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Electron Microscopic Observations

Cassens et al,, (1963b, 1963c) have conducted electiron microscopic obser-
Vations of tissues at death, onset of rigor, completion of rigor, and 24 hr,
from mscles exhibiting extremely rapid (pale, soft, exudative) and slow (dark,
firm) glycolytic rates, Electron microscopic observations of muscle exhibiting
% rapid glycolytic rate showed that at death these muscles were highly contract-
®d, whereas at the cnset of rigor (15 min, later at a pH of 5,6) the sarcoplasm
hag been almost completely disrupted, After 24 hr, the muscle appeared visually
%o be extremely pale and the fiber bundles seemed to be discomnected as well as
1osing excessive amounts of fluid, The electron micrograph showed a granular
%PPearance of the A-band, This would indicate that a disruption of the protein
filaments ahd occurred and the logical conclusion was to relate the loss of
Wter-binding to a breakdown of the muscle proteins, Conversely when glycolysis
Proceedeq slowly the muscle retained a high degree of ultrastructural integrity
8 all post-mortem periods.

Bendall and Wismer-Pedersen (1962) described heavy-staining dark bands
°f material lying across the fibers of porcine muscle which had undergone rapid
Postemortem glycolysis and appeared pale, soft and exudative, These authors
Postulated that the dark bands were denatured sarcoplasmic proteins which had
been Precipitated on the muscle fibers as a result of exposure to a low pH at
® high temperature resulting from an extremely rapid rate of post-mortem
#Maerobic glycolysis., More recently Cassens et al,, (1963c) have observed
fresh Pre-rigor fibers which contained the dense, irregularly banded material
88 wag geen under the phase contrast microscope, Electron microscopic obser=
Vations of the dense appearing areas showed these bands to have fibrous cone

tinuity with the myofibrils, Also evident was the large amount of granular
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Sareoplasmic material and the apparent absence of mitochendria or membranous
Structures in these areas, When samples were removed from the same muscles at
the onset of rigor mortis and 24-hr, post-mortem, the irregularly banded
Taterial was not present. It should be emphasized, however, that these par-
Heular muscles showed all characteristics of normal post-mortem glycolysis
Vith an average ultimate (24 hr.) pH and physical structure, More recently
Forrest et al,, (1963b) have found that when the bands formed at the time of
Qeath in muscle which exhibited an extremely rapid glycolysis with rigor mortis
occul‘l‘ing at a low pH and high temperature the bands were still present at
24-hr, post-mortem, Other work of Cassens et al., (1963d) noted that if bands
diq not form at the time of death they were not present at 24 hr, even though
the mscle experienced extremely rapid glycolysis, However, under conditions
of rapid glycolysis, if the bands are formed before rigor onset, they may be
Severely contracted or denatured and therefore become irreversible, Under
these conditions the irregular bands would be apparent in 24 hr, post-mortem
Pale, sof't, exudative musculature but not in muscle which had undergone normal
Blycolysis (Briskey, 1963).

The fact that both phase and electron microscopic observations show these

bands to be similar to thaw rigor contracture bands (Cassens et al. 1963d)
further supports the fact that these irregular bands do not necessarily occur

8 a result of low pH and high temperature,

Protein Solubility in Pale, Soft, Exudative Muscle

Sarcoplasmic and myofibrillar protein extractions were determined at the
time of death, omset of rigor mortis, completion of rigor mortis and 24 hr, in

Mscleg exhibiting a wide range of physiological conditions post-mortem
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(Sayre ana Briskey, 1963). Muscle protein solubility was grossly altered by
the conditions of both temperature and pH which existed during the onset of
*igor mortis or during the first few hours after death, In the extrere groups
of high temperature and low pH the sarcoplasmic protein solubility was
decreaged by 45% of its original value compared to a 17% reduction in groups
With high pH at onset of rigor., Myofibrillar protein solubility ranged from
0 reduction under conditions of high pH to 75% reduction when the pH was low
4 temperature high at the onset of rigor.

The measurement of rigor mortis was accomplished with a specially
designed "pigorometer” apparatus (Briskey, et al,, 1962). A solenoid cell,
Shergizeq by a cyclic timer was used to release and apply the load in a
direction longitudinal to the vertically mounted specimen, A lever attached
to the specimen-loading system transmitted the extensibility and elasticity
of the specimen to the armature of a differential transformer, The AC output
Signal was rectified and transferred to a DC recording microammeter,

Studies with this apparatus (Briskey, 1963) have demonstrated that
¥hen Post-mortem changes take place and rigor mortis occurs at a slow to
Moderate rate under normal circumstances (4 - 6 hr,) of moderate pH and
moderately low temperature, the meat develops desirable characteristics in
that it becomes grayish-pink to red in color, moderately firm in structure
nd noderately dry in appearance, If these changes take place under rela-
tively high pH conditions or over a long duration and low temperature the
Teat remains dark red in color, firm in structure and dry in appearance,

Conversely, when these changes take place at a rapid rate (0.5 to 1.5 hr,)
Wder acid conditions and a high temperature the meat develops the undesirable

Characteristics associated with pale (white) soft, exudative muscle (Briskey,
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Were equilibrated at -18° C, or +4O C. Most of the treatments studied lowered
the Physiological conditions at the onset of rigor and only the severe treat-

Tents showed evidence of thaw rigor,
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SUMMARY

In a preliminary survey, an average of eighteen percent of 15,000 hams
Observed were pale, soft and watery while the daily incidence of this low quality
Characteristic varied from O to 75% throughout the year, Environmental tempera-
ture appeared to have a highly significant effect upon the pale, soft, exudative
tndition, with a higher incidence during periods of high temperature or wide
temperature fluctuations immediately prior to slaughter, Exposure to experi-
Tentally controlled warm environmental temperatures accelerated post-mortem
8lycolysis with rigor mortis (measured with a rigorometer) occurring at high
Yemperatures and low pH values with a resultant pale, soft, exudative muscle
in Pcland China pigs. These muscles had low protein solubility and appeared
slightly granular as viewed with an electron microscope, Although sarco-
Plasmic proteins may denature and adhere to myofibrillar proteins, it has been
Shown with an electron microscope that the previously reported bands of sarco=-
Plasmic protein (Bendall and Wismer-Pedersen, 1962) are myofibrillar in nature,

It has been shown that the pH and temperature at the onset of rigor mortis
deteI‘mines the protein solubility and color of the muscle, rreslaughter ex-
Posure 1o severe cold or a change from warm to cold temperatures prevented the
POSt-mortem development of pale, soft, exudative muscle, Likewise post-mortem
Weatment with liquid-nitrogen completely prevented the development of this con-

ditidn regardless of whether the muscles were equilibrated at +4° C. or -18° C,
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Zusammenfassung

Durch vorléhfige Untersuchungen wurde festgestellt, dass durch-

: o "
Sehnittlich 18% ven 15,000 untersuchten Schinken blass, weich und wassrig

S

Wa, A ik (R - : A :
$;§§iund dass der tagliche Durchschnitt dieser niedrigen Qualitatserscheinung

des Fleisches im Laufe des Jahres zwischen 0% und 75% lag. Scheinbar hatte

di . : A v .
.;S~Temperatur der Umgebung einen sehr wichtigen Einfluss auf den blassen,

Wei B : R " K ‘
=ichen, wassrigen Zustand des Schinkens, da sich wahrend besonders heissen

Zej ;
~3EEE§?}9Q§§«9der grossen Temperaturschwankungen kurz vor der Schlachtung

der pn i : " ;
~£_Eigg§ntsatz dieser Erscheinung erhohte. Die post-mortem Glykolyse

Murde beschleunigt, wenn men das Fleisch experimentell kontrollierten
"armen Temperaturen aussetzte, Rigor mortis (mit einem Rigorometer
gemessen) setzte bei hohen Temperaturen und niederen pH Werten ein und
batte bei Poland China Schweinen blasse, weiche, wassrige Muskeln zur
Folge. Durch ein elektronisches Mikroskop gesehen zeigten diese Muskeln
€ine niedere Protein-LYslichkeit und schienen leicht kgrnig zu sein,
0bw0h1 es mgglich ist, dass sarkoplasmische Proteine myofibrillen Proteinen
“Mhaften und diese unter Umstgnden auflgsen, vurde mit Hilfe eines
®lecktronischen MiérO“kOpS gezeigt, dass die bereits untersuchten Bander
s zeigt, das S

der sarkoplasmischen Proteine ihrer Natur nach myofibrill sind (vgl, Bendall
g Wismer-Pedersen, 1962).

Es wurde festgestellt, dass die Proteinloslichkeit und die Farbe der

MuSkeln durch den pH Wert und die Temperatur beim Eintritt des rigor

Mopr+ + y ¢ 2 : :
tis bestinmt werden, Die post-mortem Entwicklung von blassen, weichen,

11
Wagans X . . .
\if££§§§7Muskeln wurde verhindert, indem man die Schweine vor der Schlach-

T 1 1"
gﬂijﬂggpger Kalte aussetzte oder die Temperatur von warm zu kalt anderte,

De

T Zustand wurde aber auch durch eine post-mortem Behandlung mit fl&ssigem
Ni :

1trOgenlum vermieden, wobei es gleichgﬁltig war, ob man die Muskeln bei

+20
4° C, oder -18° C. aquilibrierte.






