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E*C|
y  b°v1ne bl11ln9 sh o rtly  a fte r  slaughter induces cold shortening in porcine 
esults i n TUScles (F ischer e t a l.  1980). Cold shortening o f bovine muscles 

«f 4 "lore mnrtU9h meat- This increased toughness can be prevented in  p ractise  
cl ^iochderate c*” ^ n9 during the p re rig o r s ta te  or by an acceleration 
/|J0rteninq !!?nnca] changes post mortem by e le c tr ic a l s tim u la tio n . Furthermore 
vH°nikei 3 ° f  bovine muscles increases the d r ip  loss o f beef during storage 
f shorteninrara The question arises as to whether undesirable e ffe c ts

.^Peraturp ^ bovine muscles also apply to porcine muscles, and at which 
n P0rcino I ,to  wh^ch extent and under which cond itions shortening occurs 

„  ne ^s c le s  at a l l .
3*teriai c

— ¿[^Methods

¡J *  *0r te iUdi es 0 f biochemical and s tru c tu ra l changes o f porcine muscles 
c wUh m vai"ious temperatures between 0° and 35°C have been carried  

Thic eidomastoideus from the neck/shoulder region of the pig 
i„  Nation : f " usc1e belongs to  the red muscle type and shows a p a ra lle l 
a»I?n9th Of I , . S ' 1? f ib e r s  w ith in  the muscle s tru c tu re . Therefore, changes 
s! -ted. Thpmi SCle by con traction  and s tre tch ing  by load can be e a s ily  

<ti°n Qf * lengths o f these excised muscles were about 15?cm w ith  a cross 
Cert i° n- FurthUt ^  cm • The ^oad aP P lied was about 250 g/cnr muscle cross 
wh' have h ^  stuc,ies on the in fluence o f temperature on d r ip  loss and 
bJ’ch were r n "  ca rried  out w ith  longissimus dorsi muscles a f te r  hot-boning 

°ncales ?pared w ith cold boned samples. The methods used are described 
lctl was c»r * ^ ‘ ^1982) except the measurement o f colour brightness (L)

r i ed out w ith  the Zeiss-Elrephomat (Zeiss, Oberkochen, Germany).

t ten, (p m ,v’ ne muscles (Honikel e t a l . 1983) the biochemical changes post 
The r*ture* Tun porc’ ne cleidomastoideus muscles depended on muscle 
w. Pnset of • ra te of ATP breakdown p.m. showed a marked minimum a t 11-15°C 
tin ' n p° tc in r i ^ °r  morti s which occured at 11-12°C a t about 2-3 hours p.m. 
dpf0r state J  Tifscles much more rapid than in  bovine muscles where the pre- 
of l j e the one i 2°C lasted about 15-20 hours (Roncalés e t a l.  1982). Wethe

Of9Jr morti
Ri,

muscij5̂  r i ?or m ortis as the beginning loss o f e x te n s ib il ity  
by applying a load of 250 g /cnr muscle area.

v»r lortic
At ?b°ot i  i s tarted at 11°C a t pH 6.1 ( f ig .  1) and at an ATP concentration 
PH °Wer and h -°!!/9 muscle or at R-value (Honikel, Fischer 1977) o f 1.05. 
and i p to DH temperatues the onset o f r ig o r  m ortis occured a t higher
de:J°Wer L , ,  I ( f ig . 1) higher ATP concentration (up to 2 pMol/g muscle 

e 1 °Pment 0f  -s and e a r lie r  (1-1 ,5 hours) post mortem. The f u l l
r i 9or has taken place a t pH 5.8 a t a l l  temperatures.

F ig. 2 Influence o f the temperature o f incubation o f M. cleidomastoideus 
on the f in a l maximum sarcomere shortening a f te r  24 hours.

and unshortened sarcomeres includ ing changes in  the series e la s tic  components 
l ik e  the connective tissue .
Insummary: Red porcine muscles of normal meat q u a lity  showed the slowest 
BiochimTcaT changes post mortem and the minimum shortening o f sarcomeres 
i f  they were c h ille d  ra p id ly  to  12-15°C before the f u l l  development of 
r ig o r  m ortis which a t these temperatures is  completed a fte r  about 6 hours 
p.m. The minimum o f shortening o f sarcomeres leads to a minimal d r ip  loss 
o f the meat which is  important fo r  the handling o f meat. This optimum 
temperatures range fo r  pork coincided w ith  the optimum temperature range 
fo r  beef as reported by Honikel e t a l.  (1983) and Powell (1978).

Studies on fa s t q lyco lyz ing  porcine muscle
Very rapid post mortem changes in  pork may re s u lt  in  PSE meat. PSE-muscles, 
showing no shortening o f sarcomeres (own unpublished data) are characterized 
by an e a rly  and in tens ive  exudation o f d r ip  and a pale co lour. The cause fo r 
these detrim ental ch a ra c te r is t ic s  o f PSE-meat are the stress s u s p e c tib il ity  
and the preslaughter stress which lead to an extreme fa s t g lyco lys is  during 
and a f te r  slaughter. Low pH values « p H  5.8) and s t i l l  high tissue  tempera­
ture O  38°C) are reached w ith in  45-60 min p.m. I f  these pH and temperature

Fig. 3 Relationship between temperature o f incubation during the f i r s t
24 hours post mortem o f M. cleidomastoideus and d r ip  loss o f muscle 
cubes (about 30 g) a fte r  storage fo r  1, 3, 6 and 7 days p.m. From 
day 2 the samples were stored a t 0°C.

cond itions p re v a il,  muscle pro te ins denature re su ltin g  in  high d r ip  losses 
and pale co lour (Bendall and Wismer-Pedersen 1962; Penny 1977).

Accelerated c h i l l in g  o f PSE-prone muscles w ith  a rapid pH f a l l  w ith in  45 min 
p.m. prevented the extreme exudation o f d r ip  as shown in one example w ith  
s lice s  o f M. long, dorsi w ith  a pH, o f 5.4 ( f ig .  5). Lowering the temperature 
o f th is  muscle to 20°C between 45 and 60 min p.m. reduced the d r ip  a fte r  
4 hours to  6 %, whereas at 38°C and higher the d r ip  loss amounted to more 
than 10 %. This p r in c ip a l d iffe rence  also existed a fte r  3 and 5 days o f 
storage (0°C).
C h ill in g  very e a rly  p.m. to 20°C had a considerable e ffe c t on d r ip  loss.
The la te r  the temperature was lowered the less e ffe c t iv e  was the c h i l l in g  
( f ig .  6 ). Incubation a t 41°C fo r  1 hour a f te r  obta in ing the meat (45 min p.m.) 
reduced the e ffe c t o f c h i l l in g  remarkably ( f i g . 6 ). The e a r lie r  and the fa s te r 
the temperature o f fa s t g lyco lyz ing  porcine muscle dropped the more pronounced 
was the e ffe c t on d r ip  loss. The reason fo r  th is  reduction in  d r ip  loss is  
c e rta in ly  some in h ib it io n  o f the denaturation o f m y o fib r illa r  p ro te ins which 
is  a slow process as studies w ith  d i f fe r e n t ia l scanning ca lo rim e try  have
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Fig- 4 R e lationship between maximum sarcomere and muscle shortening and 
the d r ip  loss a f te r  7 days o f storage. Data are derived from 
f ig .  2 and 3.

shown (Kim e t a l . unpublished).

Whereas d r ip  formation is  mainly due to denaturation o f m y o fib r il la r  p ro te ins , 
the paleness o f PSE-meat is  mainly caused by changes in sarcomplasmic p ro te ins . 
Also the denaturation o f these prote ins could be prevented to  some extent by 
rapid c h i l l in g  o f hot boned samples, which were taken from the carcass a t 
30 - 45 min p.m. and incubated a t the temperatures ind icated in  f ig .  7.
The colour brightness (L) o f the M. long, dorsi which stayed in  the other 
h a lf o f the carcass and was c h ille d  as usual fo r  24 hours before deboning 
( f ig .  7 gray area) was much h igher; i.e .  the meat was paler than the meat 
stored e a rly  a t temperatures below 40°C.

In Fast g lyco lyz ing  muscles o f pigs which may develop PSE-meat, 
the high d r ip  and pale co lour could be reduced by rapid c h i l l in g  o f the 
muscles. Rapid c h i l l in g  is  easy to ca rry  out in  hot-boned cuts. As also 
w ith  s low ly g lyco lyz ing  muscles i t  is  possible to  reduce d r ip  loss and 
shortening by rapid c h i l l in g  to  12-15°C, hot boning and rapid c h i l l in g  of 
cuts could be advantageous to  meat q u a lity .  We want to  emphazise, however, 
th a t we do not believe th a t by an ea rly  and rapid ch illing  PSE-meat can be
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nd 2®'
Influence o f tissue  temperature and time o f storage at 41 
between 1 and 4 hours post mortem on the d r ip  loss of s lices '
100 g) o f M. long, dorsi o f pork (pH, 5.4) immediately a fte r 
bation and a f te r  3 and 5 days o f storage. camper
The f i r s t  sample was stored a t 20°C fo r  3 hours. The second 
was le f t  0.5 hours a t 41°C followed by storage fo r  2.5 hours ^  
the la s t sample was incubated fo r  three hours a t 41°C. After 
time a l l  samples were held a t 0°C.
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F ig. 5 Influence o f tissue  temperature between 45 min and 4 hours post 
mortem on d r ip  loss o f s lice s  (100 g) o f M. long, dorsi w ith  a 
pH, o f 5.4 on d r ip  loss a t 4 hours, 3 and 5 days post mortem 

(storage at 0°C). Hot boned samples were taken from one side o f the 
carcass. Arrows ind ica te  the d r ip  loss o f the same muscle and 
animal in  the other side o f the carcass which was c h ille d  as 
usual and was cold boned a fte r  24 hours.

completely prevented; we suppose, however, tha t by hot-boning and rapid 
c h i l l in g  the detrim ental ch a ra c te r is t ic s  o f PSE meat could be reduced.
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