ ot th ---  c a r c asses w e r e  p l a c e d  e very time in
s  wasSa^e cooif same c o oling room, this in o r d e r  to achieve 

V  ck ft'easutedln^ C o n d ltions for all carcasses.
^Q rlin a p o r table p H  m e t e r  (Knick p o r t amess

depth « 5 D , 1.in both m u s cles at 1 h, 2.5 h, 4 h and 
,the*i* B e t w « f a b o u t  5 cm (each time m e a n  value of 5 

of t h © G n -24 a n d  28 h p ‘m ’ the LD 8tb thoracic 
ir/t . t j s t  right carcass h a lves were removed, v acuum

the and two 1 2 dle part * 3 c m  thick was p acked for ex- 
‘ fa d ] a c e n t  parts A  and B from the m iddle

for' expt. 2) and p r e s e r v e d  at 4 °C.
SL a n n n 2 sarcoraere length "(SL) w « ‘m e ^ u r e d  on 

V  &Ï q Ptf»„o3-laqen ? n ^ ay 8 p-m. o n  both muscles. Tot?l
(̂ ftSaTiqiSe,:Ved f Was d e t e r m i n e d  o n  samples f rozen on day 8 

° r a b o u t  1 1//2 m o n t h  (-20 °C) on both LD

\  ^  1 i fro»SL and SF was d e t e r m i n e d  on LD and ST
A/2 m o n t k en ° n day 8 p 'm ’ and p r e s e r v e d  b y  -20 °C 

08 and on ST (part B) p r e s e r v e d  for 5

F r o m  table 1 it is also c lear that the c o o l i n g  condit i o n s  were 
not s e rvere and were there f o r e  not s u p p o s e d  to c a u s e  cold s h o r t e 
ning. A s  is illust r a t e d  b y  the mean pH v a l u e s  in table 2, pH = 
6.0 is reached w i t h i n  2.5 to 4 h ours in b o t h  m u c l e s  for m o s t  of 
the animals. This means that these young and w e l l — nourished a n i 
m a l s  have a very fast p o s t - m o r t e m  metabo l i s m ,  limiting the risk 
o f  cold shortening. In table 2 the d i f f e r e n c e  in p.m. m e t a b o 
lism of the two d i f f e r e n t  m u c l e s  is c l e a r l y  i l l u s t r a t e d  : the 
m e a n  p H  o f  the S T  is in both e x p e r i m e n t s  and o n  each m e a s u r i n g  
time s i g n i f i c a n t l y  lower than the m e a n  pH of the LD. For the ST 
the final pH is a l m o s t  r e ached w i t h i n  6 h ours p.m. For both 
e x p e r i m e n t s  the m e a n  pH values for the same m u s c l e  on the same 
time p.m. are similar.
F r o m  table 1 and 2 it can be c o n c luded that for all pract i c a l  
p u r p o s e s  s t a n d a r d i z a t i o n  is reached.

T a b l e  2 : M e a n  pH and p H  Differ e n c e / h

1 h 2 .3  h

pH 

4 h 6 h

pH D i f f . / h  in  

1 - 2 .5  2 .3 - 4

p e r io d

4 -6

<n-26>

L o n g , d o r s i  6 .9 0 6 .3 0 5 .9 5 5 .7 1 0 .3 9 8 0 .2 3 5 0 . 122

Sem i t e n d .  6 .7 3 6 .0 3 3 .6 7 5 .4 8 0 . 46o 0 .2 4 3 0 .0 9 5

L e v e l  s i g n . ( a )  * ttx * * * *** S N .S . N .S .

<n»33> CbJ

L o n g , d o r 3 i  6 .3 7 6 .3 6 3 .9 2 3 .6 6 0 .3 3 3 0 .2 91 c Cl tl

Sem i t e n d .  6 .7 3 6 .0 2 3 .6 1 5 .4 5 0 .3 0 4 0 .2 7 7 0 .0 7 8

L e v e l  s i g n . ( b ;  * * * x ssx M S S M N .S . S

(a) L evel of s i g n i f i c a n c e  (t-test on m e a n s ) : * = p <  0.05?
*** = p <  0.001? N.S. =• Not significant.

(b) In exper i m e n t  2 o n e  animal was o m itted b e c a u s e  of h i g h  end-pH 
( D F D - a p p e a r a n c e ) : pH >  6.0 for LD and pH >  6.2 in ST. B e c a u 
se of this r e a s o n  this animal is o m i t t e d  from all further 
determinations.



A.

Ir

In spite of this s t a n d a r d i z a t i o n  there w a s  still a c o n siderable 
v a r i a b i l i t y  in peak S hear F orce v alues for b o t h  e x p e r i m e n t s  and 
muscles. For expt. 1 peak SF v alues (determined at 8 days p.m.) 
r anged from 25.1 to 81.9 N  and from 33.9 to 57.6 N for LD and 
S T  respectively. F o r  expt. 2 these v alues (determined on samples 
frozen at 8 days p.m. and p r e s erved for 1 1/2 m onths at -20 °C) 
r a n g e d  from 22.7 to 59.6 and 31.3 to 55.9 N  for LD and ST res- 
p e c t i v l e y  (part A ) , and from 32.2 to 54.1 N  for ST (part B) 
(preserved up to 5 m o n t h s ) . This v a r i a b i l i t y  c o u l d  not be r e 
lated to b r e e d  differ e n c e s  (Red or R e d - W h i t e ) . Some possible 
r e asons for this v a r i a b i l i t y  in tender n e s s  are d i s c u s s e d  below. 
As was first m e n t i o n e d  b y  J o s e p h  & C o n n o l y  (1977) and later more 
t h o r o u g h l y  d i s c u s s e d  by L o chner et al.(l980) and M a r s h  et al. 
(1981) the c h i l l i n g  c o n d i t i o n s  in the very early p o s t  m o r t e m  
p e r i o d  m a y  be c r ucial for tenderness e n h a n c e m e n t  after ageing.
In both experi m e n t s  there still e x i s t e d  s l i g h t  d i f f e r e n c e s  in 
temperature. Maybe these slight d i f f e r e n c e s  have a great impact 
o n  tenderness, a l t h o u g h  there were no s i g n i f i c a n t  c o rrelations 
b e t w e e n  temper a t u r e  o n  2.5, 4 and 6 h  p.m. and SF for b o t h  m u s 
cles and b o t h  e x periments. A  s u pport for this p o s s i b i l i t y  may 
be the fact that w i t h  the slightly h i g h e r  c o o l i n g  room t e m p e r a 
tures of expt. 2 the tende r n e s s  range for the LD is s m aller than 
for expt. 1, but there is n o  e v i dence that there is a c a usal e f 
fect. A s  the c a rcass t e m p e r a t u r e  in our e x p e r i m e n t s  is measu r e d  
only from about 1 1/4 h p.m. on, w e  c annot take into a c c o u n t  the 
Influence of the tempa r a t u r e  in the very first p e r i o d  p.m.. 
A n o t h e r  p o s s i b l e  r eason m a y  be that the s l a u g h t e r i n g  proce d u r e  
i tself (the p e r i o d  immediatly b efore and d u r i n g  slaughtering) 
has a very g reat influence on later tenderness. F u t h e r  research 
is h o w e v e r  n e e d e d  to come to an a c c e p t a b l e  e x p l a n a t i o n  of the 
v a r i a b i l i t y  in tender n e s s  found.
A s  was m e n t i o n e d  in the m a t erial and m e t h o d s  s e c t i o n  the value 
of the MFI as p r e d i c t o r  and i n d i cator for SF was also examined, 
altho u g h  the circum s t a n c e s  (limited tende r n e s s  range) were not 
optimal for e v a l u a t i n g  methods. T h e  results are h o w e v e r  v a l u 
able and w i l l  be b r iefly discussed.
In e x p e r i m e n t  1, MFI d e t e r m i n e d  on raw s a mples 4 days p.m. was 
c o m p a r e d  w i t h  SF d e t e r m i n e d  8 days p.m.. F o r  b o t h  m u s c l e s  MFI 
and SF were n e g a t i v e l y  c o r r e l a t e d  (p <  0.01)but the d e t e r m i n a 
tion coeffi c i e n t s  are v e r y  low (24 and 25 % for LD and ST r e s 
pectively) , and an accurate p r e d i c t i o n  of SF on c ooked muscle 
o u t  of one MFI determination on the raw sanple is not possible. In 
expt. 2, MFI and SF were d e t e r m i n e d  on the same d a v  on muscles 
frozen 8 days p.m. and p r e s e r v e d  for a b o u t  1 1/2 months. The 
n e g ative correl a t i o n s  o b t a i n e d  have h i g h e r  d e t e r m i n a t i o n  c o e f 
ficients (37 and 52 % for LD and S T - p a r t  A, respectively) than 
those of expt. 1 , but as is c l e a r l y  illust r a t e d  by figure 1 the 
e s t i m a t i o n  of SF from one MFI d e t e r m i n a t i o n  w i t h  95 % c onfidence 
is not a c c urate e n o u g h  (see d o t t e d  lines = 95 % confi d e n c e  i n 
terval) .
This leads to the c o n c l u s i o n  that p e a k  S h e a r  Force c a n n o t  be 
p r e d i c t e d  nor e s t i m a t e d  accurately from one MFI determination.

For e x p e r i m e n t  1 S h e a r  Force of both m u s c l e s  (LD & ST) i 
s i g n i f i c a n t l y  c o r r e l a t e d  (r=0.6915, figure 2), but a ga in a]n<>
e s t i m a t i o n  o f  SF of ST from SF of LD is n o t  a c c u r a t e  eno y j0neS 
this is in accord a n c e  w i t h  the concl u s i o n s  of D r a n s f i e l “ 0{ 
(1981) who i n v e s t i g a t e d  the relat i o n s h i p  b e t w e e n  tenderne 
three muscles. F o r  expt. 2 the c o r r e l a t i o n  b e t w e e n  SF ° nge 
two m u s c l e s  is s m aller (r=0.3625), p r o b a b l y  b e c a u s e  the 
of the SF v alues o f  the LD is smaller than in expt. 1*
T h e  results of s o luble and total c o l l a g e n  determ i n a t i o n s  .s i 
coniere length m e a s u r e m e n t s  did not help to e x p l a i n  tende 
riability, a n d  will not be discu s s e d  here. t
T h e  c o n c l u s i o n  of this work is that there is still a ^ retandai' 
b i l i t y  in tenderness p o s s i b l e  in m u s c l e s  from bulls at 
d i z e d  weight, age,- slaug h t e r  and c o o l i n g  c onditions. A S .-bleS 
tender n e s s  v a r i a b i l i t y  c a nnot b e  e x p l a i n e d  f r o m  the var 
measured, further resea r c h  w i l l  be needed.
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f igure 1 : Regres s i o n  of S hear F orce (SF) v alues (Y) on MFI

v alues (X) of S e m i t endinosus (part A) for expt. 2. 

(n = 33). Regression equation: Y = 54.1 - 0.16 X.
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figure 2 : R e g r e s s i o n  of Shear force v alues (Y) of S e m i t e n d i 

nosus on Shear force v alues of Long, dorsi (X) for 

expt. 1. (n * 26)

Regres s i o n  equation: Y = 28.7 + 0.33 X
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