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SUMMARY

el
Shortening during chilling with a time-temperature gradient was calculated using a mathematical model d¢”
from shortening data achieved at 9 different constant temperatures (1-37°C). The model used considere
time-, temperature- and pH-dependence of the ri gor process. Shortening thus obtained was compared W!
real shortening achieved on muscle strips chilled with two different time-temperature gradients.

The maximum shortening of the muscle strips, chilled with these two gradients (slow and fast
chilling), was 41.6 and 30.7%, whereas the model predicted a shortening of 40.3 and 3.1%, respective y; not
Shortening calculated from the mathematical model based on data obtained at constant temperatures bt
provide complete information on the actual shortening during chilling with a temperature gradient, excep
the case of very slow chilling. This is suggested to be due to the fact that the decline in ATP has not beé
included in the model, to control the progressive change from a reversible to an irreversible process.

Introduction

Since Locker (1960) showed that shortening of pre-rigor muscle is a factor governing meat tenderness; m;gaych
Locker and Hagyard (1963) found that shortening during rigor is temperature-dependent, consider able rCe o
has been conducted in this field. Most of the research on the temperature dependence of shortening has
carried out at constant temperatures to be able to draw conclusions regarding the mechanisms governi?é s by
shortening at rigor (Honikel et al., 1983). However, chilling of the muscles on the carcass at the abattolr ™
necessity, performed with a temperature gradient. Experiments on the muscle of the carcass have als beresults
done in order to investigate the rigor process (May et al., 1992) and difficulties appear in comparing ¢

from the two types of experiments. By using mathematical modelling of shortening at constant rigor
temperatures, the shortening during carcass chilling, i.e. with a temperature gradient, can be simulated i only
Comparing the simulated shortening-time dependence at different chilling rates with the real ones dQesn
provide information on whether rigor development at constant temperatures is similar to that of chilling oni0t
temperature gradient, but may also tell us something about the complicated mechanisms governing short

at rigor. This is the issue to be dealt with in this paper.

Materials and methods

. utes
Shortening: M. semimembranosus from young bulls of the Swedish Lowland breed was sampled 30 mln;t
post mortem (pm). The animals were electrically stimulated (85V, 14Hz for 32 seconds) 25 minutes P tered
mortem. From each muscle sample, two strips (35 mm and 1 gram) were cut and the shortening was reg! 15,
as described by Hertzman et al. (1993). Four samples at 9 different constant temperatures (1, 4, 5, 7> " Jied
22, 29 and 37°C) were used for the modelling part and two different time-temperature gradients were o 0°C
One was slow, chilled linear in two steps from 39°C down to 35°C for 4 hours and then further down t© ¢
at 24h pm (n=3), the other one was a fast gradient, differing from the slow gradient by chilling for 4 hour
down to 20°C instead of 35°C (n=3).

Modelling: The shortening-time curves at constant pre-rigor temperatures were found to be best fitted 0 .
sigmoidal expression minimising least square distance; shortening= A/(1+B*t°), where t=time. The g ®
temperature-dependence of the constants (A, B and c) was modelled, using different equations, thus gl;,:jelled
expression describing shortening at temperature T and time t; Shortening=A(T)/(1+B(T)*t™). The M

1




sh

Ol'tening Was calculated by accumulating delta shortening / delta time' for each time- and temperature-interval
“lthe 8radient unti] pH dr(>;;ped below 5.8, where shortening was considered to be fully developed.

R )
SSult and discussion

e Shortemng curves at constant pre-rigor temperatures were fitted to a sigmoidal expression: Shonen;ng=‘ s
] HB*IC), Where A is the maximum shortening. B and ¢ describe the shape of the curve. The mean values an
*‘-Van‘ances of the constants A, B and ¢ are given, for each n'gor- temperature, in Tab]e k. : e
X’hen the Shortening was very intense, i.e. at 1, 4 and 37°C, the sigmoidal expression Fiescnbed L.he 0 tamcth
sata less aCcurately. Howcve;, it was of great value for the coming steps of the modelling evaluation to use the
s XPression for all the temperatures. s
he temperature-dependence of the constants A, B and ¢ was modelled to be -

As

6]*10'°‘22'r+ 1 17%T6 s*=0.38 (D
logg < B43* 10T + 2. 25%102#T2 47.86*102T + 1.14 s=0.15 (2)
tT~W° diﬁ?erenl €quations had to be used for the constant c, since large changes in the shape Qf the shortening-
flme eUrve take place between 5-10°C, which is the temperature region where cold shortening starts to operate
" thig Muscle,
T<7<>
C' C= o ”
Do, ©~-(10.5%T2 + 0.012*T + 3.36) i
e “(-5.29%10*T3 + 2.21*102*T2 + 2.75%10*T + 1.31) s=0.04 (3)
By us

ang ing “Quations 1, 2 and 3 for A(T), B(T) and ¢(T), an expression descn’bin(% shortening t;t temperlature ]“v
e i is obtained; shortening= A(T)/(1+B(T)*®™) (4). For other musc es, ne
Mog or M. semimembranosus is obtained; s ' o senbios g
2V tob 1 he shortening response to temperature differs between m | rtzman ef
4, 19 0 be made, since the shortening resp ‘ : S i
g Ol 1 Iculated shortening, according to equation 4,
Mtime .~ SS0N et al., 1994). Figure 1 shows the calcu ! gt ]
7:[2)0 o Constant laen,ipcratl)lres gt::rm’een 1 and 37°C. A temperature region qf mimmum shortening between
4 Observed and this region has the longest delay period before shortening starts. SEg T
lo gt Since the model only considers time and temperature as variables, anglt?lerdequalmon dxs Tn}fe dz St
X ' i illi 1 ortis has fully developed.
M © calculations when, depending on the chilling rate, rigor m " :
. (]954)’ Who studied the effect of 7 different constant temperatures (7-43°C) on the post-mortem pH

o) ithmic rate of pH-decline (kpH,
Unjtsroi) D, was used for modelling the temperature-dependence of the logarithmic rate of p

g
40,
D30 KPH = 0,042%] 0437

(5)
*XPH= 251 (5% 2097

wher:e'_llng, Calculated according to equation 4, was accumulated until pH dropped bejs\tj ;;H f}ﬁ’lz\?g:;g e
Py frel Was Considered that the maximum shortening had been reacbed. The time nef e‘ ?r i,
Prog 6. Sto5g was calculated for both the chilling rates, accprdmg to the fg]lou ing: lgslng Zti S T;}))e s
Wag " € the temperature was changed every 10 minutes according to the pan‘._lcular ghl! mg[hrsz - fmes
L Calcuateq according to equation 5 for each time interval anq the drop in pH }t‘nng eedbwen -
mea:ﬁlrbsequem]y Subtracted from the preceding pH. The calculated time to reach pH 5.8 agr

One (dat S ¥ F :
gradi Fig(ure: ;l(:nj]g“:l]l)e modelled and the actual shox?ening‘ls gwe_n for the twg txme—tlem});;stgset
Q}ll'llAefltS. The aCtual maximum shortening for the muscle strips, cm11§d with two gradlenots (slow vl
an 9), Was 4] 6 and XAO 7%, whereas the model predicted a shortening of 40.3 and' 3:l Yo, ryespecutw; yt.h el
;egard :;m between the ;llc;de]],c:d and the measured shoneningi]ir:i tllle f}?sec ;)Sfesi)c;\;az?l:}lllirlllgi;l\gx 851 egr;z;d ecl) e
4 € leve] int where the maximum was reached. In . ' ng, &
llI"ield e Predict IheEl rflii:; Ter\)f(::;n(:f shortening, as well as the time end pplnt. Even 1'f shortening l\: z:s 'accu[r:;ﬂated
: Qdé])H d. Was reached (9% shortening instead of 3%), there was still a large d.lsagreé;ment c:h W ?env + G
® highand Teality, Shoncning caused by either high or low temperature is reversible as long a}s1 ¢ level y
fo the Nda]), 1973), but it becomes progressively less so as the 1;\'6] of ATP decreaﬁses‘ T f prt:reg;l;s)lun [
5 “Maticy] m(;dcl presented here is reversible processes, since the model does not take into
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anything about the ATP-status. In the slow chilling example (Figure 2), all the shortening occurs in the hﬁe
temperature region from 39°C down to 35°C and then the temperature gradient and the constant tempera il
experiments are not that different, with regard to the ATP-status too. Therefore the model predicts pretty ¥

TS fyd S = . es 11!
the actual shortening in that case, whereas at fast chilling the inevitable Ca** release at higher tempergturs ot
vel do¢

real chilling, which presumably cannot be re-accumulated to the same extent as when the ATP-le model'
decrease (prerequisite of the model), causes a larger degree of shortening than can be predicted from -
Conclusions

as 41.0 and

The maximum shortening of the muscle strips, chilled with two gradients (slow and fast chilling), W
30.7%, whereas the mathematical model predicted a shortening of 40.3 and 3.1%, respectively. Shorteni?
calculated from the mathematical model based on data obtained at constant temperatures does not Prowde slow
information on the actual shortening during chilling with a temperature gradient, except in the case OtV
chilling. This is suggested to be due to the fact that the decline in ATP has not been included in the mode?

control the progressive change from a reversible to an irreversible process.
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Legends

Table 1. The mean values of A, B and ¢ and the variance s*for each temperature.

Figure 1. Modelled shortening versus time and temperature for M. semimembranosus.

Figure 2. Modelled and actual shortening versus time for slow chilling of M. semimembranosus.
Figure 3. Modelled and actual shortening versus time for fast chilling of M. semimembranosus.






