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Abstract

Processed turkey meat is one of the fastest grow-
ing procucts of the food industry. However, recently
there have been some problems associated with the tex-
ture, cohesiveness, and juiciness of turkey meat. These
changes in quality may be due to growth related altera-
tions in the turkey musculoskeletal system. Abnormali-
ties such as leg weakness and edema, deep pectoral myo-
pathy ard focal myopathy may be associated with the
rapid increase in body weight brought about by years of
intensive genetic selection. More studies are necessary
to understand the hereditary and environmental factors
influencing turkey muscle differentiation and growth,
abnormelities and, consequently, meat quality.
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Introduction

Intense genetic selection and continuing achieve-
ments in nutrition and management are major contribu-
tors to the size of the modern turkey. Breeding stocks
have been intensively selected for important economic
traits such as body size, and grown on high protein
diets. It is possible that the modern turkey may soon
reach a weight of 23-25 kg in less than twenty weeks
(Ricklefs, 1985; Sell, 1991; Toelle et al., 1991).
However, the physiological state of the turkey skeletal
muscle has not kept pace with its size. The incidence of
leg weakness and edema, deep pectoral myopathy (DPM)
and focal myopathy of turkey skeletal muscle may be
associated with fast growth of the birds (Ferket and Sell,
1989; Harper and Parker, 1964; Harper et al., 1975,
1983; Hollands er al., 1981; Siller, 1985; Sosnicki et
al., 1988a; Sosnicki er al., 1989a; Sutherland, 1974;
Swatland, 1985, 1989a,b, 1990; Wilson, 1990). Reduc-
tion in feed efficiency and partial or total condemnation
of carcasses result in economic losses (Ferket and Sell,
1989; The Merck Veterinary Manual, 1986).

There is also evidence that the alterations of rigor
mortis onset in turkey breast muscle and concomitant
breast meat quality are affected by the size of the birds,
breeding and handling conditions (Barbut ez al., 1990;
Faraci, 1986; Froning et al., 1978; Ma and Addis, 1973;
Mills and Nicoli, 1990; Swatland, 1990; Van Hoof,
1979; Van Hoof and Dezeure-Wallays, 1980).

This review focuses on the abnormalities of
growing skeletal muscle in domestic turkeys. We also
present hypotheses concerning the relationship of turkey
muscle growth to meat quality.

Morphology and Biochemistry of
Avian Skeletal Muscle

Ultimately, problems in meat quality are caused
by changes in the biochemistry and morphology of the
muscles themselves, as well as by post-mortem events.
There are two major fiber types, designated "white" and
“red" in vertebrate skeletal muscle. The fibers differ
in their amounts of sarcoplasmic reticulum (SR),
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mitochondria, oxidative and glycolytic enzymes and sub-
strates. They also differ in the isoforms of contractile
proteins such as myosin light (MLC) and heavy (MHC)
chains, speed of contraction, other mechanical
properties, and in their innervation pattern.

Avian muscle fibers may be classified into three
major subtypes based on myosin Cat2-ATPase activity
after acid (pH 4.35 and 4.6) and alkaline (pH 9.4 and
10.25) preincubations, metabolic enzyme levels, MLC,
and MHC isoforms: fast-contracting and glycolytic,
(white, FG or IIW), fast-contracting, oxidative and
glycolytic, (white, FOG or IIR), and slow-contracting
oxidative, (red, SO or IRA, IRB) (Carpenter et al.,
1984; Crow, 1987; Khan, 1979; Sosnicki and Cassens,
1987; Wiscus et al., 1976). Avian FG and FOG fiber
types are focally innervated (i.e., a single fiber has
only one neuromuscular junction) whereas SO fibers are
multiply innervated.

Most skeletal muscles contain different fiber
types, typically forming a "mosaic" pattern (Gauthier,
1987). The pectoralis major (superficialis), the major
breast muscle of chicken and turkey, is an exception--it
contains only "fast" forms of MLC and MHC and has
predominantly a glycolytic energy metabolism (Bandman
et al., 1982; Bandman, 1985; Maruyama and Kanemaki,
1991).

Deep Pectoral Myopathy (DPM)

DPM is a polygenic abnormality of the supra-
coracoideus (deep pectoralis) muscle, first described by
Dickinson et al., (1968). The affected necrotic muscles
usually have a dry stringy texture, a discoloration rang-
ing from light yellow to green to blue, a dehydrated
wood-like texture and a gross edematous appearance.

Anatomical and histopathological studies of the
subclavian vein and its role in the circulation of the
muscle, occlusion experiments, electrical stimulation,
and exercise studies established that the myopathy is due
to an ischemia brought about by swelling of the muscle
during exercise (Hollands et al., 1971; Orr and Riddell,
1977, Siller and Wight, 1978; Siller et al., 1979). The
combination of an inelastic muscle fascia and a rigid
sternum causes swelling of the supracoracoideus muscle
during exercise. The swelling creates an occlusion of
cranial and caudal pectoral arteries causing a loss of
blood circulation to the muscle mid-region, bringing
about its degeneration (Siller, 1985). Selection against
the trait, and marketing of birds at ages before the
problem appears have dramatically reduced the incidence
of DPM.

Focal Myopathy

Recently, there have been problems in the
cohesiveness of processed turkey breast meat, reducing
its quality and value (Dutson and Carter, 1985; Grey
et al., 1986; Grey, 1989; Seeman er al., 1986).
Swatland (1990) found that fragmentation along the lon-
gitudinal fiber axisis associated with gaping holes on
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Figure 1. Relationship between plasma creatine kinase
activity and body weight of four turkey lines from 12 to
16 weeks of age. Lines 28, 55, and 09 were selected for
rapid growth. Line 91 is an unselected primitive line.
Values are mean activities expressed as pmol/min/ml
plasma, Y = 0.932X - 3.54; r = 0.97 (significant at P
< 0.01); (adapted from data in Wilson ez al., 1990).

the dissected surfaces. He also noted that, "the frag-
mentation of turkey rolls may have some relationship to
the size of turkeys," and that the outgrowth of breast
muscle fibers over supportive connective tissue may also
predispose products to fragmentation and poor cohesion.

A focal myopathy may be associated with changes
in cohesiveness and juiciness of processed turkey meat.
Several degenerative characteristics were detected mi-
croscopically in skeletal muscles of marketable turkeys
even though the birds had no mobility or postural prob-
lems (Sosnicki et al., 1988b, 1989a,b, 1991a,b; Wilson,
1990; Wilson et al., 1990). The degenerative changes
included scattered and focal necrosis, hypercontraction
of muscle fibers, strong proliferation of connective and
fat tissues in the endomysium and perimysium, and infil-
tration of the necrotic areas by mononuclear cells.

Another significant poor meat quality charac-
teristic--toughening of the turkey pectoralis major mus-
cle--was associated with the presence of giant cells
(hyper-contracted), fiber defects, and generally with a
larger muscle cell size (Grey et al., 1986; Grey, 1989;
Seemann et al., 1986). However, experiments examin-
ing a direct relationship between muscle damage and al-
terations in meat quality have yet to be performed.

Unrelated to DPM, the incidence of muscle de-
generation has been associated with rapid growth of tur-
keys (Wilson er al, 1990; Wilson, 1990). Body weight,
muscle histopathology and serum creatine kinase (CK)
were studied for three lines of turkeys selected for rapid
growth and one slow growing line (Wilson, 1990).

The incidence of damaged muscle; i.e., the pres-
ence of large, opaque-rounded, and degenerated fibers,
and the activity of serum CK correlated with age and
growth rate in birds studied from hatching to 20 weeks.
The older the birds, and the faster their growth, the
greater the muscles damage, and the higher the serum
enzyme levels (Figure 1, based on Wilson ef al., 1990).
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TABLE 1. Capillary and muscle fiber morphometry of normal and myopathic Biceps femoris (Iliofibularis) and

Pectoralis major turkey muscles

2; 3

NORMAL GROUP

MYOPATHIC GROUP

Measurement

Biceps femoris Pectoralis Biceps femoris Pectoralis

(n = 23) (n = 23) (n =17 (n =17)

Capillaries/mm2 (density) 1,595 +792 839+19° 1,054 +199° 457 +88°
Capillaries surrounding a single fiber 8.51+.2° 6.91+.1° 7.06+.3° 6.01+.2°

Fiber area/mm?2

Capillary:fiber ratio 4.27+.9?

Intercapillary distance, mm 1034 .0001°

.0051+.00012

.0051+.0002%

.0052+.00032 .0045 +.0002°

3.434.050° 3.534.14° 3.01+.09¢

05+.003° .04+ .0004° .09+.0062

! For visualization of capillaries, alkaline phosphatase activity was used. An analysis of the capillary-muscle fiber

relationship was made without regard to fiber types.

The intercapillary distances were calculating using "Krogh’s

cylinder model”, radius r, = [1/A/(7 x capillary density)] is half of the mean intercapillary distance.

2 Results expressed as least square means + SE.
3 Adapted from data in Sosnicki et al., (1991b).

4°¢ Means within a row with the same superscript are not significantly different (P < 0.05).

Wilson and co-workers suggested that selection for rapid
growth in turkeys created muscles that "outgrow their
life-support systems," and "bring about muscle damage
when coupled with the conditions used to grow turkeys"
(Wilson, 1990).

A study by Swatland (1990) of the endomysial
septa in turkey pectoralis muscle, 1 to 15 weeks after
hatching, supported the hypothesis that the 35-fold
increase in cross-sectional area of the muscle fibers in
the first 15 weeks was relatively greater than the growth
of endomysial and perimysial connective tissue, when
considered on a two-dimensional basis. However, the
relative thickness of connective tissue to muscle fiber
diameter in a strain of turkeys not prone to the muscle
abnormality or to breast meat quality defects, was not
studied.

Sosnicki et al. (1988a,b, 1989a,b, 1991 a,b) stu-
died the pathology of muscles in rapidly growing turkeys
of marketable ages. Typical degenerative changes ob-
served in the pectoralis major and iliofibularis (biceps
femoris) muscle included granular necrosis with phago-
cytosis by mononuclear cells of several adjacent muscle
fibers or multi-fiber areas, hypercontraction of muscle
fibers, infiltration of the endomysial connective tissue
with mononuclear cells, and fatty tissue replacement in
the necrotic areas (see Fig. 2, 3 and 4). Necrotic areas
usually presented a uniform activity of Cat2-ATPase,
diffuse activity of succinic dehydrogenase (SDH) in
muscle fibers and alkaline phosphatase (ALP) in capil-
laries, and a positive reaction for acid phosphatase in
muscle fibers undergoing necrosis or hypercontraction.
Electron microscopy showed dilation of the SR, intense
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Z-line streaming, and the presence of several myeloid
and lysosomal dark-bodies in the necrotic areas (see
Figure 5, for example).

Proximate Cause of Focal Myopathy

Our working hypothesis is that the ultimate cause
of focal myopathy of turkey muscles is a polygenic,
multifactorial imbalance of the growing muscle tissue.
One possible proximate cause is muscle microischemia.
Alterations in histochemical activity of SDH, myosin
Ca*2-ATPase, and ALP, and the ultrastructural pattern
of extensive multifocal Z-line streaming observed in
turkey muscle are similar to the "relative ischemia"
symptoms described in human and laboratory animals
(Sosnicki er al., 1991a,b). Ischemic myopathies have
been brought about by experimental blockage of the ma-
jor arteries in rats (Carpenter and Karpati, 1984). The
fact that the necrotic regions are scattered in turkey
muscle with focal myopathy suggests that such a vascu-
lar defect might involve a localized microischemia at the
terminal capillary bed level (Sosnicki, 1991a,b).

Evidence for a microvascular defect in turkey
skeletal muscle was obtained from a morphometric study
of normal and myopathic turkey muscle regions
(Sosnicki er al., 1991b). Lower values of capillary
density and capillary to fiber ratio, and greater inter-
capillary distances (which is the most important limiting
parameter for aerobic capacity of the skeletal muscle)
were found in the necrotic regions of the pectoralis
major and biceps femoris muscle (Table 1). Whether the
capillary morphometry of muscles from slow-growing
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Figure 2. Cross-section showing
necrosis with phagocytosis (ar-
rows) of adjacent muscle fibers in
turkey pectoralis major muscle.
Frozen section stained with mod-
ified trichrome. Bar = 50 pum.

Figure 3. Focal necrosis of
muscle tissue: several hyper-
contracted muscle fibers (small
arrows) and infiltration by
mononuclear cells (large arrow)
are present in turkey pectoralis
major muscle. Apparently
"empty" (light) areas represent
connective tissue replacing spaces
resulting from fiber hyper-
contraction or necrosis. Frozen
section stained with hematoxylin
and eosin. Bar = 50 pm.

turkeys will resemble that of normal regions of the
muscles from fast-growing birds is yet to be determined.

Capture Myopathy

The phenomenon of "capture myopathy" may pro-
vide a clue to the chain of events linking muscle dam-
age, a rapid rigor mortis and changes in meat quality.
Capture myopathy is a syndrome associated with the
trapping, handling, and transporting of wild mammalian
and avian species. As a result, a high proportion of the
animals may be paralyzed and have muscle damage
(Spraker et al., 1987). In avian species, this phenome-
non has been described in flamingos (Young, 1967),
sandhill crane (Wingdingstad ez al., 1983), Canada geese
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(Chalmers and Barrett, 1982), and wild turkeys (Spraker
et al., 1987).

The lesion in wild turkey muscle is characterized
by multi-focal areas of muscle fibers containing
basophilic sarcoplasm, rhabdomyolysis with subsequent
phagocytosis by macrophages or loss of striation with
marked disruption and fragmentation of myofibrils
(Spraker er al., 1987). These authors did not report fre-
quent clinical signs of capture myopathy in wild turkeys,
but histopathological subclinical lesions were present in
the pectoralis, wing, and thigh muscles. Nevertheless,
the findings indicate that wild turkeys are sensitive to
stressful conditions, and care should be taken during
trapping, handling, and transporting the birds. It is,
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therefore, possible that the domestic turkey may also be
predisposed to stress (i.e., preslaughter handling), prone
to muscle damage, alterations in rigor mortis and,
consequently, in meat quality (Froning er al., 1978;
Mills and Nicoli, 1990; Van Hoof, 1979).

Leg Edema Syndrome

A phenomenon possibly related to capture
myopathy is leg edema syndrome, which is characterized
by acute necrosis of muscle fibers, shrunken and
pyknotic nuclei, infiltration of the walls of blood vessels
by mononuclear cells, fiber hypercontraction or prolifer-
ation of endomysial and perimysial connective tissue
(Sosnicki er al., 1988a). The edematous subcutis which
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Figure 4. Longitudinal section
showing muscle fibers undergoing
necrosis (arrowheads) in ilio-
fibularis (biceps femoris) muscle
of turkey. Open arrows indicate
proliferated endomysial connec-
tive tissue. Frozen section stained
with modified trichrome. Bar =
50 pm.

Figure 5. Electron micrograph of
a hypercontracted area of a turkey
pectoralis muscle fiber showing
contracted "knob" of the Z bands,
(sarcomere length approximately
1.0-1.5 um; arrow #1), dilated
complexes of the SR system
(arrow #2), depleted groups of
filaments (arrow #3), and slightly
swollen and dense mitochondria
(M). Bar = 1.0 um.

predominantly occurs in the medial thigh is often several
millimeters thick, usually amber in color but occasional-
ly green and red. Purulent exudation is absent. Acute
multifocal muscle necrosis is found primarily in the ad-
ductor muscle. Sometimes, subacute or chronic lesions
are also seen, suggesting earlier episodes (The Merck
Veterinary Manual, 1986). Leg edema may affect a high
percentage of birds from a given lot with severe econom-
ic consequences in terms of condemned parts. It prima-
rily affects turkey toms and is present in about 5% of
flocks in the upper Midwest, USA, with a morbidity of
2% to 70% (The Merck Veterinary Manual, 1986). Al-
though the cause of the syndrome is unknown, it seems
to be associated with increased body weight and size,
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increased transport time and confinement rearing [note:
the syndrome is referred to as "transport myopathy" of
turkeys (Sosnicki er al., 1988a; The Merck Veterinary
Manual, 1986)]. Signs of the syndrome are rarely seen
on the farm and while the pathogenesis is unknown, it is
presumed to be due to impaired circulation (The Merck
Veterinary Manual, 1986).

Muscle Fatigue

One interesting and testable possibility is that the
flight pectoralis major muscle of the modern turkey may
be prone to fatigue due to lack of exercise during growth
and genetic selection for size at the expense of
physiological effectiveness.

At least two different phases of intracellular proc-
esses are involved during muscle fatigue (Hainaut and
Duchateau, 1989). The first phase (10 - 20 seconds) is
characterized by a blockage of local blood circulation
and anaerobic, but not lactic acid metabolism. Hence,
during the first seconds of muscle contraction, only
phosphocreatine (PC) shows a significant decrease. This
is caused by a reduced rate of energy production rather
than by a depletion of the ATP stores. In the second
phase lactate and H' accumulate in the intracellular
compartment, and the pH declines rapidly (Hainaut and
Duchateau, 1989). The decreased pH level maintains in-
creased cytosolic Ca ™2, which may inhibit myosin cross-
bridge dissociation through a direct effect on Ca™? up-
take by the SR, or in combination with other factors
such as accumulation of adenosine diphosphate (ADP)

and inorganic phosphate (P;,) (Hainaut and Duchateau,
1989).

Turkey Focal Myopathy and PSE Syndrome

One extensively studied type of muscle damage is
Pale, Soft, and Exudative (PSE) muscle characteristic of
Porcine Stress Syndrome (PSS) prone pigs. This
condition, similar to Malignant Hyperthermia Syndrome
(MHS), is believed to be brought about by a single gene
defect in calcium transport of the SR (ryanodine
receptors) and mitochondria (Andersen, 1987; Archibals,
1987; Condrescu et al., 1987; Fujii et al., 1991; Gallant
and Goettl, 1989; Heffron, 1987; laizzo et al., 1989;
Kozak-Reiss et al., 1987; Lister, 1987).

There are similarities in the histopathological al-
terations occurring in turkey skeletal muscle due to focal
myopathy and those found in the PSE-prone pigs. For
example, necrosis and hypercontraction of muscle fibers
and proliferation of endomysial connective tissue are
commonly observed in PSE pigs and focal myopathic
turkey muscle (Bergman, 1972; Bickhard et al., 1972;
Dutson et al., 1974; Greaser, 1986; Schulman, 1980;
Sosnicki, 1987; Sosnicki et al., 1988b, 1989a,b, 1991b).

Although it is unlikely that the myopathic turkey
muscle presents the same metabolic genesis as observed
in PSE muscle of pigs, several alterations are consistent
with calcium induced cell injury. In ischemic muscle, a
close relation between lactic acid accumulation, decrease
in the resting membrane potential and extracellular pH,
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and increase of extracellular K concentration were
reported (Hagberg er al., 1985). Such data suggests that
a high lactic acid level induces ion disturbances; i.e., a
disturbed calcium regulation is commonly thought to be
a key event in the pathogenesis of ischemic muscle
damage, and the development of irreversible cell injury
(Hagberg er al., 1985).

Respiratory and metabolic acidosis associated
with high plasma lactic acid level, and falling pH are
also characteristics of PSE muscle (Heffron, 1987;
Lister, 1987). Thus, as a consequence of an increased
calcium permeability of the SR and mitochondria mem-
branes due to microischemic or PSE events, muscle cell
destruction and activation of proteases and phos-
pholipases may occur (Jennische, 1984; Hagberg et al.,
1985; Heffron, 1987). Low-Ca*? requiring form of
calcium activated factor (uM CAF), and activities of
calpain I or cathepsins B and L, could play a major role
in muscle cell degradation (Quali, 1990).

Scenario: Events Due to Focal Myopathy

The following testable factors may underlie focal
myopathy and some meat quality problems of
commercial turkeys:

1) In turkeys selected for rapid growth, the
relative growth of the muscle fibers themselves may be
more rapid than that of connective tissue and capillaries.
Capillary blood supply to the large muscle fibers may be
marginal. Formation of large rounded fibers, perhaps
indicative of ion imbalances, may lead to muscle fiber
necrosis and/or loss of connective tissue integrity.

2) Low physical activity of the birds due to
relatively sedentary growing conditions may result in a
limitation in exercise-induced vasodilatation, a decrease
in capillary blood flow and the development of localized
muscle ischemia.

3) Loading the turkeys into trucks; i.e., with
extensive wing flapping--a heavy use of untrained mus-
cle, especially the pectoralis major muscle, and confin-
ing them in transporting cages during transportation to
the processing plant, may cause stress that sets up the
conditions enhancing localized muscle ischemia and
anaerobic metabolism.

4) Reduction in the rate of energy production
may result in prolonged muscle fatigue and possibly
muscle fiber hypercontraction and necrosis.

5) Accumulation of lactate associated with
accelerated glycolysis may lead to a dramatic decrease
of pH in the blood and muscle fibers.

6) Postmortem rigor processes which may
occur very rapidly; i.e., within one hour, cause a rapid
lowering of muscle pH. Low muscle pH; i.e., 5.8 or
below, and simultaneous high body temperature may
then activate proteases (especially cathepsins B and L,
and calpain-I) digesting muscle fibers. Parts of the
muscles that are low in connective tissue may present
low cohesiveness.

Whether or not these events occur must be
determined by future studies.
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Conclusions

Siller (1985), described DPM as a "penalty of
successful selection,” a "man-made" disease. It remains
to be seen whether focal myopathy or leg edema syn-
dromes may also be results of genetic selection. If this
is true, one solution to the muscle abnormalities and
meat quality problems would be to breed turkeys with
different muscle properties and better circulation.

The traditional approach of breeding and feeding
turkeys to maximize their growth performance may no
longer be the best breeding program. A more complex
selection strategy predicated on maintaining the physio-
logical state of the muscles may be required. Future re-
search programs should be focused on the complex mo-
lecular, neurohormonal, biochemical and morphological
alterations occurring during growth of turkey muscle as
well as on post mortem metabolism and meat quality.
Such comprehensive studies will be important in under-
standing the hereditary and environmental factors
influencing turkey muscle growth and differentiation,
abnormalities, and consequently meat quality.
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Discussion with Reviewers

S.H. Cohen: What is normal pH level?

Authors: Since the reviewer did not specify the time
post-mortem; i.e., initial or ultimate pH, and the
metabolic type of muscle (SO, FOG or FG), it is diffi-
cult to answer this question. For turkey breast muscle
(pectoralis superficials, FG), and assuming that the
chilling of carcasses starts at about 30 minutes post
mortem, we can provide the following information:

1. The pH values measured at about 15-20
minutes post mortem (initial pH) may be as low as 5.60
and as high as 6.80. On average, normal initial pH
ranges between 6.3 - 6.6.

2. Ultimate pH values (when the rigor is
completed) also vary considerably. From our
experience, normal pH varies between 5.6 - 6.1 if
measured 3-12 hours post mortem.

S.H. Cohen: At what pH level are the lysosomal
proteases released?
Authors: Of the large number of muscle proteolytic

systems described, two deserve highest consideration:
1) acidic lysosomal proteases: (cathepsins D, B, H and
L); and 2) two forms of calcium-dependent neutral pro-
teinases: calpain I (CDP-I), and calpain II (CDP-II).
Although the mechanism regulating these enzyme activi-
ties in vivo and post mortem is still uncertain, the range
of muscle pH between 6.4-5.8 appears to correlate with
activities of CDP-I and cathepsin B and L.

S.H. Cohen: Do you know which proteases have a
specificity towards myofibrillar proteins and which
affect sarcoplasmic proteins?

Authors: Several in vitro studies showed that lysosomal
proteases (cathepsins B and L), and calpains (I and II),
both degrade troponin T, troponin I, tropomyosin,
C-protein, desmin, titin, and nebulin. Myosin heavy
chain, myosin light chains, «-actinin, troponin C and
actin also appear to be sensitive to action of cathepsins
B and L. Considering sarcomere ultrastructure, myofi-
brils are extensively fragmented by cathepsins B and L
near N,-lines, and at the junction between A and I
bands. Degradation of Z-lines and M-lines seem to be
the main ultrastructural changes caused by calpains I and
II. Cathepsins D and H appear to cause little structural
alterations to myofibrils. A group of proteinases desig-
nated as "multicatalytic proteinase complex" active at
neutral and mildly alkaline pH appear to hydrolyze sar-
coplasmic proteins. However, their effect on myofibril-
lar proteins is not known.

S.H. Cohen: What role is played by CAF?

Authors: The high-calcium requiring form of calcim
activation factor (mM-CAF) is maximally active at 1-5
mM free Cat? concentration, and at pH 7.0 - 8.0. Be-
cause in normal skeletal muscle the intracellular free
Ca't? concentration is between 1-10 mM, it is unlikely
that mM-CAF can be activated post mortem, or in vivo,
even in abnormal muscle. However, it appears that low-
calcium-requiring CAF (uM-CAF) can induce post mor-
tem degradation of desmin, troponin T, A-actinin and Z-
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bands. Interestingly, uM-CAF retains activity even at
muscle pH of 5.5 - 5.8 (optimum activity is at pH 7.5).
Thus, if damage to the SR system in turkey muscles oc-
curs in vivo, then the uM-CAF may be activated and in-
duce muscle degeneration. Furthermore, a gradual in-
crease of free Cat? concentration early post mortem
would enhance proteolytic processes.

S.H. Cohen: You discuss the rapid onset of rigor
mortis; what time frame do you mean?

Authors: Based on our recent studies on ATP and pH
depletion in the pectoralis muscle of adult turkey toms,
rigor is completed within 3-6 hours post mortem; i.e.,
ATP level is below 1 uM/g of muscle tissue. At the
same time interval, the pH of the muscle reaches be-
tween 5.6 - 6.1. However, in some cases, the rigor can
be completed within 30 minutes - 1 hour post mortem.
At most turkey processing plants, chilling of carcasses
starts about 30 minutes post mortem. Hence, a high rate
of glycolysis and a rapid rigor mortis development at
prevalent high muscle temperature (> 30 °C), may
cause formation of PSE-like breast meat.

S.H. Cohen: Do you think sarcomere measurement
would be of some value?

Authors: In our opinion, measurement of sarcomere
length in prerigor muscle has little practical application
because it is extremely difficult to excise prerigor mus-
cle without causing sarcomere contraction. An accepta-
ble method would be to incise a muscle strip longitudi-
nally, suture it to a wood applicator stick at its in situ
length, and cut the muscle strip external to the sutures.
However, even with this precaution, it is still very diffi-
cult to dissect small muscle pieces (without causing mus-
cle contraction) for sarcomere length measurement by
the laser diffraction method. Fixation in any fixative
(for muscle histology or electron microscopy) would
cause sarcomere shrinkage and further reduction in their
length. We think that a muscle strip obtained as de-
scribed above may be frozen in liquid nitrogen and then
sectioned longitudinally in a microtome-cryostat. One
would have to avoid compression of the sarcomeres by
the microtome knife; i.e., a parallel orientation of mus-
cle fibers to the knife would be required. Finally, 0.02
M EGTA would have to be smeared on the surface of
microscopic slides to avoid further contraction of the
sarcomeres. However, calculation of sarcomere length
from frozen sections is laborious and time consuming.

A. Suzuki: In Figure 3, unstained portions are seen.
Do these portions show disappearance of myofibers?
Authors: As stated in Fig. 3 caption, the "empty"
spaces seen in this figure represent perimysial and endo-
mysial connective tissue stained lightly yellow with the
H&E staining method. These areas illustrate proliferat-
ing connective tissue into the "empty" spaces developing
probably as a result of fiber hypercontraction (see Fig.
4 showing connective tissue accumulated at the level of
intrafascicular termination of hypercontracted and
necrotic fibers).

R. Wroblewski: Please provide more information about

the methods of estimating capillary density; what type of
staining was employed to visualize capillaries’
Authors: Our original paper concerning capillary distri-
bution in normal and ischemic turkey muscle contains
details of the method used (Sosnicki ez al., 1991 b). In
addition to the information included with Table 1, brief-
ly, for visualization of capillaries, alkaline phosphatase
(ALP) activity was demonstrated using a modified
Gomori method by incubating tissue sections at room
temperature for 2.5 hours. Unfortunately, a combina-
tion of the ALP and dipeptidil peptidase IV method was
not very successful, and the lectin method was not
available at the time of the study (J. Histochem.
Cytochem. 37(8):1303-1304, 1989).

An analysis of capillary-muscle fiber relationships
was made without regard to fiber types. Again, histo-
chemical method for simultaneous fiber typing and dem-
onstration of capillaries (Histochemistry, 93:385-387,
1990) was not available at the time of the experiments.
Capillaries were identified directly from the sections by
viewing at a magnification of 400x. The fields were sel-
ected at random except for the hypercontracted fibers
and areas where the activity of the ALP was too low to
establish an unequivocal identification of capillaries;
i.e., in the necrotic areas. All measurements were done
with a ZIDAS image analysis system. The capillary
density was estimated by counting capillary cross-sec-
tions on muscle cross-section (capillaries per square
millimeter). For each fiber, the fiber area was deter-
mined in square millimeter’s and the number of capil-
laries surrounding each single fiber was counted. The
mean fiber area and capillaries surrounding each fiber
were calculated from the measurements of 100 fibers per
individual muscle per bird. The mean capillary to fiber
ratio was equal to the number of capillaries per fiber;
i.e., the ratio of the number of capillaries per area
divided by the number of fibers in a given area. The
intercapillary distances were calculated using Krogh’s

cylinder model (Krogh, J. Physiol (London). 52:409-
415, 1929).

R. Wroblewski: = Which preincubation, using the
ATPase reaction, is used in avian muscles for fiber type
estimation?

Authors: The classical avian muscle histochemistry
paper by Khan (1979) provides detailed information
about ATPase preincubation pH’s and buffers. Briefly,
two acid (pH 4.35 and 4.6) and two alkaline (pH 9.40
and 10.25) are required to identify fiber subtypes. As
stated in the text, our method for determination of fiber
types in chicken slow, fast and intermediate types of
skeletal muscle, based on the reaction for actomyosin,
Ca+2, Mg+2-dependent ATPase also involved two acid
and two alkaline preincubations (Sosnicki and Cassens,
Poultry Sci. 67: 973-978, 1987). In addition, several
combinations of ATPase histochemistry and immuno-
chemical methods (antibodies specific for fast and slow
MLC’s and MHC’s) have been successfully employed
(Bandman, 1985; 1991; Carpenter et al., 1984; Crow,
1987; Guthier, 1987; Maruyama and Kanemaki, 1991).
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