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The effect of chilling temperature and carcase mass on meat tenderness
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Animal and Dairy Science Research Institute, Irene, Republic of South Africa 
Pretoria Technicon, Pretoria, Republic of South Africa

Introduction

a n a V S a very good medium for the growth of bacteria, and as this is detrimental to the keeping quality of meat 
no to the health of humans, methods were devised to slow down the growth of these bacteria. One of the best 
nown methods today is the chilling of carcases directly after slaughter. In South Africa the chillers used 

bp shilling these carcases operate at a temperature of about 0 °C. Although this temperature seems to have 
neficial sanitational influences, the effect of this chilling temperature on certain meat quality characteris- 

imis has to be addressed. Various researchers have already indicated that the rapid chilling of carcases 
fHn -/a t e ly after slaughter may have a detrimental toughening effect on the meat as a result of cold shortening 
onikel & Hamm, 1978; Lochner, Kauffman & Marsh, 1980; Honikel & Hamm, 1983).

Recording to Honikel and Hamm (1978), cold shortening results if a muscle with high energy reserves immediately 
ter slaughter is rapidly chilled to temperatures below 10 °C. They also maintain that this phenomenon usually 
ecurs with smaller carcases. It was therefore decided to determine the effect of carcase size (through 
encase mass) and different chilling temperatures on objective meat tenderness.

^eterials and Methods

co^H^y.Afrikaner cross bred steers were used in this experiment. These animals were kept under feedlot 
Thp 1t-°nS at and Dairy Science Research Institute at Irene, and were fed ad libitum.
yi animals were slaughtered at the Veterinary Research Institute at Onderstepoort (about 40 km from Irene) to 
ren ° 20 lrarcases in each °f four mass categories, namely 111, 152, 203 and 252 kg mass groups, thereby 
USgj~esenting the carcase masses of cattle slaughtered in South African abattoirs. One side of each carcase was 
temr>' ?our carcases °f each mass category were chilled after slaughter in comparable chillers at chilling 
0,75 m/ res 0f 3’ 5 ’ l and 9 .0(r respectively for 48 hours. The air speed in all of these chillers was 
(Lti p ^5 a^d The relative humidity, 95 />. Termocouples were inserted 3 cm into the M. Zonaissimus thoracis
(197?;^ - semiten^ o s u s  (ST) to determine the temperature of the muscle at 10 hours post mortem as Bendall
Post m advised that for optimal tenderness, muscle temperatures should not fall below 10 °C before 10 hours
72 hm °rtem' After chilling, the LT and ST were dissected out for shear force determination. In duplicate,
tookeri1"̂  post m°rtem, muscle samples of approximately 250 g each were placed in separate plastic bags and 
were siiP Preheated waterbaths for exactly 60 minutes at 60 and 80 °C respectively. After cooking, the samples 
Paraliii +ed t0 c?01 t0. t e m p e r a t u r e ,  after which cores (17,5 mm diameter) were taken from the samples 

e| to the fibre direction. The shear force was determined perpendicular to the fibre

di
accent1 ki With a Warner'Bratzler shear meter. These shear force values were evaluated against the "highest 
St Ptable value" of 110 N which was indicated by a trained taste panel on work previously done on beef.

1stical analyses were performed on an IBM personal computer with the NWA STATPAK (1984) programs. 

esults and discussicion

c Sc ê temperature 10 hours post mortem

mortem6/?335 dad a Qhly significant influence (p < 0,01) on the muscle temperature reached 10 hours post 
(Table o}able *)• The greater the carcase mass, the higher were the muscle temperatures in the LT and ST 
exceD1- • The avera9e temperature in the LT 10 hours post mortem was less than 10 °C in all the mass groups 
none of1?, the heaviest group (252 kg) where it was 10,82 “C (Table 2). In the ST, the average temperature in 

the mass groups fell below 10 °C within the first 10 hours post mortem (Table 2).
Table ]

• Results of three-way analyses of variances of the effect of carcase mass and chilling temperature on 
The temperature 10 hours post mortem (10 hpm) and shear force in the M, longissimus thoracis (LT) and 
IV. semitendinosus (ST)

Pai"ameter F value
Carcase Chi 1 ling

LyCle temperature 10 hpm :

mass temperature
cv% (A) (B) (AxB)

** ** X
44 86,6856 124,0030 2,2609

ST ** *x XX

6SSe?cr f°rce :
22 73,9753 55,7328 4,1110

IT XX
47 2,7273 9,1875 0,7510

ST ** XX
80 °c . 52 15 ,4541 2,3713 2,5848

IT XX
18 1,4311 14,7284 0,5392

ST **
21 9,1210 1 ,0254 0,4945* 15 _

p< 0,05 ** = p < 0,01



Chilling temperature also had a highly significant (p < 0,01) effect on the temperature reached 10 hours post 
mortem (Table 1). As the chilling temperatures increased, the average muscle temperatures in both the LT and 
ST increased (Table 3). This was also noted by Cliplef and Strain (1976). The effect of carcase mass and 
chilling temperature on the temperature 10 hours post mortem in the LT is shown in Figure 1.

Table 2 : The influence of carcase mass on the average temperature reached 10 hours post mortem in the
M. longissimus thoracis and M. semitendinosus.

Carcase mass 111 kg 152 kg 203 kg 252 kg

Temperature LT (°C) 5,95a 6,43a 8,68^ 10,82
Temperature ST (°C) 11,58a 12,46a 14,92^ 16,26

abc Within each row, values with no common superscript differ highly significantly (p< 0,01)
The following differed significantly (p <  0,05) :

LT : 111 kg and 152 kg 
ST : 111 kg and 152 kg

Table 3 : The influence of chilling temperatures on average muscle temperatures in the M. longissimus thoracis 
and M. semitendinosus.

Chilling temperature 0 °C 3 °C 5 °C 7 °C 9 °C

Temperature LT (°C) 4,12a 6,28 7,91c 9,74 11,88

Temperature ST (°C) 11,33a 9,93a 13,79^c 14,70 16,78

abcde Within each row, values with no common superscript differ highly significantly (p < 0,01)
The following differed significantly (p < 0,05) :

ST : 0 °C and 3 °C; 5 °C and 7 °C

The average temperature in the LT 10 hours post mortem was below 10 °C for all the mass groups when chilled at 
0 and 3 °C, at 5 °C for all the mass groups except for the 252 kg group, at 7 °C for the mass groups 111 and 
152 kg, but only for the mass group 152 kg at the chilling temperature of 9 °C (Table 4). One would thus expect 
these muscles to cold shorten and be tough. In the ST, a muscle temperature below 10 °C was only found in the 
111 kg mass group at chilling temperatures of 0 and 3 °C (Table 4), and this would indicate that generally no 
cold shortening would have taken place in the ST. The effect of carcase mass at each chilling temperature is 
shown in Table 5.

Shear force values

A general decrease in shear force values, thus an increase in tenderness, was found in the LT cooked at 60 and 
80 °C, with an increase in chilling temperature, as well as carcase mass (Table 3), which would indicate less^ 
cold shortening. From these results it is also important to note that cold shortening is not an "all or none" 
reaction, but that the toughening effect is very dependent on the rate of chilling. Lochner, Kauffman and 
Marsh (1980) maintain that the superior tenderness of well finished (fat) beef over poorly finished (lean) beef 
is due to the different cooling rates. An insulating effect of the outer fat cover might be the reason for 
this phenomenon. Honikel and Hamm (1983) have already stated that the lower the temperature in the muscle, the 
more quickly and intensively it contracts, and the higher the level of cold shortening.

Table 4 : The influence of chilling temperature on the average temperature reached 10 hours post mortem, and 
average shear force values of the different carcase mass categories.

C h i l l i n g  tem perature! 0 °C 3 °C 5 °C 7 °C 9 °C

A verage  m usc le  
tem perature  (° C ):
LT 111 kg 0 , 5 9 a 4 ,96 ° 5 ,7 6 b 8 ,28c 1 0 ,1 5°

3 ,5 0 a 5 ,0 6 b 6 ,8 3 c 7 ,6 3 d 9 , 14e 
1 3 ,2 4 d203 kg A ,89a 6 ,5 0 b 8 ,7 6 c 1 0 ,0 3 c

252 kg 7 ,4 8 a 8 ,5 8 ab i o , 2 abb 1 2 ,7 8 cd 1 4 ,9 8 d

ST 111 kg 7 ,6 9 a 9 ,9 3 b 11 ,18b 
1 3 ,2 9 bd

1 3 ,45c 15 ,6 5 d

152 kg 11 ,8 1 ab 1 1 , 30a 1 2 ,4 1 bd 1 3 ,4 8 bd

203 kg 1 2 ,00a 13 ,2 8 a 
15 ,2 4 abc

1 5 ,09b 1 6 ,4 1 b 1 7 ,8 4°

252 kg 1 3 ,8 0 a 1 5 ,60bc 1 6 ,5 3 c 2 0 ,1 4 d

Average  sh e a r 
fo rce  (N ) :
60 °C:
LT 111 kg 1 6 5 ,00a 1 4 5 ,46ab 13 9 ,3 5 ab 7 8 ,46b 7 4 ,6 3 b

1 4 8 ,74a 1 3 8 ,47a 1 0 7 ,47ab 1 0 4 ,23ab 61 ,12b

203 kg 1 4 9 ,38a 9 4 ,3 8 ab 8 2 ,0 1 b 6 5 ,63b 5 7 ,6 1 b
252 kg 1 2 3 ,4 6 a 102,51 ab 6 9 ,9 7 b 8 1 ,20b 8 6 ,99b

ST 111 kg 131 , 04a 1 1 0 ,56a 1 1 4 ,43a 1 1 6 ,25a 1 1 5 ,46a
152 kg 1 0 5 ,60a 1 3 6 ,29b 9 4 ,2 3 a 1 0 1 ,2 1 a 9 5 ,2 1 a
203 kg 9 3 ,0 0 a 92,1 4a 102 ,493 9 4 ,47a 

1 0 7 ,20b
9 6 ,09a

252 kg 1 4 2 ,59a 1 2 4 ,1 5 ab 1 2 5 ,94ab 1 2 4 ,0 7 ab

80 °C:
LT 111 kg 3 4 4 ,26a 2 9 3 ,6 1 ab 2 42 ,01abc 1 6 7 ,53bc 1 36 ,46°  

1 1 6 ,OOb152 kg 3 6 7 ,7 3a 2 2 6 ,41b 1 8 2 ,10b 1 8 3 ,50b
203 kg 3 5 2 ,0 1 a 1 6 3 ,8 3 b 1 5 0 ,73b 1 3 7 ,19b 

1 3 8 ,2 2 b
1 1 1 ,6 1 b 
1 4 8 ,62b252 kg 2 8 6 ,70a 2 2 4 ,2 1 ab 2 10 ,87ab

ST 111 kg 1 8 6 ,88a 1 8 4 ,60a 1 78 ,05a 1 7 2 ,8 8 a 1 6 7 ,04a
152 kg 1 7 6 , 38a 1 5 4 ,38a 16 1 ,77a 1 7 2 ,8 3 a 1 3 9 ,1 5a
203 kg 1 3 8 ,5 2 a 1 2 0 ,30a 1 26 ,01a 13 9 ,5 0 a 1 2 6 ,40a
252 kg 1 8 2 ,49a 172 ,24a 1 6 8 ,00a 1 4 3 ,10a 16 6 ,8 7 a
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abcde Within each row, values with no common superscript differ significantly (p <  0,05).

Ibe results indicate a linear type of relationship between the muscle temperature 10 hours post mortem and the 
oughness (shear force value) of the muscle. This relationship between muscle temperature 10 hours post mortem 
J'u shear force value was not as clear in the ST. The reason for this might be a result of the muscle tempera- 
Wi+k 9enerally n°t being below 10°C 10 hours post mortem, thus no supposed cold shortening resulted (Table 4). 
hlth delayed chilling (3,3 and 8,9 °C versus -2,2 °C) of beef carcases, Aberle and Judge (1979) could not, 
wever, find significant differences in shear force values and taste panel tenderness ratings.

th!n s h e a r  force values were evaluated against the "highest acceptable value" of 110 N, it was found that 
ne different carcase mass groups reached an acceptable value (LT cooked at 60 °C) at different chilling 
l5?Puratures : botb the 203 and 252 k9 9rouPS reached this value at chilling temperatures of 3 °C or above, the 
abn k9 9roup at a chi 11ing temperature of 5 °C or above, and the 111 kg at a chilling temperature of 7 °C or 
cou^h [Table 4> Fi9ure 2). The additional toughening effect of cooking meat at a higher temperature (80 °C) 
f0!J d be seen from the results presented (Table 4), as no average shear force value reached an acceptable shear 
chili-Va^ue l°wer ^an 110 N, although the tendency of a decline in shear force value with increasing 
the <Ung temperature and carcase mass was still evident (Table 4). These differences were not as clear-cut in 
a ® ST as in the LT, although the same tendencies were observed. In an experiment by Cliplef and Strain (1976), 
ofthte panel gave as reason for preferring steaks from slow-chilled carcases to normally chilled carcases, 76 % 
(Cl' i time’ as.bein9 improved tenderness. These observations were substantiated by shear force measurements 

1PIef & Strain, 1976). Joseph and Connolly (1977) also found an improvement in tenderness in the M. longis- 
mus dorsi with slow-chilling, but not a notable improvement in the ST, which is in accordance with the results 
Gained in this experiment.

the results clearly indicate that the smaller carcases (possibly having a lower fat cover) chilled quicker than 
(198nai"CaSeS bav^n9 a higher mass (possible higher fat coverage). Marsh, Lochner, Takanashi and Kragness 
for t-h81^-have indlcated that if lean beef carcases were to be chilled at a rate resembling that of fat carcases 
i the first 2-3 hours after dressing, the tenderness of the meat from the lean carcases would be significantly 
t'eaariid' Tbe result of this experiment showed a toughening effect on the muscles (especially in the LT),
(with 6SS of the carcase mass- A Progressive increase in shear force with an increase in chilling temperature 
the t 9 lower muscle temperature 10 hours post mortem) was found. Thus, the more rapidly a carcase is chilled, 

tougher the muscles would be due to cold shortening. The reason for cold shortening was given by Bendall(1973) 

fA-nCen"
lArp) is still available.

conc aS be^n9 the lower activity of the calcium pumps at lowered muscle temperatures, thus an increasing CaT 
lt-rnsntration in the sarcoplasm which would activate the contraction of muscles, providing sufficient energy

Conci usion

Fi9. The influence of carcase mass and chilling 
temperature on the temperature in the

longissimus thoracis 10 hours post 
mortem
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Fig. 2 . The influence of carcase mass and chilling 
temperature on shear force values in the

longissimus thoracis cooked at 60 °C.‘
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As the meat industry should try to supply the consumer with an optimum product, the meat industry should try to 
prevent this excessive toughening of the muscles. One way of doing this would be to regulate the chilling rate 
of carcases in such a way that the internal muscle temperatures do not fall below 10 °C 10 hours post mortem. 
Alternatively, all carcases that must be rapidly chilled should be electrically stimulated, as this procedure 
encourages the accelerated depletion of available muscle energy reserves, resulting in rigor mortis setting in
before the muscle temperatures drop below 10 C.

Table 5 : The influence of carcase mass on the muscle 
temperature reached 10 hours post mortem, 
and the shear force of the M. longissimus 
thoracis and M. semitendinosus at the 
different chilling conditions (Least Mean 
Square)

A1 :A2 A 1 : A3 A1 :A4 A2: A3 A2:A4 A3:A4
C h i l l i n g
Tem perature:
LT 0 °C »« »» a« _ aa a a

3 °C _ a aa a aa aa
5 °C - a aa _

7 °C _ aa aa aa aa aa
9 °C - * * aa aa aa *

ST 0 °C an aa
3 °C _ aa aa a aa a
5 °C a an aa _ a
7 °C » aa aa aa a
9 °C aa an aa aa

Sh e a r fo rce  (N ) : 
60  °C:
LT 0  °C _ _

3 °C _ _ _

5 °C _ _ a
7 °C _ _ _ _

9 °C - - _ _ a aa

ST 0 °C 
3 °C 
5 °C 
7 °C 
9 °C

80 °C: 
LT 0  °C 

3 T
5 °C 
7  °C 
9 °C

ST 0 °C 
3 °C 
5 °C 
7 °C 
9 °C

*  = P<0 ,05  
»» = P<0,01

mass g ro u p s :  A1 =  111 kg ; A2 = 152 k g ;  A3 = 203 k g ;  A4 = 252 kg
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