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S C I E N C E   R E C I P R O C A T I O N   F A I R

Significance of Muscle Fiber Types in Development
of Muscle and Meat Quality

YVES GEAY* and BRIGITTE PICARD

INTRODUCTION

Muscle fibers constitute the essential structure respon-
sible for the propulsive activity. They contain the enzymes
required for the energy utilization and the different proteins
needed for the contraction. Their contractile and metabolic
properties take place during the foetal and neonatal periods
and are controlled by several growth factors. Muscles also
contain proteolytic enzymes responsible for the degrada-
tion of protein during protein turnover, which also play a
fundamental role in meat quality after slaughter.

This brief review focuses on some biochemical and
physiological aspects of muscle fibers during muscle devel-
opment and on some hormonal control before summarizing
the role of muscle fibers in the determinism of tenderness.

MUSCLE FIBER TYPES

Muscle fibers represent a relatively heterogeneous popu-
lation differing by its speed of shortening and by its metab-
olism. First Dubowitz, (1960) classified fibers by their me-
tabolism, oxidative or glycolytic. Then Engel and Brooke
(1962) included the ATPase activity to characterize the speed
of shortening of fibers. They distinguished type I fibers (low
ATPase activity in alkali pH, very oxidative and not glyco-
lytic) and type II fibers (high ATPase activity in alkali pH,
very glycolytic and not oxidative). Guth and Samaha, (1969)
showed that ATPase activity of myofibers was not the same
at acidic or alkali pH. Activity of type I fibers is labile at
alkali pH and resistant at acidic pH, on the contrary ATPase
activity of type II fibers is alkali-resistant and acido-labile.
Brooke and Kaiser, (1970) completed this classification in

humans. They identified three subclasses between type II
fibers: IIA which ATPase activity inhibited after preincuba-
tion at pH<4.9; IIB: which ATPase activity inhibited after
preincubation at pH<4.3; IIC partially resistant at this last
pH. The conditions of pH pre-incubation must be defined
for each species and for the different ages studied. Then,
Ashmore and Doerr, (1971) combining ATPase activity and
energy metabolism revealed by Succinate Dehydrogenase
activity (Pearse, 1968), classified fibers as follows: bR,
ATPase acido-resistant and oxidative metabolism; xR,
ATPase acido-labile and oxidative metabolism; xW, ATPase
acido-labile and glycolytic metabolism. Another nomencla-
ture was defined by Peter et al., (1972): SO are fibers with
slow shortening speed and oxidative metabolism; FOG fast
shortening speed and oxido-glycolytic metabolism; FG fast
shortening speed and glycolytic metabolism. These three
classifications are usually employed.

By the technique of Brooke and Kaiser (1970), based
on myofibrillar ATPase activity, numerous subtypes of fibers
can be delineated (for review: Staron and Pette, 1990) which
suggests differences in the molecular composition of myo-
sin of the fibers. To date, a total of 10 distinct myosin heavy
chain (MHC) isoforms have been elucidated in mammalian
skeletal muscle by different techniques such as electrophore-
sis, immunoblotting, immunohistochemistry or ELISA assay
(Picard et al., 1994a). The diversity of isoforms is due to the
hexameric structure of the myosin molecule. Slow twitch
fibers contain the slow “MHCI” which corresponds to car-
diac beta heavy chain “bHC card.” Other slow isoform
“ICton” is associated with slow tonic fibers in extraocular
muscles, tensor tympani muscle and intrafusal fibers (for re-
view Staron and Pette, 1990). Fast “MHC IIA” “and IIB” are
expressed in type IIA and IIB fibers respectively. An addi-
tional fast MHC called “IID” or “IIX” depending on the spe-
cies in which it was observed, has been identified first in
small animals (Schiaffino et al., 1985; Termin et al., 1990)
and recently in humans (Smerdu et al., 1994). It is contained
in fibers called IIX which were previously classified as type
IIB fibers. They appear to be intermediate between type IIA
and IIB fibers with respect of oxidative enzymatic activity,
resistance to fatigue and maximum velocity of shortening



52   American Meat Science Association

Table 1.  Variance analysis of muscle effect on the biochemi-
cal characteristics of semitendinosus (ST) and longissimus
thoracicus (LT) muscles in Limousin cattle (n = 147)
(Jurie et al., 1995)

Residual
Mean Mean Standard Muscle

LT ST Deviation Effect

DNA (mg/g muscle) 494 454 65 ***
Protein/DNA (mg/mg) 387 433 70 ***
LDHa (Nkat/g muscle) 123 136 24 ***
ICDHa (pkat/g muscle) 175 154 39 ***
MHC I %b 27 23 7 ***
aLDH: Lactate dehydrogenase; ICDH = isocitrate dehydrogenase
bMHC I % = Percentage of type I myosin heavy chain by total (type I
+ type II) myosin heavy chain
***P < 0.001

(reviewed by Smerdu et al., 1994). It was shown that it is the
product of a specific gene different from the genes coding
for IIA and IIB MHC (DeNardi et al., 1993; Smerdu et al.,
1994). Two other specific fast MHC have been detected in
super-fast contracting fibers of extraocular muscles “MHC
IIeom” and in muscles derived from the first branchial arch
“MHCIIm” (Staron and Pette, 1990). Rushbrook et al., (1988)
have identified four MHC species in adult fast avian muscles.
Two other MHCs are expressed at specific stages of devel-
opment: embryonic MHC “MHC emb” and foetal MHC
“MHC fot” called also neonatal MHC “MHC neo.” These
developmental MHC have also been identified in particular
adult muscles such as extraocular muscle (Wieczorek et al.,
1985), murine Masseter (D’Albis et al., 1986) and intrafusal
fiber (Maier et al., 1988). Additional slow embryonic MHC
have been found in developmental muscle of chicken
(Lowey, 1986; Hofmann et al., 1989). More recently Hughes
et al., (1993) with monoclonal antibodies that recognize
different epitope on MHC isoform, showed that at least 3
isoforms of slow twitch MHC exist in human and rat skeletal
muscle. Their expression is temporally distinct during early
gestation. Alpha cardiac MHC is also detected in skeletal
muscle during foetal development and in special adult
muscles like human Masseter (Bredman et al., 1991;
Pedrosao-Domelloff et al., 1992).

Single fiber analyses indicate the coexistence of fast and
slow MHC. Various combinations of more than one MHC
have been found in single fibers of mammalian muscles.
These hybrid fibers commonly express two MHC: MHC IIA/
IIB, MHC IIB/IIX, MHC IIA/I and correspond to fibers classi-
fied histochemically as type IIAB, IIBX, and C (IC or IIC,
depending on the ratio I/IIA) respectively. Schiaffino and
Reggiani, (1994) described also IIA/IIX fibers. Under condi-
tions of induced transformation up to four MHC isoforms
have been found in a single fiber (I, IIA, IIX, IIB) (Termin et
al., 1990). During foetal life, different isoforms are also ex-
pressed simultaneously in muscles of mammals (Shiaffino
and Reggiani, 1994).

The different fibers differ in MHC composition but also
in size. An inverse correlation exists between fiber diameter
and the oxidative metabolism to facilitate the diffusion of
the oxygen to the mitochondria. IIB fibers are the largest, I
fibers the smallest, and IIA fibers have an intermediate size
(Rosser et al., 1992). These authors showed that deep IIB
fibers of a muscle are more oxidative and have a smaller
diameter than others.

The different MHC found in mammalian muscles are
the product of a multigene family. In rat and mammals, 12
different MHC genes have been identified, and more than
30 in frogs, fish and chicken. Whereas in Drosophila
melanogaster only a single MHC gene was identified, diver-
sity of isoform is maintained by alternative splicing (for re-
view: Bandman et al., 1992). In mouse and human, 9 genes
have been cloned. Cardiac MHC genes are linked at 4 kb
on chromosome 14 in mouse and 3 in human (Mahdavi et
al., 1984). Emb, neo, IIA, IIB MHC are linked at 100 kb in

chromosome 11 in mouse and 17 in human (Leinwand et
al., 1983; Weydert et al., 1985). The fact that fast MHC and
developmental MHC are very linked may be a random con-
sequence resulting from gene duplication, it may also have
functional significance for sequential expression of MHC
genes. MHC coding sequences are highly similar between
species of mammals (Jaeniche et al., 1993). Fast MHC present
a high degree of sequence homology (Lowey et al., 1986).
Gene conversion-like process also appears to be playing a
role in the evolution of MHC multigene families (Moore et
al., 1992). At least, it seems that evolution of MHC genes
have been independent between birds and mammals (Moore
et al., 1993). Expression of the different MHC isoforms differ
between species and also between muscles.

VARIATIONS WITH MUSCLE IN THE
DISTRIBUTION OF FIBER TYPES

Large differences between muscles in their biochemi-
cal (Hunt and Hedrick, 1977; Ishihara and Inone, 1989; Jurie
et al., 1995) metabolic (Briand et al., 1981; Talmant et al.,
1986) and contractile characteristics (Totland and Kryvi,
1991; Gauthier and Orfanos, 1993; Picard et al., 1994, b)
have been observed. Table 1 gives some examples of muscle
effect on the biochemical characteristics of muscle fibers.

These variations can be amplified as some muscles have
extreme characteristics. For example, the masticatory
muscles in animals are highly specialized and there are great
differences in their contractile properties between rodents,
ruminants and carnivores. In ruminants, the masseter con-
tain predominantly type I fibers (Talmant et al., 1986; Ouali
et al., 1988) and cutaneous trunci (CT) a white muscle is
composed of predominantly type II fibers (Holmes and
Ashmore, 1972). Picard et al. (1994) using ELISA method
associated with monoclonal antibodies specific to slow MHC
(MHC1) and fast MHC (MHC2a and 2b) has shown that bo-
vine masseter muscle is made up exclusively of MHC1, while
CT contained only the fast types MHC2a and 2b. However,
in human, single masseter fibers were found to coexpress
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up to four different MHC isoforms (Stal et al., 1994). More-
over, describing the fibers according to their MHC isoform
content, up to eight different fiber types could be distin-
guished in this muscle by these later authors.

More generally, the biological characteristics of fibers
are linked to muscle properties. Totland and Kryvi (1991)
have shown that the muscles involved in posture are more
oxidative than those involved in movements. The forelimbs
in ruminants which carry a somewhat heavier weight than
the hind limbs and are less responsible for the forward pro-
pulsive force than the latter, contain a higher ratio of I/II
fibers in their muscles. The type IIB fibers are mostly con-
centrated in superficial parts of muscles and the type I fibers
deep in muscles and in extremities which help to provide
an optimal heat maintenance.

In large muscles as semi membranous and semi tendi-
nous of beef and pigs, the inner part has a greater propor-
tion of ATPase R fibers and NADH red fibers than in the
outer muscle area (Hunt and Hedrick, 1977). These large
variations pointed out the difficulty to characterize the ef-
fects of exogenous and endogenous factors on musculature
and the necessity to choose in these type of essays a large
range of muscle types.

These variations in fiber type appear during foetal de-
velopment and the fact that their number is definitely fixed
at birth (Robelin et al., 1991) is an evidence of the impor-
tance of the foetal period, a key stage in their development.

EVOLUTION OF MUSCLE FIBER TYPE
DURING THE MUSCLE DEVELOPMENT

Muscle fibers are multinucleated cells, they are issued
from mononucleated cells called myoblasts which prolifer-
ate and fuse to form myotubes which differentiate into fi-
bers.

Muscles of vertebrates have their origin in the meso-
derm of the embryo, formed at the gastralution stage
(Sassoon, 1993). More precisely, the precursors of muscle
fibers are derived from paraxial mesoderm: craniofacial
muscles are from the mesoderm rostral to the first somite
whereas most other muscles are derived from the somites
(for review: McLennan, 1994). At the level of the limbs, the
somite is divisible into dorsomedial and laterally located lin-
eages that are, respectively, the precursors of the axial
muscles and the limb muscles. The formation of skeletal
muscles involves the migration of undifferentiated myogenic
cells from the somites, and a subsequent differentiation and
pattern formation in situ that ultimately gives rise to indi-
vidual muscles. Myogenic specification in the embryo re-
sults in diverse fiber types and is an inductive process which
is mediated by factors produced by the neural tube and no-
tochord (Soussi-Yanicostas, 1991). During their migration
along the notochord myogenic cells or “presumed myo-
blasts” proliferate, then leave the cell cycle to prepare their
fusion (for review: Santander, 1994). The fusion is a com-
plex step which is accompanied by biochemical modifica-
tions. It implicates different stages: recognition and align-

ment of myoblasts, formation of gap junctions, fusion of
membranes and then of cytoplasm. The fusion depends on
calcium, in vitro it has been shown that reduction of cal-
cium suppresses the alignment of myoblasts and fusion (for
review: Santander, 1994). The synthesis of myofibrillar pro-
teins begins in myoblasts before fusioning (Soussi-Yanicostas,
1991).

Fiber type diversity could initially be generated by hav-
ing several populations of myogenic cells each programed
to produce particular developmental and physiological types
of fiber (Miller, 1992; Stockdale, 1992). These are termed
somitic, embryonic, foetal and satellite (or adult) myoblasts,
in accordance with the ages from which they have been
isolated. In several species (chicken, rodents and big mam-
mals), it was shown that myogenesis is a biphasic process
involving at least two sequentially generated populations of
myotubes.

A population of primary myotubes appears early and is
followed by a much larger population of secondary myotubes
(for review: Soussi-Yanicostas, 1991; McLennan, 1994).
These are initially shorter and developed around the first
myotubes (Stal et al., 1994). The size of primary myotubes
rapidly increases after their formation. Prior to the onset of
secondary myogenesis, the diameters of primary myotubes
increase two-fold, whereas during secondary myogenesis
primary myotubes predominantly increase in size by elon-
gation (McLennan, 1994). These different populations of
myotubes originate from different generations of myoblasts.
The first wave of myoblasts is called embryonic myoblasts
and the second wave foetal myoblasts. They give respec-
tively the primary and secondary muscle fibers (Feldman
and Stockdale, 1992). Recently, embryonic and foetal cells
have been distinguished by the expression of alpha 7 integrin
and desmin on foetal but not embryonic cells (George-
Weinstein, 1993). Different studies in vivo and in vitro dem-
onstrated that these two populations of  myoblasts differed
in the isoforms of myosin heavy chain that they expressed
(Rubinstein and Kelly, 1981). In birds, Stockdale and Miller,
(1987) found 3 embryonic myoblasts (F, F/S and S MHC)
and 2 foetal myoblasts (F and F.S). These sequences in MHC
isoforms transition in myoblasts and myotubes play an im-
portant role in determining muscle fiber function in foetal,
neonatal and adult stages.

Generally, it was shown that most slow fibers are issued
largely from the first generation and that few fibers come
from the second generation in slow muscles, fast fibers are
totally issued from the second generation (Stockdale and
Miller, 1987). Recently, Cho et al., (1994), showed that
epitopes characteristic of adult fast MHC are expressed early
in muscle fiber development and distinguish newly-formed
secondary fibers from primary fibers. In humans, Evans et
al., (1994) showed that the second generation does not con-
tain slow MHC in the first stage of gestation. In bovine, pri-
mary myotubes were observed from 30 days of gestation
(Robelin et al., 1993). First they contain MHC slow, fast,
emb, fet, they differentiate rapidly and contain only MHC
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slow from 200 days of gestation. They give type I fibers in
all muscles. Secondary myotubes are observed around 90
days, at first they also contain MHC slow, fast, emb, fet.
Then they develop into type II fibers (IIA, IIB, IIC), and give
also a few number of type I fibers only in slow muscles (Picard
et al., 1994b). The implication of a third generation corre-
sponding to very small fibers considered as secondary fibers
is suspected.

The existence of a third generation was described in
several species (rat, sheep, human). These cells have a small
diameter, appear after the primary and secondary cells (Ecob
Prince et al., 1989; Maier et al., 1992). When first formed,
they are closely associated with secondary myotubes in a
manner that is similar to the association which newly-formed
secondary myotubes have with primary myotubes (Draeger
et al., 1987). The existence of other generations at the origin
of muscle fiber diversity is assumed.

In the majority of species, the number of fibers is fixed
at birth. After birth, the massive increase in the size of muscle
is done by hypertrophy due to fusion of satellite cells, or
adult myoblasts, with the fibers (Grounds, 1991). These cells
are present as a distinct population at least as early as the
midfoetal stages of development (Feldman and Stockdale,
1992; Hartley et al., 1992). In the neonate, these precursor
cells are proliferative, adding nuclei to fibers (Moss and
Leblond, 1971).

In the adult, they are mitotically quiescent and only be-
come active in response to an insult or injury to the muscle
(for a review: Campion et al., 1984). They can be distin-
guished from other myoblasts by their behavior in cell cul-
ture (reviewed by Cossu and Molinaro, 1987). The hetero-
geneity of the satellite cells is not clear and seems to be
different between species. For example, in humans, Mouly
et al., (1994) found no evidence for the existence of differ-
ent fast and slow satellite cell lineages in postnatal muscle.
On the contrary, other authors demonstrated different types
of satellite cells (Feldman and Stockdale, 1991; Dütherhöff
and Pette, 1993).

The contractile differentiation is practically complete
in newborn animals, at least in those species like human
and bovine, that are relatively mature at birth. In these spe-
cies, adult MHC isoforms appear during the end of gesta-
tion and replace the MHC emb and fet. The perinatal period
is characterized by the decrease in the proportion of type
IIC fibers which differentiate in type I or II, depending on
the muscle (Pons et al., 1986; Jurie et al., 1995). In species
less mature at birth (ovine and pig), the percentage of type I
fibers increases during the perinatal stage, and is accompa-
nied by the disappearance of fet and emb MHC (Lefaucheur
and Vigneron, 1986; Mascarello et al., 1992; Suzuki and
Cassens, 1983). At least, in species not mature at birth (am-
phibians, birds and rats), MHC adults replace the MHC fet
and emb after birth (Schiaffino and Reggiani, 1994). In rats
MHC I, IIX and IIA appear before birth and MHC IIB after
birth (DeNardi et al., 1993). Also, in rabbits MHC IIB cDNA
are detected in the first stages after birth (Jaenicke, 1993).

The post-natal changes in fiber types vary between spe-
cies. Generally in mammals, an increase in type IIB fibers at
the detriment of type IIA was observed during growth. In
cattle, it seems that this conversion begins soon after birth
(Picard et al., 1995). It has been shown that the increase in
type IIB is accompanied by a concomitant increase of type
IIX (IID) fibers. In old rats, IIX fibers are the more abundant
(DeNardi et al., 1993). In horses, on the contrary, propor-
tion of type IIA increases and that of type IIB decreases with
age, as a consequence of exercise (Roneus 1993). The de-
velopment of muscle fibers differs also between muscles
(Sugiura et al., 1992).

The modifications of contractile types are concomitant
with differences in muscle metabolism studied by the mea-
sure of an oxidative enzyme such as Isocitrate Dehydroge-
nase (Briand et al., 1981) or a glycolytic enzyme such as
Lactate Dehydrogenase (Ansay, 1974). In most species ex-
cept those relatively mature at birth, differentiation of me-
tabolism occurs after birth (Bacou et Vigneron, 1976). Post-
natally, a rise in glycolytic activity with age was observed in
several species (pig: Lefaucheur and Vigneron, 1986; rab-
bit: Briand et al., 1994; bovine: Jurie et al., 1995). In bovine,
oxidative metabolism decreases until puberty and then in-
creases (Jurie et al., 1995).

Muscle fiber differentiation is highly regulated by myo-
genic factors, hormonal, nervous and environmental factors.

HORMONAL CONTROL OF
MUSCLE DEVELOPMENT

The importance of hormones and growth factors in regu-
lating the growth and differentiation of muscle is now widely
recognized and has been summarized these last years in
various reviews (Vigneron et al., 1989, Florini et al., 1991,
Brauner and De Zegher, 1993). The limited space allotment
forced us to make a choice and to concentrate in this chap-
ter on two growth factors that stimulate the differentiation of
skeletal muscle: The somatomedins (insulin-like growth fac-
tors) and the thyroid hormones.

The somatomedins or insulin-like growth factors (IGF-I
and IGF-II) comprise a pair of circulating and tissue proteins
which have structural and functional similarities with insu-
lin. Specific high-affinity receptors for IGF-I and IGF-II have
been identified in rat muscle (Alexandrides et al., 1989), in
foetal bovine muscle (A. Listrat in our laboratory) and in
several muscle cell lines (Beguinot et al., 1985; Tollefsen et
al., 1989; Rosenthal et al., 1991). In addition, mRNAs and
peptides for both IGFs have been detected in normal foetal
muscles (Beck et al., 1988) and in muscle cell lines (Florini
et al., 1991, a). The action of IGFs are mediated by type I
and type II receptors.

Although these two growth factors have been identified
in foetus, the high concentration of IGF-II in serum during
foetal life (Humbel, 1990), the much higher 125I-IGF-II spe-
cific binding to the skeletal muscle membranes compared
to that of 125I-IGF-I (A. Listrat, unpublished data) and the
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switch off of the IGF-II gene expression at birth in several
tissues (Cohick and Clemmons, 1993), suggest that this fac-
tor is the main somatomedin during the foetal life, the IGF-
I being a major post-natal growth factor.

The recognized action of IGFs are: Suppression of pro-
tein degradation, acceleration of amino acid uptake, en-
hancement of cell proliferation and stimulation of differen-
tiation to form postmitotic myotubes (Florini et al., 1991, b;
Rosenthal et al., 1991).

On bovine muscles, the IGF-II mRNA increased until
150 d. post-conception (pc) in mixed breed fetuses (Gerrard
and Grant, 1994), or until 162 d. pc in Charolais (Listrat et
al., 1994), then decreased to nearly undetectable levels by
the end of gestation. But this relative time necessary to reach
the maximum IGF-II gene expression seems variable with
the genetic type, as it was delayed in double-muscled fe-
tuses (180 d. pc vs 150 for the normal fetuses) (Gerrard and
Grant, 1994). These cattle have the characteristic to develop
nearly twice as much muscle fibers before birth than nor-
mal-muscled cattle (Ashmore et al., 1974) suggesting to
Gerrard and Grant (1994) that this delay in maximal IGF-II
gene expression may play an explicit role in controlling
myogenesis in the development of double-muscle cattle.

In normal Charolais cattle, between 60 and 162 d. pc,
A. Listrat et al. (1994), by in situ hybridization revealed that
the majority of the IGF-II transcripts were localized in de-
veloping muscle cell bundles rather than in connective tis-
sue. After 162 d. pc, the IGF-II hybridization signal shifted
away from muscle cells and greater accumulation was ob-
served in the connective tissue at 274 d. pc. In the same
time A. Listrat (unpublished data) observed that the evolu-
tion of the content of type I and II receptors was parallel to
that of mRNA, increasing to maximum levels at 175 d. pc.
Because the increase in muscle IGF-II expression coincides
with the period of time during which the structural charac-
teristics and the contractile properties of myofibers take place
(Robelin et al., 1993), it confirms the suggestion of Florini et
al. (1991, c) based on myoblasts cultured in growth factor
depleted media, that an autocrine production of IGF-II oc-
curs to initiate differentiation.

The thyroid hormones (TH), thyroxin (T4) and triiodot-
hyronine (T3) from maternal origin and their receptors are
present in the embryo even during the first stages of devel-
opment (Fisher and Polk, 1989). They influence the metabo-
lism of almost all classes of nutrients and their effect is usu-
ally associated with an increase in oxygen consumption by
the cells (Fisher et al., 1982). They play a major role in the
regulation of the mitochondrial multiplication (Gross, 1971)
and in the oxidative phosphorylation (Sterling, 1980). There-
fore, they seem to have a great importance in the metabolic
differentiation of muscle fibers after birth which is associ-
ated with large differences in the number of mitochondria
in the different types of fibers. In particular, they are absent
in the fast glycolytic fibers. Thus, the acquisition of that gly-
colytic property could be associated with an inhibition of
mitochondriogenesis.

In normal animals, TH injections induce, contrary to
GH and insulin, muscle hypotrophy, but stimulate protein
synthesis much more than protein degradation in hypothy-
roidic animals (Bernal and Refetoff, 1977). TH activates pro-
tein synthesis by increasing mRNA synthesis in the nucleus
(Dillman et al., 1978).

These hormones regulate also protein degradation. In
fasting situations where free T3 concentrations are reduced,
proteolysis is reduced to economize body proteins. At the
opposite, a cold stress induces a hyperthyroid which in-
creases proteolysis.

In rat, a species in which the number of muscle fibers
continue to increase after birth, the neonatal thyroidectomy
reduces the muscle weight/empty body weight ratio. This is
one consequence of TH activity reduction, as this hormone
increases in rat as in chicken, the number (Dainat et al.,
1989) and the diameter of muscle fibers (King et al., 1987).
T3 receptors are mitochondrial and chiefly nuclear and the
first studies on linking capacity of T3 nuclear receptors in
skeletal muscles showed in chicken that this capacity was
low in slow muscle and much higher in fast muscle (Dainat
et al., 1986). On cardiac muscle TH increases rapidly the
gene expression of a myosin heavy chain and reduces more
slowly the gene expression of b myosin heavy chain (Green
et al., 1989). In adult rat, the hypothyroid decreases the pro-
portion of fast fibers in several mixed muscles, but this pro-
portion increases with T3 injection over 6 weeks (Ianuzzo
et al., 1977).

In vitro T3 stimulates the chicken myoblasts differentia-
tion in culture (Marchal et al., 1993, 1995), increasing their
departure from the cell-cycle. Indeed, this hormone inhib-
its, depending on the dose, the proliferation of the chicken
myoblasts. T3 stimulates also directly the transcription of
the master genes controlling myogenesis MyoD and
myogenine on murine cells (Carnac et al., 1992) but not on
chicken cells (Marchal et al., 1995), suggesting that differ-
ent ways of myogenesis regulation by T3 must exist.

RELATIONSHIP OF MUSCLE FIBER
TYPES WITH MEAT QUALITY

Over these last years, many studies have been carried
out to analyze the changes in myofibrillar composition and
structure during post-mortem storage and their significance
in meat quality (cf. reviews of Ouali, 1990; Valin and Ouali,
1992). Muscle fiber type composition affects tenderness and
aging rate, juiciness and flavor intensity as well as color sta-
bility and water-holding capacity. As tenderness is the first
sensorial quality sought by the consumer, this chapter in-
tends to present how the tenderness can be governed by
muscle fiber type.

The first step in the conversion of muscle into meat is
the development of rigor mortis which begins as ATP is de-
pleted. When ATP content is insufficient, the complex ac-
tin-myosin cannot be dissociated (Bendall, 1973), the tough-
ness is maximal. Hence, the myofibrillar structure is fragilized
during the aging period, partly due to a proteolytic disrup-
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tion of the cross-bridged myofibrillar proteins (Valin, 1988).
Enzymatic and physico-chemical mechanisms (pH and

osmotic pression) are involved in the meat tenderization
process.

In muscle, three main types of intracellular proteolytic
systems can be distinguished which act specifically (cf. re-
view of Ashgar and Bhatti, 1987): The acidic lysosomal pro-
teinases, namely cathepsins, the calcium-dependent neu-
tral proteinases referred to as calpains and lastly, the
multicatalytic proteinase complex or proteasome or macro-
pain. But as this system has been recently discovered (Rivett,
1989), it is still poorly characterized. All data available in
the literature converge to the conclusion that none of these
proteolytic systems can alone explain the totality of the events
during the aging and only a synergic action of these protein-
ases can be supported (Ouali, 1990). The existence of pro-
tein inhibitors which inactivate specifically some protein-
ases has also been shown (Bige et al., 1985). In particular, a
specific calpain inhibitor named calpastatin has been iso-
lated from muscle of various animal species (Cottin et al.,
1981). For some authors (Dransfield, 1994; Koohmaraie,
1994), the enzyme/inhibitor ratio could better explain the
meat aging rate than the proteolytic activity level. In beef as
in pork, the muscular content in calpains and calpastatins
decreased linearly but the enzyme/inhibitor ratio increased
when the ATPase activities raised, LDH and CS, except in
masseter (Ouali and Talmant, 1990). In an attempt to ex-
press aging rate on the basis of muscle biochemical and
physicochemical characteristics, Ouali (1991) elaborated a
good relationship between aging rate and the extent of pH
fall, the LDH and glyceraldehyde phosphate dehydrogenase
(GDH) activities and the muscle heaminic iron content. This
means that aging rate would be higher in Type II muscles
which exhibited highest values for the previous characteris-

tics, than in Type I muscles. Besides, highest proteolytic sus-
ceptibility was observed for fast myosin isoform (Ouali et
al., 1988 and Dufour et al., 1989). Whatever the nature of
the proteolytic system considered, both sarcoplasmic and
myofibrillar proteins from slow-twitch oxidative muscle or
fiber seemed to be much less susceptible to proteolysis than
proteins from fast-twitch glycolytic muscles (Ouali, 1991).

Among the physicochemical mechanisms, the speed of
pH fall and the ultimate pH are recognized as important
factors of meat tenderness (Marsh, 1988; Purchas and
Aungsupakorn, 1993). But no explanations have  been given
up till now. In the same time, the increase in osmotic pres-
sure in muscle after slaughter (Winger and Pope, 1980-81)
is sufficient to alter myofibril integrity and to dissociate the
contractile proteins (Wu and Smith, 1987). As muscle pH
falls down, osmotic pressure increases exponentially and
reaches its maximum value at completion of rigor (Ouali,
1991). This value is muscle type dependent (Winger and
Pope, 1980-81). Highest osmolality would be observed in
fast-twitch muscles in which the fastest alteration of the myo-
fibrillar structure are found.

CONCLUSION

Significant advances have been made in elucidating the
biochemical characteristics of muscle fibers and their evolu-
tion during muscle development. It is clearly established that
muscle biochemistry governs the rate and the extent of most
of the changes contributing to the conversion of muscle into
meat. But if we want to control and especially reduce the
large variability of meat quality by the management of ani-
mals, further work is needed to improve our understanding
both on the exact role of muscle type and on the possible
manipulation of muscle type during the life of the animals.
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Several questions were raised during and after our ses-
sion.  Most questions were directed towards identifying the
superior muscle fiber type for meat production.  Unfortu-
nately, very few questions could be answered from the ex-
isting literature; however the underlying hypothesis was that
type II fibers (fast, glycolytic) are more efficient for muscle
growth whereas the more oxidative type I and IIa fibers are
superior for meat quality and ultimate protein functionality.

Questions pertaining to the amount and type of con-
nective tissue associated with the various types of muscle
fiber types were asked.  Because of the relative surface area
differences between the larger type II fibers and smaller type
I fibers, the physical nature of connective tissue differs with
fiber type proportions.  However, little is known about the
rate of collagen maturation in muscles varying in the pro-
portion of fast and slow-twitch muscle fibers.  The basis for
this type of questioning was to understand the possible role
of muscle fiber type-specific connective tissue in meat ten-
derness.  Most researchers agreed that a dilution of the con-
nective tissue matrix is associated with type II fibers.  As a
result, it is plausible to expect that an increase in meat ten-
derness can be observed in muscles composed of greater
proportions of fast-twitch fibers.  Although possible, this sce-
nario is often confounded with the fact that type II myosin
does not handle post-mortem transformation well.

Likewise, because of the apparent role of proteases on
meat tenderness, it is thought that their activities differ with
the metabolic nature of the muscle fibers; however, more
data is needed to fully understand this area.

Comments concerning hormonal control of muscle fi-
ber type were discussed in some detail.  A great number of
delegates agreed that most hormone administration increased
the glycolytic capacity of the muscle; in other words, prefer-
entially stimulated type II fiber growth.  Likewise, adminis-

tration of beta-adrenergic agonists stimulate type II muscle
fibers more than type I fibers.

The possible regulation of muscle fiber development
during gestation was also discussed.  Most of the questions
and comments were hypothetical in nature but provided
some insight to the development of muscle fibers in utero.
Because porcine muscle possesses a unique structure, it is
easy to “track” the progeny of individual muscle fibers
throughout gestation.  Although slight deviations from this
pattern have been shown to occur, under normal conditions
primary myotubes reside at the center of a developing muscle
fasciculi and ultimately develop type I fibers in the adult
pig. Conversely, secondary muscle fibers tend to radiate into
the periphery of a developing fasciculi and later develop
type II muscle fibers. Therefore, manipulation of gestation
at different times can result in altered ratios of muscle fiber
types.

Because of the strong association between muscle fiber
type and meat quality and growth performance, many in-
vestigators inquired about the current and prospective meth-
odologies for evaluating muscle fiber type in a research set-
ting.  Many traditional histochemical techniques, such as
ATPase, NADH and SDH staining, can be employed to evalu-
ate muscle fiber contractile speed and overall metabolism.
The use of immunocytochemistry and(or) in situ hybridiza-
tion with probes specific to each myosin isoform represents
a more reliable method for determining the role of fiber type
in the overall performance of muscle proteins.  However, in
order for these assays to be reliable, extensive work must be
conducted to develop and characterize monoclonal anti-
bodies or cDNAs specific to each myosin heavy chain iso-
form.  Data gathered using these types of sophisticated tech-
niques will help to understand the role of muscle fiber type
and muscle performance in the animal industry.


