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:“‘1 bovlﬁecmn”‘g shortly after slaughter induces cold shortening in porcine

bESIﬂtS n Muscles (Fischer et al. 1980). Cold shortening of bovine muscles

# 2 more mozugh meat. This increased toughness can be prevented in practise
Th ioch €rate chilling during the prerigor state or by an acceleration

Sh‘“‘t&m’n emical changes post mortem by electrical stimulation. Furthermore

é:Uﬂ\'ke ,qH:f bovine muscles increases the drip loss of beef during storage

t Shorte,ﬁnm 1983). The question arises as to whether undesirable effects

].E"'DEr ure 9 of bovine muscles also apply to porcine muscles, and at which

n Dnrtin S,to which extent and under which conditions shortening occurs
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Posg Moy tudies of biochemical and structural changes of porcine muscles

out With £R at Various temperatures between 0° and 35°C have been carried
Arcags r'rc €idomastoideus from the neck/shoulder region of the pig

Mation ;fm"'Sc]e belongs to the red muscle type and shows a parallel
ength B muscle fibers within the muscle structure. Therefore, changes

; hemlllscle by contraction and stretching by load can be gasﬂy

sect.™ OF abg, €ngths gf these excised muscles were about 15,cm with a cross
mt“)n, FUI‘[hUt 10 cm”? The load applied was about 250 g/cm” muscle cross

Oup have €r studies on the influence of temperature on drip loss and
ere COEEH carried out with longissimus dorsi muscles after hot-boning
RWIcalég Mpared with cold boned samples. The methods used are described
. ceit-a]' (1982) except the measurement of colour brightness (L)
R“‘”t Tled out with the Zeiss-Elrephomat (Zeiss, Oberkochen, Germany).
St\“\"dMsion

Udie. e
WM”\EHE&CK muscles.
om p?mbov‘."e mus;les (Honikel et al. 1983) the biochemical changes post
yheperature~ ;‘" porcine cleidomastoideus muscles depended on muscle
ag Onset o r‘e rate of ATP breakdown p.m. showed a marked minimum at 11-15°C.
i DOrcVnewgc'r mortis which occured at 11-12°C at about 2-3 hours p.m.
degpr State at m‘-‘§C1ES much more rapid than in bovine muscles where the pre-
of ;"9 e on 12°C 1asted about 15-20 hours (Roncalés et al. 1982). We

e my d eSet of rigor mortis as the begigning loss of extensibility
Rigap by applying a 1oad of 250 g/cm® muscle area.

Mopt §
At ]"Out }]S S;Wed at 11°C at pH 6.1 (fig. 1) and at an ATP concentration
oo (OMEr ang ;.0”9 muscle or at R-value (Honikel, Fischer 1977) of 1.05.
0 pH 61‘3“9" f_.&mparatues the onset of rigor mortis occured at higher
]°Wer Rey i4) (. 1) higher ATP concentration (up to 2 pMol/g muscle
I“Dment Di ues (0.9) and earlier (1-1,5 hours) post mortem. The full
Tigor has taken place at pH 5.8 at all temperatures.
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The unh °EVe1upm§§tM which the onset of rigor mortis begins and the
top, Shory of rigor mortis has been reached.
Mtinge eni
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n
mtomere u'|t?]‘Jf 2“;“95 and sarcomeres started in the prerigor state and
"'ig: 2) Shop enin ull development of rigor mortis. The degree of final
V\lng‘"ﬂl‘]h 0c¢ ang varied considerably with incubation temperatures
[,‘9 (10 Zeﬂgth befo 35>C it amounted to about 50 ¥ with respect to its
wag” Maxip! at IZ:I;TE Incubation. We observed the Teast sarcomere shorte-
iﬁ'%’-ai um of - Muscles as a whole shortened less than sarcomeres

My, sneq at g (at 0° and 35 C) and a minimum of 5 %. This minimum

ArComerq Tﬁg:itures of 20-24°C; i.e. about 10°C higher than the
annq,

tung OF v "€por

;: rs"lgs e D?gg for bovine muscles (Honikel, Hamm 1983) also the drip
2 e 5 Orage s of porcine muscles depended very much on the tempera-
Mi’"lﬂn the first 24 hours post mortem. The drip loss
Inqt em‘taﬂ.) which to 15°C (incubation temperature during the first
Sh® lhgl Changeé Coincides with the temperature range of slowest

th ingr exjstedp-’"- and the minimum of sarcomere shortening (fig. 3).

LYY m at empe a linear relationship between the final maximum sarcomere
My Wsc) Tatures between 0°C and 35°C and the observed drip loss

9. 4), but there was no linearity between drip loss and
(flq. 4). The shortening of sarcomeres exhibited

W " importance for the drip formation than the shortening
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Fig. 2 Influence of the temperature of incubation of M. cleidomastoideus
on the final maximum sarcomere shortening after 24 hours.

and unshortened sarcomeres including changes in the series elastic components
like the connective tissue.

In_summary: Red porcine muscles of normal meat quality showed the slowest
biochemical changes post mortem and the minimum shortening of sarcomeres
if they were chilled rapidly to 12-15°C before the full development of
rigor mortis which at these temperatures is completed after about 6 hours
p.m. The minimum of shortening of sarcomeres leads to a minimal drip loss
of the meat which is important for the handling of meat. This optimum
temperatures range for pork coincided with the optimum temperature range
for beef as reported by Honikel et al. (1983) and Powell (1978).

Studies on fast glycolyzing porcine muscle

Very rapid post mortem changes in pork may result in PSE meat. PSE-muscles,
showing no shortening of sarcomeres (own unpublished data) are characterized
by an early and intensive exudation of drip and a pale colour. The cause for
these detrimental characteristics of PSE-meat are the stress suspectibility
and the preslaughter stress which lead to an extreme fast glycolysis during
and after slaughter. Low pH values (£ pH 5.8) and still high tissue tempera-
ture (> 38°C) are reached within 45-60 min p.m. If these pH and temperature
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Fig. 3 Relationship between temperature of incubation during the first
" 24 hours post mortem of M. cleidomastoideus and drip loss of muscle
cubes (about 30 g) after storage for 1, 3, 6 and 7 days p.m. From
day 2 the samples were stored at 0°C.

conditions prevail, muscle proteins denature resulting in high drip losses
and pale colour (Bendall and Wismer-Pedersen 1962; Penny 1977).

Accelerated chilling of PSE-prone muscles with a rapid pH fall within 45 min
p.m. prevented the extreme exudation of drip as shown in one example with
slices of M. long. dorsi with a pH, of 5.4 (fig. 5). Lowering the temperature
of this muscle to 20°C between 45 Qnd 60 min p.m. reduced the drip after

4 hours to 6 %, whereas at 38°C and higher the drip loss amounted to more
than 10 %. This principal difference also existed after 3 and 5 days of
storage (0°C).

Chilling very early p.m. to 20°C had a considerable effect on drip !oss.

The later the temperature was lowered the less effective was the chilling
(fig. 6). Incubation at 41°C for 1 hour after obtaining the meat (45 min p.m.)
reduced the effect of chilling remarkably (fig.6). The earlier and the faster
the temperature of fast glycolyzing porcine muscle dropped the more pronounced
was the effect on drip loss. The reason for this reduc_tu_)n in drip l_oss is
certainly some inhibition of the denaturation of myoﬁ_brﬂ]ar protems which
is a slow process as studies with differential scanning calorimetry have
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Fig. 4 Relationship between maximum sarcomere and muscle shortening and

the drip loss after 7 days of storage. Data are derived from
fig. 2 and 3.

shown (Kim et al. unpublished).

Whereas drip formation is mainly due to denaturation of myofibrillar proteins,

the paleness of PSE-meat is mainly caused by changes in sarcomplasmic proteins.

Also the denaturation of these proteins could be prevented to some extent by
rapid chilling of hot boned samples, which were taken from the carcass at

30 - 45 min p.m. and incubated at the temperatures indicated in fig. 7.

The colour brightness (L) of the M. long. dorsi which stayed in the other
half of the carcass and was chilled as usual for 24 hours before deboning
(fig. 7 gray area) was much higher; i.e. the meat was paler than the meat
stored early at temperatures below 40°C.

the high drip and pale colour could be reduced by rapid chilling of the
muscles. Rapid chilling is easy to carry out in hot-boned cuts. As also
with slowly glycolyzing muscles it is possible to reduce drip loss and
shortening by rapid chilling to 12-15°C, hot boning and rapid chilling of
cuts could be advantageous to meat quality. We want to emphazise, however,
that we do not believe that by an early and rapid chilling PSE-meat can be

T T T i

201 T
»
0
-
=

3 15t 3
7]
2
@
&
©
2

S 10} 1
=
)
3

5F 1

) L . -

20 25 30 35 40 457°C

temperature Ho- BAFF 1382

Fig. 5 Influence of tissue temperature between 45 min and 4 hours post

4 mortem on drip loss of slices (100 g) of M. long. dorsi with a
pH, of 5.4 on drip loss at 4 hours, 3 and 5 days post mortem
(storage at 0°C), Hot boned samples were taken from one side of the
carcass. Arrows indicate the drip loss of the same muscle and
animal in the other side of the carcass which was chilled as
usual and was cold boned after 24 hours.

completely prevented; we suppose, however, that by hot-boning and rapid
chilling the detrimental characteristics of PSE meat could be reduced.
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Fig. 6 Influence of tissue temperature and time of storage at 41

bation and after 3

The first sample was stored at 20°C for 3 hours. The secon a
was left 0.5 hours at 41°C followed by storage for 2.5 hours ¢hat

and 5 days of storage.

at

b
: abo’
between 1 and 4 hours post mortem on the drip loss of slicés Enc“'
100 g) of M. long. dorsi of pork (pH, 5.4) immediately after

o¢ and

3
d si'gp;oﬂt-

the last sample was incubated for three hours at 41°C. After

time all samples were held at 0°C.
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