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. EE:EEEding paper of Hamm et al. (1980) the influence of postmortem metabolism and development of rigor
eslehOmori“Q in intact bovine neck muscles at 20°C on the water-holding capacity (WHC) of unsalted and salted
sf f & genates was reported. These studies had been carried out with special regard to the use of hot-deboned
%slso dusage production. However, the influence of postmortem storage of beef at various temperatures on WHC

N on}. i Practical interest, particularly the effect of storage at low temperature because under such conditions
Yop, 90r mortis but also cold-shortening could influence the WHC of meat.

Sy arl
ngmwerier work it is known that lowering the temperature of bovine muscle from about 37°C (immediately after

Mopy ¢ OF tFQ 6-8°C results in a contineous decrease in the ratesoof ATP turnover and glycolysis; a further de-
ﬂfemﬂmta;ss9e temperature down to the freezing point (about -1"C) causes an increasing acceleration of post-
hﬁllo t Olism (Honikel and Hamm,1978; Jeacocke,1977). This phenomenon is known as "cold-shortening" because

¢ degp €Mperature from +10° to -1°C causes an increasing shortening of bovine muscle which results in a remar-
Qﬂq €ase of tenderness (Marsh and Lee,1966; Rowe,1974).

On shor 3
%tym WHEES;“Q occurs before the onset of rigor mortis. Clear information on the influence of cold-shortening
8

i ten Prery beef is not yet available. It would be of particular interest to know if there are differences
MXEPNS 5 gor shortening, rigor-shortening and rigor mortis itself with regard to the effect on WHC of meat
Cooking loss of salted muscle homogenates, the latter presenting conditions which exist in sausage
COWell (1978) found that the drip loss of beef stored at temperatures where cold shortening occurs
AUneg Ompared with beef kept at 10-15°C. Measuring the weight loss on cooking cold-shortened muscle, Locker
Ckep (1974) observed no influence of cold-shortening. The same authors reported in a following paper
L ines, 1976) even a small increase in WHC on cooking cold-shortened muscle after onset of rigor

ary to the latter result, Davey and Gilbert (1975) found a small increase in cooking loss as a result
€ning.

Cgyy -ON
v Sho:z
gy, SN
Qt‘easegrra Needed clarification. To do this it was necessary to distinguish between shortening, measured by
. i?rcomere length, and rigor mortis, measured by decrease in extensibility of muscle.Rigor in geckmuscle
%nwkel et Cissue pH of 5.9 at 20°C (Hamm et al.,1980)as well as at other temperatures between 0° and 30°C
utimﬁn al. unpublished). It was the main purpose of this investigation to find the optimum conditions for
reand 9 prerigor beef and to determine the length of time the hot-boned beef may be left at a given tempe-
Still obtain the benefit of a high WHC compared with conventionally chilled rigor or postrigor meat.

e ?IALS AND
L (T
Wﬁqgmin 2?: of conditioning temperature was studied in the lean bovine neck muscles, which were obtained within
b%hrmlyZed €r slaughter, and divided into samples of about 100-200 g and about 1 cm thickness. One of the strips
Yy, At ¢ o befOre incubation; the other strips were sealed in polypropylene pouches and placed in a cryostat
‘At Se§31red temperature. After 10-15 min incubation, the center of the samples had reached the bath tempe-

%lfs from d?Cted periods of incubation and after 24 hours p.m. a sample was taken for further investigation.

Qateg fo ifferent animals had to be used to cover the temperature range between 0° and 30°C with several
ths ¢ T temperature, time of postmortem storage and tissue pH.
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[} Qop
“i@ﬁtermingh? preparation of unsalted and salted muscle homogenates at different times post mortem (p.m.) ,for
A in . lon of pH value, sarcomere length and cooking loss (as a measure for WHC) were carried out as des-
EmL Preceeding paper (Hamm et al.,1980).
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1965 thanent w

ol N at 7%th earlier results, we found a much higher rate of pH fall at 0.5°C during the first four hours
X4y Tlong

& iy el or 14°C (Fig.l) which is certainly due to an accelerated turnover of ATP (Newbold and Scopes,
w “S"S Yom z"d Hamm,1978; Jolley et al.,1980). This phenomenon can be explained by an accelerated release of
Q%WMfQiatio he sarcoplasmic reticulum (SR) or from the mitochondria into the myofibrillar space; these Ca2+ions
3% Olg an, N with appropriate levels ot ATP initiate muscular contraction before the onset of rigor mortis
I% n the o Tme,l977; for further references see Hamm,1979) as is demonstrated in Fig. 2. Proof for the role of
Me?asajsh 0ld-shortening effect was furnished by Honikel and Hamm (1978).
?%v:yan agrte"iﬂg of sarcomeres, caused by rising the tissue temperature above 16°C (Fig.2) was also accompa-
JO%bi’thiscelerated decrease of pH during the first hours p.m. (Fig.l). Contrary to the cold-shortening effect,
@gbyy bQCaUGCCeleration of postmgrtem metabolism did not result in prerigor shortening (Fig.2, upper curve),
o “fhe facie not enough free Ca“* was released from calcium accumulating organelles. This assumption is suppor-
1%“b(°n1ke1 that addition of EGTA does not lower the rate of ATP turnover at tissue te?geratures above about
ﬁwteFi > and Hamm,1978). Just before depletion of ATP which results in a release of Ca“", does rigor shortening
Qgﬁmerata ower curve), as Locker and Daines (1975) also described. The accelerated postmortem metabolism at
T% hy Tes lasted for few hours p.m. only; then the further decrease of pH at 0"C was much slower than at
Mtth% ne temperatures (Fig.l; Winger et al.,1979).
: wé:Sh]CESsary for reaching pH 5.9 i.e. the onset of rigor mortis (Hamm et al.,1980), decreases considerably
u&\°f QaSTpePature (Fig.l and 4) and we suggest, that after few hours at all temperatures studied similar
Ce of are released. Apparently then the rate of postmortem metabolism is determined by the normal
€Mperature on biochemical reactions.
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Table 1 Percent cooking loss of intact muscle, unsalted and salted muscle homogenates at different inC”batl
temperatures and different pH values of the intact tissues

interesting finding is
muscle homogenates prepared prerigor is not
degree of contraction in the prerigor or ear
some decrease of WHC (Tables 1 and 2; Fig.3).

the fact that the WHC (cooking loss) of the intact muscle as well as ©

influenced by the rate of postmortem metabolism (pH fall
ly rigor period but depends only on the pH itself; falling p mm¢ﬁ
It isof particular importance that the development of rigo
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Fig.l Relation between the pH fall in bovine neck muscle
and the time post mortem at different temperatures.

Table 2 pH-dependent postmortem changes in cooking loss in
intact muscle,unsalted and salted homogenates (from

rigor mortis N
\30°%c
.
T T
4 8 12

table 1).
percent cooking loss/pH unit
in the pH range
6.8-6.1 6.1-5.9
Intact muscle 5 5 7
Unsalted homogenate 1 5 7
Salted homogenate 6 16.5 0

Incub. pH 6.8 pH 6.1 pH 5.9 pH 5.5 a
temp. | intact homogenated intact homogenated homogenated intact homogenat® ed
96 muscle unsalted salted | muscle unsalted salted unsalted salted | muscle unsalted salt
0.5 34 52 24 58 59 40 ) : %
L 34 50 16 53 55 34 Ll 60 5é
5 36 53 20 56 56 37 45 57 59
7)) 37 51 28 56 57 35 45 60 41
10 27 49 22 55 55 35 45 55 53
14 33 53 22 54 55 22 [ 58 54
157 32 49 21 57 57 41 Ly 58 51
20 37 48 27 58 58 40 4b 60 5q
20 35 42 16 50 52 27 43 57 '
23 33 55 31 57 59 33 L) 59 50
24 37 47 26 58 59 34 53 59 57
27 37 53 28 57 58 34 42 60 “6
30 35 52 26 56 57 34 45 60 5
= 2
X 34.4 50.3 23.6 40.4 55,8 56.7 34.3 44.8 58.6 o
il
sD 2.8 3.4 4.6 1.6 2.0 5.2 2e7 f:f__——f’i’//
a tai"ed
Homogenates were prepared after reaching the required pH in intact muscles. The salted homogenates cot |
2 percent NaCl.
/(‘
e

in
(pH 5.9-5.5) did not have a significanttniww‘
on WHC. This observation is in agreeme?9W)“
the results obtained by Jolley et al.
measured WHC of the unheated tissu€: w;

ed
Striking results were obtained with 58 21W;ﬁ
muscle homogenates. The WHC of the
homogenates was higher than that of ¥ te ¥ |
ones, particularly in the prerigor 5% ;til
would expect according to the electrO; LB
theory of swelling (Hamm,l960,l972:19 erw“?ﬂ
pH 5.9 was reached, i.e. during the pfngeo t
phase, the influence of postmortem Chascws
on the WHC was similar in the intact mted
that in muscle homogenates either Unsésp o
salted (Tables 1 and 2, Fig.3). In thlnow%ﬂ
the WHC of the intact tissue or musclzmeﬁ&ﬁ
nates, measured at the sampe pH, %3° Conﬂq&d
of incubation temperature (Table 1)+ Fyon
ly, cold-shortening (prerigor contré 1£ef
not exert an effect on WHC of muscle adwt
intact or homogenized with or witho! )
of salt. ngﬁﬂ‘
It should be pointed out that in thesgceﬁt&’
ments cooking loss was measured no s it
about 24 hours p.m. Preliminary F€° -
cated that cold-shortening does i“fluclﬁ e
retention of intact unheated neck (H"nl
loss) after a longer period of age &
et al., unpublished).

Contrary to the finding for unsalFed in
homogenates, the development of rlgosqu%ﬂ,
(pH 5.9-5.6) in the intact musclé reednﬂ%fw
a remarkable decrease of WHC of S@ erawf
homogenates, no matter at which tempigor ot
muscle had gone in to the state © rgtﬁzs

(Table 1 and 2, Fig. 3). Similar T€% ¢
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obtained by Hamm et al. (1980) with
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Comere length of bovine neck muscles at 3 and Fig.3
¥ ours post mortem at different incubation
Mperatures,
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Cooking loss of intact muscles, unsalted and
salted homogenates in relation to the post
mortem pH fall in the intact muscle at tempera-
tures between 0 and 30°C. The bars indicate the
standard deviation.

" q Teaq The probable causes for the different behaviour of unsalted and salted muscle homogenates has
> Y discussed in the preceeding paper of Hamm et al. (1980).

from our results that longitudinal changes of muscle occurring during contraction have much less

1 Iﬁrticgq WHC than alterations caused by attraction between oppositely charged groups of adjacent molecules
Oy arly by cross-linking between myofilaments during development of rigor.

Peser,
€ the high WHC of freshly slaughtered beef it is crucial that the meat is minced and salted before the
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g oy, Jnd Daines, .3, 1975: 3. Sci. Food Agric. 26, 1721.
Eboid‘g. 2 Daines, G.J. 1976: J. Sci. Food Agric. 27, 193.

onset of rigor mortis (Hamm et al., 1980).
Therefore, it is of practical importance to
know the time of postmortem storage after which
rigor occurs at a given temperature. The length
of this period depends on the temperature of
muscle because the time necessary to reach

pH 5.9 (onset of rigor in neck muscles)
increases linearly with falling temperature
(Fig. 4).
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