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S i,  Preceeding paper of Hamm et a l.  (1980) the influence of postmortem metabolism and development of rigor
hCcuring in tac t bovine neck muscles at 20°C on the water-holding capacity (WHC) of unsalted and salted 

j**f fo"omogenates was rep0rted. These studies had been carried out with special regard to the use of hot-deboned 
n ' ausage production. However, the influence of postmortem storage of beef at various temperatures on WHC
ot Oniy0f Practical in te res t, pa rticu la rly  the e ffect of storage at low temperature because under such conditions 

^  r ^9or mortis but also cold-shortening could influence the WHC of meat.
tS9htei|er W0I-k i t  i s known that lowering the temperature of bovine muscle from about 37°C (immediately a fte r

„ J  6-8°C results in a contineous decrease in the rates of ATP turnover and glycolysis; a further de-mrt(-em  ̂ tissue temperature down to the freezing point (about -1°C) causes an increasing acceleration of post
a l !  Qftabolism (Honikel and Hamm,1978; 3eacocke,1977). This phenomenon is  known as "cold-shortening" because 

“U (je temperature from +10° to -1°C causes an increasing shortening of bovine muscle which results in a remar- 
°rease of tenderness (Marsh and Lee,1966; Rowe,197A).

L the w enin9 occurs before the onset of rigo r mortis. Clear information on the influence of cold-shortening 
L ° f beef is  not yet available. I t  would be of particu lar in terest to know i f  there are differences 

r,j terms arigor shortening, rigor-shortening and rigo r mortis i ts e l f  with regard to the e ffect on WHC of meat 
l* V 6s ° f cooking loss of salted muscle homogenates, the la tte r  presenting conditions which exist in sausage 

ased Povve11 (1978) found that the drip loss of beef stored at temperatures where cold shortening occurs 
( /  Daine C?mpared with beef kept at 10-15°C. Measuring the weight loss on cooking cold-shortened muscle, Locker 

(197A) observed no influence of cold-shortening. The same authors reported in a following paper 
Of tls, q d Daines, 1976) even a small increase in WHC on cooking cold-shortened muscle a fte r onset of rigor 
> c°ld ,Lntrary to the la tte r  re su lt, Davey and G ilbert (1975) found a small increase in cooking loss as a resu lt
J u  eni rteni"9-
o>aŝ a needed c la r if ic a tio n . To do th is  i t  was necessary to distinguish between shortening, measured by 
(tl n sarcomere length, and rigo r mortis, measured by decrease in e x te n s ib ility  of muscle.Rigor in neck muscle

a tissue pH of 5.9 at 20°C (Hamm et al.,1980)as well as at other temperatures between 0° and 30 C 
t iQn, ai .  unpublished). I t  was the main purpose of th is  investigation to find the optimum conditions for 

Ure andn9 Prerigor beef and to determine the length of time the hot-boned beef may be le f t  at a given tempe- 
^  s t iu  obtain the benefit of a high WHC compared with conventionally ch illed  rigo r or postrigor meat.

^ i ^ ^  methods

" 'in ^ f6 of conditioning temperature was studied in the lean bovine neck muscles, which were obtained within 
ter slaughter, and divided in to  samples of about 100-200 g and about 1 cm thickness. One of the s trips  

af the ^efore incubation; the other s trips  were sealed in polypropylene pouches and placed in a cryostat 
At des*red temperature. A fter 10-15 min incubation, the center of the samples had reached the bath tempe- 

5 f roSê ecbed periods of incubation and a fte r 2A hours p.m. a sample was taken for further investigation.
°ates A ffe re n t animals had to be used to cover the temperature range between 0° and 30°C with several'Pit,
ces
For

» '-iv-nt a i miiaio 11 a vj tu uv. uov.u tu v-u*ui u iv- vui
°r temperature, time of postmortem storage and tissue pH.

V * »  1 orerinintn? PreParation of unsalted and salted muscle homogenates at d iffe ren t times post mortem (p.m.) ,for 
 ̂ in pH value, sarcomere length and cooking loss (as a measure fo r WHC) were carried out as des-

e Proceeding paper (Hamm et a l.,1980).

“ H ussion
C ; t l > tan at !Jotb e a rlie r resu lts , we 
y+! H°n i|g ,7 or 1A°C (F ig .1) whichn0r>ik x. ̂  ___________ j

Jp j.hs and Hamm, 1978? Holley et a l.  ,1980)/T h is  phenomenon can be explained by an accelerated release offli V13£rv 1 Om fk. . . . __. _ .. . . . .. .. .. * i_j i i__ ____o-i___
found a much higher rate of pH f a l l  at 0.5°C during the f i r s t  four hours 
is  certa in ly  due to an accelerated turnover of ATP (Newbold and Scopes,

i ^  u  1 lu H IIT )  ,  JL S  /  O  ,  J O l i e y  C l  a l  .  j l 7 0 U y  .  I I I X O  p M C I I U I I I C I I U I I  V s d l l  U C  C A p i a i l l C U  o i l  U V /V V .A V .4 U  v v v i  .  v o v u t i v  w i

W S°ciati the sarcoplasmic reticulum (SR) or from the mitochondria in to  the m yo fib rilla r space; these Ca2+ions 
,ld ani°2 with appropriate levels ot ATP in it ia te  muscular contraction before the onset of rigor mortis

!U,

i dnH T  1 appropriate levels U L  m r  i i n i i d i c  I i i u a u u i a i  G u i i u a L i i u n  u v  I  V. « n o v v  . . . v o

the Tume , l977; fo r further references see Hamm,1979) as is  demonstrated in Fig. 2. Proof fo r the role of 
^id-shortening e ffect was furnished by Honikel and Hamm (1978).

«d L5fid
■ZS  art a°rbening of sarcomeres, caused by ris ing  the tissue temperature above 16°C (F ig .2) was also accompa- 

NaKF’ th; elerated decrease of pH during the f i r s t  hours p.m. (F ig . l) .  Contrary to the cold-shortening e ffec t,
E&h  EH 3 p r > o  1 _____a.  i ___________________ j________ o ____ ______ i  A  *  A  n n f  r o m l f  i n  n r n r  i  n  P r  c h n r t p n i n n  i F i n  .  11 n n P T  P l i r V f i )  .

V JH ,
I

assumption is  suppor- 
above about

be?S accelera tion  of postmortem metabolism did not resu lt in prerigor shortening (F ig .2, upper curve), 
* the / Use not enough free Ca2+ was released from calcium accumulating organelles. This assumption is  sup 
'Hon.. act  that- rcTA h«< ««1- lma»r thp rate nf ATP turnover at tissue

tfi|
F bighg?res lasted fo r few hours p.m. only; then the further decrease of pH at 0 C was much slower than at

'c<V,°nikel that addition of EGTA does not lower the rate of ATP turnover at tissue temperatures above about
j. p ar|d Hamm, 1978). Oust before depletion of ATP which results in a release of Ca , does rigo r shortening 

c / ' W / ’ lower curve), as Locker and Daines (1975) also described. The accelerated postmortem metabolism at
k  .  Q L l i r p c  . _ 7 .  ,  ^  . . . .  . ______________  „ U  ^ 4 -  o  m . . n K  r l n w o r  t h a n  3 + -

V*1
] \ f lsS C?SSary for reaching pH 5.9 i .e .  the onset of rigo r mortis (Hamm et a l.,1980), decreases considerably 
X /  of CA?+perature (F ig .l and A) and we suggest, that a fte r few hours at a l l  temperatures studied sim ilar

V~ a  a w «  „  _ t ,  *  . . . I  i - i  x. l.    x. „  m o t a h n H c m  i  c  H p t p r m i  n p H  h v  t - h p  n n r m A l

^  temperatures (F ig . l;  Winger et a l.,1979). 
Oeci

n0e ofa are released. Apparently then the rate of postmortem metabolism is  determined by the normal 
emPerature on biochemical reactions.
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Another in teresting finding is  the fact that the WHC (cooking loss) of the in tac t muscle as well as of 
muscle homogenates prepared prerigor is  not influenced by the rate of postmortem metabolism (pH fa 
deqree of contraction in the prerigor or early rigo r period but depends only on the pH i ts e l f ;  fa ilin g  k 
some decrease of WHC (Tables 1 and 2; F ig .3). I t  is  of particu lar importance that the development of rig

the
C3U
m°rti5

Table 1 Percent cooking loss of in tac t muscle, unsalted and salted muscle homogenates at d iffe ren t incub3 
temperatures and d iffe ren t pH values of the in tac t tissues

ton

Incub. 
temp. 
°C

pH 6.8
in tac t homogenate3 
muscle unsalted salted

pH 6.1
in tac t homogenate3 
muscle unsalted salted

pH 5.9
in tac t homogenate3 
muscle unsalted salted

pH 5.5
in tac t homogenate 
muscle unsalted sa

0.5 34 52 24 42 58 36 44 59 40 . ”
4 34 50 16 40 53 31 41 55 34 44 60
5 36 53 20 41 56 32 42 56 37 45 57
7.5 37 51 28 40 56 29 42 57 35 45 60

10 27 49 22 38 55 28 40 55 35 45 55
14 33 53 22 39 54 22 41 55 22 44 58
17 32 49 21 40 57 36 43 57 41 44 58
20 37 48 27 42 58 36 43 58 40 44 60
20 35 42 16 39 50 24 41 52 27 43 57
23 33 55 31 40 57 32 42 59 33 44 59
24 37 47 26 44 58 33 46 59 34 53 59
27 37 53 28 39 57 32 40 58 34 42 60
30 35 52 26 41 56 32 42 57 34 45 60

X 34 .4 50.3 23.6 40 .4 55.8 31.0 42 .1 56.7 34.3 44 .8 58.6

SD 2 .8 3.4 4.6 1.6 2.3 4.3 1.7 2.0 5.2 2 .7 1.6

55 
51
50 
H9
51 
53 
5* 
51
H8
5»
50
47
56

aHomogenates were prepared a fte r reaching the required pH 
2 percent NaCl.

in in tac t muscles. The salted homogenates

Relation between the pH f a l l  in bovine neck muscle 
and the time post mortem at d iffe ren t temperatures.

Table 2 pH-dependent postmortem changes in cooking loss in 
in tac t muscle,unsalted and salted homogenates (from 
table 1 ).

percent
in

6 «8-6 • 1

cookinq loss/pH 
the pH range 

6.1-5.9

un it 

5.9-5.5

In tact muscle 8.5 8.5 6.7
Unsalted homogenate 9.1 4.5 4.7
Salted homogenate 10.6 16.5 43.0

(pH 5.9-5.5) did not have a 
on WHC. This observation is  in agree n ĝû)/I
the results obtained by Oolley et al* 
measured WHC of the unheated tissue.
S trik ing results were obtained with j  f ly  
muscle homogenates. The WHC of the.sf(1e un5 /  
homogenates was higher than that of g 
ones, pa rticu la rly  in the p re r ig o r^ ^ a tij^ f/  
would
theory of swelling (Hamm, 1960,1972 > i ' r g t i 9 >  ̂
pH 5.9 was reached, i.e .  during the P 0 [1

l«5phase, the influence of postmortem “y s c y  
on the WHC was sim ilar in the intac ,ted ., 
that in muscle homogenates e ither u!\  ¡5 p^V 
salted (Tables 1 and 2, F ig .3). l n , g \ \0 ® jf  
the WHC of the in tac t tissue or muse /  
nates, measured at the sampe pH, waS con5®V 
of incubation temperature (Table D* t ioOi 
ly ,  cold-shortening (prerigor contra 
not exert an e ffect on WHC of muscl  ̂ add1

■tK

M U t  C A C l t  a i l  C l  i c e u  V I I  H M V  V .  ------ £

in tac t or homogenized with or witho
of s a lt.

I l lC I ltd  U U U M i iy  l u a a  n a g  in u u g u » %»- c , [ j l b " ' ^3"

about 24 hours p.m. Preliminary r^,.,ence l i t

I t  should be pointed out that in 
ments cooking loss was measured no t5 1 J

cated that cold-shortening does ^nmjScle5nj^ 
retention of in tac t unheated neck (H1̂ 
loss) a fte r a longer period of agei

> l t < &
et a l . ,  unpublished).
Contrary to the finding fo r unsa- ^  u i* - ,y  
homogenates, the development of ra9 j i t 3 ji 
(pH 5.9-5.6) in the in tac t muscle r  «P {P 
a remarkable decrease of WHC of samperatlJ 
homogenates, no matter at which te y
muscle had gone in  to the state ot j i t 5 .5 
(Table 1 and 2, Fig. 3). Similar 
obtained by Hamm et a l.  (1980) w if"
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Fiq.3 Cooking loss of in tac t muscles, unsalted and 
salted homogenates in re la tion  to the post 
mortem pH f a l l  in  the in tac t muscle at tempera
tures between 0 and 30°C, The bars indicate the 
standard deviation.

% 2o°c, The probable cauSes fo r the d iffe ren t behaviour of unsalted and salted muscle homogenates has
- discussed in the preceeding paper of Hamm et a l.  (1980).
ŝ Henp°nclude from our results that longitudinal changes of muscle occurring during contraction have much less"0 On UIIIA . . _ . . . 1 i __ L_J____  ____nnAune r\-P aHianont mA 1 11Pat t ? 0n WHC than alterations caused by a ttraction  between oppositely charged groups of adjacent molecules 

ClJla rly  by cross-linking between myofilaments during development of r igo r.
FVe the high WHC of freshly slaughtered beef i t  is  cruc ia l that the meat is  minced and salted before theese:

$ 16.

8^

A.

i --------r

necJUence of temperature of incubation of bovine 
PH 5 ^Uscles on the time necessary fo r reaching

¡Ä
S o u ’R.pand Leet> n !c . 1966: 3. Food Sei. 33, « 0 .
,̂ 611 >H.p’ and Scopes,R.K. 1967: Biochem. 3. 105, 107.

R.H’ and Daines, G.3. 1975: 3. Sei. Food Agrie. 
‘ add Daines, G.3. 1976: 3. Sei. Food Agrie.

Tume.R.K. 1977: Aust.3.Biol.ScTT30, 519.
, q8: Proceed.24th Meat Research Worker1̂  Meeting, 
i 97^: 3. Food Technol. 9, 501. 
l’eonema,0. and Marsh, B.B. 1979: 3. Food Sci. 44,

onset of rigor mortis (Hamm et a l . ,  1980). 
Therefore, i t  is  of practica l importance to 
know the time of postmortem storage a fte r which 
rigo r occurs at a given temperature. The length 
of th is  period depends on the temperature of 
muscle because the time necessary to reach 
pH 5.9 (onset of rigo r in  neck muscles) 
increases linea rly  with fa llin g  temperature 
(Fig. 4).
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